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SCHEDULI NG I N A HI G+ PERFORVANCE COMPUTI NG ( HPC)

SYSTEM TECHNI CAL FI ELD Thi s di scl osure rel ates
w@eoe/sdoky t o data processing and nore parti cuP@r/Ug20089012500

scheduling in an HPC system BACKGROUND Hi gh

Perf ormance Conputing (HPC) is often characterized by

the conputing systens used by scientists and engi neers

for nodeling, simulating, and anal yzi ng conpl ex

physi cal or algorithm c phenonena. Currently, HPC

machi nes are typically designed using Nunerous HPC

clusters of ORelENURDBYG N ESEHPERFERMANCEL 0 as

nodes. For nost | &QPIPYEINGL(HPI() SAFRTEMQgI neeri ng

applications, performance is chiefly determ ned by

paral l el scalability and not the speed of individua
TECONESALIMBLEf ore, scalability is often a [imting
factor in building or purchasing such high performance

cl udtierdisclasues aplptes tgenerslly etnedath | yrocessisgdarde thdre paeticularly to

. | rdware, ii) menory, input/output (1/0),

SCh%ﬁgﬁggfﬁ%luﬁ%’Q F%‘r?'bandwi dth; iii) software; iv)

architecture; and v) applications. The processing,

nenory, and |/ O bandwi dth in nost conventional HPC
EAQ%&ﬁgﬁﬁﬁéhts are normally not well bal anced and

t haj: . J HPC envi.r s do ..

ot e (AR o RERfe (G M Met PR AAIPE RS, Ofputing
systpme oeskbyngriertigtsi and reaginsers foraneddhnig] simwildtgphatasiyiAiat complex
b hqﬁe t oo ngﬁﬁ %ggeeded cgggpnﬁnts installed, which )
PRYYEHL: 28T P RSP e d bdErephe BP6t Brelingse preatypically  designed
USin‘Q‘QE@[fl&IOHQ EshC Bi%@t)érs%n%%‘f'rﬁ&@'ﬁ@ée%sdg%}‘efgt?%d & QSV{I&%S. For most

robust cluster nanagement software for I Clen
large pedentificoamd engpreedug tppbicatioriseprrfoimencd is chivlytdster SRR barallel
h resent.invention.. reduce. or .elim e .
s BBk S0 R S5l Bty BBy fnpnn ot
factGCineslldintgol pureRastiiCeusl HigHerkdtnRBe SRBREA "®labildty is generally
met hod for scheduling in a high-performance conpu |n§

congiqgmed tashasbasesd ppd) hradware cideinomary, anpsddontpit diaand communication

| J n a cluster nodes.in
ven ARSI B 09, P8 80k TREIRES) ToShFh i She DA memon
and d/ otmrddovidihc ie st gnvehienjloBPICN ehvig@in@Ne a8f ndBA&Lly not well
r ocess n at one or_nore nodes in the

s for executi
balag?‘iiis&lné‘r .ﬁle’r?fefee 4 0ot srafenwell.s hlanyrHRG eavisenraents de nablse the VO
bandwlHEIEEH NG gh R A | Bt f
met hod furgﬂeg inclugg@5g§?§'ﬁ?@?ﬁgﬁaﬁ%?ﬁé?lgﬁgggﬂlghéksthm
have tapueshy iwnsededi eingponempdnstallal;, winds paidi &l dangtically reduce the
noncom . The request is ial, if the job assume
syt QR TURONSY ot ROTERES: B o B SRBEO B3 gnot provide robust
clusRf BaBEE@Ferit BoftRB-cifOerfididgt SRMIRALN bib e iRAGedtld {Vronments.
j ob assunes proxi mty between nodes executi ng
processes in the job. The request is nonspatial and
suMenGeppact if the job assumes no spatial relationships
— or proximty between nodes executing processes in the .
j olthe Phesemteinvestidnitd @6ddcd Wr Ulisinate fdidaldQart R slobletns, or both
spatial, generating_one or nore spatial conbinations
assogipted yedy sqhgdyling igp ity systeswmodat i ng t he

In one embodiment, a method for scheduling in a high-performance computing

(HPC) system includes receiving a call from a management engine that manages a cluster
of nodes in the HPC system. The call specifies a request including a job for scheduling.
The job includes one or more processes for execution at one or more nodes in the cluster.

The call further specifies a number of nodes for executing the one or more processes in the
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nunber of nodes specified in the call and further
accommodati ng the assuned spatial relationships
whedsesi2hodes executing processes in the job Bemus2005/012500

sel ecting one of the spatial conbinations that is
schedul abl e according to a Iist of nodes in the
cluster available for schedgllng The met hod further
includes, if the request is“conpact, generating one or
nore conpact conbi nati ons of nodes in the cluster
accommodat i ng the nunber of nodes specified in the

job. CEitd méthodnfurtieer reakadps Metermening whethar theapetsst igpatel, eympact, or

t he conpact co tions that i
nonspg| R0 PRGtogReno bR oRhes et gt I SR DAL Bafhchips
betw%&lﬂ R6uksi ARG Pré@ksdsSn TR RbC AHeaedudshia n:oﬁiplaetf if ¢1m1jphcassumes

onbi nati ons that are schedul abl e according t
proximﬁY bofwem d@des PRachting pirseeses &y 819 1981 ol Hereduesd d E}Pl?»%ﬁal and
noncf?g}pgﬁ llﬁj g) (rj.tas% g g'so nr{%)l C?a“:fsal éélﬁ’%l&lgﬁlﬂse&u %xu‘n?t between nodes

ngoeor re

execDAHE préehre uh ahd I‘]bb’:lc abe dhétgod duitce 1hclsﬂesoﬁf thedeguésh is spatial,
the cl uster avai

bl e for schedul.in neratin
genengingpend o marrSHIEAL epRIBRICNS i HP4FS G B et Spiidating e
Ly c ' 18P aRé fabsehddnspatial
o BRLEL S GRIERESh 0 150y ALORERIBRSR g
relatddidhipe bewwrgea abdescxbeutiaty) procdsss|in des) obrad e¢le¢tmge>r@f0ftﬂhfe8patla1

comgmegugqu%ghng{);fes slﬁ quéelﬂ:{lﬁl:] %gcmg dgf}gf gﬂ%é\% aﬂoﬁéﬁg ng ustergavtaﬁable for
schedBf: gm'ﬂh@gmetﬂ?@ fhehdradcibséd hethd féq{léls@ es c@ﬁiﬁﬁﬂﬂ,ﬂ p&REAtIG one or

areturn to the managenent engine identif {1 one or
mortreompaddesbimtiche o sodestidhe plaﬁiﬁlaﬂcco number of nodes

spec&{') gﬁ? l,tflq 8?1?3%51&33 r{%%t%mg n@n‘(grlllfi‘et 'aﬁ(ﬁ] sgl ct[ﬁ? g)ées 'cﬁ’ tthg ecompact

conﬂb%ﬁoﬁéiﬂfat fé@cﬁédt@&[ﬂl’@é’éd@iﬁﬁhg tothetlize obﬁ@dﬁe ﬂh tlanastbn aimulable for

y provi de one or nore technlcal advant ages
sch@xlhngu ped thehistera campeqiad GHasT conYRggt { opueRons figt ae schedulable

ui.r u
acc«irglglgftg %Hggéetcolﬁﬂl()g%sc glt fh¥ cﬂﬁ%@%’vﬁgﬁgemmr Sglﬁﬁfagﬁg HihBSneéthod further
incl@ddQ 6l RNicguem s m@dspaﬁabaimbmlt)acompmt ldemtlfymgnmﬁt or more nodes

t |caIIy associ d with scheduli
schalEibiA PEAPRE g PGSt PEIEES Pl EORET ARBRH enidegpling and
rgs Ngy@n a & fydee Bf théeclust
gené%&\}% ? eg nglpgg a \Q/ar]%ltB g‘éaefgﬁ&%a!rx%r?%%%@ enbodi nment s mayCus *

accqnmoilatingothe mumbep o€ nod@apec@cd i ¢lg calbiframy thgenanagpmerjrengine.
nore of which may b &t

ThesR‘PI}SP%tballaﬁdtI}?é‘C‘ﬁ%/‘P“? rc8m g%PI gﬁ}l > O e(grclf%log | f)ﬁ& g o more

1derﬁif?édrﬁ§odé§ rsehdiuldBR EEcobmhs fild Gt Q:n&’dﬁ TRRA dlasSerTavailable for

provi de a nore conpl ete understandi ng of the present
schedrmmagt i Bhe arethadn&irthentingledes GBS ggR SSTHR £ dpe management

e is made to r
cogis QBB TS v K it s e SR LGS, $OKGRpatial and
non‘é@ﬂngﬁbt JohfBuRE o of hbde ihahe sluater éxasrebating the one or mo1e processes
performance conputing systemin accordance with
1ntb¢119berrbod| ment of the present disclosure; FIGURE 2
' lﬁ%{lclﬁ%€§mﬁ)ﬁd%pﬁ?| ﬁ‘l_%dﬁrehéhtt Deekiitn $¥St $Mvide one or more

ilhlu
technical advantages. As an example, particular embodiments may reduce time

requirements typically associated with scheduling a job for execution at an HPC system.
Particular embodiments may reduce computational requirements typically associated with

scheduling a job for execution at an HPC system. Particular embodiments of the present
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FIGURE 3 illustrates an exanple central processing

unit (CPU) in a node; FIGURE 4 illustrates an exanple
woowe/opmes ; Fl GURES 5A-5D il lustrate vari ous PCT/US2005/012500

enbodi nents of the grid in the systemof FIGJRE 1 and

the usage thereof; FlIGURES 6A-6B illustrate various

enbodi nents of a graphical user interface in

accordance with the systemol FIGURE 1; FlIGURE 7

illustrates one enbodi nent of the cluster nanagenent
. software in accordance with the systemin FlI GURE 1,
inventigprerogide plls seme.cer annewhrthe ctbore tdihnivedadwatages. Particular

. di yension: .FI.GJRE 9 .
emb R rh 8 SBick B8 oF mbuh b B BBl Tal e goyo mags of which
maybe asadilynappatedop afpefSoiRikilRdiih lths bt @h thdv@iglifeSCdescription, and

reshes constructed using an x axis as an inner |oop;
claipys 11 is a flowchart illustrating a nmethod for

submtting a batch job in accordance with the

hi gh- performance conputing systemof FIGURE 1; FlI GURE

BR S &R THEIDRA WANI a method for dynamc
ba filligg of the grid in accor_dancfe with the

hi gh? F%Wi rPam:Oée CCSF%’éﬁt? ﬁ@dgvgapg%gop ﬁme@ invention and the
featdftd Rn@UidRadidgdsStharebt, QUfefddRs §s tlalid 9 it fdi‘l%wfi‘n%ﬁé&ﬁﬂti&? F]aken in

dynam cal | y managi ng a node failure in accordance Wt
conjugstipn 'gﬁhpéq fespmpacang drapingsnop wlishem of FI GURE 1.

DET, SCRI PTI ON OF THE, DRA FIGURE 1 is. a ,
ol O oF Al FHFISS: Pt PHEPIE 1 g PRRPFaeanping system o

accézdapetwitigofd- Do dimshesNtldseiRt dR¥REME Ng sof tware
applications and processes, for exa le an
at NS HER Pallugiees ey ?xampl%n@@qqmsﬁhmﬁ% syiem iistgtedRa FIGURE
1: techniques. System 100 provides users with HPC
> functionality dynamically allocated anong vari ous
c onfIGIURIY 3 rilbaixated hb exarhjle békdrad rdcesdimnadt QUHISEiantdodk) v

siml th rocessi ng perfaormance. Cenerally,

thgeslgih%%géﬁ‘f%@‘%éla&eéa&%?qre?o TBHBabl e because of, anong

ot HEGURBNGH-5DNiiRstk 6 VaASEd eMbQiiP?e‘hﬁso EF% gfl&riﬁ the system of
e, the sc abllle

reduced fabric | atency. For exanp
FIGSRFy b eed thenBagatharedf;st ri but ed architecture may be

17 GBS e bl Friot e i of o cighvjoat b nterface in
accdzf@e@uitiofhe NyREAGEFEGURE 1fp= Fraction of Parall el

Code, Fs= Fraction of Non-Parallel Code, Fc = Fraction

of FIEbERIE S Hipstatepoag ambodoneninifcthei dnster ardagRidnt software in

' . ry Bandw dth. Therefore, by

accﬁg%cgﬂtheﬁggg%%#%ggﬁggq?/ O performance substantially

eqUEAGURE & iltewratesgaprexe@phi Bfe PEffeASiORIIC RaquidCofdedt 8 a
di 100 increases overall efficiency of HPC applications
eS| | ows for easier system adnministration. HPC

SY§16UREDY ilil%?@teg L&% gréspfﬁ%%s %lnils‘?&ueﬁq{sﬁl%ra ))S $as &M i%r%r loop;

al | ows users (suc
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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scientists and engi neers) to submt jobs 150 for

processi ng on an HPC server 102. For exanple, system
wao®emnssp28 ncl ude HPC server 102 that is connecP@psS2005/012500

t hrough network 106, to one or nore adm nistration

wor kstations or local clients 120. But system 100 nay

be a standal one conputing e %/I ronment or any other

suitabl e environnment. In sho system 100 i s any HPC

conputi ng environment that i ncl udes hi ghly scal eabl e

nodes 115 and allows the user to submt jobs 150,
dy LS 113 ie flowanhex iHestiatiag b et dysarmiselly plindgifg a node

Y e R S s

operable to be processed usi ng HPC techni ques and
, h . For exanpl e, job 150 may be

l Ay A P agel , or for anyot her
hi qi‘ld?ﬁ(ﬁ Qri g%ms K éﬁ‘c}{m i
equost f o 1r a ac gﬂ e{ratlrég? oll)on ghc Cgl%patmg (HPC)
systeusitOdr dok databimge soﬁwamnlapphcaltlbamsamt I@OceRERL eﬁsl éb@hmple an

or, a clust.ered appl icati server. The t
a““"ét@’r‘?ﬁi‘n weathsy; or gash, Smplaione Pﬁng&gﬁé %hPWﬁ%aﬁgst@IﬁakOO provides

useRBHHRHPPfuR6ESRLR0dHndelS" likadd aﬁ{?l g gaﬁar%ge&)tn@[r%ﬁg rfildes 115

run-ti me based on one or nore varia
with 3 ordoimeaice pubstensiallyetdmiler & the gevessalg yenfieannce. hafenerally,

the rlat C n ubstant aII er.f.orned
thes ouBP LS RIS By MRERAR bEubs a7 100rH vhh e B ncrensed 10
perfbﬁdﬁ{c‘étdﬁddeddb'éﬂ faipid gl C FHok ¥xarhple! ﬂi%rsc%ﬁﬂi@ﬁ'@k ﬁB@& 115 in a
suitabl e user or admnistrator interaction with

dlst‘é&?%% ArchiertyiempyLhe erisaeitsdey & derivative of Aoplehls lavhi s
di scl osure. HPC server 102 conprises any |ocal or
renote conputer operable to process job 150 using a
plurality of SgH) an¢@P/MYEES) 113-Bnc ¢l-BR/EN) managenent
engi ne 130. Generally, HPC server 102 conprises a
di stributed conputer such as a bl ade server or other
wheild b Elws et f V
S el B eaBEo o Fe - EEO] 1l PAEEL E0q oR-Fiaction of
NOItB@rpHﬂs@dan?c edrmpetiar ofproprssiog skeivotgd (ﬂ@vommmmhom and RR/L =

R TSR G S m AR TR ROES PSR 0g ciin O

pertbﬁﬁimtt% QUbstarftiallg yquslt l0edr fodiih@ %@ce%f(g ﬁ@ﬁom%@@ rFﬁ’tys stem 100
FI GURE 1 gr ovi des ner el é@one exanp conputers at

incragsgs pevegalb gefficiency hef G| @BMICGHOIFSO ranéx atpve, faal tehwg teystem
: 1 illustrates one server 102 that may be used
adm’fﬂl%ﬁi%ﬁe di scl osure, system 100 can be i npl enment ed

usiHRC egstaut 1®OS1SCPI BB tritup@nclE@E/Na TS, sy8fenyVlak aB&wa users (such as
server poal hi. other words, the present disclosure

sciepilt afhPREBETY JRpbBN(sioBs ReP fermprecessivgran apEifghewver 102. For
exafapiEP %’sﬁ:ﬁ?l(ﬂﬁm‘éﬁ ke }TIQ@E%QI VYthI]Q UJ)nn%gtré%{ tﬂ%%u%ﬂ?xlgiéwrﬁrk 106,

operdting systens. As used In t documnen
to ofi¢ ompotesrdininistratidrewdekdiationseorclooqd a:hsma 1per Bangdstem 100 may be a

uter, workstation, network cq or any_ot her
stang}p R B Y SRR HL YN €8] OPCS Gl pvispmeg).” fhahort, system
100 GORO ARt BRPAEnS %ﬁwr&’fﬁﬂerf?emﬁdxﬁgﬁﬁgs ﬁ:%hﬁxv\?&géaﬁleaﬂ(ydes 115 and

operating system i ncludi ng Linux,
alloge theeyser torsubmt jobsh &0, slyndnaichléy aiilxmam |smea¢>ycsmms 115 for job 150,

ot GRS, L350 e a5 a2 T 154891 e oy

batch & b8line jBReIpRIBIEI0 @@ﬁfé@ésséfpgmﬁ@HP@pt@HEﬂliﬂ?es Y submitted by any
conputer wth software and/or hardware I nh an

apt w$hbiFea ekanplsuiobabilemay bdyneeqiiest|fby a althdetos mmldéei f $or any
to process
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HPC job 150. At a high level, HPC server 102 incl udes
a managenent node 105, a grid 110 conprising a
w@bkwsabioryy of nodes 115, and cl uster managenmenPCEOFIMNE012500
130. More specifically, server 102 nay be a standard
19" rack including a plurality of blades (nodesllb)
with some or all of the folgovvi ng conponents: i)
dual - processors; ii) large,” high bandw dth nenory;
iii) dual host channel adapters (HCAs); iv) integrated
fabric switching; v) FPGA support; and vi) redundan
otheplighmetfapnansegequiemepbwied 5AbBIey @lso bempicalugs ip i a data center
component s_ al r Ldur b '
sop QRS a0 s A felorpd el Pligd E hakBe MnERALh ROrchfing Mstem, or o
clustéRQ applcatiod eervad STHeayrmn bdyrandtallye” @l usedhereing generally means that
conponents.. Managenent node, 105 coppri fes @qts (ieast one
certaiy) peecessing tissleteamingddaticast &y PEd ﬁfan’ﬁ%'l ey 8Py fph Mmore
i adf i) & i » I3RS AR Bal DS o riate
Vanaé%geﬁ'pflrﬂse (ra]t eﬁﬁmg"&f}% té(glm’wg%éﬁﬁg% gerggﬁt he ém\;\}nbl;ngl ades bei gpﬁbp
proce&thignidanbstastindly msfoanedbyial déqshpait wé HRSH sygem ai00onlf should be

unde{fgipa&? gha% g%'g%i@gg?}ﬂb’g %}r}ﬁ fﬁ gglgtcét{}p ggtse %95,4,9@3‘%18 3%811 ?]‘i g&ﬁffﬁstrator
integb'tﬁmﬁgﬁg @?s’?&? b0 RedSutldiparimy thign eHYsc > thisrigdcldurg
: any Nunber o

circuits and configured in any suitable )
f a§HA pervenl 020cmnprises any dval pIsTeOEe SHIEUIEH Operablg g forocess job

artiall na rid,110
150 Pgsntglnpsp "Hﬁy (gff b%sllé(feé ap?%/esgefpﬁg r%ggg%ﬂgr&g ﬁn{%?l%%é}ﬁé}ﬁ 91%16 130.
GenBlally aHPY s@berHRE aRlRsed distibutet | pnipepur eselntaed blade server or
grid 110. In the illustrated enbodi nent, ment o of
otheniirin@sd ety eh e Hovietemibe AMMSLGUPL-eH S @Eﬁnagl%ﬁeﬁ giphurality o
nod%slpglréo ;Igﬁ?%ets Iﬁg%{)r%ﬁﬁge %rg'i c%mﬂdté} r.p?%ﬁ%?%ﬁéﬁ@e_ &Y as, for example,

e “comuni cat’i on ‘condui't menting any
bladefRieapral-pluposopartutiat adthputsrsP6Y delatintosesawoghstations Upig-based

not by way of limtation, a Link may i e_one, or
compBlees. v &Y Shero ARl SRGESe) b&‘aﬁfﬁlﬂgo@?ﬁ%hu gn@“’é{}deﬁr&lﬁ%rely one
exaﬂ‘x@{e%f] E&)m?itgﬁs(ghg{ H?ag RUSESE wRRether disibsurd. 0GR xa@le, although
net wor Ks , on

or nore rretropql | tan_area
FIGURIW i lksstrafdey seroerel 08rthatonay b wked ariinthe disptnsies, system 100 can

o AR o 30 B0, 5 AT . 1 o
Worgg,pﬁ%prpir@sfeﬁt- diRlReR epResiplEat compttersl @Bhdpr thahdgeneral purpose

gabit or | OG gabit Ethernet communications between .. hi
competeagen®ill a8 sERPIGS witkoucoaventignal guesptngGysiems, g@d{?ﬁd in this
of nodes 115 interconnect. in %ﬁﬁg Ps 06&ssHaN % ter,
docjymenty y%‘?f%‘m 5 p1glytrglln’d %:L 1@%11{519% ﬂg D%Efor S butﬁ(fgt r?ay OmpHIEE
work§aBordTRRRvorR doMperes rany otheasyitabldiprocedsagalevice. HPC server 102,
configuration wthout departi ng fromthe scope of thi.s1 din
or the senpeené noskest blre Ay egrdapted dp fxectip 9ny ARYANAE Sysignp meluding
in% F f ' ot S6R2P BpQRiiA A Rtenf NA cdr@@g to one
Lm‘\ll)é?r@gﬁe ér?(%“%pspe%éé’??rat 2.0 %e ﬁ?nksf)bet Vée}ﬁ nodes 115g )
embodigentg HPAQO semyr 162 seay alsoomcluee airl ted camatuoigablynkeppled with a
digital links, or.any oth type of Link that can_ .
remoisnVEh STt r THETOGr SEIVEL LB IR GUTRIE GRAPENRYIR, Wil software
and/'ha L€ any REEinAonCRARASIE to BREdMibAGLallokate nodes 115 to process
I 'scont i guregnvvlth an integrated switch. This all ows
HPGgoe1315 to nore easily be the basic construct for the

30 APl B PR Mt T8 ind Rk S ANEERRAIECIDS, o 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
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Further, this may nmake copper wiring work in |arger

systens at up to G gabit rates with, in sone
wepoedsioest s, the | ongest cabl e being | ess thaPrCBUS2005/012500

nmeters hi short, node 115 is generally optimzed for

near est - nei ghbor conmuni cations and i ncreased |/0O

bandwi dt h. Each node 115 rm%/ i nclude a cluster agent

132 communi cably coupled with cluster nanagenent

engi ne 130. Generally, agent 132 receives requests or

conmmands from nmanagenment node 105 and/or cluster | )
115)neithgementr dhg rike 1@thwing enmpeBentsoi)| dral-procegersadly large, high

ardware, software, .fir re, or C At h.oRAt E .
bandSEPaBicaers et ot et Ruc) oRanfRLTLEA O SeBqleg febrc
switéHik; CONPRGAC Appotth @nd HIC Asiaaehnd Foter Stinfls @8 N-Hr poghr supplies.

"heart'beat,"” to managenent node 105. hi anot her ¢ will
Thessrisoidhheamponeatsaiione o fplaes tods ¢aRjingd fq Biinoae lveh ot it Wi

agent 13 tery S S ' of these
be fGRlophcthaf HEC" 50703 RAhAIGELE th7 REAALA . ¢
comp&Eaty er | anguage such as, for exanple, C, C++,

Assenbl er, Java, Visual Basic, and ofhers or .
coMsnageneH 1aler K& Cglapnﬁ%gata@aﬁttoqﬁeﬁﬁgﬁs?“‘&%ﬁ%ﬁ?/ glegicated to
man%%ihg %t adsRERE & RAMiAOREf CRdSERIMATBN AGAARMeneN@ABE105 may
: uster “managenent engi ne 130 coul d include any
compeisewane bladed, t wathe oné i ofnflesr dwoobladeniiieing irednndaely égfch as an
.operable to dynanm cally all ocat e, and mapnage d
a0 R BB 502 RO s R P el Ay 805 i) be the
samE bt b1 ARG OSBRI NRVRE ad 3PATRYIRE 161 i ButeMmatdgement node 105

described in any appropriate conputer |anguage . )
mayi becdnydiode ig;luding any gbmbevpggg}ultgggd ggnf%g%| 2@y ’suléepﬂ],e fashion,

sui t abl e version, of 4 . r ORdai - ¢
SO l?%?selgir_emiups Qperable to at deearstzﬁbg%%h{jﬁéﬁa%%h%rﬁgl'gf.ug?ﬂg{rl%hﬂ&'erflen
nod8R0S QSR BicalN B [gichBY searated Gonr tieeduklityF{EIREnddes! 18, jointly
single nulti-tasked nodul e, the features and de 105 b
represanéad; iongtid £ §0-pdp B Mstalpd Mo duRgtn@agagPulsat node 105 may be
co nflé)a'isgfg? ed%l_r%{aPF fo PRAHKER8S UttFeRRce {4 “Eﬁﬂ@"’@ﬂc_@mg@sses any
physi ¢ yer ule, a virtual layer nodule, a job
appSphierulcemmumichtian pcesimit anplemestigg neny( sPpPEIPoIAle icammngcations
detail in FIGURE 7). Further,..whil.e il].ustrat.
proegeleryapn CEARBI AP st O YnEe oh BBl ah%‘h aagiéﬁ%ma%ﬁg%el&sl%e oF mote
wirbil &Rl drYmErsEGitR HoRRR, e MBI MaERS SR exbnd Giudésgdne or more
w th cluster managenent engine 130 and may store
locad| angt Betworsaeldist oan @ meore3uetroustitan aea 1eharke (MANS), one or

managenent . engi naybe chilJ.-d..0 - ot
ol ERSTS D 0 550, BBl B Moy it
of SRPBEnREe bhérslifltss GlliRse approfhige eflarene ahbsdiment, link 108 provides

managenent engi ne 130 conprises one or nore soft(ﬁ{(g d erid
Gigabit oF 4 §Gigsbitaithernetcommupicaiinsthedv erInRFRASTBIFRL DY ngpd e
11d obs 150. hi particul ar enbodi nents, cluster

managenent engi ne i ncludesa schedul er 515 for '

al | ggatiilogs aqgesp dfihodes ljl6hiatelddlneched thesoereded poedessing power.

Schedul er 515 rmp\{ use a sched Iigé; S%I ggrith to ther shape
Typirallye gid 148 dea SP1E0RS, Hripismapge agieshyf (RRT R CF Phed e ShaP
or g@lﬁraﬁgﬁr%ﬁﬁoﬁoﬁ?@%ﬁg BEhUGE dcBbebtare difdodudd. Reference to a

nicating w er conputer systens, such as_
“tofils? ey dROmpasseall netvprton] 06 giid 140civhenst appeapriate, ghd vice versa,

Whgrt@ pegg];o%%g. Ir &g% ﬁlglgg %F%{fgﬁ %Bctaso } 1 #1 8](; %%g |a]]I 13}i @gy gg ios%cﬂt or parallel
aneq%mkm% éﬁ%ﬁalf PkSt OF 38§ dtRerdiypk bl 1thgs obh Sdonté@f @lectrical or

so be attached directly to .
electromagnetic signals such as, for example, fiber or copper. Each node 115 is
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the conputational array using the sanme w deband
interfaces that interconnects the nodes. Cenerally,

w0 nicenssaee 104 conprises | ogic encoded in sof t MEF/ES2005/012500
and/ or hardware in a suitable conbination and operable
to communicate with network 106. Mdre specifically,
interface 104 may conprise spftvvare supporting one or
nor e conmuni cati ons protocol’s associated with
comuni cations network 106 or hardware operable to

ni cate physical signals. Network 106 facilitates

ommuni, . .
configvigl guh oy infparalen it alaonodsel etonmormensilibe the basic

t her such _as clients
conSieY S thE ST P b Rl PR L Bfifef Bethloblfr nodes 115,
Further, wieis mib§ 2nakecophéreniiing2Qrk ielayger kystéfis aup ©lGigatistddavith, in
bet ween vari qus nodes 115 wi t hout departing fromthe )
Somsf‘c%mgo e’?tﬁ’ea’&i loppest grlle theing: Iesy thasr 2 aneteiss vigr shotpgode 115 is

gen&AAY 28 f@t"ﬁ’e&ﬁ%’é—ﬁ‘& bor MR SioRs argf"igléﬂ%%e‘ﬁqydf bandwidth.
operable to facilitate conmuni cations between varl ous
c orfgaghi mglec bifp amanirsludsed whisker 1@8ntrd $2 coomminiicale cofigled with
xanmpl e, | nternet otgcol . (IP ckets, Frame Rel ay
oo R Bl 1G4 R RBle I AP rugesty, B Sgmmands
from infk@R gerd@tanod@NIOhAREr SHitbARlaRad MR RRLLON 30ET WBER 132 could
~ network addresses. Network 106 nmay I nclude one of nore
inclpdr gy hardwaree savRes, fitmmale, or gdinbinatice deremdtaperdole to determine

ﬁ?}\g) t of ar ea networ MANS | de_area

the %e Wor Iggawcjd,e f’;\ll%rarbd; CO%%?&%S ﬁﬁ%i)r(pﬁ e6|d@; alsu(% as through a

“heartheptft & nix@hy@idat kiodw108s ThholhRt @IMOHImeRIhehagdént node 105
ot her commupi cation system or systens at one or nore

may Rgiodicghy potliasgrier.de defarmme the Hietea of the agwpiatethandp, 115. Agent
175 PS4 546 850 HRRIGE SN LT S5, .

Assembler,favd, dfisuahBasic dindgtheas dhenyi domishatmneateremhodbii@ad it remains
dié,g1 farm #40 i ncludes one or nore storage clients
compgtible ity at deasta ROHORRY clysistmanacement endiee Bh a packet s
ac QsbiBhah et SgiRe NOTB&IA Bhcl& h&rdyhRD
&he gi Qe %@éﬁh%é%?f{ware, firmware,

protocol s, for exanple, InfiniBand

or @uthdnatien therpf aperable te Aiaamichlly Rlpcat®aind macdget sodes €115 and

i ca ed to tra ort dat i thin disk, farm .
exe VIOl S0 PRl 11Re TR i, uitet Flaodrndets B 130 may ve
writteiesttde§dribed a dny aglesphitatomputbeRAbhddeehcldMiBg $QWHGE Tava, Visual
jdentifjer, for exanple, a source address, |dentyf|es
Basichassemhles vyt sitable viepsiasy ofed Glorandagtbiers ios abe somnhimatiomthereof. It
1 LEten, | nat. dr.ess .
Wil el Bl QX O ooy R PR T RGBS 5,y FiGURE 1
as alstfple snudtiyasited inseluixp ehafdarirésoandr fmetidnalibepers@medidythis engine
j,0b Sfbm a.}ié,on ’Is]%i een or adm ni %tzr ation via a
mayghepiirared hyepuitinemedilss gushas, Ty examples athypicaldegr module, a
virtdall 1448f FRMa8R, 6l; 1)69 SheddQr, 1AG !_elt_gﬁl@s%n?a 18h %ﬁgitneglg stibef i@ Wore detail
~conprises an electronic conputing deviCe operable to
in Fled&RKe7). t r Burthwirt whpleo dbsiatad dass texteenadnio apmag@némt gode 105,
dat a assqci d with system 100. It wll be understood
mangferferd RS 115 Rt oGO OF TEpEdRpessBGSotaed Wit cluster

man | 3ley 190 WRk 6y Qto28 'chifler LEnadellechh @hgine 1308 NMoreover,
120" and “user of client 120" may be used
clusfep mapagramrens ghgine 430 appybeprdidt er wi-hwduledeipanthienspffwasenmodule

T MU e T e N
engih@i18g déegeisby 0f8 &r Uasre. sofilard Blodufts SHleRHW & intelligeritlg manage

cont enpl ates_that nmany users nmay use one computer
nodes 115 and jobs 150. In particular embodiments, cluster management engine includes
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communi cate jobs 150 using the same GUI 126. As used
in this disclosure, client 120 is intended to
We@pwenEss a personal conputer, touch screen tRCHUSRDF/012500

wor kst ati on, network conmputer, kiosk, wreless data

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

or nore processors within thgse or other devices, or

any ot her suitable processing device. For exanple,

client 120 may conprise a conmputer that includes an
device, such as a keypad, touch screen, nouse,

[ t
asfl&eg J Yehets Ewile@atmgaxod@sihl%@mb% 15Gvfas dvearibsd belavd &eheduler 515
t f
RO HEUNGE oA 0ol TLRETTE 1B 08 R e
beIGIW.gl tal data, visual information, or GU 126. Both the

| np t deﬁd ce and %ﬁ%put device may include fixed or
a8 L% MY agelude ditariaerc 04 dor compivaicrting otiuplber computer
syst@hﬁksu(ﬁD'aB%ntOTZ(Pt&%f R0 @ g é’hehp %1hoxr %ﬁféﬁ élgstnbuted
i nput fromand provide output to users o i ent
envithpogeth nhertaignénnbstiments.osereend 0P crbcen;\wb Ublasl S:Ehoxd]ob plodiyies from

g e N T IS N TE NS T

the tOmbtfa8bhAGEaWukidg INS EBAR FAEDLAI ﬁﬂ@‘fﬁc‘es HAe 1r95rcHB{e%ts the nodes.
jobs 150; and/or 1i) the system (or network)

Gefé’&ﬂYm ingerfage d P4 Gglinl?@s@ll@@n endRlpd imsdftware sd/er Ivirdware in a suitable

con@feﬁattﬁ)g] aﬂlﬁ Q)p%ﬁf)lquéo e 61?0 e wf'cﬁ Elgtirjx)él g?{&%’ g/rqrg %?e%%ﬂy, interface
104whain c@ﬁpﬁs‘ef sofivard supportitgesmeldringdidlcymptesarbad p&[bc@fs associated
data provided by HPC system 100. GUI 126 may conprise
Wlt%cwaacrlwwéﬂw (1607 hmdare erssblorio comumipaiy bhypical signals.
i nt fd
opelséatta’ggk \g)glét (2 1%§eesr Q%ﬂe(s)sﬁ giNgN él com%fo&xglgestween computer
server 98 sl al}j othsu lboingsiennsuth sgsl dwntsh 820. prinded] svhilbdllustrated as

0 r..fi s and.r celves conmands
fesl%ﬁﬂl&rheﬁ‘h“e&lﬁg BP0 e i %@ A0 dRa Hep respsigibetween various
nodée V1 £ afthodliephd o B¥m tﬁla ts@é}ﬂzaéf' t‘ﬁ@ | ¥scsutel ﬁ%&’g&“@:&ﬂg Nnetwork

present the physi cal and | ogi cal status of no
106t gnegrapasgest @Wa@ﬁﬁ“mﬂst metworks,aori bihisetmatle dopemam QtdREcilitate

d vari ous co mrands fro
Comq@lrﬁﬁ%ns? ?a & IAde?n S r Y 18§m§>ﬁﬂlé’§n‘ﬂg]§/ i nTc\IIeH’&‘gk 106 may
confimuirk ¢ane) IﬁQd%Sia Ele( Um&)tmﬂ PdtBeol S (Y t p&tﬁteQOVW!raﬁféd?@Iafyorframes
nodes, or any ot her suitable

i nt enance, oot i
Sygg}hﬁ%%? Wfséf‘évMO e &B}vﬂé ubaispevoiged evidecs odpta,hand tcﬁber suitable
1nfohﬁ£1ﬁ%r?l5&@9é @éthﬁ&{dd#ys&r fl@&%aﬂxay%blﬁ e%%%ﬂ;d'e %n%:TB}; more local area

singular or 1n t ural to descri
netvgcrrkp KL ANS), usdip denéss rﬂe&veﬁks ARANSYCle@Epdlien lies ﬂieﬂy&k@f(MANs)

art hi cal user erface. Therefore
Wldi hﬂf {‘X%@? éi:%/)fg?rﬁ;%?ﬁ?fbéﬁn 3.9 §k9ba ?ﬂf@ﬂﬁ%}fé@twgﬁl}éﬂ@oy@ as the
Intefhe8 @R8/0k Gn Y ERePERNRBhicatl st L6 SBhé,R rl‘odapﬂlés.

system 100 and efficient presen e results to
us dn gesanly disk famn ¢&®1mverpt:mdzad; datbbarsmoa: Istoezrge al@Onetwark (SAN)

t.he we rawser., (e M cr osof.t | orer
for ﬁ‘@?&%&g’é bll@v?’ij’ﬂ%r ?g%%al%g% U ﬁaﬁ ﬂ%’gﬁw Maordipg to the
illusitledr @8RSIGES, WaskNBr A eU00mKuE&Eond Br HFe %Pé‘g%t clfthts 142. Disk
oper ati on, HPC server 102 is first initialized or

farnp dd¥etnayDpiocery i gopeodas spackets saogmdm dgeamnbf endiumeber of

t t d/
S 0, U SRR s A AR5 AR o
Fibrd€haeD@C)aDataeackdls arerthichlsy birg edl tr@ﬁ‘sp@rt ‘AR iRiadsk farm 140.

communi cat ed _upon each node's initialization or upon
A d#a gpcket may include a header that has a source identifier and a destination identifier.
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i mredi ate polling by managenent node 105. Next,
cl uster managenent engi ne 130 may dynam cally allocate
wWo 2006088290rti ons of grid 110 to one or nore VPCT/US1005/012500

clusters 220 based on, for exanple, predetermn ned
policies. In one enbodi nent, cluster managenent engi ne
130 continuously nonitors nﬁdes 115 for possible
failure and, upon determ ninhg that one of the nodes
115 failed, effectively managi ng the failure using any
of a variety of recovery techniques. C uster

The rrenegeitentifien gioneexpplary serzs Addrage 1deriliseothcd fagsmitter of
un| ue execu N envi,r anien c

inforh{ i e <SPS clon R BRO T Bt PESh ARURRE Adenifis

the r6Q@PiShiSSf tRE idfigndtiont name, | P address, operating syst em
configured services, |ocal and shared file

an@liantsk0 isfny devise Peasabip s PREEH Shs USEh itk b Sf‘ﬁ%“gmn sereen
or a@m%&? 19@3 % g. Sé}%gﬁlceﬁ qgéﬁﬁlt%ﬁa@ﬁ '(@YJI?XQ@m&taé hhyeharédel0 iltustrated

mvirtu uster 220 according to
cherﬁsmcirﬁhﬁkés po| legst e3URNA6 amclocatipuses can pleeironif weopmuting device
policies, such as priorit Wen a user

l.
operbin it essivss ARy BOCHH GErTEd Bt ADBOPER S esSeiged with
systeit " £ Vit E\N@Jg %ers@@)ﬁet}fah §héte Sha faffe ey egabdrhef Jcﬁéhts 120

paraneters and submtted job 150, c ust er managenent )
comﬁmgmablylc&ﬁlpbddo sewesl Q2n eF yrgtsr.steliantski03 nd { Heer 0§ IcHent d 20” may

be u§ﬁ rlatr%?egﬁng%a@ }p gsl,]ag)n ft e({uhm (eig}gagtn'?go Jfrbﬁl' tfe s%%% f 'tlﬂg 8closure.

ser roup

MorBE A IRRAe @F‘Mhﬁl@atibﬁoedchﬁimeﬂteisﬂemm ih hmrﬁ;mfrhmmg ated by one
virtual cluster 220 based, at |east in part, on

useri nfit i divclogwi wﬁemiaqeﬁ etha"d%‘&bh LR (e Gpbdogwuter 10
compiiciB08 FR0uth Bl N7 Goe “115 usi ng e

t eghiniugudesn tBaseadcloadre) ebatt 120 psannf,endmi theencorpasase personal

conlzg){;gp|tglgc]é105:§?%gg§r§}lggcwg t\éggq_,é%tzw% C?ﬂchB qg ﬁ?(oﬁXreless data port,

cell &Egﬁ u%{ﬁﬁ%ﬁ%@%ml IPHRA)C BRTYR hicaé eode@dtt WihikbBledelor other

Iustrat es an exanpl e node (or
deviobgde pnyt deher Avitubtteproddssing devides Famm@ml@ plienigl 29apiys gomprise a

0011{?3&% t%% ql‘racl:g : 2%%1%3)}1{ ge%vbcgee gléc ¢S5 ng a(c)lr 90%8? esQr%El%'rﬁq%sS or other

devite @Bt SARMRLEtARGMAkORY aﬁ@)ﬁnof)utbumd’éﬁﬁ:b ahat aomgle ififbbmation
may 1 nclude a XEON not her board, _an

assauiatétewitbathd operation 198 seryeihps pﬁ@ ligpdsy ,13@, 111R](51§}g1g1@51tq,][é§1ta visual
an archit vi di. tegra t

o BB T 15, BB A0 0 R g o

remBO&RS stbiipel Medhistdchl 40a nlagnetio tompiitar diskb@iR@MN, f other suitable
di stributing such functionality across no SI 1 ) nthr gh the

medjp jtel bothoresgiye drt Afosn akshproxt ez%‘ﬁp‘étv\ﬁot‘tsﬁfsn‘ée G ’ﬁné 124 throu

adnaplisgatﬁ{)a%ﬂl H§§¥uﬁ sglUﬁ ﬁ1sg15?e v Gl ibet ol erance in

ena e par onnunlcatlon anDng nodes
115GUN 196 compiises aNaaishidal GsérrictetfdesopemblOpUlons) tamepenof client

120,55}21I é%ﬁ%%ggegvtt{xg%glp&é g(gsqggfc grrl%e aﬁcﬁgltﬁ%fg% ?g%gi}/ér i) B system (or
net\?fgﬁ(? %{r@uﬁitgﬁ%ggﬁeﬂféﬁt 90 o NRLEadel HifhBYysRAC QUPABS any suitable

ere appropriate. Switch 166 may be
suparvisony pgppasedCamirglih U 2|ﬁamov16@ﬂ ihe vertabcinink2) with an cfficient

swtch 166 has t por S
o AR S %Y b RSy P REE o 125 my
corhpH¥dta AOELR Bpéﬁstdrﬁzable 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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and fromnode 115. In addition, two ports on switch
166 may each coupl e node 115 to anot her node 115 al ong
w@pook/oss0es of grid 110, two ports on swtch 16PCTHS2005/012500

each coupl e node 115 to anot her node 115 along a y

axis of grid 110, and two ports on switch 166 nmay each

coupl e node 115 to another]@ode 115 along a z axis of

grid 110 to facilitate inpl'ementati on of a 3D nmesh, a

3D torus, or other topology in grid 110. Additiona

ports on switch 166 may coupl e node 115 fo qther nodes
submiisgor displey dhat p@eSp@tSfth@ viriquatieb PAIBMSHE Akl e g¢eiyes commands

fromﬁgﬁ :ulﬁegg) P ;ﬁ%lv %gff 59 €§1¥ ngﬁﬁ}l! gQVlgés aGﬂpl% élferﬁ’c{tﬂf%fy or in

Ing nore t hree
comBinARdIS | aseht | the Ophydichl Candl [bg@@l totatus aof and;ﬁsdlhéntlos the system
one or nore ports on switch laa coupl e node 11

admigisgratsy, sfoflesteateroi FOTEREY féa@%r?é‘ RV VIS g 3 ffom the
admgusefﬁ to?f %dtn%&t}agor % eﬂeﬁﬁe GRAFRMD fRlck QR (udiiRgilable,

Ween no one or nore ot her node
shutfldd db@h aotlsefoy mlaisteamicef rednmnngj sodes50r ayys other eitabld eommand.

d t r.t t h 166
a5 o A e B S, e
the %fm nogh ¢id %luﬁff k& a8dcriBk 'oﬁe 3 Qloi@gﬁbﬁicaﬁ@et UtBsacevayd each of

I'n particular enbodi nents, switch 166
the dlSplays dfmfpanm@éax@@hma& serAntetfaeey T herqfares GELII126 conjepplates any

trate and descri
granﬁwg e RiERAS esg,lﬁﬁglseas ggﬁpcsﬁbq %qu}éslég,w hEBfiPksses information in
syst&ﬁ%@océﬂdpéfﬁ&eﬁ:ﬁyﬁﬁéﬂtsttﬁe saMutte bo #ifeGuset.i Bervk6802 can palceept data
64a to another switch 166 in another node 11

frond ebicnti b2@ Viretesnwebi PlowBEBEe- 80 %}%Oépbt%ﬂtbﬁ%l%% i fletscape

k. 168d c w6106,
Navj ?(Ef% eglgagrbequn%'(ﬁlxﬁ ﬁp%gte angr %%%ésclo%\lﬂ%% 6 Swi tch
166n tode a¥gecObh epertifbis HPAE SBIWeDll@REIS st mlﬁalfzeda)s booted. During
further described bel ow. articul ar .enmbo

i tAGE33 66 T o ATBESTHRRL HER] TNt Wlp?snﬂlec%gs‘?‘@ sfite, docation,
and/oP 'JHLR 'cﬁ%&@ﬂst?o@%{ﬂﬁd@?tl €5 Yn %‘Hﬁ 19093y tigscABEd SB&@) hik Mnay be

each direction ough particular |inks 168 are
basédd busd ratatbeatidcansmnicseted, updne epphegedt’s jipifighzation or upon near

o SR 5SS 150 o g0 S0 s

d 1hﬁ{daﬂ& @ﬁ&%’c%duﬁ koRRaRF eri@fl 1 ¢ e enedraadre Mirtual clusters 220 based
approxi nately one algab yte per second in each
on, dorrexemipten predetetoing Pph?lte’ﬁ clil efte gmbpdimentoclysier management engine

strated and de t
o i
of tBdhddel 116 Gaited @lféwﬁzel':}'\mﬁr&lgﬁg thé filure mﬂ‘@a{nyrm?dfwﬂbmg)f recovery

as described bel ow. [n parti cul ar enbodi nents, 40 nk
techmiquesnclvates managementi eagne 135 maynulse ABee ¢ pr0V1 € a unique
b
exe Qcméla llhv%gxltlﬂr‘r%g% ?(%ﬁé% ﬂﬁ%ﬁ e AdAEES GHYALYLSS: P2O. SPKDBRecution

ug particular [inks 172 are
envirbhmsﬁtr afagdecasidt désibei tnesthanteh dP padgisesnt operatng isystem, configured

ser;?%;&”cﬁggfgi?@?pd@ e Emeped s oF BepliuhonTittiops wd g The
clu?%eﬁfé?e nfent-en %1]1@413(53 nidyl SlahAlay AR of RELIERS GlodbeGiom virtual

ention contenpl atés any suitable CPU
cludter220GRcb b torassacitted polimiescwd socording to nteregtpster policies, such as

control | er hub (MCH) 176, a nmenory unit 178, and a
gt channel adapter (HCA) 180. Processor 174 incl udes

a handnar Gser 304 YRS clight BIDeE Ciﬁﬂf bo Pt epodRatedtjol® sulBmission

conbi nation of two or nmore such
screen via GUI 126. Once the user has entered the job parameters and submitted job 150,
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conmponents, hi particular enbodi nents, processor 174
is a NOCONA XEON processor 174 from INTEL. In

w@arbioswear enbodi nents, processor 174 is an PCT/US2005/012500
approximately 3.6 gigahertz processor having an
approxi mately 1 negabyte cache and bei ng capabl e of
approximately 7.2 gigaflops,per second. In particular
enbodi ments, processor 174p#gvides Hyper Threadi ng. In
particul ar enbodi ments, processor 174 includes a
menory control]er providing efficient use of menory

clustes mearegerRent e UGR miogsases iteqiioRrsupmassinss dre related; parameters, and

[ | ' o L esent inventian
oy R SRR i S 80538 e R (Broup. s
mamgerpee enginodée sion defendned tMCbpkdridte vRash clatBer20 baked, at least
) articula en‘oodidérgnts bus 182 1s an approximtely o
in pEHEONRS RIosRANY- dengne 13¢dey dyrgmaiseldy eiocatsrmioh erpce A30 within
J ¢ | ' t 0 t :
Vi o0 i s W IR 158 R JREMR el A0 3 ine FipC
techpiques nBasedya itdasbin o ve thy iatessed O peiftratinee, FIRC 48%er 102 may

mort i GHBIAG PSS BBt T or B SAUBBlEH O 6 ppagement

engi®@ TPRRRM chtck 26dulth t 80 ke GOEATUNI cat i on bet ween
processor 174 and one or nore other conponents of HPC

sy SUEHRIDD illestrefes e exvamplenadsi for bi@e) I H5.par tadeul ldrincludes any
nents, MCH.176..is.a northbridge for ,.CPU 164 t hat

conB{RE UPRBE Bl ufRan 2Bk RR SHASL ol skl sy Dread or

prod@ss, 606 &f moRITObY 130)i As A Sxankilé adBot by waVEH lirgite(tié)%) a lnode 115
n

cache, and one or nore other coerponents of CPU 164.

may, gefydeut arE@NBeiheebrasd, MOQPTERON mothelpend-9rSTther7 Sopputing
) ti i , it .17

dorkEr e 18 B85 LSOO SRS o SR B i

distiiRAddn. of mwiitahing cfiunatiomeahibyo deroen trodesT@IBrin gridt11078 In particular

i | .t bl DDR devi
ernbiogRehiR, PR B B GiotS HRHCEA M €-drid Onoey obvite
cent?&ﬁz@@ﬁwﬁfzhihg i LAlI190, WRREGhYy H{‘ﬁ&% llr?c?edfé‘@)fadlﬁfbhéfgﬁctetiﬁ%n‘d 110

-400 nmenory devices each capabl e of approxi mate
and gngblapagalis} cemnpmication emdngeedasHdAneerid ALO.hough a

articul-ar. ry. unj 78 1s il]lystrat .an

8 eg\i:ordf% Eﬁelg,mﬁg&p%%% ?ﬁgjslllné\%'e?’ﬂ%l ?)ﬁwﬁgmt(%rn%gﬂi%eg66an§eference toa
nods Ui 3 mhay ene@mApsY tWeIAPUL 4 dnfl aRafitchClél6aivh&sReHiopeRieS R éference

link couples MCH 176 to an |/ O control ler hub (|
to agpde 1] ety gaeoraprss dist idrid) hed aviere appyoptiatar Switsh 166 may be an
: | ogi : il [ I/ Q bet ween
intofIRECREEn. 18 FuBORBPRRRbALAE. SVl B8 Jos MuRRL B bts. o
ports ys switehl 08 maycburgs nad BH 10 nhdr@s&ysitamdé BOOR) igniphe dutput to

and §feRodt F nBt S HOGPOED A Bt ol (0,BAY eheh GrupkoRede 115 to
by . ) b
anot]b& e 1'1%{1@1{%%?%%@@ {/f(g] fwb ?tdrtjs %nasvﬁ&wrfjg%}.g gaﬁl%ecouple

or CSU 164 that controfls functions of
nodect Hetorrabthennedd hicealongiply @slistod gtidd 1D Cidnimip foaisionistatich 166 may

co ni cati et ween the | nd a baseboard .
cacty SRR A0 TI0nies BEVER (BNC) T8 UpiEed 3 aXenel Evfiehfeto facilitat
implefleftafiaf 6 a BD MBdH, | ' n
unprS gﬁ othgr cog%%ﬁgﬁ%ﬁ%$§9£€@%€§?éﬁng%§?gg?ﬁdggﬁﬁ%%dImﬂs
on gtdr 16®rmeay wohpiBMIsde [1AS par ¢theuhadese b dinngmd sl10ato facilitate

N T TN TR —
topoly ihSddiaguRbrehM thrde SindnSiohHAn 180 110. CRGrEMMIE" emBddiments,

particul ar )
one or more ports on switch 166 may couple node 115 to one or more other nodes 115
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enbodi nents, bus 184 is a peripheral conponent

i nterconnect (PCl) bus 184, such as a PCl-Express 8X
whewe 828 apabl e of comuni cati ng appr oxi mat el BCHUS2005/012500

gi gabytes per second. Although a particular bus 184 is

illustrated and descri bed, the present invention

contenpl ates any suitable bgg 184. HCA 180 includes a

har dwar e, software, or enbedded | ogic conponent or a

conbi nation of two or nore such conponents providing

channel based /0O to CPU 164. articul ar
alonggnsdirraeresliagaaal arge of grig lﬂEmeﬁﬁ)maymedmneB@nunmmtmaoumps or

des
hop% Be %'nﬁ&é ?fSa%{pHr)%% %& %&g 9b R %ﬁé/g{sypcg?f efé%lﬂ alode 115..
As mzhexalmpi@yn(hhdtw V@d}»pcsfdiihﬁaioﬁl, ¥ pdtrt%ﬁ sglighhys @i’f&yﬂ%ﬁgle node 115 to

roce element (PE) to swtch 166 in node
anoiueh Py i 1%50%6519@6@%@ axiteof griqd A& seyrsal %l%Jumps away

frongﬂ&i& 1 H %%yaﬁii&mr (B ORimerR s@i b @?Es elnﬂ%ﬁg%gﬁ ’sw?trch Although

I'n amlcuareMm I men
a pabmﬂw Sdmwhd66 mlhsﬂnat&cﬁ end descabah) theppeext iwesion &m?emplates any

abyt er second for an approximately 13.6
Suﬂ%ﬂgﬁ %: i6£er second peak, an I/Orate at switch 166

t o migRqBsARBENY TRULI§4PR FREAPYESS IRAE 18%19%%1 Bs t@'U 164a to
approxi mately 0.27 bytes per flop, or hough a

anothgy sywiteh 466 mnq@gr nede lli;sasrchasmbedrhﬂms drinbdd8c tcheples CPU

oo, ML ST SRLLEE, B9 B SRR coscied

belolh 8B1rﬂz©llﬁ8e&dl-ﬁ‘8fl&€blé owitc 166to & dthé @16165 16810 bthePnode 115,
primary switch 166 with respect to HCA 18

as fyrdas detratben PIOW- i Inpridgular eambagipens, r?elml@w&qmgbldmsn InﬁmBand

o e 0 ARGV R p P,

dlrestmmndétt]yo@m paticult Hinkes e tard dllidGALESEnd afsehtrdf Itlike(i)resent
nts, a node 115 not

inveP R Sar PR LU HIF JH68 6o dudohit en 3 dinkado node 115. A

1 |
A TS L S P
218

mcmewm@dllmaclsmm@m ABbough mdeﬂpxa]mksl%) arédllustrated and
t with r S ect .to .each ot
desdrBUt 8 Bredtbt BB Ginerl RS Gd STt 1B M7 ¢™ Y iphs, 2 couple
switshv166 o b@ﬁarlsﬁntﬁﬁiéiel a&ain oth86nddes N6, LHB&HPE BQOW In particular
properly, a second switch 166 in node pair 18 may

embgdiganie a ik dAngcludes an | InfipifandPgX i r@n@blpanfr coh@Bunicating

on RoBRG R kB B SEI A By Ry 17

are 1ﬁw;traidfd afibdeatritieds s pestnttiavEiida cdbbtphine ah@%dltabﬁ‘\dlhl@d"l 72.
mary switch 166 with respect to

ToRialR e BlisHae 4n SsemnieabU Sarti s e ISt rAlihesgben example
CPU @6@%@1&@&&1 ﬁﬂﬁthl%pcm[bleﬁ ﬁ’i@tpli]esém gga}ﬁﬁ)él;c%gfegﬁ{]%gélgl%psultable

are functioni ng proper teh 1
CPUEWp4.c KitRG 164 incCRlds allﬁ‘raaesamdl’ﬂéslabm&mdr}smﬂtmﬂileﬁﬁﬁlb (ME}H) 176, a

ovi de CPUs. 164c 64d. If switc
ngg% At 1?%\116(9@ ﬂ‘gﬁg q’ﬁP’aﬂeﬁ‘qap’m ‘Agwi;ll §&n mesqrswﬁo{ncludes a
hard$wkd, GOt AR MBYb&RIdeY iIi8c %Wn%&&!n‘f‘ 8r & RbmERAR oA 8¢ Bvo dPHre such
164c, and 164d. |f swi 6b 1s functioning

compenses: | I pmulmmbﬂdlm&ﬁa prscmmr Fidnis tai WOOQN 4 DER@N| processor
ma VI d for 164a, 164b,

174 3058 ST bl getir hihes T sopiigaely 3.6

gigabaitd pilddssop haiing %d@ﬁpréﬂi%a@ély Sl' BRgAAAE cache and being capable of

approximately 7.2 gigaflops per second. In particular embodiments, processor 174




10

15

20

25

30

pair 186 in grid 110. As an exanple and not by way of
l[imtation, link 172a at swtch 166a coupl es node 115a
W@ 2008/0530e86t node 115 outside node pair 186 norediI/v§2005/012500
node 115a in grid 110, link 172b at switch 166a
coupl es node 115a to a second node 115 outsi de node
pair 186 south of node 115a.in grid 110, link 172c at
switch 166a coupl es node 11%% to a third node 115
out si de node pair 186 east of node 115a in grid 110,
link 172d at switch 166a coupl es node 115a to a fourth
rrovidereHynas Thispdinge In pgeicyhar embadimgats, poocestoed 74 iseludaes a memory

con B0 e B A S RSB oo

174 1@. ﬂhlstrate(j; andl désthibedithie piesdnt inkz2hitia combiiplatck@ag soioahd focessor
174node 115a to a sixth node 115 outside node palr 186
bel ow node 115a in grid 110. In particul ar
emadi PENtSuplbl PeSceldr PRUBLE Ni© A b
upled ng C 175 olé(gsl\'ﬁlggsﬂélté %12:15 ﬁl particular

node pair 1 sets of n out Si
embpgdanenisn tbuar h32d1sf e apmt)xﬂnamiy &40 VBtzhfont sﬁde ans QRS\]B):) Icapable of
li nks 17121&at switch 166a

b
comiipiBg AErS ety bisRhvtR persedit. offhuften aasedeutardus 182 is
illusbtatesll eﬂlﬁ Rectebedaibe ]31:&@1’1{ iﬂ%ntidﬂcdoﬁﬂﬁg)lﬁei by buiRBHeoE1R2. MCH

out si de node pair 186, a second node 115 ‘outsi de node
176 paglpdes @dhardyvarg; sofiwaerl @t embedsie dvgle comgenanaior a ta@bination of two

o s OGRS, AR RO By B Pt cn o
more uttisdr d&)n[mﬂentp aifr HR86systeinn KGO 150@h ads BwhbsNudi®GhsMam particular
embaakng 115b to a second _set of six nodes 115

Ig8is al@erth‘%%ge. fre| GREs16f $aaf eqombrolsoeranmusication
betvRih $él@s0R027030A ohE%r difle Uethlllolyadf 17 LSRG 110Ee (12)

pai r a n|nt outS| node pa
cacheg m@onﬂmenm:‘ea)tbm csml;tmnmisi of ORIUr 1648600 antieileweidddimeads MCH

115 d | fth de 115
176 50 LR ENER IS E R ST M 7 SR heiinulir i rindomgry unit 175
1ncl1hdd§ kei gt Zi gYte§ O RhiR1on hbdesd miefd I—liﬁl\/ﬂdl ﬁicﬁdi‘ﬁcﬁalf éthiSddiments,

ge of grld 110 to a second node 115 "ad] ‘acent
menm ot dd§einefudey iteo 1dablsp |d@t9| 1age t(Bé)Pf)l nsmoey gi@vmgs separately

coufBBPARAP 185 D84 e Uy b O SRS 850 G b s s
1nch[dbdefo]IIERadﬁ]0@Qﬁéﬁm@ devihat eUgRpstle OF bbrdlith 80P 3 GRrabytes per
e left edge Ofg%.ld 110. A I|nk 172 may couple f |rs?

1

Secoaa s ghapmgl. né&é%u & PR Rt o ik 7R 18 ngstrat]ed gnd described,
d nod
e 808 £330 SRyl SR bl paecons, 1o

f i kspartioder dribodimlents  Hnlt covpldsdd@H U6 10fansé0 eotrdild@ub (ICH)
[ nsider a first

115 j d 110 t
that 5Tl o8 Sy Heicirare GPR v Eingl" GRgided 1ae camaopents faciitating
/0 W@%@%@orﬁlﬁ Al A SPofe @tﬁ&kco%‘%%ﬁe%g lolg EILP@ %&m 100, such as

e the front edge of grid
a BE@D?UEOES ¥stans ( BEDS) swpaddtontbd dEH] ]aSGigablb diﬂnemd:tf(ﬁb&) lwhtroller or

ot RS o BB b SAe e c
is alsogtbliese &r CPUSIoNAME cdiidolk qj’@tﬂn\[&lohﬁ’ A ¢Pg alt64onTﬁé Ethernet

second node 115 in grid 110. As yet another exanple,
interfaggs¢aypteda tef rthesthHomylfwhm@ awmumcatlop le&ﬂ’geemﬂ:heg ICH and a

m.e
baseﬂrgagg %T%g%%%gs 1y trgl?%ngﬂé@ a}age% tlé? Pﬁl eg intgr cf E[fnlp;aglcular
embﬂmmeﬁ&umhﬁageh{e&t n@RRdl 0585 Ot BOEBSnchi 6f HP C%?@t@molt(ﬁﬁflcludes one
such that first node 115 is bel ow second node 115 and
second node 115 is above first node 115, despite a
| ocation of first
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node 115 relative to a |ocation of second node 115 in
grid 110. FI GURES 5A-5D il lustrate various enbodi nents
w@R00gH053828.10 i n system 100 and the usage or t opol/O82005/012500
thereof. FIGURE 5A illustrates one configuration,
namely a 3D Torus, of grld 110 using a plurality of
node types. For exanpl e, i4lllustrated node types
are external 1/0 node, f|Ie system (FS) server, FS
net adat a server, database server, and conpute node.
FIGURE 5B il lustrates an exanple of "foldin grid
or more sugBM Gy Ineadicalar pmapdiswents a dink ﬁ@u@w@@q@heredgeteoﬁace toa
Fol . t_to r ' xi al edge,
i e RO o L E PR BRI 2 CoeT gy

| n Busi 48¢ntmglese MCHNOTE Santil FIGK €180 appesthabeiend tI8 particular
ar. seanl ess_topol ogy.connect by a _node

r.ovi de .a
emtopiiaenss s \§dds o praiphare! RAIYDEREN gm;e%mesbﬂ%lla dvavidfesuch as a
PCILER:ETREK B §8Y GPMBTEHCaLLARR cgﬁ%%ﬁﬁé’gxfﬁ?ﬁtel o %gabytes per

i nterconnecting t or nore no or ex
secandd %lmmmmﬂmyafdmscm fllwstratedcemdf debeibedp thec;premt évention

contig%iag?sﬁ%{;(itsn%abf ﬂ Léé} Eﬁg%{kg}tmﬁeﬁ trlg*gfgrleg;ofﬁgqrg, or embedded
logit icBlpoddid or aScHBSIRAIJAESE @RPYEmoFd %Eeo!ﬁﬁoohlaﬁtg 3&6@3&% channel-

grid 110 with one virtual cluster 220 all ocat
basth I/Onip | €V Lafst rlat partighleh eomogiroenss,v HCGAIAI80c isust MELLANOX

nfiffBlnd FEACLBRY 10BN g;?)ogmil 0 A B 7 greﬁﬁ?xjﬂetsl qfandwidth of
apprommteﬂyez 65 gigabyaks pdtisscdids Ghamuhey alldw bpgtoxEhatsiyar 82 gdabytes

is a | ogical %rou i ng of nodes 115 for proceSS|n%
per PocetsE SleBent 158) torpyitceldhgnaode il 11 ard arpresmately 300 maegabytes

C
per pE t’gsigg éél%ﬁ %gt%%rl/(? %S/Etreg‘lfs uselr? 8{ EET%R???%Q&&CSWS? othef V0. In
pal.’tE>I1]fall‘| ambpdlhﬁtntb5CHCM ri80akllewsiss ebandR@dthayt kevitchy 188ape reach
Cl%ﬁ quunber of nodes 115 mnthln rid 110
P PREREHT WAEHEOVIET DSt Fe0Rd O 1 BBITORAT B @gaﬂewwgssecond
18 @l Yo
pea HOatakd Yt ﬁ{rltcm“l@é &Rkdarh %%3 l?fgiritﬁ ﬂqagﬁlr Y pet ‘g1)§aﬂop for

cluster 220 maybe a distribu
approgiteatelyy hbieged 0 figque oabbé. t@lﬂpmgheasmrp@baﬂHOA M3(r tsuBlistrated

s 588, 825 5PhSSRRE e D RBRIRATD AR o 1

coupled HCAl { 8dol 0switdh Fa65 tigiAk 168 bagesh HEAr1 39X Mgy sv%h 166 that
startup paraneters or may be dynamically all ocated

is & yEEYY TORDOKpI®, et Rkl Lr verdestbendelisy. In partculr
embN&fﬁr?e?lee Bodé’ i fSt @ udﬂg%ﬁﬁrl %%gclﬁg%s tﬁljgtasv%?chg]]téﬁ N %nﬁ bi 6§b couples

Si ze over respon
HCA eaomasecaiﬂrmmh 16énhiatas tgatondBs. switth xemafeab@ct to HCA 180, as

cluster 220 be dynam cal ly change
descfined halam, i s isule PERPTyncats Soaedls pycodagde HES 189 includes

secoh§ SRABE €64, %saeicﬂbbdlﬁéio&f a second node 115, previously
part of cluster . I'n certain enbodi nents, clusters

2261 EHR Esh alﬂteztmt@slas ekamplesnqteogads 86 inchelipg tves switthes 166 and
parti cul enbaodj e ,_ schedul 515 y al |l ocate one
rou BB 30 SRR P01 SO S8 SIS TR LSRS0S,
otheaoaﬂg&mm? ih@efseSEE WblaNse & GHle! ﬂaM%aSIf%%%{ Lhes 166 in node

below GURE 5D illustrates various job spaces,
pair 486 i aghﬁme@m@g propksty, @B¢0©nétsefdcmlﬁﬁlm nedtappir € 86 may provide

220. . Cene S a, set
switdfibd AT BB Rogr PROLP Mt BrhoablasRiRk Ay W primary
sw1téﬂh h@@@ﬁtﬁdeip@ctct@m[% Poda06Q1 1635 aln@ka sbadhdarhy#hi6H 1686 with respect
to CPUs 1640 and 164d. Switch 166b is a primary switch 166 with respect to CPUs 164c¢
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one job space 230 per executing job 150 and vice
versa, but job spaces 230 nay share nodes 115 w t hout
waeleansioes) from the scope of the disclosure. TPET/US2005/012500

di mensi ons of job space 230 may be manual |y i nput by

the user or administrator or dynam cally determ ned

based on j ob paraneters, poh ci es, and/or any other

sui tabl e characteristic. garticular enbodi nment s,
schedul er 515 nmay deternlne one or nore dinensions of

g;ob space 230 accordbg% to a scheduling algorithm
Adeandr # 5eePIBTYOWYitdh EORPEheRSBEt | tp| CRYs d6éa vwad 1@&@ If both

iR AAERS 56 o FRRASTE Dol BN GR35 PoFldA o o

CPUsnhageame rito4t5ahd $0Ach %@r@@;eptbeﬂietsm&hir@fbr CPOsusHOgnd 164d. If
.Cﬁl 6%5216' cﬁdn ener al rmn%gemsnt GUI 400 presents a

switgh  165p s HigeRRORErY, b Siétch Jo08 d @WhssvEchd] @99 Bpy provide

sw1t‘éﬁm§ 18 EPER 1A TH4B! [ MOt PDMULT [Bswih }é i ffuricﬁgnmg broperly,

subimi'ssion or profile streens to a user. Ihese scre
but gwiteh $@ffaciy sotfumciionipg popdlypfswitch (66t atayeirevida twitching for CPUs

in arious views of collected information.
164%§3ﬁ§bgﬁ@f%“f@%w'4oo may present a display of the
phyishieal 7healgld esth @ded 1310 dolgk lpdit rsat ®dip ngcllés:"Lﬁ% (ﬁﬁglde node

or the | ogical allocation or topol ogy of nodes
pairgh§ogin gl ?1@ | Wt anaeraenple aml GUREY @B)f ofnierUREmGAnk 172a at switch

| S IS
o6k s 81 AT 0L . A58 o TR S0P o 1150
gndelflﬁ)e tihk @Rty amw&gi Iianodsiss 11(3& llTﬂaetolal ée@&ﬁd Ab®RA115 outside node
pa1r|1g§ i ment includes a standa browser with a
[

seufh offiode il ea hgrids élf(ééwkﬂat% @f syitel 1 Gorocouples node 115a to a
AP 4048 L SSRGS 105 B g 8 B
166araguthes mmb ldeaamyl fbiutﬂbmdeo]‘lSO@itmds nodd pdir €8€ estadfatode 115a in

eria QB ERE ae et 386a puled g dl s ican Risk hodkl Tayiida ode pair
186 mBYvdBodd arde ind8ied 210, unahlReaigd: @Qf%h ]135?] BYp18Enode 115a to a

shaded. Further, display 400a may
sixtty dworiei e autsidet rodeopair 186 hfd@mtlmdeoi!/bia ungndf 1tthe In partlcular

ent BT GEIYE VAL P S Bl st LELBULES R 11

outsidletriode phiori BBt ard diffbredi fﬂ@n ‘aeisther. " Y @h baRhplb bid not by way of
rocessor utilization,"™ "menory utilization,
limit i@RplEt | TRt SWﬂfﬁh;léﬁa:mawceeﬁpm@de 115mtp 2 farirsesef six gbdes 115

r

outsg%g{oglg Iagpg%gc Si} Sllﬁcélgﬁés sgé?&(g* 5 glggﬁe n]p gr%l{ ?gﬂ %%ond node

115 bmtsmkiesp@@/pdm n86,ne t}adimasrlesl IravakideDiglel myr #8)a ﬂﬁlYth node 115
istratqQr to rotate the view

|
outs{ieiad w56 e PGty GRGR I RIS, PRl cEode 115 outside
nodd- %@R%Gilhlﬂ 220! Bﬁv@l?chem%ﬁy gblg@la iﬁdé‘ 9B, S%o@%ﬁ set of six

resents a view or picture OgIC
nodesfl lérmmsu.l@oodérpmr 134 thet mehwlds e sbomitimeode preswsitls nbepair 136,

v Iuste 220 allocated within grid 110. D splay
an clg i, feei e Bt (5 e nads D19 opideaogapnt 156 % tent
d@HSO&iii@ Woddpdir £86)84 Blevédl nb@& 1856
% obs 150, Dég%la A00b ey nbfé 1 PXOE ROIOPEr 96, BB S tweltth
nOdq-[bkﬁeOQtﬁéep@iqnaerr &ver graphical virtual cluster 220 to

<t B oGl RO BeaPP LR 10 P BBl L Rrsl B0 Bl adiagent o i

edget dfegriddimiond %tsé@irﬂfnoﬁ&)‘(li’o'f@dﬁ@cénh@ sERnbleBbe OV &id PIPoRosikd e first
j ob spaces 230 such that
edge. As an example and not by way of limitation, consider a first node 115 adjacent a
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suitable job information is presented. For exanple,
the adm nistrator may be able to view the job nane,
w@@ensI0esre, Nunber of nodes, estimated end tiP&I/US2005/012500

processor usage, |/O usage, and others. It will be
under st ood t hat managenent GUI 126 (represented above

by exanpl e di spl ays 400a ang 400b, respectively) is

for illustration purposes on?y and may incl ude none,

some, or all of the illustrated graphical elenents as

|1 as additional nmanagenent el ements not . )
left gy et ¥oeand 3 Jocord b Soiacemftiorgliedec of sad 4P epposite the

left :gﬁgé;"ﬁl? gﬁ@ 416N Bk 439 'méé{] cGtiptd RARNGE Whdnld RRl ?% }9%ch other

enbodi nment, cl ust er “managenent engi ne
such that fide sode Pl Biisabdst yf edcond hodo dif esd sccoadmpdadns 4s west of first

hysi cal. mapager 505, vitual nager 510, schedul er )
nodB L8 i ERRET RO A R0R9ED S SF I S 115
grid"B029e ar@Rr 'e§aéﬁ‘}{9l)é, SRELNRS Birst lnB8E §15 Eﬂjﬁ&ﬂ@%?‘rolnt@ Ed%éf &€Erid 110

modul e oper abl e determ ne the physi‘cal hea
and \aggeconbnorsdeld ddigcenna betlf edge afegryd hbhappositedes fibhGedge of grid

bas this det i ned heal t h. i ca nager
110328 P bl o5 SRS e I RLEh TR ZAST PYt e
115 n0gkntt $Bsdcand HE®S115 dhdaREorRIMRRRI 1TBAS nodth ¥ HERnoRNEL Hespite a
505 is. communi cably coupled to a plurality of agents

locatign of diggtrnode dil diralglivm tondogstiar of secondgiodedd Fiibemtid 110. As yet
. i |
BB LEn OSIRSRST HASHRE O BOUNOLE R4S Y k833 g s
nod&0ES adycenta boktdrh edgopiirabl 1© dpposietit tcaige oflggiatis0f & Bnk 172
Y\S/%/Stgﬁ‘a adm nistrator at client 120 via network 106.
MaRfQupfa firshdhs gesons odes 1anyo sagh wi% suqhotpt first inoired 8 is below
secodtl BN 5 TRAUL&NARRHAR § if IR é’degltlgahesg;litlésaltl%ﬁ?ftion of first
220 I 115. Cenerally,

and the logical state of nodes
node i 15 teddtiviedon adpeatisn Of $ecokdnalel ldgiic gtidriépr esent at i on of

no j hysi cal statys of node .. Based

on FRERES SARD MisReieayec hun atDp it el 256 14P dp Svstan 100 and
the Méalgh Wltosd1o8) Blefeof 2 FIGUR I BACRRSME! b SofiARARR, hlmely a 3D

these clusters 220, such as in response to node

Torysapf giid 1 4 uging g pluraliy of ngde fypes. eGeressantply, thaidlustasedinode types
iLn erohl al so
are SHCEol DOTPTeY fles SbrSTROPHL b Tl o 80 getabprerpoper, and
compnrRl haieat BiGURBEB ilhbirakes ag dxatipledf Sddihg” enabldel 10. Folding
d%ggnhc b?ckfilling of unexecuted, or queued, HPC ) )
genggile 84ews Iogrng Bipgicabedeoyph el 1 fn sganect 19 anggyresponding axial
] [ j .
el AP, PRI Mo A RE BE Shichin 1ol | BPinke Sttt nodes
115 e wrappedi bwund 1d pravidecendaaiseansietsoidpoiegy sonmkct byalnode line 216.
NodF HIE LG5 WA FLS aBle JOFbFacs SOPTEGH s ERggrgmunications protocol

for iRFEREHNER c | e y
B R ooy il SRS be copper

wireseif fiber epticogablaninepldmdntingyGigabtritberont &y parieular embodiments, a

such onents for allpcatjng,nodes, 115 to jobs 150
nOd%\fci:I eo%%?’ﬁgl“?%s et ﬁréodﬁhlpgi;?g’ Q%F?SFH d"!‘ VBarti cul ar

enmPOGURENS S .il18kReMURT 1 B0l SrithSore Wku8l éldsted P2P@Nbdabddl Rithin it.

enbodi nents, in response to cluster managenent engi ne

Whikesdlustaated Wiithprdy pad virsel clustes 29, thersagasnbe anye Aginrsr (Boluding
zerof gclfjl 216@%2 gﬂlléée?; 234 51nt gﬁ@l lll%c %tﬁox?tn ﬁq%*tirgrgp "o chg Sscgléles 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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In particular enbodi nents, when cl uster managenent
engi ne 130 calls scheduler 515 to all ocate one or nore
wooae®5H2H to a job 150, cluster managenent enPCTHESDHBY012500
identifies toscheduler 515 nodes 115 in grid 110
avai l able for allocation to job 150. As an exanpl e and
not by way of limtation, n cluster managenent
engi ne 130 call s schedul er 5 to allocate one or nore
nodes 115 to a job 150, cluster managenent engi ne 130
co nicate to schedul er 515 a list of all nodes
depaf%ef}tna » @ 94Y) othigh ronp| of wsers 1ielyotoatubstit signilap bssiP0. Virtual
lusled 2 r bk b
ook B b e A R o Bl R R AR L £ gr 110
Inde}:d,Swhﬂ)e dh]strmed@(ﬁ‘tlmhlclustef 220 Nwhdlbs agfluntidest giysically neighboring
0Ois great r than or
nod%gqﬂér Bte‘é ﬂ&% e %tl%#’aﬁ%t%(? 115"6‘? % logicely relgfe fneéeSﬂslé operable
topﬁﬁag§§pqg@ed above, in particular enbodinents, grid
I's a three dinmensional torus of sw tches 166 each
C o%ﬂ'@@l dustdrai?0 ngRUse dlBrateSeh enjubmproiidbe liogi dalleyample, cluster
conf | id 110 torus of 1
220 Jpays B&g él[lt)catTch; ug?n MI% g éy%?%vmegasgéy?oﬁoeggmie on startup
parahgirs af nf@ﬂﬁd @%{aﬂhbﬂlﬂﬁallo[cétéd bagdd, fdXextnplle, dnXebhn é’ci server 102
2%, 2y, z] y,2z], and [Xx, 2y, 2z\. When schedu
nee 153,\48@8%%@1‘«11) Blster 22 may iebargs itsishape aad Sigs oysotlme to quickly

wor AP iR SR, SRSk, B R TP Rl 20

mayabes tdana‘farodlly Q:lhamgmnmnirmhiile (057, amcﬁguaeﬂgc els@sed firsd Iioﬁb 115 in

nﬁgf}&~ ul ar &b égnents edul er 515 assi
respgeaﬁem 2 A 05 ccsheAnhOaNe 115 BFYiSBHY gy of glupish 230, In certain
embb@imets, Qusrd 2bOGhMALINGe IHOH%SE?E%% V\g’é &8&&% g&ﬁfnleg'S O particular

assigns a uni que | nt eger
embedigtenty sdwdsler 765 omillo¢ataves or messwgealtdusiers 226 to one or more
0,. a.sec roce ob 150 nmay

jobsREERToinB el RRemsa o BFrar P AREEE blabi'ar 1y 1o

I eFEGVRERS DEEEAGEes Vagidu b dpabesPPIGL 88 Q@O@rdsﬁ&tﬂv@@r aBocated
second process in job 150 may specify a Rank

withfn expmme gl clusien 8@1@@@6@@ m/spaps:,af%@m AR qu@d@sr 115 within
{ ]
wrePERa SRR RPDRALD LAHLE B BTSN KGR v i

one @b spakch @BO ed ces&adiag ijob 1t e abd @Wia GO §db spheed g:msma@ share
é@%s e froma fjrst_ process_in broadcastd?rou
nodes %?%@gﬁm frere the seeneach th@r(asféowgf dphedimpnyiprs " of job

spackP98 gaﬁis‘tf 'éﬂlﬁa‘l’lgl 1H{) gtthgkigé?ror (?Iglst??tglt (§r dycf‘aﬁﬁgzhlf fetermined

515 s of reques spat i
based cmnjoh gtardmete, peﬂmye§ alRbbenen othet sulaab'ler elumerstéristlc In particular

as 150, ~where appropri te and vice
emb GUFEHR. SERBIeE Shr S0 U eat o GI0Er CUBMERS ob 4o space 230
accoil(ﬁﬂgid)a d%@d@lﬁ{gvaﬁ orkB, ast&%cﬁ@e%trbe'lw specify a request

E atia request enconpasses a job 150
de E@UBE& épéﬂ Hustyate Grréous| eagwdohendx 0§ b inmapal@hent graphical user

B AP QR0 ATATE R 1 038ERL 1501 SRS PuBTB0S i 40

presdi@ed tOCRSE BJ0BsiA® GUNCLIdiTA GeRetde ahh®igeRAE GUIHRD presents a
server 102 may use a two di mensional grid enconpassi ng

varigty, Rgianageraend intgrackivriecreass oa disphyisde acosiert] admigistrator and/or a

R L T A e T -

compuised asfsgrafhipa) tblérﬁ@ltmeﬂnbleﬁ htoveaions vidw o chlBdctddCiifamation.

area. At the beginning of each tine step, the
For example, GUI 400 may present a display of the physical health of grid 110 (illustrated
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process exchanges boundary val ues with each of four

ot her processes nei ghboring the process and then
W@ oovpls®e8 weat her for the particular area. To PCDUSNES/@12500

job 150 including a weat her nodel, HPC server 102 may

use a three dinensional grid enconpassing | ongitude,

| atitude, and altitude (or simlar coordinate

systenm) instead of a two dinensional grid to partition

the surface of the earth. For an MPI application

pati.al relatlonshl anong processes in

in ERGHIELED) & GRSheifal lioeinact topdiemppitodes | Sy eag 199 llusteated
langg§§“i%5 for job 150. If all the dinensions S are

greater ‘than one, the request is a three dinensiona

r eqUesiRE |GA aiflestoftest leadpive dizpys4®d. s Dippidy U009 rlﬁay include

t he.request di mensi gnal .request. If two of
infoppaty AEsS t8<513 311%\.%@ tL3to% Oloﬁ%ectwﬁlé/ PEgeEag nodeg 115, The

illugfaeedd blﬁB&ﬁhféﬁﬁ'lndl&IHdeﬁstan@QrdakvleQClﬁ%@«s%}ogﬁtﬁ 4 13eicq ‘éture” or
request, schedul er 150 may map spatial coordi nates

screggmhoRah gndﬁ},l@ onbwgcm}[lg, tiu,szgwturecmSy pnﬁrzde+1;1rle>ph$mcalzstatus of grid

and request,
110 o BRASERIE T3, Fodh oGl myge BRaT 8y Nigayes of coors,
w1th Sachei)lm @@ré@hﬁn@ﬂﬁh&% sta-f& a dr%ﬁ&hﬁlenﬁ?@‘eﬁfed%etl% EndyVB red, a
mensi onal request, schedul er 150 nay map spati al

uﬁhé%fb?fd@l}?&@fé@ npde W mRaR blacks and ewvknallogatyd neds 1 By may be shaded.

Mm spat i coordi nat es
Furth@r %%{p‘id[%%(ﬁ %ggf&rn@l@ ?g‘m%lgtrﬂﬁp fon{élr%é/errgiﬁ gogllt%noveg oje of the
node\sxl 5 afd gewdhd Yariondshysicat atetiRinéssofit.0 Mor @xtnpls] theQifdmmlstrator
nd .then_increments along an x axis_ of

ygrl d 110, g X
mayy 1R§ PFESCRieE o Y EPTERLIOR c Bcfusine aé@éﬁa‘pt i ‘arpilaeydy, | nQTOCGSSOY
ut111§§tﬁ§1du‘i‘1ﬁém§r1y54tﬁﬁaﬁbrpg <Rl ﬁhree’ogjﬁlg§1gﬁt18§at 8 ”Mﬁg %?gxl%‘ss ” Of

first "i ncrenenting ong a axis o
COUltSh,etheSerm¢ oreegly |engnpllechgi fagldsids amgf amxrophalelﬁhymadi ot hgdical node
nce i s .of

LR N T EN TN T W

adnﬁﬂstﬁa&bl&@ whtate thd bic@Sof @1&3} 10 &r?@rf@b{n 26y othBr s RBRAGhCtion.
%éest enconpasses job 150 not described spatially.

dUReT 6B ﬂﬂuwweswxaam disnlasied)Ob1 Displag 40hpmesents a view or

S LA GO GRLLAD, LR o v
clustdr 1220 adlledated withén eeidpBIaY mﬂﬂtqsﬂoo%rth%ﬁ Mispl£38 Ut example job

gggpﬁsses a job 150 requiring little or no
spaqey, with ¢rcZ; foh exesufig ape pr moEe 1oky L1401 Ssnley 400b

mayfd?)ﬁév&it%% aglﬁ%ﬂ\}/@%gs 0 gxﬁmﬁ:ﬂtfxé ?Bffg%%vgln 1iC ?%ﬁ?&%} c %Ve? ?F? to view
the Nutnbsr oftisades il g gfouped hyagniens sthfuses (snclgas alldchfed dhmaliecated).

Furt ? gme gr{}nplfs atgﬁjméézd%ggas OQSI%%{;%%% Sirlfbép é)ggf)]laq gp;csése 230 s1>1/ch that
suitdd3¢ fobGhfoRhattiiPRPréRAed. FoPARIIEIRE X(ﬁnfrﬁﬁ&tdran%r ll:_)? %ble to view

fl oati ngpoi nt Nunmber between Zero and one I n
the jgl geme, rt timelymbet efirtodds, estimaihé dud BmeSirdcéssor usage, I/O usage,
and rTgoses of allocating nodes 115 to job 150. A higher
er gives scheduler 515 nore | eeway than a | ower
NU moefill deoesderktood thGharfigBNtAISGET SQ@t(h?Jlres'éﬁﬁHea%Bvé By example
HPC server 102 and sets an aggressive flag on the
displays 4082 apd d0@strespsctively) 183’@1@ tors psrmeseqmbrefmdj mby include

nonéé%g]in?’a%)ryarﬂeé% @gSﬁéﬁt%a}e% ﬁ%ﬁhwa\ﬁae'lelzn?ebnltse ast el %s %gg?onal management

elements not shown.
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particul ar enbodi ments, if a user submts a spatial

request to HPC server 102 and sets an aggressive flag
wo@eoblssospat i al request to a Nunber greater thBCI/E82005/012500

schedul er 515 tries to accommodate the spati al

request, but, if scheduler 515 cannot acconmobdate the

spatial request, schedules jgb 150 as a conpact

request. In particular errboé?rrents, a compact request

may allow unlimted hop counts between pairs of nodes

115 al |l ocat egjéto t he conpact request. Schedul er 150 .

caIGURE & Hiustaied pae cembpdimanty afelister yaaragementy gngine 130, in

. e _ . s .
accfiiRich) A QRRHE 108! 3 Shig BABARREN, 08U Fahalhath cheine 130
inclfdas agilhmabitt cbfcmbimocgﬂ@atr ebmlphﬂﬂsntsla mhg@iunzglr%dr@g& I3 rbetuabinanager
nodes .1 request.ed. I n particul ar enbodi nents, an
> 10%3?@%%15‘3’ P&ﬁ]@%‘ﬁn%{n@wgé(e{labl%%&t indicates a linmt
on ' og 5
© h B oo F Gy RSt e AoeRO B AL oA R0 e bflrable to
detempjneciba rmhysicaly hepdthadf varisemedes 135 tahé edifpgtiesy imanake agdes 115
l-a |.n. particul ar, egbodi nents, when cl uster. .m me .
baseg B B B eiried bR PR SoaS0 miase Bt s tpthciently

deteR@iiRSant kBsgodd do nole 1EDfailGdd Strednc EIRABABR! pERial thahaehr 505 is
provides the follo i nput to schedul er ElS: a

W n
compgsab Lo soupbuleto @Lmbraflgiq eEsgens 132.,reagheetiding pe; ong mideel15. As

- 0: ' fl i 50; .. .
desBhch ol FOETSL 15 ol AR R gt stomtion
mankgéref05adfhysical inansiet S0finnE e fuoitier bagasle 36 2empfunaictalerts to a

110),; .a Nunber of nodes 115 per switch 166 (which, in
systeyg iy patoehsligntfda neyosf L& our); a Number of

no i oAt | gﬂnﬁg ' ;
[ dgﬁtﬁiu%i]rggﬁggfns g(?isgdﬁ ggﬁh}& e éd es 1#3 Q)g\? g%@ %@% %gerable to
manag¢ victnl dnsters 220lnd 8@ 1pgiselnstats of hodesel anilengrally| vistualohanager
Il nodes.,115 avai.l ablLe for ,allocation to job 150). In
510 Haks F RS TeRei R ot fodelpe R AR AN Rich b Bp R0kt 5. Based
on thsaDRks, OfirthAdREnakdios 1RGNS SbeFate REGE STubiRE2) NEh C A8 Sss various

the request type, RequestedSize (which includes an
changes 4 fhasp glustere 329.huick jag én a¢sppots tsmodeAggvresei o €l or user)

i j [ ive f n.jiob  TorusSi ze )
e 3 85, DARSOL AL, LAl QS R kB uprie e
statusf ofgvittdalldlfsteND2E SRel & Whiltdvatcddicdlat @35t Resdhsddier 505 to enable

er switch 166, NuntreeNodes indicates the

d .
Rk biote ynoxpoutediar awtueds BPCaprasesses 6nd deby 480 Virtual
man; @1519?}?38}: b B NOGEL e &%ggl?afi@gh};%?? gg? gﬁﬁlﬁahicular nodes 115

I dent i S one or nore no
and gohooatidate thie ipfolomatiéh td schpdoter cilsar Ire rboah e &limedite Nvirtual

g S e R BB S AU D RE B put :
| denbirticiaf bAboRheRRAg8stdrlRaRlobReAl &%r%qu%?d&g% sl(\:g#ﬁlibr 515.

as a list of nodes 115 allocated to jo
Schadahk P imghideh o dwrdivdre,cafivdire,00j ebbddsed lagid campeherrtror one or

o S AL, P P8 dodth 1 S 0 g o Bhedutog
algofifim.S C ve Qatiriedul &1 BmbadinfRBME scREBGUL €5 19Dy ih" In_particular

particul ar enbodi nents, to allocate nodes 115 to a job
embedimentse e ERP@ISCHQ Sluster snanagemend|engias 13Qreeiviag afjob 150, cluster

man?%éﬁ?%g leﬁélﬁe 09k CéllgOS’Chéd?l?gll‘ 5%8%5 %I Iocea e . geborlnslgrea}n%%gsr {38 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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vari abl es, and then converts the schedule (or results)

for processing at cluster nmanagenent engi ne 130. Three
W@ 2006akd0e% - Spat i al AUowed, Conpact AUowed, and PCT/US2005/012500

AnyAl | owed- indicate all owed types of scheduling.

Schedul er 515 may use the follow ng exanple logic to

initialize Spatial AUowed, ngpactAUovved, and

AnyAl |l owed: |If the NodesRedquested = 1 o Spati al AUowed

= Fal se o Conpact AUowed = Fal se o AnyAl |l owed = True .

e 1f RequestedType = SPATI AL o Spati al AUowed = True
SCh%ﬂ“i@ﬁyS AP Inodet 1 55 mmpid 140 availehle Exsillpemicagtojod 150. As an example

and%?f’}ﬁg?quesatﬁog rg/&geéxf) cl %tonp g%(%? &G é’l%f:’:“g? %)OV\%G scﬁeduler 515to

alloFatk smeoorCompa aiodko e s 1o Jrju@ 160%%&%@&1 emead aﬁgme 130 may

El | f ReguestedTyp oSaUaIAUovved-Faseo
comperis OGIERIE Paestof Albpadeschladn arif g Ormebiis o gllagation to

job 88006 BRMLSiar SHBEEM ks f'u'étep Eﬁa%%éeﬁn&lt %\4}"%{118 I]?Bac%ﬁg %égler 515

of grid 110 to indicaté nensi o
to aﬂem’w enestrahdremodestlristioarjsb d)SO gn]lydf 4 NaumbEo bﬂﬁ(MieB 1Q B\Aat/zﬁtable for

arra ndi cate tch sed size of
aiogfop 1 36p 5t B rEihs AR i el o GEbercht AoMSY bhs rgiested for job
1509rid 110 before smal |l er dinmensions of grid 110.
Schedul er 515 applies TorusMap to all nodes 115
i defit fescabed abgvtee dNpariculsr emibodinsdsT qrids Mep ig( whhtteh dimensional

T ey N
gridnreas dkeral dOsRl80 150 A 0Pk 31591296%,8)5,91) SGikhdY 6k El:b‘%/ides six

list to cluster mana%errent endgl ne pr ocessli

poséAbledogiexacamifiguainidnsi oMby, 2\, f, 7|, [%l $,at],0 gf ]00[9§t)ﬁiz and

managenment engi ne 130 conmmruni cat’es svvltc -
[x Zyo?a} s Whaesahkbddléix 16X dBodates S0 od whee n5d§s 1 15ctvesiobersod ddheduler
sets TorusMap to {2,0,1}. The swi tch-based torus size
SIStWek@te@mscalLerm satipnzet, sufted togiohdde. 155 i n

nodt T48 b RGNS S ittt tpTiRuSlion among

proc'léhses lizn ¥ §ubs BST0 r Tugdvetpcdl @renttodiradiny, e cleodand® |58 5 iassiyhs o NPT 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, a second process in job 150 may specify a Rank of
the first process. Similarly, to receive a message from a first process in a job 150, a
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:

1” [11

“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. One 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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In particul ar enbodi ments, NumVapDi nensions indicates
a Nunber of dinensions for nodification when
W@ o0v6e530281g a switch-based torus to a node- basedI/us2005012500
MapDi nsi ons[ 2] and MapMod[ 2] provide indices of the
di mensions for nodification and respective nultipliers
of the dinensions for nodifi,gation. Schedul er 515 may
mul tiply one of the dinensi c?;ris for nodification by
four or multiply each of two of the dinensions for
.. modification by two. Schedul er 515 determ nes which
job faftingindingts sicather apmdel BN serien 19Banay else & t®joz dingsnsional grid

enc&ﬁ astsgé P§MH§c%e due%flt\gc‘? ﬁ({g' %’ gs eirl% tﬁo:org 1ngtg c ﬁ%ﬁmr?g%t Bartltlon the

surmequb Tyl andvidividiesrihit tilfel pegiatliing diScraRinye stbps. Each process of
ti cugn‘% enbodi nents, schedul er 515 applies one or
job 150 @ ¢ Pieather st BarHadlronga 1At therheguaing gfopach time step, the
t
ol ik bk B 53y G a8 RS nidvorin

proqm?, antd, thpisrompytes®pathemibr dre pzmhicm)am anéa. Tcproc&ﬁ abob 150 including
in_one or nor

A nes
a wat ‘I‘?ﬁ% Ogln’?geﬁpct ?FéV‘?’FeE‘P? AR aS%taaﬂFeepéarﬁ@nsgqnébtg&d ERegmpassing
longdfudNtht@ N tandN akidRIcO(§t QF sifBlaf ofBRsL oﬂétenﬁ‘snéféad of a two

exarrple and not by way of limtation,
dimensignal gl@dmpeatlmplsth? sgifaceaf theveastid point at [2, 9, 4]

5 S R N v
1501 2YuseY mAY }e%uéﬂda [t§§1et S, 5% [} 6f 18HesS Y Rb "_135 If all the
generates a |ist of es satisfying the request
dimemshed il e ghehfer Itlmmptme!; m@eekgh:stt e thiestdirdedsidnal request If one of the
schedu éerSlS identifies a nesh th5é i s .schedul abl e
dimGasiqRs % & el 19 ORes B T5AUGThed tWesdipparipnglitedysst. If two of the

dimélsi R 3t dr@ gl td b, "tl?&l‘é ést i<EOR (ﬂ}fle}ﬂmoﬂaltrg‘citﬁgt To allocate nodes

dlnenS|ona r equest te ds to resu in six nmeshes
115 é@ttlﬂesreﬂuwg smedulequiélsmayanampwiahmdmmab to MRIeRank as follows:

1 3h it A 4R 2 rine ot Folfagte PUte of dhf asaest » is
betwiedn DERY Saf R0S 9 is 9&%&? zé@ta'nﬁ é%hfﬁ Jgeqaﬁf ?ﬁez% o add'Sz. To allocate

particul ar énbodi nments
nodesotieS- tvas évto tdimassidral requesp scieduter d60dhaenmipopatial coordinates to

est .t ITB.XI ize a nber of rreshes satisfying the
MPﬁ@%ﬁ%&% fol %m[wﬁmcé‘ 2 ¥ ab b BAighia ¢ adimeats, ?@rmap spatial

5ok B, O3 RTBLE 9958 Mol S SERBET .

incraménte h]leﬁg i@&xlsrbfggﬂddl 10] Gnd theA 1120ré(m8nt§ alhp @ kalkisdT g9fd 110. To
nod%(%i 115. Schedul er 515 maps job 150 so that a z axis
accogpmeqite cHbsng@Eest n aﬁpﬁw’tlﬂzﬂof@&’iﬂhﬁg uprisdeey %gﬁ@i?mng spatial

coor@nﬁ?eg Uher ey 115?]1{1@ een%f %&Slnjc%e}lﬁg aérl{% Igr{l) NE a%is . ?_,1'1{1 19, then

ean|s In partlc odi nen
incrtfrmﬂ%ﬂtm‘gn algngap bxie ©f lgudd 16 nandoihee nsranaltingediigsd z axis of grid 110,

mensi ans Di nmensi on . =.1
Clusfl%mﬂﬁ% %ﬁ?$1?e302n%5‘%6%1t g]requeste %aa%é‘f fq schegule§15 as, e.g.,
{8z, Sj;}(;g&?:ate a one dinensional array having an index
ranging fromO to 1-n , where

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 interprocess

communication. Scheduler 150 may allocate any set of nodes 115 to satisfy an any
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appropriate. As an exanple and not by way of

limtation, a= {4,6,2} corresponds to a[q]= , [1] =
w®2006as8928 2] = 2 , where appropriate. In partlwtlﬁszoos/mzsoo

enbodi nents, scheduler 515 nay also set a y axis and a

z axis of switches 166 in grid 110 to a 2x2

configuration of nodes 115 initialize variables for

scheduling a two di nensional“request. In particular

enbodi nents, scheduler 515 folds a two di nensi ona

req uesgs into a third, unused dinmension to generate a

req%tr SuEB Ak £ 59 nwédquh@@i@édép 7R @Predertyste fibhglesigsiting from
@ﬁ %11? ssi bl e, scheduler 515 may sel ect a
con I gurati onﬂ?which may be different froma 2 x 2
cor’Whgua aséranmbofits O®S] SDID) HP O abrvge Mo, ahe sisér @ae aISS%Pecify an
g of s cg folds. Schedul er, 515 may check each o
agg@ﬁ%wﬁ‘o & PBIR° dohs .Iama&tq%semb@fh%erttwwweﬁmg is a floating-
pouftq\ﬂﬂﬁ&tr Rt Al %B? iNHER a%?@es SF péeﬁlagr%lllgtcteé R{ scheduler
each of the six possible confirgurations. In particu
515 dmbpaipossstod’ allocstegubaies 315 te gotetiG AleghelgNumbemgwes scheduler
al |l owin t est Nu er of OSSI ble fo
5155%%%”%%3‘?&5%*1 3‘a‘fVFffeNP O foBnd? SVt “mic 4 siatipbicapesh to HPC
serv’émoiknﬁ %@J‘fah%grg?ésleesﬂagSGHEtﬂé‘|s§£t1a'§]1§qﬁésf 3 R, es%h@dulm 515
the 1x conflﬁur ation nodi the z axis and't

scheglgles debs 1 3henlyy n@‘l}ﬁﬁflllémf%lﬂ‘if@‘\; Ivdduatwmxglodme thye a:»atlsl Ihquest In
I t Lo th vent e be
partl%ﬁga} ﬁ‘i%ggln e:?lg% r?g ﬂ%eg sﬁbtalts a fl}%lai 6%(*1166(3? g—?]])(gﬁerver (ﬂe anrh sets an
aggiesdiedfldon thbSpatdlecduest toe Rudb&oitatatihat 260, sdheduler 515 tries to
particul ar enbodi ments, in the event of a tie between

aCCQ%O%te AR BpapiabIeayatt e\%ﬁs ak hgduless e he genmet asaommpdlate the spatial
| f

requ%?c @&feﬁ %ﬁ ?OS%F%OC tﬁg Qtﬁggﬂ%gttzfe on??glbﬁbx_{t{&glﬁl} %D flﬁﬁéijltsz compact

requé@ lamayi ailoa/xeﬁhmﬂmﬂ hbhervussl ettveert peir? ok nddes 115 allocated to the

confI LS SR 10 L 20 B et e,

desctided abbRS cfuster ﬁfﬁ'ﬂ@géﬂlérﬁ Gnginé *FB@@al?Q éEﬁQ@tﬂ&anS Jtﬁﬂ lrieaSNumber of
as schedul er 515 would initialize variabl es

nodesc hy avalhgleafmvvélos#atmnm gaier thegues equabie eleutnﬂvaIt ofinodes 115

bR TR RO R SRSl RiR o Pk RhEH, B35t e
hmlf)bﬂﬂ a6p bdilﬁitﬁbéiweén Bhitoud ides 01 SIsllodaredRarthd Esthpdct request. In such
enbodi nents, to initialize variables for scheduling a

t ol t

S Sl OB, SR B Sl g
configuration, a 1x 4 configuration to process

compRatticplay @@@Pd oy, enedusiaramanaggment gagise 136 calls scheduler

I 0

T T AT —

providss hesfollowipng thpdtltd. scheduparst 5 caiNambendtdides 01 Srequested a request
schedulfr Qéﬁ‘sinilarL initializes varla Iesﬁ%

YPSSETARS 95 Y By PSERNS (RE TP | s SreTIE R eSrihie o grid 110

(whidB $bhddifeh w5 ngexaidtuéérﬂfg)g&et?rﬁgné D n88d-Bastd QiR R ghﬁglll@ ): [0 umber

scheduling. Part$S cates a start c
of nedestlh& ppaswitehi L, (“Fhadt Enﬂ@rﬁ]:ulmndnb@hmsmanecplab four); a Number of

r.di na arti.ti Si 3 di cates a
ot AyRefe R Bfedeiro 1o s AL afiRsiR atore fodes 115
availibRL foe bl e oR b ?d)ﬁ iLom (MEI@ BS- fo@@i@ﬁ’ﬁlé &f listTof dMBodes 115 available

construct a partition to reduce | engths of searches

for glincatientiés jal1 558kt i lof partieplar mlqucémemsAR@questadwemgmwes the
Nun@%? ?g?ar% []§1]5 %eﬁ??st%fé gjeguﬁ Lol dfs:;tealtlpe fequesq type, RequestedSize

(which includes an array) indicates the size of job 150, AggressiveFlag indicates the
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possi ble i coordinates in FreeMesh (which includes an
array) and Part End[z] includes a maxi nrum of all
w@omsiosdoes i coordi nates in FreeMesh. Part Si ze[ R¢T/ES2005/012500

PartEnd[z] - PartStart[z] + 1. If PartSize[z] equals

TorusSi ze[z], PartWaps[z] is True. Schedul er 515 sets

Nodel nUse (V\:hl ch i ncl udes array) to NODE _NOT_|I N USE

for all nodes in FreeMesh d set to NODE IN USE for

all other nodes.In particul ar enbodi nents, teeY[i IJ , K]

contai ns a Nunber of free nodes 155 alang line { é
aggmssw{s AlagTor mssx)e[norussm} (whighewkjudgs I%!]Ta}’)rﬂélﬂlfa@§ ﬂae Stéh-based

f t )
size {)#-gpgslél% é\{ é)\yﬁa'b dsgg Q‘%I Ig{ruﬂgix{ bfu gé%est ﬂ? ][>er sw1tch 166,
Nun@fBéN%ﬁsﬁ%hidaseglhetNu@sa%ﬂ@das sruvailbige fort enmcaml to job 150 and
descri bed below. In particul ar. enbodi nents

FreeEQ@GI@ﬁr{swthlm@h}ﬂﬁ%éu?f[a}f”fab’k]ldeélﬁ@e?:f’é%kf Var ]noéfﬂ 5}19? F"al{able for
1l ég X 1 6)wed or ConpactAllowed is True. If
allocgaol éP owed is True, scheduler 515 tries various
st Irﬂp‘drtﬂdﬁﬁé‘r e‘nﬂfodﬁﬁ&ﬁ@i%hdm@chedmwdﬁscheﬁulﬂs o1 atenjpsphtogichedule)
a JO]J? Igl)zé%ggc}gﬁi}ller {5§)§ gz)vg{}? th?i() l%;(ulg)z( gt%%%&ﬁg?tr#&ﬁ&? Eolgor?osdes 115
a110c§€%r1 t§§2> 136 Qsdcﬁzas%)’h&&}f noHRE 195 %1184t &NEAHobOIsY); an MPI Rank of
ond our unique 90 rotations and two uniq

cachLdte allatodn jobat 505 civédalreturs ¥8lureipdispiing thag (&) fegduler 515
t
sehepmed st @ Beangas) Sht el SR DO LR afiiler g5 can

an}?dgperg b @k} possi bl e orientations when schedul ing a
neve fJ a job 150 is two dinensional, i

i epstonisotmpofimeat imuicsine 3ERisialer 153 5Cpgyler 515 frst
1n1t1%}}2ﬁ§ nvgt;ﬂta &t go I Wﬁ&fé}ége golg 1%nﬁieﬁn§ch9&ulbso F’oblglgﬁ) dec&ding to the

reatet an one nt o
vanélﬂéhs aed ﬂieﬁ%ﬂﬁwkdm thé sghebluld 6% resules) fortﬁnecedsmg a‘scplosterohanagement

ob 150 equal to_one, in an accordi on
englge rié0at dheeentsaréablesmpiRatial Ao raed H#& Y}\ﬂowed—

1nd1c:a% gl?olr‘{g«r?d’ tﬁg%s'soff ﬁ%h@lﬂgd ISTRARIQ 15 hady ﬁs‘é tlﬁ’é)foll@ﬂnng example logic

'ength of the fold, | ast fold
to mi\ﬂlélizelSpatlQhﬁbWed CfdlnpaceAHO\pcda(aedi |AnngA111©Wdé Whl ch will
result jn a.t onal nesh concatenated onto a
thr‘eelfdil‘h%lﬁg?s 2| esﬂ%s If job 150 is one dimensional,

schedul SpataldlleEgd Fdfasg ob 150 into either of two
unused diampsiAdingve S?:ﬁ fil er 515 may then fold either
of twe rAegulltaweg <Tensi ons into a remai ni ng unused
di nenglserf Ré&ueatsdTypargSBAdpALof t he nesh woul d,
gener al I3patigiddloived = Deea concatenation of four neshes.
FI GURE %}}Alwgdai Bsls@n exanpl e one di nensi onal
request fral sivéiti@g & oy di mension. In FI GURE 8,

schedul er Rrddatl¥ededTiRe one di mensional request,
{1, {’ glntpo eydlrrenS|on using a fold I ength of
four o 9 sional nmesh, {I,2,4} , and
a one EZ TIAahr?éVV% Q‘z , concat enat ed onto the
t wor d %ﬂseﬂlme é@ﬂg’&ﬁ er 515 may Nunber a first
fold zerQPatlélAé FYs4 one, and a third, short fold
t wo. V%e‘ﬁompmﬁumw 515u@ssi gns an MPI Rank to nodes
115 abongnpAllovel =False MPI Rank is incremented as a z
val ue Flsedf BagestedTgpg=umn- Nunbered fol ds and as z

val ues degatigpsieaicdngFalde- Nunbered fol ds. As an exanple
and nqt Oympax¥ARbwkd #Haiiei on, the MPI Rank for node

115 at [gng uggwdbqr@@ro the MPI Rank for node 115 at
[0, 1] nay e one,
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MPI Rank for node 115 at [0,2] may be two, and the MPI
Rank for node 115 at [0, 3] nay be three. The MPI Rank
wo enoensides 115 at [ 1, 3] may be four, the MPI RaPKI/182005/012500
node 115 at [1,2] may be five and so on.
Concatenation starts at z = 0, since the fold has an
even Nunber. If schedul er 5%? fol ded the request using
an odd Nunmber of corrpl ete f6lds, concatenation would
instead start at z = 3 apd continue inward toward x =
0. _hi particular enbodl ments, schedul er 515 onl
c ofi8 pamicylas smbpdimsats, sheduler HkS ortyniter swijgebased stzolfigrid 110 to

il G Sy lEREIBL, o0 BN S o, s

(whmhahctlbdés aredri#y) indicdtetsthe woRB-tbdkdbsisd 6N atid J1 PP SridMed td\dicate
cri bed g)%ove i n_particul ar enbodi nents, schedul er

larggl nhegsigus SRestl Ak SpiorasTiales dinsmsions b, el $Hborfgheduler 515
appﬁé%l’f%rﬁél\%{%r? to f@lndFes dlsl gﬁglﬁﬁeﬂqn.tfk}géNife?%qu'ﬁv %Jl%rtgll\/éap (which

f ol ded st or I'mension t sche
inclidss de driap) B ahi msdrse ST drliDURE B ssladdaitut|Se 5 aﬁﬁlﬁeshﬁ%rseTorusMap

to.a Sl Fif aeaieta0 2 0h hadhastors refting bkt Foplussgimansgement
engih®! 1B@dfdri protessmghedul &1 e?&éplg%dgﬁ&eﬁgtsxﬁag); Bf fl%n{atﬁﬁﬁ,elf cluster

concatenations, for a total of four
manpggoaént uéngine riﬁ@dcmmmtlmca’ts@ e dwiiteh-b54cdl  drhowizenof niEkd 6x15 to

scheyG? skheufrbiasl Est@:tséfc?mﬂﬁsaa?fa{z Ehdb Teé‘gx?v%c@%?%ﬁﬁ%we then
becdsfy’ Ff et ﬁpé°fqr?asfw'>ffeuhfse FRRR el Rvie T léese{aw, the

L8781 b8, P SHEP LR [ kB0 TR i o

Inveg@qgh{sm tp'i*ar BAY. %b&éj%ﬁﬁnpg@% g’lzl nts, such a restriction

ensures that sc edu Ws no nore than two
COM€ apeitidtia® NSmbBHinkRALs | Sh@VIa SRR TRt %dléa‘i?é},edd“ Rbmber of
515 injtially constructs all possible neshes

dimengiqng ff9ﬁ wmgddicadewben cogverting ¢ syitelsbaded tome ton nlovlmbased torus.

Map ;ﬁ(%%gr 3‘% aild }}’fﬁ“ﬁ"?ﬁg@bﬁﬁfa éeacﬁ&pos i“r@% e @?nggoﬁ]? 3511 Igﬂdl ation and

respeaiie mumlphénsl of. the fdith bigsios ofoe sodifcdtioh € S e dBass M alay multiply
ﬁged er 515 constt{ ucts_ each possible orientation of
one p Rpns fop mogiiGafion Ry %dehlélﬁ%eaca Oh&He péfheshglenswns

for 1ﬁ&ﬁﬁ€gﬁ)n%os WReGRASH 3'%%%1&%16% %&H'f é)?l%\?t ) gﬁ)lg and then

Structures, as descri be
modifiaseq goh eduther toBIsS iothially r destsbel a:m)rtpmﬁ offes¥itches, accordingly.

t ed Nunb f 5...Sch dul
sen G 318 0B Pios® AT EEH0 Xt Tine: Vil UBPUSIORE B
i nIlBeﬁirEbﬁlal( WM Heldirh &, UG RdaRs affﬁ)’a)pgh@ss AR BXMBLeL dgeometric

and not by way of limtation, |et e the requeste
trang{pasions fto AoE@eest togamhtQa Hist af oweshas Satm’cbfmgf the request. A mesh

incifged Bk g ingtdl oy X G oihealveds 5% 4 aoped point,
S SRS L5 PR B0 s Bl s
start fpoRR {dr&er @dn q{?%gg ' ggﬁ iP B LYhe écrtﬂgféu&lﬁfenégiés tﬁg '3{1 example and

constructs al havi ng di nensi ons greater

not Iy wey wdllintieatidime meishrvittod sBesidit ataBd,d]esa dahad wint at [2,9,4]
equal to dinensions of grid 110 _an records the nmeshes

wrapssifige Fiabd fwhimehsionsc | Al @emt,abc, ay] ain) gridSt Hesbsides ibd Donwrapping
then renove ndesi rahl e shes framFit. As described

meshifovs < ¥ B Exi rSy <y<Ey|,and [Sz<z< Ez]. After scheduler 515 generates a

list of meshes satisfying the request, scheduler 515 loops through the list until scheduler
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particul ar enbodi nents, grid 110 is a three
di nensi onal torus of switches 166 each coupled to four
W@RIUs/03H28 Schedul er 515 nodifies the torus byPEi/Uk®N5/612500
factor of four in one dinension or a factor of two in
two di mensions to account for grid 110 including four
CPUs 164 per switch 166. Tq,d ncrease a |ikelihood
schedul er 515 will satisfy request so that, when one
CPU 164 at a switch 166 executes a process, all CPUs
164 at swtch 166 execute processes, scheduler 515
515 ideatmﬁesommcs]urﬂm s sﬁadula@lewﬂesespwt fne sshef pedesdpe available for
oo i SRRt BB B AR ML sl i

mesHek @hﬁs@h‘ng he tdquekhe e @fme@lﬁnﬂlﬂeﬁﬂ@k tedds a) fe@nlltlm mhs of meshes
swtches 166 i'n a y dinension by twQ and

satisyiimethsireqmesty andie ong diveensionnl HIEshisaAY tCk@é'Ht Bﬂrlg}ldFFé‘é RE meshes
F t haV| n [ r

i LS R P TR R0 BE s b o

for ATB¥ B ArBO diBesdml retutdiao meariniiena) Nuestiee 1 1msha>x$a|tmfwng the
di stance between any two nodes in a nesh of size

requesx, Sy, Sz} is (Sx +l)+ (Sy -1)+ ( -1) . If two neshes
ha ; 115
scﬁg Hﬁ%h ?@H&@oﬁesgﬁ? %Eﬁedhﬁﬁ@t(blcﬁlochﬁnfaﬁ@ oPhitRE nodes to) a

cl oser to bei ng a cub
one bﬁ@&@nﬁ]@qﬂtdﬁ,&rchmhﬂér 51Assetsna graaisping aan axis of SW}FC]%%yl 66fin grid

BTN EN AT K M
switdfles 168 &R otifi 13678 1Rksed dimsHstbn Bche@iTav el Suthee Sdldﬁj@lbel 50 along

meshes fromFit, schedul er 515 woul d not generate al
the o ihect uds. n@h%rﬁfolr@ ar partigulsp gabodimmntspihe gl ‘é‘%‘é’&ﬁlpéhes toa
of limtation, if N equal ed
one aﬂ%wgpngléé%es ind BestFit equaled {3,3,3}, Fit would
NoNuniMIbpOEndRAs ER 1, 27} . Mesh {1, 1,27} would not
result in a reasonabl e Nunber of neshes and woul d
alhﬁﬂghﬁ@@ﬁpnﬂﬂn’bt | east one nesh satisfying a
Ei4 would include a nesh equal to grid
%J[Igﬁjd ﬁ%}g{i@ﬂ rréanagerrent engi ne 130 cal |l s schedul er
Slsd@ﬂngdﬂﬂ-ﬂa I ess than or equal to a Nunber of nodes
115 in grli 110.1f AnyAllowed is true, to construct
ondpM fzree nmeshes, schedul er 515 | oops through
Nodel nUse with an x axis as an outer loop, ay axis
[7] ré}i(ﬁ{:ate %ngné"‘dﬁn&fgio?l? %’;hh\'ﬁﬂ Fanl i‘ﬁ@@x Witdidg Seheduber—n, where

dentifies a A free nesh includes a

appfl&?ﬁ!?te' N&L UGl BGmeé Bémﬁ e bpoﬂﬁﬁ ot 1fmitatiod, @ £ {4062 hedresponds to

I ncludes a node 115 allocatable to a job 150.

afoEehedfi] e, 54a slofstr, utiere dygrdpraedeshes and
r eeMesh[ Nunfr ee shes] Nunfr eeMeshes indicates a
Nudhqmrmdulafrrmbmm mhe@ﬂmdslﬂmayaal@p Epteb NakEs fngl @ z axis of

ovih AT M0 P2 5 B TIPS 0 OBt o

sché?i’ﬁﬁﬁ? |aecw%n<ﬁnﬂ:ﬁ§109éll sOf 1 partitwbd éiﬁbodmhdht@ eschedulerosiies folds a
may be {il,jl,Kkl Schedul er 515 may increnent a z
two alnnsnsumail tecslcfkte e ethih Snpssdrimensien tg §rHARICEMARROMpact shape

h f 5
o B sk PRy Sy b s SEIERAAES DAy sl
confifuéBod (whicheMas Mbes idfekdn? ] frainra @Sm)rt@ﬁﬁgﬂra’aomtoérrtodes 115) that
val ue of a free nmesh along the z axis, dl? g ﬁl‘ﬁgﬁﬂs bl
gen@ﬁ@[SZ]gr@%Wé‘é%@bﬁwf?‘éChaW ndoheduler P mpechse 1X poss1ble
conﬁC he 101|ilsefor gjtéfonéff%eﬁgf?rﬁ e?] e&%ﬁtca@laﬂg% funiHeR b p&ible folds for

enti val ue
each of the six possible configurations. In part1cular embodiments, scheduler 515 selects a
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that line, through {/1, j\, k2 - 1} , includes at
| east one nonfree node. Schedul er 515 then sets
woe@ehE®bs start[l] toy! and FreeMesh. end[2] tRCT/US2003/012500
Schedul er 515 then increnments an x axis, starting at
i\, toidentify a first value 12, so that plane, {i?2,
through {i2,j2-1, -1\, gludes at | east one nonfree
node. Schedul er then sets F gewbsh start[0] to 1 and
FreeMesh.end[0] to 2 - 1. Schedul er 515 repeats the
above process schedul er 515 covers all nodes 115 in
Con‘@'glﬂr@rthq@i OWiRE agseAiest thd@sgf pessdlatlds. damarnquiﬁr@mbodlments in

the E%d‘g We 1Sl b&%vegﬂ %o > %§n ? drﬂ%chg@?lab"fi .{ ﬁésg selects the 1x 4

tends to genera eren

conﬁg!nh‘&m mbdifyiagltlye + fxib wad then REleéts tHeebx MRSABSurala Rodifying the y
axis &Pndary Wi t h each other. A free nmesh entirely

PETHAYKE eBipofiaps, 11 619 fyensol apetvisan qu 4 FPULRESi@ and a
2 x ANorodrhtt dﬁSt §cﬂE@ul@r 157 eLEQS etthb‘Q%el olfﬁ‘i'gﬂﬂ%tlgx axﬂls - particular

as an I nner Oop and an X axis as an
embodonetitsyen itheoﬂ\aslnt ofiadie bdtERBRENO bl hiosd Qai%s:ohﬂglrﬁﬁ@ﬁ scheduler
axis as an inner | oop

she S ed usi ng a
515% SEREORES 701 CPUGERERTSmoYiS P dhe ke axiorhen Sletie dhe 2x2

conﬂ hAGorR ModiAtlsS (RS x@Bnd NNE¥es! ARR- thed s egs'PtFﬁGQZ xaf %nﬁguratlon
0 i ncludes nodes 115 in use, area 5 2ais afirs

mochf}@@ fﬂmgrandazmzear BupstioBan embodmentsdschederfds hmtlahzes variables

for BB S L DS 5 S0 Bt o
schddsﬂlﬁg a&we NmbfigendlReduest, Bx &t tHa Ul tBiee ARG SRN b &guest allows six
schedul er 515 uses a first scheduling algorithmto

oriegiaerf (@ wiationg) thasquiesash uaigecwyibl retselitd ieagh other instead of

1 h%gg hmto schedul e conpact requests,and a third
allo# e ! Ing algorithmto schedul e any requests. The

f i ri8padicdlas embodinsnise thinitidiza vaidatiléshioB scieulsigad bahpdd request,

ther ut use sc algorithnms that are
SChq%é‘feétqoléeWhm 51 Brae ATiS 1oTothe cCORIPast Frajuest) by dewetpupeneraig s 1x4

) .€8sifg) I
o8 al | ocat edSI?l 0 ao%bi%%gﬁ?‘%g%gfﬁ%rggéﬁg edﬁ)lﬁgotscl ac ger%(tj %%(alt? fgs use of

all rmﬂles Rahlcouplee to aAsmt@n é6tNelledaitst [ozt]heimympval regaest, whlc]iun turn

d t h
recuii B Gy AU rBlon SR an a7 Impoatipaodihin. scheduler
515 sindildrlyRsitiatizésvaapiel rddsehddaling BE agPRLGY. Fequest. The

fol | owi ng exanple |ogic provides an exanple

dedk Papitionrs of sragilesimeph enchuting all godes hlﬁ ngnd Sil&ravajlsble for
scheggf;h{lgtr F%Iﬁﬁgﬁt;]iﬁﬂcéﬁgg ggﬂg éP ar:l]aeteev ?)g It gfnagfg IaaﬁtEng?] indicates
an awd caordinaenst olns ,paftﬁﬁ)lﬂﬁ(PbttSQ:bBB] in@icatés 2 Bk tedt et pddlition, and
LA TN CHIRRT A RS
partfﬁoﬂ?&‘ 1dduf® [e}'lgfhs?f %%r)f]?‘e@é’glgn )?,S lﬁ&g rs%t%f;%%?é 'éé'qdegt. A partition may
be much smaller than grid 110. For i =0, 1, and 2, PartStart[{] includes a minimum of all
possible i coordinates in FreeMesh (which includes an array) and PartEnd[i] includes a
maximum of all possible i coordinates in FreeMesh. PartSize[i] = PartEnd[i] — PartStart[/]
+ 1. If PartSize[i] equals TorusSize[i], PartWraps[i] is True. Scheduler 515 sets
NodelnUse (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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NODE IN USE Hit = False End If End For End For End For

If (Hit = True) Return True End |f End For End For End
wo-eneMetes n Fal se I n particul ar enbodi nents, aPGDHS2005/012500

al gorithm applicable to a compact request replaces the

above Hit flag wwth a Count value increnmented in an

i nnernost | oop as foll ows: unt = 0 For i x 0 X+Sx-\

For -yto y+Sy-1 Fork z to z+%z-11f (Nodel nUseD ' nod

Tx,j nmod Ty, : nmod Tz) =NODE_NOT_I N _USE Count = Count

+ 1 End If End For End For End For If (Count >

Re Judstticyias serbpdineents, frepée/, Hrr@ntains e umbenaef frasgiodes 55 along

tinel G P TSt e SieRE A RS NoRue Sh ¥ odes 115
t, 0] ..
o8 IR COA S Segeoton me
S . .
1 e L
schedufer| 515t eogsiruetsx FragYEGyk]- and zZFleeXE jg% cbulged fSpatialAllowed or
C LIJI% é:(fal | ati ons and schedul er 515 adds a two
TN Onar He%h from {x, y,(zl + 1) + Sz - 1} to {x

+SXf ISpytiat BYlowed is Tale, schbliuter $75 tridshvdrfoub WirhidtBles for scheduling a
calculations i, j , and k inner |oops count free nodes

requests 4 gpatialienced siret fo {Sx, Sy, Sz} has up to six unique orientations:
{Sx, Sy, Sz}, {Sx, Sz, Sy}, {Sy, S, Sz}, {Sy,Sz,Sx}, {Sz, Sx, Sy}, and {Sz,Sy,Sx}. The six
orientations correspond to four unique 90° rotations and two unique 180° rotations that
scheduler 515 may apply to a mesh. If any two dimensions are equal to each other, only
three unique orientations are available. Scheduler 515 considers all possible orientations
when scheduling a mesh. If a job 150 is two dimensional, i.e., one dimension of job 150
equals one, scheduler 515 may fold either of two used dimensions of job 150, i.e.,
dimensions of job 150 greater than one, into the unused dimension of job 150, i.e., the
dimension of job 150 equal to one, in an accordion-like fashion to generate a more
compact three dimensional mesh. If scheduler 515 folds a dimension that is not an
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 illustrates an example one dimensional request folded into a y
dimension. In FIGURE 8, scheduler 515 has folded the one dimensional request, {111},
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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di mensi onal nmeshes along a z axis of size {Sx, Sy,I|].
A z | oop renpves one nesh and adds another. At ay
wo owp/0532&i m | ar ef fect occurs along ay axis. FCEHEX0aF012500

FreeY (which both include arrays) facilitate reducing
processing time hi particul ar enbodi nents, schedul er

515 uses the follow ng algqrithmto scan a conpact
request: Define an array, %§PI ane[ TorusSi ze[ 2] ], to

store two dinensional nesh counts. Conpute an end

point of x, y, and z loops as follows: o For i =0 to
along odld mmuerafoﬂ@[ zAs an Eraepleand el by wasr ofiitation, @%MPI Rank

for ol 0 &5 af 19 8] 145 He aroyd Rt iRt i UL of RER, MEQRE ope, the

MPIR BRI Shd¥et 113]at {6, 2]:’ﬁfa§r B @3] andrte BMARTRHENE fzsphmel 1f50at [0,3] may

b e G Sork it Lo s, CE BB gt 13
[1, 2]‘&%%%2)? Lfgvfe %15'(5 €§ o otnO @o&%{eﬁau r{ §6rls klts? d fesfed B %I%isha% . even

00pS ohe" 1 oop x 'and one lop f
Nundber. FHE@GY][eduIBﬁSII Stfalkded lthe zdquest using an odd Number of complete folds,

conqi{;ggtgrgwgpg éltl%%{qt s'}[tﬁ% ;‘qs :; éaﬂnﬁrggéﬁllgtqulp%ﬂwggvard oL g8 particular
ernbg)mel:> ?Lté‘g'%l?ﬁrd hleh ]541? Anl}li%;})nﬁ(‘ﬂ&g lé@édf@ﬂo}iilﬂ& ofls. Neviér Fypesus folds

ow y | oop. [ oop o I fNewX = True Do
exisNOAf M gxamplEIaﬁé nothyl sitag oi lhllratagon, fold emyrpreduce a staircase shape.

Sch%%iéé Stg ;ﬁtpr(?}} gﬂ.] Cfg dl fol% osri'I g}n% irtgxrgsac?neal \]c%%efSOllgs' dkscribed
abo¥d? kr?geﬁ'f @dlaperﬁﬁﬁhﬁéﬁt@ ﬁchedlﬂeﬂ 513]fokds bhe ﬁ?ﬂléﬁbi(mayjobs 230 twice. A
avol oopi ng over Add free nodes 115 |

seco&ddnklrmthfer tohig = d\)m@wqm it sehedulersyly {oldgr ﬁins]‘, of gﬁds a dimension
thaté@eﬁg]% ? go&gs (ﬁlélﬁ) 61%% [ th ﬁé%]eféE kbscﬁg&ﬁ% ’féflﬂgﬁ' % E )’((:'i;fﬂlensmn
and)fold@@ QRN dmSesioNeI asedondefdldfolibe dhﬁienwon thatoysheduler 515
folded Olrst scheduler 515 may generate up to three concatenations, for a total of four
meshes. In particular embodiments, scheduler 515 allows no more than two
concatenations. As a result, when scheduler 515 schedules a one dimensional job 150, a
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 Q be a cubic root of N
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o IfNewY = True Sum zPlane fromz = PartStart[2] to z
Part End[ 2] and record results in Count o El se
w@wb0s028 zZPl ane[ z-1] from Count . Conpute PCT/US2005/012500
zPl ane[ z+6z-1], which is a sumof free nodes 115 in a
two di mensional nmesh from{x,y,z+Sz-1} to
{x+sX-1,y+Sy-1,+Sz-1} . As scri bed above, use FreeX
to reduce a Nunmber of |oops™fromtwo to one. . Add
zPl ane[ z+& 1] to Count o If Count > RequestedNodes,
Return True In particul ar enbodi nents, schedul er 515
trunegsed toean integernrSdmdeninitially séto[Bestitrtg {o@i @} .cHt Non@” t scheduler
adgqcess partition wapping in a dinension: (1) .if )
315 gy r%?esoﬁ%ﬁr"fl% sehsdples i5ég vkl dperementyoF o5 dReTg glimensions of BestFit

: | er | ul s '
s SBECH E L SHOALIS @y WSALUL Borhe i 515 e
conghauctsi 41l orshasdpyingndiaensionk peater dimnoor equpl ¢ diamsisions of BestFit

ompute free nodes 115 for. a |ine se t, e.g., froam
and fi57 Hanpricgipldp sbmgnsi il dtidel | 5o T8etAY teamphER bipaEd (which
inclddeR af @fraj)v0 | ine segments, one frompoint a to an end

of the partition in the x or y dinmension and anot her

f r Sehedubes filAnhengresfovehandesirable mmshesofrgroiRit. As deseribed above, in

particyl ar enbodiments, a,scan..al gorithm applicahl e
pamgugﬁaeﬁ%a llpgg%e%qgﬁgbsﬁsrﬁ |t§r etq}mﬁ% Olh%%’élssgf;ﬁwa&es 165 cach
coupéd) @ fouh OPARPIGAC Hcheddle A SCabBIfEeS tHeA@HR Yy eifthlr a factor of four in

particul ar enbodi ments, djfferences between a scan
one dimaesision i agigpiot ekipoeinttyolimeationg toraseqyas forgmig tlWancluding four

I P t e t
CPUR g P Lo Py L 00 KROR B o B RGBR S i T B roauest o
that,i wilket odeyCRY Eodpmiandwitch lbonexsbutbay iphg-ess, RICHEUIE 64 at switch 166

Count , schedul 515 | ooks for a point in the nesh at
eXeqHf B??Cﬁ%SFS»rF&E%@Eeﬂél SaL%epﬁrfé"éy mFhesh hpeRg sizey 1p dheOae pr more

PR ndrRi ' ﬁﬁ‘%r 2 i i
mOdhandlae éﬁe&gretﬁgnlte)%g conc£a1t )élr%t%ggsd#gs %2@}1@3}1&2?3 obf  As an
exangiels @ndl betibavey of lisgtatidul i€ scisdslenayberudigdied mgomistdf switches 166

. one dinensional request.,or at di mensi,opal_.cequ
in a g Figich PR Y B, i 1B ZetiRicn8an 5 0 SUIFIRlS (6 Wouid keep only
mesia&dh Fittpdngrevehpandoamadmivated onto the base mesh. In
particul ar enmbodi ments, such nodifications to the scan
al §ehgduin Y16nther gorte demainingrmeshrsmnr Bit actordingstoowianineem hop
' ! S ' I x. 1l 6 .
court hfthSSARRLE oS AL dRiphe® b &b b pyoyodes jn a mesh
of szehfsiubyesal spdss al)rEnuadt (sschedut evo 2idhes BsveAmaximum hop
scheduling algorithmthat applies a scan algorithmto
coundgsislentica) te eadicethere s¢hedalet 5% pofs the yesh clos¢rutodeingd chibe before
schedul er 515 identifies.,a Try Strucfure that is
the SRREGHTRnI A5 Pt SiaTPIS, 98¢ okt T B i (Fatafipgy M, (4616} and

' fl i.al
o, S A S R G e,
MBRee FRRhe®G 916 dldAotchtRe undChEH! th8Bel BEnSPRIARLduler 515

request. O herw se,
would not generate all meshes including at least N 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
include 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 cluster 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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schedul er 515 uses a conpact scheduling algorithmto

try to schedule the spatial request. In particular
weedoedsvent s, scheduling a request according tBCEHUS2005/012500

spatial algorithminvolves up to three

transformations: two folds and one rotation. Schedul er

515 keeps track of the transformations using the

following fields.in Try: %%y.rl\/lap is a mapping

function for rotation. Try.rMap is an array havi ng

three elenents that maps indices of a point.

exHiuheAlimvekdnistirusy torepnstafict |ongrior andre rﬁeemgshewgledul{q 515 loops

e ST R g i o TREAR L0y, dyis B Had g SRR s an inner
loopHRHEEchbMA eSS idetified a fFde r0dé ¥15.XA fZde mdshyincluddam msshancludmg

inverse of Try.rMap. Try. Nunfol dMaps i ndi
onlyNigeberdesfl lﬁoamisa@*e@mp@lp d@Sanqlp@esg; pg@q b aﬁocata%le to a job 150.

S heidbl?/e foI J\% fraé? anN%m%?é’eM&ﬂésc atlfyg lf@é@k&% mFreeMeshes].

om1s an array indicating o hdex
Nunﬂfre@/léshbﬁ ﬁﬂh@ﬂté&ﬁ Blu@iber A6 figa neeshemirﬁgahdil(m(nndtﬂmevbe{ys}ofs a list

| t at T f =
1denf1lﬁ,|r1n1@g, ?f@ql %gb ﬁg[alz/neéﬁ lng gl((l) T‘STQ \POF 8? aﬂlrpgg Ifrgg L es%qs,sg'yctures in grid 110.
As ag | nd' Cat ' d%t ﬂ;ﬂ y off lﬁnﬁ%ﬁn%ﬁ&sf@ﬂ Ass 118 ﬁlay be {il, j1,k1}.
n-array 1n

Icating an I ndex of

Schéﬁﬁg@gsl'SQHa}t ﬁﬁ?eﬂi&ﬁ@' 8ds fhikadhedulerptstidentifies a nonfree node 115,
ment’s, after 2gchedul er 515 determ nes that

suchl&€) fos esmhp]dul{ab}ﬂek t 8cheduler iSh§ pay et Fwe]&ep}dstgq[(ag] to kl and
FrodhdeshaniBIss £3-ch hEaMesh S8, SOrPREndns @t gBlue of 3 He mesh
along t‘ﬁgt ' ? s, "By i:peefvﬂ% ﬁglj 09196 Shil td @n "RR tdie 8F & FBE mesh.

0 a pretrans Schedul er 515
Sch@dmartillscrhw fledacremehieay extsh etaﬁn@rzttuh,gmpdﬁlﬁtfyafﬁllsh'éalue J2, 80

fixed
that; hﬁlge{ blé)Z(?l@f; zoggg]ggﬂf ]épke dub ﬂgﬁltettﬁﬁﬁeg n&dL. Scheduler

SRR 4D AN 7 S 0

1ncr51§161?c§ aﬁl:!ct £is ls‘i’ﬁ‘ﬁn% QY 112% %%éﬁggﬂa Hréd)afud, 9BRko tﬁﬁtd%l@nez {i2, j1,k1}

i's "an I’nner Toop. ler 515 applies t

throhgﬁmﬁﬁ On B kPn?t} apiludes at Qedshnpr eddfaRs hatare Bdiediiert then sets
poi nt "{x z} in the | oop according to an order
FresVIBshohdref 0] WA aonneeMenkhmd{G)]amsm hatSpbﬂhﬂetrélﬁrrepeats the above

progegspe %@%&&2@%&?&%&5 {)qu[eé %1§ Hggrgcgﬂn(f rT é{ glggczcggs (%oes GOt result
in a{1ﬁ1 c#}/e sef of frek E]?]ésﬁgs Pr.&3 1?%‘?15 PATRFIIRSIbr teeRa6 ﬁd‘rat% Xbdifferent

nserts the node, y\ z'}, into an en
set é‘&ﬁeegmesiﬁsdatmﬂy ifitwo p)amqrc filea meeh@os@amb@mda%w% gegh other.

A firegheAt P Ty SRy YOARAGEd 18 B e PR S oFFURRSD and 10
111us‘°'c‘rﬁ'cﬁ’f£J H fféi‘&ld’élbgﬁﬁéehrﬂﬁinlg@%msf At 1ﬂn5fflyorsﬁr[dmi *iies bt inner loop
nber of meshes in the |ist may

in ar@@'cadmlsl}pnhlawge FASURKE @ diuspriss Ave ff?@tmﬁi}le‘@vagpsgpcted using a y
o gt B P EES ARG L B R i
axid 4s 4n Rner Y4¥pC Nnl ESURS 9] 8rea 530 includes nodes 115 in use, area 532a is 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,
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over two thousand neshes in a Try structures |ist.
Al t hough applying a binary search to the Try
w@reoeosees | i st may be desirable, a binary see€miSmhs5/012500
the Try structures list would not work in particular
enbodi nents. A binary search including condition
Cwoul d not work unless, (1),,if Cwere true for el enent
i, Cwere true for ally gre%ter than or equal to i
and, (2) if Cwere false for elenent i, Cwere fal se
for ally less than or equal to i. In particul

and erod rselmtdsling dégcmihlyx seachwiuls agy Teguasts uct @gs‘q ad second

scheanlllr}gjalgg%tprv}g:gg% ifaf ﬁ%gaﬁzﬁ %l’?érbl%dzt %é( ifa?ﬁ \Aag%cﬁ'gfn? da@afec@[htlvely

diffOA4EIM BRMESthe:O 16 @dhleaﬁw 515 efeddts a ydbi 150, ackedaler 653 ligls nodes
for exanple, mesh M2 = {2,2,10} would n t, ?esﬂﬂleﬂ\/lzlk .
150 belleggieshdoe it 159 tlneﬁqslsggngw e 4°90F > 18,
par a binary search of maxi mum
ASSlgflgil\g%&ég%mﬁ{%%Igﬂg%hedul er 515 groups neshes in a
Tr YroSdchbdilél b &patidl sequrst bavdng gize dsm;mnsmegwanéés uses a scan
then, if scheduler 515 identifies a fit for a nesh fn
algokittem It searttafirmostart padot iubiodelstan der the spagial ggquest. The following

ter tha or e 0 t
cxofF G303 Yl et R 3y B SBF g s i
a std??ﬁé’int Fhdt MetENdSE afayd peinbofMBpartition did Iaigeaind 77 bs, tomne sizes in
sh in the |ist haV| ng a maxi mum di stance | ess than

xy,mndefqlmabnsﬂwslrwqctlvﬂ’t either. As an exanple and not
by way of limtation, suppose {x, y,z] is a nesh
Emﬁ@aﬁsmiﬂ]ﬁwwlﬁ[ﬁhce i that fits. Therefore, {Xx,

y, ZFoty =hmtSaartfikforRambsidE]lance i +1 and, since { , , + |
} covessz £ RantStatt]2] o PyctEdd[P] al so wor ks. 1nduction
appl i es fig=airhe greater than or equal to i. If no nesh

in the Ii sp(,lhlayjcﬁgx_@gxnpxi mum di stance i works, with
respect to aq%’ig;?)x _,12} havi ng a maxi num d| st ance

z- 1, {x,],z + rrumdlstancel and al so

does not fit covers 44 YmZ} k- mod Tz) =
Accordi ngly, Schec}ul g%jf é)d ?JY o Y2}k - mod  Tz)
i*?'té‘hT

MaxDi st ance[ NunmivaxDi ur| ng initialization.
In particul ar enbodl b| nary search of neshes
in Fit does not g Uit ee a best fit, but provi des a
reasonabl y goodEagFer bound on a best fit. hi
particul ar enBmbFerents, a binary search of neshes in
Fit is effBpd&ot, e.g., generating approxi mtely ten
scans fO]Jf(HnPf’QXle)mtely one thousand neshes. Schedul er
515 may us@eBfingpper bound to run a binary search on
maxi meE gths or run a linear search downward from
the u mopound. I'n particular enbodiments, a |inear
seaﬁ(g ownward tends to be nore efficient. Schedul er
%}g%ﬁﬁ a binary search on Fit and returns HighFit
thStart[B] Hi ghFit is an index of Fit
M‘F@fﬁsﬁg a request, and HighStart is a starting
point of a fit in grid 110. An al gorlthmfor runni ng a
| i nhapa@@a]lat renchodimentsl »sgith ST Hprphieatle 4ap compact request
ar I rt| I u
replfef Dot a el e QP bRl p fost Toop as
follBsh. Schedul er 515 then | oops through all neshes
i ncluding the maxinum di stance until schedul er 515
I((:j(ﬁltﬁftl—f es a nesh satisfying the request. If schedul er

s a nesh satisfying the request,
€ gigf?ts the nmesh to
or yt

For k =z to z+Sz-1
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Hi ghFit, decrenented the maxi num di stance agai n, and
repeats the process. If scheduler 515 identifies no
waeewh/oswshes, the algorithmexits and a currenPCHUSIP$/012500
is a best fit. If scheduler 515 cannot identify a fit
for a particul ar maxi mrum di stance, then schedul er 515
cannot identify a fit for as horter maxi num di st ance.
Schedul er 515 | oops t hrough Fit nmesh and inserts one
or nore nodes 115 into an end of AssignedNodelList. An
order of_ the three | oops depends on how schedul er 515
mapped af§NpddnUssismad Tarusod 8.4 mod &2l 6K VQE, IN_USE
schedul er @ppteﬂct)h@t*sWtch based torus using a 4 x 1
confi gurBad Bn in one di nension, the one dinension is
an i niiad Fooop. |If schedul er 515 mapped the
sWHetFdrased torus using a 2 x 2 configuration in two
ghawgsi ons, the two di mensions are innernost |oops. To
ﬁc(@%gmgmu@g st, schedul er 515 | oops through
Fr nd flch s the any request until schedul er 515
SSi gned a requested Nunber of nodes 115 to the
any request Schedul er 515 inserts nodes 115 into

ThetAaSI g;]ﬂdl\lodeu st ncr pental |y as schedul er 515 | oo

i Bl ely| Tefifnantc tints Sehdsiar it syaleisregbepoint in
Nod_éii?Uée F’;@Q SHIR, RLES u[ i q]%@gbgvglslc%f a c@nﬁa&)ﬂ: ektg a?Q z loop

|nner oop. Sche expanded the*z ax

incréaehte rfro@fﬂ show1 tehan 1SGhedykifier ﬁ)b%s 6 MO ER A %Sﬁnd ak loop changes
swit ch-based torus to a node-based torus. ing the z

onlyayats ead mintSnneAﬁogtrqS@lbp at éwds dingengioohld theshgfem ati, orel}  to
tch 116. A snmller one of

R é?«a} PR RHESed B Rithyr lpbaions & s o o o
oG P S L0 ST 10
furtl&’éi" ALuRLEs. b?i/jg%&:%o ep%cﬁﬁ dogkﬁ‘gé{ggﬁlm%ﬁ' 2 gequence of two

according to
dimemomi nesleesaiong ermai&s dﬂéizeO{SxM?/I 1}Rank 1dop removes one mesh and adds
Assi nedNodeLl st is ay coordinate of node 115 of
anotier. &adk 190D, a5Em @if pleasRdalongt 4 v a9ip. FeeeX and FreeY (which both

inc GRPHELATRR e MR ik dgBtolffuinfBr b e SRR By Sncautr

515 upesshe fallowing elgosithar ti soad @somjazibt dekteul ar
e odi nents, tq. set_an el d i n FreeNodeli st,
&P B TE, 4?%%[?%851‘1@[2&@0@@0@ fsorAieengiogak meshraounts.
Fo qumPut?)ali e anpdag zloapsas Goltamey: t
Assi ghetdNod&12st[z] to swi tch-based coordi nates and

add t hem t i PRoWijapshi]Appitug, dmiyi FSRefidindgMap to first
t hree el-enBlst endff] T ParcEddps] /- Sizd)i]t 0 NunFreeNodes - 1 .

| f cToN&w]x wilFoep Meaehdrt toCIR] ‘dn. for all k =
0, Jclgfp’% ! Fr eel\loegeLl st /]M[R%Jl Rank d]:ﬁlﬂtS%dn
o For each z = PartStart[2] to PartEnd[2], re-compute zPlane for meshes
{x,PartStart[1],z} 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[x,PartStart[1],z] — FreeY[x,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 Set NewX = True for the below y loop.
« yloop
o IfNewX=True
« Do nothing.
o Else
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Exit j loop The foll ow ng exanple | ogic describes

particul ar enbodi nents of schedul er 515. In particul ar
wepdvemsoesit s, when cl uster managenent engi ne 1BOT/Us1005012500

schedul er 515 to schedule a job 150, cluster
managenent engi ne 130 conmuni cates val ues for the
follow ng i nput paraneters g% schedul er 515:
Request edNodes: | ndi cates a“Nunber of nodes 115
request ed. Request Type: Indicates a request type. Set
to SPATI AL, COWPACT, or ANY. RequestSize: An array
havi ng thr Bedeip@Risres i ndi cating a request size. Valid
only for SPiTach z=Rpntary?] acRprdmd[3jeFl ag: A
fl oating-poi nt Aubtbet foet wedss B dnalit eaendmdiremt KAp-1,2z) to
a degree of | eefysSwil)ottpdohOzsiehgeul er 515 for
pur poses of al | 0¢aS i UBe NPARK LI 410  OProdRD: ROUSS] 26 avoid
An array havi ng threpoo?ﬁ s indicating a
SW t ch- based _si ) | : P 1.t ah-
Nunber of CPUs Aﬁsxfgepegétfft];gs éhbﬁﬁéﬁgéggﬁtlgjé% ﬁx’ﬁﬁﬁé Lz} to
110. NunFreeNod&s: ™A Nuither”’ of g& 115 n
FreeNodeLi st. FreeNod&ti e‘.eng"* . Frgé?@g§+sx=y+&’_l’z] to
structures jndicatj n§"EMIPHEREEY coor di nat es of
nodesSaPEeVa i fahts fer # 8exigdpesmening. | n particul ar
entodPAEVRVEY =skime den the belew zleemir ns one of the
folzleew ng after schedul er 515 attenpts to schedule a
j ob 1BONew’(S TA8SI GNED: | ndi cat es schedul er 515 has
schedul ed Pad zPHdhe from z = PartStart[2] to z = PartEnd[2] and record results in
PQS_NO_ASSCGMIYENT _AT_SPECI FI ED Tl ME: | ndi cat es
schedpjsgr 515 has not schedul e job 150.

PQS_NO_ASSEGMMENTpIEQR. | PR, Y: I ndicates

schedul & edmp6RLBIKELG e&ﬁicﬁ ik s O FLERIL 185l a
des 115 £n gr, dul o a two

o0 tes phlieb ittt R S

of Fr eeNodeSHPGLRAVEsUSF/USr it gpdrce £5 @l logps from two to

embodi ment $¢-a_wrapper function between cluster

managenent A8%gPlaeelz387-Ahe G&médul er 515 converts i nput
f r om HiGpmep gfedidpdeseRefumeTi80 to a format that

schedul er 515 expects and converts out put from
s c e gualtenlsd E¥mbodimerdtar schedléras 1 i hpisies roneedragerest the following

e I I
LR Bt SRS ARk, T BIRRE SSh LI, 1
befmmmge@ﬂm_ﬁmg 0B tIBAPEEDRY 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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End If If initSchedulerO = Fal se Return
PQS_NO ASSI GNMVENT_AT _SPECI FIED TIME End If If
woRe@aestoegiNodes > NunfFreeNodes ret = Fal se El SECT/E82085/012500

schedul eJob() End If Ifret = True set Mpi Rank() Return
PQS_ASSI GNED El se Return

PQS_NO _ASSI GNMVENT_AT_SPECI EILED TIMEEnd If In
parti cul ar enbodi nents, Rarﬁél, whi ch schedul er 515
calls to rank job sizes, enconpasses the foll ow ng
exanpl e logic. Input to Rank includes a one
sincej asrdersiberhaboares shedul e[ 3P, mavald dryling walb apnerfimensional request or

CQut.put .f Rank . i ncl ud : L -
a tw%fhglggﬂmrgéﬁ ?8‘]1‘-}?8'[ fd%ﬁi]egie%efrz)ﬁ@%e? g%lagé 4 @g@ :h%glﬂklﬁ {?¥vo additional
mes}%eﬁ Cc%g&%lﬁ%dsérﬁ@ the B @RS8hOfin bactictlaf Bab&di@ents, such modifications

K[ | n[Rank[ 2] . hi i i
to thRanin Haofithye o1 thapbice s gOFEhHY R APB SOV RARERdpler 515

=.1 Ra F i = = -
scheyiinghiy 1116 spighiafo of ofe FERerdy iz o phghitude, )
et o et i b
appligs jagpan Jgorithm teeaplel HEHTICHrs Eh !&gﬂ ot ?@W@%ﬁﬁﬁ@%ﬂg‘{m“ S15
iden{fggsufszaglll“gxg }gn@%%l‘?é‘ﬁ‘ﬁ'&%' £ L @9hGabIEOT 1f no Pryt Qtrdethfes 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:

« 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 way of limitation,
Try.rMap = {1, 0, 2} means index 0 gets mapped to 1, index 1 gets mapped to 0
and index 2 gets mapped to 2 so that, under the map, {X, y, z} —> {y, X, z}.

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

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

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

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

In particular embodiments, after scheduler 515 determines that a job 150 is schedulable at
a starting point in grid 110 using a Try structure, scheduler 515 assigns MPI Ranks as
follows:
. Scheduler 515 applies an inverse rotation map to the starting point to map the
starting point to a pretransformed mesh. Scheduler 515 constructs folds to leave

the starting point of the mesh fixed so that scheduler 515 need not apply an inverse
fold.
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Return Fal se End For |fRequestedNodes > TorasSi ze[ 0] X
TorusSi ze[l] x TorusSi ze[ 2] x NodesPer Swi tch Return
wo-a0osesdesl | f | f NodesPer Switch not equal to fRPCF/US2005/012500

Return False; End If If RequestType = SPATI AL

factor[0] = 2 factor[l] = 2 Rank(TorusSize, /Rank)

Rai i k( Request edSi ze, /Rank), NumJobDi m = 0 NunExceed =

0O For z=0to 2 If Request edsi ze[z] > 1) NumlobDi m =

NumdobDim + 1 Else If RequestedSi ze[z] < 1Return Fal se

End If If RequestedSi ze[/ Rank] t]] > TorusSi ze[

Raf&ed]iler 516 deatjsNbrdbebebel pretrapsiRimek owsly in- tougpsieie MPL Rank.

1 ERdetdribeddbéay, it pariouifxernbatlimets Ret xexis Ts ae o®esOpf a y axis

mg[dg\‘%%%ﬁﬂge E{)ﬁ,hdﬂ‘d a_?eﬂﬁﬁg_taﬁdﬁiezeidpRank[ Exceed[ Q] <

esPerSwitch x rasSi ze| >Rank C

“Tr Sehedipr IﬁlSIaPPNEﬁT&GBHDﬁéE‘L%n%t%’EﬁG;?}Jd b‘%@ f jetrthed 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’, y’, z’}, in the pretransformed mesh.
Scheduler 515 then inserts the node, {x’, y’, z’}, into an end of AssignedNodeList.

In particular embodiments, a compact scheduling algorithm applies a scan

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

identifies a Try structure that works. A Number of meshes in the list may be relatively
large. As an example and not by way of limitation, for a torus including 16x16x16
nodes 115 and a request for one hundred nodes 115, BestFit = {4,4,5}, which results in
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 j greater than or equal to 7 and,
(2) if C were false for element i, C were false for all j less than or equal to 7. 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 i fits, no mesh in the list having a maximum distance less than or equal to 7 will fit

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

respect to any mesh {x,y,z} having a maximum distance i—1, {x, y,z+1} has a
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Return Fal se Else |If RequestedSi ze[/ Rank[ Exceed[ ] <
factor[0] x TorusSize[ Rank[Exceed[O] and
woRegpaeseriSi ze[ / Rank[ Exceed[1]] < factor[l] x PCT/US2005/012500

TorusSi ze[ *Rank[ Exceed[1]] Return True End If If
NumdobDi m < 3 and (Request edSi ze[/ Rank[ Exceed[ ] <
NodesPer Swit ch x TorusSi ze[, Rank[ Exceed[ 0] ] or
Request edSi ze[ / Rank] Exceed[%ﬁ] < NodesPer Switch x
TorusSi ze[ >Rank[ Exceed[ 1]]) Return True End If return
Fal se End If return True In particular enbodi nents,

maxinich Stshedel erd alvhieds meefis Meiwnddes bhedi smge tiypes + 1} covers
enconpasses the following exanple logic. 'If a job 150

{x, )r,gfq.u elcsordMoly, 08¢heiolde 5155codstruttSctiaxiDisence@iusaxDistances,2]
.al' 9\./\/e.d type to Any, regardless of an original
duringemitedizatidif Request edNodes = 1 or Request Type = Any

AnyAl lowed = T Spat i al Al | d | .
5 5 e b S AR
best Hil! ldeyedreasdibbe gob@tippeAboon® n=a Rsdss &ffl sén Ifarticular

Request'Type = Spatial Spatial All owed = True AnyAl | owned
embedifwintse a binagy sgaedhsofmpshes iy 1@%5@9 A8 ofeagrating aggroximately

ten s%lar?sefoggf;gjrg%%na{_\ell}ll oNE gloﬁsa%%'rﬁéesh@? o dnb a8 1|5fmay 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 HighStart]3].
HighFit is an index of Fit satisfying a request, and HighStart is a starting point of a fit in
grid 110. An algorithm for running a linear search downward begins with HighFit and
HighStart. In particular embodiments, scheduler 515 decrements a maximum distance of a
current HighFit mesh. Scheduler 515 then loops through all meshes including the
maximum distance until scheduler 515 identifies a mesh satisfying the request. If
scheduler 515 identifies a mesh satisfying the request, scheduler 515 sets the mesh to
HighFit, decremented the maximum distance again, and repeats the process. If scheduler
515 identifies no such meshes, the algorithm exits and a current HighFit is a best fit. If
scheduler 515 cannot identify a fit for a particular maximum distance, then scheduler 515
cannot identify a fit for a shorter maximum distance.

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

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

request
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factor[0] = 2 factorjl] = 2 Rank(TorusSi ze, Rank)
Tor usMar [ 0] Rank[ 2] TorusMap[l] = Rank[I]
w{a oroesstaes 2] Rank[ 0] | nverseTor usMap[ f Rank[ OR¢T/BS2005/012500
I nverseTorasMap[ YRank[I]] = 1 InverseTorusMap[
Rank[2]] = O If Spatial Allowed = True If
set TorusFor Spati al O = Fal s%7Ret urn False End If Else
I f Conpact Al l owed = True |f 'set TorusFor Conpactl () =
Fal se Return False End If Else If setTorusFor AnyO =
Fal se Return False End If End If For. i .- .0 to
NufttedDienb hs inseds masiead 5 insp dapiensANasiebiss fnprqmentally as scheduler

515 GERAREb RS ERAPTL A5 ADRAR) LR o1 oos o

FreeRitsh d9RAowal Tri esO End If |f Conpact Al | owed = True
bui | dCompact FitsO End | f |f )(AI I ow%d = True
. b E dFiséeNb HIRegmsEgD) 1Scheduler 5 expanded the z axis by a factor of four

when scheduler 515 converted a switch-based torus to a node-based torus. Using
the z axis as an innermost loop tends to avoid fragmentation of CPUs 164 coupled
to a switch 116.

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

Scheduler 515 lists selected nodes 115 using node-based coordinates in
AssignedNodeList according to MPI Rank. AssignedNodeList[,0] is a x coordinate of a
node 115 of MPI Rank i, AssignedNodeList[7,1] is a y coordinate of node 115 of MPI
Rank i, 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 NumFreeNodes—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[/].coordinate[] for all k = 0,1,2,3
+ FreeNodeList[j].mpiRank = i
. Exit jloop

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

following input parameters to scheduler 515:

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

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

AggressiveFlag: A floating-point number between zero and one indicating a degree
of leeway allotted to scheduler 515 for purposes of allocating nodes
115 to job 150.
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I f Spatial All owed = True or ConpactAll owed = True
I nitScanO End Ifreturn True In particul ar enbodi nents,

W@ ea0d0s0e§or Spati al , which maps a sw t ch- basedP@DUSE0$/G12500
a node-based torus for a spatial request, enconpasses
the follow ng exanpl e [ ogic: Rank(RequestedSi ze, j Rank)
NumDim = 0 dNdx = 0 For z= to 2 If RequestedSi ze[ z]
> 1) twoD[NunDiml =i NunmDini= NunDim + 1 El se
oneD[ dNdx] =i dNdx - dNdx + 1 End If End For If
NumDim = 1 Return setTorusForl D() Else If NunDim 2
Retus$ine:s et TorArs Foay baying| these Réqnignts snticrsingsswiel-based gize of
If In particgrdrll®énbodi ments, set TorusForl D, which

l.tiplie id 110 b t i J YR
SreRBbiEar Rapbese! of R e S 8o byl #h era 110
ﬁﬂ%‘g&%ﬁbﬂeﬁ .tAhBqurQieié Gﬂ\ild;ﬂ%s &lll(‘ﬁﬁiﬂreeljg@(fl_ﬁst.

u pDi.m nsi ons = m nsi ons[.0] .. =j Rapk[.2 .
FreasDelrsh ong} fipt ofj ey SUREHIKGS t@gfsgvd{ég- lé d coordinates of
mapMod[ 1] = ﬂ@é@%}{%ﬁ%ﬂe@féclﬂ@%ng-t Si ze[ z] rt{jej
TorusSi ze[ TorusMap[ z]] End For

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
structures 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 = scheduleJob()
End If
If ret = True
setMpiRank()
Return PQS_ASSIGNED
Else
Return PQS NO_ASSIGNMENT_AT SPECIFIED_TIME
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For i O to 3 TorusSize[z] = ntSize[z] End For For z= 0
to 3 RequestedSi ze[z] = Oiginal Size[/Rank[ z]]
wda obMagforRank[ z]] = i End For Return Truel n paP€T/U81085/012500
enbodi nents, set TorusFor2D naps a sw tch-based torus
to a nodebased torus in one of six ways: 1. (T[Q,
2711, ) (219, 2 x JII], 2:§)712]} 2. (T[Qq, 711],
7121}y ( 2 x 710], T [1], 2X T[2]} 3. (T[Q, 2T],
712]} (2 x 710], 2 x T[], 7[2]} 4. (T[CO, TTI]15 7[2]}
(TTg, T[], 4 x 7[2]} 5. (T[Q, TI] 3 7[2]} (r)
Hodtl®) , 4 x 2T1], 7[2]} 6. (710], T[I], 712]} (r) (4 X
TmMq, 7[1], 7[2]} T is TorusSize. The first three
conf pgiicalar Gnbodislts, Rz{rﬁ:mvdu&edcheduleﬁﬁs5c®ﬂ‘ﬁltgmanlﬁg0b sizes,

nodes 115 er switch 166 as The
encopagwes ¢bh %‘P}Ylégleéﬁ%mf‘i‘e i%ﬁwztg %ﬂﬂéﬁﬁgﬁ e ditensionsl

&% ond Qi@ snsldrml )
B T

Ranlg[B1,Uavingdhres hismenthiadichtng, sllmomgm@ sipenidiges of Bt
d sel h
nRARAB oS R Rer 123, Py e Sthiehn el thghu oo i bR gorithmn.

I@ﬁﬂ @JI‘A.J@FOI‘ZD selects a nmap accord| ng to the above
pchedul er 515 constructs pSize[6,4] to include:
J: 3, 0] = size of the partition in the x
for configuration i. pSizes[z, 1] = size of
E\é |oi1|ntheyd|msn5|onfor configuration i.
pSl Ti

of e partition in the z dinension
for c]kfrh‘l Hf<i‘i?[Rlank[ffj;| zes[z, 3] = the Nunber of
tries tHat Rapklild be generated for configurationi. In
par t i culBankEhibddinkiéht s, set Tor usFor 2D enconpasses t he
fol |l owi Mpnkkhrmd e 1ogic: max - | maxNdx = - 1 For z= 0
to 2 Eodif = /+] to 3 NumvhApDi m nsions = 2
maHddEgasi ons[0] = (i+j) nod 3 nmapDim nsions[|] =
Ehdied ) nod 3

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

Fori=0to2
If TorusSize[i] < 1
Return False

End For

If RequestedNodes > TorusSize[0] x TorusSize[1] x TorusSize[2] x NodesPerSwitch
Return False

End If

If NodesPerSwitch not equal to four
Return False;

End If

If RequestType = SPATIAL
factor[0] =
factor[1]=2
Rank(TorusSize, fRank)
Rank(RequestedSize, jRank)
NumJobDim = 0
NumExceed =0
Fori=0to2

If RequestedSize[i] > 1)
NumJobDim = NumJobDim + 1
Else If RequestedSize[i] < 1
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mapMod[ 0] = factor[0] mapMod[I] = factor[l]
set TestPart Si ze(test Part Si ze) pSizes[z + -1, 2]

W e®b@s02$sSi ze[ 2] pSizesfz +) -1, 1] = test PartBwEs10p5/012500

pSizes[z + 7 -1, 0] = testPartSize[O pSizesfi

+J-1][S] =cnt2DTries(testPartSize, RequestedSize)lf

pSizesp + - 1][3] > max Aff) = pSizes[z 4+ - 1][3]

maxNdx +j- | End If End For™End For For i = 0 to 3

NumvapDi mi nsions = 1 mapDi minsions[0] = 2 - i

mapMod[ 0] = NodesperGrid setTestPartSi ze(testPartSi ze)

pSi zes[ Re®yn Phlse t est spSi ze[ 2] pSi zes[z+3, 1] =

testapdifef|] pSizes[z+3, 0] = testspSize[(]

pSi z s ReqddstedRize]/RanidU] riTsidSés{ Rank(Fl] ze,

Request gd&ied umExée%u]zes[HS] [3] > max max =

pSl zes['g\]-iﬁﬁhjr NWxExcedd®1End I f End For If max < O
True Spati al Al l oned = Fal se Return

seET :Fu orConpact() El se return False End If Else For

If um%xceed 0
Return True
Else If NumExceed = 1
If RequestedSize[jRank[Exceed[0]] < NodesPerSwitch x
TorusSize[Rank[Exceed[0]]
Return True
End If
If NumJobDim < 3
Return True
End If
Return False
Else

If RequestedSize[jRank[Exceed[0]] < factor[0] x TorusSize[fRank[Exceed[0]

and RequestedSize[jRank[Exceed[1]] < factor[1] x
TorusSize[fRank[Exceed[1]]
Return True
End If

If NumJobDim < 3 and (RequestedSize[jRank[Exceed[0]] < NodesPerSwitch

x TorusSize[fRank[Exceed[0]] or
RequestedSize[jRank[Exceed[1]] < NodesPerSwitch x
TorusSize[fRank[Exceed[1]])
Return True
End If
return False
End If
return True

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

If RequestedNodes = 1 or RequestType = Any
AnyAllowed = True
Spatial Allowed = False
CompactAllowed = False

Else If RequestType = Compact
CompactAllowed = True
AnyAllowed = False
Spatial Allowed = False
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nt Si zep] = TorusSi ze[ TorusMap[z]] End For For i = 0 to
2 TorusSize[d = ntSize[/] End For |fmaxNdx < 3
WORDMaE0RsTi nsi ons = 2 mapDi m nsi ons[ 0] ( maxNdxpQ)/UsI9ds/@12500
mapDi m nsions[1] = (maxNdx+2) nod 3 mar Mod[ 0] =
factor[0] marMod[Il] = factor[I]
Request edSi ze[ mapDi mi nsions[0]] =
Original Size[/Rank[|]] RequestedSi ze[ mapDi mi nsions[I]]
Original Si ze[/Rank[ 2]] RequestedSi ze[3 -
mapDi m nsi ons[ 0] -mapDi m nsions[1]] =
Eixd iReq St Pygle/~ Reatie] 0] JobMap[/ Rank[ 1]] =
mafpitia Akdvoedst QFueJobMap[ / Rank[ 2] ] = mapDi mi nsions[ | ]
Jophlen[ib6Wadk([false = 3- mapDi m nsions[ 0] -
mepD) 58-8&ivePRES ¢l se Nunvbd = 1 NunMapDi minsions = 1

rmled'g NS dd =T maxNdx) mod 3 mar Mod[ O
rE!%31’(:|Pd | mapg%m nsions[0] =2 i \ E sEe ?

If uest Z m nsi ons[ 0 =
’\3 ge nga’lip?a%e] RequesE e}j]Sl ze[z] =
O 11 Sl ze[/ Rank[l]] RequestedSi ze[ 3
Di m nsions[ 0] -i

E
fagNBbT PRank[ 2] ] =
factodbMa@[ / Rank[ 0] ]
Emk(TdrusSize, Rank)
TorusMap[0] = fRank[2]
TorusMap[1] = fRank[1]
TorusMap[2] = fRank[0]
InverseTorusMap[fRank[0]] = 2
InverseTorusMap[fRank[1]] =1
InverseTorusMap[fRank[2]] =0
If Spatial Allowed = 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[i]]
End For
SetPartition()
If Spatial Allowed = True
buildSpatialTries()
End If
If compactAllowed = True
buildCompactFits()
End If
If AnyAllowed = True
buildFreeMeshes()
End If
If Spatial Allowed = True or CompactAllowed = True
InitScan()
End If

2 End

] = Original Size[/Rank[0]]
mapDi m nsi ons[ 0] JobMap[/Rank[l]] =
=3 - mpDimnsions[0] - i End If
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Return True In particul ar enbodi nents, set TorusFor3D

enconpasses the follow ng exanple logic: max = -
woreoobldsso28 - 1 For
NumvapDi mi nsi ons
mapDi m nsi ons[ | ]
mapMod[ 1] = factor[l] setTestPartSi ze(test PartS|

1

Oto 2 For/ =/+ to 2 PCT/US2005/012500
2 mapDi mi nsions[0] = (i +j ) nod 3
(i+)+l) nmod 3 mapMod| O] factor[ 0]

ze)

pSi zesp +7 - 1, 2] = testPalrtSize[2] pSizesp + 7 - 1,

1] = testPartSize[l] pSizes[ +7 - 1, 0] =
testPartSize[(Q pSizes[z +7 - 1, 3] =

retutPDirel es(t est Part Si ze, RequestedSize) |If (pSizes[z +

7 - 1,3] > max) max = pSizes[z +7-1, 3] maxNdx =

i +7-

%gargﬁulﬁn&anEmt@ JeoForbeRorSpatial, thich maps a switch-based torus to
m nsions = 1 mapDi m nsi ons| O ! 0] =
a no&@b@@é dorgs for: as@@n@gﬁwft GRPOTRASEE %ﬁ%‘)&w&g ?%&}@eg{oéfs

SnEERE 22l 5 3 e

s ries(testPartSize, RequestedSize If
d?%_e {0/24-3][3] > max max = pSizes[/+3, 3] maxNdx

If RequestedSize[i] > 1)
twoD[NumDim] =i
NumDim = NumDim + 1

Else
oneD[dNdx] =1
dNdx =dNdx + 1

End If

End For
If NumDim = 1
Return setTorusFor1D()
Else If NumDim =2
Return setTorusFor2D()
Else
Return setTorusFor3D()
End If

zel[l]

= i +3

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] = jRank[1]
mapMod[0] = factor[0]
mapMod[1] = factor[0]
Fori=0to3
ntSize[i] = TorusSize[ TorusMap|[{]]
End For
Fori=0to3
TorusSize[i] = ntSize[i]
End For
Fori=0to3
RequestedSize[i] = OriginalSize[jRank]1]]
JobMap[jRank[7]] = i
End For
Return True
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End For If max < O If ConpactAll owed = True

Spati al All owed = Fal se Return set TorusFor Conpact Q El se
WO eqoanssoBgl se End | f Else For / = 0 to 2 ntSi ze{T/US2005/012500

TorusSi ze[ TorusMarD]] End For For i = 0 to 2

Tor usSi zeD‘] = ntSize[z] End For If maxNdx < 3 Numvbd

= 2 nod[ 0] ( maxNdx+l ) mod 3 nmod[ 1] (maxNdx+2) nod 3

NunmivVapDi m nsi ons = 2 nmapDi m Hsi ons[ 0] = (maxNdx+1) nod

3 mapDi m nsionsfl] = (maxNdx+2) nmod 3 mapMd[ 0] =

factor[ 0] mapMd[Il] = factorfl]

Request edSi ze[ mapDi m nsions[0]] = .

O i lyi madicslar epbRdmkgnitd, setRerpsEa2BaBape] swipdhi-teasad tarns{ol 4 ode-
bass i gi nal Si.ze /Ra.nk[2]] Request edSi ze[ 3 -
asﬁ%g’(ﬂ"‘sﬁf t Y¥mapDi minsionsfl]] =

p%mfl S 22@[] %@&ﬂaﬁ%%ﬂﬂmﬁé /Z‘]Rjja[gﬁ[ lrrla}oD:m nsi ons[ | ]

2L kY LT_{EZBXHP[@NB%E rﬁ%ﬁ]d[m =2 - (maxNdx
3. YT AVEp TN nsi@rs TH0112 x 711, 7121}

4. {I70], IT11, 7121} — {7101, 7111, 4 = I121}

3. {110, 1M1], 1121} — {710], 4 x 171], 7121}

6. {710, T711, 7121} — {4 = 770], 711], 712]}
T'is TorusSize. The first three configurations result from scheduler 515 configuring nodes
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:

pSizes[i, 0] = size of the partition in the x dimension for configuration i.
pSizes[i, 1] = size of the partition in the y dimension for configuration i.
pSizes[i, 2] = size of the partition in the z dimension for configuration i.
pSizes[i, 3] = the Number of tries that would be generated for configuration i.

In particular embodiments, setTorusFor2D encompasses the following example
logic:

max =-1

maxNdx =—

Fori=0102

Forj=i+1to3

NumMapDiminsions = 2
mapDiminsions[0] = (i+7) mod 3
mapDiminsionsf1] = (i+j+1) mod 3
mapMod[0] = factor[0]
mapMod[1] = factor|1]
setTestPartSize(testPartSize)
pSizes[i +j -1, 2] = testPartSize[2]
pSizes[i +j —1, 1] = testPartSize[1]
pSizes[i +j 1, 0] = testPartSize[0]
pSizes[i +j ~1][3] = cnt2DTries(testPartSize, RequestedSize)



10

15

20

25

30

35

40

45

mapDi m nsions[0] = (5 - maxNdx) nod 3 mapMd[ 0] =
NodesperGid If mapDimnsions[0] = 2z | Else i 2 End

w0 RooResfuest edSi ze[ mapDi m nsions[0]] = PCT/US2005/012500

Oigi nal Si ze[/ Rank[ 2] ] Request edSi ze[ z] =
Oiginal Size[/'Rank[I]] requestedSi ze[3 -
mapDi m nsions[0] - z] = ori géi‘nal Si ze[ / Rank[ 0] ];
JobMap[/ Rank[ 2]] = mapDi m nsitons[0] JobMar[/' Rank[|]]
= i JobMap[/Rank[0]] = 3 - mapDim nsions[0] - i End If
End If Return Trae In particular enbodi nents,

set ToHpSssEonpatl3] Wwhiagh sets a z di mension of a
conpact maxgaeSizes[do+a—4l]B]1 configuration, enconpasses
t he fol lmaNdx exapplle logic: For i = 0 to 3 ntSizep]
TorusBhd&f t Map[z]] End For For z O to 3 TorusSi ze[ z]
nt $ingafoz] End For NumMVapDi m nsions = 1

PRPPhHM nsions[ 0] = 2 mapMod[ 0] Nodesper Grid Return
B&Ue i particul ar enmbodi nents, set TorusFor Any, which
SehSu N 'Iﬁn.l%'hgg 1of an any request to a 4xl1

con a'@%”g siornL() e:n%:(_mpasses the foll owi ng exanpl e
Io%ﬁ 1&2& ‘j‘S_]o 0'3.ntSize[z] = TorusSize[tMp][z]]
EndPgRloqt} = Nodegpe(rid 1oy yssj ze[ z] = nt Size[z] End
FosetTestPartSize(testPartSize)

pSizes[i+3, 2] = testspSize[2]
pSizes[i+3, 1] = testspSize[1]
pSizes[i+3, 0] = testspSize[0]
pSizes[i+3][3] = cni2DTries(testPartSize, RequestedSize)
if pSizes[i+3][3] > max
max = pSizes[i+3][3]
maxNdx = i+3
End If
End For
Ifmax <0
if CompactAllowed = True
SpatialAllowed = False
Return setTorusForCompact()
Else
return False
End If
Else
Fori=0to2
ntSize[7] = TorusSize[ TorusMap][]]
End For
Fori=(0to2
TorusSize[7] = ntSize([i]
End For
If maxNdx < 3
NumMapDiminsions = 2
mapDiminsions[0] = (maxNdx+1) mod 3
mapDiminsions{1] = (maxNdx+2) mod 3
mapMod[0] = factor[0]
mapMod[1] = factor[1]
RequestedSize[mapDiminsions[0]] = OriginalSize[jRank[1]]
RequestedSize[mapDiminsions[1]] = OriginalSize[jRank[2]]
RequestedSize[3 — mapDiminsions[0] — mapDiminsions[1]] =
OriginalSize[/Rank[0]]
JobMap[jRank[1]] = mapDiminsions[0]
JobMap([jRank[2]] = mapDiminsions[1]
JobMap[jRank[0]] = 3— mapDiminsions[0]- mapDiminsions[1]
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NumvapDi m nsi ons = 1 mapDi m nsions[0] = 2 mapMod[ 0]
NodesperGid Return True In particular enbodi nents,

W@ edokasI0eg | on enconpasses the foll owi ng exanpl BCT/08§1005/012500

For i = 0 to TorusSize[0] - | For/ = 0 to TorusSize[l]
- 1 For k O to TorusSi ze[2] - 1Nodel nUse[z] , K]

NODE I N USE End For End For gnd For For z= 0 to 2
PartStart[z] = TorusSi zep] P rtEnd[z] O End For For i
=0 to NunfreeNodes - 1 To[Q = FreeNodesp]

.coordi nate[ Torusvap[0]] To[l] =

Fr eBlNodes[/]. coordi nat e[ TorusMap[1]] To[2] =

Fr eeNdWesYled =cloor di nat e[ TorusMap[ 2]] |f

Nu nmva o aysdioiasisnsl= To[ MapDi nensi on[ 0] ] =

To[ MapRipDemismk ]]]= Maphod]) @lodt3 FreeNodes [ z]

. COOr gapBRicAf0]l= ﬁf;ﬁ\@pu nmension[0]] =

To[ Mapih Ensiing b %x ,MapMbd[ 0] +

Freel\lode;ig] coor ate[ 3] / MapMod[!]

To[ MapBimension[1]] To[ MarDimension[l]] x MapModfl] +
FreeNO esj ] coordi nate[ 3] nod MapMod[Il] End If

Nodel Lﬁ’ o[O]] To[l], To[2]] NO)ENOTINUSE For; =
0Oto < PartStart b PartStartlljk = To[/] End

£ 1 f Refwy S‘f S%Em@%ml{wﬁm}smé FtQiginglSizp]/Ranid £11]
Requested81ze[z] = OriginalSize[jRank[1]]

RequestedSize[3 — mapDiminsions[0] — /] = OriginalSize[jRank[0]]
JobMap[jRank[2]] = mapDiminsions[0]
JobMap[jRank{1]] =1
JobMap[jRank[0]] = 3 — mapDiminsions[0] ~ i
End If
End If
Return True

In particular embodiments, setTorusFor3D encompasses the following example

logic:

max =—1
maxNdx = -1
Fori=0to2
Forj=i+1to2
NumMapDiminsions = 2
mapDiminsions[0] = (i+j) mod 3
mapDiminsions[1] = (i+j+1) mod 3
mapMod[0] = factor[0]
mapMod[1] = factor{1]
setTestPartSize(testPartSize)
pSizes[i +j— 1, 2] = testPartSize[2]
pSizes{i + j— 1, 1] = testPartSize[1]
pSizes[i + j — 1, 0] = testPartSize[0]
pSizes[i +j — 1, 3] = cnt2DTries(testPartSize, RequestedSize)
If (pSizes[i +j — 1,3] > max)
max = pSizes[i +j— 1, 3]
maxNdx =7 +;—1
End If
End For
End For
Fori=0to2
NumMapDiminsions = 1
mapDiminsions[0] =2 —{
mapMod[0] = NodesperGrid;
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End If End For End For For i =0 to 2 If PartStart[z] O
and PartEnd[z] = TorasSize[z] - 1 PartWaps[z] True

web®e/oFeg W apsfz] = False End If PartSize[z] BCT/US2005/012500

PartEnd[z] - PartStart[z] + 1 End For In particul ar
enbodi nents, initScan, which constructs FreeY and
FreeX, enconpasses the foll og/i ng exanple logic: For =
O to TorusSize[0] - | For 182 0 to TorusSi ze[2]- 1
Count = 0 For; = TorusSize[l] - 1 to O by - 1If
Nodel nUse[/,],] = NODE_NOT_I N_USE Count = Count + 1
EnchetFestPagSiveftestlarizmt End For End For End For For./
= ieesFoB LISt tesfPritSize[2]For k - 0 to TorusStSize[2]- 1
Courftizes[i@ 3 FQr= festPadBizs@ize[0] - | to O by - 1 If
Nodsirdse BM) /=< lestPafIE[ONOT_I N_USE Count = Count + 1
EncpSifesfit-8§ %] oKD Friuadtp il z & Reqhitedsefe End For In
parffbsizbdi+HMedhaent s, buil dSpati‘al Tries, which
det er HaReSpd, Htpg’eg] of
maxNdx = i+3
End If
End For
Ifmax <0
If CompactAllowed = True
Spatial Allowed = False
Return setTorusForCompact()
Else
return False
End If
Else
Fori=0to2
ntSize[7] = TorusSize[ TorusMap(i]]
End For
Fori=0to2
TorusSize[i] = ntSize[{]
End For
If maxNdx < 3
NumMod = 2
mod[0] = (maxNdx+1)mod 3
mod[1] = (maxNdx+2) mod 3
NumMapDiminsions = 2
mapDiminsions[0] = (maxNdx+1) mod 3
mapDiminsions|1] = (maxNdx+2) mod 3
mapMod[0] = factor[0]
mapMod[1] = factor[1]
RequestedSize[mapDiminsions[0]] = OriginalSize[jRank[1]]
RequestedSize[mapDiminsions[1]] = OriginalSize[jRank[2]]
RequestedSize[3 — mapDiminsions[0] — mapDiminsions[1]] =
OriginalSize[jRank[0]]
JobMap[jRank[1]] = mapDiminsions[0]
JobMap[jRank[2]] = mapDiminsions[1]
JobMap[jRank[0]] = 3 — mapDiminsions[0] — mapDiminsions[1]
Else
NumMod =1
mod[0] =2 — (maxNdx — 3)
NumMapDiminsions = 1
mapDiminsions{0] = (5 — maxNdx) mod 3
mapMod[0] = NodesperGrid
If mapDiminsions[0] = 2
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di mensions in a request, enconpasses the follow ng
exanple logic: NumDhbm= 0 For z= 0 to 2 If

woe@eesterlSi zeD'] > 1) NunDim = NunDi m + 1 EndpdT/URed5/012500

For If NunDim= 1 buildl DTryO Else If NunDim= 2

bui | d2DTry() Else for i =0 to 2 Try. baseSi ze[ z]

Request edSi ze[ z] End For Try NunConcats = 0

Try. Nuntol dMaps O Nunber Of Tifes = O bui | d3Dt ry(Try,
NumberOf Tries) End If In particul ar enbodi nents,

bui I d3Dtry, which builds TryList for a three

di nensi difal request and builds Try structures for each
fol d Elsea one di nensional request or a two di nensional
request ,i=ehconpasses the foll ow ng exanpl e

| ogi cEa@tOrient (Try, NunOrient, orient) if NunOrient >

0 For Réi ueste@SI xﬁl&ﬂ]@fﬂ@s‘?& AIsERfREE)= O to 2
TryLi RUbATRSTAT Eﬁ@flgi e W&%@ URASREI
=2 12t

Try. b -

i ""iﬁt SR 1 Z 1= origin SizekRankiolls
For/ I Nu |1 . NumConcats - 1 For c
O to

érO‘Trl es concat Si ze[/, Jc]
i elﬁ?.]f]%lmlRTIPnS[ ~1
Er 1 Itf[ NunberO‘fl i es].concat StartNode[/, k] =

Return True

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

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

Fori=0to3

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

TorusSize[7] = ntSize[i]
End For
NumMapDiminsions = 1
mapDiminsions[0] = 2
mapMod[0] = NodesperGrid
Return True

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

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

Fori=0to3

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

TorusSize{i] = ntSize[{]
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 k=0 to TorusSize[2] — 1
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Try. concat Start Node[/, orient[z, k]]; End For End For
TryLi st[ Nunber O Tri es] . NunFol dMaps = Try. Nunfol dMvaps;

WO-2006/055028 t 0 TryLi st [ Nunber O Tri es] . NunfFol dMapBCT/US2005/012500

TryList] Nunbero‘Tri es].foldLength[/] =
Try.foldLength[/ '] TryList[NunberO Tries].fol dFroni/
] Try.foldFronf/] TryLi st[NugoerO‘Tri es].foldTo[; ]
Try.foldTo[/ ] TrylLi st[Nurrbé‘ OTries].foldFix[/ ] =
Try.foldFi x[/] End For For : Oo 2
TryList[ NumberOf Tries].rMap[A;] = orient[/, K]
TryLi st [Wﬂmrﬁ]@OﬂMNLUSEent[z k]1] = :; End For
Nunbe®E@ Foi es = NunberQt Tries + 1 In particul ar
entidd Faent s, set G ient, which cal cul ates a Nunmber of
EndGoe rotations, NunOrient, for a Try structure and
Eﬁrj:l’:]dlt@gs map for each rot atl on, enconpasses the
fo pmé@ql]@(ﬁmg&é gic: NunOrient = 0; If
tryP @ Concata atlons>OFor = o 2 size[z] =
ase ze[z']; Forj O to try. NunConcats - 1 If
g cnc de[ /, r] >size[z] size[z'] =
%g?@ﬁ? 8% A 7] + Try.concatSize[/, /]: Else
a/te[TQ![u LYl ze[ 2] = si ze[z] -
tr T tgfesNﬂfifﬂﬂﬂ&@ ydingtq[ TerwgMap[Bhd For End For 1f
Si ZE[@] Ef@ﬁpﬂﬁ[dépqdlmﬁﬂz[’fgmb’[amp]k Part Si ze[ | ]
and€ NoeiMipDinRasiv®i zd[ 2] ori ent [NumOrient, 0] = 0
or i enTpMaDinension[0]] = TofvibsDinhdNsivny 01 at MaﬂMoﬂ[(ﬂ +
NumOri ent = NuesMddRel].dookdilme[3|f
Else
To[MapDimension[0]] = To[MapDimension[0]] x MapMod[0] +
FreeNodes{7].coordinate[3] / MapMod[1]
To[MapDimension[1]] = To[MapDimension[1]] x MapMod[1] +
FreeNodes[i].coordinate[3] mod MapMod[1]

End If
NodeInUse[To[0]], To[1], To[2]] = NODE_NOT _IN_USE
Forj=0to2
If To[j] < PartStart([;]
PartStart]j] = To[f]
End If
If To{j] < PartStart[/]
PartStart]j] = To[/]
End If
End For
End For
Fori=0to2
If PartStart[i] = 0 and PartEnd[/] = TorusSize[i] — 1
PartWraps{i] = True
Else
PartWraps([i] = False
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
Forj = TorusSize[1] — 1 to 0 by -1
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If size[Q < PartSize[O and size[2] < Part$Si ze[I]
andsi ze[l] < PartSize[2] orient[NunOrient, g = O
w@eioensodginOrient, 1] = 2 orient[ NunOrient, 2]PEI/LS2005/012500
NumOrient = NunOrient + 1 End If If size[l] <
PartSize[Q and size[0] < PartSi ze[l] andsize[2] <
Part Si ze[ 2] orlent[NunOrlen9 = 1 orient[ NunOrient,
I ] = Oorient[NunOrient, % —2Nurr0r|ent = NumOri ent
+ 1 End If If sizefl] < PartSize[O and size[2] <
PartSr zefl andsi ze[ 0] < PartSr ze 2 orient[ NunOrient,
o] ¥ NegelpNsetia £lentNODF_NO [NunOrient, 2] =
0 NunOrrenCothtﬁ@ntérnlt + 1 End If If size[2] <
Part Si zéndjIf and si ze[ 0] < PartSi ze[l] andsizefl]
Par t Si z@&r&Y[ajklenChhtnri ent, 0] = 2 orient[NunOrient,
I ] =EfABsd ent[ NunDrient, 2] = 1 NunOrient = NunOrient
+ EnErl f If size[2] < PartSize[O and size[l] <
B ts ze[l] andsize[0] < Part Size[2] orient[NunOrient,

I ent, =1 orient[NunOrient, 2]
1%@ i MM éﬂ Ent et H se T
Try e aseSi ze[l] If try.baseSize[(O =
try b | fTry. baseSi ze[q < PartSize[Q and

T 1zq[ ftes0 a1 d Try. baseS 2] <
Pali S zé‘{lﬁp a4 @qrt,rrrmm ofie L "aseS zel @]

Count = Count + 1
End If
FreeX[i,j,k] = Count
End For
End For
End For

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

NumDim = 0
Fori=0to2
If RequestedSize[i] > 1)
NumDim = NumDim + 1
: End If
End For
I[f NumDim = 1
build1DTry()
Else If NumDim = 2
build2DTry()
Else
fori=0to 2
Try.baseSize[i] RequestedSize[7]
End For
Try.NumConcats = 0
Try.NumFoldMaps = 0
NumberOfTries = 0
build3Dtry(Try, NumberOfTties)
End If

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

a two dimensional request, encompasses the following example logic:
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orient[NunOrient, I ] =1 orient[NunOrient, 2] = 2
NunOrient = NumOrient + 1 End If Else If

wareooshsesSi ze[ O < PartSize[O and Try. baseSi zB{1/{S2005/012500

PartSi ze[l] and Try. baseSi ze[ 2] <

Part Si ze[ 2] orient[ NunCri ent, O] = 0 orient[ NunmOrient,

IT =1 orient[NumOient, 2] NunOrlent :NunOrlent

+ 1 End If IfTry. baseSi ze|[ O< PartSi ze[Q and

Try. baseSi ze[ 2] < PartSizefl] and Try. baseSi ze[l] <

PartSi ze[ 2] orient[NunOrient, 0] = 0 orient[NunOrient,

$}tOrer@(Toy, MemDKgnQorien), 2] = 1 NunOrient = NunOri ent

#f Nunffdent >0 f Try. baseSi ze[ 2] < Part SizefQ and

Tr FobgseGStoNi®DrenPant Si ze[ I ] and Try. baseSi ze[ | ]

Part &mﬁlgirn@gl ent [ NunmOr i ent 0] = 2 orient[NunCrient,
& [ NunOri ent, =1 NunmOrient = NunmOrient

+ 1 End f <o
Try. bﬁ‘&%( E?gfh{bf" ekl .é%% ShiisChizBlorientls, 1)
S

Try. b ! 2
Part S g\? ﬁﬁ%ﬁb@ %Jcaan CS¥% e %Sd[t%\lﬁho]rl ;nt
I ‘Prfen ymbeyOI Lrics]. AL — NurrOrl ent +

1 End | fForf baseSi ze[q < Part Si ze[q and
Try. baseSi I@[I_pqt[Nlpabqrng@fszqongﬁg1ze[], k] = Try. concat81ze[1 orient[7,

,

TryList{NumberOfTries].concatStartNodejj, k] =
Try.concatStartNode[;, orient[7, k]];
End For

End For

TryList{[NumberOfTries].NumFoldMaps = Try.NumFoldMaps;

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

End For

Fork=0to2
TryList[NumberOfTries].tMap[k] = orient[Z, k]
TryList{NumberOfTries].irtMap[orient[Z, k]] = ;

End For

NumberOfTries = NumberOfTries + 1

In particular embodiments, setOrient, which calculates a Number of unique
rotations, NumOrient, for a Try structure and an indices map for each rotation,
encompasses the following example logic:

NumOrient = 0;
If try NumberOfConcatanations > 0
Fori=0to 2
size[i] = try.baseSize[i];
Forj =0 to try.NumConcats — 1
If try.concatStartNode[j, i] = size[i]
size[i] = Try.concatStartNode[j, ] + Try.concatSizel[j, i];
Else If Try.concatStartNode[J, 1] < 0
size[i] = size[i] — try.concatStartNode[/, ]
End If
End For
End For
If size[0] < PartSize[0] and size[1] < PartSize[1] andsize[2] < PartSize[2]
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Try. baseSi zefl] < PartSize[2] orient[NunOrient, 0] =0
orient[NumDrient, 1] = 2 orient[NunOrient, 2] =1

wokoseoseeg = NunOrient + 1 End If If Try. baseSr@BpE1005012500

Part Si ze[Q and Try. baseSize[(Q < PartSize[l] and

Try. baseSi ze[ 2] < Part Size[2] orient[NumOrient, 0] =1
orient[ NunOrient, :Oorhent[NunOrient, 2] =2
NumOr i ent :NurrOrlent + 1 ERl If Else Tf

Try. baseSi zef|] = Try>baseSi ze[2]) |fTry. baseSize[Q <
Part Si ze[ and Tr . baseSi ze[l] < PartSize[l] and

Try. beEent Qpent T@l ze[2] orient[NumOrient, Q = 0O
or i enofiedhm@rient, =% lorient[NunOrient, 2] = 2

NunOr omertt[NunMOriextj 2+ 1 End If 1fTry. baseSi zefl] <
Par t SNzglOtlenar tNuhliQribaseSi ze[ < Part Si zefl ] and

Tr ¥EogaseSi ze[ 2] < PartSize[2] orient[NunOrient,

P @gﬂﬁr‘*@“’ﬂ d‘ldglzgﬁﬂéﬁgﬁft?%@ra?@ﬁ%e ses.l?f‘?ﬁ fl

g seSize[2] < PartSize[l] and
ar?& ze[2] orient[NumOrient, 0] =1
20r|ent[NurrOr|ent 2] =0
et Y End If Else

If size[1] < PartSize[0] and size[0] < PartSize[1] andsize[2] < PartSize[2]
orient{NumOrient, 0] = 1
orient[NumOrient, 1] =0
orient[NumOrient, 2] = 2
NumOrient = NumOrient + 1
End If
If'size[1] < PartSize[0] and size[2] < PartSize[1] andsize[0] < PartSize[2]
orient[ NumOrient, 0] = 1
orient[NumOrient, 1] =2
orient[NumOrient, 2] = 0
NumOrient = NumOrient + 1
End If
If size[2] < PartSize[0] and size[0] < PartSize[1] andsize[1] < PartSize[2]
orient[ NumOrient, 0] = 2
orient[NumOrient, 1]=0
orientfNumOrient, 2] =1
NumOrient = NumOrient + 1
End If
If size[2] < PartSize[0] and size[1] < PartSize[1] andsize[0] < PartSize[2]
orientfNumOrient, 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, 1] =
orient{NumOrient, 2] = 2
NumOrient = NumOrient + 1
End If
Else
If Try.baseSize[0] < PartSize[0] and Try.baseSize[1] < PartSize[1] and
Try.baseSize[2] < PartSize[2]
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I fTry. baseSize[O < PartSize[(Q and Try.baseSize[l] <
Part Si ze[|] and Try. baseSi ze[2] < PartSi ze[ 2]

w@eioensfodginOrient, 0] = 0 orient[NunOrient, |]PEI/US2005/012500

orient[NumOrient, 2] = 2 NunOrient = NumOrient + 1 End
If I1fTry. baseSize[(Q < PartSize[Q and Try. baseSi ze[ 2]
PartSi ze[l] and Try baseSi ZS%” < Part Si ze[ 2]

orient[ NunOrient, = Qortent[NumOrient, 1] = 2
orient[ NunOri ent, =1 NumOrient = NunOrient + 1 End
If 1fTry. basesl ze[q% < PartSize[Q and Try. baseSi ze[ O
< Par t SiogeniNu WigdseSi ze[ 2] < Part Si ze[2]

ori ent [ Ngem{ NamQrie, 3=l orient[ NunOrient, 1] = O

ori ent [ Nue@{NemQrie@f, 23=2 NunOri ent = NunOri ent + 1 End
[f If TiNumh@seSi=zNpmOrfenPart Si ze[ 0 and

Try. bBs®¢8 ze[2] < PartSize[l] and Try. baseSi ze[2] <

P ' a
i e

+ 1 End &L LZ$ 1 < l%grt Qe[q and

Try. bas éﬁ&b Slﬁze[l] and Try. baseSi ze[ 2] <

PartS|ze iﬁrl %ﬁol ent = 2 orient[ NumOrient,
% ’ient = 1 NumOri ent = NunOrient

+ 1 End o :

Try. bEREH zef | ] < PartSize[l] and

H’%’é%?e’% ] < Part Sizef and
If Try.baseSize[2] < PartSize[0] and Try.baseSize[0] < PartSize[1] and
Try.baseSize[1] < PartSize[2]
orient{NumOrient, 0] =2
orient[NumOrient, 1] =0
orient{NumOrient, 2] =1
NumOrient = NumOrient + 1
End If
End if
Else if Try.baseSize[0] = Try.baseSize[2]
If Try.baseSize[0] < PartSize[0] and Try.baseSize[1] < PartSize[1] and
Try.baseSize[2] < PartSize[2]
orient[NumOrient, 0] = 0
orient{NumOrient, 1] =1
orient{NumOrient, 2] =2
NumOrient = NumOrient + 1
End If
If Try.baseSize[0] < PartSize[0] and Try.baseSize[1] < PartSize[2] and
Try.baseSize[1] < PartSize[2]
orient{ NumOrient, 0] =
orient{NumOrient, 1] =2
orient{NumOrient, 2] = 1
NumOrient = NumOrient + 1
End If
If Try.baseSize[1] < PartSize[0] and Try.baseSize[0] < PartSize[1] and
Try.baseSize[2] < PartSize[2]
orient{NumOrient, 0] = 1
orient{NumOrient, 1]=0
orient{NumOrient, 2] = 2
NumOrient = NumOrient + 1
End If
Else Tf Try.baseSize[1] = Try=baseSize[2])
If Try.baseSize[0] < PartSize[0] and Try.baseSize[1] < PartSize[1] and
Try.baseSize[2] < PartSize[2]
orient{NumOrient, 0] = 0
orient{NumOrient, 1] =1
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Try. baseSi ze[2] < PartSize[Q orient[NunOrient, 0] = 2
orient[NumOrient, I ] =1 orient[NunOient, 2] =0

wokoseosmeg = NunOrient + 1 End If End If | n parei/osioas012500

enbodi ments, build2Dtry enconpasses the foll ow ng
exanpl e |l ogi c: Rank(PartSi ze, pRank)

bui | d2DFol d(Part Si ze, pRank,_,Request edSi ze, Nuntol ds,
Fol dList) For i = 0 to NunFdfds - 1 dl =

Request edSi ze[ Fol dLi st[ Z].fi xDi mension] +

Fol dLi St[Z] . fol dLengtht + Fol dListfi] .NunfFolds If
Fol dLP%?I{t[%ﬂ@@ﬁ%%ﬁ%Q not equal 0 dl = dl + 1 End If
For/ NumOrient FdNus@fedtdsl - 1 D2 =

Redinddf edSi ze[ Fol dLi st[Z] . fi xDi nensi on] +
FollfiTishdstizé[al Gﬂ_Eirgilbé[O]l'arEDT@lhaSéﬂlﬁé 0} Nur@lizs1 Jldnd
Fol dLi st[/] .remaimg®asdSple FHarti d2 + 1 End If

| fd2 gsrisht Nﬁﬁﬁmﬁ‘@[htd = frol dL| [Z] Fol dLi st[/] =
FoIdLbrﬁSgﬂ't unlf@h%l i:é] = tenpFol d dl d2 End If End

For |es:OFor Z—Oto Nunfol ds - 1
try bﬁ en .fixDi mension] =
E .fixDi rren3| on]
eSi

"%2[ FIdLlst[Z fo dDi_mens
|:0| l{e[sg [éﬁ) ] and Try. baseS1ze[2] < PartSize[1] and
try. baseSi ze[ Fol dﬂfg{bﬁ$q31%ﬂﬁ@][§r?@ﬁ§1@[%] Fol dLi st [ z]

. NunFetieg[ NumOrient, 0] = 1
orient{fNumOrient, 1] = 2

orientf[NumOrient, 2] =
NumOrient = NumOnent +1
End If
Else
If Try.baseSize[0] < PartSize[0] and Try.baseSize[1] < PartSize[1] and
Try.baseSize[2] < PartSize[2]
orient{NumOrient, 0] = 0
orient{NumOrient, 1] =1
orientfNumOrient, 2] = 2
NumOrient = NumOrient + 1
End If
If Try.baseSize[0] < PartSize[0] and Try.baseSize[2] < PartSize[1] and
Try.baseSize[1] < PartSize[2]
orient{NumOrient, 0] =0
orient{NumOrient, 1] = 2
orient{NumOrient, 2] = 1
NumOrient = NumOrient + 1
End If
If Try.baseSize[1] < PartSize[0] and Try.baseSize[0] < PartSize[1] and
Try.baseSize[2] < PartSize[2]
orient{NumOrient, 0] = 1
orient{NumOrient, 1] =0
orient{ NumOrient, 2] = 2
NumOrient = NumOrient + 1
End If
If Try.baseSize[1] < PartSize[0] and Try.baseSize[2] < PartSize[1] and
Try.baseSize[2] < PartSize[0]
orient{NumOrient, 0] = 1
orient{NumOrient, 1] = 2
orient{NumOrient, 2] = 0
NumOrient = NumOrient + 1
End If
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If FoldList[Z] .remainder not equal O try.NunConcats =
11 f FoldList[z].NunFolds is odd Try.concat St art Node[ O,

wo-od0dks®2§ . fol dDi nension] = FoldList[/]. fol deenysivos/012500

Fol dLi st[z] .remainder Else Try.eoncat StartNode[ O,
Fol dList[z]. foldD nmension] O End If

try. concat St art Node[ O, Fol dLlsgt [z]. fixDi nmension]
try. concat St ar f Node[ O, Fol dLi'st[ z] . oneDi nmensi on]
Fol dList[z]. NurrFoI ds try.concat Si ze[ O, Fol dLi st [ z] .
fixDi mensi on] baseSi ze[ Fol dLi st[z]. fi xDi nensi on]
t ryif E@hb@@&z,@@[] @E Pmﬁla@[msanq Tryftoseldeefehsi RamiSize[1] and
Fol dLi st[z]. renai Adgbaselizefine BuBBizef1Q, Fol dLi st [ z] .
oneD oees[MNmhO=reit, &) s@ try. NunConcats = 0 End If

t ry. Nowi&[NiaOsiest, 1] £0y. fol dLengt h[ 0] =

Fol dLbﬁéﬂtmmﬁgh@megpm Loy foldPron 0] = |

Fol dListdFdent 2@k try fol dTo[ 0] = Fol dList][z].
onglyqngnsi on try. foI = Fol dLi st [ z]

ol

enconfa unfl BefloP] Bi ng exanple logic: J = O oneD =
-1 F@,tpentl_l_\hgn@geg, 1¥=di ze[z-] = 1 and oneD = - 1 oneD

= i epsentiNwIPripnti2=9 1 End If End For
NumOrient = NumOrient + 1

End If
End If

O

In particular embodiments, build2Dtry encompasses the following example logic:

Rank(PartSize, pRank)
build2DFold(PartSize, pRank, RequestedSize, NumFolds, FoldList)
For i =0 to NumFolds - 1
d1 = RequestedSize[FoldList[:].fixDimension] + FoldList[#].foldLengtht -+

FoldList[i{].NumFolds
If FoldList[{].remainder not equal 0
dil=d1+1
End If

Forj =i+ 1 to NumFolds — 1

D2 = RequestedSize[FoldList[].fixDimension] + FoldList[j].foldLengtht +

FoldList[j].NumFolds
If FoldList[/].remainder not equal 0
D2=d2+1
End If
Ifd2 <di
TempFold = FoldList[/]
FoldList[/] = FoldList[]
FoldList[7] = tempFold
dl =d2
End If
End For
End For
NumberOfTries = 0
For i = 0 to NumFolds - 1

try.baseSize[FoldList[i].fixDimension] = RequestedSize[FoldList[{].fixDimension]

try.baseSize[FoldList[i].foldDimension = FoldList[7].foldLength
try.baseSize[FoldList[7].oneDimension] = FoldList[i]. NumFolds
If FoldList[i].remainder not equal 0

try. NumConcats = 1
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If size[twoD[I]] > size[twoD[0]] bigD = twoD[|]
littleD = twoD[ 0] Else bigDh =twDO0] littleD =

wo wbsjo2€End | f startFol dB = sqrt(size[ bigDl) PET/US2005/012500

startFol dB x startFol dB not equal size[bigD] or
startFoldB = 1 StartFoldB = startFoldB + 1 End

| fendFol dB = size[bigD / 2 startFoldL =
sqgrt(size[littleD]) If st ar¥Fol dL x startFol dL not
equal size[littleD] or startFoldL = 1 StartFol dL =
startFoldL + 1 if size[bigDl not equal size[littleD
endFQfEMdﬁlsﬂfu]zMﬂmFbldbﬁl}ch 2 else endFoldL = 1 End If
NunFol dgryzcchchtStatNie| 6] BoriLsdth]. tthidDiBedioriiel ds=

Nuntol ds +( endFol @841 il pfol diehngiB+1FolBnti[lfreinhindadFol dL
> st iol dL NunFol ds= NunFol ds +(endFol dL -

tart |
Fol ¢ f oq%?@ggt I‘llgdeié)lr‘gteng Tglgll)é%}frllsllct)r%]l eD|

Fol d
%NHEFE _m% SesplpfLicpt [ of il ndex]

FoI d foI
FoI d%@({ﬂpgqs ension, Foldlﬂgstt ]eIQumFolds

pidpys

Fol d Ltng@qnp@anqe{]Q@Q I%ﬁﬁﬂébﬁXDHH%tﬁl%a =y la@FeS{ze[FoldLlst[z]
construct ed accor dixRjmessi¢te exanpl e | O%I c below, is a
mesh tey.amcotSize]0,dld kst foidpimsasien i Beldbmtl i) sapainder o
Rank tef.cdncht$izef0,Rolddyst[ik RaelRimension] = 1

Else

try.NumConcats = 0

End If

try.NumFoldMaps = 1

try.foldLength[0] = FoldList[#].foldLength

try.foldFrom[0] = FoldList[].foldDimension

try.foldTo[0] = FoldList[7]. oneDimension

try.foldFix[0] = FoldList[/].fixDimension

build3Dtry(Try, NumberOfTries)
End For

In particular embodiments, build2Dfold, which builds all possible folds of a two

dimensional mesh, encompasses the following example logic:

j=0
oneD =-1
Fori=0to 2
If size[i] = 1 and oneD = -1
oneD =1
Else

End For
If size[twoD[1]] = size[twoD[0]]
bigD = twoD[1]
littleD = twoD[0]
Else
bigD = twoD[0]
littleD = twoDJ[1]
End If
startFoldB = sqrt(size[bigD])
If startFoldB x startFoldB not equal size[bigD] or startFoldB = 1
StartFoldB = startFoldB + 1
End If
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fflittleD] = size[bigD] [bigDl = FoldList[foldl ndex].
foldLength t[oneD] = Fol dLi st[fol dl ndex] . Nunfol ds

WO 20k@50Bank) hit = False For zI 0 to 2 whil e PECT/US2005/012500

Fal se If Rank[zl]] > PartSize[pRank[zl]] hit = Trae
End If If hit = False foldlndex = foldlndex + 1 End If
For i = startFol dB to endFol dB Fol dLi st [ f ol dl ndex]
.foldLength =i Fol dList[fol'dl ndex] .NunfFolds =
size[bigD] / i FoldList[foldlndex] .remainder =
size[bigD nod i Fol dList[fol dlndex].foldD = bigD
chdFatBst §itefbiididex] . fi xD = Httl eD Fol dLi st [ f ol dl ndex]
stifRRII==0eqe@i[ltil¢d])eD] = size[littleD]f[bigD] =
IFahAkbIAL[ alagthadeXdot Eqlad kizoitteDfor startFoldL = 1
(F agtbgbﬁiﬂigdagpglqml remai nder not equal O t[oneD] =
].%% 1 oI ds + 1 Else [oneD =
m oI ds End If RankQ Rank) hit =
an mhlle hit = False If t[tKaak]i

i > s. e[pRank[rI ]] hit True End If End For if
]g]rlldlf‘ﬁ'aqk‘iﬂ‘ é foldl ndex foldl ndex + 1 End If

NumPFolds =1
If endFoldB = startFoldB

NumFolds= NumFolds +(endFoldB — startFoldB+1)
End If
If endFoldL > startFoldL

NumFolds= NumFolds +(endFoldL — startFoldZ+1)
End If
foldIndex = 0;
FoldList[foldIndex].foldLength =size(littleD]
FoldList[foldIndex].NumFolds = 1
FoldList[foldIndex].remainder = O
FoldList[foldIndex].foldD = littleD
FoldList[foldIndex].fixD = bigD
FoldList[foldIndex].oneD = oneD

An array, t, constructed according to the example logic below, is a mesh size of a

resulting Try. Scheduler 515 records a Rank of ¢ in an array, fRank.

{[littleD] = size[bigD]

#{bigD] = FoldList[foldIndex].foldLength

t{oneD] = FoldList[foldIndex] NumFolds

rank(z, fRank)

hit = False

For i1 = 0 to 2 while hit = False

If {[Rank[i1]] > 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
H{littleD] = size[littleD]
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End For For i = startFoldL to endFol dL
Fol dLi st[fol dl ndex] . fol dLength =i Fol dLi st[f ol dl ndex]

WO dawasdoels si ze[littleD] / i Fol dLi st[f ol dl nder¢T/US2005/012500

.remai nder = size[littleD nod i

Fol dLi st[fol dlndex].foldD littleD

Fol dLi st[fol dl ndex] . fi xD bi g? Fol dLi st [ f ol dl ndex] . oneD
= oneD " bigDl = size[bigD “"*littleD =

Fol dLi st [ f ol dl ndex] . f ol dLengt h I f Fol dLi st[fol dl ndex] .
remai nder _not equal O [oneD] = Fol dLi st[fol dl ndex]

. NuirbEP lgs FoldListf feld Indes &lh}Leﬁgth dLi st [f ol dI ndex]

. NdhEoldgstotiindexRaeiginderRahkquahft Fal se for i\ = 0 to
2 whi fendD]t= EolB&istéoltifndex RemFalds J+ >
ParHlssi ze[ pRank[/1]] hit = True End If End For IfM =

Fal se/ D HeML{seifetindex] Nuhrélas | f End For In
palgnqul ar enbodi nents, build 1Try generates a |ist of

foI e dlnen5|onal request and, for each fold,
DFold to generate a |i st of one or nore

tLon t“%d Tryrecordsthellst of folds
&gﬂ-&% Lg,g Eﬂiorrpasses the foll ow ng
exanp é gdlir HJF neDFol d Fold Structure

oneD Folhbt‘S F"t?cture tvvoD[ x] integer NunTwoDFol ds

i nt egéid HwoDFol dSi ze[3] End Structure
End For

if hit = False
foldIndex = foldIndex + 1
End If
End For
For i = startFoldL to endFoldL
FoldList[foldIndex].foldLength = {
FoldList[foldIndex].NumFolds = size[littleD] / i
FoldList[foldIndex].remainder = size[littleD] mod i
FoldList[foldIndex].foldD = littleD
FoldList[foldIndex].fixD = bigD
FoldList{foldIndex].oneD = oneD
{[bigD] = size[bigD]
f{littleD] = FoldList[foldIndex].foldLength
If FoldList{foldIndex].remainder not equal 0
floneD] = FoldList[foldIndex].NumFolds + 1
Else
f{loneD] = FoldList[foldIndex].NumFolds
End If
Rank(t, fRank)
hit = False
for i1 = 0 to 2 while hit = False
If f{fRank{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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In particular enbodi nents, oneD includes a first fold.
In particular enbodi nents, twoD includes a list of
wo olodssgemer ated fromthe first fold. NunlTwoDRRCTIES2005/012500

indicates a Nunber of folds in twoD. In particular
enbodi nents, twoDFol dSi ze i ndicates a nesh size passed
to buil d2Df ol d. Schedul er 515 generates Try structures
for el ements of twoD and cal®s build3Dtry to build all
possi bl e rotations of each Try structure. In
particul ar enbodi ments, buildl Try enconpasses. the

foldsf obmmmmg recoadwpthe lisbgf doldRam Kfer@nel3FoldLishRuhih encompasses the

(Request edSi ze, yRank[O d =
follow?&wégﬂ%w er[/lléanﬂ[.[Z]B start = 2
S@ﬁ%%@h hd1§ 0] - oneD. f ol dLength =
&g%t 59[/ pk[2]] OneDFol dLi st[0]. oneD. NunFol ds

[O] 6jmeD rerr;al nder = 0
|s =/ Rank][ 2
R gw i i
dL| st[O]tW<9 8! L Rank[ 0]

EnslePSres¢ei st [ 0] . t woDFol dSi ze[/ Rank[ 2]] =
Request edSi ze[ / Ra

In patietiFo parbpdingenis, aé%p%qlg@s Zaeflyst ﬁ%](iilk[l? ]p]artmu]fr embodiments, twoD
1nc1\@%§ l'a)l-f%l[ gﬁto?&s[zé%\lkﬁ{a?f&%ﬁh G ﬁles[t @(ﬁ@n Ku@lweDHolBs indicateslaSumber

it False if
of fd?@&ﬂﬁsﬁoé)i SInZﬂrﬁcRﬂaﬂ«{rhl}q&melﬂa,rmDE@ IdSieeniafticptes 18i mesh size passed

o BT e 57 bl 5 S g of o0 s s

b 1@1&% BlkiaAl ssibaBratioReSFQkR T s 8T bls) embodiment
- s e o Ty paoodiments

buﬂdkli?rlyl@ﬁwrdlsaSSﬁSE el falfovgag ﬁeaméeb»gtc Fal seFor i =start to

ﬁalﬂ((ﬁﬂ%?g lﬁm‘?)t [ Nuni DFol ds] . oneD. f ol dLength = i

Rank(RequestedSize, JjRank[0])
end = sqrt(RequestedSize[jRank[2]])
start =2
OneDFoldList[0].oneD.foldLength = RequestedSize[/Rank[2]]
OneDFoldList[0].oneD.NumFolds = 1
OneDFoldList[0].oneD.remainder = 0
OneDFoldList[0].oneD.foldD = jRank[2]
OneDFoldList[0].oneD.oneD = jRank[1]
OneDFoldList[0].oneD.fixD = jRank[0]
OneDFoldList[0].twoDFoldSize[jRank[2]] = RequestedSize[/Rank[2]]
OneDFoldList[0].twoDFoldSize[/Rank[1]} = 1
OneDFoldList[0].twoDFoldSize[jRank[0]] = 1
hit = False
For j = 0 to 2 while hit = False

if RequestedSize[jRank{;]] > PartSize[pRank][;]]

hit = True

End If
End For
If hit = False

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

OneDFoldList[0].nTwoDFolds)

OneDFoldList[0].nTwoDFolds = 1

NumlDFolds=1;
Else

Num1DFolds =0
End If
gotRemZero = False
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OneDFol dLi st [ Num DFol ds] . oneD. Nunfol ds =
Request edSi ze[/ Rank[ 2]] / z

w@n@bbsdoes i st [ Numl DFol ds] . oneD . remai nder =  PCT/US2005/012500

Request edSi ze[ / Rank[ 2] ] nod |
OneDFol dLi st [ Num DFol ds] . oneD. f ol dD =/ Rank[ 2]
( OneDFol dLi st [ Num DFol ds] . qneD. oneD =j Rank[ | ]
OneDFol dLi st [ Num DFol ds] %ﬁeD. fi xD =/ Rank][ 0]
OneDFol dLi st [ Num DrFol ds] . t wDFol dSi ze[ / Rank[ 2]] =
OneDFol dLi st [ Nurm DFol ds] . oneD. f ol dLengt h
FoneBktartdbientl[ Num DFol ds] . t woDFol dSi ze[/ "Rank[I]] =
OneREDF UL stNuiiDedd sil.oheDAalDshgitrolids
OneREPFEHL&t DIoid 0 sheld Dbl @S+ RefiidpedR{8]/Rank(2]]1/fi
0"99519#8&%11,&& DHRdg SheDd! @&@ama@rmkefﬂstea&te@mmd[zp mod i

or Numni
EEE?‘EE] fi%?‘?mﬁ% %g bhega%mm&; }j]:—SuTr ue End If
iz

2]}=
OneDFoI dLi st [ Nunm DFol

On

. SoegPfgldbeneth

Nu@lnebﬁeld@@t um Hafplesl. @HQFMI%%E*W| es = 0 For i
OntDFddiAitPeIndEDFdds].oneD. NynFolds

01eEEDIFdldmmqmID'EwidlﬁdeEFbl‘dslze[lRank[O]] =1
On e adikd181 st N DEBl dsh bk . repaiedgu abt equal 0 or gotRemZero =
OneDFol dLi st[/].twoD[ / Jraksel dD or
One Dﬁ?'(ﬁfeb?‘oidﬂmt%tﬂ RSB #eD . rem@inder =
try. bas Ige%k/l List[/].twoD[/]. frxD] =
h4 st

OneDF t woDFol dSi ze[ OneDFol dList[/] .tw

oDl /] Eldb Rk jst[z].twoD[/]
t];)cl)l gases%j%%%iséﬁl %L Eﬁ%ﬁ'}i%ﬂﬂ% twoDFoldSize,
OneDFol dLi st[z] . twoD[ /] r19 §t ¥ 1DROIs].twoD,

OneDFol dL Nymd D 1nTFwoDFolds)
© IglumllDSf?togdzs]— It\I%\gD{)Folds-Fl qd%t[ Wail ga]lﬁlgl T)

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[7]. twoD[]] foldD or
OneDFoldList[7].oneD.remainder =
try.baseSize[OneDFoldList[].twoD[/].fixD] =
OneDFoldList[].twoDFoldSize[OneDFoldList{].tw
oD[/].fixD]
try.baseSize[OneDFoldList[i].twoD[/].foldD] =
OneDFoldList[i].twoD[j].foldLength
try.baseSize[OneDFoldList{i].twoD[j].oneD] =
OneDFoldList[7].twoD[j].NumFolds;
if OneDFoldList[].twoD[].remainder not equal 0
try. NumConcats = 1
if OneDFoldList[7].twoD[;].NumFolds is odd
try.concatStartNode[0, OneDFoldList[].twoD[/].foldD] =
OneDFoldList[i].twoD[/].foldLength —-
OneDFoldList[i].twoD[/].remainder

Else

try.concatStartNode[0, OneDFoldList[i].twoD[;].foldD] = 0
End If
try.concatStartNode[0, OneDFoldList[i].twoD[/].fixD] =



try. NunConcats = 1 if OneDFol dList[z].twoD/]. Nunfol ds
is odd try.concat St art Node[ 0O,
w@r@bBsdoed i st[].twoD[/"].fol dD] = OneDFol dLi stPai/US2005/012500
.twoD[/].fol dLength - OneDFol dList[z].twoD/]
.remai nder El se try.concat Start Node[ O,
OweDFoI dList[z].twD[ /"] .foldD O End If
try. concat St art Node[ O, OneDPdI dLi st[z].twoD[/-].fixD]
(lry concat St art Node[ 0, OneDFol dLi st[z].twD[/]. oneD]
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OneDFol dLi st[z].twoD[/]. NmFol ds try. concat Si ze[ O,
01 eDFol dLi tsy.fajcatStmBNbde[d,i QuDFeldList[i].twoD[/].oneD] =

try. baseSi

ze[ OneDFol dLiGieDFoldItistpPiwd D[/ T NwibFolds

t ry. concat g zeidatSifaio bl itg181LiktE]) +kwD[].fikD] Fol dD] =

OneDFol dLi
OneDFol dLi

=0 End If
i f OneDFol dLi st ed‘%e

try. concat TSP} dé

st[z].twoD[/] %@S@é{@fneDFM}dmgﬁﬁ]a&@U[ﬂ[f&D]
%ﬂca% / d)n List[A twEDF fd18] MunConcat s
OnebFol QtFl t\{/ ﬁ{aﬂ%requal 0
oneD] =1;

OneDFol diif%t [ 7] . oneDf dD] = OweDFoI dLi stj)]
. oneD. f ol dit& ol dLi st[z] .oneD.remai nder
El se try¥nddhcat St art I\Iode[try NunConcat s,
OneDFol df DeeDEpldbist]. susDaminaindgr mieqnal 0
t ry. concat StQuelNoddlistf4}.oheDSundalds is odd

OneDFol dLi
try.concat

st [tz}. competStdriNdde[tey. NumConcats,
St ar t Node[ t r yoNNDHIGE] 8.0neD.foldD] =

OneDFol dLi st [ z] . oneD. ongfdDroldnepehebifsidl lgth —
.oneD. Nunfol ds try. conC@ﬁ@@(ﬁmgﬁfl DHEER& A st 8er

OneDFoI dLi
try.concat

z] oneD. fixD] =

| ze g
OneDFol dLi st [ C%e'g %ﬁgﬂ? I’SENumConcats,
re

OneDFol dLi st [ z oneD

try. concat

OneDFol dLi %’[CQ Caé

0ogilLls’c[i].oneD.foldD] =0
Nu rrCo ncat s
N-un1Concats OneDFoldList[i].oneD.fixD] = 0

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

try.concatSize[try.NumConcats, OneDFoldList[i].oneD.fixD] = 1

try.concatSize[try.NumConcats, OneDFoldList[i].oneD.foldD] =
OneDFoldList[7].oneD.remainder

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

oneDEnd[0] = try.concatStartNode[try.NumConcats, 0] +
try.concatSize[try.NumConcats, 0] — 1

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

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

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

[ = oneDEnd[OneDFoldList[:].twoD[/].foldD]

If OneDFoldList[i].twoD[;].NumFolds is odd

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

OneDFoldList[i].oneD.foldLength — 1 — (1 mod
OneDFoldList[i].oneD.foldLength)

Else
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oneDENd[ 0] = try.concat Start Node[try. NunConcats, 0] +

try.concat Si ze[try. NunConcats, Q - | oneDEnd[I] =
Wwa egpsosroest St art Node[ try. NunConcats, 1] + PCT/US2005/012500
try.concatSi ze[try. NunConcats, | ] - | oneDEnd[2] =

try.concat Start Node[try. NunConcats, 2] +
try.concat Si ze[try. NurrCoan:?%z, 2] - 1k =
try.concat Start Node[try. Nu ncat s,

OneDFol dList[z].twoD{/].foldD] / =

oneDENnd[ OneDFol dList[z].twoD[/ ].foldD] If

OneDFol dLi st frgfonaatifrtNodalirrolugeConsatisdd

try. concat Start Node[ t r @nbDR@dhisiistwoD[/].foldD] = k mod
OneDFol dl i st[z].twoD[ / DntDFalAList].twoD[;].foldLength
OneDFol dLi st pgdDEMpOhéDFoltD]seHemgDiy]foldD] =(lkmarbd
OneDFol dLi st [ z] . t woD[ / bpbpkeldeng[i oneD.foldLength

&egFEnldEj ldList[z].twoD[/] .foldD =

eDFol dLi 5 . ; =
nebrol dLi@'Eoﬁ%’?‘tg%g@‘{d% tgtﬁﬂﬂ{d% catd.OneDFAIAIRY T.oneD.oneD] = k
El setry. concat St art %dy) tn?ﬁﬂﬁ}ﬁi t[l]'twoé) foldLength

OneDFol dLi%ﬁ%{‘f@é&%{ i Apficiy-0 r%a}=”

OneDFol dLi st [ 2] . t woDf / PreBFaldigihioneD-foldLength

oneDEnd[ OrfebrwicatSizel e Numbsoeats. 3 o1 drsPERd oy

OneDFol dLi st [ z] . oneD. f 8iyerasriBiartiiadeltfy. NumConcats, 0] +1

t ry. concattsy.eortchiSita] ry. NumGrboats at]s; aediBindl Hi-i st [ z] . one
D.oneD] = k / OneDFol didysohedtStavidiodélttydNwngoicats, 1] +1
oneDEnd[ Ongpbsi celisi s frz. NuarGdacan D)= eneDEnd[2] —

OneDFol dLi st [ z] . oneD. f glyHopbgttartNode[try.NumConcats, 2] + 1

try. concat & Zghidohc i FRNRBkSonelts ¥ 1oneDENd[ 0] -
try.con art Node[ try."NunConcats, 0] + 1

try.conga | Z {}1t wNunConcats, 1] = oneDEnd[I] -

try. concatSLAr try, neat
try);. concat %ﬁg‘ N Y sls&a O%E]?‘o%l e 2] -
try. conditfetdy ] YR RQ%SDES o1
t ry. NuntoHel oY 5 Ppe HHAR @Y 00 g | f
try.foldFix[0] = OneDFoldList[7].oneD.fixD
try.foldLength[ 1] = OneDFoldList[i].twoD][;].foldLength
try.foldFrom[1] = OneDFoldList[7].twoD[j].foldD
try.foldTo[1] = OneDFoldList[Z].twoD[j].oneD
try.foldFix[1] = OneDFoldList[:].twoD[;].fixD
build3Dtry(Try, NumberOfTries)
End For
End For
NumDeleted = 0
For i = 0 to NumberOfTries — 1
curMax = TryList[i].baseSize[0] + TryList[i].baseSize[1] + TryList[/] JbaseSize[2]
if TryList[i].NumConcats > 0
curMax = curMax + 1
End If
For j = i +1toNumberOfTries — 1
duplicate = True
For i1 = 0 to 2 while duplicate = True
If TryList[j].baseSize[i1] not equal TryList[7].baseSize[i]
duplicate = False
End If
End For
If duplicate = True and TryList[j].NumConcats = TryList|{] NumConcats)
For i1 = 0 to TryList[7].NumConcats while duplicate = True
For j1 =0 to 2 while duplicate = True

=3
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try. NunfFol dMaps = 2 try.foldLength[Q =

OneDFol dLi st[z] . oneD. fol dLength try. fol dFronf0] =
w@e@besdoes i st [ z] . oneD. fol dD try.foldTo[0] =  PCT/US2005/012500

OneDFol dLi st[z].oneD.oneD try. fol dFi x[0] =

OneDFol dLi st[z].oneD. fxD try.foldLength[Il] =

OneDFol dList[z].twoD[/].foldLength try.foldFroni{l] =

OneDFol dList[z].twoD[/].fol"dD try.fol dTo[ | ]

OneDFol dLi st[z].twoD[/].oneD try. fol dFi x[ 1]

OneDFol dList[z].twoD[/].fixD build3Dtry(Try,

Nurmber O Tri eH)TrEhwt[HmonEaiﬂtaﬁNDdﬂuhmb]mﬁ@quai O For i O

to NunberQTries - 1 cUrWhst[ikcdnoptStatNade[dagdéSi ze[Q +

TryLi st[ z] . basefophedtt k= Falsér yLi st [ z] . baseSi ze[ 2] if

TryList[z]. PEAN $stf7]. SorfebSMREI 151G Ub t 1 End If
For/ =i +l L\Igﬁggbeﬁlgs %Sq—r Mt %lgﬁq_ t{\?ﬁlﬁ True For zl
rue

:0t02\l\hl|e(glloé)p If Trylist[/]
baseSi ze[hzl equal S?r yLi st [ z] . baseSi ze[ z]
duplica AA'se End If End For If duplicate = True
and Try P%llFfW] NunConcats TryLi st[z]. NumConcats) For |
= 0 thp L| st [FZ] . NumConcats while duplicate = True
For JIfSlluPllqatetD Merhi | e duplicate = Truelf
TryLi st FotilcoféaR St art Node[ zI, jI] not equal
TryList] z]T@hm[a}lﬁts%nzbﬂoldef’Eomsfbl]le[@[l]ﬁi lcate = Fal se
El se | f ERdYorst[/].concat Size[/l, jlI] not equal
TryLi st NalmD&leteg aivimbeleted W 1 dupl icate = Fal se End
For Bade For
nxtMax = TryList[j].baseSize[0] + TryList[/].baseSize[1] +
TryList[j].baseSize[2]
If TryList[j]. NumConcats > 0
nxtMax = nxtMax + 1
End If
If nxtMax < curMax
TempTry = TryList[/]
TryList[/] = TryList[i]
TryList[i] = 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 =1to /+1 while hit = False
For j = i to [+1 while hit = False
For (k =j to /+1 while hit = False
Ifi x j x k =2 RequestedNodes
H0]=1
f1]1=]
12]=k
hit = True
End If
End For
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End If If duplicate = True For | = 0 to 2
] +

TryList[/].baseSi ze[zl] = TorusSi ze] zl 1 End For

wolvbessoeed = NunDel eted + 1 Else |ixtMax = PCT/US2005/012500

TryList[/].baseSize[QQ + TryList[/].baseSi ze[l] +
TryList[/].baseSize[2] If TryList[/].NunConcats > 0O
nxt Max = nxtMax + 1 End If | f nxtMax < curMax TenpTry
= TryList[/] TryList[/] :TBList[z] TryList[z] =
tenpTry curMax = nxtMax End If End If End For End For
Number OF Tries = NunmberOf Tries - NunmDel eted In
parkndldrar enbodi nents, buil dConpact Fits, which
Eoddoructs BestFit[3], enconpasses the follow ng
ESep0ipt @attBgb[@ar/Ramf(Rart Si ze, Part Rank) / =
QuliE Ropt PRESIzeae bﬂ[@{@ﬂ) hit = False For z= 1to /+1
whi | et[m]Ltﬁ]Eq se For/ 1 to /+1 while hit = Fal se For
(k j V\/nllehlt:FaIseIfix'

Reque%leﬁﬁiod %%qﬁés@édl\]lodgé ; (t[O]T>! lz'ﬁ])Et%dPar{Sd:eﬁgarzFl?anEfﬁ] W?ule hit =
False
If7[0] x 1] x #{2] = RequestedNodes
Hit = True
End If
End For
End If
Else.
1{0] = PartSize[ParfRank[0]]
= sqrt(RequestedNodes / 1[07)
hit = False;
Forj=1[to [+ 1 while hit = False
For (k= to /+ 1 while hit = False
If (#[0] x j x k = RequestedNodes
f1]=j

f2]1=k
hit = True
End If
End For

End For
if /1] > PartSize[ParfRank{1]]

#{1] = PartSize[ParfRank{1]]

f{2] = RequestedNodes / ({01 x #[1])

If 0] x #[1] x 2] < RequestedNodes
H2]=12]+1

End If

End If
End If
bestFit[pRank[0]] = #[0];
bestFit[pRank[1]] = #[1];
bestFit[pRank[2]] = 7[2];
NumberOfFits =0
For i = 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] =/
Fit{fNumberOfFits,2] = &

Hit = True
If (7 not equal to PartSize[0]) and(/ not equal to PartSize[0]) and (% not
equal to PartSize[0])
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End For If t[0] PartSize[PartRank[Q] U[I]
>Part Si ze[ Parf Rank[I]] [I] [I ] - | hit = False For

w0 p@p/osRegjuest edNodes / (V[ x t[l]) to PCT/US2005/012500
Part Si ze[ Part Rank[ 2]] while hit = False If t[0] x t[I]

X t[2] > RequestedNodes Hit = True End If End For End
If Else [0] = PartSi ze[Part Rank[O0]] / =
sgrt (Request edNodes / 1[ 0] )64hi t = False; Forj =l to /
+ 1 while hit = False For (k =f to/ + 1 while hit =
False IfJJ x j x k RequestedNodes t[I] =i t[2] =k
hit = Tru&oEno= Dfto NuchNEayDiEredisibos WiiletHit + True
>Part Si ze[ Parft RaifiabdrOfFitd, MapBirh Siste] A3 trRach kapMod[m] not
t[2] RequestedNodes / gqaldox [1]) IfA[Q x t[\] x
t[2] <Requesteqipdegisb[2] = t[2] + 1 End If End If End
If bestFit[pRapif O0]] = t[O0]; bestFit[rRank[I]] t[I];
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[i, 0] + Fit[s, 1] + Fit[i, 2]
Forj =i+ 1 to NumBerOfFits — 1
d2 = Fit[j, 0] + Fit[, 1] + Fit[j, 2]
ifd2 <dl
k= Fit[j, 0]
Fit[j, 0] = Fit[i, 0]
Fit[i, 0] =k
k= "Fit[j, 1]
Fit[j, 1] =Fit[s, 1]
Fit[i, 11=%
k= Fit[j, 1]
Fit[j, 1] = Fit[i, 1]
Fit[i, 11=k
dl =d2
Else If d2 =dl1
Rank(Fit[7], iRank)
Rank(Fit[7], JRank)
hit=0
For (k=0 to 2 while hit=0
If Fit[f, jRank[k] > Fit[i, iRank[k]
hit=1
Else If Fit[j, jRank[k] < Fit[Z, iRank[£]
Hit=-1
End For
Ifhit=1
k= Fit[j, 0]
Fit[j, 0] = Fit[, 0]
Fit[i, 0] =k
k=TFit[j, 1]
Fit[j, 1] = Fit[i, 1]
Fit[i, 1]1=k
k= Fit[j, 1]
Fit[7, 1] =Fit[i, 1]
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bestFit[ pRank[2]] = t[2]; NunmberOFits = 0 For
i =BestFit[0] to PartSize[0] Forj =BestFitf 1] to

w@a0068530e8 1] For k BestFit[2] to PartSize[2] PCT/US2005/012500

Fit[ NumberOFits,0] =i Fit[NumberOFits,|] =
Fit[NunmberOFits,2] = k Ht = True If ( z not equal to
Part Si ze[0]) and(/ not equal to PartSize[0]) and (k
not equal to PartSi ze[O])For65m: 0 to NunmvapDi nmensi ons
Wiile Ht = True If Fit[NunberOFits, MapDi nensi on[ nj]
nod Maphod n} not equal to O Hit = False End If End
For End | f Fithi, H* k= True NunberOFFits NunberOFFits + 1
End | f EnddFerd2End For End For For i = 0 to

NunBer OHddl¥ - 1 dl = Fit[i, O] + Fit[z, 1] + Fit]z,
2] Fthd;fz+ 1to NunBerOFits - 1 d2 = Fit[/, 0] +
Fitgdgrdr ] + Fit[/, 2] ifd2 < dl Else |fd2 = dl

BaakoFi t[/], |Rank) Rank(Fit[/ ],yRank) hit O For (k =

%‘Qal\%%}g\wlmle hi t O If Flt[/JRank[/c] > Fit[/,
stances-

For i = 0 NumberOfFits — 1
currentMax = Fit[i, 0] + Fit[i, 1]+ Fit[, 2]
If currentMax not equal lastMax
MaxDistance[ NumberOfMaxDistance, 0] = i
MaxDistance[NumberOfMaxDistance, 1] = currentMax
NumberOfMaxDistance = NumberOfMaxDistance + 1
End If
End For

In particular embodiments, buildFreeMeshes Function encompasses the following

example logic:

NumFreeMeshes = 0
For i = partStart[0] to PartEnd[0]
For j =PartStart[1] to PartEnd[1]
For k= PartStart[2] to PartEnd[2]
If NodeInUse[i,7,k] = NODE_NOT IN USE
NodeInUse[7,/,k] = NODE_ON HOLD
meshStart{0] =i
meshStart[1] =
meshStart[2] = &
inMesh = True
for mz = £+ 1 to PartEnd[2] and inMesh = True
if NodeInUse[7,/,mz] not equal NODE_NOT IN USE
inMesh = False
End If
End For
If inMesh = True
mEnd[2] =mz —1
Else
mEnd[2] =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 NodeInUse [7,j,mz] not equal NODE_NOT IN USE
inMesh = False
End If
End For
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Else If Fit[/jRank[A'] < Fit[z, iRankfA'] Ht = - 1
End For If hit 1 Fit[/, 1] = Fit[ , 1]End If End If

wEpaePsi2eEnd For | ast Max = 0 NunivaxDi st ances =PQOI/E8200$/012500

= 0 NuinberOFits - 1 currentMax = Fit[i, 0] + Fitp,
1] + Fit[z, 2] If currentMax not equal | astMax

MaxDi st ance[ Nunber O MaxDi st apce, 0] i

MaxDi st ance[ Nunmber OF MaxDi st dice, 1] = current Max
Nurmber OF MaxDi st ance = Nunber Of MaxDi stance + 1 End If
End For In particul ar enbodi nents, buil dFreeMeshes
Functi on encdfpadesds=Tive fol | owi ng exanpl e | ogic:
NunfreeMeshes =nfz=Fme+1 = partStart[Q to PartEnd[ 0]
For; =PartStaflk¢!] to PartEnd[l] For k =PartStart][ 2]
to PartEnd[ 2] Ifnzhbﬁgmwse[ V' ] = NODEJNOTJNJJSE
Nodel nUseQV, ki C]\I HOLD msshSt art[Q i

meshStart[ 1] 1f 2] k inMesh = True for ne
=k +1to Partg — |n|\/|esh=True|f
Nodel nUse[ zy, ne df% IN USIF2 nMesh =
Fal se End I f End: _mes

End If
inMesh = True
Formy=j+ 1 to PartEnd[1] and inMesh = True
For mz = meshStart[2 tomeshEnd[2] an inMesh = True
If NodeInUse[7, my, mz mod TorusSize[2]] not equal
NODE_NOT IN USE
inMesh = False
End If
End For
If inMesh = True
meshEnd[1]=my~-1
Else
meshEnd[1]=my -2
End If
If PartWraps[1] and meshStart[1] = 0 and meshEnd[1] not equal
PartEnd[1]
inMesh = True
For my = PartEnd[1] to meshEnd[1] by —1 and inMesh = True
For mz = meshStart[2] to meshEnd[2] and inMesh = True
If NodeInUse[7,my,mz mod Torus Size[2] not equal
NODE_NOT _IN USE
inMesh = False
End If
End For
End For
If inMesh = True
My=my+1
Else
my=my + 2
End If
if my < PartEnd[1]
meshStart[1] = my
meshEnd[1] =meshEnd[1] + TorusSize[1]
End If
End If
End For
inMesh = True
for mx =i+ 1 to PartEnd[0] and inMesh = True
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[ finMesh True nEnd[2] = nz - 1 Else nEnd[2] = nz - 2
If PartWaps[2] and neshStart[2] = 0 and neshEnd[ 2]

woeieesfwad Part End[ 2] i nMesh = True; For nz = ReF/URWA§/@12500

to meshEnd[ 2] by-1 and inMesh = True If Nodel nUse
D, nz] not equal NODE_NOT_IN USE i nMesh = Fal se End If
End Forlf inMesh True nge = nzg + 1 Else nz = nz +2 End
If if mz < PartEnd[2] rresh§7art[2] = nez; nmeshEnd[ 2]
=meshEnd[ 2] + TorasSize[2] End If End If inMesh = True
For ny =) + 1 to PartEnd[l] and inMesh = True For nz =
meshStart[2 fameshbErdhSfbrtn) to mvkisEndf] TandgnMesh = True
Nodel nUse[ z, nyfor iz =mstafip2us Shel] 2] dndrinMestge dirue
NCDE_NOT_I N_USE i pMVesKodahsse[fmrgny) I fmad FdlorkdSiielNgeh mod
= True nmeshEnd[I] = ny- | El se maghkRe[d]] "V - 2ndnd | f equal
I'f PartWaps[Il] and nmeshStartfl] yxpSpageTesEed[ | ]
not equal inMesh = False - -
End If
End For
End For
End For
If inMesh = True
meshEnd[0] = mx— 1

Else
meshEnd[0] = mx — 2
End If
If partWraps[0] and meshStart[0] = 0 and meshEnd[0] not equal
PartEnd[0]
inMesh = True

For mx = partEnd[0] to meshEnd[0] by —1 and inMesh = True
For my = meshStart[1] to meshEnd[1] and inMesh = True
For mz = meshStart[2] to meshEnd[2] and inMesh = True
If NodeInUse[mx,my mod TorusSize[1],mz Mod
TorusSize[2]] not equal
NODE NOT IN_USE
inMesh = False
End If
End For
End For
End For
If inMesh = True
Mx=mx+1
Else
Mx=mx +2
End If
If mx < PartEnd[0]
meshStart[0] = mx
meshEnd[0] = meshEnd[0] + TorusSize[0]
End If
End If
FreeMesh[NumFreeMeshes].Start[0] = meshStart[0]
FreeMesh[NumFreeMeshes].Start[ 1] = meshStart[1]
FreeMesh[NumFreeMeshes].Start[2] = meshStart[2]
FreeMesh[NumFreeMeshes].end[0] = meshEnd[0]
FreeMesh[NumFreeMeshes].end[1] = meshEnd[1]
FreeMesh[NumFreeMeshes].end[2] = meshEnd[2]
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Part End[I] inMesh = True For nmy = PartEnd[l] to
meshEnd[ 1] by-1 and i nMesh = True For nz =

wore®h8sses [ 2] to nmeshEnd[ 2] and i nMesh = True PET/US2005/012500
Nodel nUse[ z, ny, nenod Torus Size[2] not equal
NODE NOT IN USE i nMesh = False End If End For End For
If inMesh = True My = ny + 1 Else ny =ny + 2 End If if
my PartEnd[l] meshSt art[l] rry meshEnd[ | ]
=meshEnd[|] + TorusSi ze[l] End If End If End For
inMesh = True for nx =i + 1to PartEnd[0] and inMesh =
Tr uef or ny FreeviesshiStamfptYettesjiNamhNodfd 3 (meshEnd shmeshStart[0]
True for nme = nBtart[2] to nEnd[2]) ageeshBMES h—mebhS@rt[1] + 1)
I f Nodel nUse[ nx, my nod Tor usSi ze{ esHEn E}LmeshStart[Z]+1)
Tor usSi ze[g]),]m;aeim@;,%g%@ r_[g nl\/bsh =
Fal se End If fhd é’h@&zgﬂﬁ or i nMesh = True

meshEnd[ 0] = ggg n?y Eh&:?hsmrt[l] to meshEnd[l]
myl = my mod TorusSize[1]
For mz = meshStart[2] to meshEnd[2]
mz1 = mz mod TorusSize[2]
NodeInUse[mx1], myl], mz1]=NODE_ON HOLD
End For
End For
End For
Fori=0to2
FreeMesh[NumFreeMeshes].Rank[i] = 2 — [;
End For
For/=0to2
Form=[+1t0o3
[1 = FreeMesh[NumFreeMeshes].Rank{/]
ml = FreeMesh{NumFreeMeshes].Rank[m]
If meshEnd[m1] — meshStart{m1] <meshEnd[/1] — meshStart[/1]
FreeMesh[NumFreeMeshes].Rank[/] = m1
FreeMeshRank{m] = /1
End If
End For
End For
NumFreeMeshes = NumFreeMeshes + 1
End If
End For
End For
End For
For i = partStart[0] to PartEnd[0]
For j =PartStart[1] to PartEnd[1]
For k= PartStart{2] to PartEnd[2]
If NodeInUse[7,j,k] = NODE_ON_HOLD
NodeInUse[7,/,k] = NODE_NOT IN USE
End If
End For
End For
End For
For i = 0 to NumFreeMeshes — 1
Forj=1+1 to NumFreeMeshes — 1
hit = False
if FreeMesh{j].NumNodes < freeMesh[i].NumNodes
hit = True;
Else If FreeMesh[/].NumNodes = freeMesh[/].NumNodes
hit = True
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meshEnd[0] = nmx-2 End If If partWaps[0] and
meshStart[0] = 0 and meshEnd[0] not equal PartEnd[O0]
WO pives55028 True For nx = partEnd[ 0] to nmeshEnd[B{T/D§2005/112500
and i nMesh = True For toy = neshStart[ 1] to neshEnd|
1] and i nMesh = True For ne = neshStart[2] to
meshEnd[ 2] and i nMesh True If Nodel nUse[ nx, m nod
TorusSi ze[ | ], mz Mod Tor us §Pze[2]] not equal
NODE_NOT _ II\IJJSE inMesh = False End If End For End For
End For If inMesh = True Mk = nx + 1 Else Mk nx + 2
End | f ¥ér Inx0 o PahilEhd[-0TrueeshSt art [ 0] = nmx nmeshEnd[ 0]

mes hEnd[10F retMEsh (S]] 6]frdevbshfi] Eaek[1])

FreeMesh[ Nunfpieepshes] . Start[Q = neshStart[ 0]

Fr eel\/bsh[ eel\/bshes] Start[l] = meshStart[]]
FreeMes eel\/bshes] Start[2] = neshStart][ 2]
Free reeMeshes].end[J = neshEnd[ 0]
Free rrFr eeMeshes].end[l] = nmeshEnd[l]

Free reel\/bs nd[ 2

meshEnd Q pMeshEdH éa&aépiel\/l[es]hes] NumNodes =

(meshEn m}\deshh]esﬁaems & + 1) x(meshEnd[l]
-neshStErquqShE&]i)Tem@h‘@hEnd[2] -meshStart[2] + 1) For
nxk = HekliStart[ O to neshEnd[ 0]

End For

End For

In particular embodiments, ScheduleJob, which returns True if scheduler 515

successfully schedules a job 150, encompasses the following example logic:

If Spatial Allowed = True

If scheduleSpatial() = True
return True

Else If CompactAllowed = True
return scheduleCompact()

End If

Else If CompactAllowed = True

return scheduleCompact()

Else

Return scheduleAny()

End If

logic:

In particular embodiments, scheduleSpatial encompasses the following example

GotFit = False
For i = 0 to NumberOfTries — 1 while GotFit = False

If scanSpatial(TryList[{],Start) = True
GotFit = True
setSpatialNodeInUse(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
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nkl = mx nod TorasSize[0] For ny = nmeshStart[l] to
meshEnd[ 1] nyl = ny nod TorusSize[l] For nez =

wore®h8sses [ 2] to meshEnd | nzl = nz nod Tor us SPCEPR1005/012500

Nodel nUse[ir 1], nyl], nzl] = NODE_ON HOLD End For End

For End For For = 0 to 2 FreeMesh[ NunfFreeMeshes]

.Rank[z] =2 - 1; End For For = Qo 2 For nr /+1 to 3

/1 = Freel\/bsh[NurrFreeI\/Eshes]79Rank[/] m =

FreeMesh[ NunfreeMeshes] . Rank[m] | f neshEnd[m ]

-meshStart[m] <meshEnd[/|] -meshStart[/]]

Fr dowiehiefellhFOde Mridved $izBfdnk[l/ ] = m FreeMeshRank[n] =

Il EnHod dNdeefl]Fod tEDe ginalSiddipi= teMeshes NunfreeMeshes

+ 1 End Hof ; EidtoPor End For End For For / =

rartStart[jaNou@[&&ﬁmhﬁ@ EQINdde; =PartStart[l] to

Par t End[gdd fFeRr =Part tart[ZEr to PartEnd[2] If

Nodel ang{rm TF - D Nodel hUse[y, ] =

NODE_NOT_] %E[ MY 11RO YNGR Th koldFix[0]]

mNode[0, Try.foldTo[0]] = jcNode[Try.foldFrom[0]] /
Try.foldLength[0]

If mNode[0, Try.foldTo[0]] is odd

mNode[0, Try.foldFrom[0]] = Try.foldLength[0] — 1 —

(jeNode[Try.foldFrom[0]] mod
Try.foldLength[0])

(@]

Else
mNode[0, Try.foldFrom[0]] = jcNode[ Try.foldFrom[0]] mod
Try.foldLength[0]
End If
Fori=0to2
node[i] = mNode[0, Try.rMap[/]]
End For
Else
mNode[0, Try.foldFix[0]] =jcNode[Try.foldFix[0]]
mNode[0,Try.foldTo[0]] = jcNode[ Try.foldFrom[0]] / Try — foldLnt[0]
If mNode[0, Try.foldTo[0]] is odd
mNode[0, Try.foldFrom[0]] = Try.foldLength[0] — 1 —
(jcNode[ Try.foldFrom[0]] mod

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

mNode[1, Try.foldFix[1]] =mNode[0, Try.foldFix[1]]
mNode[1, Try.foldTo[1]] = mNode[0, Try.foldFrom[1]] /
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])
Else
mNode[1, Try.foldFrom([1]] = mNode[0, Try.foldFrom[1]]
modTry— foldLnt[1]
Fori=0to 2
node[7] = mNode[1, Try.rMap[]]
End For
End If
Fori=0to2
Nodef[i] = node[i] mod TorusSize[]
End For
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End For For / = 0 to NunfFreeMeshes - 1 For/ =i + 1 to
NunfFreeMeshes - 1 hit = False if FreeMesh[/]. NumNodes

wo2dosesRsh[ ]. NumNodes hit = True; Else If PCT/US2005/012500

FreeMesh[/]. NumNodes = freeMesh[z].NumNodes hit =
TrueFor / = 0to 2 while hit = True If
FreeMesh[/].Rank[/] > freel\/Eﬂh[/] Rank[/]) Ht = Fal se
End If End For End If Ifhit True TenpMesh =
FreeMesh[/] FreeMesh[/] = FreeMesh[i] FreeMesh[z] =
TempMesh End If End For End For In particular

enbodi melpdeinEesineda[ €l vode Whinede[ 2B SUNODETINeUBSE
schedul eAs8grieddNodekisNuddndess Apdubég0p j ob 150,
enconpasaesghdddofiellkiPModdn@esapt-aoliggl c: | f

Spat i al AtssgebdNodEIist Nf)dﬁﬁd[@(dg eaaaé T]al () = True

return TRu@IEISe= Nbd rue return
schedy,g@eppact () End If EI se If CorrpactAUovved True

retpitrgchedul eConpact () El se Return schedul eAny() End
cparticular enmbodi ments, schedul eSpati al
enconpasses the foll ow ng exanpl e | ogi c:

In particular embodiments, scanSpatial encompasses the following example logic:

Fori=0to2
If PartWraps[i])
End[7] =PartEnd[{]
Else
End[7] = PartEnd[i] — Try.baseSize[i] + 1
End If
End For
zPlaneCnt = Try.baseSize[0] x Try.baseSize[1];
For i = PartStart[0] to End[0]
newX = True
For (n = PartStart[2] to PartEnd[2]
zPlane[n] = 0
End For
For 1=1i to i+try.baseSize[0]
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]
ZPlane[n] = zPlane[n] + FreeY[/1,m1,n] — FreeY[I1,m2,n]
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
/1 = i 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[12,m1,n])
Else
zPlane[n] = zPlane[n] — FreeX[I1,m1,x]
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Cot Fi t False For i = 0 to NunberOTries - 1 while

Cot Fi t Fal se If scanSpatial (TryList[j], Start) =
w(aewe/0Boedit = True set Sratial Nodel nUse(Try, Se@r/Uy2085¢i12500

If End For Return GotFit In particular enbodi nents,

set Spat i al Nodel nUse, whi ch buil ds Assi gnedNodelLi st

enconpasses the foll ow ng ﬁ,/glarrpl e logic: Nodel ndex = 0

For (cNode[0] = 0 to Oigi Size[0] - 1de[l] =0 to

Oiginal Size[l] - 1 cNode[2] = 0 to Oiginal Size[2] 1

For i =0 to 2 ycNode[)obMap[z]] = cNode[z] End For If

Try. Nunfol dMEpd IE 1 niNode[ O, Try.fol dFi x[0]] =;

cNode[ Try.BErml Etri x[ 0]] nNode[ O, T y.foldTo[O0]]

=j cNodefly. fol dFronf0]] / Try.foldLength[O] If

mNode[ O, '@‘&anPﬁTS%ERﬂ]thaM 7iNode[ O,

Try. fol dFronj, y b ngt 19£x11b1 + (FreeX[0,ml,n] —
cNode[Try fo%ll%ro%r{ ]Zrmgtln [ o] (EI [ ]

mNode[ oI dFr on{ 0]] =/ cl\lodeFéF fo On{ 0]] m)d
%Lg?é“‘

Try. foI O] End If For i 0 to 2 node[]
mNode[ O rl\/hp[% d For EI se mNode[ O,
Try. fol d Try foI dle 0] 1]

mNode[ 0 /27 | dFr on{ 011 /
Try-> fmldtﬁtﬁ’ﬁl]ywsggzi;ddl f@dT@ g@@ i s odd
If PartWraps[0] = False or i+try. baseSlze[O]) < PartEnd[O]

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[I1,m1,n]
End If
End For
Else
For n = PartStart[2] to PartEnd[2]
ZPlane[n] = zPlane[n] + FreeX[/1,ml,n]) + FreeX[0,m2,n]) —
FreeX][/1,m2,n]
End For
End If
Else
newX = False;
k= PartStart[2];
while £ < End[2])
hit = True;
For n =k; to k+ Try.baseSize[2] — 1 while hit = True
If zPlane[n mod TorusSize[2]] not equal zPlaneCnt
hit = False;
End If
End For
if hit = True
Start[0] = i;
Start[1] =;
Start[2] = k;
For ¢Ndx = 0 to try.NumConcats — 1 while hit = True
For m = 0 to 2 while hit = True
cStart[m] = Start[m] + Try.concatStartNode[cNdx, m]
cEnd[m] = cStart[m] + Try.concatSize[cNdx, m] — 1;
if (cEnd[m] > TorusSize[m] && PartWraps[m] = False
hit = False;
End For
For 1 = cStart[0] to cEnd[0] while hit = True
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mNode[ O, Try.foldFronfQ] = Try.foldLength[0] - 1-
(/cNode[ Try. fol dFronf0]] nod Try.fol dLength[0]) El se

wWOorimdes028 Try. f ol dFron{ 0] ] =/ cNode[ Try. f ol dFr o DP$200®/€i12500

Try.foldLength[ O] End If mNode[l. Try.foldFix[I]]
=mNode[ 0, Try.foldFix[I]] mNode[l, Try.foldTo[l]]
mMNode[ O, Try.foldFronfl]] / Try foI dLengt h[ | ]
| f mNode[ |, Try.foldTo[l]] i €3 0dd mNode|[ | ,
Try. fol dFrom‘I ]1 Try.foldLength[I] - 1- (nNode[O,
Try.foldFronil]] nod Try.foldLength[l]) Else mNode[l,
Try. f ol dFr on{Ho} J» =chtsigfid[t0 cEAd}] vhildRiterTiup] nodTry
foldLnt[ 1] ForFor »=0Stast[2] toeHed[2] vhile hi¥coEfue,
Try.rMapff]] End For /sl TérubSike[0]= 0 to 2 Node[z] =
node[ z] nod Tor us%pﬁwﬁlogq@rﬁg{ﬁpﬂel nUse[ node[ 0],
/r&gdefl ] ngng[ 21][ nl}ngE S1ze[2]

si gne eLi s
roal edNadeL ot Fip ﬁée[no 11 2198 ee{qglilNODE NOT IN USE
Assi gnedNodelLi st[ gﬁtn & = node[ 2] Nodel ndex =
Nodel ndex + 1 End For End For In particular
enbodi nment s, sc %ﬁl al enconpasses the foll ow ng
exanpl e Io? i =0to 2 IfPartWaps[z]) End[z]

f

=Part End][ i @F@Te
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=0to2
HighStart[] = PartStart{7]
End For
LowFit=-1
While True
CurrentFit = LowFit + (HighFit — LowFit) / 2
If scanCompact(NumberOfNodes, Fit[CurrentFit], HighStart) = True
HighFit = 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 > MaxDistance[i,0]
HigMaxDistance = i
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End[z] = PartEnd[z] - Try.baseSize[z] + 1 End If End
For zPl aneCnt Try. baseSize[(Q xTry. baseSi ze[l]; For z
w@a00b855e8 [ O to End[ 0] newX = True For (n = PCT/US2005/012500
PartStart[2] to PartEnd[2] zPlane[o] = 0 End For For
1=/ to z+try.baseSize[Q For n = PartStart[2] to
PartEnd[2] /1 =/ nod TorusSize[0] | Pai-tStart[l] nl
= (mM + Try.baseSize[l]) nmod4Tor usSi zel[l]
IfPartStart[l] + Try.baseSize[l] < PartEnd[I]
ZPl ane[ n] = zPlane[n] + FreeY[/Il ,tnl ,] - FreeY[/I
, M2, n}‘l[ﬂEF?BJeZPI ane[n] = zPlane[n]+ FreeY[/I,w, ] End
| f EaddifFor End For For/ = PartStartfl] to End[]]
Ehd®eX = False / 1 =/ nod TorusSize[0] /2 = (i +
Hity= pageSi ze[ Q ) nod TorusSi ze[0] m (J- 1) nod

Fer ush i r fe) = False or
Z+H i gg‘hMDllSiﬁi%\aét@Ezd O] For n PartStart[2] to
Parg o Gt 1l 7 paseSi ze[ < PartEnd[ 0] zPlane["]
zPIanE r e .,n‘L,n] - FreeX[/2,/w,n]) E se
zPl an BRSO = Er eex( /1, m ., n]End | f End For
El s€5%or_n = Part St art[Z& to PartEnd[ 2]
EndFit = MaxDistance[i+1,0] — 1
End If
Hit = False

For j = StartFit to EndFit While Hit = False
If scanCompact(NumberOfNodes, Fit[], HighStart)= True
HighFit=j
HighMaxDistance =
Hit = True
End If
End For
End For
setCompactNodelnUse(Fit(HighFit), HighStart)

In particular embodiments, setComPactNodeInUse encompasses the following

example logic:

node =0
Fori=0to 2
if Start[7] > TorustSize[:]
Start[7] = Start[i] mod TorusSize[i]
End[7] = Start[7] + Size[i] - 1
End If
End For
If NumMapDiminsions = 1
If MapDiminsion[0] = 0
order[0] = 1
order[1]=2
order[2] =0
Else If MapDiminsion[0] = 1
order[0]=0
orderf1] =2
order[2] =1
Else
order[0]=0
order[1]=1
order[2] =2
End If
Else
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zPl ane[ n] zPlane["] - (FreeX[/Il,rl,/i]+ _
(FreeX[O,m ,rc] FreeX[/2,mM ,n])) End For End If /1 =i

worR@e/IsresSi ze[0] 12 = (i +Try. baseSi ze[ () nDRICT/US2005/012500

TorasSize[0] mMl = (J + Try. baseSi ze[l]) nod
TorusSi ze[|l] If PartWaps[(Q = Fal se or
+try. baseSize[(Q) < PartEnd[Q] For n = PartStart[2] to
Part End[2] If/ + Try.baseSi Z8[Q < PartEnd[0]
ZPl ane| >] = zPlane[n] + FreeX[/l ,m ,n] - FreeX/I
,m,n] Else ZPl anel X3 = zPl ane[n] + FreeX[/I,m ,n] End
| f ®der{Hor 3 EMapHovingionf OPaMd#pDamtifsin[1p Par t End[ 2]
ZP| @de] H]= MapPimimsfon]0]+ FreeX[/|.m ,n]) +
Fr ea®¢(D r2MapDidinei@X[ V]l , N2, n] End For End If Else newX
Enffaf se; = PartStart[2]; while k End[2]) hit = True;
EQinte - k ; to k +Try. baseSize[2] - 1 while hit = True
H)f i lS'E'ﬁPtf(Erﬁe tTéH éﬁ%ﬁ@h%ﬁh c&gﬁt <e}ggq%|§§t§$$a%%m_t . _h' t
= Flﬁ{ifﬁ»rd@f_ 15 ij?@ Tossi [ordirop) 1" Ye T =i
St Horl = Sta_ljt[brdsetrﬁﬁ] el)md[_order[l]] and count < RequestedNodes
indexforder{1]] = j mod TorusSize[order[1]]
For k = Start[order[2]] to end[order[2]] and count < RequestedNodes
index[order[2]] = £ mod TorusSize[order[2]]

If NodeInUse[index[0], index[1], index[2]] = NODE_NOT IN USE
NodelnUse[index[0], index[1], index[2]] = NODE_IN USE
AssignedNodeList[node, order[0] = index[order[0]]
AssignedNodeList[node, order[1] = index[order[2]]
AssignedNodeList[node, order{2] = index[order[2]]
node =node + 1

End If

End For
End For
End For

In particular embodiments, ScanCompact encompasses the following example
logic:

Fori=0to2 :
If PartWraps[i] = True
end[7] =PartEnd[:]
Else
end[i] = PartEnd[i] — Start[:] + 1
End If
For i = PartStar[0] to end[0]
newX = True
For n= 0 to TorusSize[2]
ZPlane[n] =0
End For
for (/=1 to i+ size[0]
for (n = pStart[2]; n < pEnd[2]; nt++)
[1 =1mod TorusSize[0];
ml = PartStart{1]
m2 = (PartStart[1] + size[1]) mod TorusSize[1]
If PartStart[1]+size[1] < PartEnd[1])
ZPlane[n] = zPlane[n] +FreeY[/1,m1,n] — FreeY[/1,m2,n]
Else
ZPlane[n] = zPlane{n] +FreeY[/1,m1,n]
End If
| End For
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waeopsosieeat St art Nodet cNdx, n] cEnd[ nj

For cNdx = 0 to try. NunConcats - 1 wh
For m=0to 2 while hit = True cStar

ile hit = True
rtfm = Start[m +
= cSt ar t Pari/US2005/012500
Try.concatSi ze[cNdx, n] - 1; if (cEnd[m >
TorusSi ze[n] && PartWaps[m = False hit = Fal se; End
For For 1= cStart[( to cEnd[0] while hit = TrueFor m
= cStart[l] to cEnd[I] whil’e® hit = True For n =
cStart[2] to cEnd[2] while hit = True / 1 /nod
TorusSi ze[0] mM = mnod TorusSi ze[l] n\ ~ n nod
Tor udBidzZ&fr2] |f NodelnUse[/|,m ,nl] not equal
NODE_INOF =IIrtiSEiet[ hj to EndFH|l se; End |f End For End For
End For néf vkt Trie True Return True; Else K =k + 1 End
I f El serfqpewX £Halsend I f End I f End For End For Return
Fal se In partjcul ar enmbodi ments,

schedul eOolr_maQLFFy%Ed] H{&d’l‘@%s‘S‘i‘zé@‘_]ﬂs a binary search

it, enconpa l'owm ng exanple logic: HghFit =
gg??g{ g {: I[%Eart\xﬂiaps%] Falge E)r(:)z+%tml[[gi1 §t1§a{r{]:9dk0]

For n = PartStart[2] to PartEnd[2]
If i+size[0] £ PartEnd[0]
ZPlane[n] = zPlane[n] — (FreeX [/1,m1,n] — FreeX[12,m1,n])
else
zPlane[n] = zPlane[n] — FreeX [/1,m1,n]
End If
End For
Else
For n = PartStart[2] to PartEnd[2]
zPlane[n] = zPlane[n] — (FreeX [/1,m1,n] + (FreeX[0,m1,n] —
FreeX [12,m1,n]))
End For
End If
n=i
2 = (i + Start[0]) mod TorusSize[0]
m1 = (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[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,m1,n] + (FreeX[0,m1,n] —
FreeX[I1,m2,n]))
End For
End If
Else
newX = False
End If
For k = PartStart[2] to end[2]
ifnewY = True
newY = False
count = 0;
For n=kto k+ size[2]
count = count + zPlane[n mod TorusSize[2]]
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End For LowFit = - 1 While True CurrentFit = LowFit +

(H ghFit - Lowrit) / 2 If scanConpact ( Nunber O Nodes,
wo-Raopssoeent Fit], Hi ghStart) = True H ghFit = PCT/US2005/012500

CurrentFit Else Lowrit = CurrentFit End If If Hi ghFit

= LowFit + 1 Return End If End Wiile Ht = Fal se For i

= 0 to NumvaxDi stances - 1 ile Ht = False If
H ghFit > MaxDi stancep, Q H’gMaxDi stance = iHt = True
End If End For Hit = True For i = H ghMaxDi stance - 1

to O by - 1 StartFit = MaxDistance[z, Q) If |
=NumVaxDi st adés Forl EndFit Number OFFits 1 El se EndFit
= MaxDi st ahbe[z+1,0] - 1 End If Ht = False For/ =
StartFit to HEodfi+ cohitHePhine[i=— Fal se | f
scanConpact ( Ndrbgi €bike[des. 1) Eioa[qfdmssﬂﬁg@pt art)= True
H ghFit H ghMexddestigrqe = / Hit True End If End For
=i
I2 = (i + size[0]) mod TorusSize[0]
If PartWraps[0] = False or i + size[0]) < PartEnd[0]
Form =jto j + size[1]
ml =m mod TorusSize[1]
If i + size[0] < PartBEnd[0]
ZPlane[k1] = zPlane[k1] + (FreeX[/1,m1,k1] —

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

Else
Form=jtoj+ 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[k1]
End If
If count > NumberOf Nodes
Start[0] =1
Start[1] =7
Start[2] =k
return True
End If
End For
End For
End For
End For
return False

In particular embodiments, scheduleAny encompasses the following logic:

Node=0
Remainder = RequestedNodes
For m = 0 to NumFreeMeshes while Remainder > 0
If FreeMesh[m].Rank[0] = 2
iNdx = FreeMesh[m].Rank[2]
JNdx = FreeMesh[m].Rank[1]
Else If FreeMesh[m].Rank[1] = 2
iNdx = FreeMesh[m].Rank[2]
JNdx = FreeMesh[m].Rank[0]
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End For set Conract Nodel nUse(Fit(H ghFit), H ghStart)
In particular enbodi nents, set ConPact Nodel nUse

wenmonprsses the foll ow ng exanpl e | ogi c: nodePET/0S$60%$/012500

i =0to 2 if Startp] > TorustSize[z] Startfd =
Start[d nod TorusSize[z] End[d = Starttd + Size[z] - 1
End If End For |f NumMepDi mihsions 1 If

MapDi mi nsion[0] = 0 order[(ﬂ8 = 1 order[l] = 2 order][2]
= 0 Else If MapDinminsion[0] = 1 order[0] = 0 order[I]
= 2 order[2] =1 Else order[0] = 0 order[l] =1
orHee[ 2] = 2 End If Elseorder[0] = 3 - MapDi m nsion[0]
- WﬂNﬁWﬁ‘béMEdﬂrnﬂ)Rdﬂ{[[lﬂ] = MapDirrinsi on[ 0] order][2]
= R @VIbdh mEREnk[D] count 0O For i =

St]g;g1 [[prder[O]] to end[order[O]] and count <

$§r v 51% g\% E’}Efl‘[ mec[)ﬁ%ﬁ/[eﬁl[bn] réﬁd’ﬁeNdx] while Remainder > 0
end[ ol r [ I st a?ﬁ{ Fie Lol e%%oé hdQdx] while Remainder
I ndex
R T e R
Request ed N figno Toms

j1=jmod Toru381ze[1Mod]

k1 = kmod TorusSize[2]

IfiNdx=0

NodelnUse[il,j1,k1] =NODE_IN_USE
Else
NodeInUse[j1,i1,k1]=NODE_IN_USE

End If

AssignedNodeList[Node].[{Ndx] = i1

AssignedNodeList[Node].[f/Ndx] = j1

AssignedNodeList[Node, 2] = k1

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
to[MapDiminsion[0]] = AssignedNodeList[node, MapDimension[0]] /
MapMod[0]
to[3] = AssignedNodeList[node, MapDiminsion[0]] mod MapMod[0]
Else
to[MapDiminsion[0]] = AssignedNodeList[node, MapDiminsion[0]] /
MapMod[0]
to[MapDiminsion[1]] = AssignedNodeList[node, MapDiminsion[1]] /
MapMod[1]
to[3] = (AssignedNodeList[node, MapDiminsion[0]] mod MapMod[0]) x
MapMod[1] +
AssignedNodeList[node, MapDiminsion[1]] mod MapMod[1]
End If
hit = False
for (nodel = 0 to NumFreeNodes — 1 while hit = False
If to[0] = FreeNodeList[node1],coordinate[0] and
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i ndex[order[2]] = icnod TorusSi ze[order[2]] If
Nodel nUse[ i ndex[ 0], index[l], index[2]] =

WONGIDE 054078 | N USE Nodel nUse[ i ndex[ 0], index[I|],PCT/US2005/012500
i ndex[2]] = NODEJNJUSE Assi gnedNodeLi st [ node, order[0]
= index[order[0]] AssignedNodeListfnode, order[ 1] =
i ndex[order[2]] AssignedNodeli st[node, order[2] =
i ndex[ order[2]] node = node ® 1 End If End For End For
End For In particul ar enbodi nents, ScanConpact
enconpasses the foll ow ng exanple |ogic: For 0to 2
| f Part Viobldsi Fieel¥odedigtiutl1 Fiemrdifate]1 ] hndl se end[] =
Par t End[te]2]= BraNoddlistinclle Engbotdindtol2] and Part Star [ O
t o end[ Op[I]evbresNddeldstide.cooRtiihate[BPr usSi ze[ 2]

ZPI aneDzHrea\I@ddinﬁ[rﬁqa]flﬁﬁlR(abk dodtO T + size[0] for (n
- pStartfigkTie< rEnd[2]; n++) / | = /nod
Torusgha 0], m PartStart[I] m (PartStart[l] +

nod TorusSize[l] If PartStart[l]+size[l] <
E%Cf;% I]) ZPl ane[n] = zPlane[n] +FreeY[/l, M, | -
/1

, M, n] Else ZPl ane[n] == zPl ane[ n]

+Fr eeY A rc] _End If_ End For End For
In patticular embgdnnents scheduler 515 uses the following example structures,

which are defined as follows, to allocate nodes 115 to jobs 150. As described above,
cluster management engine 130 communicates a list of FreeNode structures to scheduler
515 along with a job 150. The list includes all nodes 115 available for scheduling. In the
list, switch-based coordinates identify available nodes 115 in the list. If scheduler 515
schedules job 150, scheduler 515 sets mpiRank before returning.

Structure FreeNode
integer  coordinate[4]
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]
integer  irMap[3]



For/ = PartStart[l] to End[I] newY = True If newX
False | X =i | = ( z + size[0]) nod TorusSi ze[0] m
WOEpe06N53088 Part Waps[ O = Fal se or z+Start[J <PCT/US2005/012500

Part End[0] For n =PartStart[2] to PartEnd[2] If
| +si ze[0] < PartEnd[ O] ZPlane[n] = zPlane[n] - (FreeX
[1T,mM ,n] - FreeX[/2,rl,7<|) .else zPlane[n] =
zPlane[n] - FreeX [II,m,n] 8nhd 1f End For Else For n
=PartStart[2] to PartEnd[2] zPlane[n] = zPlane[n] -
(FreeX [I\,m, \ +(FreeX[O,rl,n] - FreeX [12,mM, \))
Endnfeger EngumnFoldMapsz | = (i + Start[Q) nod
Torintegez e[ 6jldidngth(2] +size[l] -1) nod TorusSize[l] If
Parittégaps| ©ldErofrdlse or i +Start[ Q) < PartEnd[0] For
n dnfegert St &ldTdR]to PartEnd[2] IfO + Start[Q <

5 Parihfepef O] Joldfkprje[ n] = zPlane[n] + (FreeX[/I,m , n] -
Enes¥hibilye I1W2, /1] Else ZPlane[n] = zPl ane[n] +
FreeX[/] ,m ,n] End If End For Else For n

=Pa[.t Part End] 2] . ZPLane[n] =.zP, ec%+
g S L AT o
information on meshes in grid 110 available for scheduling. Scheduler 515 uses FreeMesh

10 to schedule “any” requests.

Structure FreeMesh
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 variables,
20 which are defined as follows, to allocate nodes 115 to jobs 150.
« RequestedNodes: a number of nodes requested for a job 150.
+ RequestType: atype 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
25 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
30 515 has applied JobMap.

« TorusSize[3]: size of grid 110 in terms of CPUs 164.
+ NodesPerSwitch: number of nodes 115 per switch 166.
» NumlFreeNodes: number of nodes 115 available for scheduling.

» FreeNodeList[NumFreeNodes]: list of nodes 115 available for scheduling passed
35 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 newX = False End If For k
=PartStart[2] to end[2] if newY = True newY Fal se

w@owans30290; For n ~ k to k +size[2] count = COREI/US2005/012500

zPl ane[ nod TorusSi ze[ 2] ] End For El se count = count -

zPl ane[/c- 1] kl (k+ size[2] - 1) nod TorusSize ]

zPlane[l] =0 /1 =/2 = ( + size[0]) nod TorasSi ze[ 0]

If PartWaps[Q False or i &l gj ze[0]) < PartEnd[0] For

m=j to/ + size[l] m - mnod TorusSize[l] If/ +

size[0] < PartEnd[ 0] ZPlane[M = zPlane[l] +

«( FTerMap[3it , 4 mdppingFfaedcé frmmla syitph-baed domp|ta ga[grder more

]_§1:ifa_fBldatb$_E:hed]ulerSI¥SfeeX[/l ,m, kl ] End For Else For m

=] to] + Si ZPl ane[ | = zPl ane[ l.] .+

7 wortseromRRpte: (i S8, o T?ﬁ&?ap? Rledip 71, putpy jodes 115

En8eloss rergingrto chier mapagmment e heQ-A: 11 End 1f | f

LOMRInMapiRaIdd: NodfRr of dimensions modified when going from a switch-
based torus to a node base torus; possible values are one and two.

. MapDimensions[2]: indices of dimensions modified when going from a switch-
based torus to the node base torus.

. MapMod[2]: multipliers used when going from a switch-based torus to a node-
based torus; possible values are MapMod[0] = 4 for NumMapDimesions = 1 and
MapMod[0] = 2 and MapMode[1] = 2 for NumMapDimesions = 2.

» PartSize[3]: size of a partition.

o PartStart[3]: start coordinate of a partition.

« PartEnd[3]: end coordinate of a partition.

. PartWraps[3]: PartWraps[i] = True if a partition wraps in dimension i.

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

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

« NumberOfTries: anumber of Try structures constructed for a spatial request.
« TryList[NumberOfTries]: a list of Try structures for a spatial request.
« NumberOfFits: a number of meshes constructed for a compact request.

. Fit[NumberOfFits,3]: a list of meshes constructed for a compact request.
o Fit[i,0] = size of mesh / in an x dimension.
. Fit[i,1] = size of mesh i in a y dimension.
. Fit[i,2] = size of mesh i in a z dimension.

. NumMaxDistances: a number of unique maximum distances in Fit.

. MaxDistance[NumMaxDistances,2]: a list of unique maximum distances in Fit.
For any 0< i < NumMaxDistances, MaxDistance[i,0] = index into Fit of a first
mesh with maximum distance = MaxDistance[/,1].

. NumFreeMeshes: a number of free meshes in grid 110. A free mesh is a mesh
including only free nodes 115.
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Start[Q i Start[l] = Start[2] = k return True End If

End For End For End For End For return False In
w@arbioswear enbodi nents, schedul eAny enconpasseSI/Uk®05/012500

followi ng |logic: Node = 0 Remai nder = Request edNodes

For m-0 to NunfreeMeshes while Remainder > 0 If

FreeMesh[n]. Rank[0] 2 Ndx = FreeMesh[m .Rank[2] jNdx =

FreeMesh[ nj . Rank[I] Else If %reeMesh[nj.Rank[I] = 2

i Ndx = FreeMeshfm] .Rank[2] jNdx = _

FreeMesh .Rank[ O] El se /Ndx = FreeMesh[m .Rarik[I]] dx

= FE@@W@%%WF sps] Errdarkdy dEdireeMesh structures.

L A a0 o 1
Fr eees r?f énd[/ Ndx] while Remainder > 0 For

BRI, (8, SRl 0l v
opeﬂl\?dlg([jdé foﬁ&fféi%ﬂ/ﬂlvbefihcfé?t EK _(%E%E%é’(@lzsﬁe{srg]d&%gé :\ﬁgggl[l}/f Icomprise over
severjty-fixe ppreenCHEdatd Jsitterrid disk. This VO is often done so that processing is
not lost to a platform failure. Based on this, a file system’s I/O can be segregated into two
portions: productive I/O and defensive I/O. Productive I/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 VO is perforrﬁed 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 (VSAM) 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.

Hlustrated local memory 520 includes physical list 521, virtual list 522, group file
523, policy table 524, and job queue 525. But, while not illustrated, local memory 520
may include other data structures, including a job table and audit log, without departing
from the scope of this disclosure. Returning to the illustrated structures, physical list 521
is operable to store identifying and physical management information about node 115.
Physical list 521 may be a multidimensional data structure that includes at least one record
per node 115. For example, the physical record may include fields such as “node,”

“availability,” “processor wutilization,” “memory utilization,” “temperature,” “physical
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Assi gnedNodelLi st [ Node] . [ zNdx] = i\

Assi gnedNodeLi st[ Node] . [/ Ndx] =j\
wos®sgseeNodelLi st [ Node, 2] = k\ Node = Node + RCEOS20pD012500

End For End For End For In particular enbodi nents,
set Mpi Rank enconpasses the follow ng |ogic: For node =
0O to RequestedNodes - 1 to] :]h Assi gnedNodelLi st [ node,
0] to[l] = AssignedNodelLi st? ode, 1] to[2] =
Assi gnedNodeli st [ node 2] I'f NumvapD m nsions =1
t o[ MapDi m nsi on[ 0] ] Assi gnedNodelLi st [ node,

locatibm Di addrsssgh{ ok nlnagdsg Maod] Oﬂhetso[ B]Wﬂ:l be understood that each record

SR L AR s S L IS R0 AR i

el BRBIEn il b g e gl o

t o[\’iituad lésxksis?i2gmefamwét|t@tsmr@d@gw%m ﬁlsn@ﬁfgﬂn}enﬁé@fonnatmn

o SEAPO L S b AOSIORE B1 0s op e

least HdRbord fer heddNugr Ecﬁ‘l‘&dﬁg)le tHe Wktuhleretortl nmyFatisde ﬁelds such as
“nocllbi’E g O]'@:pilng’e"‘\ggre]L ‘I“Ztﬁréqrxllgpﬁlla @’Fﬁ%gdl g}%ye%% ’an‘%g%ah] location,”
» e 3 0
GBI ARt BPS o e wne
somBPoRaAh ksf ﬂ@Ck&airllple fields.udn Bnel eibodineng dhe 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 cluster 220 or with one or more physical nodes 115, such as
nodes residing within a particular group’s domain. This allows each group to have an
individual processing space without competing for resources. However, as described
above, the shape and size of virtual cluster 220 may be dynamic and may change
according to needs, time, or any other parameter.

Policy table 524 includes one or more policies. It will be understood that policy
table 524 and policy 524 may be used interchangeably as appropriate. Policy 524
generally stores processing and management information about jobs 150 and/or virtual
clusters 220. For example, policies 524 may include any Number of parameters or
variables including problem size, problem run time, timeslots, preemption, users’ allocated
share of node 115 or virtual cluster 220, and such.

Job queue 525 represents one or more streams of jobs 150 awaiting execution.

Generally, queue 525 comprises any suitable data structure, such as a bubble array,
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End For In particular enmbodinents, schedul er 515 uses
the follow ng exanple structures, which are defined as
w0 odobos®28 t 0 al | ocate nodes 115 to jobs 150. ABRCT/US2005/012500
descri bed above, cluster managenent engi ne 130
conmuni cates a list of FreeNode structures to
schedul er 515 along with a job 150. The list includes
all nodes 115 avail able for %%heduling. In the list,
swi t ch-based coordi nates identify avail abl e nodes 115
inthe list. If scheduler 515 schedul es job 150,
datghpive tibl e ror Pointee tisayyfoRstoking ahyp Nunitest Wincludghg SiroUef jobe 150 or

rol GRS ORI | FRHS AT A e o 07 hENO G ed R A T8 952 phuraliy of
queMseS523 With GacH fuke 58 eIchacriiﬁ% rwgthh&w éﬁ@l@qiﬁlicgigt\iﬁétﬁal clusters 220

_folds one dinensional an I mensi onal  sp:
withiggigdshld: Structure Fold integer fol dLength integer

ot g p P Shert O L e iRt sBEEF D Bsdgives job 150, made

up SfrNichsiisewhithpasdpetdiivaly SoTPOG pRM S 5L badsthhe ThRulations and
sSes a_Try struct ure to store I nf or mat'i on on meshes

exchanging dpfodnsion| iGlester mprascalen} epgingd30lipcgtes O¥ motles é15 and

incl i i h up to t .
T e O e
theiehy efjewimuipnddén to bt egeed eﬁﬁtﬁl\gtﬂ[% ]Zl&_[r2e%x3ing%ef,1 CRERF management

Node[ 2, 3 t [ inte _
cnEfiENG QL E7 AELGEI O DEBE GRmgSch 1 BGcAL BReTBRYHpEEY. supplied by
the iu@élrg gl@{(g[afz(?éﬁ,': €198 hnahdYeRRRT ed P TH el 69 &kploit the architecture

fo
of server 102, which in turn provides the quicker turnaround for the user and likely

improves the overall throughput for system 100.
In one embodiment, cluster management engine 130 then selects and allocates

nodes 115 according to any of the following example topologies:

Specified 2D (x,y) or 3D (x,y,z) - Nodes 115 are allocated and tasks may be
ordered in the specified dimensions, thereby preserving efficient neighbor to neighbor
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
efficient 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.



10

15

20

25

30

End Structure In particular enbodi nents, schedul er 515

uses a FreeMesh structure to store information on
wore@hessoeh grid 110 avail abl e for schedul i ng. Bhesh&012500

515 uses FreeMesh to schedul e "any" requests.

Structure FreeMesh integer start[S] i nt eger end[ 3]

i nteger size[3] integer rangé i nt eger nunber O Nodes

End Structure In particul ar "enbodi nents, schedul er 515

uses the foll owi ng exanpl e vari abl es, mhlch are

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

Request edNodes: a nunber of nodes requested for a job

15 : Type: e of .job.re .
COBREFTE APk Blistef g Reertiny | Plinle“FHF BacaBE AT ftes 115 in o

spherRAT kMlumen I%r?eﬁaﬁble@tﬂecﬁ}sﬂtﬁﬂ( may D8 YIRS inv ikl @fter Aode 115 of the
floati ng poi nt nunber between zero and one indicati

sphereqreiff e 16¥t qfdbatasksaplpendiaanadss 4 &h sumpunding the cgpter hode 115. T
w111%%1%gl%rs§?091f ’rh?ﬂ f.]ag %ues fgbggeﬁso‘{% kﬁa’nﬁgé ?f%ly:()} Rt gfplcally critical.

This mjjom dy @inigrinathsi clmaﬁde etveshdhe finxrtasksandt aﬂbd)hhert fasks. This
efﬁ%&& ﬁ\ e({lgslsl g5 clgssqog %‘I?%%V [gq?é]tggqls'fgd-ﬁlﬁ gpest@%( %geswnh the first

taskaggtlﬂ&qmﬁpglyﬁgther TorusS| ze[3]: size of grid 110 in
terms of . . NodesPer Swi t ch: nunber of nodes

115 per svmtch 166 . NurrFreeNodes nunber of nodes

%\g@' l asch eﬁ&%@%&%d Tng%}ei 130 gHogates N nodes 115 with reduced
conﬁ&léda’u@@ k& \{flﬁHre a6ddubl hbRJopraFEer piyskale oarl. 24 6ne embodiment,

Spatial Al lowed: set to True if spatial scheduling
thisfPpeIeer encauspges cagalessviedse aeerid d 19rfge bagkfidlingoperposes, with little

ng, owed. AnyAUowed: set to True if any
1mp§§tﬂ8§ﬂ+ér gls:oowed TorusMap[ 3]: a mappi ng of indices

froma SMAtCh based torus to an order nmore suitable to
schedu 515. . lnverseTorusMapl[.3] n i nverse of
Torlﬁé"f\'/hﬁ’e wislorstend at gaemrwtt@mloas&j 2qeynpepyipg description are

o A D 0 14 AEPAGCUBAL 01 Doekife o s
alloggingpukh tonodoges. t chbased

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 free 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 illustrative and system 100 contemplates

using any suitable combination and arrangement of logical elements for implementing
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torus to a node base torus; possible values are one
and two. MapDinmensions[2]: indices of dinmensions
woreasOs®e8 when going froma sw tchbased torus POI/UR®05/012500
node base torus. MapMd[2]: nultipliers used when
going froma sw tch-based torus to a nodebased torus;
possi bl e val ues are MapMod[ 0] 4 for NumvapDi nesi ons
= 1 and MapMbd[0] = 2 and I@épl\/bde[l] =2 for
NuwNapD nmesions = 2. PartSize[3]: size of a
partition. PartStart[3]: start coordinate of a
thesdP@ahd iothepmalgoritRast Emﬂ{ls’i]thesensbfcf(m: diothiles oAy anclude any suvitable

. coml?jg;.‘r:(;n: Mawlzgélte}/l\{] gg p{{:@‘]ﬁg’fso‘g S ?\E}?}I nian;gl;lré l%f(%des 15 and jobs

150. Rﬁ%? o@%ﬁ'ﬁf Tcﬂfe g SF QL %ﬁbﬁ§§lu§t@z§t€@) n@)ﬁu&§5h¥a?me] combined and/or

|nd| cates a state of a node
sepamédsaskalppropahwes i ncl ude NODE_|I N_USE (node 115 assi gned

to_ano ob NOT _JNJ :
oRRATRRS LR b TR o Vel abREC e Ry gypamicaly
procmﬁ& £281s0hh1Agi oA A @Scokddnct Vit dne l@nﬂo’éﬂi)ment oFﬂqu)Yesent disclosure.
usSi ze O TorusSize | TorusSi ze ]]:

Genemﬂy,cﬁmmé IHudéseribess nrethod é%ue@uqlnseqeweﬁ .an‘éat%h p0h<§ubmlssmn
dyna}nalﬁicﬂr}g glléj;z g;gl'or gss I@%? [1J1t]0 A jo‘%} sﬂagg h¥§ ti&ldYon ﬁlesﬁ)@nparameters and

assoEfaf@Xolieled $34Z ef D bxoatas §& 260 lupingathe sBo@t¢jjace. The following
FreeX| zj , ] i ndi cates .a nunber of free nodes i

descyiptien {ﬁpqusR% 01(1 AR ggﬁa‘@% ,og shystes [r@qnagergerg}mpiq:l{: ﬂéb\t}gl Rprforming
met]%d; %g(?r L setetﬂs £§0 lagé\éu oheg ?r hfRopriatd Wakdindon and

constructe a spatl request

arradgentens bf Mgmdab Bﬁrilélntsemiplemeﬂtlngtsome oFrajl @ftthg desaribed fapctignality,

spatial requ Nunber O Fits: a nunber of neshes
50 11 $1ChG PSR A RER Bt

Fi t\iQHOP 80 bELnS aBlsie E%dsl Stheff HPESHgSer CNSietei0tLIbl Gibmission
a conpact request. it[z, size of mesh i in an_x
150 &mm asisen. AsFes¢ribed] abﬁvguz@ngfenﬂ@gnmpnt ithe Hjgr may submit job 150

us1n|g n‘ril'é théﬁg%tbtﬁ[ ({ﬂ%ler%te usdER bubhnflt bZl 5§'dﬁ%@§§l Q8ng HPC

uni que naxi i stances

servieP 162.t Nexlybx @te@t@lme;[dswfm@gahanmgnz]130asenecﬁ gmflp 523 based
uni que maxi num di stances in Fit

UPONGhWHS@D Drgecths usfmie W%ﬁ@ﬁc@?&te@nagggeﬁ@@& elilgﬂl% 1%‘? goggpares the
useyo Hub 3 &e\é\g E(ghtf@)ﬂs ﬂ St 8R6%15. MBoeDk %&ﬁr’ﬂée{lﬂdeks]tood that
P A

a nunber ree heshes in grid 110
clusfcér&ﬁarmgs:hemtSengumeE}@ mag hlBE‘d amgappmbpridte eeeurityleshimqee to venfy the

Fr eeMesh[ Nunt h f
user, 64 BPERIOISTIRGG] GROBNBBOTYF R LT GRERq 29 etegines ifthe

usel hil adbssNBARS rdgtrest@d $beNRI BRed onQhe 2dduettdd 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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MPI rank order. Cluster managenent engi ne 130, such as
t hrough schedul er 515, nmay be further operable to
wpesobosneef fi ci ent check-pointing. Restart dunpSI/US2005/012500

typically conprise over seventy-five percent of data

witten to disk. This FOis often done so that

processing is not lost to a platformfailure. Based on

this, afile systemis I/O c&n be segregated into two

portions: productive I/O and defensive I/O Productive

I/Ois the witing of data that the user calls for to
dimeiQios iBMe tnchutenleagth, fuddtheXeight,eor wnys w&tar zaqvprmatm m@meter or

traces of key_ _phy %I CS varlabl es _over t

char@‘éerés‘ﬁlg, s desenihed aBays, Hhrese RGN g}&eusg PE (?,eéeenmne {he appropnate
job %%:cor g{}yérd’bgetoé{ieﬁo S}‘l@g\f'&‘fﬂﬁlha‘hrtﬁﬁr t1aste®D20] MBfter the initial

I ncr ease bandwi dth greatly reduces
paratoleterd hm tmenl estalslishedy\chistezdndmagerhens 3P attpmpisgo execute job 150 on

Ret ur e | ocal nmenory 520 conpri ses
HP( ??ﬁ'?’eégpgg% P%%%@ﬁ?gﬁ%@data structures) of a
Pl i ddclsior@l sfepadayr @RusRt ntatabeiientOheideot3 demfmings H2there are

may be stored 1 n any phyS| cal or Iogrcal data st or age
enoughevaiitde noddsdo @Emam@e desitrdeioB space@d 0y wiing g dgrampeters already

estalglbsggiit 2l ?{éoag?e nﬁg erelou algéﬁ])dselgb ISOEEEJnk Ira ﬁlggg%gﬁ%( '\?Ir_l%ne 130

detebAfdles theQarlRE MIIADIS subRE23M@O Wides él@[fﬁﬂttﬂahﬂgstd:réﬁo at step 640.
described in terns_of SQ. s

Thenyjalven mBI6PBGE FEEESS VBRI | JSRPD FpRS Ayl the subset 230

is a‘%alllagl% attytéf)ag% Al Redsid get‘ﬁan nlngvcﬁ dfebllsi%ﬁal éi'é}i gbas @nce there are
,~or “commm- separ 't

enouth nodden $5 avallableatheaabistee hlmmagd:mq:m;engloﬁﬁﬁﬁ) éﬁnfanlcally determlnes

o B Pk o NSNS PGB B 10 o o
the B?ur a?)l Qﬁbs@’c h86 4y0HE URAMANA S8hY Qhy %rc@haﬁﬁ t@%Hadincluding

ty of servers or nodes. Mbreover, whil
fasteslt Ipnstessite dinas m@%urdha’@e inadesd élferlztiﬁ@allglonrg@héoc‘@tlo@q,|or first

o S5 TSR TR rRAGBRS) 13 g gemines

subdet UG tFoR kb Ledsobdd WROEI Muha0220 CNldﬂteat gthly $60, ad:lud;telsmanagement
521, virtual |ist 522, groupflle oI|c

enginp 4l 30aslpopish tkﬁ;é@lecterheo wutl> {miipk légtus tsretff@é subset 230.
Accopdéﬁl% ﬁl@él%bg%% Hglx[)leds%ﬁ ﬁ é’rﬁ engﬁEaB@ LEHCEHARES the status of

wi t hout” departing
nodéd 018 ﬁlhxartaaiem)ée chfst §22i fsord |“sndlhmameé” td‘«’éﬂlucatedig @ueetsubset 230 has

illustrated stru res sic | jst i aper,
beck BPBPBRGCNUIER P & B S PR APEiRRTAD Efeies 106 150 afstep 665
us1ﬂ|%}f19r ggéalté?f‘sp%Q@H&se@ OH8hel b8 pabh§this Aletridved poldy SBY ab@ adly other
mensional data st ruct ure that includes at | east

suitabile paemmetdrsperAtnade apibpridor timg.a Aubter mavegghgai engine 130 may
recar ncl ude fiel

B T

mayuﬁé fdnﬁ%&é@ﬁh& preécRraaab Maiser via GOy sla;al | ocat I on
dress, " "boot images," and others. It wl

und@fﬁﬂb@dzt isat ﬂemhart dinstrating gn joxempleempibag, 70901?% dyggmically
of el fon
bac%h{]/]ﬁg aaVIrﬁ‘élg 8&1”1% § pr g{d} ﬁd1 e Oamf %?%ﬁgg&kd%’y ?) tge aetr%%ﬁ)l(ﬁiemem of the

predePRclositeN Asa highllewXanghed 700 desecaibes daernbing aVaﬂah]abpace in
list 522 is operable to store Iog|cal Qr v

v1rtn@1n<agséﬁem0,| comirang &ie anBuIm defd 59 feat IVC?@E%F%F vgth the space,
and %Fﬁ?ﬁ% t(?ﬁt eas@édﬁoﬁ%ﬁ'ﬂq a%faﬁlei’#gﬁﬁ%?ﬁ% g&rlﬂﬁ&mg description

ne record per no _ .
wilEfaiPbe thd diRrationtof @lustee ammdgemsnt intucluledis Of inglerfermsimg hia snethod.
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"node,"” "availability," "job," "virtual cluster,"
"secondary node," "logical location,"” "conpatibility,"
wanweosdes s. It will be understood that each reECDUS200E§12500

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

one enbodi nent, the virtual record may include a |ink

to anot her table such as, for exanple, group file 523.
Goup file 523 conprises oné®r nore tables or records
operable to store user group and security information,
such as access control lists (or ACLs). For exanple,

Butaaashwgh dbp predovd flowghamcsystien d0Di inte@fiplaeivshlp eny Fpropnate
Each | ogi ca

Vi ces, , nodes 11 s for a user
cog s rdye BRERenEar S lodira reIsEuS  FEen e DR i 4] of the
&x&ﬂ&%ﬂﬁﬁﬁﬁﬁ@h@;a project, a security group, or any
other collection of one or nore users that are able to

subMethofloHl) hepinsort siemi7pd, svleare aiusteeanatnagementoefngﬁ;eslm’r?,orts job

B FOMNY ti cl uster mana
auehd 325 G ot RS 3 GetieeBisphentont 0 9 the queue
525155&(34‘1 sn ahe/prhmﬁityttﬁ”g bbansh stbfedSA thd &@e&FEZ'SthHQﬁ@ﬂ“BE ®hderstood

faor job execution. Further, group table
tha‘a%lg%r RERAZEACA! ehgine KIGway Wt lqueve/523 usang @nyu sulmbleﬂ@mractenstlc

such"thah ﬁ gﬁﬂgfgr%{te TPOGHRAY BhCRD PRCES e%e%gteﬁaﬁ&t ?%I sgepdﬁs() cluster

resi |n I'n a particular group
magdgemest eggie ¢80 Wetdnmirvathe Aunbediofi Adakble rn@a@ssmmm one of the

mnég ut eti for resources. However,
virtgl PG 20 Riecottire CLHish S1mAETReNS 6nghevi3Prnay dlsp detenine the
Nulﬁg& dfaa‘)(/aﬂﬁalg %H&E Saiﬁckrﬂalyl OCquggjﬁ?/ ¥k Q)Er %}cﬂg 85 glrﬂl%f Risters 220.

or any other pararmeter
At $tﬁl& W&@e@%ﬁem@nagmeet pueging i 3% selédts xﬁlrsltl JOIbéS(]Ifdﬁji Sbmﬂjob queue

t p tabl e 524 and used
525 nRr b PG alsPoeSatt a6 P et etesmings e aptipum shape
(orsfh@f&ﬁnermﬁmg i ecBddioFBRaAL BNt OnbE Bl @itinAin !
obs 150 an&?%r vfrt?gl clusters 22% Fofhexagg%%(m(hﬂwnﬁon

of SB‘GF‘F@ 91 H0ig dggymingd) thereclustyr mapdgement engarealidt detamanes if it can

backiftl | RPYsPn e AR B0 R S8R P e MR e
1154todeows1mﬁalh atepcT 25t (st 20 anapBchetu 1&%11@3228 QRIS IS there are
S awai ting

enop LRGSO BTG RIS st bg o Rieseareamyughubialsble nodes
11598kR aBtEd 980! CRisteS Hiala gt Qﬁ’%ﬁé 3 @%%ggﬁbﬁaq%'%&gg A& 115 for

or pointer array, for stor|
the geleasgd job ]iﬁ)b@n!é anyapprepréate tkchnigher Fop exarhysle eclogyr llii@nagement

o B e S s o
mar@ferh&i® et fing l—l@O\fédaldﬂl?dtesCﬂhb’ Shudfier 420y allablAifA 8 iniddd- cll%gbr 220.

one_asp ect of operatlon cl uster nanagenent engl ne
At steq 811Qﬁe"éusjt@blnmgem¢atj engine 30 Kxecusdssjothli SOhon allocated nodes 115.

OnSRREs bl LGRS BLGERIE 1 s
ISO)Iﬂtmgﬂmtmz&mgbﬂﬁenﬂ&l@I@ 130Galees thé AAesH LsPinand sorted I]Ob queue

aSSI ns each of the N tasks to one particular node
4hy 2ad,ipregssEng aetHmisdaesten 29.edy velll mvum@ersth@l that while

111us%f%@|a‘§@159p Bgugd! M%ga&%&%ﬁtcén%ﬂ% | Y30 580 ; eggatn}grlgi%gp é’@b@ﬂnmate

managenent” ‘engl ne IZEJ
the tad]qlmsulammuanmmd mraaa@gypprspmé tlfh@ by the user .

ter mapagenent engine 130 attemts to
%?%&k{%tsﬁ% l%ua W(él@{tullllggtratmg an eygample method SOOnpfor 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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of server 102, which in turn provides the quicker
turnaround for the user and likely inproves the
wo@r@s@abi02& hr oughput for system 100. In one enbPdi/D&2005/012500
cl uster managenent engine 130 then selects and
al  ocates nodes 115 according to any of the foll ow ng
exanpl e topol ogi es: Specified 2D (x,y) or 3D (x,vy,2z) -
Nodes 115 are all ocated and $asks may be ordered in
t he specified dinmensions, thereby preserving efficient
_nei ghbor to nei ghbor comunication. The specified
failed pttarggticain pgefsrmaing Gob etopvaly jrobmaifsdmehie mad irfplhﬁng the failed
esjd able that the i.cal _co ni cati on .t opol QQy
nodie P, WiCe s Bindar B D05y 2P ORI BN LSCEBHRr a6 rigeus on the
oper@iSof@usie? PnahaBerh ont GROTRIN | FREEH e foBAUBImUhER But, as gvith the

nei ghbor tasks. For exanple, a request of 8 tasks I'n
preyigpx Alogichets i systey 109 copfempldi¢s heinglanycmppezpriate eombinetion and

i [ e 2D al | ocati on n pe "fqlded" .
s O 0ot R iy g o 37 ot A o et ity
t o Methpl300 begimsansted BOSNWWherflcHBted mdNBEIIGARALINE 190 MRtermines
be free to allocate the specified di mensi onal

thaégg‘éfenw% hahyaitd: edvsaiessrbed-gbovx @,m&ifmﬁlﬁﬂ boginerdp0 may
ooyl VBELAE 1o LB PO AL 08, s

manrgragenegine it may R0l addesddtasr bgaragdes2yldbvarioua thiddi dhd may
vol.u andl es jobs 15

.. Thj s tapol ogy efficiently h 0
det RS oy oo S R Baskd Uben hedlagln gon aspants fromawge 115. In
el 8k arhy | Bliflirg i n.
ol kot o1 2 ST Ml 14 2 AR P
lack) 26 this| Gheartbeat\ mayd disdidats riodeal ISplighireal Nexil wirestep=@10, cluster
e le,  the f{rst ta be placed in.th ent er
T8 oo™} 30, i 3 e gl 38 o i g 220 I ome
emtpldaned, €ista0dahebhonSsHoiRUB Hay (86 R ®IudO8Rdb 435 in virtual
Lt will be understood that the placement order of the
list p @riiom ‘efosatedk doi“failedt. Clyster atanpsementiengine 130ithen determines if a

c 4t . [ ce be t first .
o 130 SRKGTRN T Sob0 P LGRS RSk o v 10
assdeaatgbwithamgle dfi S ptheh|peosssihg eadd. ask SleeribedN a6OVB)HREGE hEocessing
wth the first task, but not with each other. Random -
endy| GUSISE HANSERARN COBRE b MY LONwaENeEe NIn6Hes mesage to an
adr f, I b | I 5 :
it a7 AR LD ERRMIGR A0S, Hpd] S st
progelsing.t dpdiengys erjopUbAgssocaget esthi the faidel nbdeglis] thddthe cluster

for backfilling,purposes, with lLittle jnpact to other
maf}a%%%efﬁsﬁ‘_é‘gmnet”@a 4#6%@%%_@?%‘%0&88 lﬂﬁéﬁéwﬁ@dpw% the job 150 at step
8201 OPENLO& B 8IF] RAGER TRANYENNIASSHE B0 Blls #1150 bn allaefppropriate

illustration purposes only and may not déepict actu
nodesohls) digr exerppledclvsten watagegerisenzne 130mayadiengte akilh job command

Les. r nagenent .engi 1 utilj
or ORI PP SRR ARE B g 8L Mo Neitatetp BIG, cluster
manpgérhent éngtheptd@ABLadbcatds nOds ﬂ@bﬁﬁhgmﬁ&uaﬂl'{h@ JabacepeBkample,
wei ght is a nodifier val ue between and 1, which
clusfeg gpanegerentagneg e mey vabryeec thesttatps e nadesnbift inewigiuak list 522
frorrr} ggl&@g&gg Q(t) g‘é aqggfre”%?%fgéeeggl)% joB 988 vedr 1&GTA 0% R atp?Jr%pn'ate
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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pl acement strategy. In this exanple, a value of 0
represents placing nodes 115 only if the opti nmum

W@ eaneEwys (or di nensions) i s possible and a vaP@EUS$003/012500
represents placing nodes 115 i medi ately, as |ong as
there are enough free or otherw se avail abl e nodes 115
to handl e the request. Typically, the placenent weight
does not override adninistrdd ve policies 524 such as
resource reservation, in order to prevent starvation
of large jobs 150 and preserve the job throughput of

optim@n sybteb A3 0L @0nodeh &1 pirederdaingudtdr| 2281 atatdpBA0abaked on the retrieved

POl PR AP PG, HERs™ nppRate it psFogPaatt edanbls has been
detér@indtR MR ﬂﬁhtéﬂﬁ%ﬁig]@ﬂi%n@éﬂ%iﬁeof% (é;fflgmié_a@lﬁ?%%%ateé fHeSsubset 230 of

figure is nerely illTustrative and syste
nodes rtl & rgs | stapedtdus Fong exanypleuclustbt eanagemenaichgine a30 may change the

r of l.qqi.cal ements for inp|enmentingthese |
B AT T
undefstdoddBatahiy sebiet abhRies QM hRAFHAFEBL Bl W@élj Sg{))sset of nodes

elements for effectively nahagi ng nodes
that) gib LRR rveasy erecuting: OgpekFar iesmoplef chister vaanagasent engine 130 may

il t.eg | be .combi ned d/ or separated_as
o e R A R P80 bRl SERRL BN i
prompéadphss exetdtion. GAGmbMver dyaaple calidtyr B ﬁ)%'hf‘&l%'i‘né 280 may have
dtsubms ion in accordance with one enbodi ment of the
© ‘?EP’é%f‘élrf?‘atcH §ep Bodechineway pRerality urelase thesfeied heds 115 and the

83600 subtf | L Q03U R3HQ

oot AP sG] St 0200 R STpA R0, A Th gy s
230hes bdedetetmengdimdatamaet cthen ahdtepsmasgaied epghé ¢3@Sxecutes job
]505%%3 ggﬁ executes job 150 using the all ocated space.

Hia“p 'owi ng description focuses on the operation of

cl UBee hratBdiag eN®REhaR daH E aé&gnﬁaﬂyﬁgr h¥RbRGh TREARE: exemplary

600. But @gsten1100 contenpl ates” usi ng any appropria
methodph PAGt T¢h andd8eQ.r alng et systend dgo cantedpdatentising any suitable

' [ . or_all, of. the descr.i hed . .
tectpflettBF BEiohiTE Mol nf o ACOREREFS wyny ot steps in this
floveghprtopay atlee pldetheithuf@fedaslyi Bisd/at i® (BB ordre BarHRE shown.

Moserver 102 recei ves job subm ssion 150 froma user. As
OIFRYH iSEEFMa bV dnay Ns Facthedso aiithe additipeal usiens, rayes steps;t and/or

- o ' i | enbodi nent, the
GO AR, M b S S denbl] BB O "PRC cerver 102
Nexlfhomgh sliie piisﬁtzb@urgdias 316:6![ dmﬁﬁﬁbﬁft&m@?ﬁb%i% hbodiments and
sel ects gro sed upon the user. ce the user .
senigh ot Piehiidsoniisaira o brggiives Righesmpabagments and
methdiR Willtde dpParehiBioTh Rk ARASS $relAN! AQAorilwiggltyé ff@s%ze)\rfgaescﬂption of

step 615. "But it will be understood t
exampplgagebedimentsgdave 1@0defme ors eomstpima s afisdlatues. S eOthiel tchanges,

. [ Q verif he user. sed upaqn det ern ned
subsk BN B dBrBh it sl wERG Aeb 80 oreigi it avd scope
of tHihéiscis@ire.nas access to the requested service. Based on

the requested service and hostnane, cluster nanagenent
engi ne 130 selects virtual cluster 220 at step 620.
Typically, virtual cluster 220 may be identified and
allocated prior to the subm ssion of job 150. But, in
the event virtual cluster 220 has not been
establ i shed, cluster managenent engi ne 130 may
automatically allocate virtual cluster 220 using any
of the techni ques descri bed above.
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Next, at step 625, cluster managenent engi ne 130
retrieves policy 524 based on the subm ssion of job
wWAaz@s/0530290ne enbodi ment, cluster nmanagenment enPCHESDBY012500

may determ ne the appropriate policy 524 associ at ed

with the user, job 150, or any other appropriate
criteria. Cluster managenent engine 130 then

deternmines or otherwi se cal &l ates the di mensions of

job 150 at step 630. It will be understood that the

appropri at edi mrensi ons may i nclude | ength, w dth,
W_tb‘_g'E&EJAM@J&Ot her appropriate paraneter or

characteristi.c. escri bed above, these dinensions

o el used 6t & iR e Bshpanrranee comPaL BIBgpsystem, the
logic@ncadtiseh cBinplRESsAAHE kndidhAd \é)h%ﬁ E}@écuféd%%%ﬁ%hegt‘ép'

After the initial paraneters hav een establis
cl usedye aualhdomnmanagenent engins operabiede niamagoh ciS@r ofinodes in

r L0 eps 635 through 665. At decj sional .
the gﬁe%p%é%? the Bl SRR St 8%?&%%%@%@?@8%@@%% pomprising
onetdranerearece3pBUBh eRatatibR bl Bnd18H8Drd Rodts|iRGRE Blubtle the call further

dgfsii red job sfpace 230, wusi n%‘t,he par anet ers al r eady
spegbying P PeREEr of odenior exeputing &e jelough nodes 115, then

cl : ' deternines the earljest

var | P RRRRCT S E0RS skl b B e e Efcompacr,
the A2@esitbeitgeqpabdlQif thkheh asaimstspatidlaslagan®iys R MnU3 executing
the & dﬁ}é ob 1gg to job %ufg“% _1&5 until the subset 230 is .

© War RS L Y8 EHBAY 1 BiedeR STy PReAMitythebreentrpdes executing

the §6%;! SheORGhest D Aonspalifl Cartd Gbfcofact 1O U icg)oggsﬁm]eg'Sno spatial

avai | abl e, then cluster managenent” engi ne 130
relaigishinssalprexiniéy dehvase nodésexepitimpthe pbbset 230 from

ava}%{ %% euenodes 115 at step 650. It will be understood

t ha htheq oﬁilfﬁ%?ﬂa'ybse.t 230 may be determ ned using

any apprgepédad ®nér ot §hdrd, spatial Udhindidt et nBH&C%?Sﬂh@gcluster

time, nost reliable nodes 115, physical or virtua

| o®5¢qBHedatiye fthe spumberi |ofbmedesodpscified. indtthet epll 685] further

I iLne. I he d 1 ned L
cutceFra AT onSRE P iR Bl BRAS 0ecline thejob

Nexhd at step 660, cluster managenent engi ne 130

al l ocates, the sel ected nodes 115 for job 150 using the

sel ect ed®EGbds oshpspaighenmabingiions thpids shpdulahie secording to a list
cl ysh6 MOS8 | .change the status of
nodes é}els\[smi n v?%%aglgﬁ%éggorﬂs%dqgg% from "unal | ocat ed"

t o if therespestdsl tom@mt:e subset 230 has been appropriately

al l ocated, cluster nmanagenent engi pe 130 executes |

b
150 at SPRPEEEDY O nFOTH EORPRYc SeRbInationse oh A9des dm tgﬁedusmf

] OlcqaiBbRiRihe ARhBrRY BHAIRALGYcPafthe RAE ARY Of her
suitabl e paraneters. At any appropriate tinme, cluster

manage nepiectemngi o éhel @mnpaat canbinaiiins dhat inschedilebleias@rding to the

pr [Qb.lasu 160..t he user. For anpl e,

P SR nd B i B e g R e B oo Bins it 5 B cqruae than
vi athethcothpbioct dohfBidREoAR tHab ae chMEAAS hcddréﬁﬁ? k6 Ad M9 Ahodes in
e?(%{rpl e nethod 700 for dynam cally backfilTing a

Vi

cudpsten ayatahle Sorgcheduliigd 110 in accordance with one

e ' [.s¢l.osure. At a high |evel,
rren?ﬁg%%;]ggﬁ ge%%%?%}g‘gg%g&er}c%b | %tg avai |l abl e space in

v |h rtual iddntist eipeb?aﬁoyedﬁﬂ&{] sohedlgble B@cogcﬁihig o) thel 1P oﬂﬁ&ies in the
t I S conpat th the space, and executing the
de%ﬁtﬁf ﬁ@d@@bﬁoﬁﬁge‘mm@h@%vai | abl e space. The

fol | ow pg,, r Adokd ] erati.on. o

cl ust er gna’%%g g‘nlwieo%tgﬂ) a‘r%rfé}j ﬁqldeha%%ﬁiﬁ%cg‘gebﬁ%ﬁ%%%gdﬁwdgs irPhhe cluster

nea¢rochnButating sthev tumbieh o f progies apecifitd v i teall Sthet &iPspAl and
contenpl at es usi ng any appropriate
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conbi nati on and arrangenent of |ogical elenents
i npl ementing sone or all of the described
wo eovensoeml ity. Method 700 begins at step 705, PEUTESM05/012500
cl uster managenent engi ne 130 sorts job queue 525. In
the illustrated enbodi nent, cluster nmanagenent engine
130 sorts the queue 525 based on the priority of jobs
150 stored in the queue 52592But it will be understood
that cluster managenent engine 130 may sort queue 525
usi ng any suitable characteristic such that the
ap ploapdrhpdee combaatibmebmipeibing Shever] toteeofethecanteeat. miNesx tdentified

R et A PlaAEo e (e BRI ROHES 1955 HENE: Avitabl for
vig&mghhﬁ%géhers 220. O course, cluster managenent

engine 130 may al so determ ne the Nunber of avail able _
nocdesintuirficatena getingh to1tbe oranagenzany engiee ofentififieg ofie of mpreanodes in

the Selie€aiat Sprpert pERoBRsa A e Bhe B S RDEET SbaSdes in the
cludi&br exebitfiietthe fBIagement engi ne 130 dynamically

determ nes the opti mum shape (or other dinmensions) of
sel ected job 150 at 720. Once the optimum shape or

di nensi f sel .ed, j X | ' .then
cISgterOﬂﬁﬂgééﬁgﬁg&ghﬁfﬂgxég8kﬂgpgﬁﬁﬁ%g§&$ﬁe%t can
backhdthdr thoRqi&Pid dpatiflgcanpdc i nahatialrand aloncdmisdcgr
220 in steps 725 through 745. At decisional step 725,
cl uié therrequeig SAERE el Heha By determines if there are
eno, i - 180.
1 FieRRGTE A i Ao O IRy 1 EREROR RY
730a siteisf the chmienieerns ongimiesr b3 ewitgheann twl diyster;

al l ocates nodes 115 for the selected.|ob 150 using any
app?%‘HPli’eétO np f‘ér?HPEﬂG@?O ?éif:ﬂ S@’)%tﬁi’rbrf %‘,e 0&43 Ster nmanagenent
engi REPSQf ABYesUSBil4H1E fdrRehdiuAk@Sndescri bes in Fl GURE
6. Next, at step 735, cluster managenent engi ne 130

r ecthb tistl eftnedes inghoudlaster avsilable 401 sghedulingdes in virt ual
cluster 220. At step 740, cluster nanagenent engi ne

130 executes job 150 on all ocated nodes 115. Once job

1503 has beerghxaatthig 1( Gheleln thBest@rmertke ARihagshtenglengine further
nodes 115 for selected job 150), then clu

t .
idepfiricre Manvage figisviag 1airiaes QUPD fopk ofspeh Pe@e %{561% flqatel spatial,
corfgie R ab R EHE p3cbr el b R R RS 08T hat i 1 e

illustrated as a | oop, cluster nmanagenent engine 130

may initiate, execute, and termn the techni que

i 11 st r af iy r@almrob_ SRl %g}% 5rqusel i jsheual and three
din{:rslg%@g, 1?808%(}’(?6 3 hbWERBHmddalin® HAlMGer T R¥8IBpRified in the call

or dynam cally managing failure of° a node )
andl fifithien ageantindd:Qingrthe cesumukahspatinl rdlatipmshipsribetivasarinodgs executing

the present .disclpsure. At a high |evel t hod (O P
proggsed P HBLIond? B3P hTHh grEHATOT A Eoaeref Rfp RETE spfol 8Rbinations.

automatically performng job recovery and nmanagenent,

and replacing the failed node 115 with a secondary,

nodé 115ThaHegicobf oliairy Hespeiaple df thel feapeduis epatisheand two

. oper at.i on cl ust er ,.man I ' .
cingBFPRIRNG™ A s SARABEE P e (BT Epdl L bhogh gocommodating
thefdugwehaf fidtes Sjyeel e ih Qe eONfraApheingsagdéficngergive and rotate the mesh
appropri ate conbi nati on and arrangenent of | ogica

to enecrfsik grianitioasiongmstptaenseolidhe watialgomieatigas.cr i bed
functionality. Method 800 begins at step 805, where
cl uster managenent engi ne 130 determ nes
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that node 115 has failed. As described above, cluster
managenent engi ne 130 nay determ ne that node 115 has
w0 aiobessoesi ng any suitabl e techni que. For exanpdEDS2005/012500
cl uster managenment engi ne 130 may pull nodes 115 (or
agents 132) at various tines and may determ ne that
node 115 has fail ed based g&gn the lack of a response
from node 115. In another npl e, agent 132 existing
on node 115 may conmuni cate a "heartbeat” and the |ack
of this "heartbeat" may indicate node 115 failure.
Nest, afThst kgic8bf, Chilimstleropeeabbgeifetite eeqyieste isl 3Patial and one
. repoves the failed,node 115 fromyirtual cluster 220, .
dimAninOgHe 1 G Y rBFoEC ITBSIAS P A £ AR G iynodating
the ﬁﬂ:?t{l‘g 6f hd\fesShalifisd RithO eHEfrdhaht hanhgdnidk ehdifid akPedtdte ¥ mesh
allocated” to "failed". Custer managenent engi ne 130
to onchefizixletientatiane o géneeate ohe dbtbe spatiab eepbiagteanswi t h fail ed
node 115 at decisional step 815. If there is no job
150 associ ated wth node 115, then processing ends. As

degcri batheabay of AEHOT CoRiale &5 1idtga etdisalg@ithimtthat searches for a
managenent engi ne 130 nay conmuni cate an error me

starttpoirtrfonthei jab &t thetdpsternftodes focwlacy o picihaispatiah com%isnaaggns that
. I . . ' .
o BRUREEIRG PPy B oBec Yt SUAREKS ctping

fail ed node 115, then the cluster nmanagenment engine

130 determ nes ot her .nodes 115 associated with theﬁ%ob ¢
156- at  slheplagpp ofNedim dy PeEplB2l eEpgEiFe Pieiagiifen ™ P

comﬁﬂﬁ'tigﬁs a'fgrﬁ)odéls b fel ARt A8 RARMBHALRRAE ABRbAL & (¥AEeSpetifed in the
or exanple, cluster nmanagenent engi ne 130 nay execute

call &roki fHe namlagemnentenginertouse any ot her appropri ate

ﬁgfgggé%%ﬁq 5 gzgﬁa@jach@]' Oi_lth%)éctg’art\%s ﬁ% glgesgl%%gr %clsc:(l)ﬁlé&;dating the
numblef bERddel kfdcifRA4n tiedballerAPhemadgefiiett engaagenent

engi ne 130 may change the status of nodes 115 jn |
vi rgeneratel oe dB2mofe eerond| ¢aseRack ombinatigsiaf appdes  ingfigecluster
the j,ob has been term ' :
sl 5 R EHNRHEREE T S s BERREL 30085 comin
cacitbdcBAM LEmMpact IcBmBKRAGH Beinp ¢eds @bmbaé thai thg fastaioplatiecombination;
nodes 115 in steps 835 through 850. At step 835,
andc| ust er managenment engine 130 retrieves policy 524 and
par apeher frdf Ahd L6 lcblﬁgadto&nﬁgatﬁhs siceRdB3dto ChMphdthess for
management engl ne 0 then determ nes theoptl num
selestitns ef o3 thé firsoaebsetdiid compdct tormbingtionst er 220, at
step 840, based on the retrieved policy 524 and the
j ob paraneters. Once the subset 230 of nodes 115 has
been determ ned, then cluster managenent engi ne 130
dynam cal ly all ocates the subset 230 of nodes 115 at
step 845. For exanple, cluster managenent engi ne 130
may change the status of nodes 115 in virtual |ist 522
from"unal |l ocated” to "allocated”. It will be
understood that this subset of nodes 115 may be
different fromthe original subset of nodes that job
150 was executing on. For exanple, cluster managenent
engine 130 may determne that a different subset of
nodes is optimal because of the node failure that
pronpted this execution. In another exanple, cluster
managenent engi ne 130 nay have determ ned that a
secondary node 115 was operable to replace the failed
node 115 and the new subset 230 is substantially
simlar to the old job space 230. Once the allocated
subset
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230 has been determ ned and al | ocated, then cluster

managenent engi ne 130 executes job 150 at step 850.
wabmepsweedi ng fl owcharts and acconpanyi ng desPCT/p$10051012500

illustrate exenplary nmethods 600, 700, and 800. hi

short, system 100 contenpl ates using any suitable

technique for performng these and ot her tasks.

Accordi ngly, many of the sté’ﬂs in this flowhart nmay

take place sinultaneously and/or in different orders

than as shown. Mreover, system 100 nmay use net hods

wth ad dThﬁ: M‘k of Cigpm, 1 f@m&bl@ tte penerafdd aonspafidlem@toncompact

nitf % (hto %Hﬁl? tlhe net hods .remai n appropri at e.

IR q9de JeRterASCoHmOdUaTE (e SurDBRaT norlos sperified in the
ca]pﬁmﬁeﬁgl@aﬁhg@ﬁ{éggé@fg §:and general |y associ ated

met hods, alterations and pernutations of these

enboakae firs leoithraieh dbis clwitel wik respparte atfirstalimbasen of the cluster

r ng t he apo scripti
el B et LulBu0 it oG liisbordbay o8 e Gh oIS (he cluster
availbibls f&@hdz@ﬁmges rebigr changes substitutions, and

alterations are al so g%OSSI ble wi thout departing from
t hem§1fﬁ‘ # pecoan doar Bpeughfthe Kluster widl respeceiovtEonS dimension of the

clus%x‘% iy F%n%ogg ngzgﬁ%lu?f e f3F %'caﬁ(%jh Cf)%]‘.r(?]ln% o éh? B@tl q}” nodes in the

cluséﬂ(aydﬂ&able foraclaiviug wma@eda@ide medi um and when
exec tedﬁg&gr able to: receive a _call froma managenent

engd? PP fonsih fsecluster wéthetespet o dethindndimeasion of the
cludt?CarY SHAIA ol uaddilad ¢

job for scheduling élg#%ﬁ?é%é#g&%}% 5&8%§%t0 %Im&k %% gdes in the
cluftesravailabde for sphealuliog & reacher e nodes in the cI uster the

call further specifying a nunber of nodes for

executing the job; determ ne whether the request is

spatd. al , THORWRRCSHE C&Em@%ﬂ%r'o@leraﬁfédto ng@a‘? 'ﬁﬁ’éaﬁfst Jclf)e the second

request belng spati al i f the j ob assunes spat |a
1001%@%@6&11@14.%@@@5)«@@& thetedeséxtheudister. t he | ob, the

request being conpact if the job assunes proximty

bet ween nodes executing the job, the request being

noriépat i"Hle lagid of @igionPd6ithdrbpédaBlejtob assunmes no
1al .rel gtionships or proximty between nodes

iRy © ﬂ]ea phe| ‘flu%tﬁfe CPiERiiEst Snayeh pardeal to gmeum@te the
nunﬂb@? oPhod&I{Br hﬁ 10 otin nl%gérogﬁt‘ss&ogetﬁe scpe]g ified in the call

cl uster acconmmo ng t
from the maiagemeot dngmeha[d acconmodat i ng t he assurred spati al

rel, 0 s bet.ween nodes execu the job; and
o le S Fle PorpastS e B ot e ppbmpdats the number of
nod&Che dbalting @6 Qf%(ﬂrﬂﬁoﬂa%r@césééthﬁc Mﬁgeciﬁédtﬂec e call from the

cluster avail able for scheduling;
manggerpek tellglgenedléﬁf@ tothe matnagcmeltcmgma ¢hat dlenjob mmnsolnﬁlu@fble
nodes in the cluster accommodati ng the nunber of nodes

specified in the call; and
12.  The logic of Claim 1, wherein the logic is stateless.

13. The logic of Claim 1, wherein a node is a central processing unit (CPU)

coupled to two switches.

14. The logic of Claim 1, wherein the logic is a plug in of the management

engine.
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sel ect one of the conpact conbinations that is

schedul abl e according to the |ist of nodes in the
w@buwsvss2@avai | abl e for scheduling and that i s P@F/ES2005/012500
conpact than ot her conpact conbinations that are
schedul abl e according to the Iist of nodes in the
cluster available for scheduling; if the request is
nonspati al and nonconpact: |%%nt|fy one or nore nodes
schedul abl e according to the Iist of nodes in the
cluster avail able for scheduling; and generate a
nonspat i dAhe doglc b Kdanpacwheaoimiths alisen offnodedRS fhied dighensional
cl uster accommodati ng the nunmber of nodes specified in
Ye call, the nonspati al andnonconpact conbi nation
conprising one or nore of the one or nore identified
nodes that are schedul able according to the list of
nodé& i nThatogis aEEClaimdy aibewin probesseschibd job ngnmanidate with each

oIRGB Babl el MBS HREREReLr 00t oa spatial,

conpact, or nonspatial and nonconpact conbi nati on of
nodes in %?e cluster for executing the job. 2. The
| ogl € of Tey ¥agis of Claiedei n the cal I further specifies:

“heaﬁé%li onspatla

and el o!ri;l'g ac%lﬁq}’rﬁ?tth queg{ enﬁne%efafp eSjanpggressive flag

1ndtcla@ng aodr;grem oﬁg@'\msal\kﬁteﬂl fég sbledtlnfgﬂhl ffatial daapasisf a compact
for schedulln%'the a size of the clusteér

Coni’mm\iqla I § DonsRaHY et o‘POWéﬁe%Ommnfttm ef nedesrin the cluster for
exeButiehe 6he PSR GOHRL&E b ch switch in the cluster;
a g%ﬁfer % nodé%gav£% nlﬁg@ ‘or scheduling: and the
| i sthe digipbeiag Opﬁrab}weto sd:lacsttae\pa‘aala:ohﬂMwoﬁ,oa caape bbhbation, or
ein th n.to the

tur

a n&sﬁ%&% r%%‘g?“’%%"d’il% FUP n?flﬂétfoni s e clygies Yoliss daryexepating thg one or

moﬂerlireéésﬁ&em(tl\{ﬁ’b()b heddkdifg t@ﬁﬁhagg%iﬁvbrﬂ %fb‘g)eé?ﬂa@?ﬁ B call from the
spatial, conpact, or nonspatial and n

MARAGRRFHANEH- of nodes. 4. The |ogic of Clalnll
operable, if the request is spatial and three
di mensional, to rotate a nesh accommodati ng the nunber
of nodes specified in the call and further
accommodat i ng the assumed spatial rel ationships
bet ween nodes executing processes in the job to one of
six orientations to generate one of the spatia
conbinations. 5. The logic of Claim1, operable, if
the request is spatial and two dinensional, to fold an
unused di nension of the job to generate a nesh
accomodat i ng the nunber of nodes specified in the
call fromthe managenent engine and rotate the nmesh to
one of six orientations to generate one of the spatia
conbi nations. 6. The logic of Claim1l, operable, if the
request is spatial and one dinensional, to fold two
unused di nensions of the job to generate a nesh
accommodat i ng the nunber of nodes specified in the
call fromthe managenent engi ne and rotate the nesh

to
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to one of six orientations to generate one of the
spatial conbinations. 7. The logic of Claiml,
wop@sakioes t o use a scan al gorithm that sear cheBCT/082085/012500
start point for the job in the cluster of nodes to
sel ect one of the spatial conbinations that is
schedul abl e according to a list of nodes in the
cluster available for sched¥ing. 8. The | ogic of
Claim1, operable, to generate one or nore conpact
conbi nations of nodes in the cluster accommodating the
nurtider of nietddsfos paridbiiggin ahighepecfalhadceamntpuéing (HPC) system,
managemnent, engine, to: generate a first conpact
the@@ﬁ@ﬁﬁﬁ@?ﬁﬁ“&f nodes in the cluster accommodating the
nu '}pc%fviﬁ’% 280 ¢Ron® Q‘?ﬁéﬂag&ﬁeﬂt b8 opBlablel tb a8 a cluster of nodes
managenent engi ne; generate ohe of nore second conpact
in thentiP@Gasystens e cadlepedifyinghe wquet ecomatstngradinbi ey s¢heduling
nunper of nodes gpeci&ied in.the call fron1n%§. luster. th
compESRGAE L TRNGIRRSCSEI AT SERBHIP BLMSat PETH G T S cluster, the
call 2609 sf;&ﬁ?irfg%ﬁﬁﬁertoﬁ*ﬁﬁdésrf@r &lecstingC@ppast conbi nati on;
and sort the first and second conpact conbi nations
_acalstatinigng whetbepthe remsst is spatighcemphdnorgrongpréiabang pegcompact,
first . and secqnd..caonpact c I nat 1ok . ' .
the ot b e et %3P AGmER TPuE 1Rl bRl oicPbrconting
the mﬂmg@&; BaABicoAbha@nt ee job deminies pkdxgmitl bstveden nodes executing
accommodat i ng the nunber of nodes specified in the .
the galb) ey rsAmesh it agespefial anynArconRact wafhs ipbr Assymep gy, spatial
. ! Cl i -@a.first dinension
relaép ﬁ%@gﬁ:ﬁ%@l}&?ﬁﬁﬁeﬂgﬁp ?Slrregit%gﬁo ethg 0g’\’/ai | abl e for
schiéehelrbq@siisspatthiing to the Iist of nodes in the

cluster avail.able for schedul. i S. reached; ke a
second |%BFAHAE RAFh OF HBO E&attléf %ﬁPi’Hlaﬁ%spé’ tnql%s g the cluster
Se %@&nggﬁﬁﬂrcg e OhufBEr CHUSHOBEs Wekified $ECHRI cARA@nd further

unaval I'e for scheduling according to the [ist of _
nodesommotigngthe ssswmed\spitiad ¢latidnships bbtwben inpdesi executing the job;
reached; and make a third | oop through the cluster

wi tH% espect to a third dimension of the cluster until

a third gedankeayaf thrlipetidl @onmbahee ihagisackaiutibigadoording to a
the list of nodes in the cluster avail able for

schlést of hedps in theechustrs avatiable forachedling;of O aim 9,

further I .repeat the first |oop, the second
Ioolts,%hezfﬁ(g@et%g%k&?ﬁifptra%'l oop to cover all the nodes in the

cl ust er . gehtratihgeodeogt en@ré dOhgiamt tombinativver oD medeblre the cluster

to: determ ne whether the cluster conprises enough
nodSomBodalingthe agmd et Wg‘“ﬁlﬁﬁﬁ@m _ lﬂg%é?ﬁf%‘}deexecuti ng
the one &ﬁecﬂgé OnP bR RESSEhabllcdniindtRRs AR §&€Q1lhl§le taB&rding to

G4
call fromt managenment ‘engine; and if the cluster
contheilsesf heds ihhba chweughailabltefor tschedologrrndl dhag is mere compact

nunber of nodes for. execut] th or _nore .
pr g%ég gther F(H‘n]?e!% c?rabl B%tgl tkr?(%ae §ﬁe€1ﬂgblg élfxforélpgrtr? F}? e}lst of nodes
MBNGARIBINkt-LARIABle fhdthe@liRgt O t he managenment engine
that the job is unschedul able.
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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12. The logic of CAaim1l, wherein the logic is

stateless. 13. The logic of daiml1l, wherein a node is
w@2mensioad processing unit (CPU) coupl ed to tweCT/US2005/012500

switches. 14. The logic of Cdaim1, wherein the |logic

is a plug in of the managenent engi ne.15. The | ogi c of

Caim1, wherein the cluster of nodes is a three

di mensi onal torus. 16. The ISUgi c of Caiml, wherein

processes of the job comrunicate with each other using

Message Passing Interface (MPl) when executed. 17. The

| oghedestthatiazg sehedulstie raiondinf o thelllst 6f wodet hetherhagen®ailable for

engj rther specifies an aggressive flag indicating

a déecglr&é‘ﬁelyn& A eway allotted for selecting a spati al

conginiatihiefingda CHMRAS it haatd iRE i : [ g/
) nd_nonco .ac}'g%1 conbi na??gﬁg% négggréglﬁﬁlct&ﬁgg@?%g%ée?l ore nodes
in thg gleptedypatinle compacsror monspaislandsmesompact bempinbtiort dEnodes in the
cludtQ9bF e PR1LAS ﬁ@%@bl e to select a spatial conbination,

a conpact c rndtion, or a nonspatial and nonconpact

conbi nation of nodes in the cluster for executing the

processes in the job according to the

one, or e
agghess F'Eée methgd opelaim L _agwhereinithe eall furtherspetifies:

. . ; dul i )
I Qpianthe RRGLAS Al vBb e Sy R Bt
corip thesiequest isspatial, axizesoftht jobf r om a managenment engi ne
operable to na cl uster %f nodes in the HPC

oy St dag imticsbing pytetse ot Iestiuder berbbngTiRgob: | ob
f ora sigheiub bRGtee ABRASLNOn ARG KRB ARGRAES, T OF

execution at one or nore nodes int uster, the
cald mppperioé nodgseoiplpd hyeahsuntok in e chstbes f or

execut | |.Qb; .. det er m_ni.ng whether the request is
spa ‘?Hé‘:“?eg@téﬁg%ééta,va‘&a?’?%%ﬁ§H§PP§‘F%§‘H nonconpact, the
r eqhelst dfeiodes iapkd tladted efvaﬂmﬂejf&tgcﬁ&ﬁlm{g.s spati al

rel ati onshi ps bet ween nodes executing the job, the
request being conpact if the job assunmes proximty

betygeen AR e UL he . t he request bein .
nonspat ig}% g%gl%ﬁo(ﬁg(g?rlpﬂgé?’ ?thle feﬁ%t'eoﬁe%g@& rﬂ?flaggmem engine
fortigpaitientifiased Mdsenpsapsing Inferfadd (VPY) DAk WERACKHADES in the selected
cutin I f the request is spatial:

exe the job; S
P atbai,ncgpgotaicﬂ gr Bﬁ‘gpﬁtﬁal B¢ Borgommag) comthimtiearafsadesof nodes

in the cluster accommobdating the nunber of nodes

specified in the call and further accommodating the

as@dmed Tsamietiodr ef atairontdi phetent i€ ehe neglest exepattal ngd three
. .ob; and. sel ecti.ng one .of the spatial conbinations
dimerifyhf el g of e ciRailg C?fag_ Honst CPpPRsAcWtatig a mesh
acconfifoddting!thé namBd GioRed YPectTdatidthd BAI ald fkfiEr AQOHE dating the

i s conpact; | .
assumed spggal 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.
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generating one or nore conpact conbi nations of nodes

in the cluster accomnmodati ng the nunber of nodes
w@pweiosioesl in the call; and sel ecting one of tPEI/US2005/012500

conpact conbi nations that is schedul able according to

the list of nodes in the cluster available for

scheduling and that is nore conpact than other conpact

conbi nations that are sched® abl e according to the

list of nodes in the cluster available for scheduling;

if the request is nonspatial and nonconpact:

i dent i f yilhegnetedoof nbdim n8dedesdimedutlebkeuasc tr dpaigl tamd one
_the list of nodes in the cluster available fof_..
dimguHienth| SHGFLRE PG HolS OAGAL MIFRASRNF SPRHESiipf R umsed
dimERTHsAHAdb 33 §El%ii§c§ alrflesh t&@cd?ﬁfd&a%ﬁlg%&ﬂﬁﬁa PArinBded Pecified in

nunber of "'nodeS specified in the call, the nonspatia
the eaitfrow icompaagenreoreigias imdrotating thesnesl tovee of sinmrientafions.

the one or nore identifiednodes that are schedul abl e

according to the list of nodes in the cluster

avaiyl ablgef QEthes e iR, caRPriSaEIMsCAtdaR thl @orftBinUhik searches

to the managenent engine identifying one or nore nodes
for & stattipeing éole&e geb bpthe icliister ebnsles to sedect wom op el spptialggmbinations

nonco t conbi nati en des, i L .
that g TR R g0 78t el ShBine GuiP il By Sebauting

wherein the call further specifies: whether the

request is spatial, conpact, or nonspatial and

nordenpakie, mathad,of, glgimeskd. | ¥hapia: ggheratingjopg off mye compact

- e .

conftnioBf o PS8 Wi CothetBhok ALBRMARANE nIERELE Ridch A in the
calldfona tirundegeméntsamigirehemprisest he cl uster; a nunber of

nodes cqupl ed to each sm@;ch iq.tge cl stﬁ{' a nunbeét. th

of P8ISS PAIFIEPachroraRingin qLRPdes e glisier gpeagpmodating the

. i \ ' Rahentah@bid; ng. 20. The

o Ry SR LA TSE o P, Pabhienthl i e 2

nmarggenting @egomenocie setnad ¢uerict tombinatives 9 gedem i ithey cluster

accér%&%?i%t?r?ge@% %qe? aogﬁoﬁ%sngo%gﬁeg lqrq glheid Qar%fo ?rg)glﬁlggrﬁgnea%emem engine,
cack 96030 3bmPAct YonibeRiBn bélhg IdRQoBhfiBardthedlra ddndpct combination;

wherein, if the request is spatial and three
anddi mensi onal , generating one of the spati al

conpi_nat I [ '

ORI L5 AIDELASS RIS AL (RSO b o o
selaafio® oN®tadf the fit dn and scon@ dorspat cahbinetiaisi onshi ps

bet ween nodes executing processes in the job to one of

six orientations 22. The nethod of claim 18, wherein,

if the request is spatial and two di nmensional,

generating one of the spatial conbinations conprises

fol ding an unused di nension of the job to generate a

nmesh acconmodati ng the nunber of nodes specified in
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the call fromthe managenent engi ne and rotating the

mesh to one of six orientations.23. The nethod of
w@eb@ensDS wherein, if the request is spatial BCTUSIU65/012500

di mensi onal , generating one of the spatia

conbi nations conprises folding two unused di nensi ons

of the job to generate a nesh accommodating the number

of nodes specified in the c8I1 fromthe management

engi ne and rotating the mesh to one of six

orientations. 24. The nethod of claim 18, conprising

usizty a Heancthbdof ictanm 18N athefeia geth:%mfg&r nenspitil tang m’ontompact

for the E gﬂ%he cl uster of node elect one of
comiRatioB A naleBHBF GAFIcE ACoMEpRdASe HRATPIPAER Spegififg in the

d | uster avail able for

Cau%ﬁﬁﬁtu1§%€%&§QQQE nb%o gg&%f claim 18, wherein

germalang rgfish éopr thlm@ tdnerqhaadﬁr wxblnrbesrpadm ton& fipft diogesion of the

in uste accommn e nunb 0
Closi it ol ROA G SR R LR ETRGERER etﬁaqlﬁg of nodes in the
cluGQREI SRS for SENRALBAS ﬁgfez?ehfe& rst conpact conbination of
nodes in the cluster acconnndatlng t he nunber of nodes
spevilingd s¢eond feorcthrqughtonelusier willh sagpeat it a eenpind éhmensmn of the

clusﬂ%nerl ita:,?g?%ﬁlg n@ﬂgép%vallgglggc%gxg@ﬁﬁ% orﬁlnnbt gﬁé i no%n des in the

clu@esbilate fdrRciidialif n%isheidh@m dnlde rranagerrent engi ne, each
second conpact conbi nati on belng | ess conpact than t

fi rgekipgmpheed leembiraegh B, c Bﬁ‘i@f %h tf?slﬁ’ﬁc'fttﬁ@ fhnfds@msﬁ@awn of the
C
clu?%rrlﬁgglaetg ql%‘iie %ﬁ%%élg@% f8ﬂ§c iy s gr(fug% g;g?gsttngg‘z’lﬁdes in the
duﬂemhmﬂaﬂeﬁmsd&ﬂuhﬂgslﬁmﬂhdd of cIa|n118, wher ei n
generating a nonspatial and nonconpact conbi nati on of
nodes in the cluster accommodating the number of nodes
spegj fi eghd 165&%? c%h{ 9 fﬁﬁﬁéﬂdaﬁp%ﬁgg%ﬂﬁ 8%iBEloop, the second
conprises nma f1r'st | oop through the cluster with
loop,emp dlog third leorf uorcswemhlhtbnstodm infthet dhesterl uster until a
first node unavail able for scheduling according to the
list of nodes in the cluster available for scheduling
i s F&acherh memkd B8 cidins 88 ORethtadmpiptigh the cluster
W th respect to a second di mension of the cluster
unt datergpiniag o\ﬁlmeth@d@leuﬁaw coBpPases ofnoyeh wdes gy accommodate the
o7 I
nungt\%ea Olf %D ?95 ore&gcc tin| {16 Qhe Iglg g’xr%g% %J%g h t'ﬂ%gg& n%emﬁed in the call
ﬁnﬁﬂmédmh@@nmhh@gygﬁaﬁme cluster with respect to a third
di nensi on of the cluster until a third node
unai 4h¢ gBwster compstselesy thag weueh gri tocrcepmmadate the number of

| yst
no g I 1y U] 8 BN B e 3G PR A0 e cal from the
managee@hi engirich mdioatmg td theppanzpensd cogide ttmbdthe jaimos uﬂsehedulable.

third loop to cover all the nodes in the cluster. 28.

The method of claim18, further conprising:

det g5 M NMTRGmHSH be 51ahﬁq SCé)éé‘éﬁt@& abRRRhE &LfatBREVBBIN0des

to accommpdate the nunber of nodes for executing the

one or nore processes in the jOb specified in the cal

fr oi%.t heTHéaHl% %H%I%tcla%?lgll8 Where?n a node is a central processing unit (CPU)

coupled to two switches.

31.  Themethod of claim 18, executed at a plug in of the management engine.
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15

if the cluster conprises |ess than enough nodes to
accommodat e t he nunber of nodes for executing the one
W@er00A05®2Pr ocesses in the job specified in thePCHUE2005/012500
fromthe managenent engine, indicating to the
managenent engine that the job is unschedul able. 29.
The nmethod of claim 18, executed according to
statel ess logic. 30. The net®bd of claim 18, wherein a
node is a central processing unit (CPU coupled to two
switches. 31. The nethod of claim 18, executed at a
pl W&R.i n Die bhodBaAgEAe R wkitginike Sdsterl fEnodes ackthede dimensional
claim 18, wherein the cluster of nodes is a three
torYsi nensi onal torus. 33. The nethod of claim 18, wherein
processes of the job comrunicate with each other using
Message Passing Interface (MPlI) when executed. 34. The
metifod ofhehathod1d: claitvet &iwhdréia praddssdsrafithe ieb communicate with

agenent engi ne furiher specifies an aggressive flag
eacﬂﬁgﬂeg‘é?l% %S @@Séngjintqr@@ﬁ,zv%g Vot B¢t 3 sel ecting a

spatial conbination, a conpact conbination, or a
nonspatial and nonconpact comnbi nation of nodes in the
cl ust er Thymethedof tlagnfidie one or nore processes in the

job;. the t copprising selectin spati.al .
orbh: B o bk R TgmReb HoReSHibSh ap sgeressive fag
indieghdh @ NEpRRAEE 1691 ARkt ToPkeloQHRS a | patidl ecdphBifdttn, fa0kompact
executing the one or nore processes in the job
conyupatiogi 9 a Bonshetiah Gy erscompiqt rgmbieation; @fongdes tinethe alluster for
I ne..35. A system for scheduling
exe%ﬁ‘?th?g%%?‘g %;E?rg%eggégg%{rb%d i’ng (HPC) system the
systhemetiond eahyeihilg seiecting tlipattdPCompBiadon, cocmiipast e@nbination, or
means . for receiving a call from a managenent engi ne
a nefisptigh pgd PSHWQEC%H%P%}D# noden b ciyfter i epseuting the one or
morYtb&est iAGHE FH a(%ﬁﬁﬁ%i!’d 1R AfRAYETh ng%fié& i eheBedl®Rom the
for scheduling, the job conprising ONg “or mor e
marggomesismgifeor execution at one or nore nodes in the
cluster, the call further specifying a nunber of nodes
for executing the job; means for determ ni ng whet her
the request is spatial, conpact, or nonspatial and
nonconpact, the request being spatial if the job
assunes spatial relationshi ps between nodes executing
the job, the request being conmpact if the job assunes
proxi mty between nodes executing the job, the request
bei ng nonspatial and nonconpact if the job assunes no
. spatial relationships or proximty between nodes
executing the job; nmeans for, if the request is
spatial: generating one or nore spatial conbinations
of nodes in the cluster accomopdati ng the nunber of
nodes specified in the call and further accommbdati ng
the assuned spatial rel ationships between nodes
executing processes in the job; and sel ecting one of
t he spatial conbinations that is schedul abl e accordi ng
to a
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list of nodes in the cluster available for scheduling;

means for, if the request is conpact: generating one
W@eooros®2& onpact conbi nati ons of nodes in the PCUBESHN5/012500

accommodat i ng the nunber of nodes specified in the

call; and selecting one of the conpact conbinations

that is schedul abl e accordi to the list of nodes in

the cluster available for §@ﬂeduling and that is nore

conpact than ot her conpact conbinations that are

schedul abl e according to the Iist of nodes in the

cl 88t er Aaspatann Bireschedulinghie duligingerfonpzanse compuiifig (HRC) system,

i S, i and nonconpact: identifying one
the s %gﬁgﬁém%%%ggllgﬁ%%ﬁFQEW%e cCOPIPHE to the 1ist of
nodgand for kdtRivihdIs tAl frianad makgemieat erpihteshekdlgio @Rhge a cluster
gener at i nﬁ(ﬁa nonspati al and nonconpact conbi nation of

of noflea &% thed Ik syiems hercall spesifiringa Teauest hempusnap Jolt favsdestuling,
e SRSGbkRY B B 65 prolMETOPSABLIGh TGP TEb: in e

g one or nore o

cluster ¢lnd ¢llli factherdpscifyiag a anmbsicdfeddbafor exanciag thaigbf o t he
list of _nodes in the cluster available for scheduling;.
anBeARa g deffrmingpenhether egrequesh iy sittieh coRwaRka AR GeRwAtial and

non@HaBE thdl ?%§t%£ﬂg QPRiaP it MR BpNRGGHe! Bhatidf rARGRLHY between
spatial, conpact, ©or nonspatial and nonconpact
nodesambéutiagitbejobf theodesest heinp eompattifthefjob assuers trorgmititydetween
nodésoeg'ecuting 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

5 nodes in the cluster for executing the job.



