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SCHEDULI NG I N A H-GH+P UTI NG (HPC)
SYSTEM TECHN-CAL FI ELD Thi s di scl osure rel a

AT T SR

Per f ormance Conputing (HP®siss often characterized by

the conputing systens used by scientists an mmmL “W“”’“”l”l”“'
engi neers for nodeling, sinulating, and anal

conpl ex physical or algorithm c phenonmena. Curr epoby,
HPC machi nes are typically designed wusing Nunerous

HPC clusters @cmm@m%nr@ﬁw g ed to as
nodes. For nost 10 dyBETREERR FeFFS%g engi neering

applications, performance is'c eterm ned by
paral | el scal ability and not the speed of i ndi vi dual

%%ICA@?{E%QW scalability is often a limting
di ng or purchasing such high perfornmance
cl ustreissdisGoalrabtlaict ygeharalfenerdikd Yrocessnsd dRd @fork Opaiecularly to
%}? d on i) rdware, ii) menory, input/output (1/0),
at K™ bandwi dth; iii) software; iv)
ar ch| tecture and v) applications. The processing,

rrermré‘ 15 and I/ O bandwi dth in nost conventional HPC
s are normally not well bal anced and,
ther ¢fi gy ¢ HPC. environ
not ha%lje the #8‘; (%ﬁ%g‘ﬁn%?ﬁbtc elyg%egfc)%aﬁf JHZE gegé? §°mpu““g
Smt@@%@sd by sclenfuﬂtsr adengiseas famndsling, tsmmltatlihg;) hﬁkﬁ@:&lﬁzhfgt complex

eeded copponent al | ed, which
F °’ g P Bau 'HEV S%%fgt wes arq Lipiqally designed
uAﬂg Nudlem@isyHP(DEhlytefisE oR8\or HEBRIcSssBRYreftpled B QY héies. For most

r obust ust er nagenent software for efficient

ERRIPHBR h RAIEE PSR IPEmeBamBos Fomidindstemined by parale

sQUNARYnd A6t Meap&Rtof |1ﬁﬁlﬁﬁﬁzil%d&a¥hé'r&gféc Scalibi dlﬁ&n %M £ limiting
di sadvant ages, problems, or both associate

faciar dp Bniidige jop ParchasPE %‘9& thigh pepformpncerrtustarh o¢alality is generally

- comRidend b B bRy ARGwAB i rHén%}ypﬁélflt?(f rﬁ?ut gﬁofon@g&%gmcanon

(HPC) system i ncl udes rec i'vin
baghvadfbnuntsoBwgiene) tahzhitemagmsv)aa;qﬂmatcm Tok paedesing, Iihemory,

R em Th cal es a request inclu
ahd"Ve B fWRlT B PR s priEh it v Bapgfh e norilyy ot well
balamé&ﬁ@,&hérefor@mmut ARk W1l ORRNP HPEFidARBHs 4B nbBave the 1O
e call further specifies a nunber of nodes

o o gy ke B oogasHipe pIavéemsets oF mre balt\with blades that
h2R2086 %W&L{P géd%ﬁéxﬁé—%s@zﬁl\ﬁﬂ ZWE.QH te %ch % H%Q?me reduce the

further includes determ ning e request
SYSisat B aPllabeléfﬁpaélCCOrdmglynmwaHP@I eravirdnments angyaabt piﬁlveie robust

b
oA e kR D38k B B B2 RRt Ry S BPbetsued epvironments
t he__j_ ob. The request is conpact if the job assunes

SUMMARY

The present invention may reduce or eliminate disadvantages, problems, or both
associated with scheduling in an HPC system. _

In one embodiment, a method for scheduling in a high-performance computing
(HPC) system includes receiving a call from a management engine that rnaﬁages 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

e ey ot tafaan,
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proxi mty between nodes executing processes in the

job. The request is nonspatial and 5 nonconpact if the
job assumes no spatial relationships or proximty
wWiElohEeRgR0des  executing processes in the jolcrAlR8onsmoizsoo
method further includes, if the request is spatial,
generating one or nore spatlal conbi nati ons of nodes

in the cluster acconnndating the nunber of nodes
specified in the call and farther accommodating the
assumed spatial relationships between nodes executing
processes in the job and selecting one of the spatia

job 10 he @mddhdthfurthasintindés deeradiiegl mhathleetha ceanesi in gpatigl, gompact, or

list. of nodes in e cluster: I

nonspaialapd ﬁ(gxcoqaﬁ%ct fi Sefvestis e lrﬁ élfe ulag ass%I S t91?1at1al relationships

belﬁl%ﬂjﬁcﬁfes bﬁecﬁﬁﬁ?ﬁ%hesséﬁﬂ&ﬁ@{]dbn OrHerequest is Bompact ®ﬁ‘|t|hag:¢b assumes
conbi nations of nodes in t eclusteé om’mdatln% e and
propimiticbetybeh Bedes eXePWIBE freqgsseh 11 the 0By | 1he Tguyestls nonspatial an

non%ﬁ%gcﬁ Bthe ?Hg | RQuARdL S %bﬁﬁﬁ 'r@lgtl&ﬁ;ﬁlp@f ort h@xEMBPBEtveen nodes

I nations that 1s schedul abl e accordlng?to the |j st
emﬁtmgan@sesses iththecibbistBre methpd Attker fingludes, Hcledeayesgls spatial,

! commodating the
ge[lfa gﬁ)élﬁo(sﬁggr? rhsg?tga? "BAk: Iugb%l 40*21% i QERAfter ac dating th

are sch according to the
nutbé&t ofofiode dpecifictl irhehecdalisiralr funhad h@bhmdd@hng ieeabatmery spatial
The net hod further i ncludes, if the

relgignsiypg Petveemep ?Jﬁ’ﬁeﬁﬂ%%?mc‘fsﬁeér}f‘ |ﬂPey’|°P1 g" O%ezectnpg %ne of the spatial
co Eﬂ@t‘f’onsstﬁﬁqg yhiRhBbRHe8sdingdo taOlidt b dod&t inahe nlmdtes availlable for
e cluster available for scheduling and generating a
Schww'smat The neatepdnbribemipstudess dhihenwareh oFOmRTb LePHHe 0N Of
it UShoL t the R@fibEd §Fhod
A A T
spébﬁtﬂpﬂ:t theel cadin ﬁomoﬁmompmgemmam ieoth seladtingdes héheppompact

co:%%p(aﬂsﬁé mlg S{lﬁgl?lr li)lgt%&gq;dlﬁ% g(g thie; lis lis??ﬁ ?n fh(é Qﬁgwr ablifible for

sciMdiihgdldandtas mosecdvaghati than otIEEr&:orfqiahmdnfomatlhmthamd: sebiedulable

communi cating a return to the nt
acvabng it Sheodss I PIATeH4bIS FE “GErWinE ol R nphaf forther
mc(il? the Foqu¥ %pﬁﬁﬂs tiaRndd %ng&ﬁg&ﬂn@&{tlfﬁﬁg’lﬁnﬁﬁrl @bre nodes

es in‘the cluster for executing the one or F
sclmiotabk:swordmg tchdxq bis. ofPmades dmilthe chistsp @vatishlesfogrschgdyling and
resent inventi r hj Cale clust
geg U e s%tla xanp:ill El}[‘bpgr ?&gb’ﬁgg}d@nﬁo ﬁ%nt s may .
ac&ﬁﬁ:ﬂg&z?tﬁlgrt&e nfuﬁgd:tlf dfarodns specified aaltlheyc@iggm thc admasgemnt engine.
scheduling a job for executjon an s
Theapanspatiab and RERAFPaTH: @“ﬁ%?at'r‘)gdﬂ Ed?,so?ﬂ?u(fra’fl?;rgn%l e te or more
1détﬁxgi%? RABNEShelViRbIE %&Md&%&@%@ﬂﬁfj ofvinbdes if ahe@lilsien@vailable for
or execution at an HPC system Particul ar
scbeduhdg neftesmethod rfgrtmengelmdea/@m%%%oaz geturn to the management
PCT/. 05/ 012500 3 inven v a : tial and
engRSSTRE o8 80 e ppReaR AR S 2o mpl B moffpatial an
ndRBHAgiFeAhBinaRh O @besién ﬂﬁ&lt&terlfmf@(emthlgrtht end o mate processes
advant ages, one or nore of which may be readily
indbgigbent to a person skllled inthe art fromthe
fi g%ﬁcﬁl%\ﬁ%@#ﬁl‘eﬁ’t@  oftck Féséitnﬁwﬁﬁicﬁ' thay Opf3tideFone or more

To provide a nore conplete
techidlat sidvadtage. of A$ han mxmplm partwe;lf@rl grbagdimenty, gnay reduce time
features and advant s.th e t
repREETRH RICAYY AWeER ﬁa gtvylghscﬁgcg gmg a n]%{) §L0GEut R BRI HBE@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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conjunction wth the acconpanyi ng draw ngs, in which:
10 FIGURE 1 illustrates an exanpl e hi gh-performnce
computing systemin accordance with one enbodi nent of

t he present disclosure; FIGURE 2 illustrates an
ﬂ’gﬁ/"e"’%ﬁde in the HPC systemillustrated i nPEIESHE012500

i; FIGURE 3 illustrates an exanple central processing

unit (CPU) in a node; 15 FIGURE 4 illustrates an

exanpl e node pair; FIGURES 545D illustrate various

enbodi nents of the grid in the systemof FIGURE 1 and

the usage thereof; FIGQJURES 6A-6B illustrate various
ieehech pefide afl, dodeaphi [ i i
accordance with tlﬁe’ gll;??lgémog? ﬁélila@ﬁg%?ﬁ%ﬂ Eqvé[ljﬁge s, Particular
emppdigientsiraay prowidemne @F meng otbér tetlmicil advantagag nagermente of which

f j fth.theg s emjn FIGJRE 1; .

89 oG, ool 2 43R5 Ml I e SR e Gestption, and
clatgleaseinf ol ded into a y dinension; FlIGURE 9

illustrates two free neshes constructed using a Y axis

as an inner loop; 25 FIGURE 10 illustrates two free
BREER B SORIBTION (GFOTHE IDIAWIINGSaxi S as an i nner | oop;
FIGURE 11 is a flowhart i1lTustrating a nmethod for

subni PtRRY IS DA oBplaty understendingmcd thist ireseh invention and the
fhaheéy ey £ i f.Fl = 1;. FI.QURE :
e Rar MRPP bR P AIRATE B ok (o ind geiphOT taken in
conenetipn Mithgheaccompamyingidra@hgs,nnadidr dance with t he

hi gh r uting system of _FIGJURE 1; and WO .
2006/ %8%@?@%@/ c?fg‘%% EORRACS camputmEyystem in
a@hgiancei \IVi_thusmerapbdt@mmtnﬁtﬁeqﬂesémcggu%@mﬁpalhl y rr?nagi ng a

node re i.n accordance w th the high-performance
con‘pEﬁ%é 2y D3 Sranpapte node imthea P ErsY Py Frpicd GEGURE
1;THE DRAWNGS 5 FIGURE 1 is a bl ock diagram

il i a hj gh Performance Conputing (HPC) .
sysE}Zﬁ%ggé?stfé%éé{hﬁmgﬂ%wmre%wpgiueé(%ld)ainmde;

pr 00E1$3lﬂ§E4ﬁletx§?&§‘HfPla&nﬁJﬂenﬁeg}aﬁphe” c, weather, or

crash simul ation, using HPC techhi ques. System 100

pr oVF IGRRES) $éy-8D vl lpsirapP@arians cemloriagity ofythagkidain! e system of
Flﬁidmagﬁgiﬂgr{}g%% t}gg‘rej{)pus conmputing nodes 115 with UO
stantr

performance s rally simlar to the processing
per fIIGHRES 6 AGH éhatrhty  vafifus AabRIIRGRE Hf Lléap%ﬁ 1 @& ihtérface in
is

abl.e because nmong ot her things, t
acﬁﬁr?%lgcaes“ggqt?'fﬁyslg?f’ér"%%& and reduced fabric |atency.
For FIGRIRE @, illubeatss shébinbbdivheRl of BE S1ulikp nhdfl?.gger%em software in

di at ri buted architecture may be represente _
acqfanesithethe pystem anFIGUREW. ~ S(N) =1 / ((FP/ N) +FS) X

(1- FgaURE - 5 re S(N). = Speedup on .
processor s,ﬁggétr!)%rcgc%ﬁ g%lg F%rgeg?i }néffns%ggle ,“%ﬁgsi lded into a y
dimeagder;on of : '

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

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

FIGURE 11 is a flowchart illustrating a method for submitting a batch job in

‘accordance with the high-performance computing system of FIGURE 1;

FIGURE 12 is a flowchart illustrating a method for dynamic backfilling of the grid
in accordance with the high-performance computing system of FIGURE 1; and
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Non- Paral | el Code, Fe = Fraction of processing devoted

to communi cations, and RR'L = Ratio of Renote/Local

Menory Bandwi dth. Therefore, by HPC system 100
wpnoosiodiong 1/ 0 performance substantially equabti920080123500

neari ng processing performnce, HPC system 100 20

i ncreases. overall efficiency of HPC applications and

all ows for easier system admnistration. HPC system

100 is a distributed client/’'server systemthat allows

users (such as scientists and engineers) to submt

jobg 150 for processing on an HPC server 102. For
exaliURE &3 spaetiow Gbarfrﬁ&mirmg@déeth@tﬁg alynamicald® mahaging 8 node

e DR BT RHR bt S or SR o Bl TRy,

system 100 may be a standal one conputing environnent
pnt. I n short, system

§ st ment that includes
hi mallealﬂlc&:krtﬁﬁg&nlll&t@ﬂﬁig a @i gOPEFSHRnSS E6mdplting (HPC)
%ﬁf‘sn?fob obs 150, d m ca@w}é al |l ocat es scal eabl e nodge
SYys foro Gx4afne éﬂﬁ"%t £attons | gndoquecassss, jfop @SEple an
atmidSpHgc,t Witttk | &C@Esﬁdsuﬂgﬂﬁ& , ke HPE té&%dg@% eg st@rﬂylo%o &vndes

batch_or onllne ob operable to be proc usi ng

- usepsgpaih g Ge@nféwaa‘stwbmm@dbbyﬂmvd agPng ysupus ﬁmnputmg nodes 115

st for.a si | ati on,
ATl 0S8 b oo R o,
thesst pgles hli;]hremsrﬂ)o seatmable Weeanse ro€n@nong Jthbr dkksreis aicsﬁsed j7/6)
yes L un dat a. cent er lication
perF&%n%celaus BT ge 833{1%%?}531 }rf’r SHRTRIS &%&%‘é&lﬁ%ﬁf nodes ”5 in a
distpiboted aishingasy filag Bt répiesdnte by & U6 @MivaBPAntRLI Ofws er Ver .

The term "dynamcally," as used herein, generally
nmeans that certain processing is determ ned, at | east
in part, at sgo-j/ PF@SF Qn 19R€ ;01 vari abl es.
The term™ automatl (f:(gl Y, g) sed h 1re| n,E)generaI Iy
neans that the appropr| ate proceSS| ng IS

USRS RO LRIy 8 P A AT o

Norf-Hmllh’é |Codeg rHoerplation ofpicassinpalel 6tell %€ Eoiunications, and RR/L =

n [ nt act| th_ system 100 wit hout
Ratig EZ‘F ﬁ?ﬁ?‘o%ewﬂ f %ﬁ?@rfa. by &{ESs siyseem Lfgproviding VO
perfoRiianes sdRBnGANPELRE B §1nﬂeahﬁ REsif StufafBP .
. operable to Eggcé:%ss job 10 g 50 uss,lgﬁgag pmgr élﬁleé Sgrem 100
increages Vel sfedency s ofnHPE| @pplications z2gd meHows nfgirn easiéio system
admiafekah ! y. HPC server 102 conprises a distributed
conputer such as a bl ade server or other distributed

seHP&r systdond0@iis ardasuelméd dibn@tdrogt, sysefn Biat d0ews N6y dRh as
ura i es es conprl se any
ciedk | BB%I’" $ d 15. Nodes 115
scieqy bsﬁﬁp 15 6%% aiihjpb doP der Rigesssiag onf &y HB%W@ 102. For
exalhplach@&emgﬁﬂ = inAPAPE sBSESANAhL t(iQ &gﬂ&g&& %h network 106,
e conpute

Maci nt oshes, workstations, Uni x- rs,
to ong gt eTR @dmystragpn workstationsor l@eai e:hathtk ¥20.FB@UREtein 100 may bea

exa uters that
sanB34) S5MTRE S o GF P b b GRS e St
100 F¢ @u,lRHPc cdrhplﬁhgadneﬁ'omﬁalt R4t ViBEludéZhighit scARYbIBEh0dSE£H15 and
system 100 can be inpl enented

h t d| scl o
a“%fhﬁ B b tmicallsealiassts scaleabisiriodgs 115 for job 150,
and §ﬁ6ﬁﬁ§ﬂicaﬂ9 lecutéé 9[5 hes usﬂgg kifkSal otclé]t%d 915&&eﬂlt5 di %C Sx%é%e)be any

cont enpl at es conputers her han eneral” purp
batcl @nprmn@ngb aeemtde ko hspmoupm wstisp HIPChectHruqiiaﬁluﬁdltsmbmlil&bd by any
apt &@Fr?& ebnn? sed in this docupent, the term
conput er %918’@?5 & BALSiors3 sipylatiang g gnodel, or for any
conput er,
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wor kst ati on, network computer, or any other suitable

processi ng device. HPC server. 102, or the conponent

nodes 115, nay be adapted to execute any operating

" luding Linux, UNI X, Wndows Server any

?%é‘%msuqq%:abl e operating system According to GESZHe/012500

enbodi nent, HPC server 102 may al so i nclude or be

comuni cably coupled with a renpte web server.

Therefore, server 102 may cénprise any conputer with

software and/or hardware in any conbination suitable

to dynamcally all ocate nodes 115 to process HPC job
othkbBigh-pefforriarte GEquirement. JHHPC56 aiayedlsolbla reqakstdesurba data center

manag enent node 105, a grid 11Q. 30 conprisin
aplgirqalaam i fogh @ arf%?ﬁéegedl%abaé?xc?“c?‘ﬂg‘ﬁe‘fa“ﬁﬁ%@ @ﬁ%ﬁ?ﬂ%@ﬁﬁéﬁ ora-
clult'éped d}fBﬁ@anoﬁ B&GEL Mhakdry “d§§d’n¥x€£lly1 Dgs XRY h&@ma ?d\l}%%ééns that

rack including a plurality of bl ades
ceuz@mair@@sm iPdrtewsaeh 5t dems 00 pag, @nsyn-mrb%@imnoqneaw more

%brlégse el'the tel:g? w%lﬂgxaﬁlcg?)ﬁn %%?T%? he)elrg Lé)@hcggl af 81%%%?5% thé é{)&ropnate

prcaxéaqrix@rs5subktm£t&)ly pletcfa.rmadtlggxtat:ad pﬁﬂblfllﬁ’c sysitdng ADGLg It shpuld be

FPGA redundant. power inpyts or . .
unfsiand S St G SR P REP BN HED I gt Ripiistrator
mttelaabdM Rih %ﬁt&elmmﬁdﬂ@de Rirg o AiaschsidTthis Blstlobire Wi | |
- be understood that HPC server 102 and nodes 115 may .

not HR(e perves 142| coppripeseany locabap Eaveaie SOMBMARORSTRNE tnprgeess job
15é01§ irgqpéfurc’a%%y Hf l&a%%éd %B&esbllﬁﬁednﬁua%té}ntﬂaﬁééeﬁwnt engine 130.

edi Cat managi ng or assisting an adm ni strat of.
Gdnerallgx HRP! erverd 02 gempnses modistrib0&d rmsnpumo wpehi gea tlade server or

bl S ith one.of th vvoba bei n .
o e e bl Bt ER ARV ARE, sl iR sy of
no@&ODd. Medtes 1 MR oGAQR1TEE Iﬁhy aemigutdiy pidoesdieg ddvice shalies, forpaample,

of bl ade or co ut| evi ce 115. .But,. .
bl 5B RO RO PROH PSS Bh MOUEOS e Ao i based
coldpiReY, o@fan§idtikdt suftaRde@ORf | GURGEllY, FIGURES Ui gralili€ merely one
fashion, so Ion% as it remains operable to at | east

expmplei aff Pympriera dhat gastibe peed withethe disclosyeneher xR ,mélough
f

DY LGP e BB PRS0, e o0 o

beginiptierdebed tsing hnanpdtetrswﬂreatled sermeoy mmrdl asreaseay@mal. In other
nqQde 105 ma e . CO cou edt rid 110 wi

oA R BPURRE Lo SSBREH, el chy, pbertl Bupose

cofiipliepPis REIE as COHPUNre KithGit coavditibhalioppla@ig systongs. am/used in this
app roprlate connunlcatlons protocol As an exanp

doghigiefotthey tery “OmpuieH] tigt PisHded tPj ARCOPRYSS ﬁcwaﬁenaén‘éomputef

wtkstHRdE netWoH@éodqﬂlt 8r éﬂSf oFRE SuifdolChtblesNAB B8 ee, OHFC @Erver 102,

nore 1 nternal ternal buses, one or nore 20 | ocal

" ordhe eompangot msies Lmsx)ay nasdapied o esequtst mypmerzttlag systera including

LG5S SHEDS P ok B Syt ot RaPRAHR” foopding o one

en%ﬂhilélﬂ,t HPC s&@bert MR MAy A6 EinSluad okIHékGonumﬁkﬁﬁze)ly coupled with a
appropriate. In one enbodi nent, |ink 108 provides _
remPalFl sevel OERGERFS SETVER | O MAYOFATRINISE 20 GREPYE Wl software

- andFNI R84 in gxﬂg CorhBmatiitsuititif to é)lr%n?ga"ﬁ QIb&telljr&iek $1%to process

group o 115 1 nterconnec or i ncreased
HRC gabebdi ng power. Typically, grl d 110 is a 3D Torus,

.bUt Att a [E‘Jaéfx ggel?lrﬁ%ssherve? 1%% plgélgéjes d m%ag%%n? th(?e 1(%1 apgnd 110
comprising a plurality of nodes 115, and cluster management engine 130. More

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




10

15

20

25

30

or configuration w thout departing fromthe scope of
this disclosure. Reference to a "torus" nmay enconpass
all or a portion of grid 110, where appropriate, and
WO %6/0466282, Where appropriate. The |inks betpwgrR2005/012500
nodes 115 in grid 110 may be serial or parallel 30
analog links, digital links, or any other type of
l'ink. that can convey electrical or electronmagnetic
signals such as, for exanpl@, fi ber or copper. Each
node 115 is WO 2006/ 055028 PCT/ US2005/ 012500 7
configured with an integrated switch. This allows node_,
115) Mtht sonmo pe abafi thy fhidbowing dompprentss oh dualtrrecesssys; tifglargy high
orus and hel. i.ni.m ze, XYZ, di nc \ i
banfuls 80" iy . M oo, IRECBICRE AR nEkiR febric
swi'tcﬂjdg,awgb @P(gﬁwsn@m; aﬁd qu@) tdauﬁaagabgfve:r ‘gtpgas mz: Nt p‘oger supplies.
some_enbodi nents, t ongest .ca | ess _tha S
Thegp varfous CPRPERTIE ?"%g% faifuges to be @8&%‘?":‘10{136 8?)‘feﬁﬁ¥ezl‘e %“‘5 it will
be fulierI6Sd GRit RPICORBQEr GOPTAMAI fotel ONS ANG hétCineRmedall /oD these
bandw dth. Each node 115 may include a cluster agent
comiRem®muni cabl y coupled with cluster managenent

en %ﬁa&%%gy (BRET §4 chrrg[lgﬁ&% Nk d;l-a%? oh€ AfthdtesubE @At SedRfated to

conna rom managenent node 105 and/or cluster

© mafaEiveg enestistarpg am eadh8bistratge ntFot 3&aopld, dmanagemgiienegdsy 105 may

har dwar e,, .software, fir r 0 ombi nat | r
COREL AT % lll?a&a’et“é} iRE ‘igvé?% EWB h{)”/lglg%sgg e@?a%eggn% ﬁn(o e &
actﬂvh%aﬁﬂ% %@gﬁﬁii@ﬂﬁbelﬁ Bee pmbodiaay mhiiagemaalﬂ Gifggslo;j may be the
through a "heartbeat,". to nanagenent _node . In
satembyph ef blee o8 PRI IS SRERL. T liﬁsguhévﬂagemem node 105
ma? E}E 'af?}dh&ﬁ!, {n¢ridalg aélggsﬁ%be} 3LcitRits el deonifigerell Carbt suitatsle Gshion,

e assocl ated no . Agent 132 may be witten in
so &mg aappreopiisatperabntoLat deast pasialygeanage 1grigdl 105 fHten, management

nogei( ﬂgﬁlg %l(])}{S%gxllll 'oglgo ?@gﬁg i ttg%ﬁothq_}{@ggx\tﬁilﬁy 8f uBasiofes A jointly

ereo ong as It

repr@eiedsn gfifl 100Nt thblikustiatell eatbollmeent, mapgemergrnoge 105 may be

cluster nman ment. i ne. ster .nman ;
couppireby S B i Pk Ao Bl AR B ormposss wny
ap%jOEM@r&nmﬁlﬁcﬁMﬁbicﬁﬁddip Rmblgkaniz ePT apjropdae communications
yham cal |y all ocate and nmanage nodes 115 and xecut e
prjtodsl.1 36 ams¢mglp?ﬂ)§éisn%15’. wipef ?ﬁﬂne,a L 'LFB‘%F‘CF“ © Onf" or more
wigegsg gggp&o%‘%k&?t ﬁ'o%pds”g%{e[ BEmoM ihfekBD of Extgx%ﬁpﬁdsgf,_%nb Br more

ppropriate conputér [anguage including C

lochRurea nétweorks (RANBpwine oraseremétmpolitanyareaingtprks (WeANs)pAne or
of 4G, and othe r, any comnbinatj o
i e SRR R R PP MR o combinatin
of 881 REndr3 &k Hnkt, Ushdratapgtopiiaté:] Guldie lembadingensi linkl £08 provides
mul ti-tasked nodule, the features and functi naliﬁg d erid
Gigahiff o Hieigahit Eftiemnes gojrmmnicatigns Hetvrep mageng nads ¢ fHpnt &o
11§Ddules such as, for exanple, a physical |ayer nodul e,
" virtual layer nodule, a job scheduler, and a )
pr e Bi0 Bra giogp pE npdes HIsGmerconnastedefor giczgasedofassing power.

ol 5 Wb AL P

orCRE LSS0 MAthBht HBSaRidY BEMSEE ScasSOF s dibclysim. CRefeteate to a
managenent engi ne 130 and may store cluster managenent

“tgmgjl may tB@mMMSs abh\ozra portion of grd ﬁ‘ﬂl@)a‘gh‘ﬁ'ﬁ ﬁppr@ﬁ@@tﬁeanilgﬂce versa,
b .chil - _ i . .
WS apoPgte e kS PR ol FCRAE 118 By el or pavalll

aﬂaiogciiﬂ@y lddgital NB1kef of @ny Cothiat Bpe nafnhigle rthatt c0 cenvgy redectrical or
. 130 conprises one or re softmg e nodul es °§§ﬁ9b|33115 s

elegromagratici gigpals ysughriigdor fuyde.1 BBera Ay CPBIE: 156" PR
particul ar enbodi ments, cluster managenent engi ne
I ncl udes
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WD 2006/ 055028 PCT/ US2005/ 012500 8 a schedul er 515
for allocating nodes 115 to jobs 150, as descri bed

below Schedul er 515 may use a scheduling al gorithm

§ glloqpte nodes 115 to jobs 150, as further
WeLL%5¥¢® bel ow. Server 102 may include int ePrCfTé‘ésé“‘T@Az‘O"
for communicating with other conputer 5 systens, such
as client 120, over network 106 in a client-server or
other distributed environmefit. In certain

enbodi nents, server 102 receives jobs 150 or job
policies from network 106 for storage in disk farm

cdrflpuredi wikh hr infegk4Qd BWitciR! $Ris RBo@S hadh el @i G&téam B the basic
iognal array using the sane mnde and

c‘gqgf%lé‘?‘ffr%‘ﬁ %h%?mﬁ A0 belon rawmeze REZ bdenses baswner etherynodes 115.
Flftee rtﬁ@%yl@ﬁce%lﬁgé rwifit Jnggcl 1f(1; la?%lﬁ ggsﬁgmé It u?)qg wg%% rates with, in

and/’or har dwar e a sufta natron
sspre prbPdmeRSs c tertongesatablabing tess WeankS Tiers. Min eshort, node 115 is

SR LRI o UL 255y 08 B GOTPLLSS SO i

assoEacht nmﬂe WS magoinmiude aatlidersagdeat W82 keodddfun@dably coupled with

rdmare oper abl.e to caoamuni cate physical signals.
'@g ni; eneing i%& e SeRGrRILY, éggmglr“%vﬁeﬁféwnt@guests or commands

ﬁﬁﬂ%ﬂ[ﬂg&ﬂ&ﬂt%d@eﬁo‘ﬂﬁﬁﬁ/& QUL HanaSepthe d _
ot her computer, such as clients 120, en% d%] ‘d?%a{t 132 could

incfuge apy h@réwa%?s sofiwarg cmyang dssombintiow theesof Dpgrablado determine
thelph§&tal %?a@us &eﬁdﬁg ks t]aﬁ wRlcs® theP ocgss (f ﬁv¥ea,ssucB s fhrough a

vari ous nodes 115 w eparting rom
“hepwtbedt,’s &0 owoagemenh nodeh 3305 wor glethen etiboditment, Ghanagement node 105

nEP BOIRAARY Boft Bl o LR frechielft e S ool v0ds 1 brsheent
1 320mpyibé n@ﬁeﬂlﬁpﬁdﬂﬁﬁmﬁopdﬂ&lwﬂﬁt&@zﬁxgﬂﬁgé sueR AEUBE &ahBie, C, C++,

TGS T e M AN L

coiitlatible Wigi £ Boastvd SlRon SR @ ter AAHa RGE erpitie B3B! €

i nformati on between network addresses.” Network 106 nay

i ncl CRgeoNanagemse @ejnsclal caplddnclnds erh@sd\('a_rﬁ.l\@}ﬁwaﬁa@mware
xa&ﬁﬁﬁﬁn at ) net
o( 13 ﬁP@xreKP ogg’gﬁé to- %&*Isa;l@&t?lagg mana\é'O <§es 115 and

a netmn
exggute mb bﬁOOIMIg lmhpl]tlér Fnle¢xnmple klustenmasagehent d:rrgi:er IB@tmay be

rq ther communj cation system.or e
AR e Tbe b Bl S Py R il G 2 v i
Ba;ny asrefibley,, anfl3UAKAS @erbibn 5F OGBIM IS RS Bﬁwamﬁm thereof. It -
w r storhwatbobs 150, profiles, boot images, or other
t

rwhile lustarimagagenanh enging 1 3(stsrillessrted in FIGURE 1
aseifiRgt ‘ﬁﬁﬂ'ﬁ-tasﬂé@ﬁmﬁ@l% r'ﬁhe JanQu ?J‘&Jdu ggtl(gﬁﬁty erfOBh& %c}us engine - -

storage clients 14 arm 1 ocess

- myYHbg Eﬁrﬁmnad backldﬁsle amxbted isnch 4sp fc&rv)campleaa bhiydeat layér module, a

n for ex | nfi ni Band
i SRR RCERERNS, el hroiBiBe Bhpinliahorn prepre detai
mlﬁlcwlmck)et smﬂertwmleauhyrateaeﬂs teQtebiaRNBP Rizhadddlet node 105,

within disk farm 140. A data packet may include a
manageaRent mede 103 dypically Fre@tesRasar fere PapR$stes desoriated twithh cluster

- mardhdrt | Sibine 326 {1‘91?5931% J'-l)llg{ r %§A)g&tzé (én ?3&_ h SMoreover,

source identifier, exanpl e urce a
clysips managee;sent eregine hiﬁ)strra)t theed cldlid or Isuif ajodaleiod Bnothﬂdoﬁ‘h&e module

LRaton identifier, f l e, . stlnatlon
W‘ﬂ‘g’ﬁ{ dEting, from flicoicope 06 tﬁ'éc‘ﬁfﬁ?‘gﬁfe- ofﬁl‘FW Ie:n it praapggement
engine. 130 compnses one or more software modules operable to intelligently manage

nodes 115 and jobs 150. In particular embodiments, cluster management engine includes
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Client 120 is any device operable to present the user

Wth a job subm ssion screen 5 or admnistration via

a graphical user interface (GJ) 126. At a high |evel,

wblbdsmEdoas ed client 120 includes at |east Gycrhigbodd2300

conprises an el ectronic conmputing device operable to

receive, transmt, process and store any appropriate

data associated with systegtloo. It will be

understood that there nmay b€ any Nunmber of clients 120

connunicably coupled to server 102. Further, "client
‘user of client 120" may 10 be used

20"
a S%‘?ffilé'reh hhh e alpsatiag nadgsridgrte dabs 1D+ asctescrived helown Schedrier 515
maS' RRe 9GRR&UAN. tag ﬁgté: & Iaﬁ clz{[e n Ha g JS)'EIS r%fS? (ri‘r ?roéescnbed

| lustration,
bdbwlng used by one user But th|s dlsclosure

con I s t hat n ser use one.co ter to
ConsalR B ol 18D erties oL shRuDicatizg WO Uhercgpmputer
systemnst Buch di sﬁémsmoe ovéd h&%rk12@6 i$ al Slfegngleetrt other distributed
15 conputer, .touch screen

enco rsan
RO af‘?‘ otk sefrﬁaoﬁwn% &SN J028YRE dobs K0giob policies from

netWofke1 0855+ §lafage RPibk fane€l40. PHAGm R8H ﬁﬁg also %@taﬁac d dlrectly to
assi stant (PDA), one or nore processor

thegomppiaipnal gergy Bding tf@rsamwmdcbaed Hy@ﬂfztcabﬂet pmqmscptm Qte nodes.

Getq&Xﬂ)p fhterFRE 164(| nC}:)r?sgs ﬁJg’i e%:ocile%Qn (rs.?fyw gpd’/or%%r(g\%ar%m a suitable

conput er that es —an | nput devi suc
corklgpgd, and operhbls ¢o eemmunivats evithartvairk €06. MRve gecitibaty, @érface
i nf or t on an out ut devi ce that conveys

10455 Bombris o B5 s SBpretibe e O sa ORGP oo apiated

w1tB. Qé’mﬂﬁmﬁhthcﬁlﬁ TnStv&ibﬂOlOd S a6 g optirabld B cofliicald IﬁH@IL:al signals.
information, or GUJ 126. Both the input device and
out 18?&"08%\’/% dacilifates reless orj wiseling rcommnicatiph detyasn sapenputer
servEzdio2 é‘n'dczthyae?th@r L l Qu@oﬁ Hidats MK mdel, ﬂ[usgated as

ot her suitable receive input’ froma

resiging\betfeeen @@ryat IQZ@ndgélpst 130, ndtwerkt 196 TRy zﬂmmg«h betlween vanous

S bnts LN di
nodT1 4 abE dfEuRrok S HOR SRR RE S n IR Shofag pecwork
106oymmambassdsoaaw me.uvm)k, t hawuske] @f seb-h@Wwbrk loperabR to facxhtate
nterface with system 100 to. submt one or nore j

mnﬁb"m&ﬁﬂ? oPetyE§n tY?e‘°§§/sf’%‘H‘P‘(tB’rg REPERAMS  adhls Pslt r b(t(brmay

comtfudigat&; | fNexakdfle.t PntbiieE BrafooIM g@ ﬁ%‘ft&g mFl-QQe fﬁélaﬁ‘ "Yames,
sujtable_ su ervi sory purpose. neral ly,
Asynehropepss Transtey Medef( )eﬁPHSl 2@, tvidesn d@ta‘, i ande nther amidable

infd;‘lég{i%r{rl];éfg%gl [%DF&%% Ry .glgetgf(c))ﬁlg ﬁég yrt%\él g? aone r)}'n(g]c local area.

networks (A Na) Iralié raacess netwovliseRANW,VinBgopolitaar @64 hat&orks ﬁl:/lA.N s),
t

wic S5 A 80 o S e sl ot o2 e
InteR 0,60 8/5 350 thér botarRRRHOT SRR orkQstSHb H i iof plgtié 1%9%@;.5

t hat presents t he various JOb paranmeter fie
r edBigoresalc digkrfanesl 40fis amy mismorys databdse of stemge 20 neiverio (SAN)

t 126 ey, lte tiv
o B T oA ey 9 R AR U &
illustfatedcab@im diriént t disit fans y40 - aigludag Hileﬂbﬁinrofﬁ §ibsag@Slients 142. Disk

¢ ilJustrated in FIL.GQURES 6A-6B, and receive vari ous
arm. A0 MY BIPERTS 1908 Buleq dplai Backals caccordime by eny safop Number of

A RAGS Cged | PEiafinses v
© shuttin ﬂmlﬂogdés%@ﬁﬁal nt enagcggf %%? éﬂh'IgnodZGE) or
Fibrghapayl (%Chelbats padkets|aee typivainused tdvbarespore data mtlthﬁhmult thrinel 40.

A ARG RRYink{h gt bl e enl it eddratcn Miir

one or nore graphlcal user interfaces and each of °
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t he displays of aparticular graphical user interface.
Therefore, GQJ 126 contenpl ates any 10 graphi cal user
interface, such as a generic web browser, that
0 esnformation in system 100 and efficiently_
8&%@@%:§ Phe results to the user. Server 102 @gﬁnsu%youum
accept data fromclient 120 via the web browser
(e.g., Mcrosoft Internet Explorer or Netscape
Navi gator) and return the appropriate HTM. or XM
responses using network 106. In one aspect of
operation, HPC server 102 is.first initialized or
THROGSRE: iEMFRE - fol Sedaltipte, P4 QG8ES , addlkdis! edentiBiBAgsTRANsmitter of
engi ne 130 determ nes the existence, state,_loq&%éond )
S ,1161_ent1ﬁes

inforpiann, onthdhe destipatiancidensificssfopxamarlesa desiinphoryp
| this nmay be based on a
méﬁﬁgﬁ?%éggs%ggﬁﬁﬁﬁPbated upon each node's o
i ni tCladnt 120 isemydevigp operatdato picsanbtheatser wish fijelysupgnission screen

nagenpent node 105. .Next. ,clus g . |
oy R, R R SEPTGAL IR inier ot LD D RS ORT i ML Slustrated
clitA0 120 ingledaaratneie QUT t106landl ¢omipeises 22 Cclamoen AGnmiting device
for exanpl e, predeterninegﬁgolicies. I n on? dat ociated with
opsrAblsd tEsReIvec [TABIRIE FRAFESE @RE rLoTe gy ppropstgte data associated wi

| sﬁ@glt i1 961 OUR! Wil DRI fesitdd@ 0@t Iere nly BOSmybNambai bfifclients 120
an

upon determ ning that one of the nodes 115

conarinimg bl éuplad; to sPiyentifadiungier, fielians | PYT &nd Spereplhigotdh20” may
a vark |l . g . :

e R S S T

Mexoout fareasnuf ilmsmatioh, éaoh cherghs dédcobed wdtermsief bding used by one
virtyal cluster 220. The execution 25 environoen

s 453 Lé‘%sf?EOSHrSSF%%? At T} P Ho8perAt S‘ﬁ% Osn%s@%r/ﬁmer o

cHRhhigals pibs 15€0Mh€ 8% sahOGl 1a6d shared file systens,

and a set of installed applications and,data. The.
cl us{\ér“ﬁ‘bﬁ&g@ﬁeﬁﬁc@ﬂﬁ?’ngleféd%ha? HW@ﬁﬁictgl PpOmgESop personal

- c&h’[mt&?@hcmmgei eI WEkStaion, GEidHEEoRReraRIOSK, Hiftfkst Bata port,

associ ated policies and according to inter-cluster
clophiapeepersanakt Hata @ssistati(BPAY.yone3y mprerPracessds Witysthgse or other
0.l 8 itable t Wi hBleacliedP120 ise a
ok s L300y LISy PR 0 el 0130 may comors
canpueeretiatt ineufl ebanpaipatndeyviee ssuh cis sultzypad, doghcisretB,0mousg) or other
2006/.055028 PCT/ US2005/ 012500 1 | ust er .
g et 130 BroeRTumattR: 6 BREIHE HE P daformation
af38¢i HEB v hSthe Bperatia Bt Bérester02r 61 diRftsPIDJ0] dichaliggs digitaladaea] visual
with job 150, the user, or the user group.. C uster

 infermaiiereaitGeh 42t e Bothothe ot devies i REPYtevies smay iprlyde fixed or

| ! i Qaaé : disk, BRROMor oltie$ suitabl
“¥%§%@%grﬁgﬁﬁhéﬁg§ﬁ§’13 ﬁ?ﬁ%ﬁh yﬁgﬁ%ﬁaFﬁy allpcatés a B
njedia tomdere2aife iapubifromband provide output taense?of elfpgts 120 through the

xecutes job. 15Q acr.oss. the alloc odes 115 usi ng
e ion g SR st amed G fad 010 e |
| ncr gagade LhRpRak hAphEPuseRterfee vpdratle 2o alkyw i) wser of client
qui ckly conpl ete processing of job 150. Upon .
120 tepinterfaemwith [sysere A 0primagawieane or 810g¢ fbs Bk o 3f) the system (or
S5l Skl gl e table
oL B e AR 1 ol M o sy
siprdsorp phipose. dGeriecally, GUANY6 pravedes did wser ioliept biflewith agefficient

all or..a portion, .suc s a thread roce 0

s ep i ragpania o8 3 Bt HotRG: B5Thageorout 136 may
cbﬁl??iéeaé pRflitPoNQBfrdiddble FRted AOVisAEhAinEeractive fields, pull-down
not her board,” an OPTERON not her board, or other )
listonmast buitons depgratesl bdleusers Ihaeneagmbodimente (iU 126 presents a job
providing an integrated fabric that enables




10

15

20

25

30

. shu @qy@r n

di stribution of switching functionality across nodes
115 in grid 110. In particular 15 . enbodi nents,
di stributing such functionality across nodes 115 in
wgneod/odshs may obviate centralized swtching p@rg6do6s012500
110, which may in turn increase fault tolerance In
grid 110 and enable parallel communication anong
nodes 115 in grid 110. Node 115 includes two CPUs 164
and a switch (or fabric) 166. Reference to a node 115
may enconpass two CPUs 164 and a switch 166, where
appropriate. Reference 20 to a node 115 may enconpass
submpigsien @isphmUthabmresaptiethe vappuesajob ipatagetesfieldstand gecaiegy commands
[ it ch. part r ' . .
fron e L B R E a6 Pl B BT PAT IR M fmativelyor n
comti6@iomypresontpltte pbygecd 1and dogicehaganentf nodts L0H tbothe system

im0 B oS A SR S0 e o

admniber Anbinistrdfr AofMgandl nfayadnckid®fmgking nbles ab Wen)available,
ports oq%%yﬁtch 166 may each couple 25 node 115 to
8 dor MINEANaRGE, AsPogiing nedesgpr ry1ather sgble, gommand.

MorBs¥et, §t HBuRVAd GlliedkRRIMYt theAGH SapRtA dg&diﬁteg;tiatée tfy be used in

~anot her node 115 along a z axis of grid 11 0

- the si:aalar jor i the plurgl] te idesarieioapn opmoze S@Phtedlusemingiacesy ansl each of

e B P kBRIl i Lok 0l 081 ey ny
graphiicalduséil thtérfackanichi 4sad gendrivpwebmbrivaser, ahatoproeesses information in
mul 1.1 di L onal topol uch as a 4p tor or ot her
systdi PO Bl BRGNS 6B ROt oIl B - Pt Hon St gt data
from CHEB SIR0NG) thé velb BroWwker (é.ﬁ., Pctds6 R Rter D1 68N bS ,Netscape
one or nore ports on swtch 166 may couple node 115 to

Navigpter)spd esva the approniisted THI5onABVIE 680055 01ig g network 106.
PCH Mg&ﬁ Qt \%}E&Qﬁo&, Pt %g:%@ﬂﬁ R irSOLRiafl- 200N B0t €Buring
of grid 110, I ch may reduce communi cation junps or

this pogsessh elusier managienehl Sngmd 130 edetermmes d¢ho tehistenpe) duatd, 1 cation,

L SR TR0, 0 R s

base@ 061p h & heatieatl’l Borhmunizbel hgjonnedR dde’sr BstidlizAgolo®N@oA near
i n_rtheast%&ly axis of grid 110 several 3D jun€s away. 5
lmmﬁgleﬁpﬁl%lag faanagement node {03 Ny sistipmeageaignt egingsk0 may
dyndnficay al1péat N BRE psMiohs Bf gt 1 U PRe oAmBAY Jiltasll Alstct¥o i Fhased
166 i's illustrated and described, the present ]
on, fongxample pradeterminpd apkacsnip ong gmbadiment wlustan miaB@genpgnh Rngine

: t .5 eh oo el 1 -

130 E3iy R G Hod s, Br BB EAAR anth Bbmr R RS one
of thaods ¢ 5 ifdiled, dfedcavely mdnkigih@ 8 faiduip usiag @Yot 4 Oardebytbf iedovery
switch }66. Li nk 168d couples CPU 164b to other swtch
technigges. JGlugies mangesanend | gine| §39may he maRperewd RIGHEF S unique
execitbd ERYirbAfeh© fdr QR AMBEatcy Hdel 6 virﬂl_apfcfiﬁfer n9ge He execution
as further described below. In particular enbodi nents,
envigpnirienk mag Sconsis! nfldke dnostname,n[PBaddtessd Xpkiatikg cyptainl eonfigured

comyunj cat i.n roxi matel.y one.gi gabyte .per. secand.in
serviS e Joou i g TR AP i o6 el i hed G "
clustet Imagégenieatl eagifle 486 CihaP &marhidllp &S @ tsubPadt ModBs i virtual

contenplates any suitable links 168. Links 170 are 1/0O
clustey $d0aceydingde assosiated pofipigk andascording ta anteigelusier policies, such as
pﬁoﬁ fini Band 4X i nk capabl e of comuni cating

approxi mately one gigabyte per second in each _
di Waen iaouser Aigs omuighclizat 2@ tHeamay ibalpsestmod avith a job submission

T T T e




10

15

20

25

30

switch 166 to other switches 166 in other nodes 115,

as described below. In particular 20 enbodi nents, a

link 172 includes an InfiniBand 12X |ink capable of
connunlgatlng approxi mately three gi gabytes per o
YT Beach direction. Al though particul ar PEF{HR2005/012500
172 are illustrated and described, the present

i nvention contenpl ates any suitable |inks 172. Fl GURE

3 illustrates an exanple CPUILl64 in.a node 115.

Al t hough an exanple CPU 164 is illustrated and the
descri bed, the present invention contenpl ates any

chigtet ﬁhh@em%ﬁt &Edihel 3B ﬁ)r@E’éésékﬁﬂe joﬂ%h%%loﬂ thE Rl &SP Bzirameters and

174, a nmeno controller hub 6, a nenory un
2y gredefgamig B%‘t““%%ﬁ%?f“éilte(éé}'atbueb 13¢5 u&es,oor the utfegstmp Cluster -
nla?négér&‘ﬁ[ é&%@rfe B30 thaf gg@trnﬁnesstﬂ% quﬁ \Aoﬁ'laté){'xrt%mc?%%?%?b 8%e8 at least

conponent or a conbination o
I%B% ondrs iformatigar Engink 430 theb dpamsnally, allpraeesiebspabé 230 within

essor, ..174 fr
part i Wgﬁg}%gn Jo%rlggea%oé? tgeiﬁhi)%ate? nodds 115 using HPC

techpiquosi Base, yit [Badh uBﬂarg og alieihtréasel YRS rm AL MBC @88tver 102 may
rox mately 1 ahyte cache and bei ng capable of

‘%FE% r‘lBB? GOBIR;etS PEO a8 rbpd pe} dpesrremplgtiopaslpster management

eRFTHOEINIR i Sate MO BIB0 to &%413%0 2006/ 055028

PCT/U82005/012500 13 provi des HyperThreading. In

par t FEXVRE Zeriyantercan examploewlsdor bide) 14cl Aideds 15 includes any

Py ae=) deSRAt; f use,. of nor

D RO Py SricREB Blfo@ihE T adffict s B ¥ thread or

Prd%&as@ﬁ'@ted Irrmd]otbew@ | Aedu eiah@lqomﬁlsmmby way eflimnitition, a node 115

at abl e ! 174, 5 Bus 1
es prg%gég ﬁzﬁﬁd“ﬁf%ﬁ?@%ﬁidngﬁﬂho%?h%&°“¢hcmnmﬁmg
dﬁaéet i QNbdRr 11£1tHhe dzhﬂ&[’dlﬁtect@r@s prb8idlirgS aR NinRPREQAX FFRk edth)ft enables
communi.cat i ng

f d FSB bl e of
EBIPHR A S Rphc by PeBeohtp imRoUGh dn paviulr

. efdBsdinents, adistBbstidd aldhsﬁmétwuhﬂﬁt'y rRtR6 nodd l‘é%ci c%—idbﬁﬂ) 1?59 ©bviate

pr esent i nvention cont errpl at es any sui t abl e
cepbializemsvitching jg idal 19 piNehrmeay wdimyaersaseofaule tdderdutedn grid 110

aﬁ@&iaﬁle%@fmgl%jﬁm?ﬂ oﬁmhgag%egmm %%fl 40 or nore

such component s Itatl | Ooh bet ween
pr ocEQ@foilSlmhalnslt\mélP@fs léﬁmnd Ofwitch ©0 FeRENEG ®efdrifiCe to a

S ot RESE 85 CTREVIeN it el o ecsmeropsater gforence
tconddedl]S neynenOmpalsijon a GRS w&emmf&@@ﬁfpﬁatel 'é%t%ﬂ%@ Bfay be an
e of nenory unit 178, bus 182, Level 2 (L2)

mé%%&‘i’ii‘é{ SWitch. oﬁ‘bpéﬁﬂch‘@f émb?ﬁmen@ow&hemsh@fmw@mmrtm Two

I 1)
ptSE%% Jzn'osQHNJ&% i} gg gp.@:@ﬁﬂ%g???lec {l\ﬁ@z n_%% e'n%‘n eLl 0 %’Yﬁ%ﬁﬁ%ﬂd putput to

- and7@ominedé hdds Irelagdltwlgl@@Ms&nmlmhndﬁm@masmmmde 115 to

ot bt Lo BB ITD, beibeg S amavySHilas Bekesch coupte

mmgas a4 aiqther(iletl@ll Hlalbeg Makid Zﬁ@d\ilm@n&Wr% ANifaRY 66 may
limtation, nmenory unit 178 may include t

b
MP &G@dﬁeh’osr o é@‘ﬁ‘é‘e@@aiﬁ alopabd ¢ axfis appridx] Watqerfqpxhtate
il A ARRF &S PhRiest2 Q. 3?.'?&) doxpﬁﬁ?rqléﬁ({wé{ in &%ldtlga Nuafionat ports

particul ar nenory unit
oy éwetﬁh Héd, may h@upieeaeclu llfmte mtﬁx@nnc&xemtlaﬁphagﬂ@ HOYto facilitate

? Et nor ni t 17 p cul ar enbodi nents, a
itk A 9E & HtgtBehsio opolbels Ctohes 8 AD PR Qe hrCpiraditional
topblagy 1ndRIdIHPER oR War® thrEDditheRas F‘@r{ Brid 390.t Wep&ticir embodiments,

enbedded | ogi ¢ conponents faci ating
one or more ports on switch’ 166 may couple node ‘115 to one or more other nodes 115
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UO bet ween processor 174 and one or nore other

conponents of HPC system 100, such as 25 a Basic UO

System (BI OS) coupled to the ICH a G gabit Ethernet

Ghdglosspptrol ler or other Ethernet interfac <
Wtbo thoeq?g(]:l-l, or both. In particular enbodi m=:ntsgi;/%ﬁﬂo"%IIZDOO

ICH is a southbridge for CPU 164 that controls UO

functions of CPU 164. The Ethernet interface coupled

to the ICH may facilitate cbfmunicati on between the

ICH and a baseboard managenent controller (BM)

coupled to the Ethernet interface. In particular 30
aloagrhpipnprediagonalagesefigrid btk vils may eidher conanpdagive johps or

o5 R LT T AR et b 1

As embminp’(e Abd potdylwaylofapuipitien, 4 pet &i MEdheltcsslugyedoba&%HQ 115 to

% ﬁti,g? rOVI di.ng access to one or nore
anofper vod PSiinesalong, 8 neghcasistlyiazis afigrd 126 sayraaliEA i wews away
frothGoga ¢ s, Oﬁmﬁiculzﬁ eRMbbinfertsakwit@Myads 55? ﬁu%ﬁﬁ%@gﬁ A?though

a peripheral conponent | nterconnect
a patieHarygviich 166 poilusaiedsand dgrerihed, the nresqxp ftylemtiapf contemplates any
suitaQRIWALIE 864 N approxi mately 4 gi gabytes per second.

Al t hough a particular bus 184 is illustrated and

deskink Béda cowmdespCREelidai tnvssvitchol66. chink aiGpb a;bqsesamyu 164a to

ol SR 14 K 310, MISLAES, 8097 L e s v

164bowbiwitchi 166. OLinkWH8arcotiplee GRIE 640 RP OBt RiteH Y6, UsN@bscribed
blChaE ?as%d I/Oto CPU 164. In particul ar
el SRR Ao YOAF dapts SvisehnBEitaREXomor RS Abimathonpade 115,

as fhBBkr defcribed belew! ah paRARAME ERBLSmehS 16 Q&S aPInfiniBand
bandwi dt h of approximately 2.65 gi gabytes per second,

4X ke repsbly of rommapisaiing ppprokimatelBRongi gjgdbytee per [sm‘ond m each

direRtQIEES i ( tQoS h.l |nnde1
ir < 6 o OXIISK ntlﬂﬁhgﬁ yﬁ%ggfl%re gg%y tlgg WSe@“ﬁEQ%O 11, é@ present
inveBdion @Omtb@pgﬁ taemns@BIbE)inksa o SEL hiak$ @70 mﬁtIﬂZD fllﬂl&@ to fidde 115. A

lmkglw@an W g‘flﬁ m@%‘if"&ﬁ%ﬁ E?PP@&gﬁ%gmaggﬁ&Jé%%a?%mgy one

gigabyik Hr gadntias epe disetiond Aflﬂfou@lﬂ Em&ﬂg{xllmt BloYard %h@trated and

d %@%{ilﬂ ops per. second peak, /0 rate at switch
es (e prespriBynEan @Pyte%l%gealbl;ﬂpééblpéﬂkﬁgl’ghf L ﬂda Couple

swittRR66Xb 'Eﬁfe? E%t&x&g ﬁ 6B%h %ﬁep &bads lolg X n%fglgﬁ‘% bélf‘I Lh (ingﬁglacular

particul ar. IS | ustrate escri
embgdisecais, aa hnlerwz onplmtmtwnpifmﬂémdam dink tcaphise 5|f(56mh&9ucatmg

1 68 | h 166. Li
spprpRfihuct B S B s SSegnd iy 428 St ek peicule ks 172
are muﬂfatmm d‘mrilbedn tHSFrevdnt ﬁv&ﬁ%ﬁ%ﬁteﬁ@ligﬁng %tab?élmkjs_{%2 '

Qﬁ%d E&gw In particular enbodi men node
ﬁ{i atesoan examplie SPH; Hadtingymade H 14.6 \lthoingti arl 68imple
CPU3 @G&PiSQﬁustH% ahBWnd QesPrib &L %%ré%/&'n{ 1&&}&%@ d‘,torrllte}npia%es any suitable

secondary switch with respe
CPUy &6t OBEH 1 Gleinolnded & pptmetsocuvara b0t coaoHer Bub@MEeH1 156, a

c di n 0 ipcl udes econd switch 166, as
meady oo BB ot hoss Rl Sastic Y TR  Broskssgn A isclodes 2

hardnatkg s@irdre, 16 GnibRaddddio it b 0
pr ocessorg 174. Switc ?@06 .tngﬁggfggﬁ‘gﬁl?pﬁ%ﬁ (H'rmom such

compenetisel dRtpagiicular P@bﬂ@@tentsw@&@ﬂaor bitdhie ra, NQGDNA hﬁﬁﬂ)N processor

f apl d
4 0 ST b ARG USBY 110 bty 20

glgahﬂrbqamobgssomhmaﬂ appiokihatdl§6l iniegaDAe clder andBkeifiB ¥apable of
r.ov h| ng for all four CPUs in node pair 186.
appfg kfg’é ﬂga BS Peyiseeandl 66m nagicylap qmhediments, processor 174
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30 swtch 166 with respect to CPUs 164a and 164b and a
secondary switch 166 with respect to CPUs 164c and
164d. Switch 166b is a primary switch 166 with respect
fgdc WO 2006/ 055028 PCT/ US2005/ 012500

fgﬂggé{ﬁd%a secondary swtch 166 with respect tgl%f?%g’mmoo
164a and 164b. If both sw tches 166a and 116b are
functioning properly, switch 166a may provide
switching for CPUs 164a and1364b and swi tch 166b may
provide switching for CPUs 164c and 164d. If swtch
166a is functioning properly, but switch 166b is not,
wxﬂsttm’ﬁhxwyng)r m/pm‘acﬁaxsetnﬁo@hnems pedcedsB3 74 fiftRudes a memory
cont” 6§qu ﬂ-} ]{3 Ctﬁ‘ﬂ 66D i S funct| oni.n
SPEglenRiovidigg e ‘\té‘ﬁe‘i BEmery BageWidhh cpltmiehq particular processor
114ap dldsitated whd ERcABKADHERYesBt QY80

6an. 104b. 16de and Toag neﬁls ‘?%*‘%E‘?}E‘?%E‘Z%%‘ﬁ%d’ ooessor

5 in node pair 186 to six nodes 115 outsi de node '
pai r 618N b vay .
i m t%{%l %Jgn CI&lE rlf% %%)ggssgtf lmﬁgﬂ%% ?@gg e%%}ll,lp eg’ nc%lé’amcmar

em@énmtsi bup 1182 lﬂ@d@pmmumlelsl&ﬂ)é Médefrpaisidel B (RSB) hcapable of
witch 166

| ink 172b
coup gcgmn%g@’ é’ffgg[etly 6 4 Blgap glﬁgp?fosﬁ%""fgtéug‘ﬂf‘@ GBa’Hﬁ@é‘ bus 182 is
1ﬂmtrat6218ﬁd siemrﬂbed;fthapﬁsenl ihentidh @hteghplakés éﬁdﬁt’tfaﬂﬂ ﬁs 282. MCH
noae

@gﬂ qh 16 cou node | I5a to a thir
f85gles ﬁgﬁ@“ﬁé PO CeRf smbgdded deric pommrueptorgy gagnbinagion of two
drinidce SdcOcathponvhtl Qﬁbxht&@:@gac&ﬁﬂﬂ{l@a%oﬂ%@ﬁvé&?ﬁocﬁe&ggd74 and one or

fourth node 115 out si de node pair 186 wes
meyg qther pgmpppepts) 96 HAG pysteny 200,atuck ik tredmdr§Banitc 68| &s particular

a 5 d
ARAEIAES MO 1 1 RO (Lol 0P By Bfaicaon
bf:«mn POUFHOB hldedldifeaort wo@ ofghethdry nmétel 781 buOUs B iadevel 2 (L2)

B Rt e RRSh e ARG B, Jnrentbhimbadigoss, Mor

 130ds ann,ﬁ\ﬂ)EN}mma“ mmzo MGH 176. EfjdtiaflarRaW68imehB, Memory unit 178

LdeI de ode that are different from each
s © @%H%Taa AR R4HST MsTRowaRA)2dn Prificiiar emhodiments,

mhenius$. 1ih7’t21?18 isoMides w0 Beubla v QOH@
fi rg(t set of six nodes 115 outsid gggn%ngé? H&é&s reparately

CPYR! @CH ¥76r s anggamplesing uptsbmamfdmnmon, h8@pryamit 178 may
iRGERN o m4ééﬁle%¥fbé}§ étgg % é?iﬁ blchofs adyg oa}(iztfhl fdeL]? gd%aéaytes per

115 out si de node
seeotié ppa¢hanads, Alshcilgli tipaniediar fokmogutndt 078 BGesteddr anl8fescribed,

ixth node 115 outside . node pair 186. Links 172

rbqu%nf’mhe"fggﬁorﬁﬁ?plggﬁ61‘%8“?1%@8 "ﬂ‘%ﬁyt"b‘tb ’&econd set of
S|x Bbpariclds elnbddidmtingd, @ Bink eslHIRNIC :
Ttll)’l node 115 outsi de ngédi% pg:f,[rH]llggténggde@%{rbﬁﬂ’&%uﬁacﬂ)

ufles;ong ercmars hagdyearp spfiwasor "anbﬁdd@fhloﬁtid@nments facilitating
U@Be‘é\k’% éﬂ&d:gsop 44 arBhe o‘? ‘la‘cg(ﬁtger &&ﬁa&nﬁs otggls(g er&ggg such as

pair 18 an el event
a dagical/® Bektemh(BIOSH eoﬁpl&i toothit JCHe a rGigsbipBihernkd @GbE)ncontroller or

| d Kk |
ol B PPy P ERE o PIck 5 1CH 5 i 1BPAgionlar smbodierts, the ICH

| lsseeanﬁbrmgeefoilt@tﬁdbamtwau&?w%&ﬁ&% i (ﬁU ?'641%%e Ethernet
way

‘? 03|te the first edge. As an exanple and not
inggriace foppled da, the Je&} aay &cﬂltat@tcomumencm@ bdtj\mm rtbe dCWDand a

R T TSN T —

ergbcpCngut@, npRpgendrs nbdel05 or other component of HPC system 100 includes one
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| eft edge of grid 110. A link 172 may couple first and

second nodes 115 to each other such that first node

115 is east of second node 115 and second node 115 is
wWeERbe/@koki st node 115, despite a |ocation eEriusiostnizseo

node 115 relative to a |location of second node 115 in

5 grid 110. As another exanple, consider a first node

115 adj acent a front edge of grid 110 and a second

node 115 adj acent a back ed&% of grid 110 opposite the

front edge of grid 110. A link 172 may couple first

and second nodes 115 to each other such that first

or pwgresuch BMCs  lanartivubr embedimenisoal ink ¢@iplasdhaBbomdt intsatface to a
' a location of
sw#&?gb%d%%%&%Tgﬁ} eéﬁﬁggggﬁEééﬁ%%gﬁéghsﬁﬁ second node

115Bus b douplé M@Hyevs mdanmmersoemrqaue oth@nsildeparicular

0 5. adj nt ato
embpliFien Ry B e RaPRBah Bt ieramaet g Tadosuch as o
P(:(D{Ei@ﬁﬂsi SX bes tiep egd@de Off @rhdudid&inglagprodimdtély 4MBdabytes per
first and second nodes 115 to each ot her such

secondy ABPUEH hBHbCEb e ok S SiER o droribecs S8 iRt ivention
cot8RPRks BRFSthdR th§ 1 8D OME Al ig0ShcIPRES HhiBvard %5%51% & en]}bedded

Iocatlon of first node 115 relative to a location o

- logieeerRppngader a ¢embipatipn of twbOor m@reFSIUQUIQESPSMSDHOVIdmg channel-

il ust ra ou | ri 10,in. s
oo 0L P P16 208, SIRBILES el A LPod i SR
InfiriBarst H&e $8M®ndn panticulgtl reﬁibbdmwnﬂ;am‘iﬂA/ 180 Jovider M%and'ﬁidth of

rid 0 in lurality node For exa ,
apftiatet( 25 SRS BintnRish BoBs Aol oo oss eieabytes
perf pro€@ssifiyy Sleﬁzlﬁht((FS) toSENiAr66 iPnh®! Adadid F o‘iﬁﬁatel?%’()@ BaSBbytes

server npute node. FIGURE 5B illustrates an

pereb o /0, é‘ll% aﬁ(ﬁ*’élcﬂé@ Syptegi (FIO1 on Ftberetrigtepiacey onother 149, In
parBbhigenftRinRe, PAYA Cl%b glg(gg 03{1 \gldgﬁl'oatt Qe nl%%t tJ Qeach

a correspondi ng axi al ere y providing a
approvigwteln B. 7egigablytes pet sqvohd dyr. anl apprdvimatelybtild rgﬁgaiﬂppmpdacond

d d
g s O AT -

app’fﬁxdhﬁtea)ﬂg 2% biytes bbﬁﬂé’p’ql oelbathe Alffughe Phitidglad FMA 180 1s illustrated
f or |nterconnect|ng

ni cations rotoco
and BRIt PTant PrmOgR SABFBP ISy IRDSHI AVBYD. pBach link 168
cow.g&@gg(:fA 4304 & Swiéh {460 Slin® ﬂ’ggaccd%ﬁfé's @Id‘d‘(rﬂ’k@ fBEJ‘hfs? 9w1tc 166 that

t Ethernet. In particular ment
s 3 |pﬁ@aam switehe [ 6 athorespest tarBIGA usm@ daszub@isbclewcrhbwtmular

co BB RS EL HEATH o ot D E i B

HGA[ 180 ord secombeswitcht 168 thatlis1 s sedond@), swﬁtble kvéthirespebiEtodTA 180, as

b b e 4 b o

secHh® SwiRhUI68; as\eldribed vabwst er 220 is a logical grouping
of nodes 115 for processing related jobs 150. For

- ex aliSIlERE i illusieates ginusxample2R@lemay 186 laslsdmgav»'edamchets 166 and

h WO 2006/ 0 P /U 5/012
foug %?od)esesar X fr’r‘?%n t&n?c%?ﬂﬂ%& o noc%ypabrt E%(?arg rtg% % ]r,egpe ?90 each
othbn h&]lxoﬁ xhﬁ)y Bickeatd fagit albahcd A PRir 1961 TR lrst @{vusﬁ €66 in node
Nunmber of nodes

é% qwlany shape and incl ude a g
paif } morﬁ cYpiige PIAperly. herserd swieh £0G n RagdernairelB6 may provide
swx‘t’d}ﬁﬂ%’ﬁk alf 012 C@UsaR Yol it P&?@ 5 Mgg 6)% 18¥, s(&titcﬂ N84 3 pfmary

~ nei ghboring nodes 115, cluster
SWlmbsldﬁ vith redpect tosCRUs b6dal angdil64b layd n eé@hém‘y rswﬁels 144 With respect

o GRS BB TA0 B0 TRy S5 s b B s e 104

cl uster
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220 may be all ocated upon initialization of system 100

based, for exanple, on startup paraneters or may be

dynami cally all ocated based, for exanple, on changed
needs. Moreover, virtual cluster 2

éﬁg%g%m%gé;shape and size over tinme to quickly %gaﬂy&hmn«m

respond to changi ng requests, demands, and situations.

For exanple, virtual cluster 220 may be dynam cally

changed to include an automatlbcal Iy all ocated first

node 115 in response to a failure of a second node

115, previously part of cluster 220. In certain

andbfidrandt & sewhday ewstcR A66 neivh sdspect tHaTHESs 144 @&l 164b. If both

RUREES Rt 948, B TincsDuliE mitrt s AR Faayaovide swihing for
(EPILESI@WaSm&ZMH mcm%ﬂtcﬁfmm)ihﬁy pl%51de%9,$tc1%§ f&f@msdim aBéP 164d. If

52¥$ Eg gorithm as described ow. FlI GURE
%“(’10 ady f\?HP?lawr?p&Hy,s‘p}acsestch 236k larmqt 284tch 166a may provide
SwaeRRetbVEPYs 1844, QG% qg4c ‘gfgﬁ 'ilsih e@% Lf 1868 Y8 netioning properly,

cluster 220. Cener al s a se
b gwitch] H6Ha\is po; fnnctmnmg upaipedy mmh 18@9maly peovideadwlidching for CPUs

ﬁ% OGat, & ete received job 150. Typically,
k % $ %4%%38q§%£space 230 per executing job 150 and

v. ce Lmd¢53137” douplej cabh aPRCHS AHIdOPYir 18816 sik0ndaesl €8s ddiBide node
ﬁ@u p@rtlgg fromthe icope of the disclosure.
‘ﬁﬁi’g an Gbamlgf) noizy Way ob dimpigtion link 172wt switch
llﬁﬂa thplasseide QN SAHTH Akt hbdd PT5 Qltsiy REdH dl%ﬂll 1% Ecﬁ{lﬁﬂéb%dl 15ain
or

o] ob paraneters, policies, any
?g’blﬂtg( J&:@raééfvgﬁli' deaccouplgs pedet § léalt@an seemi odiderd hi sytside node

pak! hgé 4hRh o? ﬁédmaqﬁgﬁﬂ 'ﬂ@q rie7‘29 EthSQ’P{-C?lI 1 Igangﬁl)’lta)g?os:}foﬁ%l 15ato a

gi face 230 acc dlng a“schedu
thied wedechliShadsidre hale, paitsl 8|6|€ﬁklRESloﬂé\16.Ba id grwsu I@URk 172d at switch

88 S0 BT e B St 1150

- g0 1 &0y, linkrell T2 g etrmmtch@alsa 8 leks SodPr me@hmﬂﬁ&ds l { £Bktsil€ Qode pair
00

I GU
1§<? élgée;vr?t nsode_:ll% 9% i gxé? jrl]@;a%fjmlﬁnga e g{rg{l]llttqh lﬁég(ﬁopplgs node 115a'to a

smdf aedes 105 diitsid¥ ayde par 618§Y&‘1<ﬁi”n@991 1"1'5§t1f1 ?@d/ 1B p&icular
profile scree

of job subm ssion or
’E‘E‘é‘#‘me%‘ﬁe'é‘é“%? seipde prdeg)i Eisiandd 15 @ rmlecpemi 86 s:eszbtsocsf nodes 115
oGtsiAB Rb&Aaie] BIRLH 5e @%&H@&g eb@lt Var | .Ous. VI #rgple 5398 not by way of

coll ected information or exanp
ligyitatien, dinks di?%m switchfl 66hmap bygile abdehlematth aCﬁrstgiet of dit@odes 115

006/055 28 PCT/ US2005/ 012500 18
Mokt ﬁ‘i s ‘“F‘S&?Scaa Epads s opipids s Pa¥ d§9: Aesond node
1 hi‘)dmmd& Tdé Ipa@ r1igd, 4 Udrd hédeusitsr @Itﬁde nb(ﬂb g 1@1’5@ P Et?urth node 115

gURE 6A. |IIustrates exanpl e disp
3l 80y Bith ppdetIFeautside node Q@lnﬂ &4 and) atSixél node 115 outside

éﬂé & 86 aLRks t | | 115. The
PS030 2k LIS OB AR T e o
ngdes WAL puigide mode bayil $athat' mickutles £8everith spdeens b@t%ld@ o8¢ p&lr 186,

405 SRS 1 o s A e g,
nali¢315 Bashiemodepdid 586’@&’ eleer@Boddl1 13t NETRAE pH'I‘:l §6'288 % twelfih

gkgﬂﬁeach col or representing various states
no Putsidg npdg paigl§ode 115 rmy be red, a wutilized or

AP i PG B0 R oM BERL ot o

edgg pf)mnci i) tadirdecnsitniode 15 ddacemivesebdifd digk Bf Bfid PMPSppRSite the first
t he various physi cal

ot P BERER 0 noEBy WAyl bpecangiabhs brx apd 115 adjacent a

--------
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may be presented with information including "node,"

"avai lability," "processor utilization," "nenory

utilization," "tenperature," "physical |ocation," and

- " O course, these are nerely exa 5
w??ﬁeﬁ%gs%gsnd any appropriate physical or | ogi ggﬁ%%g%%l%aoo

i nformati on nmay be display for the adm nistrator.

Di splay 400a nay also allow the admnistrator to

rotate the view of grid 110%r perform any ot her

suitable function. FIGJRE 6B illustrates exanple

di spl ay 400b. Display 400b presents a view or picture
left ¢figg dfcgridoli0cat asseedind rofde it § adja@0t a Tight 4dege of gridiil éQlopposite the

' h [ I 22 d
e SBREE AP 482 SRR B i, PR A, 14 G e

. suckxlanirse npdd 1123 appestcehiOnae! 106 aing seddnl inddel1US isweR T first

far _executing one or nore jobs 150. Display_400b ma .
nods 1 5, despile L lgratiansa ipiciode d 1 hpdeierta a?eﬁaﬁ% of 8FRd node 115 in
grid] APTA Calothét Exdidlle, oH$iE& a Rd0ndd 1M5@Wacdipg PIAIB&Te S grid 110

nodes 115 grouped by various statuses (such as

andz peserst Beficohl Siadiacrricmbast)edse plgifdil0 opprsitadhy fipat edge of grid
11078 HHPY?Z Ingg c&%lg ifth a %?{cﬂ?&‘ﬁo% .ltlg?o J:aQ:g ot Ghch t%gtg%rrst node

such t hat urtable jo ormation IS presented.

- 115ax aogph ef secom radiei 115 sind atcond mage bk @lmosh o fivit ead2bl X, Hespite a

[,0b e, St ti e, N f d ti.mat e d
oo ¥t i ot 45 rilaiuce PR sy R paB e £ I 4 ver
anoll®r uxahel§ toondddrhafirsBodRgEITeddiacthil a bptedet 6PEAS QN0 @Ad a second
abhove by ex qple di spl.ays 400a  and 400D, . .
node 44 adipqepty @) oy edgsrotigrnif 140 prRqsHf tsuep et 8RAy 1Gn 4 link 172

may BYupld GilsUdRd sOR@NE nodQTELS & ealh loti shiiftat IR todl €85 is below
graphi cal elenments as well as additional nmanagenent

secqy@l noide b hard peeond hodm 1 1549 2006 iyt B0ds115, despite a location of first
| e il t.r.at es one
nodg TS HRARER Qikesilh ofiedit ML 15 ol aeiboB! 95,077
ac dUGURESeS AvSDhilBiysdte ivad®. enhboditherss efrpodili@rih system 100 and

e G GRS, SREURE. 50 ykach R bbdeSa 30
Torus, lof gad 1 MRRAGLE glu@i!Smy oﬁﬁé@d?‘ﬂ;&.r Foi &au?g% thORRkirAlBRIdE types

or variables 520. Physi cal manager IS ag%
are gxfemab e nodgfiles syqtfrrmﬁé“r)es,en@r, 151 metadpts gerver, slgtapags| servep and
leNERF AR P ' V. gtled # : 11 anpd 4;
con Rl Al IR S Bt A Rarfle YA KD 9 8 19, Ptfaing
genprely aHowPorsinegphysiealagize afegyidubld toh¢asmetatta at eorresponding axial
efficiently. determ ne and respond to node.115 ..
edsf, (hiGhig oV ine BRoGn BP  eC Ry OPe A iyt Frbggliment, nodes
115CoEWdpped BloMnd & poeidletathedr S¥athlladb kdpolddly cafidt by Ahéde line 216.
each residing on one node 115. As 10 descri bed. above,

Node e 2d 6 ey heanyesuitablg hardmismimpleraeniing [apy sempricalaqns protocol

. c . y
T
wir@ dnifihersoptist aableatmpiémeming 12i@abit Etheetenolk padBulaYiembuodiments, a

Jmanager. 510 is any sof.tware, logic, .firmvare, or other
HOd%ﬂﬂ?Eg 86 88?61“8 Qféaor?ré’i’ﬁmgg 8\ﬁsr‘{%§§ﬁ’e€ Iat?%"teer s 220 and

t NFIGORIECSE iBbstates Qhidnodesitd bae viARE Rkl 220 iallbdaddd within it.

manager 15 510 links a | ogical representation of node

Whilq glugjrated wifh qnhy ene wirtush desier 220, thetremay be aBy danben (including
h N i r. 510 enef at e, vi rtual .

s S S5 2003 RS9 v e "B ERSHRY i b s

disobdsuset eVituZ2€ustar a0 8 logidall @E@HONRS 6f hedesade forploudssing related

) a.&F%Eten1or user) - ) )
jobs 150. “For example, virtual cluster 220 may be associated with one research group, a

et n v bt e i
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request for increased HPC processing. Virtual manager
510 may al so communi cate the status of virtua
cluster 220, such as unallocated nodes 115, to
w6 hidbisess 515 to enable 20 dynam c backfilling-9fs00s/012500
unexecut ed, or queued, HPC processes and jobs 150."
Virtual nmanager 510 may further determ ne the
conpatibility of job 150 with particul ar nodes 115
and comunicate this informdfion to scheduler 515. In
certain enbodi nents, virtual nmanager 510 maybe an
obj ect representing an individual virtual cluster 220.
departrpent,td tab) err anendsbeti areunt of useisushedy tomsubagesierilar Phgilf@  Virtual

[ hedul 515 25 hed 515 . .ud
i ISHNCER AP IGRBh i oG e LS 1
Indyed, wiile ittosteatalicintusionipmreaz0sndladesal ploity sfphyedasy detfhboring

0 j.Qb 5 ccording to a.scheduljng _algorithm In

nofGh 13 rsiFe 220050 foh QS OUGH SOICG Pt BBl retpd pgicp 15 pperable
to pcéss gl B90. enmbodi nents, in response to cluster

managenent engi ne 130 receiving a job 150, cluster

nan g tusteh g%@ax 2o allegated a anyaprirepridyd Bmeo Fat toomle cluster
29 o1 J : particul ar -

O SR Aol d o LOPuRL AL P GHAE o startup
paxspistetubemay b dyoamihllyp eltcated rtasal, forneampbyges dhibgedaGeaver 102

i Qb 150, cluster n ment .engine ;130 identifies to .
netfl S0 wEstBe T TR R oR s 1 and St prsr i auicidy
respontt® chhbging rgfuests, ldethaatig)iahaBiteations. &bt OGAIPIONVidn@l lcRBter 220

150. .As an exaggle and not by way of limtation, when
may] b gty EREd & dichedter gp aptematicallynalingried firsbneds 115 in
respbhs0Qa A0 O a RBYoRd MREE9 13 1prelRudyi AR JPGusi& ﬁ’@t €in certain

managenent engi ne 130 nay cohmuni cate to $chedul er
embodjmgnts; glusters 240 map ¢hare Imodey i1 %)@k drdckesiny adquirks. e If perticular
8k : . el , <
einBbdifferls! QBedlers 15 aylaQcatk ?g%@l{: gﬁbfegv@{éﬂ gg[g?egér % dng or more

_ cluster managenent engi ne
jobs|15@ eeroedinmie aoschedwliog ntpdethng, b5 desoribed ladot50 only if a

Nu 15 avai l.able fo al | ion to job
TRRIRE S Y TEh e b 3o0g M BBl Bgocned
withageresipidviitosl dluster 2260Ge@alle §obr $paesl2 PR Eset bPnodes 115 within

. particular enbodi nents, grid 110 is a three ] )
vir Bl i 0 margrep Y ioeated n farmlee ety o s M dpisally ghere i
ond Qb spaddSs3 0l pé- exobitB@UbE 150 %ad M@ weidd Euﬁ%@tﬁﬂ%ﬁs ?g 0 (may share

rid 110 as a torus of nodes 115. A'for
noge,s 2P wighaug Heparting frpmothie deepesof thephisrdosbiee  Thyidimdnsions of job

BT B0 Ghucly o bl Gt gpine

basgd Hngbh pemtretersy)pelicies, mnd/er anylethed 3Gitable chakdeberitB€), In particular
. gﬁredagerh?g%nggy sebect_a | ogi cal configuration_ best
Y S WhPBYST 180 mashdqlpraung enas EIoFdippgppsel jobppace 230
accofdi B ladBafling Ao MM WO &R QLAWY - Processes in a
job_150. In particular enbodi ments, schedul er 515
as sTIGHERBh 6B Bhustcate yariewsoimbediteerts 6 ahlapegenedt grphical user

i - F i 50 ji.ncl udi h .
oy e 90, AR 178 RN Sl PORER B PueBRA R oo

presantedaiohclipno d 26 1sing0GUD TPELNI 16 adcfedl, i@sgagentt QUR 400 ptdsents a

mg;ocEss in job 150, a second process in job 150 may

vat ;%8: Ipgnagemenf infgractiye BrecHsior Sisplys de 4 Systemdpaniptyator gd/or a
arleBF Bf Yob subkESSIG6r pidiR es \ '
v-éﬁ%on% process inr%ob 1%8£ﬁ%§b§gg%%fy§%&gﬁﬁﬁk%$°%a§ph%;me
comprissd op gtapbissl elemhmsl assembled(ntvayarioas sievwdedfi cdleded imformation.
ForTRhfip GHIF66 hnaf bR oA lay Hthe phdical ReatR 0T gna 170 (strated

sta
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from processes in the broadcast group to all other

processes in the broadcast group. To receive a

nessage froma first process in a broadcast group, a
weeasnssops ocess in the 25 broadcast group meycBP0FMi2500

the broadcast group In particular enbodi nents,

schedul er 515 handl| es three types of requests:

"spatial," "conpact," and ﬁpy " Reference to a

"request"” enconpasses a job 150, where appropriate,

and vice versa, where appropriate. Wien a user submts

P rver 102, the e spec
S’&@% o= %‘@ o Mgical locetipn oF GRelosY LRSS ki }%Bllssrated
in IGORBARY( | bed spatially. One class of existing M

appl i ons assumes a spatial relationship anong
pr oug: i@?s 64 ilustigles 1 spmple stispay #8ek staphiYaﬁ()@(amqyl énclude

infobRaléP pRSGt& WD ﬁﬁ%@&%@ fﬁgﬁwgﬁver%gg noge::ls Jl@? The

150 i ncl uding a weat her node
ﬂluaraﬁﬁbelabwbmsntomludgsr jadstarglach e skionged oMty 4 Ud@c:ﬂn‘lﬁblcture” or

af ord nate s artltlo
scrcefiiiot B tid B1o. %eh dHhbnle. AROREARERSy BURGmbe BB labischt eria
110i amﬂdhajcpcmpoebm nibidese] It éfreh nba€ 1 Proag B Snobf amphuﬂaﬁ& of colors,
the weather for a particular area. At the

Wit BT ik o Cag e st ForthfémBlepPé‘E\‘?ééloéﬁ(éh%W@&é’e red, a

utilized Belaloyatv@hotRS] 1% thdy B8RO fand Qb indoRSiEd RERE ¢ shaded.
nelghbor“g% t he gﬁgcess and then conputes weat
Furthgp display; 404p drayaslioy throadsiisistsater & jrotve 15O pointsk lspderngpe af the

nod¥€ 8 N&d ﬂ@\gQﬁe vzng ?ﬁ%’p &l attQBut gf 1S Eof e}{ar}x?pa? the a%mmxstrator

di mensi onal gri assl ng ongl ude
masarkp giresented e withr isfognationarinahatingli fiaide,”s yavatladility)st Gadcessor

B R IS il et qn bne. slong o
cousp,ahesalarer Bkaly ensiplodanaeds ﬁﬁd)ﬁl%sﬁﬁﬁo r[ht ?ﬁ}@h:al é{ﬁg%cﬂl node

nodes

ser na req triplet {Sx, .
info R gro R 5 ST e (CadipiviaRa. orfys AU e o ehlan the

adn@KiStratdrhe rdtard 'tlﬁ:sshev{/ of grid N @&: IQ:HSE‘P $h{Bdkr gu?tgﬂ% Fhnctibh.

one of the dinensions Sis ‘e to one e reg uest
i s FAGURE O wtustntes gkamplg lsﬂ@;play 400bt \ivispthy t4ﬂ@b presents a view or

A e re
v 8L QAR PSS log. D e bl RE0SGB Al i g v
clusteg dpzesaﬂpcas@mdhinegnmm Na)splap 46Q1A firttler g@pragls [ %&arhﬁle job
-a X X

Spacgs Ei&%ﬂ’ca% i 1%')‘/ duﬁtﬁﬂzéfqr ﬁg?‘i’:@]ﬂ% oBe 9y ‘Z’@l%Pb‘i ﬁ%‘) D }/splay 400b
mayf &EW&B& adxﬁmisﬁato?ﬁi ff@@é‘th%%ﬁlté}mex?mngcdl %ﬁﬁ \Qﬁa@t@r 5 R view

, and z is between zero an ocat e
the Ne@égr of rpdesol 1 grappadi nevasious aﬂamsseq(ue@t 3s alloioated Ioe nndlEQated).

I r s fo
F urtF&y ﬂﬁ%@mfrﬁﬂ[’a't& z%pﬁ’)logé Parc]e chJJa t%r ovgf gxl‘;e gﬁrgxs mﬁ}m &Wosuch that
sultahhqajob mfbmaxitloﬁ@s p:esn“nehdn dop 8xdripl&Rhe RanihistGon %Hy'lﬁrabfb]té view
th r st cre an g a z axis of grid 110, then
ejo hewﬁéﬁ&m&xf E‘h’g‘ d§S Setigpted end me grecestns sage, /O usage,
and bthegsenent s al ong an x axis of grid 110. To

accommpdat e an i ncorrect assunptlon regardlng
s c Hewilf] tesr mgipsstmptpammmeaﬂ GUE d06 diepatsested abdvRl by example

dlspﬁghﬂ(% Caridi 4(|)Jrl1)lt ?e‘;ét et vcclp{g oaﬁggsgab P&)ggq)é 2 Y am? frrygrmclude '

noneg 8omé, hﬁﬁllldfﬁh@ﬂﬁ@&at&g g@bﬁiﬁﬂ erfierthsSwoll a8 hdditidnk mad@gement
cl ust er managenent engi ne 30 nay present a requeste

ele“]eBﬁnTS@OYVB schedul er 515 as, e.g., {Sz,Sy,Sx}. A
‘conpact" request enconpasses a jOb 150 not descri bed
spatially. Schedul er
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515 may all ocate nodes 115 to a conpact request to
mnimze a maxi num conmuni cati on di stance (or hop
count) between each pair of nodes 115 allocated to the

Lequest. 30 An "any" request enconpasses a ] ob
%@%B&%bd1 ing little or no interprocess PCT/US2605/012500
communi cation. Scheduler 150 may al |l ocate any set of
nodes 115 to satisfy an any WO 2006/ 055028
PCT/ US2005/ 012500 22 request9 Such a job 150 provides
schedul er 150 an opportunity to fill holes resulting
from fragnmentation in grid 110. Wen a user submts a
J ob E[EIURE) Hidusgetey dhe Eabodinidt WFEuRYmahpRmeRE ChdiYe 130, in

? S|ve flag on job 150. In particular
sSYSEW d&@r eSsitve emb@glm@t,aclwteramamgen@np ¢igine 130
uﬂﬁﬂ&ﬁz{ plﬁﬁ‘h\/‘ﬁ@ﬂbug%&iuﬁﬁ dr Jnigs! 108 xﬁanqggir R, Mltual manager

| eeway allotted to schedul er 515 r purpoSes of
H]P@Eﬂwﬁﬁﬁgn@@b@cdnsmﬂmypnbnmsmsSZOhlgher Nunber gi ves

sche n a | ower Nu
| f aﬁjfyggél nslég)a%@)gsén athar fa Siymyare; p3o ?f&?e pgsable to
dejerchinme the physmgg]ndaﬁh iof e/aﬁblmgn@'Hés tihs ﬁlﬂaﬂffeahvdlﬁ ‘ﬂlﬂﬁﬁ%e h8des 115

h u edul es job 150 only iIf nodes
baf% a\?/1 dtl F‘Z %F?Jthagyg‘éf AZehdNayp 4E Hiis rdak & efficiently
ddtasnnhﬁb dredpond &5 &i&‘quIfmmésS In bhe Emb&BhertY

ati.al r eéﬁ’est ?o HPC server 1062a1alm ngt-?tSPlek%l Ranager 505 is
oo picably, eoupfed o grplprghitysefaagents 13qensh residing ONlmlbelode 115 As
degérfRliedbold aded Rl B2 gﬁlﬁ@dalﬂhecg n’é%rﬁn %ﬁta%s Gr lqgg%p Bri Li 58 Sion to

the spati al request; but CANmo
da&lé’SltCNemgrpatll s ma;elqcl @sther sp‘dmﬂel ke sorudbnit 5o absts to a

QRRASG parti enbodi nents, a
S@%ﬁ%act E¢%§ﬁg§ﬁ&u1£@§an8 ﬁﬂ?@]ted hop counts

bet Wéanalpaarﬁlggroﬂ‘ 10ri® d@Ssofﬂa&r@:ld)QS  Arfvakd) o gﬁ-ltef]- ﬁloﬁgﬁpﬁgﬁable to
mb IOl GEREEIO Ind B3 LEEeA Bt Ot 11 Cgneralls, wirtual manager

ues

_ Smdmkget@ittal fﬂp@ls&&atlcﬁﬂ)f@léhé s15whe e ;ﬁ{ysééh%ta%' o dolle 115. Based

“gﬁ qr of des 115 available for allocation is
egmks.vidyp B?a“égfu a0 3y genpratserirtes CW@‘G@SZlf)l@d process various

chBigRY S tRGe clubteR3I A0, Ghthhass 13'1@%&15@&} r?ode S’(S’sI s\{gm or user)

flag on a conpact request cates a
reqissinfos isavasrde HP paproeesaing. n disal Tdagdrl iiﬁahe;d altso cbﬁlﬁlurucate the

stﬁl&%ﬁuﬁle&lﬁ?&bwl Elf ﬁuf%hunaﬂﬂca%ogéde%ﬂg eto ascpcgilu f:ﬁeS15 to enable

op counts nmay equ
dyagg:celmkﬁmnglodnmemeopa:ﬂ; bE qharedem@pm&%&, adfdbs 150. Virtual
cl ust ma enent engine 130 calls scheduler” 515 to
RS éz{’ &%ﬁ@g‘%ﬁf. dstsraing Geeempatibiity of ipky b0 weh pettigelappodes 115
andRRAGRIRAle A iHTBmk88n 9’5 Qﬂéﬁﬁg diBe frold oM legogxprwhts virtual

schedul er 515: a Nunber of nodes 115 request

managRs 4P mayhean ohjegfj represshtippin mﬁbf,ldtahvxaggircémar\zeof | ag

ceniblr il ARG, IR S tn Manh 4 30 bt il s15.

Scmdzléar il 5 gnélodek ]zﬁhard@axhl,u Sdfevare,0dr 6R8edl lozid %m?(WieBP Br one or
whi ch, in &gcular enbodlnents equal s Tour)
mom ﬁ’b CogfPonFRIG A allosatinganadshI1dS ta ot | Skeacouing & B obhedulmg

“algdBfhm. angh pa@iRhlaf | adbobpbnff Sgﬂéadéﬁ’crr % %Ogﬁlg 2 In particular

avallable for allocation to Jo (such*a
%aﬁagpfé, maremosse fof clustdr mpdgemdnt Sngivail 8 @ bdceivirfeos _]Ob 150, cluster

i cul ar enbodi
mafloretl (e 30 Bl et 0 sho el Grommaties ST job 150
In p:a'quﬂ&t ﬂﬂbodﬁﬁ&ug&bﬁ&ﬂﬂuﬂtﬁ%&ﬁ%&ﬁeﬁt%gﬁgqggsctalﬁ ¥8Rduler 515 to
uest edSi ze (which includes an array) indicates tha

aﬂ%oiagémspr e E%S SA@@? ob 159Fcluster mahagement anigine 130 identifies to
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WD 2006/ 055028 PCT/ US2005/ 012500 23 aggr essi ve fl ag
on job 150, TorusSize (which includes array) indicates
the switch-based size of grid 110, NodesPerSwi tch

wob&étes the Nunber of nodes 115 per swi t chpdBBs2005/012500
Nunfr eeNodes i ndi cates the Nunmber of nodes 115
avai l able for allocation to job 150, and FreeNodeli st
(which includes an array) identifies one or nore nodes
115 available for 5 allocatfon to job 150. In
particul ar enmbodi ments, when schedul er 515 schedul es
(or attenpts to schedule) .a job 150, schedul er 515
schedulgr gEssnadee 115 i eusl fd0 auaifnbte: for dBoratibi cajdboiOofAnademmple

and ?1?( bg'a\ugpd&qhﬁganggiggsn c::IIS%e S 4 %garﬁ%t &Pgmggéﬁ cﬂgasggedu}er% 15 to

alladakeo oaxt ed nbare Jnmldesl?nﬂ)s tandl jéb 1690, uélﬁst&rahiéﬁageﬁﬁ:hc ahgxﬂg 130 may

co%gﬁéﬁ%tfé? sscglfgiﬂarl 5 tg% %&g%{ég?;l% ?pdgg%;gl lOoqva{lgﬁ %or allocation to

jobS C3Te diel| RFti A kd efBBdinRAKE Eluseh ﬁlqwg%nieﬂtber#%% 1307kalls scheduler 515
particul ar enbodi nents, to allocate no 115 to a job

to gliggate opppiIMPEEmOds] 15t gtjob § 3 enlnif aemberrof apdasd 16 evailable for
allé&h&dw joBdsb Qp%;é%’gr téln op e(iﬁ:ah pesly &\ﬁﬁ}b’ep ?E&é&s 3¢§ 9 qgle%gi for job

vari ab conver eé schedu
l59esu|ts) for processing at cluster nanagenent 15

kg E RN P —

torod omheml 66 gactSedvptid! t6 Tl P UEN64U SRhédigert Nk li&¢ANG configures

exanpl e Ioglc to initialize Spatial Al |.owed,
grigs i 8 taafordnelgnodes d 15n Al toawerf: sizef xt,he'-'] Ndﬁ@éﬁeh@épmddes six

possible o8P h AT Biaee el g 11 Redin Bty B 5 »,22), and

d = Tru
S iy S0 S U B e
51 fhﬁ? sel&e Hﬁ%@éaﬁb&rﬂi@ﬁ{d&tmn %@it%@lted tg i§f190f RequestedType =
act 30 o Spatial All owed = False o Conpact Al | owed

= T e5agg Dassing | bigsace @AReis & gendatd MHerresmewiisation —among
prd%@s)ées ifl a§9@§/5AI@: I? véeag‘[@ija{_reﬁrg)@hl?ﬁ‘aents?’?chgdlﬁ?m%(:%é%lllsoavl\ﬁgﬂ’r Rank to

Fal se o
each node 115 allocated to a job 150. For a job 150 including N processes, scheduler 150

assigns a unique integer Rank between 0 and N—1 to each process. To communicate a
message to a first process in job 150, a second process in job 150 may specify a Rank of
the first process. Similarly, to receive a message from a first process in a job 150, a
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:
“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

e e e A b e e o ke
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WD 2006/ 055028 PCT/ US2005/ 012500 24 In particul ar

enbodi nents, schedul er 515 orients a sw tch-based size

of grid 110 to indicate |arger dinensions of grid 110
?@%ﬁ@ﬁﬁgﬁgller di mensi ons of grid 110. Toruqu?

“*Hel udes an array) indicates the sw tchtBY¥aY/012500

size of grid 110 oriented to indicate |arger

di mensions of grid 110 before smaller dinensions of

grid 110. Schedul er 515 5 applies TorusMap to al

nodes 115 identified in FreeNodelList. InverseTorusMap
(which includes an array) is an inverse of TorusMp,
jobntss tlordinges weathlr AL ¢ C BMOES @JZJHA? MBP a &R @indeh§ibnal grid
of nodes 615 aIIocated fo a job 150 betore returning
CRNEPRTSELE 108 Erydgs preh %W&g@mwmul@ﬁ goprdinpROsystpm) to partition the
sHARE 86 HleNrth ARd ﬁﬂx@e’éw iffe %@go@ Bito DbV : Sjgps- Each process of

limtation, if cluster agenent engl ne

jobokpoumoedels the weathai fqrhl Tiratieihar tapga $t$hQ®guﬁurig406(ea¢16 timelsfep, the

Q sche Tor ushVap
pipecy GRS RdovaiRE R sl 3L ok e PO elsPygring the
poocdsS and fhén aoidputboweatheradetht particolaliee NDEl pldcsds aljaly it fBincluding
i ndi.ces (r ép %1 the indices of node 155 after
s%??g’t?ﬂl G BPGpeTs oy s & rthreg dimgnsignal griggncomipassing
lohpivedes adiandes My hlitudehor ab QG SX 860t Riate Ssylstend: Mbtead |dt a two
partlcular enbodi ment s, NunmivapDi nensi ons “i ndicates a
digsntianal grid togarfionsthe serfasefof therpadths i cati on when
conveditdn de- based tor
VepD ey one] 3 “‘nﬁ@ﬁ@%ﬁgﬂ*}?&% BoR i BBER Probfiett®in o job
150, ree nsr anay frezquesmajltrﬁplefat {508y, 380 of RFRLGLS 6r job 150. If all the
nmul tipliers of the dinensions for nodification.
diR)eAHRA 7T BIBteR AN AL the Fsduess ica Bireq dimensionahesigoess Hone of the
AifRALbACAtd fhabYo LRI O e dlidlit
1d| rrelnS| orﬁsgl!ihaor0 modi f 1 ca C[Hé%)tnxlsggy%tm\igm HD%WF% es%lEetwo of the
digpepsipnfi ars eqial Ehomnpy theirpquestss rone donaysiohsl requdstt HeralldCate nodes

: 11"50@' thé ?e%;u@stsécﬁﬁ u?ftr ltSIB £>9 ml“aI lsygit?all tgloﬁrld%% eg?sg@gt}?ank as follows:

ternms of switc accord

[xdgtzéHWﬂ@)SXSz&Bijdﬂ—ag o, @aqmsm VfdicatMai §%e of the request, x is

multiplication to apply. In particular enbodi nents, .
bebREraRST s EY Aphatvesn wreawt SrBneé z doleean; Ztt;ro and Sz To allocate

S e ate a i

odE TS ¥ Bt o Rl RISt ALY ALY il sl Foggipates o
MBhiBadkesl foliovgr i fix, 116> xAS,B tar.t Ipqiarticulaf Smbo&shensz to map dpatial

an_.end pqint, 25 [Ex, Ey, Ez define a nmesh. A nesh
coofginatest |1\4Pfol?w@1kenscfwév1§r &1 3rEFss iuspaments alprs areghisdgrid 110, then
in&bAkhts B t

romets | ﬁg%ély%%fé@f dgE@;‘a)?g%ﬁ{iqcﬁgl oﬂ%tan)ecagﬂ%f%nd 110. To
actqmnpdate o  igcaresh wsmhptaorstxagardmgu Isd:hediﬂenf 351‘5 Dhappfig spatial

0 [2,9, in the x
co rlrlgaﬁésgl %ngﬂﬁ}? Bt §ie- tﬂ?t ’che‘gimmignalﬁ’i‘g 6“1"16’“? e%fl@éis 11¢, then
m«ﬁemanw(gaaﬂxmgngy aﬂESf‘l%ﬂxd 1{&4nd thek incred¥ltinglaPhg Saya&sgﬁ’ id 110,
and [Sz S z5 Ez]. After schedul er 515 generat es a

Clqsfeétmaélf‘g‘?‘?%"é‘hé‘égl%ea@ Ml%@ﬂe{imfﬁﬂéﬁﬁt@s@b 18@ hemhb@lﬂerﬁlﬁ as, e.g.,
%?_Q% through the list until schedul er WD 2006/ 055028
7'US2005/ 012500 25 515 identifies a nmesh that is
schedudoatatr” Woddest &BRGhssELa ?obS £50 Bbt URRd Jsﬁa?hau Scheduler
avai lable for allocation to"the request. P']
1% mayallgeatenedep Add tor feegmmct tegneht to minimi Iahnamsmnommumcatlon

t
T T N
Ant Héamy’eqmqsést andmpaise ﬂl jBnslisonabquirguaiile t &M% tiBterprocess

result .in u ocl{ffds of meshes
communication. eduler 150 may allocate any set of nodes 115 to satisfy an any




10

15

20

25

30

5 satisfying the request. In particular enbodi nents,
schedul er 515 sets a node-based torus for a two or
t hree di nensi onal request to maxi m ze a Nunber of
woestass@at i sfying the request. To initializecrus00s012500
vari ables for scheduling (or allocating one or nore
nodes 115 to) a one dinensional request, schedul er
515 sets a y axis and a z axis of switches 166 in grid
10 110 to a 2 x 2 conflgura%1on of nodes 115.
Schedul er 515 maps job 150 so that a z axis of
switches 166 in grid 110 is an unused di nensi on.
requpsh edfiher joB 150 pravides stlsiujen b5 S0oppontugity toh@ll holaxiesulting from
ﬁa?ﬂ&ﬁ¥EHQn¥n@¥ﬁ§ Therefore, in particular enbodi nents,
oWt ng applies to a one dinmensional request:
Nu nWhplDa meerssubmstsa Bb 156 (VIS peenai 2] the userlmay also spemfy an

aegf eﬁ?”? TR 208 430145 afrisher swgw'}gsﬁp%iy% é&gr?ﬁj“’érﬂaﬂﬁﬂ a floating-
poifitalN @b BetvoeBnOzek® add ofle md‘M&ﬁﬁ £a d%gre@m?rl&ﬁ&‘d 3eﬁl%ttedb‘§) heduler

le and. not by way of |limtation,

515 éf ng@ﬁﬁﬁ?dg a(llacatgl}éd]odzs 415 g{ Jop 1=20g AMe@PIg]nbgr glves scheduler
515%6eq @RE habWer NImP& doe€ U

schgdﬁﬁgﬁr515 naymélsg sefkg hﬁ£§$£ggggﬂgygagﬁl“ﬂu?nu)HPC
serveyij HOg i 366 an rpggreseiva fagtan dlezsl)atlal oerqnést gu rz&td, sahaler 515

i var.i.ahl es for

sch&ﬁ%jol?%%% %)rgxafﬁédeeedéét%r vallgbg %(Eff”é]]m ggff ﬂ)@ﬁ%gequest In
parseitee dulbedintehts, ffod u@r aubbitst Mﬁpadhl%ﬂﬁds@ﬂ)aﬂ{PC QQMEISI(& dnﬂts@ts an

a Lhihd u&gsedgglnension 0 .generate a nore_conp
2EELTiAYR 18 O e SRARI redugst t%éé\&w’sbéf ﬁ%?ﬁgfrgﬁleﬁe%ﬁ%d%ﬁlééms to
accRMmBidt Che §RANAOGREst, SR, TBY¥hER]e Gl 5 Eanf R obAhEdakO ch spatial
ch may be different froma 2x2 configuration of

feqlig?é%l gchedylss iqth K30 aye remprcs sequedr dlatrasticulu epdodigfentsu g trompact
reqet Qﬁy ao e it rﬁfte(ﬁﬂlép @Xntg Re&iteR R 3) F%ff xﬁ)ldés 9?§ %j&gla?ed to the

configurations for a two di mensi
compaftcighugst & chidubesr 156f canodwiinl eccbninmtsiafemucﬁez eqadst bbcause, as

des %dgt ?l%t'erbl confl uratlg 81%8%6%%&a%%gmmnbemf

nodE%CT 13U8201ab1e0tb?2 5ﬂecatﬁﬁ i€ Qdaite Uhat oPRq@d]|t6\ RémBer of nodes 115
raﬁg @tfst Nu er of possible folds. I'n particular

ar. e Oéﬁgeré% EREBFFsSiYe flag Qs sauaect inguast jndigates a
1imi€ 6 hb® bdtd &rﬂ\%ee BtlnBlesTt3 AlibEaild éﬁk{g ﬁ&erﬁnpzicgfegb%s% fh such

configuration no |fy|ng the z axis an

nodi fyi hg t he axis.
cenblolifiychisy (i LGR0 L B0l B nfIP ot 29 hihrers o Gebicssivi e
al x 4 confi uratlon and ab 2x2 configurati on,
sc e aaitisplas embadimentss where cipster gwnigegienk engime 13(hcalls scheduler

515 Réra'ilbl?é& dhe oglm&g'rm?l@% 158 J%ﬁ 56 %hls%ul 1an%g F?glg? 130

two or nore conf i gurations, er
proVS@sehft Blibhegdnputdo sccheﬂulgluﬁ it b Oluribeelbf nddeg1 U‘h%qtjes&ﬂda Zequest

| ects the 2 onflguratlon nodi fyi ng
ypef e S0 130 BE oBaphariven Bee Gridhul10; drprishbased stze Of g5 110
(whicRREHe@UIAS | D Mater WRAsEsD AtetrhiBe % R LYseB%ES - ofgf]d 1 1@ a Number
parti cul ar enbodi ments, scheduler 515 init

of n%f—'rs LD peisswitrhflgp (wbwwm partguh: einbedindnispemils fair); 2 Number of
node{r[selqg%%lla%% fof gﬁg&klgﬁ t0] JO 1‘%8 1dent1t 1céat|13nz(?f onz rolr ?ntc))lre nodes 115

available for allocation to job 150 (such as, for example, a list of all nodes 115 available
for allocation to job 150). In particular embodiments, RequestedNodes indicates the
Number of nodes 115 requested, RequestType indicates the request type, RequestedSize

(which includes an array) indicates the size of job. 150, AggressiveFlag indicates the
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scheduling a two di nensional request, except that a
three di nensional request allows six orientations (or
rotations) that are each unique with respect to each

fstead of allowing folds. In particular
&b%(r{fm“%%s, to initialize variables for scheddfyH§ Q1230

conpact request, 15 scheduler 515 nmultiples a z axis
of the conpact request by four to generate a | x 4
configuration. Using a 1 x 28 configuration to process
a conpact request facilitates use of all nodes 115
coupled to a switch 166 allocated to the conpact

agdr@@HRHag Mhjob N SONTEMESIze g@ﬁﬂéﬁ esclideagrrey)t aticass eie swﬁch—based
switch points in grid 11 In particul ar enbodr

sizeg o eid| B40, NogiesPerSyritohy indicatss theaNrpber 9hpedes|ide chlswrtch 166,
Nu?rﬁJ?%de&dﬁﬁte?ﬁ%N ?%% &914‘5 Q@aﬁl%lta'f&rhll'ot?at@n to job 150, and
st nesh 1 ncludi ng nodes 115 in grid 110
FreaNadeaﬁl @vhidr includéreaiu hlrrmx) ldéiatrﬁteS;thiB tof 3jor¢ madesaltlésavgilable for

11 grt cogrlglgnat e of the partition, PartEnd[3]

allpgagen 0188 1%, "end coordinate of the partition,
- Par ti5aadudlr enbddi@adings waes sehedwlér S15esclpsintes (drafigmpado schedule)
Part W aps dgﬂfgl ndi cat.es vvhe% er t he tgart i, ti

o TR PERales ShayEURS: Hifcfolivinga uptt: GheniEiop i, B nodes 115

anb&nat tB%@frsé ?ﬁ&l@ hes Hsobf H@&@Suélaﬂo@ﬁéd &f jyb N80)2 an MPI Rank of

request .. A partition m be nmuch snaller than i d
eadl odeFalocated 10 jolg 158nand a raarm Sebet pdicating: (habed s eduler 515
| S n 15
s A 5. b 888, 15058 S6ORSEMIEIGR o7 s 515 con
nevmmblmdmegéb add. pOSSI ble i coordi nat es i n Fr eeMesh. '
PartSi z [i ar t St
Parﬁ hﬂ% fgatn) r{%% t%%g?c‘zaée[ mi EC\/\% 1[5%) sclheduller 515 first
iniQeinRd ;»Uaﬁablésl%rssz\,hsauhmgqeb mlx)e tr(eMndhbduracjomdem adtording to the
array) to

nodes i.n Fr
BT PR TSN FEA I R —

eng306/38550%8 e P&yafaigg—o—géét@algllé)@ed 2@0&1&0@@[&#3@ Ubd AnyAllowed—

mbodi nents, Free contains a Nunber of fre

mdrgfde sllovss! taipasied sche&vi@g{ | 4‘31116(16}13&56 5 may upe hedetlonapg qunple logic
to 1 tlalrze %ﬁm%tléwﬁ Cbﬂl%% ?‘%FS’AHBW&{ ee nodes 115

SchedulfeheISdrEsRmsstEdeéY[lj k] and Fr eeX[lj , k] to
execute Spsisdallalgor Falben as descri bed below. In

parti cul @onpatiatbwedtFalse schedul er 515 constructs.
FreeY[d, jadyhliawed FmeeeX[i ], k] only if Spatial All owed or
CompacgRL desrt@fﬁ,ye Splafrispati al Al l owed is True,
schedu) ersﬂngqﬁ(gw&p_'m{er ous structures for scheduling
a reque Aﬂo‘%Q@LrpgseJ ob of size S = {Sx, Sy, Sz} has
up to S"EXE Al gr’gatrons {Sx, Sy, Sz), _

{Sx, S2° Sy§ iﬂ § _4Sy Sz, s}, {Sz, Sx, Sy}, and

{Sz, Sy S S x orient ati ons correspond to four

uni que® 9 i 0 ‘i and %\E/yo uni que 180 rotations that
schedul er 5 @%ﬁ‘ﬂ ‘b %1 mesh. If any two °

di mensEls ARt ot her, only three unique
ori ent at |S@ﬁ%aléu‘éwﬁirafiﬂﬁ%)l e. Schedul er 515 considers

al | possidsmpagilleredrilone when scheduling a nesh. |f
a j ob. o 15yiAdlowad=dialsensi onal , i.e., one dinension of

j ob .158lse éiRmusstailype schmdul er 515 nmay fold either of
two used Spati@AHoweds=Falsgob 150, i.e., 15 di mensions of
j ob 150 arseajaetAlloh@d =Fuise i nto the unused di nension of
job 150, Anyllowkie Tré Mensi on of job 150 equal to one,
in an accordion-like fashion to generate a. nore
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conpact three di nensional nmesh. If scheduler 515 folds
a dinension that is not an integral nultiple of a
length of the fold, a last fold will be shorter than

wa) Zoodis636di ng folds, which will result in apé#Bs2005012500
di mensi onal nesh concatenated onto a three di mensi ona
mesh. .= 20 If job 150 is one di nensional, scheduler
515 may fold job 150 into either of two unused
di mensi ons. Schedul er. 515 %hy then fold either of two
resulting dinensions into a remining unused
di nension. A resulting shape of the nmesh woul d,
genkynartiqplas sedkiimgnts, shedulerdi 6 arientaispitciobaded wize of grid 110 to

: U es an exanple o
R 8T ey totar RGBS BRI G Reaord s ohign Torphr
(WG d8s axsaﬂmd lihdicat&lthe b\&ﬂclf bisde dizk o€ gaaa 1d|oﬁem§<ﬂ @cnaldlcate

est to t y..di nensi on usi
’afaeéﬂ’u&‘ﬂ“b%ﬂ fOJJLﬁm}l i%@ﬁéfeaf‘%g]g“t%e%ﬁ‘%r&f gifhi 1 &esi@heduler 515
appliés ZorbkMapiiél aB nad® A NBRSiIGeA R} FARRBAdLst] RYerseTorusMa (wh1ch
concat enated onto the two di nensi onal mesh. Schedu

incldes Jpefran) pringerse qfdiorysdfap, grd sshedulersdSragplics| IqumgomsMap
to A oPnddak i fs aﬁ&g{eﬁ td 9 Lo% g@éefoi%\ge%% %gﬁegf"%tgﬁg (&l}lslgl?ﬁ_lﬂel%f:ment

assigns an Rank t

- englenk3Q §0139rop¢s@merrehs el aenple amhlnue by eaye af ésniaakiongif cluster

unbere olds and as z v es ecr ease
mag e BRShE b S p Bt 0 8 R e A 15 to
schb165 1 5ASchadul EXABTRER THneh b{}moﬁy e shhddh 'bégeh Q&us %H@ then
MPI Rank for node 115 at be zero,
becRmnk 16815 ndtlend,1for atndde, 155 memodwm hbtigg uuﬁéas E{ay , the
for node 115 at [0,2] may be two, and the M
indisetieofl D8dart 1550, 8fer nwchedube 55 e eppliEse TMREMRAN kref o{nz zr;m]de The
115 at [ 1, 3] na be four, the MPI Rank for node 115 at
I“V?STTPrQﬁ ?‘Paﬁ?r PYRecxammple ig gLBM- Concat enat i on st arts

nce t e fo ha even Nu
sched agmu%iSG?degﬁ"?he W%%@@@ {OER TS ggpﬁﬂﬁ Nurijmber  of
dimehsiesniot ﬁtodﬁcﬁh@lﬁwherﬂ@ﬁ@&hﬁ@ atswatehWasdddohl %6 @%@d&bﬁeﬂ torus.

d. t d =
Mafinfsicrgt 1 ind MaRoachil pranis indisas PLfbeshmensiting fomedifistion and
respReSRy ﬂhﬂfbhk:ﬂsk& thOifSensiohd ?Jr hYPESaRh, | @Ahgéulele?(i Cfsﬁlagj Aultiply

an exanple and not by way of [imtation
onenf S dimegsignsafior ewdificatinmley foro osmulily each 5>I5wma§/the dimensions

Al nsi o
for loBeRhdn D e e 317 BBl RRTHIN e A3e Reblyeaf en
modifiss faokids afnthedlotmnsmmﬂaj desbibed 50 tevhe &f HAvitches; oatdordingly.

i_.ther ;- a dinensi on that schedul er 515

fold
Sehpdjicrat] SHiclpings. ap v i Haver s visharulGebston b arss
f olidegartiBhler fenftdlimenty, Fécﬁ%ﬁfe 8’51§C§]k§)‘1’i9§ &ned b MGR I%eometnc

folded a z di nension d fol ded i di nrensi o
trangforrgatinus de @ rmegt ﬁbcged@ra@ alistenfaneshes mfymghhd méqmest5 14 mesh

fol ded f h 515
e e FORRT S 51 TR0, S e
B hedul 515
ke SR Y AR 5. B e
starbpdinSGBASUNES aR eAd Boiflt FERS bRADB} PP dihmsiofs. ﬁ? GRR¥ample and

fold is restricted to folding a dinension t
not by Iveydfdimibationf ordetd withtacstdrt psint atu [st’leSs]sandtdneenﬂl;foait at [2,9,4]
fold did not result in congatenation. If a size of job
wrapse the xand ivrtimgrsigns mil P¢1pﬂ, n]z®n gad d10 esglehin aoonwrapping

Q tenati results artlcul r enmbodi ments, such
mes§ FE& ST 2uisdn Sér%h?e@] S sirodiel cARGISheddepisd 5 moncrates a
SR T A R R R T A —

possi bl e neshes satisfylng a request If the request
i's




o~

10

15 -

20

25

30

. gerprAiPed steatest Nymberiof SWMOESnép edulgr 5l gan

one or two dinensional, scheduler 515 constructs each
possi bl e accordion-like fold and each possible
orientation of. each such fold. If the request is three
[ ha |, schedul er 25 515 constructs each i.ble

g‘?ﬁ‘ﬁ? F%n of the request. In particular enbopgfriisﬁ?os’fomoo
schedul er 51 records each such construction using a
list of Try Structures, as described below If
Conpact Al l owed is True, schexful er 515 constructs a
conpact nesh containing a requested Nunber of nodes
115. Schedul er 515 designates the nesh a best fit and

554 REeMses 30mbIMEhaEs RehdauBBR ith rf(spb:it &d aisBCHfudss 13515 available for
array). As an exanpl e and not of limtatio

allasatiq tgethe Heqyestyu Ssperall jmbhsee 6#‘“%‘618@%1 ffi‘B‘ﬁSéFF&db“béeSH“ In six

mgé’ﬁ%k Satls ggﬁ% fle r%\%&?f gQ\ggldptgéﬁ?og 1%&64&%%9%%&5@&9 té of meshes

nca 0 an eger uler initrally sets
sdﬂeﬁridg the tegués® an@),a dde . dithénsidnal (gquesg tendsltgl result ig hgndreds of meshes

' aﬁ‘ﬁg’g‘%‘g h?eéﬁvemgs gh a%&%gga? l’bodrﬁ egiglr gtlhehlﬂ%lr ?f'geye'is 2R8dNWased torus

fdBW twbCorpast diinefsibutl Géquest, toafaxdminer d Nﬁdlbbebf)meshes satisfying the
Schedul er 515 then constructs all neshes having
regPefénsi ons greater than or equal to di mensions of
Best{) tmléal%dvah%l%s dreRnQHuliBg Y& allRatihd BRSbiOMSredhodes 195 to) a
110 and records the nmeshes using Fit (which _includes
onzmdlatenayl)al rmétd sthedulen 515 setsa » aKis\Aad ameds pf awitciies 166 in grid
he gl e
St rihreytiof S TRET L EaRHLes d a3 p01, Bary = avis of
sxsm}ieg me(sln]giﬁd B]zﬂc:ls anunused«iuqabrfsobnt chledmerCﬂ?@sth@G%lds job 150 along
Schedul er 515 no s the torus b i ther actor
oGRS OB § 8ol IR et GPra P ep B 8 FRF{{GE asblies o a
of MBRELHORS rdeaaccount for grid 110 including four
CPUs_164 per. swi.tch 166. To increase a likelihood
scheDymdapDigensions <4t i sfy a request so that, when
one QP kR[S tch 166 executes a process, al
CPUs 4 at SMAtCh 166 execute processes, schedul er
515 k@@Bﬁn@ﬁﬂwﬁﬂes%es havi ng sizes in the one or nore
nodi (ﬂeqflons that are integral multiples of the
nult§£ g%gilon factor. As an 15 exanple and not by way
cof | MapMald{drx21f schedul er 515 nultiplied a torus of
switches 166 in ay dinension by two and in a z

mension b wo, .schedul er 515 woyl d kee nl
’?jeg}ﬁlé(‘?tq Y Opg dtllﬁglquvﬁ évéh vige, &nzmg?%aﬁlg}n%ng y0 to 1—n, where

' chgr? ‘:‘fﬁr SéSrr;X ’iﬂrﬁsa%?]tn%t rbg r‘?n g??igﬂ%ﬁe ' er‘?ra{ﬁr’é}zg corresponds to

d@ws%ﬁ?aﬁd‘ry[@{]dlzsm ggﬁ;pysﬁ%n any two nodes in a

size {Sx, 9y, Is (Sx + i)+ (Sy -1)+
(Sz inlpartichitr bmbodmhleﬁsdha&(ﬂexmibd mam disopset (al,gnass and a z axis of
i dentical to_each ot schedul er

aedes 1 3ok bles f
syitehes 166 do gEfddOde @ ’é bC@P guration, af BRqes %H“tl%e gﬁna es fot
%ﬁﬁ% Wdﬁ%sﬂal"i@ udf. 1 P&tk Onbddimditls, @cﬂe@}lleﬁBQS folds a

9,9} have the sane maxi mum di st ance,

" t8e Henhmbmnal&'r&@epta tigo M@tutrbmmd Mimersumﬁo igenesath @cmr@ gorgpagt shape
: ) ve undesi r apl nesh Sa
e on i S R R R rre,  prGTe, sgBE SEy il selct o

chbBFfiratinN@AReh HkY. be \Qiffpen® B ae Z&IId cﬁ@ﬁgtbzyaon\/\aﬁln@fes 115) that
Ilnltatlon if N equal ed tment seven _an est Fi é
aazégﬁcquac o§€71?( possible

fitdhrdibnd 6:'d e hitndiGHal &Rtk RalBulbRAPRRABL O PHERAE folds for
(0] shes

each of the six possible configurations. In particular embodiments, scheduler 515 selects a
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and woul d always result in at |east one nesh

satisfying a request, since Fit would include a nesh

equal to grid 110 and cl uster managenent engi ne 130
woobcosszpedul er 515 only if N 30 is |ess theoras2005012500

equal to a Nunber of nodes 115 in grid 110. WO

2006/ 055028 PCT/ US2005/ 012500 30 If AnyAllowed is

true, to construct one or npre free neshes, schedul er

515 | oops through Nodel nUs&wi th an x axis as an

outer loop, ay axis next, and a z axis as an i nner

| oop until schedul er 515 |dent|f|es a free node 115. A

corfpgaigatiop aHoving|a greaess Nrmdher pfipdssibionfgldsofn partigdar ¢akpdéments, in
theygvent BELP Lo6fE RGN L BohARUHRES, RuOREG 54 Brst sclects the 1x4

configviFatioe Meslifymgahelz Exie eMamb{x bklndﬁ' &ENB@h&ﬁiﬁgurdﬂunmodlfymg the y

- eeMes at es
axiy s § P BiioEEherts Ja Y S e PtyPi: Trdr Sudiytion and a
287 eeonfigefatibn] StHeBuidd 051508848 tHOr 2xbr Q:Snﬁ@ﬁrﬁtﬁﬁx In particular
m@tructures in g rid 110, As an exanple and not way.
PAIMeRTt Mt B AV liacis bYW esTbE 9150y ¥ Becqn gurﬁtw&s scheduler
51K itst selecse A BrooRfPudBIh MBEHRAE Be Park 23S th'éH ée'lects the 2x2

schedul er 515 identrfies a nonfree node 115, 10 such

configurgtion @RAPINS, thq ix ang |z, axen) and Sheredelpaty tha P m%ycos’é‘uguratton

SRS S0 ) USSR 1) Ay e

forf schedulips h thrat dngedsimaalzm@xassas sa:helddfcreia E’Bsdul@ mit[uﬂ]ze variables for

: cqrresponds. to an .end val ue of the f
scHedii B> SPRORAHRRH R B > dg® Snauiogleatespallvs six

oribmtatid® (ofl @Btalidns) ahdti 418t ea¥i@hidRiue] with $&pedth@dt edch N®herf inktead of
j2,kl} through {il, jlI,k2-1}, includes at |east one

allpwmefdds.-node. Schedul er 15 515 then sets
Fr eﬁﬁéﬁc@&@rﬁﬂo@lm&ﬁs It infizE Q%@M&rfop&qwh g% do%p;ct request,

Schedul er 515 then 1i'ncrenents an x axi s, rting

_schedulet §15 dauitipley aaz fakissef thgl eaypac rqucst tﬁyafomltar&ener{ateza Ix4

cmjbfll At}o tlﬂ ougg ill nrqx] & 1c:;'r1 t W ocess}a :coln! g!:tl‘%gqelﬁestafacilli?a%%tuse of

nontr ee en sets
all FodedVerh caiphedt {005 stvitch th@laﬂoc%thEME&b .coPh&] refpeest, 2vHich m turn

Schedul er 515 re s .the ahov oces sc eduler 5
redugGiragmanfatiop 4bs ﬁspmﬁtsgla gad 119, Trpct Gt Scheduler

515985 1aRQ inififSAS VarkBids rfo?scH&iuﬁH? aR 8hy Rfjudst. e e neshes.
Looping in a different order Tends to generate a

di f fepastition tsea swpllgst areshndheding plltnodes 1/15| n grgb 140 avaslable for

sclIedSﬁnggel?al.rr&gz'rgg lﬁllr%lr(%tﬁ% 9 g garﬁa%rcw a«gte OT ihoehpagttltg]oenr Plartéxcgg]e%dxcates

an Uehidoendrdifrdt&SdRE e pagtitton] (Parﬂsizlemt indiceteq adsiké @xf ehe @artition, and

Io
P RIS b GpRetich e A P BEF or AP B ST o trct o

I a
P S B ST A e

be fmush smel%drrébamgrrdsl Huclard =U&ilngndad, BartStaxt[8 inpluden aiminspum of all

pol98 shBah VT e B BER DR R 8 el s o
maX&aaA df &l pessiBis cootdifiatesinPreeN éshF- IP@dfike[1]0+ Pa’tEﬁi[@ 30>art3tan[z]
|ncludes nodes 115 in use, area 532a is a first

fre

+ hesﬁ Paitizelilo 895 ForusSizelh demtVipga 1sndck. Sshedyler 515 sets

! de3lin F h

NoBEfsE KuRtn SIRREL B BicRy) & S RO HCUSED, B hbdSin Freacs
anésﬁmNOﬂB]éNuUSEgoxadlmjhcrtnbdwo schedul e conpact
requests, WD 2006/ 055028 PCT/ US2005/ 012500 31
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and a third scheduling algorithmto schedule any
requests. The first and second scheduling algorithns
are simlar to each other, but use scan al gorlthrrs

re_relatlvely different from each ot her. <
R%‘ﬁ%“&' 3515 schedul es a job 150, schedul er 5Pf5mfsi2§'t/§”°0°

nodes 150 allocated to job 150 in AssignedNodeli st
according to MPI Rank, i.e., 5 AssignedNodeList[i]
has MPI Rank i. To schedul e a@7patial request having
size {Sx, Sy, Sz}, scheduler 515 uses a scan
algorithmto search for a start point in Nodel nUse for

t he Spglattidulaf eﬂBS&fr}en{ghﬁ‘reé‘pﬂ[ i, Q]/‘écfﬂﬂamsei(ﬁ{ﬁﬁbé JF @@k Godes 155 along
prOV|des an _exa ﬁldescrlp I on of an exanple scan

léﬂeg{wi 4t Hen U 5&9F‘t$§t7g &resiXgiik] poélndes antulhert Enfiled sodes 115
p t} parti on and 7i, Ty, and Tz are
a? E |2’e’2}‘ @@ﬂi@slzyf 0Jahd% d.%%wélplernsiw gses FreeY[i,j,k] and
r tS 0, Part En
F;fgé@[? j[téféé‘fxﬁtg % ngi\t %Ig I E%Sg CS%O% ed kﬁ&, W. En rL Jlar em%odlments,
sPheduBtrast § 2¢onsipudear freeidfi 2] Hintl Fre¥k[t9,k}5only if SpatialAllowed or

=ytoy+Sy-1 For k = z to z+Sz- |
('r;‘fmf(aﬁg‘g‘g‘f%%%%wenodj Ti j mod Ty, k mod Tz) NODE IN

USE 20 Sphttal slldwédR Trke) thehdduRRS15ies \Eéﬂféuf%cuﬁesdfo'r:@gmdulmg a
25 If (Ht = True) Return True End If End For

Iegest3o En%PaFtéﬂr jobref wize BSat 6%, $)nS{§arhti$ g}pl w{ six unique ontentatxons
a

Bratedl Wi 2 LRl Soub i 81 b N S %1 55} The six

o%hﬁﬁoﬁ@@tfr?éé%fﬂdel@ follr Qlﬂqﬁéqg(g) zﬁ{ong gl?(? 00 ugx(}ui lg(l)"l rq\ﬁ\ﬁlons that

Count = 0O ri=xtox+Sx-1
sghqdgley $&5 may apply to a mesh If any two dunensxons 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 dimensioh 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 o.f 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_dimen_sibna] mesh.
If job 150 is one dimensional, scheduler 515 may fold job 150 into either of two unused

dimensions. .Scheduler 5 15 may then fold either of two resulting dimensions into a

_remalmng unused dimension. A resulting shape of the mesh would, generally speaking,

bea concatenatlon of four meshes.

FIGURE § illustrates an exam_ple one dimensional request folded into a y

dimension. In FIGURE 8, scheduler 515 has folded the one dimensional request, {1,1,1 1},

into the y dimension using a fold length of four to generate a two dimensional mesh,
{1,2,4},_ and a one dimensional mesh {1,1,3} , concatenated onto the two dimensional mesh.
Scheduler 515 may Number a first fold zero, a second fold one, and a third, short fold two.
When scheduler 515 assigns an MPI Rank to nodes 115 along a fold, the MPI Rank is

incremented as a z value increases along even-Numbered folds and as z values decrease
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WO 2006/ 055028 PCT/ US2005/ 012500 32 If (Nodel nUsefi
nmod Tx, j nod Ty, k nod Tz) = NODE-NOT-I N USE Count =
Count + 1 End If End For 5 End For End For |If (Count

\vazmgﬁgy§§tedhbdes) Return True End If 10 T 5
logic is relatively inefficient, since schedﬁ?g?gg%%nkwo
eval uates each point in hbdeInUBe up..to Sx x Sy x Sz
times. In the above scan of a conmpact request, as a z

| oop increnments from say28z 1 to zI + 1, i and j

i nner | oops do not change and a k | oop changes only

at end points. As a result, a two dinensional nesh
alon@roﬁml*{mbe)fed ﬁ)ﬂ(}s t s ﬂxSe){ample Sd nq/c b|y @y ofilimjtptjon;, ghe MPT Rank

for rgfglglsll'{g \[\5&6]085 rtﬁgg{" él?ealklgg lﬁat L € rﬁ r{o ndll Ca{?f@}’j %%y %g:%ne the

Mpr{lxﬁﬂ%%} ndﬁbsiyb]at ((z,tTﬂl)ayrSamc} ahdthefMPI Rmk foainodd BltS am@,:s] may
i nner

be tiieENMPBRaEgo e ARl rArarEerae: Heoh! B efpadegf1s a

(1 Zi ?lje%(ve 2Hd 13 on. Acdnch@RRioh &IRNES 0N, ﬁﬁ&d’ltlﬂrfdldalﬁhﬁ&n even
her. At ay loop, a simlar effect occurs alon

Nurybfmxﬂﬁ sclrerleleD(S b dolReéie eawesthsin en odd Nurelei el 9P fO‘dS
con%aﬁ%% %’%‘[@h? dI sn &r Oﬁgﬁd Q&\tﬁlhgﬁe %n'i‘ 1Rl kU0, 8k particular

uses | ow ng

embRldERdnis, hmddﬁles (5aa cml;c oorpalets aoeqmiecm like fodds. n@tlaqq types f folds
zPl ane[ Tor usS

exist.o a8 exam@srmétng%wgy} af En&rt ono]a ())(lq may %rog&% 3 Oor;t%seasshape
Schfs&lhl[:xo?‘l% mBy FR6Ni G ceraid Folds lon daRr theﬁsplSn[lal Jjobs Tse As described

i] = PartEnd[i El =
aboSh SR pATCHaRebL RS, SEORSBIT S oy TSRO bEASR bfice: A
sec%rzidéo 3?%* 1d¥a ld@RBhsRnRE LRERIEE 5T5 @@lﬂéﬁﬁfﬁt TOE 2148 ® dimension

re-conpute zPl ane for nesh
that{schédmier St Slfdl{ietd] ing} fitso [FIGWRE $Paghedulsr ﬁ[iﬁlaségﬂdfd 3y dipgpsion

andBlsaritlont v PREGITT cahe sBPRR M hol e alfiisfin 1Bt {oREAr 515

hére reduces a | oops

folded fird0 sclﬁﬂ&lel' GOP rhay gehefh&dup an érko porfeatenations, for a total of four
Freerx Part Start[1]

megedy | das pamﬂﬂlﬁbe?m]b(fd“m:% ﬁﬂ’d’gglL‘j_ ]glaSrt ﬁtﬂgrst l ] figYe %han two
cont§tte:1|l?fﬁiro§1s‘St ta[rlb;ultz }WHeQ schddulex 5 PRsdhetaed 4 &vﬂld‘ﬂijndnsmixal job 150, a

—inc u3|ve NewX = True for the bel
second fold 1s restncted to foldmg a dimension that scheduler 515 ?oldéﬁ into i?rst, unless
the first fold did not result in concatenation. If a size of job 150 is an integral muitiple 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 constructé each possible orientation of the request. In particular embodiments,
scheduler 513 records each such construction using a list of Try Structures, as described
below.

If CompactAllowed is True, scheduler 515 constructs a compact mesh containing a
requested Number of nodes 115. Scheduler 515 designates the mesh a best fit and stores

the mesh in BestFit (which includes an array). As an example and not by way of

limitation, let N be the requested Number of nodes 115 and O be a cubic root of N
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y loop o If NewX = True Do nothing. 40 o Else WO

2006/ 055028 PCT/ US2005/ 012500 33 Update zPl ane For

each z = PartStart[2] to PartEnd[2], I Sybtract free

no es 115 in line segment from{x,y-1,z) t

Q8PN 71 from %pl ane[z] 5 o Use FreeX] xJCT{US3)0s/012500

FreeX[x+Sx y-1 ,z] to avoid |ooping over x Add free

nodes 115 in |ine segnent from{x,y+Sy-1,z} to

(x+Sx-1,y+Sy-1,z} to zPlane[23 o Use FreeX[x, y+Sv-], z]

- FreeX[ x+Sx,y+Sv-1,z] to 10 avoid | ooping over x O

Set NewX = Fal se for a next y i ncrement o Set hme =
lanlif@odr € I

e il BRI st P QAN LENS " ifecter

5l1 é@&)d(ﬂler xhdrivise fchedﬁb&lmﬂ 5 aviltliceem&itlohe aﬁinoid:’(ﬂlﬁiéﬁiléns]df BestFit

B ik BHCTHP o ongtora e NA i SohBHREr 515 then

chostiyict wlizmdshes hﬂm{g(d‘ﬁt?éngiobfs ?éatl*r AianZor bqhal té%xmensmns of BestFit
descri bed above, use FreeX reduce a Nunb of | oops

anq [ thi of gquah redimengiens,g| exidel19-2ad :qqordsdhmﬁtes wsing Fit (which

Igmﬂﬁgm?mnggquestedhbdes Return True 25 In particular

enbodi nent’s, schedul er 515 applies one or nore of the
f ol | Svliedyler Fbliben mdmmendwirdﬂdms&&s f@npkRit.t iAkideseribed above, in
; ing,i R a dinen indices int
gldh?r{é)[%s ie%lr?m&r(nc? e%d egy Sl&@ ‘Bo‘%% © d&ﬂ?b‘lﬁ‘? Or%slgp SWichesslap each
conpded toSohruOPUS o«m t Sched\er 5161 HES fieDBE Q5Bs Bt la@ctor of four in
reference; ? 2% i f the partition waps_ in an x
ofs HEIFLRIE b7 fagtay o bresinEshamsions te asrpwtdor grite1 Hbiaelyding four
CPLR 169 peBsvitdia 66 € FF R cas€a lehthBQ RHR@HBE 5 1% i sfaﬁéfgg rpquest )
schedul er 515 conputes free nodes 115 for
t@ég’fl@m@e @e 164 o poloht 164 axecudes @prpcessf alk GEUpaM tt sveitch 166
eké?:u{eh}?ro&:s%s ¥Clghlq§1n §150 Qee%g q)nw %elgl?gs kfxarvglrg Salzebsel I tﬂe on< or more

partition
modlﬁed dunensmns that are integral multiples of the multiplication factor As an

- example and not by way of limitation, if scheduler 515 multiplied a torus of switches 166

in a y dimension by two and in az dimension by two, scheduler 515 would keep only
méshes'in Fit havi_ng even y and z dimensions.

Scheduler 515 then sorts remaining meshes in Fit according to maximum hop
counts in the remaining meshes. A maximum distance between any two nodes in a mesh
of size {Sx,Sy,Sz} is (Sx+1)+(Sy —1)+(Sz —l). If two meshes have maximum hop
counts identical to each other, scheduler 515 puts the mesh closer to bemg a cube before

the other mesh. As an example and not by way of limitation, M, = {4,6,16} and
_M , = {8,_9,9} have the same maximum distance, but scheduler 515 puts M, be_foré M.

_Even if scheduler 515 did not remove undesirable meshes from Fit, scheduler 515
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
1s less than or equal to a Number of nodes 115 in grid 110.
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point b. In particular enbodi nents, a scan algorithm
applicable to a spatial request is 35 simlar to the
above scan al gorithm applicable to a conpact request.
Ligular enbodi ments, differences bet can_
“Ja é’g(?(lif%?h applicable to a spatial request a\rllvgg?/ﬁ]gm%’/e‘q’w
above scan al gorithm applicable to a conpact request
include the follow ng: (1) instead of scheduler 515
identifying a point in a m&$h having a particul ar
Count, schedul er 515 I ooks for a point in the nmesh at
which all nodes 115 are free, which tends to reduce a
MenphyyAflowed & @RS &S corditbet (0dg of f1oeel fbe ek, s'm;duree &d5 loops
to handl e one or nore concatenated neshes,
thropglp SegsBd/38 WbTMUSREDEY BIPBGI00P3 2 JsAXAL XL, ai%‘d dELEHi g tnoer
100%‘9&}1 Scheldli Fg% BlentPie TR B8e BRI A BRe Mk irR1AREs mesh including
I mensi onal request or a two di nmensional request
only Gleel@ddé¢sol I#; addiecie mgellﬁesctiUd%\m myleuld Stadlogajgble to a job 150.
|t| I ne hes c t 0 t
S hﬁ‘i‘lﬂ gr SABOd Ren S, §elfc esﬁ%dl ?5 (?:)at F%ﬁlgl%&%m&d\de%es]
NuxSC&Bl\/Eblge@ rihdibared £ MNhntber b fue eesheayeirigndnt 10uAnd FreeMesh is a list
associated with s hedu%iL 515 5 sc edul|h a t%pesml 1110,
ideRiitroe QR I dFes O 1 grich D> GPC HoPar o B P BT S NG it e

© As B8 SERERUMLRI RotSRAWad of NIBRIRRDN, e e Ble 315 nusese di1, 1,41}

schedu ing algorithmthat applies a scan algorithmto
Scheagibr Irymay lintcérmient ai Naxds hmtﬂtscltfﬂurérﬁlsudeubﬁmassonﬁwmode 115,

suci%,:gﬁ:%rgmg}e f | ﬁ(e)kn?-}r ;éé}ep@e{ Ei/%gr&qryuc% :ﬁréeeeMegﬁ tgl}tl?] to k1 and
Freslelgs%d g}d & and, aﬁr @Q%EI'F [gigé ?ox% tb Q%ta?bqﬁ’[de@f a free mesh

i's Z€r o, urns to 10 cluster
aloﬁ@ﬂ&gﬁmm aﬁadl@rem/lekﬂend/[m hmwSpmdsetdmn eyl vilee opshe fpe mesh.
W se, schedul er 515 us

Sc@gﬂérdgf H’QYE‘? ‘Pf’rtem?f‘tt%ytaf’v ?%mg% Rt ul?oelcf he spﬁr{g{ ylue, /2, so

that BEIEAL 72, ki NthRAER i{Q Uh a0 -afbReaB dtdeass Shesbialiedgode. Scheduler
request” according to a spatial algorithminvolves u

515 thet beteErdeManbsortitg o drmid RroaMésbledd[2d el jdnd - r&?h%ml%rﬁéﬁ then
Schedul er 515 keeps track of the transfor

incregienty anhe axis) $t@r\t/w&@t fl; & wientify arhpt valge, 12T$0y P f}lﬁ’ iz, K1}

thnhlggp :{fgg;@}; ?EE& gpe (ot ﬁ;lagtprgﬁ% rr%éﬁ% ode aﬁqchgcgurlé}‘ythen sets
Freél%’l{eg\pstg%[%gw) 1 ANCRAG e %mg(gttgfﬂl iy g&%&lﬁ&’ 515T eaEsMBQ above

nmeans 1 ndex S mapped to 1, index |
progess Schiadpleed15 covers dlhebden tEXinZrigdtl§. Fhp pb@/etmocgssgb)es not result

in stul-]rlsitqpq, kl?gd Irfgetezgﬁesﬂf?{; elrcgogm&yxhﬁ(éffg%égfdﬁr em%s} to generate a different

set-B’fﬁeNH[EEHésdB@tRﬁﬂy iF %6 @I’ forafrdinbeies sliaré @ bosndaryoslitic eavl other.
a Try Structure. . y.foldLength is an arr

A frerimesh ﬁ:qﬁ:gellyéng@weéfbymﬂeﬁsl 15 pry 2bya ERigHe | SIGHRES O-pd 10
ﬂldsﬁlge %%ﬁff& Pﬂ%ﬁ )l(lsiBE o? a}cgl HGH 1 flePRRS 2R an H8xi&Hs an inner loop

Iea Imtation, Try.foldFronf] =
in 2 thﬂ dtmatsﬁmat bat. fEmGUREcﬂ llustraésded fewmasties w@ﬁuct using a y

Tr .foIdT is a I i.ndi catin
i 55 AP 10 et Pl lpe SR} Gpylgeed uing an x
ax1§ REhE M Sodp) INHESURH 9 aargé FRNmcRIded hetes N€5@i Akflarea 532a is a

fixed. In particular enbodi nents, after scheduler 515
fire dtee mmisheand; dreat S32bjiol se®difree sudshd Similacy, # FIGURE 10, area 530

mci\&cﬁ% &%rﬂglllgltugle ar ] 5%%%5121’&' i{]e% I%CS]:Ir Xﬂ(? Iure&' %BQ’U E 'a second free

Ss1 gns
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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follows: 30 . Schedul er 515. applies an inverse

rotation map to the starting point to map the

starting point to a pretransformed nmesh. Schedul er 515

folds to |l eave the starting point he

gapﬁt?ugg% so that schedul er 515 need not appw Tg§20“0””m

inverse fold. WO 2006/ 05028 PCT/ US2005/ 012500 35 .

Schedul er 515 | oops through the pretransfornmed nesh in

to generate MPI Rank. As dedcri bed above, in

particul ar enbodi ments, an x axis is an outer |oop, a

y axis is a mddle loop, and a z axis is an inner
afldo@pthird Shbddinkeslgditbmappistiegluleheny raqeftor nahe ofist and second

applied to the pretransfoynmed nesh to

i nt .
schigdulipe algonns e L3P e R UseiFa RlfGr e Bt e elatively

dx@t%?énaﬁmn' Qath biE. 1k RRElIer Bt dcABFuldst foba 50! Rhéd 55 1BE nodes
e., scheduler 515 folds 0, then folds 1, and

1 3heallocesed s Joh el Poiint Aseggethaiebur ngccomding tor MBE jRank, ie,
f sh. Scheduler 515 then
Asﬁgﬁecpﬁgﬁ.%[ﬁ&fz Ha&l\?ﬁ]{f@&k’fe , into an end of
Assi T ecidale lai sphtial rbqueprahretvmgthads {Mp,cﬂz}tmhedula 515 uses a scan
conpact schedullng algorlthntagplles a scan
algprid toreereld @aa:ﬁarrreelnt jimNadgIndse for thy @agtlrrﬁat%t e&he following

eﬁ%}?ﬁflé o:gll}ﬁrﬁ\?g&t \Agl?gfsééér%gﬁﬁng% b)ugﬁBle k%ggﬁ %ofn'ttn-ﬁ.e BartStart is

a lsﬁaEttpohﬂt)indJ%artEéidals mvetdypomtanrfg:q:arﬁtmnaamdé’kaiﬁalaed dhadretotus sizes in
gy Wﬁy .of Linttatign for a torus including 16 x 16 X
(e bﬁ@?nﬂTg i V?%quest for one hundred nodes 115,
tFIH) S&H h results in over two thousand
1 list. Although applying a
blna vaesrﬁﬁ [6 Bdﬁ' structures list may be
desira Pé‘z f the Try structures |ist
woul d notHit | n partlcular enbodi ments. A binary
sear ch |nclﬁﬂﬁhgx toridrtli on C woul d not work unl ess,
(1) if C were EFjgrter+8tknent i, C were true for all
j greater than oFordgualo swzil and, (2) if C were fal se
for element i, C waf eNodelodistlsr med| I, |jegeod HAm brmod - Tz) =
equal to i. In particul NODEnbbodISents, a binary
"search of a Try strucHitrd&ldei st woul d not work, since
a possibility 20 exndtlf that a scan using, for '
exanpl e, nmesh MLEad fér, 4, 4) woul d find enough nodes to
sati sfy a requesitForwhi I e a scan using, for exanple,
mesh M2 = {2ndFod0) would not, despite M being above
ML in theﬁfﬁu_shﬁ&ctures list. In particular
enbodi nent s apFH@ry search of maxi mum di stances
works. Ifg er 515 groups neshes in a Try
structugeﬁ; I'st according to maxi num di stance, then,
|f sghg ul'er 515 identifies a fit for a mesh in the
H%W- Havi ng a maxi num distance i, for all j greater
equal to i, at |least one nesh inthe 1list
hd@#ﬁﬁ #'Sfraxi num di stance j will also fit. If no nesh
in the list having a maxi num distance i fits, no mesh
i'n t He pritigglah gpp ntsaRi seam ageithmcepplisalle ttaah compact request
t It a RLe2
re%ga%@é fﬂﬁ aﬂov%”g élra]th vgtltjthodg&[nf \éﬁe ch fen g rreé}ﬂ gbrr@s\( loop as
ﬁﬂbuﬁ&Xlnuntdlstance i that fits. Therefore {x, vy, z +
1} has a maximumdi stance i + 1 and, 30 since {x, vy, z
+ dduntevers {x, vy, z} , {x, y, z + 1} al so works.
| neggetixapxappliies to all j greater than or equal to
. Rofo- Sy the list having a maximum di stance i

works, Pkl 7 to 24521




10

15

20

25

30

35

40

respect to any nmesh {x, y, z } having a maxi num
distance i-1, {x, y, z + 1} has a WO 2006/ 0: 55028
PCT/ US2005/ 012500 36 maxi num di stance i. and al so
weRGB2s i1 1. Neither does {x, y, z} since {geris208s/12500
1} covers {x, vy, z} . Accordingly, Scheduler 515
constructs MaxDi st ance[ NunivaxDi st ances, 2] duri ng
initialization. In particular enbodinents, a binary
search of neshes in Fit doe¥ not guarantee a 5 best
fit, but provides a reasonably good upper bound on a
best fit. In particular enbodinents, a binary search
of neshel (NadginUsd(smed kg imexdt 7y, bpd, Tziye NOBEINGT IN_USE
appr oxi nat éfopnt + €qugcans for approxi nat el y. one
t housandEndlhes. Schedul er 515 nay use an upper bound
to rurEnd Hornary search on maxi mnum |l engths or run a
| i neéad Fsear ch downward fromthe wupper bound. In |
mEdFeeul ar enbodi ments, a |linear search downward tends
110 (Gunter Requdfleiddesi €Nt . Schedul er 515 runs a binary
seaRefirPTuEl t and returns H ghFit and Hi ghStart][ 3].
@it is an index of Fit satisfying a request, and
H ghStart is a starting poi nt of afit in grid 110

g AORIE P Bl BB JARCR0 AR ST DR o o i

NodelioUdé ue it Sy x §g k&l ilnes. Sdﬁmedﬁcvemntosf aa:oﬁ@x¢trruqnest as a z loop
. distance of a 15 current Hi ghFit mesh. Schedul er 515
InCEaRasRts) fé%bssat/ml dagh +ak F andbisinaer Ipeps| dediat gharge andraxq lmhmges
nlSH §t i h 15,

onl§ g RMHE Achgdulgr 5 Acgag@&;l&n%gl@e E¥hm Lo vz} to

Satis g the request.
{x B8]y S8 - 8EV)i 8 @xéiided stk ESither SAPAKHRnd LoheAtles 5 i f'ﬁdds a two
mesh to Hi ghFit, decrenented the maxi mum di stance
dingegsions! raest frampdat)s(zl he) psochss. (£ Sse hedusyer1, (51%)+ Sz~ 1} to
i dentifies no such neshes, the algorithmexits and a
furhgr Faleiflatiqoghsise 2pd kainges foops gount firep rodesh BHuines susnce of two

_dmfeagmg&l m3RAA I A &&m é%gg‘f}ﬁgnnotlg&p d}gﬁ;&gﬁ&?}e mesh and adds

di stance, then"s
anoflor. At shamp;va stmiXdr ﬁﬁw@ba.trﬁmﬁg a SRR Wredx m&@@ hich both
{“H %{? F|t nmesh. and inserts one or npre nodes 115
incluge grrays) taglifatgredusiegrecsrdRRe lims: In martisplge pmbpdipieats, scheduler
519 i@ FORRANSISREAMNR R RAEAUL &I, 515  mapped a
swi tch-based torus to a node-based torus. |If schedul er
e pPefinetanauray 2PdameDanesdiz2R]1, 6o steretworigmensibnal hesh counts.
confomgputann owd paintedie, )dianknbopnas folewsne di mension is
an ¢ nheri+0¢p2 |f schedul er 515 mapped the
SWi t ch- basHPattWWrass[4) & Tige, @nd[i*= ParcRrd{ijgur ati on in two
di mensi ansElst bed[i]wopiBxaNEL 8RS[;pr € i nnernost | oops. To

scheduow HLPIBYD EBAUBHStartfH 16 RHH@] ard b 420PS t hrough
Ereﬁllygﬁh and fills the any request unti | schedul er

gﬁiszﬂz%ggijnegg%ggﬁgﬂg (o BTN e
7 c u | nser n fgﬁ es é
Wler e Jtiped use fhgeq lpgpchere.

As dNogde
pssi gne Fi% R pbieclodindt s e by

515 | oops ? fer % R@gﬁpégs?aﬁ[ll]é\]vs" FreeY [x,PartStari] [ +5,2]
prov1des 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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A axis is an innernost |oop. Schedul er 515 expanded
the z axis by a factor of four 5 when schedul er 515
converted a switch-based torus to a node-based tor us
\lNJ?) oat'oh z axis as an innernost |oop tends to av

|on of CPUs 164 coupled to a swi tcﬁci’%z"“?&”z““o

srml I er one of two renmaining dinmensions in FreeMesh is

a mddle Ioop, and a |arger one of the two remaining

di mensions is an outernost |®p. 10 Schedul er 515

lists selected nodes 115 using node-based coordi nates

in AssignedNodelLi st according to MPI Rank.

Assi gnedNodelpdste[zPld@E i S a x coordi nate of a node 115

of MPI Rank Fb;eale,ﬁg,l%@ bsffa[tE ‘h[]Z] is a coordi nat e

of node 115 of. N@hbtréﬁ@rﬁ‘ee no&gdués ﬂgadsk'\ﬁrﬂéh' Bbh! (A1) 1o

is a z coordinat x.p‘f'x_li]

FreeNodeLi st is a Id i E‘%éﬁéxg ’Zgo 145Sxpa?1§]edto avoid

to schedul er 515 |n s
particul ar enbod anlnleank fi.el d

Fr eeNodeli st , g S Seﬁﬁlef‘%\ﬁﬁoﬁ’g EPHS-12) to
exanpl e al gorit h o y" MeeNodes - 1

Convert Assi gnedl\bd’eLﬁE‘,‘f Ergg?g Jwrted- b‘as%ﬂeX[X+Sx,y+Sv—l,ZJ
coor di dd. t DBOVIG] 4] o Apply

Inve‘i‘s%? ‘?‘ﬁ%%agl’aﬁ% o1 3 nextypRGEemeiterent s of To o For |

=0 To RubeY € enbye forthe bglowajlagp =

FreeNS8BLi st[j].coordinate[k] for all k = 0,1,2,3

Fr eeNodeNewY [ uppi Rank = | 25 EXit | Ioop The

fol |l owi ng eﬁamPélnle(f@ﬂCLﬁé’sd$ﬂabEl§ tpar PaaBhd{R] and record results in
enbodi nent sCefintschedul er 515. I n particul ar

enbodi kiset s, when cluster nmanagenent engine 130 calls
schedul er. 58bttant zRakefs 0] ora ookt 150, cl uster

managenment €ogipie AheROBTUN)iviaties ¥ 8hHOT R nddBe118% a two
fol | owi ng i dimknsipaslafedhefrSmt dl}lltsr{ma}% 1gy+@z-1,é+57-1} As

Request edNod&s:ibddsliovat @s Redl PR 2 RUABS, ARops from two to
request ed. Hequest Type: Indicates a request type. Set

to SPATI AL, AGEVPWGd+9L 1 AN GoundREqUEST Size: An array

havi ng¢ddRe >ek &&ﬁ\k&«fé | request size. Valid
only for SPATI A"ﬁﬁgequest g l&g&é{l 6flessl veFlag: A

fl d [ .
a 32%% eel&%{%ﬂé\%{m&{ﬁ Isolﬁ%ﬁe%rt 0° $@ Ia gu‘?”%poerSTgrcf %?&'e TWhlowing

mpdifipg®as tofad&ikdsscﬁpamgomodﬁﬁpmg]lﬁ zt dithélich®Q1) Yindices in the
d12%0§/ 05502 CT{ US O flﬁié'f 9 38 TorusSize; An array
AR %“%bf AP ﬁaplaﬁssavﬁnpélﬂ%ﬁglé@ovsqozée indices

bebdre Qi ﬂré&l&feréﬂﬁe%ﬁ@ it g pzﬁtlt%me{ O &PYSdid€fkion or a y
coupl ed to each switch 166 in gr d)
dimension, to compute free nodes 115 for a line segment e.g., from point a to point b,

scheduler 515 computes free nodes 115 for two line segments, one from point g 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
schedulér 515 identifying a point iﬁ.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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Nuntr eeNodes: A Nunber of nodes 115 in FreeNodeList. 5
FreeNodeList: A list of FreeNode structures indicating
swi tch-based coordinates of nodes 115 available for
woGbRdabd289. | n particul ar enbodi nents, SChed%k?ﬁBQﬁ@mzmo

returns one of the follow ng after scheduler
attenpts to schedule a job 150: 10 PQS._ ASSIGNED
I ndi cat es schedul er 515 has schedul ed job 150.
PQS_NO_ASSI GNVENT_AT_SPECI R#ED TI ME: | ndi cat es
schedul er 515 has not schedul e job 150.
PQS_NO_ASSI GNMENT_FOR_JOB_CATEGORY: | ndi cat es

sincs, Gheldsdnbed sHidyecshedulasd b nsvihedighleng mr;h a50c digeapional zequest or

nodes 115 in i.d 110 .are
a oy gt e popHsoe wenBh bREGhEANRing bp 3 AP0 hRiona
meshésSdoasateiatdd GtNGdbass hieslet Ur mlaﬂwmbomlghmts Isnch modifications
parti cul ar enbodi ments, a w apper functian

to 538 elEonEs A 4D EFiGE SanEN FIGMISE LFHSSEHBARAY Speduler 515

NEL 1§ xh ERYS cdnf Bhe STRNGGRRS 0BAYNAIL30 to a
Emh%@?ﬁg% tﬁat scﬁ%ﬁgﬁgﬁ&yﬁ e;pects and %on%gfts out put

fr dim scdlhé!dmaespﬁalsreqvgst,asm‘ﬂlﬁﬁt Sthasescp pehegpling algorithm that
app ?Fbaosg nﬁmgté)t gcﬁ%uﬁ%gﬁ% n \ﬁnﬁs@ﬁp@éﬁ §é{$1?néuﬁﬁrgsuntll sécthﬁdeurler 515

' 1derﬁ1ﬁ|e@ kb TP Staictukd) elaat eilsi sz:hbdtyalﬂ;@ heduhaiirg, stlelnt(umpals thes list are

fO||0MAn exa 51f setSche
schidyfable i TSRV s RSB B! Sigrgoms o
cluslté‘r ﬁlfcmd ileriC BRI QB())WEh«ﬁﬂ' SBedd@ingr the F@tlal request Otherwise,
g@ GNMVENT _AT_SPECI FI EDTI ME 3% End

schﬂ@&u éé§ BepR@Fempsct prwa%hmrt@ttry‘to Igcal}eggle E‘Pes%’atl?lé ?unSt
S) Q béé]&ﬂg kéhehtxl u&t%corﬁ NB'a KQ algo
Roti] " A8

ED’ "El se e urn PQS
mvdﬂ'esSEiEfd FHr&Dr A SREMWMDIR 08 0”515@ 2gd P@EFU@Q@GSBQ‘M‘B@O 51 ééeeps

tracE og 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.:Map = {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.irMap is an inverse of Try.rMap.
. Try.NumFoldMaps indicates a Number of folds producing a Try Structure.
. Try.foldLength is an array indicating lengths of folds.

« Try.foldFrom is an array indicating an index of a folded dimension. As an
example and not by way of limitation, Try.foldFrom[i] = 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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In particular enbodi nents, Rank, which schedul er 515
calls to rank job sizes, enconpasses the follow ng
exanpl e Iogl c. Input to Rank includes a one

L 5 array, In[3], having three el o
v%?@glt% rom Rank includes a one di ?ren3| onal %ﬁg{;’%mawmoo
Rank[ 3], having three elenents indicating, in
i ncreasing size, indices of In. In[Rank[0] <
In[Rank[ 1]] In[Rank[2]. In Farticul ar enbodi nents,

Rank includes a bubble algorithm Rank[O0] = 0 Rank[ 1]
=1 10 Rank[2] =2 Fori=0to2 For j =i+l to 2 If

Ln[ Rapltliel 575 | Bﬂﬁkﬁ% the borétrangolthéd mbbh Mamkgdnprate MPI Rank.

RanlfsigkscriBadkidv fir EhbodientsOdn x Eﬂéjls':&rou?& 1d0p, a y axis
par J il 1890AHA TPk s Ghe IRl abl e, wni ch
det er m nes a job theoretically

sch&dhedalst 615 @mmgwfqrmtwrm Ippligchp @ﬁﬂ?{ demesh to
For each=podntt {x 2, +¥ inThe do®i acepidjngtoian oreiRehg err_‘a1|55@phed the
End tramsforhfatiReqtoabt petNeasésmed TapslysiSi,zzsh@lule 515 folds 0, then folds
Tor us&idzbérliotatesTthe peifi wefld pointddesPet} Swi the hretrResfermed mesh.
Fal sehddotir 515 Ben fsedotie adder Sutf #°c4} niato amcpnd lof AssigredNodeList.
Return False; End If If RequestType = SPATI AL

f aCIIxDr;{a&]cutaJ:Zerﬁﬁocﬁxaeﬁth h domjpact 2chddalikd TabgamdlBh zgpplies a scan

| _ algqgag(icb%agﬁ 4%% S{, ggg\iy&g'uctures u?ntll lérgc])m%act schedghng 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 i. In particular
embodiments, a binary search of a Try structures list would not work, since a possibility
exists that a scan using, for example, mesh M1 = {4,4,4} would find enough nodes to
satisfy a request, while a scan using, for example, mesh M2 = {2,2,10} would not, despite
M2 being above M1 in the Try structures list. In particular embodiments, a binary search
of maximum distances works. If scheduler 515 groups meshes in a Try structures list
according to maximum distance, then, if scheduler 515 identifies a fit for a mesh in the lisf
having a maximum distance i, for all j greater than or equal to i, at least one mesh 1in the
list having a maximum distance j will also fit. If no mesh in the list having a maximum

distance i fits, no mesh in the list having a maximum distance less than or equal to i will fit

either. As an example and not by way of limitation, suppose {x, y,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, ¥, 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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If RequestedSize[i] > 1) NumJobD m = NumJobDi m + |
El se If RequestedSize[i] < | WD 2006/ 055028
PCT/ USZO;S/ 012500 40 Return False End If If
W sesdseRS ze[/ Rank[i]] > TorusSi ze[t Rank][ i S 9s
Exceed| NunExceed] = i 5 NunExceed s TSz 500
If End For If NunExceed = 0 Return True 10 Else If
NunExceed = 1 |If RequestedSi ze[j Rank[ Exceed[0]] _<
NodesPer Swi tch x TorusSi zeJé Rank[ Exceed[ 0] ] Return
True End If 15 If NumdobDim < 3 Return True End If
Return False Else 20 If
maﬂﬁﬂl‘dE@i_E‘ﬁﬂlcg 20§ ai3a Ak érat & dNEiHer doesf {&Cja,ozl}[ §ihcex {x, y,Z+ 1} covers
TorusSi ze[ t Rank[ Exceed[ 0] and ’
{x,$?EMESA€&%iKQ& L Bamnddhfex co8d Eddstructs NMaadistahck] NodmMaxDistances,?2]
orusSi ze[t Rank[ Exceed[ 1 ]] Return True End If 25 If
duridgmiiobixator. 3 and ( Request edSi ze[j Rank[ Exceed[ 0]] <_

NodesPer Swi tch .x TorusSi ze[t Rank{ Ex .
el £ B Rt Y T e BLP o R ot garantee o
best Aty b6 pafvideank riasoradlly ¢bdd JupRet boundTooea b89 find Ihf particular

return False End |f return_True. . . .
embodiments, a binary search of meshes in Fit is efficient, e.g., generating approximately

~ ten scans for approximately one thousand meshes. Scheduler 515 may use an upper bound

to run a binary search on maximum lengths or run a linear search downward from the
upper bound. In particular embodiments, a linear search downward tends to be more
efficient.

Scheduler 515 runs a binary search on Fit and returns HighFit and HighStart[3].
Hi.ghFit 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 ofa
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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35 In particul ar enbodi nents, initSchedul er, which
sets al |l owed scheduling types., enconpasses the
following exanple logic. If a job 150 requests only

Wos 15, initSchedul er sets an all owed
8 (,m%g%égrldl ess of an original request : | f AoMSsborzsoo

Request edNodes = | or Request Type = Any AnyAllowed =
True 40 Spatial All owed = Fal se Conpact Al l owed = Fal se
El se If Request Type = Conpatt Conpact Al l owed = True
AnyAl | owed = Fal se 45 Spatial All owed = Fal se WD

2006/ 055028 PCT/ US200S/ 012500 41 Else |If Request Type

= Spatddaler SpRinkatsAlolievad imowss'gnedwquLisomarmnﬁaV gescheduler
| f Aggr essiveFlag > 0 5

scipadknh S SarcBG S POBARY SRGHEE b | Broush
Fre%Mef g%( . = 2 Rank(TorusSi ze, tRank) TorusMap[ 0]
I§Ea F)%] TorusMap[ 1] = tRank Il 15 TorusMa

2 =
3 Ra!h k[28if is aminaerswTidpens Meghpd fﬂ? andedthe z axns%y a] factor of four
| nwehanestbedwddvbid[S5t cRarvbrfed] 4 S\h:ltqb -based torus to a node-based torus. Using

| nvthe s @Xie ras svVinp|crRast kédd)] thnds t0 avoifl fyementatipn pHHEHs 164 coupled
Tr ue ad@itch 18&t Tor usFor Spat i aI O = Fal se Return Fal se

g eﬁr:)s}:lﬁ lﬁri(? g Co aqn';_}llﬁ:g) ens1o %;reeMes is a rmddle loop, and a
t?ﬁ &tgnnrl)

lar ger one of (0] rem ning CHSIOIIS 1S an

Scheduler 515 lists selected nodes 115 using node- based coordinates in
AssignedNodeList according to MPI Rank. AssignedNodeList[7,0] is a x coordinate of a
node 115 of MPI Rank i, AssignedNodeList[7,1] is a y coordinate of node 115 of MPI
Rank i, and AséignedNodeList[i,Z] is a z coordinate of node 115 of MPI Rank i.
FreeNodeList is a list of available nodes 115 passed to scheduler 515 1n 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{i] 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[j].coordinate[k] 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 1nd1catmg a degree
of leeway allotted to scheduler 515 for purposes of allocating nodes
115 to'job 150.
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End If Else If setTorusForAny( = False Return Fal se

30 End If End If For i = 0 to NumvapDi nensi ons

TorusSi ze[ rapDi minsions[i]] = mapMd[i] x

\;}'@w,g,@gg,gg mapDi m nsions[i]] End For 35 Set Paidtid9260312500
I'f Spatial All owed = True buildSpatial TriesO End If
If conpact All owed = True 40 buildConpactFitsO End If

| f AnyAl |l owed = True buil dFreeMeshesO End If 45 |f
Spati al Al l oned = True or Co%actAI | oned = True

I nitScanO End If WO 2006/ 055028 PCT/ US2005/ 012500 42
return True In particul ar enbodi nents,

sabibssiusFor SpAni atay Inbvinghthraspelerentsindegating setyitdhrpged gize of
a node- based godu$0.f or a spatial request, enconpasses

t fall.ow I i G: i .

i ggﬂ;g?erﬁ%ﬂ%g AR5 B G54 olFRRNE REAHERIRABE4E grid 110.
RenyuFséealddes e[Al Fumbér)of nddestinb bBf RigelbdeList i  NunDim =
E%ge%‘plg]dguét: EI“XS’I(;"st %rt] Epe[eﬁwex;trugmlres LQJ}'Q&EmE sgmgﬁ(-biseld codrdinates of

nodes 115 available for scheduling,

In particular embodiments, scheduler 515 returns one of the following after

scheduler 515 attempts to schedule a job 150:

PQS_ASSIGNED: Indicates scheduler 515 has scheduled job 150.

PQS_NO_ASSIGNMENT_AT SPECIFIED_TIME: Indicates scheduler 515 has
not schedule job 150.

PQS_NO_ASSIGNMENT_FOR_JOB_CATEGORY: Indicates scheduler 515 can
: never schedule job 150, even
if all nodes 115 in grid 110 are

available.

If scheduler 515 schedules job 150, scheduler 515 sets mpiRank fields of FreeNode
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 whethér ajob 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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End For If NunDim =1 Return setTorusForl DO Else If
Nui nDim = 2 20 Return setTorusFor2DO Else Return
set TorusFor3DO End If 25 In particul ar enbodi nents,
t riD, which nultiplies grid 110 by t <3 s
acz;ggﬁ?dsﬁrzg two | argest di nmensions of job 150, \Q?Hgﬁf?f’ﬁ?moo
and JRank[I], enconpasses the follow ng exanple
| ogi c: NunmiVapDi mi nsions = 2 napDi m nsi ons[ 0]
=JRank[2] 30 mapDi m nsionsPP] =j Rank[1] mapMd[J =
factor[QQ mapMd[I] = factor[0] For i =0 to 3
ntSize[i] = TorusSi ze[ TorusMap[i]] 35 End For For i
=@ho® TorusSi ze[i] = ntSize[i] End For Fori=0to3 40
Request edSi ze[i] = Original Size[iRank[i]]
J ob VR e [ dnddodiméntENthnk O wvhidRedctEduldr $16 ¥¥lls to rank job sizes,
2006/ 055028 PCT/ US2005/ 012500 43 In particul ar ) )
engprpasiserethe SollewnE Fxamplsy PBicapeuh toas Rk froiides @ ons digensional
OH&vi ' R &KX : ith&fdional arra
e S BSin BREQLBOME , ORu B RS HINS's dhe fubtipional amay
Ratfk{]], hatli2d three*eldmedtsxindit@ng, i inddeasidy iz imdiges of In.{ V&B}I}km] <

1 - 2.x 710}, 2.x.711], ) :
a0 Rardizg et g el gy Sy fgaoricm.
7R3M0i=0{710], 4 x 711], T[2]} 6. {7[0];-7[1], 712])
- Rah¥1¥=110], 7[ 1], 7[2]) 10 T is TorusSize. The
f iRhagi[2f Boee configurations result from schedul er 515
cepf j Yk Hg nodes
Forj=i+l1to2
If In[Rank[j] < In[Rank{i]
k = Rank([j]
Rank{[/] = Ranki]
Rank{i] = k
End If
End For
End For

In particular embodiments, setSchedulable, which determines whether a job 150 1s
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] =2
factor[1]1=2
Rank(TorusSize, fRank)
Rank(RequestedSize, jRank)
NumJobDim =0
NumExceed =0
Fori=0to 2

If RequestedSize[i] > 1)
NumJobDim = NumJobDim + 1
Else If RequestedSize[i] <1
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115 per switch 166 as 2x2 nodes 11.5. The last three
configurations result from schedul er 515 configuring
nodes 1 1 5 per switch 166 as | x 1 nodes 115. In
wahddspsdosy enbodi ments, set TorusFor 2D count spdf¥s2005/012500
structures that schedul er 515 woul d generate for each
map and selects a map that woul d generate a greatest
nunber of Try structures. In 15 . the event of a tie,
set Tor usFor 2D sel ects a map%@&ccording to the above
order. Schedul er 515 constructs pSize[6,4] to

i nclude: pSizes[i, 0] = size of the partition in the x
di nensi oRetharFaienfi guration i. pSizes[i, |I] = size of
t he panyittion in the v dinmension for configuration i.
pSi zegf RequdbtedsisbFRark{i]FhBomssité[tH0R[:]In the z

di mensi opxdeed[MNupmbicge]atd on i. 20 pSizes[i, 3] = the

Nunber ofjufEkesedi-"RbhmPReded +e gener at ed for

configyiggion i. In particular enbodinments,

set Eﬁﬁ yglFor 2D enconpasses the foll ow ng exanpl e
Ioglns:N eg-_ - 25 maxNdx = -1 For i = 0 to 2 For]
= rrMapD| ininsions = 2 mapDinmnsions[Q _

(I+j 7 minsions[1] =(i+j +l) nod 3

gl %@g&eﬁggﬁﬁ me jﬁﬁﬁ%&%& setTest
test PartSi ze[%] . 1] L

t est Part Rety pS| zes[l +J -1 0] = testPartSize[0]
pSi zesfd lij - = cnt 2DTr i es(t estPartSi ze,
Request dymy! 2 lrli'/\632006/ 055028 PCT/ US2005/ 012500 44
| f pSizeBpfumpfrue 1173] > max max = pSizes[i + - 1][3]
max No xEddHf - 1 End If 5 End For End For Fori=0to3
Nun- i MgfDinfiatesi ons = 1 mapDininsions[0] =2 - i 10
mapMb] O] = NodesperGi d
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[Rank[Exceed[0]] or
RequestedSize[jRank{Exceed[1]] < NodesPerSwitch x
TorusSize[Rank[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

PPN,
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setTestPartS ize(testPartSize) pSizes[i+3, 2] =
testspSi ze[ 2] pSizes[i+3, 1] = testspSize[1]
pSi zes[i +3, 0] = testspSize[0] 15 pSizes[i+3][3] =
c\gb BT{&%gét estPart Si ze, RequestedSize) if
I'Zes
|+3 End If 20 End For If max <- 0 if Conpact Al owed =
True Spatial Allowed = False Return
set TorusFor Conpact () 25 Elseireturn False End If
El se Fori=0to2 30 ntSize[i] = TorusSize[ TorusMap[i]]
End For Fori =0to2 TorusSize[i] = ntSize[i] End For
3@&@@& e&s givapDi mi nsi ons = 2
map tﬁ;aA (maxl\ldx+| ) m)d 3 mapDi m nsions[I]
rrzeg? IJ%%/ mapMod[ 0] = factor[( 40 maphbd[ 1

uest edSi ze[ mapDi m nsions[0]] = -

|gU|

Requgﬁgt e n| nS| ons[1]] =

Oig Si zeg{xﬁank& ﬁ%% Request edSi ze[ 3 -

~mapDi_m B mi nsi ons[ 1]] Oiiginal S

i ze[ 45 JobMap[j Rank[1]] = mapDi m nsions[ Q

= DEni nsi ons[ 0] - mapDi m nsions[ 1]

20fetodtb028 PCT/ US2005/ 012500
Rank(TorusSize, fRank)

TorusMap[0] = fRank[2]
TorusMap{1] = rRank[1]
TorusMap[2] = fRank[0]
InverseTorusMap[/Rank[0]] = 2
InverseTorusMap{/Rank[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 TorusSlze[malemmsmns[z]]
End For
SetPartition()
If Spatial Allowed = True
buildSpatial Tries()
End If
If compactAllowed = True
buildCompactFits()
End If
If AnyAllowed = True
buildFreeMeshes()
End If
If SpatialAllowed = True or CompactAllowed = True
InitScan()
End If

Jo%‘h?aﬁh Rank[2]] = mapDi m nsions[ ] JobMap[j Rank[ Q]
cto % WO

[3] > max nmax = pSizes[i+3][3] maxRifxUs2005/012500
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45 El se Numvbd = I NumvapDi m nsions = 1
mapDi i ni nsi ons|[ 0] (5 - maxNdx) mod 3 5 maphd[0] =

Ngdesg-erGrld | f rrapD| mui sions[0] =2 i=I EI se =2
wd%oEaseld Request edSi ze[ mapDi i nsi ons[ 0] ] <0125
gl na% Si ze[j Rank[2]] RequestedSize[i] = " PCT/US2005/012500

Original Si zeURank[1]] RequestedSi ze[ 3 -

mapDi m nsions[0] - i] = Oiginal Si ze[j Rank[ 0] ]

JobMap[ / Rank[ 2] ] mapDi mi A%i ons[ 0] 15

JobMap[ / Rank[ 1] ] i JobMap[j Rank[O0]] = 3 -

mapDi m nsions[0] - i End If End If Return True 20
defuirP@fdel cul ar enbodi nents, set TorusFor 3D enconpasses
the following exanple logic: niax=-1 maxNdx = -1 25

Fo‘i pattiQdarr@hbodirtentd @aTOINHF@{Ep{ﬂam“ﬂﬁémﬂsps—a Swvitch-based torus to
[fmnsmns [0] = (i+4) nod mapDi m nsi ons|

a nofbjsel Jormb pr3 B sk QNG| DoP s et FUp IBRBE 45T -

S ze[1] 35 pSizes[i +- 1, 0] = B
1(%1 t7S| ze[ O pSl zes[i +j- 1, 3] =
Requestexggméc[ t Si ze, RequestedSize)

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

a tParts testPartsS S
el B T S

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[i]]
End For
Fori=0to3
TorusSize[i] = ntSize[i]
End For
Fori=0to3
RequestedSize{i] = OriginalSize[jRank{i]}
JobMap[jRank{i]] =i
End For
Return True
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If (pSizes[i +j - 1,3] > max) max = pSizes[i + | -1,
3] maxNdx =i + - 140 End If End For End For
Fori =0t 02 NumVapDi m nsi ons = 1d 43@%886?02268228[0] =
Mod[ O] = NodesperGi
é‘@r?dug%%’%/ 01[25]00 46 sgt Test Part S i ze(t est P PgF{U§2003/012500
i ze) pSizes[i+3, 2] = testPartSize[2] pSizes[i+3, 1]
= testPartSize[1] pSizes[i+3, 0] = testPartSize[( 5
pSi zes[i +3], 3] = cnt2DTri es(BestPartSi ze,
RequestedSize |If pSizes[i+3][3] > max max = :
pSi zes[i+3, 3] maxNdx = i+3 End If 10 End For If max
< 0 If ConpactAllowed = True Spatial Allowed = Fal se

Ret urin paicdiar &b &onTy, %@%}usF ééDEJn&% rs@kféfl BafQ (8 td D Hode-
| f Fori—0t0220ntS|ze| =
‘F‘E@%ﬁsiléf”’l"d? fise\VaRYS |1 End For For i=0to 2
TorusSi zeg[] = ntSize[i] End For 25 If nmaxNdx < 3
Nutivoid (& 112}} — {110}, 2 x 171}, 2 x T[2]}
- {0}, (1], 721} — {2 x 17701, T[1], 2 x 772}
{TT0], 7113, T2} — {2 x 7703, 2 x 1], T[2]}
{7101, 111}, 7121} — {710], 711}, 4 x 112}
{T10], 111}, 7121} — {7101, 4 x IT1), T2}}
{7101, 711], 7121} — {4 x 710], 7(1], 712}

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

N A W

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=0to0?2

Forj=i+1to3
NumMapDiminsions = 2
mapDiminsions[0] = (i+/) mod 3
mapDiminsions[1] = (i+j+1) mod 3
mapMod[0] = factor[0]
mapMod[1] = factorf1]
setTestPartSize(testPartSize)
pSizes[i + j —1, 2] = testPartSize[2]
pSizes[i +j -1, 1] = testPartSize[1]
pSizes[i + j ~1, 0] = testPartSize[0]
pSizesfi +j —1][3] = cnt2DTries(testPartSize, RequestedSize)
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mod[ 0] = (maxNdx+1)mod 3 nmod[ I] = (maxNdx+2) nod 3
NumvVapDi m nsions = 2 30 mapDi m nsions[0] _ (nmaxNdx+l)
nod 3 nmapDi m nsions[1] = (maxNdx+2) nod 3 naphd[ 0]

wo 20@akang 0] maphbd[ 1 ] = factor[ 1 ] PCT/US2005/012500

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

Original Size[j Rank[ 1]] 35

Request edSi ze[ mapDi m nsi ons[ 1]] =

Oiginal SizeURank[2]] Requ®stedSi ze[3 -

mapDi minsions[Q - mapDiminsions[1]] _ Oiginal S
ze[ ] Rank[ ] JobMap[j Rank[1]] = mapDi m nsions[ 0]
JobNMaHpSizealik [t2]] LIB] rep®i i nsi ons[ 1] 40

JobMap[ joRxkpOEds[i=+ B—1][AApDi m nsions[J -

mapDi m medxdidds[=1]+j Ellse Numvbd = 1 nod[0] = 2 - (maxNd

- 3) EndibfvapDi m nsions = 1 45 mapDim nsions[O = (5
maxiddbBormod 3 mapMod[ 0] = NodesperGrid If

gagpPom nsi ons[ 0] = 2 WD 2006/ 055028 PCT/ US2005/ 012500
Bari+eloElse i=2 End If 5

RegquastMapiSmagdis@pd m nsions[0]] = Oigi nal

Si zgdd mﬂ{@{&km& Request edSi ze[i] = Oigi nal Si zeDRank|

1 lvha st Re .o~ mapDi m nsions[0] - i] =
JobMap[ / Rank[ 2 =
orlsghfé&[g%s?l%éie s%%%%\ﬁp[mgnk[?][] :ni[1]o]
q é pS1ze[ i napDiminsions[0] - i End If

Jo
MF}%[} )] In particul ar enbodi nents,
n%iggf l-b ets_a z dinension of a

%:e é S e%? é@n}{iﬂ%‘tﬁsﬁf’&&ﬁ) enconpasses

thé?dﬁs @5 l e | ogic:

= pSiz [z+3 3]

madex =i+3
End If
End For
Ifmax <0
if CompactAllowed = True
SpatialAllowed = False
Return setTorusForCompact()
Else
return False
End If
Else
Fori=0to2
ntSize[i] = TorusSize{ TorusMap[i]]
End For
Fori=0to2
TorusSize[i] = ntSize[]
End For
If maxNdx < 3
NumMapDiminsions = 2
mapDiminsions[0] = (maxNdx+1) mod 3
mapDiminsions{1] = (maxNdx+2) mod 3
mapMod[0] = factor[0]
mapMod(1] = factor[1]
RequestedSize[mapDiminsions[0]] = OriginalSize[jRank[1]]
RequestedSize[mapDiminsions[1]] = OriginalSize[jRank[2]]
RequestedSize[3 — mapDiminsions[0] — mapDiminsions[1]] =
OriginalSize[jRank[0]]
JobMap[jRank{1]] = mapDiminsions[0]
JobMap(jRank{2]] = mapDiminsions{1]
JobMap[jRank{0]] = 3— mapDiminsions[0]- mapDiminsions[1]
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For i = 0to 3 ntSize[i] = TorusSi ze[tMap[i]] End For
20 For i =4 to 3 TorusSize[i] = ntSize[i] End For
NumvapDi minsions = 1 mapDimnsions[Q = 2 25
0]..= NodesperGid Return True In parti <1as
%%@%ﬁééﬁss, set Tor usFor Any, which sets a z diprﬁrg)élﬁogﬁ/omoo
of an any request to a 4 x 1 configuration,
enconpasses the followi ng exanple logic: 30 Fori=0to3
ntSize[i] = TorusSi ze[tMap[i ¥p End For Fori =0t 03
TorusSize[i] = ntSize[i] 35 End For NumVapDi m nsi ons
=1 mpbDmnsions[0] = 2 mapMd[0] = NodesperGid
Ret urmisefrue 40 In particul ar enbodi nents, setPartition
enconpamg@sddre; fol l owi ng exanple logic: For i =0 to
Tor usSi g@fhapDimfi@lonk=3 O to TorusSize[ 1] - | For k =
0 to TopusiSinGgdidds 011;&12%9,@@4,8%{&%8 PCT/ US2005/ 012500
48 Nodel GﬁﬂO]L'bk]des:p Ngag-l N-USE End For End For
End For a'l:’ﬁri‘j'o“:l‘%ﬁg[& §§_rt tart[i] = TorusSize[i]
PartEnd{?ll.zﬁ nd +or For i = 0 to NunfFreeNodes - |
Else
i=2
End If
RequestedSize[mapDiminsions[0]] = OriginalSize[jRank[2]]
RequestedSize[i] = OriginalSize[jRank([1]]
RequestedSize[3 — mapDiminsions{0] ~ i] = OriginalSize[jRank{0]]
JobMap[jRank[2]] = mapDiminsions[0]
JobMap[jRank[1]] =i
JobMap({jRank[0]] = 3 — mapDiminsions{0] — i
End If
End If
Return True

In particular embodiments, setTorusFor3D encompasses the following example

logic:
max = -]
maxNdx =—1
Fori=0to2

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

max = pSizes[i +j— 1, 3]
maxNdx =7 +j~1

End If

End For

End For
Fori=0to2

NumMapDiminsions = 1

mapDiminsions[0] =2 -

mapMod[0] = NodesperGrid,;
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10 To[ 0] = FreeNodes[i].coordinate[ TorusMap[O] To[ 1
] = FreeNodes[i].coordinate[ TorusMap[ 1 ]] To[2] =
FreeNodes[i].coordi nate[ TorusMap[2]] If"

w@‘iﬁ%ﬁ% gensions = | To[ MapDi mension[O0]] = . r/s2005/012500

mensi on[ 0]] x MapMod[ 0] + 15
FreeNodes[i].coordi nate[3] Else To[ MapDi nension[0]] =
To[ MapDi nensi on[ 0]] x MapMod[ 0] +
FreeNodes[i]. coordi nat e[ 3] 46 MapMbod[ 1]

To[ MapDi nension[ 1 ]] = To[MapDi nension[ 1 ]] X
MapMod[ 1 ] + 20 FreeNodes[i].coordi nate[ 3] nod
MapsdbbgsthartSEadestRartSade| nUse[ To[0] ], To[l], To(2]
NODES ibs]i-+HB N2 JUSlestPhntSize[2] O to 2 If To[j] < PartStart[/]
25 pBiresEtar il testPardSikdfl] End If 1f To[/] <
Eaap%&a[zg[;/(}] @gggﬁ“glgé bJj] To[j] End IE 30dEnd For
n Ods[ i 3] =Tn an
ParIf%ISQLg[II '{lﬁ_erH th?lze%lt sfPaﬁgfzte%ﬁ&{ukitédg}ézse[ i1 = True 35
El se nPagr:tﬂ Lg 3]— False End If PartSize[i] =
Par t Epdl, rtStart[|] + 1 End For 40 In
pargi I ar errbodl ments, initScan, which constructs
l]‘gn q; and FreeX enconpasses the fol |l ow ng exanpl e
[ Oto TorusSi ze[ 0] - 1 For k 0Oto
[ ze 1 Count = 0 For j = TorussSi ze[ 1] -1
ié &A% )06/ Y¥55028 PCT/ US2005/ 012500
atla llowe alse
Return setTorusForCompact()
Else
return False
End If
Else
Fori=0to2
ntSize[:] = TorusSize{ TorusMap[i]]
End For
Fori=0to2
TorusSize[i] = ntSize[i]
End For
If maxNdx < 3
NumMod = 2
mod[0] = (maxNdx+1)mod 3
mod[1] = (maxNdx+2) mod 3
NumMapDiminsions = 2
mapDiminsions[0] = (maxNdx+1) mod 3
mapDiminsions{1] = (maxNdx+2) mod 3
mapMod[0] = factor{0]
mapMod[1] = factor1]
RequestedSize{mapDiminsions[0]] = OriginalSize[jRank[1]]
RequestedSize[mapDiminsions[1]] = OriginalSize[/Rank{2]]
RequestedSize[3 — mapDiminsions[0] — mapDiminsions[1]] =
OriginalSize[jRank[0]]
JobMap[jRank{1]] = mapDiminsions[0]
JobMap[jRank[2]] = mapDiminsions[1]
o JobMap(jRank[0]] = 3 — mapDiminsions[0] — mapDiminsions[1]
S€
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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49 1f Nodel nUse[i],k] = NODE-NOT-IN-USE Count =
Count + 1 End If FreeY[i,],k] = Count 5 End For End

For End For For j = O to TorusSize[ I] - 1 For k =0
gk Size[2]- I 10 Count = 0 For i = 0105
‘#@fﬂ‘%’r?’e 0] - 1to 0 by -1 If Nodel nUse[i, ], k§TL7ReE2s00

_NOT IN USE Count = Count + | End If 15 FreeX[i,j, K]
= Count End For End For End For 20 In particul ar
enbodi nents, buil dSpatial Tri4s, which determ nes a
Nunber of dinensions in a request, enconpasses the
follow ng exanple logic: NunDimsO For i = 0to 2 If
RequestedSike[i] > 1) 25 NunDim = NunDIlm+ 1 End If
End FoEldef NunDim =1 build | DITryo 30 Else If NunD m
= 2 builid2DTry() Else fori=0to2 Try.baseSi ze[i]
Requestrgd® ze[i] 35 End For Try. NunConcats = 0
Try. NumkghedtdaBs efmaBDihHIRAL O T 6 §insteljRank[2]]
RequestedSize[i] = OriginalSize[jRank{1]]
requestedSize[3 — mapDiminsions[0] — i] = originalSize[jRank[0]];
JobMap{jRank{2]] = mapDiminsions[0]
JobMap[jRank({1]] =i
JobMap([jRank[0]] = 3 — mapDiminsions[0] — i
End If
EndIf
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[i] = TorusSize[tMap(i]]
End For
Fori=0to3

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

In particular embodiments, setTorusForAny, which sets a z dimension of an any
request to a 4x1 configuration, encompasses the following example logic:

Fori=0to 3

ntSize[7] = TorusSize[tMap[7]]
End For
Fori=0to 3

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

In particular embodiments, setPartition encompasses the following example logic:
For i = 0 to TorusSize[0] — 1
For j = 0 to TorusSize[1] - 1
For k= 0 to TorusSize[2] — 1

b e L
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bui 1 d3Dtry(Try, NunberOrTries) 40. End If In
particul ar enbodi nents, buil d3Dtry, which builds
TryList for a three dinensional request and builds

wohYosRbdowct ures for each fold in a one di mensp@Engd2005/012500

request or a two di nensional request, enconpasses the

foll ow ng exanple |ogic: W 2006/ 055028

PCT/ US2005/ 012500 50 setOrient(Try, NunOrient,
orient) if NumOrient > 0 Fo#8 (i =0 to NunOrient - |
++Numfries; 5 Forj=0to2

TryList[ NurrberO‘Tri es] . baseSi ze[j] =

Try. basdSdeb{leligit FINODE] IN_EIsE For

TryLi $hfiRonmber O Tri es] . NunConcats = Try. NunConcat s;
ForEnd BorO to TryList[NunberCOfl'ries]. NuinConcats - 1

Khdfoe K = 0 to 2 TryList[NunberOf Tri es. concat Si ze[ ],

Kol i=0Ts Y. concat Si ze[j,orient[i, Kk]];
Tr ypdr@};{r{}k]mﬁ{rgg‘lié s].concat Start I\Iode[| , K]

Trypgrgﬁg[ajsbartl\lode j, orient[i, k]]; 15 End For End

l-}:glrd F‘g;:yLl st NurrberO‘Trl es] . Nunfol dl\/hps =

Hoy ; Ng =0to
ﬁ g&@ :H’(’qﬁﬂnagﬁfmﬁﬁg@] -
Try Y of ?Oég aFBTW?H[JZ] = Try.fol dFronfi]
Tryti E’F'&i‘“’]’?sl dTO[j = Try. fol dToEdl
TryLi [ ]

Beesiqld lsz}f; psionfOl<, MagMae
End_For For k= O?eé‘iodesié °PP “i‘aé‘?t[ unber O Tri es] . r Map[ K]

ori ‘ﬁ?él ﬂﬂfl TryLi st[NurrberO‘Trl GS%I rMap[orient[i,
k]] EetMmdrimpyipelPUrT FolddapPimangien{ 0¥ i MepMod[3d | n

particul ar erfsesiNodes{ilscoordna®{3bviapMhdidh cal cul ates a

NunbeTop¥lapPiingosion(i Ht=aTo[dapDiNemsiyr[ &1t MapMod| ITrty
struct ure andreaNddas]iloesrdimte(3 omod MaApMadfdt i on,
encbmpHsses the foll ow ng exanpl e | ogic:
NodeInUse[To{0]], To[1], To[2]] = NODE_NOT IN USE
Forj=0to 2
If To[j] < PartStart{/]
PartStart]j] = To[/]
End If
If To[j] < PartStart(j]
PartStart]j] = To[/]
End If
End For
End For
Fori=0to2
If PartStart{7] = 0 and PartEnd{i] = TorusSize[i] — 1
PartWraps[i] = True
Else
PartWraps[i] = False
End If
PartSize[i] = PartEnd[l] PartStart[i] + 1
End For

In particular embodiments, initScan, which constructs FreeY and FreeX,

encompasses the following example logic:

For i = 0 to TorusSize[0] — 1
For k=0 to TorusSize[2]- 1
Count=0
For j = TorusSize{1] — 1 to 0 by -1




NunOrient = 0; If try. Nunber O Concatanations > 0 35

Fori =0to2 size[i] = try.baseSize[i]; For | = 0to

try NunConcats - 1 If try.concatStartNode[j, i] >_

size[i] = Try.concat StartNode[], 1] + o

g%g]ﬁ?:oé’f Size[j, i]; 40 Else If Try. PCT/US2005/012500

concatStartNode[J |] < 0 size[i] = size[i] - try.

concat St artNode[j, i] End If End For End For 45

[ fsize[0] -< PartSize[O anc9size[l] <_ PartSize[1]

andsi ze[2] <_ PartSize[2] WD 2006/ 055028

PCT/ US2005/ 012500 51 orient[NunOrient, 0] = 0

ori ent [ Nufmod&ntse[dj)k] = NoDEr Nent NumE | ent, 1]

NunOri ent =chwiredqpt+t | 5 End IT If si ze[O] <_

Part Si ze[d@d tand size[2] PartSize[ 1 ] andsize[ 1 ]

Part Si ze[pggey[gm]e__r@%ul}}yno ient, 0] =0

2

ori ent[;ﬁ\!yp@w ent, 1] =2 ori ent[NurOnent 2] =1 10
Nu = NumOrient + 1 End If If size[l ] <_ :
g q and si ze[O] S Part Si ze[ 1 ] andsize[ 2]

P%t NumOrient, 0] =1

orlnig lbﬁ%&" E‘f‘% O 15 orient[NumOrient, 2] = 2
Nur®”f &n Sightl-4 1 End If Ifsi ze[ 1] 5

Part Si nd SI ze[2 S PartS| ze[ '] andsize[0O] S
Part Si =1 20

orient| N e@HPSC[IUYfI:‘NOQELEQHMH ent, 2] =0
NunOrlentE (ﬁcfmﬁaqoemw 1 End If
n

FreeX[i,j,k] = Count
End For
End For
End For

In particular embodiments, buildSpatia_l_Tries, 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
If NumDim = 1
build1DTry()
Else If NumDim = 2
build2DTry()
Else
fori=0to2
Try.baseSize[i] RequestedSize][i]
End For
Try.NumConcats = 0
Try NumFoldMaps = 0
NumberOfTries = 0
build3Dtry(Try, NumberOfTries)
End If

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

a two dimensional request, encompasses the following example logic:
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If size[2] S PartSize[Q and size[0] S PartSize[1]
andsi ze[1l] S PartSize[2] 25 orient[NunOrient, 0] = 2
orient[NunOrient, I] =0 orient[NunOient, 2] =1

= NunOrient + 1 End If 30 If sizef
yart |ze%0] and size[1l] < PartSize[1l] andsi ze?mgzmwom00
Part Size[2] orient[NumOient, 0] = 2
orient[NunOrient, 1] = I orient[NurrOrient, 2] =0
NumOrient = NunOrient + 1 5 End If Else If
Try. baseSi ze[Q = Try.baseSize[1l] |If try.baseSize[O0]
= try. baseSi ze[2] If Try.baseSize[0] 5 PartSize[0] and
Tetpras bS] KehlieMaotiShze[ 1] and Try. baseSi ze[2] S
Rewtp0zedt2]0 40 orient[ NunOrient, 0] =0
or i es({ NgRENuRWrient 1 1= 1 orient[NunOrient, 2] = 2
NunOr 4$mm=fn§yn0| ent + 1 End If 45 Else |f
Try. bag S Part Size(0] and Try. baseSi ze[1] S

oS Z@Z T Rl e
0] = 6%%’]‘ onc Cath = i‘% (#cl}l%?@' ent, 2]
=2

Try. b PR |ze nd -Fry? adesi ze[2] 5

par fNuéw indate ee%ocsséqa%fm@- TEREC I

g]ljer]tc [ m’lqr}lfﬁgtENum!)erOfT rlel\su]J I’crctg{clat tartNocI\I UHH Lent + |
Try.concatStartNodel[;, orient[, k]];
End For
End For

TryList{NumberOfTries]. NumFoldMaps = Try NumFoldMaps;

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

End For

Fork=0to2
TryList[NumberOfTries].tMap[k] = orient(i, k]
TryListiNumberOfTries].itMap{orient[i, k]] = ;

End For

NumberOfTries = NumberOfTries + 1

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

rotations, NumOrient, for a Try structure and an indices map for each rotation,

encompasses the following example logic:

NumOrient = 0;
If try.NumberOfConcatanations > 0
Fori=0to2
size[i] = try.baseSize[i};
For j =0 to try.NumConcats — 1
If try.concatStartNode[j, i] = size[i]
size[] = Try.concatStartNode[j, i] + Try.concatSize[J, i];
Else If Try.concatStartNode[;, i] <0
size[i] = size[i] — try.concatStartNode{/, i}
End If .
End For
End For
If size[0] < PartSize[0] and size[1] < PartSize[1] andsize[2] < PartSize[2]
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If Try.baseSize[2] _< PartSize[0] and Try. baseSi ze[ 0]
S PartSize[1l] and Try.baseSize[l] <_ PartSize[2] 15
orient[ NunOri ent, O] =2 orient[NunOrient, I] =0

Efdﬁp@ﬁggﬂl ent, =1 NunOrient = Nun(_)ri en T/ﬁsz%os/onzsoo

End if EI se if Try.baseSize[Q =
Try. baseSi ze[ 2] If Try.baseSi ze[0] <_ PartSize[0] and
Try. baseSi ze[1] S PartSize[1l] and Try baseSi ze[ 2] 5
Part Si ze[2] orient[NunOriensl O] 0 25
orient[ NunOrient, 1] =1 orient[NunOr-i ent, 2] =2
NumOrient = NumOrient + 1 End If If Try. baseSize[0] 5
Par t Si 2eiefNanOridstyoppageSi ze[1 | 5 PartSize[2] and 30
Try. basashpelddriBal 115t ze[ 2] orient[NunOrient, 0] =0
ori ent oMK uBOent! 1]=22 orient[NunOrient, 2] =1

NUNOY | e il E et + 4 35 End 1 1f
Try. b@d:‘.ﬁ’Sl ze[ 1] 5 PartSize[Q and Try. baseSize[0] 5

(F)’?:r telr?lt k ?tgﬁ}ékﬂlzef mﬁ%%%ﬁ] %}WWE}%@%‘S [ﬂiL %Jan@ze%

ori ent Z“fz] —02 NunOrl ent = NunmOr i ent + 1

End If +rf] ﬁl N ESl ze[ 1] = Try2baseSize[2]) If
|ze[0] and Try baseSi ze[ 1] 5

Try. b
Par t b‘aseS| ze[2] 5 PartSize[ 2]
orie |ent = O orient[NunOrient, 1] =1 WO

2006 %ﬁﬁ?@gﬁ@@éﬁ@i@%@?a of Hrandsizq RLFBaitSize[2]
— Zonent[NumOnent 0l=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
orient{NumOrient, 2] = 1
NumOrient = NumOrient + 1
End If
If size[2] < PartSize[0] and size[1] < PartSize[1] andsize[0] < PartSize[2]
orient{NumOrient, 0] = 2
orient{NumOrient, 1] =1
onient[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] = 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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NumOrient = NunOrient + 1 End If IfTry. baseSi ze[1] 5
Part Size[J and Try. baseSize[Q S PartSize[l] and 5
Try. baseSi ze[2]. S PartSize[2] orient[NumOient, 01 =

vdo %&,@ggigNurrOrl ent, I] =0 orient[NunOient c’?/]usmoz/mzwoo

nMxient = NurrOrlent +1 10 End If IfTry. baseS| zel 1]
5 Part Si ze[ 0] and Try. baseSi ze[2] <_ PartSi ze[1l] and
Try. baseSize[J 5 PartS| ze[2£ ori ent[ Numrient, 0]
1 orient[NunOrient, 5 orient[NunOrient, 2]
0O NunOrient = NurrOrlent +1 End If Else |If
Try. baseSi ze[0] 5 PartSize[0] and Try.baseSi ze[1] 5
Par t Si zepiignt@fumOgent TOly= baseSi ze[ 2] 5 PartSi ze[ 2]
or i ent [ Nom€xtidameOri®jt, H=01 ori ent[ NunOrient, 1] = |
ori ent [ Nom€&atiNmbOrigdt, 21=22 NunOrient = NunOrient + 1
25 End | NulfOrfeny=baseNicneQ] 5 Part Size[ 0] and
Try. bas@Sifze[ 2] 5 PartSize[ 1] and Try. baseSize[l1l] 5
Par t SitzgtylaseSizé[0D k[ PHZEIe{F Rhd TBlbseflze[2] < ParthzeEl and
orient[ NunCOrient, 'i:rylba'geSZze[g Phit§DLHLNU UnOr i en ]] _
NUmOr i enpriéentNUEDH&RL 0 nd I'f If Try.baseSize[1] 5
Part Si zef[Qdnt 1(3'Irléhtbﬂ seSize[Q S PartSize[1l] and
Try. basegiz méng’rﬁlrg] e[2] 35 orient[NumOrient, O]
=1 origy Onenllzl+'10 orient[ NunOrient, 2]=

NunOiE%latIf: Umor i ent + End If

If Try.baseSize[2] < PartSize[0] and Try.baseSize[0] < PartSize[1] and
Try.baseSize[1] < PartSize[2]
orient{NumOrient, 0] = 2
orient{ NumOrient, 1] =0
orient{NumOrient, 2] = 1
NumOrient = NumOrient + 1
End If
End if
Else if Try.baseSize[0] = Try.baseSize[2]
If Try.baseSize[0] < PartSize[0] and Try.baseSize[1] < PartSize[1] and
Try.baseSize[2] < PartSize[2]
orient[NumOrient, 0] = 0
orient{NumOrient, 1] = 1
orient{NumOrient, 2] = 2
NumOrient = NumOrient + 1
End If
If Try.baseSize[0] < PartSize[0] and Try.baseSize[1] < PartSize[2] and
Try.baseSize[1] < PartSize[2]
orient{NumOrient, 0] =0
orient{NumOrient, 1] =2
orient{NumOrient, 2] = 1
NumOrient = NumOrient + 1
End If '
If Try.baseSize[1] < PartSize[0] and Try.baseSize[0] < PartSize[1] and
Try.baseSize[2] < PartSize[2]
orient{NumOrient, 0] = 1
orient{NumOrient, 11 =0
orient{NumOrient, 2] = 2
NumOrient = NumOrient + 1
End If
Else Tf Try.baseSize[1] = Try2baseSize[2])
If Try.baseSize[0] < PartSize[0] and Try.baseSize[1] < Pafthze[l] and
Try.baseSize[2] < PartSize[2]
orient{fNumOrient, 0] = 0
orient{NumOrient, 1] =1
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40 If Try. baseSi ze[1l] <_ PartSize[O and
Try. baseSi ze[ 2] 5 PartSize[1].and Try. baseS| ze[2] 5
PartSi ze[0] orient[NumOrient, 0] =1

[ 51 ient, 1] = 2 orlent[NunOrlent 0125
R oG i oht + 1 CEnd 1 Wb 2006/ 05atguSkobinsen
PCT/ US2005/ 012500 54 If Try. baseSize[2] S PartSi ze[ 0]
and Try. baseSi ze[0] 5 PartSize[l1l] and Try. baseSi ze[ 2]
5 PartSize[ 1] orient[Nun@dient, 0] = 2
orient[NunOrient, 1] =0 5 orient[NunOrient, 2] = 1|
NumOrient = NunOrient + 1 End If If Try. baseSi ze[ 2]
<- Par e8pBYwiOnerd, 2f=y2 baseSi ze[ 1 ] 5 PartSize[ 1 ]
and TNpniS@rse6F 2enf)rient Part Si ze[ 0] 10
oriefmdMunrient, 0] = 2 orient[NunOient, 1] = |
or i efifTrhbayERizefM] < P&hStZGQ)] ah@ﬂgba@éﬂlzéfowmts%fl Hnd
End 1f 15 End 11 | Trpedsesictbpk mspdisents, bU|Id2Dt ry
enconpasatNinGriée) djewi ng exanpl e | ogic:
Rank ( Paﬁ&ﬁﬂMﬁlO@é?@nh): dui | d2DFol d( Part Si ze, pRank,
Requesbﬁg{moml_dﬁ Fol dList) 20 For i =0 to

Nunol sgmoribn@l N
Requggi e IC?SI zel Foluglc?rgtn T]l fixDi man5| on] +

Rt r{a’s%séezng@w%%@%g%@@ )

For j =.i

Requesf”ée i &hl st{j].fixDi nmensi on] +
Fol dLi ¥¢ HEngft + FoldList[ j] .NunFolds If
Fol dLi %‘i‘ | nhddi Ghot equal 0 30 D2 = d2 + 1
umnOrient = NumOnent +1 -
End If

Else
If Try.baseSize[0] < PartSize{0] and Try. baseSize[1] < PartSize[ 1] and
Try. ba.se81ze[2] < PartSize[2]
orient[NumOrient, 0] =
orient{NumOrient, 1] = 1
orient{NumOrient, 2] =
NumOrient = NumOrient + 1
End If
If Try.baseSize[0] < PartSize[0] and Try.baseSize[2] < PartSize[1] and
Try.baseSize[1] < PartSize[2]
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] < PartS1ze[1] and
Try.baseSize[2] < PartSize[2]
orient{NumOrient, 0] = 1
orient{NumOrient, 1] =0
onent[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 '




10

15

20

25

30

35

40

45

End If 1fd2<di TenpFold = FoldList[ j] FoldList[jJ
= FoldList[i] 35 FoldList[i] = tenpFold dl =d2 End If
End For End For 40 NunmberOflries = 0 For i =0 to
wWaoindeehskszs- 1 try. baseSi ze[ Fol dLi st[i].fi xD mpagiudtdossizsoo
Request edSi ze[ Fol dLi st[i].fi x. Di mensi on]

try. baseSi ze[ Fol dLi st[i].fol dD nensi on =

Fol dList[i].fol dLength

try. baseSi ze[ Fol dLi st[i]. ongti nension] =

Fol dList[i"'].NunfFolds 45 |If FoldList[i].remainder not
equab 0 tr%. NumConcats = | WO 2006/ 055028
PCTAUSYd85902202108 PartSize(P] msl BryibesqSide[ JurPaitsise(il araidd
Try. concat St ar t Nodel[rpbaseSizd[2] st Par}Sizd{6] dDi mensi on] _
Fol dLi gngni{NunfQyiedt, 0bngt h - Fol dLi st[i].remai nder El se
5 Try.owntdustQrentdfief00, Fol dList[i]. fol dDi mension] =
0 Enderent[NupnQrizngai Stiar t Node[ O Fol dLi st[i].

fi xD ndwsOaat =NOmOtep.«cpncat St art Node[ O, Fol dLi st[i].
oneBad#fsi on] = Fol dList[i]. Nunfol ds

t ry IthybaieSizgl]Q PakSikd[61 dddl Try bheBh ARSI 7
try. baseSi ze[%ggl dLTr%.théEJS}ize 43 i_fyi}ué%@iig%%g;—og?lSIZe[I] and
try. coeaiSumeifn:, bpL dLi st Fi ]. to i rensi on] =
Fol dLisehifNumCsiaRi plef try.c oncat Size[ 0, Fol dList[i].
oneDi MRR§IMRILGRed & S§ try. NunConcats = 0 15 End If
try. N oSy = h-try. fol dLength[0] =
Fol ﬁ?ﬁ%‘?%{%‘ﬁaw” 'I ry. f ol dFronf 0]
@_i%tl st[i].foldDinension try.foldTo[0O] =

0 ist[i]. oneDinension 20 try.foldFix[0] =

Fol dLi st[i].fixDi mensjaon
Fn partululzlr embo?unents, build2Dtry encompasses the following example logic:

Rank(PartSize, pRank)

build2DFold(PartSize, pRank, RequestedSize, NumFolds, FoldList)
For i = 0 to NumFolds - 1

dl = RequestedSize[FoldList[7].fixDimension] + FoldList[].foldLengtht +

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

Forj=i+ 1 to NumFolds — 1
D2 = RequestedSize[FoldList[/].fixDimension] + FoldList{/].foldLengtht +
FoldList[;].NumFolds
If FoldList[/].remainder not equal 0
D2=d2+1
End If
Ifd2 <di
TempFold = FoldList[/]
FoldList[j] = FoldList{i]
FoldList[7] = tempFold
dl =d2
End If
End For
End For
NumberOfTries = 0
For i = 0 to NumFolds — 1
try.baseSize[FoldList[:]. fixDimension] = RequestedSize[FoldList[/].fixDimension]
try.baseSize[FoldList[{].foldDimension = FoldList[#].foldLength
try.baseSize[FoldList[i].oneDimension] = FoldList{{].NumFolds
If FoldList[].remainder not equal 0
try.NumConcats = 1

S Y CHIE U
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bui 1 d3Dtry(Try, NunberO Tries) End For In particul ar
enbodi nents, buil d2Dfol d, which builds all possible
folds of a two 25 dinensional nmesh, enconpasses the

Wwal doosmssgpsexanpl e logic: j=0 oneD = -1 Fori 384R2:dof /012500

size[i] =1 and oneD = -1 30 oneD =i Else twD(]] =
I j=+1 End If 35 End For If size[twoDI]] ?
size[twoD[0]] bigD = t,vvoD[I; littleD = twoD[ 0] Else
40 bigD = twoD[0] littleD =2%twoD | ] End If
startFol dB = sqrt(size[bigD]) If startFol dB x
start Fol dB not equal size[bigD or startFoldB = 1 45
St ar t AbIFd@Last[g}.lumFoldd® oddl End | f WO 2006/ 055028
PCT/ US200%y. 0kizaS0artNgle[ (5 Rdld@ist[H. folddinednbiogDF / 2
start Fol dL = sgrt ( Sokiehdti}t foldEBhgth HFosd1astf; Fandiindér
start FelselL not equal size[littleD or startFoldL =1
St ar t Fol diy.comshStdridddfo, FoldList[if foidiBidpkioR] = 0ot equal
si ze[ |gadifeD] endFoldL = size[littleD] / 2 else
endFol @ conchtStdaMNbdefo, BAdNHTH O ASinfendiod]f= €ndFol dB >_
S_t art .gc%catStanNode[O,FoldList[i]. oneDimension] = FoldList[i].NumFolds
try.concatSize[0,FoldList[7]. fixDimension] = try.baseSize[FoldList{{].
' fixDimension]
try.concatS1ze[0, FoldList[/]. foldDimension] = FoldList[{]. remainder
try.concatSize[0,FoldList{i]. oneDimension] = 1
Else
try. NumConcats = 0
End If
try. NumFoldMaps = 1
try.foldLength{0] = FoldList{{].foldLength
try.foldFrom[0] = FoldList[/].foldDimension
try.foldTo[0] = FoldList[{]. oneDimension
try.foldFix[0] = FoldList{{].fixDimension
build3Dtry(Try, NumberOfTries)
End For

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

dimensional mesh, encompasses the following example logic:

j=0
oneD = -1
Fori=0to2
If size[i] = 1 and oneD = -1
oneD =1
‘Else
twoD[j] =1
j=j+1
End If
End For
If size[twoD[1]] > size[twoD{0]]
bigD = twoD[1]
littleD = twoD{[0]
Else
bigD = twoD[0]
littleD = twoD[1]
End If
startFoldB = sqrt(size[bigD1]) :
If startFoldB x startFoldB not equal size[bigD] or startFoldB = 1
StartFoldB = startFoldB + 1
End If
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Nuntol ds= Nunfol ds +(endFol dB - startFoldB+l) End If
I f endFol dL >- startFol dL 15 Nunftol ds= Nunfol ds
+(endFol dL - startFoldL+1) End If foldl ndex = O;
woQbétlissizk f ol dl ndex] . fol dLength =si ze[littl eDpcr/us2e0s012500
Fol dLi st [ f ol dl ndex] . NunFolds = 1 20
Fol dLi st[fol dl ndex].remai nder = 0
Fol dLi st[fol dl ndex].foldD = IittleD
Fol dLi st[fol dl ndex].fi xD = ¥i gD
Fol dLi st [ f ol dl ndex] . oneD = oneD 25 An array, t,
constructed according to the exanple logic below, is a
emiFbldS -z eizefbigh] /2esul ting Try. Schedul er 515 records a
Ravoldf =tsqitGi[itdeDPy, tRank. t[littleD] = size[bi gD]
1flshingbld1 ~x sekigbldstnot edudl sidefiitleDdlod klanBslAL =t oneD] =
Folsq&{p@qdﬁelsﬁhpgla&h Nunfol ds 30 rank-(t, tRank) hit =
j-'fzg{zg ®i dt cauﬁSIQe @ebWhile hit = False |f t[tRank[i
]elxdl?o lﬁl [| l ]] hit = True 35 End If If
= Fal se foI dl ndex foldlndex + 1 End If For i =
o endFoIdB 40
|st fo dl ndex] . fol dLength =i
Lidstz[ ol dl ndex] Nunfol ds = size[bigD [/ i

.remai nder = size[bigD] nod i
°‘°1“ L s

ffseiléﬁlﬁi[foflrﬁ%l ndex].oneD = oneD t[littleD =
2006/ 055028 PCT/ 05/ 012500 57
L[ B oldsFSpaFpd: oMb ey g ength |

F@)ﬂ Li st[fol d[ ndex].remai nder not equal O
oldIndex = 0;

FoldList[foldIndex].foldLength =size[littleD]}
FoldList[foldIndex].NumFolds = 1
FoldList[foldIndex].remainder = 0
FoldList[foldIndex].foldD = littleD
FoldList[foldIndex].fixD = bigD
FoldList[foldIndex}.oneD = oneD

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

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

flittleD] = size[bigD]

fbigD] = FoldList[foldIndex].foldLength

f{oneD] = FoldList{foldIndex].NumFolds

rank(z, fRank)

hit = False

For i1 = 0 to 2 while hit = False

If f{{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
f{littleD] = size[littleD]
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t [ oneD) Fol dLi st[fol dl ndex]. NunFolds + 1 Else 5
t [ oneD] Fol dLi st[fol dl ndex]. Nunfolds End If
Rank-(t, tRank) - hit = False For i 1 = 0to 2 while
R 2006k2dose 10 | f t[tRank(i | ]] > PartSi ze[ pRamkszoos/012500
]1 hit = True End If End For if hit = False 15
foldlndex = foldlndex + 1 End If End For For i =
startFol dL to endFol dL Fol dLi st [ f ol dl ndex] . fol dLength
= i 20 Fol dLi st[fol dl ndex].N#fFol ds = sizeflittleD] /
I FoldList[foldl ndex].remainder = size[littleD] nod i
Fol dLi st[fol dl ndex].foldD = littleD
Fol duibiglp¥oFeldhistfqldinidser) feldpeugith
Fol dUf giojdlasttiolidedek ] wmaihder oie@ué2® t [ bi gD] =
si ze[ bi §@leN][# FaldListDoldindal].tfuindd[ds sl dI ndex] . f ol dLengt h
I f Fdllshi st[fol dl ndex].remai nder not equal 0 t[oneD
= Fol dLi{eidi¥]ct BdldbietffoldYndd=p.NasFsldt El se 30 t[oneD] =
Fol dlEmitIff ol dl ndex] . NunFol ds End If Rank(t, tRank)
hit =RdnRirsRafigy | 1 = 0 to 2 while hit = False 35 If
t[t Rapdt Fditd > PartSize[pRank[il]] hit = True End If
End Rk il £ ohb b whikakiser4Q Fol dl ndex = fol dl ndex + 1
If f{Rank(i1]] > PartSize[pRank[i1]]
hit = True
End If
End For
if hit = False
foldIndex = foldIndex + 1
End If
End For
For i = startFoldL to endFoldL.
FoldList[foldIndex].foldLength = i
FoldList[foldIndex].NumFolds = size{littleD] / ¢
FoldList{foldIndex].remainder = size[littleD] mod i
FoldList[foldIndex].foldD = littleD
FoldList[foldIndex].fixD = bigD
FoldList{foldIndex].oneD = oneD
{[bigD] = size[bigD]
flittleD] = FoldList[{foldIndex].foldLength
If FoldList[foldIndex].remainder not equal 0
f{oneD] = FoldList[foldIndex].NumFolds + 1
Else
f{oneD] = FoldList[foldIndex].NumFolds
End If
Rank(t, fRank)
hit = False
for i1 = 0 to 2 while hit = False
If f{Rank{i1]] > PartSize[pRank[i1]]
hit = True -
End If
End For
If hit = False
FoldIndex = foldIndex + 1
End If
End For

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

request and, for each fold, calls build2DFold to generate a list of one or more additional




End If End For In particular enbodinents, build 1 Try
generates a list of folds of a one dinensional 45
request and, for each fold, calls build2DFold to
woenkiesiesa | ist of one or nore additional WOcr/ys2005/012500
2006/ 055028 PCT/ US2005/ 012500 58 folds. buildl Try
records the list of folds in the OneDFol dLi st, which
enconpasses the follow ng exanple structure:
Structure oneDFol d Fold StpP¥cture oneD 5 Fold
Structure twoD[ x J integer NumlwoDFol ds i nteger
twoDFol dSi ze[ 3] End Structure In particular
folde mboild e trecordsntdB lisnef faddssinathé iQreDEpliLest, WhichZneqrapassgs the
enbodi ne ts twoD 10 includes a list of folds
follgyuRe PXATRI® FIFUSH ®he first fol d. NumTwoDFol ds i ndi cat es
ardibeheDIdldf ol ds in twoD. I n particul ar enbodi nents,
t Wwpbfaadelehge | dkpat es a nmesh size passed to
buighgdthhfle Sghebpkpr 515 generates Try structures

forntgé genent s ofy prglacal s build3Diry to build
al L, si bl e rqhabroRsiefzjeach Try structure. In
- %uiIdITry enconpasses the

?94]% Alar enbodi nents,
ow ng exanple logic: 15 Rank(PartSi ze, pRank)
Iz?}qﬂ:b %glﬂg(ﬁ}n%g% in@ﬁ‘ﬂgs[ Q]E}st%ﬂ An particular embodiments, twoD
: sgrt equest e [D start 2
inclG¥es BAGE df foids[g@herated [ﬁofrothd Lfgﬁgplql Q\IumTwoDFolds indicates a Number

of fga guest stgff%%c%i%gb%xﬁ;&op dtwoDIfoldSme indicates a mesh size passed

to le@ﬂﬁ@lcﬂ L BettefiOfer o1& @erreeatm”[‘ndgmcmr& for elements of twoD and calls
buil%:égg lg.hldélﬁ [R%]]smglg g%atbcﬁ@ [S?ﬁa:ﬁhjﬂgg EFL%J]T In particular embodiments,

bull@ﬂg:z E&{&ba%ge[s@lle 06Winei exbinpleffenik O 25

15

25

30

35

40

ol dLi st [ tvvoDFoI dSi ze[J Rank][ 2] ]

MEM%@SPB@P@RM K
RaniiiRedqutsied $iz @)/ Rankd oI dSi ze[ j Rank[ 1] ]
enbBbgtReqets{e0fizeIRDEDPSI ze[ ] Rank[ 0] ]
Bart2= 0 to 2 while hit = False 30 if
BagDesidt G0z eldDRaid ehth =RémestSISis{fRakRY] ] hit =
OnepF&adist[D].oneD.NumFolds = 1 :
OneDFoldList[0].oneD.remainder = 0
OneDFoldList[0].oneD.foldD = jRank{2]
OneDFoldList[0].oneD.oneD = jRank[1]
OneDFoldList[0].oneD.fixD = jRank{0]
OneDFoldList[0].twoDFoldSize[jRank{2]] = RequestedSize[jRank{2]]
OneDFoldList[0].twoDFoldSize[jRank[1]} = 1
OneDFoldList{0].twoDFoldSize[jRank[0]] = 1
hit = False
For j = 0 to 2 while hit = False

if RequestedSize[jRank{;j]] > 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

Num1DFolds = 1;
Else

Num1DFolds =0
End If
gotRemZero = False

1
1 hit = Fal se
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End For If hit = False 35 buil d2DFol d(Part Si ze, pRank,
Request edSi ze, OneDFol dLi st[0].twoD, OneDFol dList [O0]

. nTwoDFol dz)0 O?ﬂeDFoI dLi st[ 0] . nTwoDFol ds =I Num DFol ds
Tl < Num DFolds = 0 End |If got Rener <
T8 B8 020" PO US2005/ 012500  59° For |- LpypR s
end OneDFol dLi st [ Nuni DFol ds] . oneD. f ol dLength =i

OneDrFol dLi st [ Num DFol ds] . oneD. Nuntol ds =

Request edSi ze[j Rank[ 2]] / 59 OneDFol dLi st Num |

DFol ds] . oneD. remai nder = RequestedSi ze[i Rank[ 2]] nod i

5 OneDFol dLi st [ Num DFol ds] . oneD. fol dD = j Rank[ 2]

(£3rg BR@drtioienli[ Numl DFol ds] . oneD. oneD =j Rank[ 1]
Onelgrebdblasis ﬂh@%@i ne@@RIh¥R =5 Rank| 0]

O‘e%‘éb%!dﬂ i 1DfFel F&neb@@ﬁ%l@l&mhh@&!ab{za}ﬂ{m[z]] /i
g e emﬁllanfdgll dke d%dSl%QjRanl\[Z]] mod i
One

ghias jsh Nt 1 DFS
,_n% g idi U > ]J
, ‘i{lﬁ D
/Ra nk[0]] =1 If
S0t gl é:o . §1z _hot equal O or

O’leDFol dL| St m olds]dmeD .foldLength
got IR¥#P [tfhy %ﬁkfidf ﬁiﬂtﬁ rtSi ze, pRank,
BFo|

Reqlfé@Pé;él Lz%m‘@]‘éﬁﬂlﬂsb?}i‘ d t woDFol dSi ze,

20 OneDEoldiistBY %%‘?D a@h@ b dLi st Num 1
DFol18©nhePHwd DSt a@}DleMDPéIPd@nMMWPWH%O%qt CIRAFFO =
| f End For 25 NunberOfrFadse = 0 For i 0 to Numl DFol ds

If OneDFoldList{Num1DFolds].oneD. remamder =0
gotRemZero = True
End If
bu11d2DFold(PartS1ze pRank, RequestedSize,
OneDFoldList{Num1DFolds].twoDFoldSize,
OneDFoldList[Num1DFolds].twoD,
OneDFoldList[Num1DFolds]. nTwoDFolds)
Numl1DFolds = Num1DFolds + 1
End If
End For
NumberOfTries =0
For i = 0 to Num1DFolds .
For j = 0 to OneDFoldList[{].nTwoDFolds
If OneDFoldList{i].oneD.foldD not equal OneDFoldList[i].twoD{j].foldD or
OneDFoldList{/].oneD.remainder = 0
try.baseSize[OneDFoldList{{].twoD[/].fixD] = '
OneDFoldList[i]. twoDFoldS1ze[OneDFoldLlst[z] tw
oD[j].fixD}
try.baseSize[OneDFoldList[7].twoD[;].foldD] =
OneDFoldList[i].twoD[j].foldLength
try.baseSize[OneDFoldList[i].twoD[/].oneD] =
OneDFoldList[{].twoD[;] NumFolds;
if OneDFoldList[i].twoD{;].remainder not equal 0
try.NumConcats = 1
if OneDFoldList[i].twoD[j].NumFolds is odd
try.concatStartNode[0, OneDFoldList[{].twoD[j].foldD] =
OneDFoldList[{].twoD[/].foldLength —-
OneDFoldList[i].twoD{j].remainder
Else '
try.concatStartNode[0, OneDFoldList[#]. twoD[;] foldD] =0
End If
try.concatStartNode[0, OneDFoldList[:].twoD[j].fixD] = 0
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For j = 0 to OneDFol dList[i].nTwoDFol ds |If
OneDFol dLi st[i].oneD. fol dD not equal
OneDFol dLi st[i].twoD[/].fol dD or

wobdesbetei st[i]. oneD. rei nainder = 0 30 PCT/US2005/012500

try. baseSi ze[ OneDFol dList[i].twoD[/].fixD] _

OneDFol dLi st[i].twoDFol dSi ze[ OneDFol dList[i].tw
oD[/].fixD]

try. baseSi ze[ OneDFol dLi st [i9% twoD[/]. f ol dDJ

OneDFol dList[i].twoD[j]. foldLength 35

try. baseSi ze[ OneDFol dLi st[i].twD/]. oneD]J =

OneDFol dLi QV{coqlcatS/t@tmbf}e{wmnéBF@I@Llst[u]ftwoD[/ oneD] =
OneDFol dLi st[i].twoD[/ JOneBRaidhiitlf].twoD{jé tfuniFolis

t ry. NunConesaicsncatSize[0, QreEblobiLdkth btwal[/]thwdDE J. Nunfol ds
is odd 40 try. concat St aryithe$edefOneDFoldList{i].twoD[/].fixD]
OneDFol dLi &ilcbhcatsidpDj GadDFotiDlist[i].twoD[j].foldD] =

OneDFol dLi st[i].twoD/ Jodepraide! ]nWDD[i] remainder
OneDFol dLi [cbﬂlcaftsri@@b orJeDFaaﬁis [/$6neD] = 1;

try. concglfseS art Node[ 0, OneDFol L| st [| tVVOD[j ] foldD|

=0 45 En P\]lﬁ@(ncg ncqt St artNode[O
meDFoI ] "fixD] = 0 WD 2006/ 055028

PCT/ USZ de[ O,
OneDFol }@E)O.ebﬁ‘%g 8@%&)1'@%% dList[i].twD
OneDFol dLi st[

i 1. Nuntol ds X(E CO

try. baseSi ze[ OneDFol dLi %L eDyfo

try.concat Si ze[ O OweDF%e Fﬁéﬁﬁ ;igégigg?%{?ao] =
OneDFol dLi st [i].twoD[ | Q%<& o médt s ze[ 0

OneDFol dLi $496 ] . twoD[/].oneD] = 1; El se
try. NumConcat y-eorgatStat a[trlnyquOHCats
OneDFol dLi st[i] . oneD. r épeDFgliListiakonstpfaldld = Q f
OneDFol dLi $infilf . oneD. Nunfol ds is odd
t ry. concat StyaohddsSieftNogel iy MOmGoatas, OneDFoldList[i].oneD.fixD] =
OneDFol dLi sity]dohcastafiNbdd[aDNui oncats, OneDFoldList[i].oneD. oneD]
OneDFol dLi st[i]. oneD. f abeHDFoGHListf].oneD.NumFolds
OneDFol dLi $#y{dohcdPig&tfyNm@shests, OneDFoldList[i].oneD.fixD] = 1
try. concat81ze[try NumConcats, OneDFoldList[i].oneD.foldD] =
OneDFoldList[i].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{i].twoD{j].foldD]
! = oneDEnd[OneDFoldList{i].twoD}].foldD]
If OneDFoldList[{].twoD{j]. NumFolds is odd
try.concatStartNode[try NumConcats,
OneDFoldList[i].twoD[j].foldD] =
OneDFoldList{i].twoD[j].foldLength — 1 — (k mod
OneDFoldList{i].twoD[j].foldLength)
oneDEnd[OneDFoldList{i].twoD[/].foldD] =
OneDFoldList[i].oneD.foldLength — 1 — (l mod
OneDFoldList[{].oneD.foldLength)

Else
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El'se try. concat StartNode[try. NunConcat s,
OneDFol dLi st[i].oneD.foldD] = 0 20 End If
try. concat Start Node[try. NunConcat s,

OneDFol dLi st[i].oneD.fixD] = 0

WP P03t St ar t Node[ try. NunConcat s, PCT/US2005/012500

OneDFol dLi st[i].oneD. oneD] _
OneDFol dLi st[i] . oneD. Nui nFol ds
try.concatSi ze[try. NunConcags,
OneDFol dList[i].oneD.fixD] =1 25
try.concat Si ze[try. NunConcat s,

OneDFol dLi st [ | Cmg@tM&%ﬁ?NumCOncats,

OneDFol dLi st[i]. oneD. r e5RIAMIGHY istfi].twoD[/].foldD] = k mod

try.concatSi ze[try. NuntgQn istfi ].foldLength
OneDFol dLi st[i%ﬁ.@g@ﬁ?g{a ot o [ﬁ}ﬁﬁ o
try. concat St af 43 on §03d

D “ist
try. concat S ze[t ry. NunCoReA neenap 1
I@ﬁg [ 1]

r
try.concatStartl\lode[try/. Lijyé ;
t ry. concat SmeBEndiOnoighéstlkonebonep] =l / -
try. concat St art Node[ t r yOReIddkist 4.ongj3 foldLength
OneDFol dLi stry.édncataefbiy. Nehgphcats] 8] = oneDEnd[0] — -
oneDEnd[.OneDFol dLi st [ i ] try-wokiStartNddg iy NemConcats, 0] + 1
OneDFol dLi stry.édncat®ioB(ti} NdiuGbodatks 1] 5 oneldEnd{tly: concat S
t art Node[ t ry. NunConcat stry.concatStartNode[try. NumConcats, 1] + 1
OneDFol dLi s#y.tdnchisde{t] NimCdhdats, 216 oneDEnd[2] -
OneDFol dLi st{i]. twoD) j ] uf ebsbacsigtiodeltry Xkkm@ookats, 2] + 1
OneDFol dLi i) Nmlo8RBi} + tryalitengish) 1
oneDENnd[ @yglpFol dList[i].twoD[/].fol dD =
OneDrol diL,Stlhtoie0aRk £6l dLength - 1 - (1 nod
OneDFol dlysi a1 bnetR D-Oﬁe@%l&ﬁﬁgggneﬁfoﬁi&ﬁgtﬂo
2006/ 055 oﬁ’i@?&rﬁ —Qﬁ{e%%ﬁﬁ@st[i daneD.foldD

d] ‘ ?.Sﬁ‘élﬁoneD
oneDEnd[ Orfe

-1~ 10 =
OneDFol dLf¥s ° i34l |
try.conc © d_'e%1 RSN ol dList[i].one
. oneD) AryfoldFix(1] = OneDFold 1s_t[z twoD[/].
build3Dtry(Try, NumberOfTries)
End For
End For
NumDeleted = 0
For i = 0 to NumberOfTries — 1 L
curMax = TryList[{].baseSize[0] + TryList[{].baseSize[1] + TryList[{].baseSize[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{].baseSize[]
duplicate = False :
End If
End For
If duplicate = True and TryList[j].NumConcats = TryList[i{]. NumConcats)
For i1 = 0 to TryList[{].NumConcats while duplicate = True
For j1 = 0 to 2 while duplicate = True :

o= try.conca@ rt Node[try. N n(‘enn%at . Y st 1 oneD. neD] = k
try. concat %@F‘P?@taﬁﬁ[ﬁéﬂ%@ﬁ%ﬂ@%gfﬁ%ﬁﬁgﬂﬂ .0
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/ OneDFol dList[i].twoD. fol dLength
oneDEnd[ OneDFol dLi st[i].oneD. oneD
OneDFol dLi st[i].oneD. fol dLengt h

worMediBeat Si ze[ try. NunConcats, 0] =

try.concat Start Node[try. NunConcat s,
try.concat Si ze[try. NunConcats, 1] =
try.concat Start Node[try. NunConcat s,
try.concatSi ze[try. NunConc&®s, 2] =
try.concat Start Node[try. NunConcat s,
try. NunConcats = try. NunConcats + |

=1/ 10

oneDENd[ @k1rus200s/012500
0] + 1

oneDENnd[ 1] -

1] + 1 15
oneDENd[ 2]

2] +1

End If

t ry. Nunfol dVEpRyEis];j]20n¢atStartidddtlidngf bpOdqual
OneDFol dLi st[i]. oneD. f BhydisgnjdohcatStaNode[dFioni 0] =

OneDFol dLi st [ i Jdupliedte £®#b® try. f ol
OneDFol dLi st [Eide 10T8RisHedancdt8iteli B
OneDFol dList[i]. ongg’lfm@,st[té{ n&gé
OneDFoI dLi st[i ]gdonedsl LlFafs@! dLengt h

dTol[ 0] =
Eioxb

ngth[ 1] =
2 ?rj;[fo?dFronfl]

OneDFoIdes dd].twoD[/].foldD try.foldTo[1l] =
OweDFoI Fl].tvvoD[j].oneD try.fol dFi x[1] =
| st

OneDF
Nunbef {-If c?s; d For 30 End For
[ —Ot § ries-l cur Max =

TrylLi st [ | 1%[?] Tr’lyolﬁilfsét%eg]tl

+TryLi
35 cur!\/&éﬁ1 ul\/ax+ Endlf For j =i
True For it =0 to

+1 t oNunbBreRepieds N“‘?Delﬁ‘ﬁﬁ ilcate =

i].twoD[j].fixD build3Dtry(Try,

NunmDel eted = 0 For

ellseS| ze[l]
|] NunConcats > 0O

2 whi EBeduplicate = True 40 |f Tri/Ll st[ baseS| ze[il]

not equakt™MyEiTsylipt/] baseigpPb i !

End If End For |f duplhdasti]basgpige2

TryLi st [IfTrMﬂuﬁﬂ(thumﬂgneatm QLI st[i].

al se

NunConcat s) 45 For

i 1 = 0 toniMaki=smy{tMax NunConcats while duplicate =

True End If
If nxtMax < curMax
TempTry = TryList[/]
TryList[;j] = TryList[i]
TryList[i] = tempTry
curMax = nxtMax
End If
End If
End For
End For
NumberOfTries = NumberOfTries — NumDeleted

In particular embodiments, buildCompactFits,

encompasses the following example logic:

Rank(PartSize,ParfRank)
I = 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
If i x j x k 2 RequestedNodes
40] =1
q1}=j
f2]=k
hit = True
End If
End For

which - constructs BestFit[3],
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For j 1 = 0to 2 while duplicate = True WO 2006/ 055028
PCT/ US2005/ 012500 62 If TryList[j].concat Start Node[i
1, j I] not equal TryList[i].concatStartNode[i 1, |

Il duplicate = False Else If TryList[j].concatSi ze[i
WO 19905388 equal 5 TryList[i].concatSize[i 1PCJ/US205/012500
duplicate = False .End For End For End If 10 If
duplicate = True Foril=0to2 TryList[j].baseSize[il]
= TorusSi ze[|I] + 1 End For nDel eted = NunDel eted +
1 15 Else nxtMax = TryList[)].baseSi ze[0] + _
TryList[j].baseSize[ I] + TryList[j].baseSize[2] If
TryL ﬁ&[; . NumConcats > 0 nxtMax = nxtMax + 1 20 End

x < curl\/ax Teinry = TryList[j]
TryList[i] = tenpTry 25
End If End For End For 30
Nurrb

‘ZQ[PNE( [(IJHTH es - NurnDeleted In

parti c adi msnt s, buil dConpactFits, which
const r g‘st Fi t , enconpasses the fol | ow ng
exanpl & i RGRH?? e ¢O] Paflt IRemRyrtSiggParRank(2]] while hit =

QJbeRoot(Resuest edNM@lles) hit = Fal se
If {0] x 1] x #{2] = RequestedNodes
Hit = True
End If
End For
End If
Else
0] = PartSize[ParfRank[0]]
I = sqrt(RequestedNodes / £[0])
hit = False;
Forj=[to [+ 1 while hit = False
For (k= to / + 1 while hit = False
If (¢{0] x j x k > RequestedNodes
q1]=]

2] =k
hit = True
End If
End For

End For
if f{1] > PartSize[ParfRank[1]]

1] = PartSize[ParRank{1]]

#{2] = RequestedNodes / (¢{0] x #1])

If 0] x 1] x #2] < RequestedNodes
{2]=42]1+1

End If

End If
End If
bestFit[pRank[0]] = /0];
bestFit[pRank{1]] = ¢[1];
bestFit{[pRank{2]] = {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] = j
FitfNumberOfFits,2] =
Hit = True

If (i not equal to PartSize[0]) and(j not equal to PaﬁSlze[O]) and (k not

equal to PartSize[0])
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For i =1 to |+1 while hit = False For j =i
while hit = False For (k = to 1+1 while hit
40 1f i x J x k? RequestedNodes t[0] =i t[1] T
W(Bgd(m/ﬁsslﬁzs h|t = True 45 End | f End For WO 2%{/@3@5{%@2500
PCT/ US2005/ 012500 63 End For End For If t[0] <
PartSi ze[Part Rank[ Q] If t[I] > PartSi ze[ Par
11 5 t[1] =t[lI] - 1 hit = False For t[2] =
Request edNodes / (t[0] x ifo41) to
Part Si ze[ Part Rank[ 2]] while hit = False If t[0] x
t[I] x t[2] >- RequestedNodes 10 Hit = True End If
End For ERer inf= EtesumMbpDiniéikions PériteSiize[TRar t Rank[ 0] |
| = sqrt ( Requesriemhadesoffits MipDimbisdionfmPalnsel MapMpd[=] not
lto 1 + 1 while hit = Eaghg@&or (k =j to 1 + 1 while
hit = False 20 Hit££d1&] X ] X k >_ Request edNodes
t[1] = t[2] guadgs hit = True End If 25 End For End
For 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[i, 1] + Fit[i, 2]
Forj =i+ 1 to NumBerOfFits - 1
d2 = Fit[j, 0] + Fit[j, 1] + Fit[j, 2]
if d2 <di
k = Fit[j, 0]
Fit[j, 0] = Fit[i, 0]
Fit[i, 0] =k
k= Fit[j, 1]
Fit[j, 1] =Fit[z, 1]
Fit[i, 11=k
k= Fit[j, 1]
Fit[j, 1] = Fit[s, 1]
Fit[i, 11=k
dl=d2
Else If d2 =d1
Rank(Fit[i], iRank)
Rank(Fit[/], /Rank)
hit=0
For (k= 0to 2 while hit=0
If Fit{j, jRank[k] > Fit[i, iRank[£]
hit=1
Else If Fit[j, jRank[k] < Fit{i, iRank[A]
Hit = -1
End For
If hit=1
k=Fit[j, 0]
Fitfj, 0] = Fit[i, 0]
Fit[i, 0] =k
k=Fit[j, 1]
Fitfj, 1] = Fit{i, 1]
Fit[i, 1] =k
k= Fitfj, 1]
Fit[j, 1] = Fit[i, 1]

t Rank[ 1
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if t[1] > PartSize[PartRank[1]] t[1l] =

Part Si ze[ Part Rank[ 1]] t[2] = RequestedNodes / (t[0] x

t[ I]) Cm 30 If t[0] x t[ I] x t[2] < RequestedNodes
t[2] =t[2] +1 End If End If End If 35
WONF/GSPPRank[ 0] ] = t[0]; bestFit[pRank[ 1 ]PCEUBJ00012500
]; DbestFit[pRank[2]] = t[2]; NunberOFits = 0 For i

= BestFit[0] to PartSize[0] 40 For j = BestFit[ I] to
PartSize[ 1] For k = BestFit% ] to PartSizef 2]

Fit[ NumberO Fits, g I Fit[NunberOFits,1 ] T
Fit[NurrberO‘Fits 2] k 45 Hit = True If (i not equal

to Part Si ze[FOt} not equal to PartSize[01l) and (k
not equal | ze[ d) _di WO 2006/ 055028

PCT/ US200 mﬁ 64 For m= 0 to NumvapDi nensi ons
While Hit*C ¥rue If Fit[Nunber OfF Fits, MapDi mensi on[ ni]
nod Ma o‘fnj not equal to O Ht = False 5 End If

End E84FoEnd 1f If Ht = True NumberOfFits =
NS Fits + 1 10 End If End For End For End For

FdastMax=® t 0 NumBer OfFits - 1
NumMaxDistances = 0

For i = 0 NumberOfFits -1 . ]

currentMax = Fit[i, 0] + Fit{i, 1]+ Fit{i, 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,j,k] = NODE_NOT IN USE
NodeInUse[i,j,k] = NODE ON HOLD
meshStart{0] = i
meshStart{1] =
. meshStart[2] =k
inMesh = True
formz =k + 1 to PartEnd[2] and inMesh = True
if NodelnUse[i,j,mz] not equal NODE _NOT _IN USE
inMesh = False
End If
End For
If inMesh = True
mEnd[2]=mz -1
Else
mEnd{2] =mz -2
If PartWraps{2] and meshStart[2] = 0 and meshEnd[Z] not equal
PartEnd[2] -
inMesh = True;"
For mz = PartEnd[2 to meshEnd[2] by —~1 and inMesh = True
If NodeInUse (i,j,mz] not equal NODE_NOT IN USE
inMesh = False
End If
End For




10

15

20

25

30

35

40

45

15 dl = Fit[i, O] + Fit[i, 1] + Fit[i, 2] For j =i +
1to NunBerOFits - | d2 = Fit[/, O] + Fit[/, 1] +

Fitlj, 2]
wo tdoé/0s56s
Fit[i, 1]
Fit[i. 1]

if d2 <dl k = Fit[/, 0] 20 Fit[j, 0] =
k k=Fit[j, 1] Fit[]j, pHrn%2005/012500

Fit[i, 0] = ; i, P
Fit[i, 1] =k 25 k= Fit[j, 1] Fit[j, 1] =
Fit[i, I] =k d =d2 Else If d2 =dl 30

Rank(Fit[i], iRank)  Rank(Fit[ j], Rank) hit=0 For
(k=0 to 2 while hit =0 If FO6[j, jRank[k] > Fit[i,

i Rank[ K]
i Rank[ k]

Fitlj, O]
Fitl/, 1]
Fitlj, I]
65 Fit[i,

35 hit=1 Else If Fit[j, jRank[k] < Fit[i,
Ht =-1 End For If hit =1 40 k=Fit[], O]
FifiipMestoF Trdei t[i, 0] = k k = Fit[j, 1]
Fit[mzfmz#4b Fit[i, 1] = k k= Fit[j, 1]

FEtski, |] WO 2006/ 055028 PCT/ US2005/ 012500
1] =zdlz=12 End If
End If
if mz < PartEnd[2]
meshStart[2] = mz;
meshEnd[2] =meshEnd[2] + TorusSize{2]
End If
End If
inMesh = True
For my=j + 1 to PartEnd[1] and inMesh = True
For mz = meshStart[2 tomeshEnd[2] an inMesh = True
If NodeInUse[#, 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[#,my,mz mod Torus Size[2] not equal
NODE_NOT _IN_USE
mMesh = False
End If
End For
End For
If inMesh = True
My=my+1
Else
my=my + 2
End If
ifmy < 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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End If 5 End For End For lastMax = 0 :

NumvaxDi stances = 0 For i = 0 NunberOFits - 1 10
currentMax = Fit[i, O] + Fit[i, I] + Fit[i, 2] |If
current Max not equal | ast Max

WA S8 e[ Nunber OF MaxDi st ance, 0] = i  MaxDPET/HSH@5/012300
unber O MaxDi stance 1 = current Max Nunber O MaxDi st ance

= Number Of MaxDi stance + 1 15 End If End For In

particul ar enbodi nents, buil QFr eeMeshes Function
enconpasses the foll ow ng gxan‘pl e logic: 20

NunfFreeMeshes = 0 For i = partStart[0] to PartEnd[ 0]
For | :PartSt%rt[l] to PartEnd[l]hEFor rtStart[ 2]
to PartEnd[ 2] ‘Prfer\Bd'éqS fOIR‘ ﬂ[@)b@‘q\lﬁgiiels h=dsE 25

Nodel nUse[ij, k] for NeormrrddbiomEadih sadinMash =2 mpe
meshStart[ | ] S AesSpdeinyseimemy  imadesplorusigEl gy mod
for nz = k + 1 to PartEnd[2] and Temexze[Z]True pet equal
Nodel nUse[lj ,nz] not equal NODE- NOPDENNGIEIN; YREsh =
Fal se End If End Forin®®sH ¥ Falsdesh = True nEnd[2] =
ne - 1 Else nEnd[ End¥Hnz - 2 If PartWaps[2] and
meshStart[ 2] = OEahBormeshEnd[ 2] not equal 40
Part End[ 2] i mvasler= True; For nz = PartEnd[2 to
meshEnd[ 2] Byd to@nd i nMesh = True |f NodehaUse
[iz),nm] nojripdndsy = NEIE_NOT_I N_USE

meshEnd[O] 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] =
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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i nMesh = False 45 End If End For WD 2006/ 055028
PCT/ US2005/ 012500 66 |If inMesh = True nez=nz+ 1 EHE se
ne=ng+2 5 End If if nz - PartEnd[2] neshStart[2] =

W& 2000RsENd[ 2] =neshEnd[2] + TorusSi ze[ 2] "iii?'/l‘jﬁzmlmzsoo

End If inMesh = True For ny =) + 1 to PartEnd
i nMesh = True For nz = nmeshStart[2 toneshEnd[2] an
inMesh = True If Nodel nUse[i, ny, nz nod _
Tor usSi ze[2]] not equal 15 @80DE - NOT- | N- USE i nMesh
False End If End For If inMesh = True 20 neshEnd[ I]
my - 1 Else nesheEnd[ I] =ny - 2 End If If
Part W aps[ FreeMastdNmFhsMdshds] AuinNed6s AHesRBAABNA nekhdtart[0]
not equal 25 PartEnd[ 1 ] i nI\/ES':hl)—x(TﬁééﬁEEd{'i]g eshStart[1] + 1)
Par t End[ 1] to meshEnd[ 1 ] by x(n&REhd[ [o\e Shgm}{ uﬁ 1)
For nz = nephShas hledlst %&ﬁ'ﬂ@ﬂﬁh@ﬂo and i n'VbSh S e
| f Nodel nUse[ inn1 % nib QU O‘.]?I zeﬂ 2] not equal 30
NCDE NOT I N Ugr m) VRsdsard AltS elilihatf; End For
myl = my mod TorusSize[1]
For mz = meshStart{2] to meshEnd[2]
mzl = mz mod TorusSize[2]
NodeInUse[mx1], my1], mz1] = NODE_ON_HOLD
End For
End For
End For
Fori=0to2
FreeMesh[NumFreeMeshes]. Rank[z] =21
End For
For/=0to2
Form=[+]1103
/1 = FreeMesh[NumFreeMeshes].Rank{/]
ml = FreeMesh{NumFreeMeshes].Rank[m]
If meshEnd[m1] ~ meshStart{m1] <meshEnd[/1] — meshStart{/1]
FreeMesh[NumFreeMeshes].Rank{/] = m1
FreeMeshRank{m] =
End If
End For
End For
NumFreeMeshes = NumFreeMeshes + 1
End If
End For
End For
End For
For i = partStart{0] to PartEnd[O]
For j =PartStart[1] to PartEnd[1]
"For k = PartStart[2] to PartEnd[2]
If NodeInUse[7,j,k] = NODE_ON_HOLD
NodenUse(i,/,k] = NODE _NOT IN USE
End If
End For
End For
End For
For i = 0 to NumFreeMeshes — 1
Forj=i+1 to NumFreeMeshes — 1
hit = False
if FreeMesh[;].NumNodes < freeMesh{:].NumNodes
hit = True;
Else If FreeMesh[/]. NumNodes = freeMesh[:]. NumNodes
hit = True
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End For 35 If inMesh = True M=ny+ 1 Else ny = ny +
2 End If 40 if ny S PartEnd[ I] neshStart[ I] = ny
meshEnd[ 1 ] =neshEnd][ 1 ] + TorusSize[ 1] End If
End If 45 End For inMesh = True for nxk =i + 1 to
e tdanvofs@ls and i nMesh = True WO 2006/ 055028  pCT/US2005/012500
PCT/ US2005/ 012500 67 for nmy = nmeshStart[1l] to
meshEnd[ 1] and inMesh = True for nz = nGtart[2] to
nEnd[ 2] and i nMesh = True |f_Nodel nUse[ nx, ny nod
TorusSize[ 1 ],nn, nod Tor f¥si ze[2]] not equal 5
NCDE- NOT- | N- USE i nMesh = False End If End For End
For 10 End For If inMesh = True neshEnd[0] = nix - |
El se mesHiasdEd) to2 winde hit2True5 End If |f part Waps[ 0]
and meshSt aiﬁf[reqM%hU]-Bmd([ﬂés&\@MﬂS@i]-ﬁﬁ@tk[a)quaI
Part End[ 0] i ri#siralse True For nix = partEnd[J to
meshEnd[ O EBwdifL and i nMesh = True 20 For ny =
meshSt ar tfndlFdr to nmeshEnd[ 1 ] and i nMesh-= True For
ne = mephAf art[2] to neshEnd[ 2] and i nMesh = True If
Nodel nigsigf axngy nod TorusSi ze[ 1], nz Mod

TempMesh = FreeMesh(/]

FreeMesh[j] = FreeMesh[}

FreeMesh[/] = TempMesh

End If
End For
End For

In particular embodiments, ScheduleJob, which retumns True if scheduler 515

successfully schedules a job 150, encompasses the following example logic:

If SpatialAllowed = True
If scheduleSpatial() = True
return True
Else If CompactAllowed = True
return scheduleCompact()
End If
Else If CompactAllowed = True
return scheduleCompact()
Else
Return scheduleAny()
End If

In particular embodiments, scheduleSpatial encompasses the following example

logic:

GotFit = False
For i = 0 to NumberOfTries — 1 while GotFit = False
If scanSpatial(TryList[i],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

[EUPPP NP e DS )+
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TorusSi ze[2]] not equal NODE-NOT-INUSE 25 inMesh =

Fal se End If End For End For End For ..:.. 30 If

inMesh = True Mk=nx+ 1 Else Mk=nx+2 End If 35 If nx
d[0] nmeshStart[0] = nx nmeshEnd[0] = /0125

wr?ezs‘ﬁ@%t&‘?g] + TorusSize[0] End If End If 40 @1 US2003/012300

FreeMesh[ NunFreeMeshes] . Start[ 0] = neshStart][ 0]

FreeMesh[ NunfreeMeshes] . Start[ 1 ] = neshStart|[ 1 ]

FreeMesh[ Nunfr eeMeshes] . Stai®[ 2] = neshStart][ 2]

FreeMesh[ Nunfr eeMeshes] . end[ 0] =l neshEnd][ 0]

FreeMesh[ NunFreeMeshes].end[ 1 ] = neshEnd[ 11 45

Fr e &bveiddiiEr @eMsgiasBizeng[-2] = nmeshEnd[ 2] WO

2006/ (P OR8]+ VSR 0RiRIHRASIRPSH) - 68

Freel\/bsh{:d}dum:(n&e@/bshes] Num\lodes = (meshEnd[ 0] -

meshSt ar t [ @Node[jbhmX% - meshStart[ I] + 1)
X (meshEpgd Bdr - rresh art 2] + 1) For nix =
meshSt ar {g Ntu 5 nixl = nix m)d

Tor usSi ze[ _%LIL, [1] ny|
= nod Tor,
rrems/hEnd[Z] Hllﬁéief@qgfﬁ:}ﬂo[ ?E%g E%E N0 nUse[m<I
]Fz)r ’ I%N%d]:[o Try 0 1§ o End For  End
mNode{0, Try. foldFrom[O]] = Try.foldLength{0] - 1 —
(jeNode[Try.foldFrom([0]] mod
Try.foldLength{0])
Else
mNode[0, Try.foldFrom{0]] = jeNode[ Try.foldFrom{0]] mod
Try.foldLength{0]
End If
Fori=0to?2
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 mNodef0, 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

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=0to2
node[i] =mNode[1, Try.rtMap[:]]
End For
End If
Fori=0to2
Node[i] = node{i] mod TorusSize[i]
End For
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For i=0to2 15 FreeMesh[ NunfFreeMeshes].Rank[i] = 2 -1,

End For For |1=0to2 For m= 1+1 to 3 11 =

FreeMesh[ NunfreeMeshes] . Rank[I] 20 inl =

FreeMesh[ Nunfr eeMeshes] . Rank[m] |If neshEnd[m 1 ] -

meg p@sasriphin | | <meshEnd[l | ] - neshS tart[ #CTyUS2005/012500
FreeMesh[ NunFreeMeshes] . Rank[I] =in 1

FreeMeshRank[m] = 11 End If 25 End For End For

Nunfr eeMeshes = NunFreeMeshes + 1 End If End For 30

End For End For For i part@t art[0] to PartEnd[O]

For j =PartStart[ |] to PartEnd[ 1] For =

PartSt art P r 35 If del nUse =
[ﬁ}d Nﬁwgp ]p? i wo&e{i’ﬁ Eubfdl e
End I End EFRedpde mofefPli = 0 to
NunFr eeMeshesgenedogelistf Odeiﬂd% 1{ 5 nrdet2t eel\/bshes -
hit = Fal sféssr&ﬂeﬁiﬂ%tq%% 9dpInNemRbd @edef2]
freeMesh .%@ﬁ%dﬁé&odehsiehﬁl = True; Else If
Fr eeMes 4 oNunmNodes = freeMesh[i].NumNodes hit =
Tr ue B P@06/ 055028 PCT/ US2005/ 012500 69 For 1= 0 to
2 WnidlFerhit = True If FreeMesh[j].Rank[I] >
freeMesh[i].Rank[I])
In particular embodiments, scanSpatial encompasses the following example logic:

Fori=0to2
If PartWraps[i])
End[] =PartEnd[{]
Else
End[i] = 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 =i to i+try.baseSize[0]
For n = PartStart[2] to PartEnd[2]
11 = I'mod TorusSize[0]
ml = PartStart[1]
m2 = (m1 + Try.baseSize[1]) mod TorusSize[1]
If PartStart[1] + Try.baseSize[1] < PartEnd[1]
. ZPlane[n] = zPlane[n] + FreeY[I1,m1,n] — FreeY{[/1,m2 n]
se
ZPlane[n) = zPlane[n]+ FreeY[zl ml n]
End If
End For
End For
For j = PartStart[1] to End[1]
if newX = False
11 =i mod TorusSize{0]
[2 = (i + Try.baseSize[0]) mod TorusSize[0]
ml = (j — 1) mod TorusSize{1]
if PartWraps[0] = False or i+try.baseSize[0]) PartEnd[O]
For n = PartStart{2] to PartEnd[2]
If i+Try.baseSize[0] < PartEnd[0]
" zPlane{n] = zPlane[n] — (FreeX[I1,m1 1) — FreeX[12,m1,n])
se
zP.lane[n]_ = zPlane[n] — FreeX[/1,m1,n]
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Ht = False End If 5 End For End If If hit = True
TenpMesh = FreeMesh[j] FreeMesh[j] = FreeMesh[i] 10
FreeMesh[i] = TenpMesh End If End For End For 15 In
wRdobé/esgdRr enbodi ments, Schedul eJob, which reku’S005/012500
True if schedul er 515 successfully schedules a job
150, enconpasses the followi ng exanple logic: If
Spatial All owed = True If schedul eSpatial () = True
return True 20 Else |If ConpactAllowed = True return
schedul eConpact() End If Else If ConpactAll owed =
True return schedul eConpact() 25 Else Return
schedul eAny()EndBAd If 30 In particul ar enbodi nents,
schedul eSp&hd BEbr enconpasses the fol |l ow ng exanpl e
logic: (itdit = False For i = 0 to NunberOF Tries - |
whi | e Cot FFér == PattStart[J] to Baam8@gt i al (TryList[i], Start)
= True 35 CotAPldnefn] TEUGPlas€hBpat (FaddNidehnisie ((FreeX([0,ml.n] —
Start) End If End For Return GefeEXf2,»A0)N
parti cul ar ggabedi ments, set Spati al Nodel nUse, whi ch
bui | ds AssignedNodeLi st, enconpasses the foll ow ng
exanpl e fiogifiod Nodedingex = 0
12 = (i + Try.baseSize[0]) mod TorusSize[0]
ml = (j + Try.baseSize[ 1]) mod TorusSize[1]
If PartWraps[0] = False or i+try.baseSize[0]) < PartEnd[0]
" For n = PartStart[2] to PartEnd[2]
If i + Try.baseSize[0] < PartEnd[0]
ZPlane[n] = zPlane[n] + FreeX[/1,m1,n] — FreeX{[/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[/l1,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] =J;
Start[2] = k;
For cNdx = 0 to try NumConcats ~ 1 while hit = True
For m = 0 to 2 while hit = True
cStart[m] = Start[m] + Try.concatStartNode{cNdXx, ]
cEnd[m] = cStart[m] + Try.concatSize[cNdx, m] — 1;
if (cBEnd[m] > TorusSize[m] && PartWraps[m] = False
hit = False;
End For
For 1 = cStart[0] to cEnd[0] while hit = True




10

15

25

30

35

40

45

For (cNode[0] = 0 to Original Size[0] -1 WO 2006/ 05028
PCT/ US2005/ 012500 70 For cNode[1l] =0 to
Oiginal Size[1]] - 1 For cNode[2] =0to
OiginalSize[2] - 1 For i =0 to 2 jcNode[jobMap[i]]

woohisdsfoz 5 End For |f Try. NunfFol dvaps = 1 rddous2pé/or2500

Try.foldFi x[0]J =jcNode(Try. fold Fix[Q nmNode[ O,
Try.foldTo[O]] = jcNode[Try.foldFron{Q]] / Try.

f ol dLengt h[ 0] 10 | f m\lode[o Try.foldTo[0]J is odd
rNode[0, Try.fol dFron{0]] = 7ry.fol dLength[0] - | -
(jc.Node[ Try.foldFronf0]] nod Try. foldLength[Q)

El se 15 nNode[ O, Try. fol dFroi nl&O]] =

Jcl\lode[Try f ol dPFf"onf [ irépgeEmgf valblpan_tenﬁrulh[q End | f
For i 0to2n Qféll_]? tartiPieoedind( 2] PrblemiiplaE] 20 End
For El se mNode[ 0, /ITFy nfod| TdRis{z€j0]

j cNode[ Try. f ol dFi x[0]F m mddbBepSiZ{i]. f ol dTo[0]] =

j cNode[ Try. f ol dFr om] 64 mbd TomsSizé[@} dLnt [0] | f

mNode[ 0, Try. f ol dTé{édelilsselitgh12A | adlod@bNODE_NOT _IN_USE
Try. fol dFroni 0] ] Trhit # ghigd;engt h[ 0] - 1-

(j cNode[ Try. f ol dFr@nﬂ@f]] nmod Try.foldLength[0]) Else
mMNode[ O, Try.folBkd®s{ 0]] = j cNode[ Try. f ol dFroni 0] ]
nod 30 Try. fapdlpgth[0] End If mNode[ I,

Try. fol dFi xEhd Fo=Node[ O, Try.fol dFi x[1]] nNode[1,

Try. fol dTo[ gl =TNode[ O, Try.foldFronf1]] / _
Try. f ol dLengt tﬁet&'m]l“m”@ If mNode[1, Try.foldTo[l]] is

odd 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
nghStart[t] = PartStart(i]
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 = {

Lt e TS AR
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mNode[ 1, Try.foldFron{1]] = Try.foldLength[1] -
1-{mNode[ O, Try.foldFronil ]] nod Try.fol dLength[1])
El se mNode[l, Try.foldFronf1]] = nNode[O,

wO od/edsebgronfl]] 40 nodTry--~foldLnt[ 1 ] Femivs§8812500
node[i] = mNode[l, Try.rMap[i]] End For End If 45
Fori=0to2 Node[i] = node[i] nod TorusSi ze[i] End For
WO 2006/ 055028 PCT/ US2005/ 012500 71
Nodel nUse[ node[ 0], node[ 1], Mode[2]] = NODE N USE
Assi gnedNodelLi st [ Node[ ndex, 0] node[ O]
Assi gnedNodelLi st [ Nodel ndex, 1] node[ 2]
Assi gnddRodeei st [ Node[ ndex, 2] node[ 2] 5 Nodel ndex
Nodéinddex + | End For End For End For 10 In
pBnd Faul ar enbodi nent s, scanSpati al enconpasses the
f Hitl=obwmag exanple logic: For i = 0to 2 If
Préit;\WRipAMakDistdmd L] toBR3rIENd[i] El se 15 End[i] =
Par tSedHd 4 MaxbistaeesePl ze[i] + | End If End For
zPl apeSiMmmalbyhases ze[ 0] xTry. baseSi ze[1]; For i

Par t Stpgdrid NLRLERSHERS — 420 newX = True For (n =
PartEgteart[Z] to ParteEnd[2] zPlane[n] = 0 End For For

t 25 F = Part St t[2] t
Partﬁﬁ %&Htlmms‘?aﬂcéﬁl%] ¢ For n = PartStart[2] to

Hit= False
For j = StartFit to EDdFlt While Hit = False
If scanCompact(NumberOfNodes, Fit[/], HighStart)= True
HighFit =/
HighMaxDistance =
Hit = True
End If
End For
End For
setCompactNodeInUse(Fit(HighFit), HighStart)

In particular embodiments, setComPactNodeInUse encompasses the following
example logic:

node=0
Fori=0to2
if Start[i] = TorustSize[/]
Start[i] = Start[i] mod TorusSize(:]
End(i] = Start[/] + Size{i] - 1
End If
End For
If NumMapDiminsions = 1
If MapDiminsion[0] =
order[0] = 1
order[1]=2
order{2] =0
Else If MapDiminsion{0] = 1
order[0] =
order{1]=2
order[2] =1
Else
order[0] =0
order{1] =1
order{2] =2
End If
Else
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11 =1 nod TorusSize[ G nt=PartStart[1] nz2 = (mM +

Try. baseSi ze[1]) nod TorusSize[l1l] |If PartStart[1l] +

Try. baseSi ze[ 1] - PartEnd[1] 30 ZPl ane[n]: = zPl ane[ n]

+ FreeY[11,nzl,n] - FreeY[1l1l,nz2,n] Else ZPlane[n] =
‘ZQIZSW@FW]Z& FreeY[ll m,n] End If End For 35PEH{HS2R§¥012500
Forj = PartStart[1l] to End[1] if newX = False 11 =i

nod TorusSize[0] 12 = (i + Try.baseSize[(Q) nod

TorusSi ze[0] 40 7711 = () - nod TorusSize[1l] if

Part Waps[0] = False or i+try. baseSi ze[0]) PartEnd[O0]

For n. = PartStart[Z] to PartEnd[ 2] If

Eﬁ S B st 7o el

zPI a FreeX[ 11, nz1,n] WD 2006/ 055028
[ltnd | f End For El se For n =
t[2] to PartEnd[Z] 5 zPlane[n] = zPl ane[n] -
‘% n‘% 4+(FreeX[O n7l,n] - FreeX[12,ml,n]))
d" Fo tartforder| §1] tojend[qrderit] m@wﬁ&[&cﬂest&@t\lq@s_ (i +
Tr ]GH; ) mpddloresSizeBided@] nl = (j +
Tr y B%fs& eéit%‘é[ (131 tored{Feder] 1pianc fdunt kR eRaestodiNaged 0] =
Fal se d#rdexierder(l Hazio8pd EpaibSizGorar[iBnd[ 0] For n =
Par t St &pt § 2 PtartgorRen{ 2JErc¢r@d] oriiér[d]] decroyambaRe@ﬁneéeaﬂbdeﬁ
Par t End[ Ghdekbordd{ e kmjod-TarbSirsgdad 2y FreeX( I 1, nl, n] -
FreeX[ 11,Ifi®pddInUse[index[0], index[1], index[2]] = NODE NOT IN USE
NodeInUsefindex([0], index[1], index[2]] = NODE_IN USE
AssignedNodeList[node, order{0] = 1ndex[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[i]
Else
end([:] = PartEnd[i] - Start[i] + 1
End If
For i = PartStar{0] to end[0]
newX = True
For n =0 to TorusSize[2]
ZPlane[n] =0
End For
for (/=i to i + size[0]
for (n = pStart[2]; n < pEnd[2]; n++)
/1 =1 mod TorusSize[0];
ml = PartStart{1]
m2 = (PartStart[1] + size[1]) mod TorusSize[1]
If PartStart[1]+size[1] < PartEnd[1])
B ZPlane[n] = zPlane[n] +FreeY[/1,m1,n] — FreeY[/1,m2 ]
se
ZPlane[n] = zPlane[n] +FreeY[/1,m1,n]
End If .
r End For
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El se ZPl ane[n] = zPlane[n] + FreeX |1, m,n] End If
End For 20 Else For n = PartStart[2] to PartEnd[ 2]
ZPl ane[n] = zPlane[n] + - FreeX[Il,mM,n]) +
VEP 2ROV, n]) FreeX[ 11,nz2,n] End For 25 Brdvdshoeoso12500
El se newX = False; k = PartStart[2]; while k<
End[2]) 30 hit = True; For n = k-, to k +
Try. baseSi ze[2] - | while h)7(§1 = True |f zPlane[n nod
TorusSi ze[2]] not equal zPlaneCnt hit = False; End If
35 End For if hit = True Start[O0] =1i; Start[ 1] =;
Start[l%‘gd = k, 40 For cNdx = 0 to.try. NunConcats - 1
whi | e BF4FOL Trye For in = 0 to 2 while hit = True
cSt ar PR = Fagptarttll fEnd[1lTr y concat St art Node[ cNdx, nj
cEnd[ni 2v&SFdrt¢ni + Try.concatSize[cNdx, in] - 1; if
(cEnd[ nj fpewgruEadbeze[ n] && PartWaps[n] = False 45
hit = Fal sét=End For For 1= cStart[0] to cEnd[0] whil
hit = True2®(2096(0P 50AST dRGBI4689 005/ 012500 73  For i
= cStart[ #ml]=felcEnd][ 1 ] while hit = True For it =
cStart[2] (iPartmdpd)] whialkeomitStart[T) ©@aknd[or0d
Tor usSi ze[ 0] Faninl= RariStartfDto Parteadnz el | ]

If i+size[0] < PartEnd[0]

ZPlane[n] = zPlane[n] — (FreeX [/1,m1,n] — FreeX[I[2,m1,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,m1,n] + (FreeX[0,m1,n] —
FreeX [12,m1,n]))

e
n

End For
End If
=i
{2 = (i + Start[0]) mod TorusSize[0]
ml = (j + size[1] — 1) mod TorusSize[1]
If PartWraps[0] = False or i + Start[0]) < PartEnd[0]
For n = PartStart{2] to PartEnd[2]
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]
if newY = True
newY = False
count = 0;
For n=kto k + size[2)
count = count + zPlane[n mod TorusSize[2]]
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5nl =it nod TorusSize[2] If Nodel nUse[ 11, m, nl] not
equal NODE-NOT-IN-USE hit = False; End If End For

10 End For End For If hit = True Return True; Else
15 K=k+ 1 End If Else k=it +1 End If 20 End If End

EOr20060032For Return False 25 In particul ar PCT/US2005/012500

enbodi nents, schedul eConpact Functi on, which runs a

bi nary search on Fit, enconpasses the follow ng
exanple logic: HghFit = Nu rofFits - | Fori=0to2 e
. HghStart[i] = PartStart[n?T 30 End For LowFit = -1
Wiile True CurrentFit = Lowkit + (HighFit - LowFit) /
2 If scanCorrp?ag&d(f;g (ynmber Of Nodes, Fit[CurrentFit],

Hi ghSt art) 35 HighFit = CurrentFit Else

LowFi t Current Fit ,‘)ém‘l"[ﬁ |ghF|t = LowFit + |
40 Ret Ed it1= Fal se
eturn En sxzr;%@f I) mod TorusSize(2]
ZPlane[kl] 0

=i
[2 = (i + size[0]) mod TorusSize[0]
If PartWraps(0] = False or i + size[0]) < PartEnd[0]
For m = j to j + size[1]
m1 = m mod TorusSize[1]
If i + size[0] < PartEnd{0]
ZPlane[k1] = zPlane[k1] + (FreeX[/1,m!1 k1] -
FreeX[lZ,ml,kl])
Else
ZPlane(kl] = zPlane[kl] + FreeX[/1,m1 k1]
End For
Else
For m =j to j + size[1]
ZPlane[k1] = zPlane(41] + 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] =
Startf1] =7
Start{2] =k
retum 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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For i = 0 to NumvaxDi stances - | Wile Ht = False 45
If H ghFit > MaxD stance[i, 0] H gMvaxDi stance =i WO
2006/ 055028 PCT/ US2005/ 012500 74 Hit = True End If
v dookosso2dlit = True 5 For i = H ghMaxDi st ancepcy/lisdo®sd 2500
by -1 StartFit = MaxDistance[i,0] If i =Nun-
MaxDi stance - 1 EndFit = NurrberO‘Fits - | Else 10
EndFit = MaxDi stance[i +1, 0] End If Ht = Fal se
For j = StartFit to EndFit Wnle Ht = False If
scanCon‘pact(NunberO‘ Nodes, Fit[/], H ghStart)= True
15 HghFit = H ghMaxDi stance =1 Ht = True End If
EndEBer 20 End For set Conpact Nodel nUse(Fit (Hi ghFit),
Hi ghStlddxt ¥ FreeMeahliri]Rankfllenbodi nent s,
set CoifRdx +=NoctdMashfed. Rankf0jpasses the fol l owi ng exanple
| ogEad If25 node = 0 Fori=0to2 if Start[i] >-
Tor pé&itiSi grebEshBl pstaltiiNdx] QFedehMeshmTrdd[TNdsiikat énainder > 0
End[ i Jror; Strede e's m‘] S@rﬁ[ﬁi!dx]] t6 FleeRf&sikp eh(ﬁ[chﬁ!] GviiiRR dnfainder
NumvapDi 'm nsi ons = MapLQy m nsi on order[ 0]
=1 For k= FreeMesh[m].Start[Z] to FreeMesh[m].end[Z] whlle Remainder > 0

i1 =i mod TorusSize{/Ndx]

j1 =j mod TorusSize{iMod]

k1 = k mod TorusSize[2]

IfiNdx=0

NodeInUse[i1,j1,k1]=NODE_IN_USE
Else
NodeInUse[j1,i1,k1]=NODE_IN_USE

End If

AssignedNodeList{Node].[/Ndx] = il

AssignedNodeList[Node].[/Ndx] =1

AssignedNodeList[Node, 2] =

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[l]
End If
hit = False

for (nodel =0 to NumFreeNodes — 1 while hit = False
If to[0] = FreeNodeList[nodel],coordinate[0] and
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35 order[ I] =2 order[2] O Else If MapDi m nsi on[ 0]
=1 order[0] = 0 order[1] 2 40 order[2] =1 Else
order[0] = 0 order[1] =1 order[2] =2 45 End If

El se WO 2006/ 055028 PCT/ US2005/ 012500 75 order[0] = 3 )
WOREDIIsi on[ 0] - MapDiminsion[ |] order[ 1]PCE/US2005/012500
MapDi m nsion[ 0] order[2] = MapDimnsion[1l] End If 5
count=0 For i = Start[order[O]] to end[order[0]] and
count < Requestedl\lodes m:lex[,@rder[Q] =i nod

TorusSi ze[order[ Q] For] Start[order[1]] to
end[order[l]] and count < RequestedNodes

i ndex[ or der %§?%éi§ze({1§%der[ 1 io For k =

Start[or d P ; Hdinae(ahand

Request ed
To?usS| ze[ FIS heasedinateldk[ O, index[ fl,
i ndex[ 2] ] fxe de|-wpRankigdeda Use[ i ndex|[ 0] ,
|ndex[lé Hihadx$2]] = NODE_IN USE

ndHelLi st [node, order[0] = index[order[0]J 15
Assi diwdeLi st [ node, order[ 1] = index[order[2]]
AsEnghetdNodelLi st [ node, order[2J = index[order[2]]
node= node + | End If End For 20 End For End For In

part iIo paaiculanioodbdiains, sdeailGONRAGes @1563 RIMPASHLExahlMle structures,
25 Fori =0t
1%'01'1 %rvg &hngd % rr.ptjol?ows tg aﬁocate 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
infeger  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  concatStartNodej2,3]
integer  rMap(3]
integer  irMap[3]

o




If PartWaps[i] = True end[i] =PartEnd[i] Else
end[i] = PartEnd[i] - Start[i] + 1 30 End If For i =
PartStar[0] to end[J newX = Trug For P = (()ito_ _
3¢l 2] ZPlane[n] = 0 35 End For for (periusiodsbizsoo
W§Qg(i%§§t0(§)] for (n = pStart[2]; n 5 pEnd[2]; n++) 11 =1

mod TorusSize[0J; ni | = PartStart[ 1] 40 n2 =
(PartStart[1l] + size[1l]) nmod TorusSize[l] |If
PartStart][ 1 J+size[ 1] <-8PartEnd] 1 ]) ZPlane[n] =
zPl ane[ n] +FreeY[l1,inl,n] - FreeY[l1,nt2,n] Else
ZPl ane[n] = zPlane[n] +FreeY[1l1,nzl,n] 45 End If End
For In{gge 0061056l ¥BpPCT/ US2005/ 012500 76 End For Forj
= Patagst ar fqldlength(Bhd[ 1] newY = True |If newX = Fal se
5 libteger 1foldFrom[X si ze[0]) nod TorusSize[0] m=j- |
| f fReeeW afidD}(2F Fal se or i+Start[0] S PartEnd[ O

5 Forinreger Pardi@tiafAi[ 2] to PartEnd[2] 10 If i+size[0] <_
PawdtIomdfuly] ZPl ane[n] = zPlane[n] - (FreeX [11,ml,n] -
FreeX[12,nzl,n]) else zPlane[n] = zPlane[n] - FreeX
[ 1lonBarkedldr efbéMillentsy sBRAUfEPT515 uses a FreeMesh structure to store

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]
mteger  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.
« NumFreeNodes: 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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Else For n = PartStart[2] to PartEnd[2] zPlane[n] =

zPl ane[n] - (FreeX [Il,nzl,n] + (FreeX 0, nzl,n] -

FreeX [12,m,n])) 20 End For End If 11=i 12 = (i +
Start[0]) nod TorusSize[O0] nzl = (j + size[ 1J - 1)
WORTSo2Si ze[ 1] 25 If Part Waps[0] = Fal se OPCT/US2005/012500
Start[0]) PartEnd[0] For n = PartStart[2] to

PartEnd[2] If (i + Start[0] PartEnd[O0]) ZPl ane[n] =

zPl ane[n] + (FreeX[1l,m, n] FreeX[ 11,nl12,n] Else 30
ZPl ane[n] = zPlane[n] + Free8>]<[ 11, nzl ] End I f End

For Else For n = PartStart][ 2] to PartEnd[Z] 35

ZPl P

CF St %I”aigpgg([qcf G B B htchyblscs gpr gy ap prder more
El se*“ﬁd’ﬁtéWK “Ft%ﬂ% End If For k = PartStart[2] to
end[I%Lerséﬁor&m%[ﬂ Tﬁruﬁw@@%f%?@m aﬂgiéaowml sutPat dodes 115

N = derdf rdfurdiin®! 18 €hidler fAHANenenCRLHe 13 | ane[ n nod
Tor L L e e 3005/ 012500 77

End MepMapRimesiongn mumberefrdimensipisgpedified when gqing-frpfa a,switch-
si zefagqd torup)to gwederioase toois: @Psg}ble values are one and two.

. MapDimensions[2]: indices of dimensions modified when going from a switch-
based torus to the node base torus.

. MapMod[2]: multipliers used when going from a switch-based torus to a node-
based torus; possible values are MapMod[0] = 4 for NumMapDimesions = 1 and
MapMod[0] = 2 and MapMode{1] = 2 for NumMapDimesions = 2.

« PartSize[3]: size of a partition.

. PartStart[3]: start coordinate of a paﬂition. _

. PartEnd[3]: end coordinate of a partition.

. PartWraps[3]: PartWraps[i] = True if a partition wraps in dimension i.

. NodeInUse[TorusSize[0], TorusSize[1],TorusSize[2]]: NodelnUse[i,j,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,j,k} through {i,TorusSize[1]-1,k} inclusively. A scan
routine uses FreeY.

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

« NumberOfTries: a number of Try structures constructed for a spatial request.
. TryList{NumberOfTries]: a list of Try structures for a spatial request.
. NumberOfFits: a number of meshes constructed for a compact request.

»  Fit[NumberOfFits,3]: a list of meshes constructed for a compact request.
. Fit[i,0] = size of mesh i in an x dimension.
. Fit[i,1] = size of mesh i in a y dimension.
. Fit[i,2] = size of mesh i 1n a z dimension.

. NumMaxDistances: a number of unique maximum distances in Fit.

. MaxDistance[NumMaxDistances,2]: a list of unique maximum distances in Fit.
For any 0< i < NumMaxDistances, MaxDistance[;,0] = index into Fit of a first
mesh with maximum distance = MaxDistance[Z,1]. ' . :

« NumFreeMeshes: a number of free meshes in grid 110. A free rhesll is a mesh
including only free nodes 115.
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5 zPlane[kl] =0 11 =i 12 = (i + size[0]) nod
TorusSize[Q If PartWaps[O = False or i + size[0]) 5
PartEnd[0] For in = toj + size[l] 10 nil = in nod
wboiowessseg[ 1] If 1+ size[Q 5 PartEnd[0] Zﬁbﬂﬂgﬁ%hJUﬂm
= zPlane[kl] + (FreexX[11,m k] ] - FreeX 12 m| Kl

El se 15 ZPl ane[kl] = zPI ane[kl] + FreeX[IIl,inl,kl]
End For Else For in=jtoj+size( 1] ZPlane[ Kkl ] =
zPlane[kl] + Freex[11,ni 1, k8 + 20 (FreeX[0,in1, kl] -
FreeX[12,nml, kl]) End For End If count= count +

zPl ane] ki End If 25 If count > NunberO Nodes

St aFicE csh&ﬂu"@%ﬁl\t{fsh]?s]:’q\n ar@tyarf Ffe@Mesh ktruchesur n Tr ue

35
gg %}g}gﬂgﬂédN%ggﬁlglﬂF %u%ﬁg%ﬁ(g{es 3En29114: i ng Agfs Il F? :riss e({ E)taujrog 115 1in

enconpasses the foll owi ng | ogi c: Node = O Rerml nder =

Req@ﬁég:g géné}l? Eg et g’h uchtag I{.\]Eﬁgg ! Sch mayebe further

Remal n rnj.
op¢iplle l\ﬁeswf[rfw}'mm{eﬁ] check-pointing. Restart dumps typlcal]y comprise over

seventy-five percent of data written to disk. This I/O is often done so that prbcessing is
not lost to a platform failure. Based on this, a file system’s /O can be segregated into two
portions: productive I/O and defensive I/O. Productive /O is the writing of data that the
user calls forto do science such as, for example, visualization dumps, traces of key
physics variables over time, and others. Defensive VO is perforrﬁcd 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 (V SAM) files, flat
files, binary data files, Btrieve files, database files, or comma-separated-value (CSV) files.
It will be understood that each element may comprise a variable, table, or any other
suitable data structure. Local memory 520 may also comprise a plurality of tables or files

stored on one server 102 or across a plurality of servers or nodes. Moreover, while

illustrated as residing inside engine 130, some or all of local memory 520 may be internal

or external without departing from the scope of this disclosure.

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 utilization,” “memory utilization,” “temperature,” “physical
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j Ndx = Freersh[na].Rank[ 1] Else If

FreeMesh[ne].Rank[ I] = 2 45 i Ndx =

FreeMesh[m]. Rank[ 2] JNdx = FreeMesh[n].Ranlc[( V\D

2006/ 055028 PCT/ US2005/ 012500 78 Else i Ndx =

MY@ewpeitPs . Rank[ 1] jNdx = FreeMesh[m. Rank[l@jT/USEm/mzsoo
If 5 For i = FreeMesh[m . Start[i Ndx]

t oFreeMesh[rn].end[i Ndx] while Remainder > 0 For | =
FreeMesh[m . Start[fNdx] to Fgﬁel\/eSh[n] .end[ f Ndx] while
Remai nder >0 For k = FreeMesh[nm . Start][ 2] to
FreeMesh[rn].end[2] while Renalnder > 0 i = d

i o
Tor usSi z =
9RgHOm O a@%?sge[ %Potu iohagkgs ad Gl Z‘[‘ﬁ[ “fr“‘/i%fskr“k‘:hf‘ gch. record
n%gvfl}l% Lk, s&hsorm Hogeler '\EEJﬁeﬂdsl Ih,dfk enbediment, the physwal

N-USE’ End |f Assi gnedNodeLi st [ Node]. [i Ndx]
eyl gaepiyiiela fg[equd@g]to ijxq(b{q]tat&e, Jsuq_h as, for example, v1rtual llSt 522.

Assi %%&Eg%? %ggé %@%ﬁblﬁﬁh SEOT lgégall\&dﬁrtualm%g'ém%nt Effé’rmatlon

For Ei I'n particular
abom@diereltt syirsiet lidpisSFanmaydeaonyltidsemsivhd datl stroefurephat includes at
l!@wf) c%)r&{gmig (rggrﬂl? e[lﬁgg gtoro 6}}Re(hlf ]ltnﬁe\giugdler%drd ]matngcgllde:ﬁelds such as
“06&d, grreeiNasiibi s tjabgdeyvirthhl cﬁ@tef 0[‘@kcondary node,” “loglcal location,”
Assi gnedNodeL| st] node,

“P@T[lMi’é’ %”n‘%ﬁddﬁ{'?}f] It_wshlséq gﬁ%ﬂﬁmge?ﬂgg%gpds may mclude none,
S%Q,Dblnﬁpéf} e [eQAdlplé fields. In one embodiment, the virtual record may include a

link to another table such as, for example, group file 523.

Group file 523 comprises one or more tables or records operable to store user
group and security information, such as access control lists (or ACLs). For example, each
group record may include a list of available services, nodes 115, or jobs for a user. Each
logical group may be associatéd 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, pre.emption, 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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MapMod[ O] to[3] = AssignedNodelLi st[ node,
MapDi m nsion[0]] nod MapMdd[ 0] 35 El se
t o[ MapDi mi nsion[0]] = Assi gnedNodelLi st [ node,
WG BIek/Msesi on[0]] /  MapMobd[ 0]  to[ MapDi mi nsi qitrAlshodsor2soe
Assi gnedNodeLi st [ node, MapDiminsion[l]] / MapMod[ 1 ]
40 to[ 3] = (AssignedNodeLi st[node, MapDi n nsion[0]]
nmod MapMbd[0]) x MapMobd[ 1] + AssignedNodeli st[node,
MapDi mi nsion[ 1]] nod MapMod[8#] End If hit = Fal se 45
for (nodel = 0 to NunfFreeNodes - 1 while hit = Fal se
If to[0] = FreeNodeLi st[nodel ],coordinate[0] and WO
d24106¢ ObE028 pHIGEr LS2Q AL HidARany Mnﬂﬁf tihclading zero) of jobs 150 or

node I coordi pate and tof2]
reg“r’eé‘&%beé‘f_ HE d&4N ec‘B’&r‘H‘ie\Heaé%s[ 32][50%1%8 d with[ggid HO or ‘a plurality of
q‘ﬁnaemq Q«hthséakm gd&ﬂe] 530058tifal /i bne Fmﬁé\lgfﬂ.ghé %ﬁ&gpéﬁsérs 220
npi Rank = node 5 Hit = True End If End
Wﬁ@mﬁﬁdﬁéQtlcular enbodi ments, schedul er 515 uses the
; ol llg%Q gsﬁémlggraa?%ﬂ %O ﬁ%ﬁ?%gemn? h ar e erfechg\geds _]gé 150, made
upg @gé‘f It‘ﬁ‘gﬁl velhely GOOPecdtwsb'esolvmnagehbm bgn@rfibenﬁ@Ocalculatlons and

t of FreeNode stru res to
SR 830 | | bt pal BN et T P N padsgdds and
asaghs pavti et tblzB\I amltabine padticut hesdd! 1130usidd) ahy Quitdbll kechnique,
has rdinates. identify avail abl e nodes 115

3itby FIVARE Fe 1oblEEre b rolved sBioiondy o die GtTEte, Qi gpmmagement

- englneeadoledy 561526 568 pardRkfRAN Kucﬁ’lezfs%ﬁ thskl ﬂﬁ&h{égt st%ééﬂfc Elg?p?ied by

FreeNode i nt eger coordi nate[4] ~ i nteder
thespserc Rgeardless, Chistsamanagement evginsdl wsattemptsstomgmhtahe Bachitecture

of' Lﬁ%ﬁ%r QOFOkﬁ,cﬁ%%w v‘d%s rt?%[x%k@ro%nargu %d{’l et{1 ulser and likely

ds one di nensi on and nmensi ona spa
mpw@@@wye@l thrcughpat feosydtem 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.
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i nteger foldLength 25 integer nunfolds integer

remai nder integer foidD nension integer

fi xDdi mensi on integer oneDi nension 30 End Structure
In particul ar enbodi nents, schedul er 515 uses a Try
worYGs0e8 t 0 store informati on on neshes userCT0$2005/012500
scheduling a spatial job 150. A Try structure includes
informati on on a base nesh and up to two concat enat ed
meshes. 35 Structure Try intgger baseSize[3] integer
nunConcats integer concatSiZe[2,3] integer

concat St art Node[ 2, 3] 40 integer rMap[3] integer

i rMap[ 3] WD 2006/ 055028 PCT/ US2005/ 012500 80 i nteger
nunfol dvaps i nteger foldLength[2] integer foldFronf?2]

i nt eget FioBpHed 2] clbstérningsipembs! %ni%[ 230 aff6\dteStN URHLY €15 in a
u

In_partjcular enbodi nents, sched 515 uses a _
sphedealmaiime; o exareple.che fie ask ey hiermiced in BiA cprtetiageili S of the

s&'énle‘im?ﬁl@wq'g@'olf af tQ%ka gﬁalcé& b& QH&és Ngs seDGRitShe §éléeﬂ'i§b%§ 115. 1t

FreeMe to sc any" requests. ructure
witk b@ll@smtoqdrth@gbfr plsc@netnf al]der pfithe g@nalmng i8ks isinot &ygeally critical.

i i, B AP A e st RERRE YRR S S o

effisient]y hzfndileslal lan@em@sexapmb&nmafhea&daﬁ& 2 RQoifiuditate with the first
a%% i ned a faoll to all ocate nodes 115 to jobs 150. '
¢ ghot Sr nunber of nodes requested for a job

150.

Random - cluster management engine 130 allocates N nodes 115 with reduced
consideration for where nodes 115 are logically or physically located. In one embodiment,
this topology encourages aggressive use of grid 110 for backfilling purposes, with little
impact to other jobs 150.

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

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 accbmpany'mg 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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Request Type: a type of job request: SPATI AL, COVPACT,

or ANY. Original Size[3]: if RequestType = SPATIAL, a

size of a job 150. AggressiveFlag: a floating-point

walibessshgt ween zero and one indicating a degrigausgfsai2seo

| eeway allotted to schedul er 515 for purposes of

al l ocating nodes 115 to a job 150. JobMap[3]: if

Request Type = SPATI AL, a mappi ng of indices of

Oiginal Size to an order e suitable to schedul er

515. RequestedSize[3]: if Request Type = SPATIAL, size

of a job 150 after scheduler 30 515 has applied
thestoidapther AppridBisz e[IBhs, tieswesaffwage ingodld mpy tieqlyds afy suitable

ek L o SRS AL e R AR A2 o

150%%&3% ethé BperaGhRAthé Griouk IIREINGEE friogh Nt be ediabimed and/or
list of nodes 115 avail able for schedul i ng passed 35
separated @b BRIIPRIFAIG 15,  Spatial Al l owed: set to True if
sp kx‘%iRlisqli]qglél AOGcRk PYEthting GANBARIPA hewRd :608ebr UPnamically
3@ I T conpact sc%edu 1 ng mFI owed. AnyAl | owed: set
protftssfﬁg agobi #ubansslwh@émrdme atithowe gmbpdinrob el s rpsent disclosure.
PCT/ U 5 0 % o8fsub
CofSRICRRE) £ 8, Rl I RS AG s
dyrﬁﬁiléa&l9|aﬂobﬂe§ﬁdit&d ullérinilb jobl space 23T bases Mupfh8)job aarameters and

i nverse.of Torus to. al t put, nodes11
asspdpted @olllcégcuf%ﬂ ﬁ@g/?ge%t%%é%ﬂﬁlﬁ‘é‘ge ﬁtll %ﬁ 8' Srlfécelégh g)llowmg
desBHPARAPIIIRS idNGe JperibiBh o@fcltﬁtdﬁﬁﬁhﬁiagﬂﬁem&m@mmﬁ‘iﬁﬁeﬁomg

going froma switch- based torus to a node base torus

method 69! e Bméﬂ qyétgmaflgo geatempiptes,Bsing B CROREAPEIALSH gc[nQITmatlon and

S & lity,
oSS LYy B E0 TR AP TS, e i

S0 hsugw; mblfmosouaiejdrmm goropgiafer om a swi t ch- based torus

%&08]609 %g?r%f%%téﬁé(g%wtfér SIE[E? _r%e?llBgﬁet%g\eeM(gj[ 8]tbm15310n

15@ ﬁ@ﬁmdz_l Mep Mydefektribed2ations, ihimkpibodirsino it use2may submit _]Ob 150

Part S f tit
usipgehant bl cngmotbepsmbr R, thepsRIRER BT ehd o el YR HPC
ser@% r B2P3GE ! hOfep &, éﬁ?srtér\%ﬁféé&ﬁént gt WseRsletts groupr 383 based

[ partition waps in dimension i.
updio cte| ustss ePToy theQisge jsoyertfisduelSiteremanagrertsaeing| BP] compares the

WS f erstood tha

oo S PRRh o chRNCAA AR PR 4209 Bt

clubter mlaﬂiglehﬁht j:rcggnel 51) ma&l@EaIN@igpM@ldﬁEse@mmtddedmfﬂue to verify the
avai |l abl e),, an

usefn @,arseg@p@ ﬁptﬁgnws«a gg)u?g\liﬂgl séerg%a&age et Snging ki) cﬁ:termm%s if the

user has access to the requested service. Based on the requested service and hostname,
cluster management engine 130 selects virtual cluster 220 at step 620. Typically, virtual
cluster 220 may be identified and allocated prior to the submission of job 150. But, in the
event virtual cluster 220 has not been established, cluster management engine 130 may
automatically allocate virtual cluster 220 using any of the techniques described above.
Next, at step 625, cluster management engine 130 retrieves policy 524 based on the
submission of job 150. In one embodiment, cluster management engine 130 may
deterrﬁine 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

[P v
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20 150).

FreeY[ TorusSi ze[ 0], TorusSi ze[ 1], TorusSi ze[ 2]]

FreeY[ij, k] indicates a nunber of free nodes 115 in

line {i,j,k} through {i, TorusSi ze[1]-1, k} "i nclusively.

WOemssmeput i ne uses FreeY. PCT/US2005/012500

FreeX[ TorusSi ze[ 0], TorusSi ze[ 1], TorusSi ze[ 2] ] :

FreeX[ij, k] indicates a nunber 25 of free nodes in

the line {ij,k} through {TOI‘%ISSi ze[O]-1,j,k}

inclusively. A scan routi né’uses FreeX.

Nunmber OF Tri es: a nunber of Try structures constructed

for a spatial request. TryLi st[ NunberOf Tries]: a
dimgngtons f may yl%qqeul@ngjhew%r h%\glzipaf a8y qt*@qw@moxmate parameter or

C r
Ch%%ﬁ%‘g%? 'rileqc%%%dt%eﬁlglgmé t'gg [ﬁﬁgf[.} l‘b]cfe?é?m;r@ thé‘%p%pmpnate
jobmepdves2ioftst subst ed rfodes d15)owithot vurfequelg;ter 22(Fi tAfker Othe Snitial
parafne?%% havnPbeﬁn gs&ab&iis%@n ép%hrnggﬁa‘gg?fm léi)ta&érg?tlﬁ éc] %ﬁzecﬁtlg icﬁo }50 on
HRQ ferfer2 08 i@ &S 638 throighdésx Di st ances a nunber of
uni que_ maxi mum di st ances in

Vax Brstesiitoapinei e bi @P%ﬁc@gnazrme% ?qggte b0 dgtergipes if there are
enGERH dVAMBIE RERB SR dche fihd desugcpfobéFé/ e@SQﬁxsingﬁhe parameters _already
NumvaxDi st ances, MaxDi stance[1 = index 1nto Fit of
estgblishedt If thase, avel nof enaxpinmadesi btSatien dugierxiDhragament] ¢ngine 130
|
de f%%ne%\&g:égg{e%gag%ﬂ%ges%lbﬁeé 2."‘5'16"8? Iﬁ%‘%‘g H %evul}Fagf Igﬁl?téare 5%(9:% sgep 640.
Thed, Sclusid i8R 640G 62gndCIV &MQ&SA@].Q)SGE) qué?-ﬁ 125 until the subset 230

i EFRHELN L ASa ORBaNb IS eb PRl JBL BT GTR L Onge there ar

enbugi nddes NDXIBAKIIALLE, tﬂﬁl&ﬂ@ﬁ&dmhﬁ éndr® Bngidd130Ndyn Mﬁlcaﬂfﬂﬂgtenmnes
order. d uster managenent engl ne 130, such as throu

theseptirpiP i1 230 e aailaple padder 1 Balpien 630 Jt vyl pepadsy pod tha
the€ bpligh@niubsiiesio- RAY Vel MBermBast &idg qmﬁprt)%/r@dt@% efia, mcludmg

conpri se over seventy-five percent of awitten

fasggst jprocesfing timg, mestorelighle dodes b, tiysicadrascdrenl decatigns, or first

avcrﬁpatble! r?cﬁites ? aap Lt@%é?ﬁé %{sgeg Igt%elgg n%%? g%/\ugem 3t0rye ts Qhé hc—lztgrmined

syst em O can ons
sulpﬁeo e fnomethﬁ Is€lectad vitwhlecisstere220. ONex?r atdnpt 66@3 clbftér management

enlilf i ool e "B et @RS rAEHART bife o s ubset 230

Adch@agStoadne &ﬂibodﬁxdﬁﬂ)bﬁis% niéﬁﬁ%e’ﬁﬂne SnANELI3 o inhE cha@F@I the status of
others. Defensive 1/0 or med to manage a

nodsshiSap ivaaF tinledik 2 2afrarm s gnaliogsiad tgepllesatedt- Pnapesubset 230 has
beépsﬁ;rébr[b%y alldcBeh £a584 n:Hng A Che%%‘ b%%xt%lalr%s\ﬁoﬁ §54' Gestep 665

ime and risk 1nvolve
usxmgtthﬁr arllongted epash hased on 3k job posmeteswetyicEdPolionfit4, sed any other
|caI Scri ptions a a structures) of a

S‘”t*} aﬂ?%? i etatt ggérgpng PR FHES TAREFIREBIgRG 280 may

coﬂimtmhﬁtesdrwtﬁdwise prdsentdjol réﬁﬂlﬁ§|16@|to tHe ds@Qi Ectl ex@dpR, results 160
storage operable to be defined, processed or

mayche fpamatied Byd Rigremiad te fhe useirda GEBr28xanpl e, | ocal
Me MG URED1 ITRYa BOGRAAS A1y ad B SR tRAR4PI0B for dynamically

backfilling a virtual cluster 220 in grid 110 in accordance with one embodiment of the
present disclosure. At a high level, method 700 describes determining available spacé n
virtual cluster 220, determining the optimum job 150 that is compatible with the space,
and executing the determired job 150 in the available space. The following ‘description

will focus on the operation of cluster management module 130 in performing this method.

e vt e R S P
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Mar kup Language (XM.) tables or docunments. The vari ous

el ements may be described in terns of SQ. statenents

or scripts, Virtual Storage Access Method (VSAM
wobheosih@t files, binary data files, Btriey fbifzﬁt%mlzsoo
dat abase files, or conmma-separated- val ue (Cfngt{ es.

20 1t wll be understood t hat each el enent may

conprise a variable, table, or any other suitable

data structure. Local nenory8%20 nmay al so conprise a
plurality of tables or files stored on one server 102

or across a plurality of servers or nodes. Moreover,

Bmh [ dsew1th | th@l strm@dﬂasscﬂaﬁs Isy}dtdfiﬂ 100S EierBpGies leﬂaéoanysﬂfﬁopnate
Srpall % al (genoé¥l % be internal_ or

& Pé‘?hé‘l CRATFMER) A t P Figa)s plsmcnineinplempentioe sames or all of the
d&msﬁ&n@uaﬁmamg [l Tustrated | ocal nmenory 520 includes
physical list 521, virtual |ist 522, group file 523,

pol i Mpthod 08 bogins at step; 766, whergeclBRS. szugq:mmhldngmndBO sorts job
qhéde%sg raf @&d ulldsggl%h e%w%ntg g@atbf'%nl nrc%llelliltgeenlglolfqub S t%e queue

structures, i ncl udin ajo
5% basedion thivpragrity nﬁjobfs rl6fnstohel motbp qualke 3i5i SBLdIlS@ilDBdJﬁI&ierstood

lgg lﬁgtlgxlsrﬂ%lg grpe ] l E‘lgatyesgg?éulrellﬁl{, ‘n{; %%ﬁ% |c|h£1rsa<t:terlstlc

sumnhzgelma;iprd)mfaw ambptml §doLE0 WAMBe Lldeuted0 NRRRY Sit GRD 710 cluster
mul ti di nensi onal data structure at

|ist
rqah%qeglggt erﬁu}/q Egosﬁetsrﬁx@nq:se@srl}gumlrférofn%@gaqqgodq:so}15 in one of the
v@malrmbsﬁers DB@ oL ie) clﬁs@&%zgxagaﬂedt %ﬁbﬁ&@%f)'u‘? facisds&'&&mme the

'node, avallablllt processor util

N“Wféﬁoqffvalﬂf}lﬁlq poges 43 I gmg hiSeerainuang, ohe ‘op mese oﬁhrtW:D clusters 220.
AZQ&Q@@% E%ilés?&%ﬁaﬂo g&%&ﬁ?%ﬁglﬁé qgg%&g%ts %:;’st | ji%: ?Ed) %ir(])ml[l)%orted Jjob queue

dress, I mages, " and
51@1 dﬁpgt glgx,;telt tmanagaxeht engoer B0 dmymhdaﬂy ldid&nﬁﬁﬁ@ theSépiaum shape

|.d nbodi h
(09 th%} hl ensx%ns $ gglggtec? {ﬂtb 130 (fz 7%6 P S)I%g? 8}% quxg;{ﬁ ngiﬁ%:)ﬁ &menswn

_ oﬂsalebted J(fbuKSb 1ﬁ6¢teﬁrﬁﬁec§—‘ #RABluSter Mahddélent én%tneﬁ%g detl\;[hﬁﬁlb@xif it can

i.s operable to store |ogical or virtua
bﬂ%kﬁ‘iﬁ’g’ﬁ‘éﬂtm fsragprertinte yirtusl elpvien 22 de steps 825 throughid#s.| i st
522 ABdecRfordl Bidp t72€i FRAST AR pe g%%@er?%ﬁé"i%(g rdgtrg}'rgﬁgs if there are

i ncl udes at | east one recor
e“@k&thb‘l‘dés 1{havajlaple fat the sdloster mbyl SOndr thatee zire&hcighwaﬂlab&snodes

115”91@1(? at ar@yﬁoéa&%r rh%.réé?r%egt %8%\11 %l(})a)t/nlé%llca Y a?ltosartés nodes 115 for
the s@lmb@i jobi 1I50tl§smg aaly chppioprits techhiquk.| IFobexdnle r&ﬁs&‘? %anagement
t hat i n¢clude none, sone, or al

h
enEg 1353%&91 et Sltﬂ-‘g’?“quﬁ drserikesn FIGMRE 61 ey ¢ttm| 735 cluster
mirﬁgéiﬁéht RBYiné 150 #é@ﬁcnﬂateé@le lNlﬂnlﬁ)e% 8f %ﬂaﬂ%ﬁ@r {l@st{b %g?ulﬂf &uster 220.

for exanple, group f
Atc%??p 4G ekuston ananagement enam‘: 430 @xecmmqobl s 50 ar dlolcgted @odes 115.

r|t i nf or mat.i on
a ggtg%&tﬁg%stbreg{i %# ?erclctt)%)& g{ere .&%treﬂg%‘hﬁ?@s 1i§gﬂ selected job
150), ¢hep. cluesten nchnagymdnd e itk 38 seiests t néky ]f?ti B0l if tIREoMbE f5br queue
szg g % 1%& ?EG jobs,  for a user. Each OElcaI group may
At step PIRcessing %@gsn@sge;g pg@p I wil fhiet undgrstood that while
illeteRRE 8RB Nbop, %hﬁfeplggﬁﬁ en@n@éx%%gf%fség% g{ %H? exgcute aﬁg terminate

ot her coll ection e or
thestaehmiquey dlvstratedn roethadiOnit ateappadpristatime par t of syst em

1005 t t |
oooFIGORECCR | bl gl Gt oheeL TRy dpamicay
mahbing $aikre/af h dloﬂ§ Q1S dghid 116 i QecordiRcO RithBHD embodimens of the

parapeters for job execution. Further, group ta

Pr‘i%ﬁ}} slosreat At dchigh levebrmethed: §0Qideseribey idetermining] thst sode 115
220 or with one or nore physical nodes 115, such as 20
nodes residing wthin a particular group's domain.
This all ows each group to have an
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i ndi vi dual processing space w thout conpeting for
resources. However, as described above, the shape and
size of virtual cluster 220 may be dynam c and nay

change according to needs, tinme, or any other

par 00@e58028 Pol i cy table 524 includes one or nBCEUS2005/012500
policies. It will be understood that policy 25 table

524 and policy 524 may be used interchangeably as
appropriate. Policy .524 generally stores processing

and managenent information aﬁgut j obs 150 and/ or

virtual clusters 220. For exanple, policies 524 may

gﬁclude any. Nunber of paraneters or variables
piledh AROMALGsHIY MeERTRing dob Frcewng mnd wranegement tindaeplotisg the failed

et Wi a $4864dry abdo E.eth S ~ 115 .0or
virtual cl uster 220, angrﬁsuc e 1d 6% &E%Si tlérigmﬁ focus on the
opejaes ahelysteymeanagernant encslutecidsn perfprabisg iOmathadt Bag as with the

t4 I eue, 525 conprises an o
AL SR 00 oGN3 Rl compinacion an
aﬁ@@@i@smsgimgeusa@?ﬁ.@%&ﬁa@g sclﬁ\}% n%@ﬂl&?aﬁ@?e%%}mea,ﬁn%iosiality.

oln I I , T0r SsSto an ] er I NCl udl n Zzero
or | o dElHemn? ot Spa Rt Yoited @bsier e antynBBe dAG determines

 tigiseiode 525 RS IBitddat ad ddsthbedr dhvd 10uQE, ﬁxaﬂ%éé\(/xwl%ﬂlte%%igé 130 may

queues 525, with each queue 525 associate
detqemingthat anode A{3ihps &iled tusing @Csuitable Heahnigued Fbi Gxamplen cluster

RS ASRAE Ghoi j 2 man nt engine 130
; ec% i Vesﬁ}gélgé i%gs{amgrhoggé gf§ ﬁ(rt zgg:&% gl\%ﬁ? 8{1vano%s times and may
detsopiar &hat nedeyl ISday daitedpirasdl wponhijie pek fod aFespgnse from node 115. In

QNS an exchangi ng i npformati on. d uster
oAAHSL BB SRR LY R e oSt nd

lamksofgtiss €babtbedt” ey Mdi@Sksodd 195 ealake! | Sigk@rat rk@e?)e 8#d.2cluster
usi n thereby allowing the ’

a sui t.abl e techni gque )
Bre sl Pl Dorepuayes drer ek Aedsy 11 FEPmeyisigl @uster 220. In one
embodiineht, BRAGAAREEMAN BBEE 10 FR) HBYe'thd b€t e 115 in virtual
neters, such as job task placenent strategy,

- ar 143 29 << : 29 .
- “g‘lﬁ? Ifogy “ahpcatedydo (iiled”. Relystemeragemehtienpime 188 Hegeieenhines if a

iOBNHONE ad3BiafRl baiPhS |0ty 1. rehi tur of .
Kserver 102 V\ht“iﬁch | %& ? %ﬁﬂpsf%vdleélg{s%m@hsgepq%ﬁg kltheefe is no job 150

assoeiptad guicnode 15 nbe prrcessing dridkelAs deseritied\uB6vd, before processing
I n one enbodi nent, .

er throughpuyt for tem 100.
o Fster ARBUENEN, cusfts 40561 vsimuBrdee s gt message to an
adrhinBoratos Sautchatitaite detkirhingd G RipHcB@eAiOndiRY1 B, drNf other3 sl:slitable
or

fol |l ow exanpl e topol ogi es: Specified 2D (X,y
PIOREsng) 1P thggiiisha jobs V50 assapipted avie thenfsilec s ity then the cluster

m@ﬁéﬂ;@fn@ﬁt én@in%h@O%E?eﬁMﬂe@ ggﬁL AN ﬁ@sassg%ggagé;de&}{h the job 150 at step

preserving efficient nei or to nei G

8 oni¥eHi alatioroblS, Thistes proigdaredt eugind by killRielg €50 an all appropriate
84 Ve ot ) 50 where it is.20 desirable that.the

O L R extallS, e St it e 5 Blkghiob command
ort oo hmgpthet lappvopgate ttbehnéfueper aid Héb 186K SNkt aPRtehO85d Ltuster

communi cate frequently wth nelgﬁbpr t asks.  For _
MAsASHRPY  engine el ifeds-alicates ingdgss 11 uging xvisteal disteR2i oFor( @sample,
clésterzhatMigbrher® @ngink 881K, | For Bestidfit . ‘

pu?‘rpog%ﬂg, 2D gglnocat i@%éh%gge g%goﬁ?%lf 82&9 ?Sntlos iy virtual list 522
frem mahedatsd? to Vipwalileblgt. e Sncwithng jobelidsi e Némbigitghhet all @ppropriate

' €0 nipcatjopns. Custer nmanagepent engi ne 130

noRES 9P 8GRI T Ll RBR mopeil sBEPT 1150 AUmeRgp ohareette th
jols hapesingavaiiyblOnddeall 8 irfteps 895 1BYGEAN®, @ 2X2x8  box

may be al]ocated within the available physical nodes

ver thtsien 8§35 Fluptgy magggegieplengine 130 retrieves policy 524 and parameters

for the killed job 150 at step 835. Cluster management engine 130 then determines the

SESIPRTRNPRNST UL SRS oo
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Best Fit Cube - cluster managenent engine 130

all ocates N nodes 115 in a cubic volunme. This

topol ogy efficiently handles jobs 150 all owi ng
wORRhXbg tasks to 30 exchange data With ap,ebLbRN12500
tasks by minimizing the distance between any two nodes
115. WD 2006/ 055028 PCT/ US2005/ 012500 85 Best Fit

Sphere - cluster managenent engi ne 130 allocates N

nodes 115 in a spherical vodune. For exanple, the

first task may be placed in the center node 115 of the
sphere with the rest of the tasks placed on nodes 115

optimuro wulskien2B 0t dfaodaritiSrin RRER1 didder 220, & sV@F|8|40,bl5’ased on the retrieved
at. the placenment order of the renaining

LindeEZQ‘Zf oo%&i]h

PSR S0 de JOhipaEaeiersr | Opeaatthe subspts 23Q | eagles iy has been
b iRz ok : i t [ B

et ek sl BLARE R LT I Bl Sy S8 We Quiser 230 of

negdes Jl o1t sieR SAerEortexeiiple clustyr ouragenienhesging 1 BO ke change the

sthil 20 ; N hother. 2. 1 dom -

443 b BT 4 U S0 B0 o 1 BERER o i e

ungetstpoddhial ¢hisl subsetrod nddasaltl 5 ammyfberdi fikrehterom® 8Roribifl &ib8et of nodes
| n one enbodi nent,

| ogi,c or physical ly. | ocated.
thy ﬁ?g D %dp)(gxfagg?(&é ‘@gu?“agé: T £ofgmeles cister Jpanggerpent (enging 130 may
ddtamitkadisf il diffargntPsibROSESnodss i obtihhl BecahddP, LRaQtdy

obs 150. 15 It will be aoddh i obtih thac?"th‘zfc%ﬁ’%éig fifilre tha

pIJPB]BEﬁi& P éée%‘ﬂan-aéfbmeplée@wtﬁrpmamempg engime 130 may have
detdrinkifld 1Rt 1aQBcNMERADES 1 Eﬁbﬁs glglaq?lﬂ@yo %?]Itacéj &[ Ifcxgedzr%tg%?h and the

t opol ogi es used oOr techniqu or ocari
nepOoROFG P & subjtansially simitea (retie pid jehgpave 2380 OBy thatalbé& subset

239 1k 86 19hE .pstored as, a job 150 paranmeter or

pol-Pli19 cy ggﬁ&ggﬂfeg%g{! gllocaied. g’ﬁ% Cm&aﬁiﬁ?ﬂenfﬁ@"ﬁﬂ BOesresittes job

15@eit sthp 8% a 20 nodi fier val ue between 0 and 1, which
repr.esents

oW _a essively cluster nmanagenent engine
130 oBﬁe‘&eJ;‘lgt &e%?ﬁqr& Hi@é%éxlnzléesa@mm illgtrate exemplary

- métResestop d7opaskd (800 pﬁpgfﬁtﬁg) sysQ{IfJ‘q 663 hte %Ea@ésegéino% Ia121y suitable

0}%3 exanple, a value o represents placing nade
techpug Apry Pirformig thegst anduethert tesks e gyccpulingly,measi ofigl steps in this
floRRhsk 3h I epresent s. pl aci ng noges
115 i mriyd?g?e@ageags l%&%&gél F‘?fg?re ma%éf?eéﬁrgu%‘%ﬂfsrg‘é“o"rs shown.
Mereprearnisgstena vido| !lin:aj' aisn (ﬁﬂetﬁlodsl&iﬂma(ﬂﬂtimg @lﬁdgs,t lf&ver steps, and/or
. t. Typica acenent wei ght does not
dl%%gr#s%gsé_sgé‘%w&%%?tf’\)f@ ‘Jg‘ﬁﬁ’lniaepré’gngtﬁﬂf such as resource
r es evlthabgtothis discleMuetehastiReR UBNABL S RIYAL %PHL%%@J&EWS and

éogf 150 . and preserve the job throughput o '
geRSrA e ATSepiated TREhqsise abierpiiensi andupermatations afidhese embodiments and

meRsdd [ Latd Vi n._exenpl.ar nmodul ar.
A ag;ﬁgﬁ]ﬁ? gé}ﬁé%glﬁf%b%%ﬂlﬁggfn gnr?e It i%(écor(iénggqg atﬁe %l&%&gggcnptlon of
exgmaple remrhodimenty doess ndt1 BefirROom nonstrais thid Aiscldauyey € Dihdr hikanges,
bawre is.;.nerely illustratjve and system 100 o

st ol T el bl b ABeps Bomdheisict and scope
of thig disugomnt of | ogical elements for inplenenting WO

2006/ 055028 PCT/ US2005/ 012500 86 these and ot her

al gorithms. Thus, these software nodul es may incl ude

any suitable
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conmbi nation and arrangenent of elenents for
ef fectively managi ng nodes 115 and jobs 150.

Mor eover, the operations of the various illustrated
nodul es may be conbi ned and/or separated as
appeesnsate. 5 FIGURE 11 is a flowhart il ustr@tig2goso12s00

an exanple nethod 600 for dynamcally processing a
job submi ssion in accordance with one enbodi nent of
the present disclosure. Generally, FIGURE 11
descri bes nethod 600, which r2keives a batch job
subm ssion, dynamcally allocates nodes 115 into a

30 based on the job paraneters and
M&EM ‘es 524, and executes job 150 using
the ajlocat R aehedullhe; LW 10 descript i
focuses on the oper aticn' o?uf?'bpse er TaRagene g@ﬁjoq)lsé(“em’ the
lpg epeedsd i & epmpeter-readahbeom606m aBd twiry sk@ited@Perable to:

cont : ' appr.opri ate combi nati on and
arr aﬁggérlrgén%&g?ﬁ})%gﬁ @g ag%'ggrﬁeepﬁg@eioﬁﬁrla lrepmangseottsterof nodes in

the [HPST systeen, descalll dpedfyinge tdqaamlcbinprising 8 joiPRY s@Rdbif comprising
é%nc?t' ogal | te¥ rgmal ns appropriate. Method 600 begins

at® CBYC 0% A AT eSHeREog Al wap of gre aedssiedhq gister, the call further
tIfings MinbdkDf nd&Q o QBLRingIRL jopAS described above,

in one enbodi nent the user y subnmit job 150 using

cl i erfleterpme Whpthaidhhesquestisostiatialn tompdve arsenspatiyl sdbihtompact,
thoBghal vdi IS server 102. Next, at step _
61(),q cl usitngr%%a“h ég%h@%t Qg‘%a?sns a&%delgg?lg@(@ )ﬁ’ﬁfy{fﬁ'ﬂ) “8% executing
the b theyp@rest brang smnpaciGidlee jobassimeds préximas ibkiwRen nodes executing

e nt enqi ne, 130 conpares the user to
) 4585 TRIRGETE, SRS 130 SRIRRLES i 1S St vy s
relationships be proniteitpbawebntdodts SRcatitisthefopranagenent
engi nf 130 may use any appropriate seclrity techni que
to vetPP{capRds speligl Based upon determined group 523,
cluster maeRgaEesic ARALOR Iffiaf R AESs '&Ifo}l%ﬁeiﬁsﬁ{e cluster

has access to the requested service. Base n
r equ@SEERmedating c theg mimbes t ofamedes cipesifiet marbgesdintand  further

eng! rd@colaﬁ@ocﬁaﬁh? %esaséﬂnfegééﬁlét}a? Eeg%&o%rslgli%%get}%taﬁq $ gég H’@ the job; '

Typically, virtual ©c ma
alloeaded prior to the subnission of job 150. But, in

the 25 ev virtual cluster 220 has not_ been . _
est abl i shgég%CtgpﬁgF%F S%’ﬁg@%tﬁ@ﬂ?“%’ﬁ ah & sehedulable according to a list
aut onfihodeaid the alusee aladable Firishedaliist €r 220 using any

of thfe techni ques descri bed above.  Next, at step 625,

cl ustidhe FaResy BrfomPagingi ne 130 retri eves policy 524

based on E&iRrats URE §SHR | 330; Qn :

embodi nenttg, (r:al ust er nangcggﬁe ?aengl n‘gétg)% %a?(’des i the cluster
det ef¢foREQdangihe mopbéraf@oges spesifiE@ih thssdaad ed Wit h

t he user, _j or any other 30 appropriate .
criteria.’ 8% Bgéeg?f%ﬁ%%%ﬁﬁ?m H@timﬁ’é%ﬁ@ $Hedplable according to the

det elistiafendey inahd Elwkssvailgit Gt Rh&fulihp Sndl HiXE
630. It will be undergtgod tﬁg? t%gglfpaCt than

job 150 at ste _

appr dpf W?‘Wﬁ‘?@‘%@“@% 826 apeThedsaddst@oriDtod e list of nodes in
di memeicRRe: FMilabREbMEeduiRG! N, Wi dih, height, or any

ot her appropriate paranmeter or characteristic. As

des c¥ ithsergquestis @onsphiead endinomosipacts are used to

det erm ne appropriate job ce 230 (or subset of
nodes 115'93%%?’ H)IBE 0'(/'?‘??&9%6%#854@5’?? aesordagg torthe g of nodes in the
i ni teladter apailsblefoe kchehdity; RREN est abl i shed, cluster

managenent 130 attenpts to execute job 150 on 5 HPC
server 1(BPnfratesd aonspainl andhponegmpe@sombination iof hodealin the cluster

St epac@é”tgmogéﬁf%t file MRMRE %l?etﬂ)tdesen e edllel’lo th%e(t:a?lf rRlen Sgnslpgtial and

there are

JRCERERESES
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enough avail abl e nodes to allocate the desired job
space 230, using the paraneters already established.
If there are not enough nodes 115, then cluster

gt engine 130 determines the earlie 10175

wgﬁgllagpe subset 230 of nodes 115 in virtual§gr6§?2?mzwo

220 at step 640. 10 Then, cluster nanagenent engi ne
130 adds job 150 to job queue 125 until the subset 230
is avail able at step 645. P¥bcessing then returns to
deci sional step 635. Once there are enough nodes 115
avai | abl e, then cluster managenment engi ne 130

dynagtcembhdt AfbaialibN@emptifiSg ORE biuMiBrs WS 0@S0r fropénidentified
avai | abl e nodes 115 at step 650. It will understoPg
Iuh’&‘ﬁ able for

t hapodes Hat aistsrhadmablerserrdmado thelishef rdes EYSIRE A¥Y
anysggﬁﬁglrhﬁte criteria, including 15 fastest
processing tinme, nost reliable nodes 115, physical or
Vi r terahuhiogtanirgns) todhe frianagement eigiretidentifyids ong 95moyg nodes in
5 Iuster man n 0
neF B S8l SEAGRPIE e Dok by RB BELR o BBdcs in e
clulet! for execB@f thblgmi , at step 660, cluster managenent
engi ne 130 allocates the sel ected nodes 115 for job
150 using the sel ected subset 230. According to one.
embedi Meffe 1ogicl&t¢£1n{mm&rmte ceNBirtRr dpRBifieRy change
the status of 20 nodes 115 in virtual node |ist 522
f r omwhetheratht cranesé i speldaly npsela prerpnSPRIRL VARATSRPEED has
bee (%Eﬁ cl uster managenent
engﬂﬁﬁp%§§&£§§ zli\ttesa'aédze (gg%t step 665 using the
al | an aggrebsisp ﬂag mmsmdg adegrheot lobwpafoasthedvling theiob; eved
n ui t ar At any
app?é%? g#@ ‘Fﬁ%“l qg'“l%ﬁéﬁgﬁgﬁ qug?h&%%

C0”Hﬂﬁmbéhﬁn@&mebﬁm&MSQwﬁEﬁﬁdﬂhih@ﬂuﬁ&@uIts 160 to
the user. For exa results 160 25 may be
f or ARETBE A madesrave %@’r penefping ayt via qu 126.
FI GyRHist of dotleinf thOWafi8 dvallhdidifh k@fediing2n exanpl e
met hod 700 for dynam cally backfilling a virtua
cl uster 220 |n grid 110 in accordance with one
enb dlne t S I
ev B T et AR e Ahar il naine furher
1dc$mﬁe£a Messa/gerltasahg dhtesfher (MEI()) raxdeoﬁcam'hqug it Hlee ogledted)ppatial,
job 150 that is.co atlble th ace, 30 and
w%%?é%‘tﬂ‘l“ﬁasﬂaﬂﬁl 2gd pap “Té‘@n oﬁn‘?cﬁg avai | abl e
space. The follow ng descrlptlon will focus on the

operation of cluster managenent nmpdule 130 in
per flor mi e tlhgis abtHlam WOPPEbE) JEsthegrequest is spatial and three

PCT/ U 5
o EREN P83, By ot i i el
and fthpracedremodingi tha tassmmed ngbatdal rralag emshiyis lm‘twbemgnm executing

el ements inp Ienené g .some or all of th esgrle% i
ProqERTeE IPhasabtiy onf et b AreBER e i HRICHLC XY au mnations.

cl uster managenent engi ne 130 sorts job 5 queue 525.

In the illustrated enbodi nent, cluster nmanagenent

engﬁne 13®esbgmsOfH@aWMeheOP@QSCbd%@ﬁ’Gﬁﬂﬁﬁ%l%ﬁPéﬁﬁtﬁmjtWO

stored I

dllﬁﬁ'&géorl ap £ 20% Phare cﬁdu S S?Sq?rlgﬁg%gﬁg r@% ? %%‘lgél}artléeL {Pé\é SL Ry Stnmodating

thé Mithbeil 0 H@ded Zheciffddrig tiRyallstont aialmgman eagine indrotael the mesh
that the appropriate or opti nal ? O will be

to @pe elparientgions togenggate pre O ! theéPE‘Jé‘i é?m Wﬁ'i‘l%f&e ment
engi ne 130 determ nes the Nunber of avail abl e nodes
115 in one of the 10 virtual clusters 220. O course,
cl uster managenent engi ne 130 may al so determ ne the
Nurmber of avail able nodes 115 in grid 110 or in any
one or nore of virtual clusters 220.
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At step 715, cluster managenent engine 130 sel ects

first job 150 fromsorted job queue 525. Next,

cl uster managenent engi ne 130 dynam cal |y det erm nes

t he opti mum shape (or other dinensions) of selected

Mol 200605528 720. Once the opti num shape or di mpeaieRthizsoo
of selected job 150 is determ ned, then cluster

managenment engine 130 determnes if it can backfil

job 150 in the appropriate vjirtual cluster 220 in

steps 725 through 745. At deti si onal step 725, cluster
managenent engi ne 130 determines if there are enough
nodes 115 available for the selected job 150. If there
are 8noughhaaesir afi £13mdds opemble, t Hetheateayesepis7gmtial and one

OB PR SR B R  PLkd hBPiEirmotai
theeppundver dfatodes spebified) rethe Ealt fremahpimepageingst enginewnd gatate e mesh

i ne. 130 h hni gues. i bes in Fl GURE
GOl o 5 ke OBl LRI g1 e 130

recal cul ates the Nunber of avail able nodes in virtua
cluster 220. At step 740, cluster managenent engi

130 éxecufBsloginridaimyl, eperablatoctperfoifas igpgthm ik Iéer*]‘j?‘iﬁlﬁs for a

sthr ol ForRRE fobe fhelbieder(@Folifs oRElest YMRIGF tROLpafNUdebinations that
nodes 115 for selected job 25 150), then cluster
inwhedyablanccerdiigrie a listof eflesdn she desteraxeilablspfon ghedylinghe
sorted job queue 525 at step 745 and processing

returns to step 720. It will be understood that while

i 11 ustrat €k degia éfoGimc 1 ysiperabkeanaggeerite engi oe nidd® compact

may. initiate, execute, and term.nate the techpiques. ..
chppinefintiof 50 TR G6- i magRynE i rtenp B eR abetted in the
chil fFolpithd Bahdzedet capmbact illustrating an exanple

nmet hod 800 for dynam cally . 30 managing failure of a

nodeBTERIE A T POPRY FAPRIRAIGR PAriodesnin e Shitee Apdimdsting the

@bt no@éses%@d?fiedjihsﬂqé_ SfY o t}{étmﬁlagcj:rgéht 'e@%%, 5 0 met hod

800 describées determ ning that node 115 06/ 055028
PCT/ BS2006/@e 280moreg gecoad | eogipaghy combinptians| ¢f pedes oinnthegcluster

bR EEBNE e AU LBERARISALSAN LERYT TP e Mo Blrhf enpine,
ealdhsserdngt doarpavti doimbimatos being tdse compet thian die frkt @impmtiezombination;
q@nagenent nmodul e 130 in performng this nethod. But,

48 with the previous flowcharts, system 100

cont erpltad &sst Usid N@caidy caipcd RbindiratiSiNdcBRliigO b abpctness for
arrangenent of |ogical elenments inplenmenting sone or _
selp¢tiogfof ppeoffhe frst prdseeendcaompagl Gopipinatiplt hod 800 begi ns

at step 805, where cluster nanagenent engine 130

determ nes that node 115 has failed. As described

above, cluster managenent engine 130 may determ ne

that node 115 has failed using any suitable technique.

For exanple, cluster nmanagenent engi ne 130 may pul

nodes 115 (or agents 132) at various times and may 10
determ ne that node 115 has fail ed based upon the |ack

of a response fromnode 115. In another exanple,

agent 132 existing on node 115 may comruni cate a
"heartbeat” and the |lack of this "heartbeat"” may

i ndicate node 115 failure. Next, at step 810, cluster
managenent engi ne 130 renoves the failed node 115 from
virtual cluster. 220. In one enbodinent, cluster
managenent engi ne 130 may change the status of node

115 in virtual 15 list 522 from "all ocated" to

“"fail ed". Custer managenent engine 130 then

determines if a job 150 is associated with failed

node 115 at decisional step 815. If there is no job

150

Y e
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associ ated wi th node 115, then processing ends. As

descri bed above, before processing ends, cluster

managenent engi ne 130 nay conmmuni cate an error nmessage
wig208&le5s6@M ni strator, automatical ly determ neca/us2005012500

repl acenent node 115, or any other suitable 20

processing. If there is a job 150 associated with the

fail ed node 115, then the cluster nmanagenent engi ne

130 deternines other nodes 195 associated with the job

150 at step 820. Next, at step 825, cluster

managenent engi ne 130 kiIIs job 150 on all appropriate

nodes 115CheHogicaxdPipine |, oparatigrio rmnagermmﬁnsﬁm'gl aed 4&Qompact

X eCt Ki ob comman use an t her ) )
o5 SR iithe %% SBRT air2iieh PoRBao et nspificd in the
caﬂ&&,mﬂielﬂﬁetrﬁgerﬁélt%ﬁglag,eaent engi ne 130 de- al I ocat es

nodes 115_usjng virtual |ist 522. For exanp

cl udbade afstigantneugiiige slstenpithusspeds é@lgér&t Hén@wpﬁ thefcluster
urﬁQQ%stm&le' d?laVélfai)léa%or s&%ﬁulﬁ?gzaccr) d@r(% to?hl 9L e del Qn e cluster
"avai |l abl e". Once the job erm nat ed and
avaaiefor ﬁ%heéuhrrﬁyéégacnqu de- aI I ocat ed, then cluster
man ecute t
150%&%{@2&;&;@2?%@&&%9 {hte%gﬂ%gé “}1&)1 epe%g( t§~,5;115sef:(]),]n(§1 (ﬁﬁjhehsmn of the
chg®® ungDa mcosd epd€8@51,va1¢dblfsﬁoe scmamia@ensemﬁmgng ithedlist 3Dnodes in the
dmfra gg & cY, 524 an%gﬁ neters for the killed
ob A% élﬁ Y is g e‘?“ nagement engi ne 130
t hennzdcetzetﬂﬁmﬁﬁ)ptthﬁ»uﬂ) RO OR518D NBBreFlett 1652QRBd AddensRA of the

mum subset 230 of nodes 115 in virtual cluster

Cl‘z% ‘mHI a dhigh nedequnayailably B sehicduling aqcerding topibe lishyofimdes in the

chidfdl alAIRbicOBr RALANRIGE Raciidice the subset 230 of nodes
115 has been determ ned, then cluster managenent

engi ne 130 dynam cal |y aI I ocates the subset 230 of

ggg que 1 % %@tlo %E %E gﬁég) &% an?llbge tg;:reﬁ%h ghse ﬁ}a tgﬁ)gpfniﬁe second

loop, pvdithle thirdstoop BRcdvepall thlﬂrmaﬂésﬁﬁtﬁeﬁﬂiustéro ‘al l ocated". It

wi Il be understood that this subset of nodes 115 nay

be different fromthe original subset of nodes that

j 0b 1150 was iexesttiag 1 OMrth&YpeRVRTY! €, cl uster

managenent engi ne 130 nmay determ ne that a different

subdgierpime nyhether &%shlﬁtﬁamom@@mss@@fghtmsiemqeaopmled@e the

t

T PR E RSl (REBREL) Bl 3038 M The BEN TR ReLip oo can
fro{tmdmenw@g@mmiangnncadé 115 was operable to replace the

fai lfteg‘ﬁ (f e 115 and new sybsef 230 is

sub&t BRtT ATy SRS S% EI*aP FEOBHANPESH 1@ geeosnmatsie dgcmumber of
nolld3efod lek @mitih g dhéS B85 6t moe3Prob@Sesbigafe §6Y §Jebifag dn MMWcall from the

al | ocated, then cluster managenent engi ne 130 executes
manggpmep gngine, dudisntgtoghe TPRRagsmericadiging that dwdbfafstunsehedulable.

acconpanyi ng description illustrate exenplary 15

met hods 600, 700, and 800. In short, system 100

contignpl dhebgirsofiamany, wherdiakHedogit echisblgsse f or

perform ng these and ot her tasks. Accordingly, many of

the steps in this flowhart may take pl ace

si nybt angReISdoic s L i r £ t -

shown. Mor eogyI/er syst eﬁﬁlgcr)ég)ﬂfl %ar?atﬁslg adrr%?%god?@é\}ﬁstﬁﬁg unit (CPU)
couplies] tojtwaamitskasps, fewer steps, and/or different

steps, so long as the nmethods renain appropriate. 20

Al t hough this disclosure has been described in terns

of ¢rt alhe doghodt O4itnS1,akkreifl GRE IHid % @?E@Clhaifetﬂe management

net hods, alterations and pernutations of these
DEbHodi ments and
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nmet hods w || be apparent to those skilled in the art.
Accordi ngly, the above description of exanple

enbodi nents does not define or constrain this

di scl osure. Ot her changes, substitutions, and

avoesoasdns are al so possi bl e without departi ngctenoso12s00
the spirit and scope 25 of this disclosure. WD

2006/ 055028 PCT/ US2005/ 012500 91 WHAT IS CLAIMED I S:

. Logic for scheduling in a high-perfornmance

conputing (HPC) system the FP8gic encoded in a
conput er -r eadabl e nedi um and when execut ed operabl e

to: receive a call froma managenent engi ne operable

to mahdge ANeiAR¢ ef Clim doudereimtheslise diRGdey s tacthee tdir@ensional
st specifying a request conprising a job for

schedul i ng conprising one or nore processes for

execution at one or nore nodes in the cluster, the

cal | rth eci fyin nunber of nodes for . )

exec u? é|Sl'n g t %l(%gcb& éc}é]fne ?’rﬁ'al?‘FéeWé‘f%%st Pflg‘e deeraypunigate with each
othet usihg MessapaRissingntedae{MAIfWhackeb@agonpact,  the '
request being spatial if the job assunes spatia

rel ati onshi ps bet ween nodes executing 10 the job, the
request. beThglogRWPaimi - the job assunes proximty

bet ween nodes executing the job, the request being

nons p‘gb?rﬁln thagalh &revtip avnagdmenh engind finthst) BEERifie® an aggressive flag

i 2 t] ' oxi mty between nodes.
DRRRR 0 B PERATP R I el Yo yERisn s sompac

‘emebipationp oe aspatspaial endrabn@inipacs c@hibiAQdRSof RodeB8n the cluster for

5 accommobdatin he nunber of nodes
%ﬁglzt?r%rtg% %?en?rtrﬂ%regécheésgﬁg‘ "F“Eﬂ"?h er accommodating the
ass urthe laypabiing ope@htaé ioORRR] Dhabiel WBRHABHSS AAREHofihation, or
nd sel ect one of the spatia con%f at1 ons ?

thgsbqbi % e 0 at i
FRYPPHE 28N BARCHBRE cambBrtPmafl Resdea in thstclustst foroateauting the one or

ibe @beisserin aN@jobakb&afg o NS RE: L&iadd '8, the
r%%gest i s compact: gengrgte %%g gﬁgégégp%%ﬁ%g@ﬁheCMIﬁmnthe
PHHEFRERtc8A®eof nodes in the cluster acconmpdating

t he nunber of nodes specified in the call; and sel ect
one of the conpact conbinations that is schedul abl e
according to the [list of nodes in the cluster
avai |l abl e for scheduling and that is nore conpact than
25 ot her conpact conbinations that are schedul abl e
according to the list of nodes in the cluster -
avai l abl e for scheduling; if the request is nonspatia
and nonconpact: identify one or nore nodes schedul abl e
according to the list of nodes in the cluster
avai |l abl e for scheduling; and 30 generate a

" nonspatial. and nonconpact conbi nation of nodes in the

cluster accommodati ng the nunber of nodes specified
in the call, the nonspatial and WO 2006/ 055028
PCT/ US2005/ 012500



10

15

25

30

92 nonconpact conbi nati on conprising one or nore of

the one or nore identified nodes that are schedul abl e

according to the list of nodes in the cluster

wﬁ%ﬁ)&/é’%hﬁ for scheduling; and conmmunicate a gcglihébshPrsoo

the managenent engi ne identifying one or nore nodes in

5 the selected spatial, conpact, or nonspatial and

nonconpact conbi nati on of nodes in the «cluster for

executing the job. 2. The Iogic of Caim1l, wherein

the call further specifies: whether the request is

spatial, conpact, or nonspatial and nonconpact; 10 if

t he 1§ equashethsd RathaulingirSh E%hqferfohﬂadce Rompiking (HPC) system,

aggressive flag indicating a degree of |eeway for
thesoetbodi¢qmiyisiiige j ob; a size of the cluster in terns of

a nupber. .0 d ;

counagings oA dihalaBeblift F oBlap (O ERENe EhuRpBnodes
in rthel dBPQusastemplties fcall spedifong iantpguest decotifprising & ijeb fof scheduling
coPgi g §Fe of SR HOoRRerE 5 EREST 8t S etk e Lier, e
cale Rgihkespketiffibhgs nuibenifinbieSosedvbstiaghe fBassi ng | nterface

(MPl) rank of each node in the sel ected spatj.al,

G ormemanE s et S st AL SRBREL: ARG B ngpeompact
thd'\REESt b&fg dpatidhg tlll@ﬁ)b%sﬁ{]me@lsﬁéd@l IolatRShipdb&webd nddee executing

request 1S spatial and three dinensional, to rotate a
theiebhtha cemestiding qqpepiaf therpe pssymen peragnisy betpeppgoqes executing

th I d, f. Cc ' : :
o 35 104 rePA bt OtpoRT QRO ol 0TS TRSmes no spati
relpti @GRipS esprokintitydbepwientiodenaxeaftingithe wbj ent ati ons to
gene{:tﬁte ong.of tq_e spatial conbinations. 25 5. The
| ogit'cPoFeRfAl P ¢ operabl e, if the request is spatial
and two pgiefingi Oilor thérel gladalaRombisaishsdbfManaésoin afie cluster
the job to generate a_nesh accom’mdab%gg, the n rrbe|E1 furth
of ﬁ@@&@%‘?ﬁ‘gegfﬂ@d nupbeh eofc gofest (PRYITFE Warilgeffithiand further

engi,penaRchaRL BleSsiifed Bathl rdlRiABRipPhetvien Md%\%\%ie%ﬁﬂi@&e job;

to generate one of the spatial conbinations.
20080955028 PCT/ US2005/ 012500 93 6. The | ogic of

Claiml, rabl e, ~i.f the.r . 1S ' .
o e ot QRSB o bl 0y AU RS ely A g o
to gendgmates ia thiedbstacwaiabidiat sahgdulidze nunber of nodes
specified in the call fromthe managenent engi ne and

r ot af 1€ feEesEMAEt one of six orientations to

gener at e ooialo HME of Rrk AonpaBDLAAbILATHs of HodedNE the cluster
| ogic of 'Claiml, operable to use a scan algorithm

t hatacepmamedntisg fhernumbes pbnadepencaifiefl ap thelsalljadB i n the
oot SRRy LRI P BEaBE Rl s
of nidBs dfmotiéeincthe sheter availabbioe s¢hedulspheduthitnig . more compact
than other compact combinations that are schedulable according to the list of nodes
in the cluster available for scheduling;
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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10 S. The logic of Caim1l, operable, to generate one

or nore conpact conbinations of nodes in the cluster
accomodat i ng the nunber of nodes specified in the

call fromthe nanagenent engine, to: generate a first
BENPeESS@8nhi nati on of nodes in the cluster pcT/US2005/012500
accommodati ng the nunber of nodes specified in the

call fromthe nanagenent engi ne; 15 generate one or

nore second conpact conbi nati gns of nodes in the

cluster accommodating the nddber of nodes speci fied

in the call fromthe nanagenent engi ne, each second

compact, conbi nat i ei ng | ess conpact than the first
conpac f esctgﬂtbalrﬁ é‘gfﬁeglﬂ?bkfe a5rardieg to theBstfof medesam theswbestardvailable for
conpaclkiedalfhianat i ons accordi ng to conpactness for 20

sel ection of one of the first and second conpact

c ombiCARMIGHSUNADI YD P HEED2B PEEAIE2 00 S MIBFRD ondér Bore nodes
il iR skrRefe§ st i , rable, .to generate a . )
nonspat i afﬁglﬁ g%ﬁ%%%gg Spalial g ﬂ%ﬂcg’ﬂi’ﬁa%f”ﬁ‘f@&égor} of nodes in the
clystes farrexemtiogthdel.i ng t he nunber of nodes specified in

the call fromthe nanagenent engine, to: make a first

| oop through the cluster with respect to a first

di mem8i onTbé nicktied belSﬂiIé[S, whetHih {He_cgll AR We%gl?ilgsst of

unavai, |l abl e for scheduling according to tf

node&hetRer tﬁ% TQue sespatighy compap, er sanspaticheduiohcgmpat;
reacﬁaﬁéfé@&ei@p&g&?g&@lé&% .M;lr ough the cluster with
respect to a second di nensi dnof the cluster until a
secof2ge@ersi vailag didicalinga flegressaffiediudyi fogscheding kgob.0
the Li .in th cluster available for
schedtrs oore SRRES Bl ¥ o4t s M o ot

t hr ot ghmbérefobdstcoupled oleasiesmadlin i dustdpi rd di mensi on
third node unavail abl e for

of t ust er unt.j |

sche%ﬁ?rflﬁ%r Ogélgé)ersélvﬂgbi%o’i yraequligg: 398 nodes in the

cl usthe istenfaioteih ehef sty ahaRYId BPschsadigached. 10. The

logic of Aaim9, further operable to repeat the first

| oop, the second 15 loop, and the third | oop to cover

al | 2he nogesmeindd lr&idhU i the 0SukCdi §.0f Oaim .
B8, Sinordid e Ao G dnaigegi engine

1, further operable to: determ ne

fugtherideatifiesen drgtezn Pawing iatce ihPlataak tdfeac HEREn @ scleoted

5l esonh ik ' he one o re processes in the
B Saa LA PP R o Ra e WG oron:
engine; and if the cluster conprises |ess than enough

nodeﬁ to %co%gatelt.he nunmber of nodes for
executing th& BrelaiBr d8prbersinds the requestj sbspatial and three

disipesiortal,egerefuating €orcabt tfd pRLNRo “?cﬁ{, ngi ne.

i ndi cg%,e to the nanagene%%g_lengiwgﬂltgﬁgﬁ eprjgg% rpigting a mesh
acﬁ‘?f%‘lf‘lﬂ thedhs gumbs of 29d$m§§¢1ﬁgihm tlhé call aidfﬁuﬂct:lheryd&eélrﬁinﬁdating the
astuned 994 Sk . e logic o aim 1, _

wher es?n “a 1nod(zﬁs%§lg§§%ﬁ P 3?6563‘8‘8%@8 PHFEIRT 1 thepey to one of six
ongpfalvrsd to two switches. 30 14. The logic of Caiml1,

wherein the logic is a plug in of the managenent

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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20

engi ne. WD 2006/ 055028 PCT/ US2005/ 012500 95 15. The
logic of Claiml, wherein the cluster of nodes is a
three dinensional torus. 16. The logic of Claim1,

“Mhﬁ&ﬁkgngrocesses of the job communicate W tB-f@5Mos/12500
ot

er using Message Passing Interface (MPI) when

executed. 17. The logic of daim1: wherein the cal

fromthe managenent engi ne further specifies an

aggressive flag (* indicat9ng a degree of |eeway

allotted for selecting a spatial conbination, a

conpact 10 conbi nation, or a nonspatial and

nongpnpathke aHMdAAF i PAmOf 8,nAtasin| rif tthe reduest & spatal and one
_executing the one or nnregfrocesses in theg%gﬁ'_the
dinepgionalb EFnsEptngesnsntlothe spatiaf sembinations: somprisghinlding tyn unused
i Bk, iy ' @é&ified in
e e e
theanh fiom throragaganmne sgne dnd rothiing thp mesl torafiersd sixeoriehtations.

aggressive flag specified in the call fromthe 15

managenent engi ne. WO 2006/ 055028 PCT/ US2005/ 012500
96 18. ATheidetdfofrclamhisdvbrhpripinguanda gbanpa pdrathmathatesearches

conputing. (HPC), syste t he net hod conprd sing:. L.
foraeat BRIAGOR tiedPY 17 g ﬁf\%‘emﬂ&QSWﬁfpegh@}eﬁéJ (G g cgmpipations
thatRNBRRIALE 4¢841@ngdb a MedEhoddshin tHee R asaiRbRTor $dhedutiak]

speci fyi.ng a request conprising a job for scheduling

5 conprising one or nore processes for execution at

one,or e Hgs dfncl%ﬂr? lgl, Udfefdin gdnratifi@l dnel BF tAGE compact

specifying a nunber of nodes for executing the job; ]
comibinetionisrif mgdestie ttheclustéraccaguedating shespumties lof nedasspesified in the

@ no sgﬁtial aﬂg nongcor ggt, t he request being
ca bﬁ?ﬁ f MApagHE) G S SWES spat i al  rel ati onshi ps

bet weRtatihgdeBrsedRtpict S@nbiidien jod Boddshie theadueatacbanmgdating the

conpact if the job assupes proximty between nodes
nugRerQftiofe S’PGC‘ﬁﬁ‘Jé“] g cal} Fm F}@dﬁaé?ﬁe‘BéTt fBEHSnspati al and

nonggd’gpgﬁl e bDndrORe@d WIRDabOccHMhARNs of nodes in the cluster
rel ationships or proximty between nodes executing the |
acjapppodating e nwrsHf nodessipagified in e rrel drqom gheomanagemppjr @ gine,
atial comhi I-0ns.. Qf . ' i
ea QP EREes TR O RS R3Sk Ban e i Elompact combination
angéal | and further 15 accommodating the assunmed spati al

rel ati onshi ps_ between nodes executjng the job; an

el SePRdHFEt G Prnd pampan ORI SRl sletmess for
selREREHAL bR T fradi B&oh@®cdnpad Smthatidases in the

cluster available for scheduling; if the request is

conpact: 20 generating one or nore conpact

conbi nati ons of nodes in the cluster

e . . . e b ———— . 1~ ©



10

15

20

25

30

accommodat i ng t he nunber of nodes specified in the
call; and selecting one of the conpact conbi nations
that is schedul able according to the list of nodes in
the cluster available for scheduling and that is nore
WOrpe@ss028 han ot her conpact conbi nati ons t hat Par/@s2005/012500
schedul abl e according to the |list of nodes 25 in the
cluster available for scheduling; if the request is
nonspati al and nonconpact: |dent|fy|ng one or nore
nodes schedul abl e accordi ng %o the list of nodes in
the cluster available for scheduling; and generating a
nonspati al and nonconpact comnbi nation of nodes in the
30 ctUst eFheaBebadofdeim 48 weereinasaeratife »aenspatig) @af mpagpmpact
célﬂblhgtﬁ)ncﬁl dodest 1%%@ 9ﬁ§tgla£dc@11nmoﬂ%gnﬁl@?9%@rc5f nodes spemﬁed in the
conbi nation conprising one or nore of the one or
calblﬁ‘vmﬂhq @@t\%@@@ﬁ@%@@ﬁ@w@ﬂ/ US2005/ 012500 97 nodes
that sC | ab e 2 rdi the | n
the B erﬁgegl gﬁ‘il? gl [s;tge&/utlhlrﬁsd)ect t?l)d %rst cgmensmn of the
cmam‘mmileﬁﬁltsﬂgodi: tltﬂtlaﬂalbld for kERJITRPRGRORIg ®NYENBL of nodes in the
dentlfxln QE? more nodes in the selected
Cgﬁﬁt?ﬁﬂlﬂ%gﬁﬁ ulingis peaghedat i al  and nonconpact
conbinarihp @Recdhd WQETOhgl i %lusér Wltﬁ?@&%Ectft@ﬁ sécohf ldfth&ﬁlon of the
t he job. 19. met hod of claim 18, wherein the cal
clugter vt a§s%idmpé% unavaileblfor sehiedulingareerdinigso dheatistaif nodes in the
ct%&@PMlablgtor'Qa{éﬁ{?ﬁx‘igoigk ang. Qrgd“CO”paCt , If the request
I's spatial, a size e Job; 10 an aggressive flag
i ndi makmgg third dgnupethraigh| the vlaytef mthsrestpedudoi mgmtdhmnjeﬁhpn of the

a size..of the cluster .in.ter e

ol fE1 3 i 8% BT rorrgubee Buiipiuata fedllhl 500 in e
claviet SAilable fdRScHEUBALIE reacRednUber of nodes avail abl e

for scheduling: and the |list of nodes in the cluster
avai l able for scheduling. 15 .20. The nethod of claim

18, wher eiik bR of EY4H, hRtHkh& £0GI18 loop, th q
further |dent?tﬁes a Message ngg?%%a%ﬁfgrface ¥ |) © secon

- loogpadgdhe dhid foapda oyan all jee Pfé@ttb@lduﬁﬁrat i al, corrpact ,

or nonspatial and nonconpact conbi nation of nodes. 20
21. The nethod of claim 18, wherein, if the request is
spatZ&I dfiee méthedof daimelds fiothat cony@isérgat i ng one of the

spat canbi rises rotatin

o ol TR g RS i SOPRG coRBHSS Sigull Pt T spspgmmodate the
n@ifibdr AAMddésufot BLEcUBAE NETINE Bk intfie PR essad MURE Gots BRLGIfRMU in the call

relatlonshlps bet ween nodes executing processes in the

P'&)‘bt ¢ Brapppsment eagine; @\ ent ati ons 25 22. The net hod of
cl ai P8 crlieb&ih sek flesgl'lﬁ P tnohgs t%pﬁtzﬁnﬁ}noﬂgtg th®Bumber of

di mensi onal , generating one o he s
nedssifpmenecaling o e 108 @gorE Patiessgs anthfmuls @pecified in the call from the

management engine, indicating to the management engine that the job is unschedulable.
29.  The method of claim 18, executed according to stateless logic.

30. The method of claim 18, wherein a node is a central processing unit (CPU)

coupled to two switches.

31. The method of claim 18, executed at a plug in of the management engine.
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15

di mension of the job to generate a nmesh accommodati ng
the nunber of nodes specified in the call fromthe
managenent engine and rotating the nesh to one of six

v bbb HobsoNs. WO 2006/ 055028 PCT/ US2005/ 0125081/ 06712500
The nethod of claim 18, wherein, if the request is
spatial and one dinensional, generating one of the
spatial conbinations conprises fol di ng two unused
di mensions of the job to genébate a nesh accomodati ng
the nunber of nodes specified in the call fromthe
managenent engi ne and rotating the nesh to one of six
or i e37t at i theSmethodd¥. claiel sTRhbRMH QE crk@} 87 dodes SQATRIeE inhsional
usi ng a scan algorlthn1that searches for a start

toBi§i nt 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 avail able
f or Behedtlieimethod of 2lzim TRewheeimoprocdssas| fithe jdb, comrenmcate with

ner 0 r nblnatl ns of nodes
ea?ﬁoﬁ'ﬁ%‘iglﬁp%bgsessg%g%% %éla'?rg)gﬁ{méw UhB&r8t nodes

specified in the call fromthe nanagenent engine
|se first conpact conbination of

nod S?Wgn ﬁﬁgﬂgiqggéonnodatlng the nunber of
nOdQﬁh@ﬁﬁ Ghd tR0frbM thdMab@eneht HPidRNBNFBEIIBNEn aggressive flag
engi ne; .15 generating one or nore second conpact
indigatnenatdeats off lepwerealiotieds foe selegdnsep spatid crpmiRationga compact
con{iEndtdADEF aq{on%ﬁglsarﬁpﬁﬁd ?gct' Sritdifatdl df {nrc{)dggnutn tﬂﬁe cluster for
managenent engine, eac conpact conbi nat
exgeiting thess: Ctr@nrpaptOCtdsmntth@Job; rst conpact conbi nat | on;

and the f.irst ct conmbi nat i

o0 PR Bt 20 S0 SBTBESL s SR on o
a fidigpdtial sid AGHEoSIPER RAMBIARGE bf KD irnehk ichRGer fOM@xecuting the one or
2006/ 055028 PCT US2005/ 012500 99 = 26. The pet hod of
MIE ATRGESIES ip ke 39 [ROgRE @gé?l agrq.péwg Fgléglsaf,cﬁéfﬁjdln the call from the
miRAB&ABMaREineCOMI nati on of nodes in the cluster
accommodati ng the nunber of nodes specified in the

call fromthe nanagenent engi ne conprises nmaking a

first loop through the cluster with respect to a first

di mension of the 5 cluster until a first node

unavai l abl e for scheduling according to the list of

nodes in the cluster available for scheduling is

reached; naking a second |oop through the cluster wth

respect to a second dinension of the cluster until a
.second node unavail abl e for scheduling according to

the list of nodes in the cluster available for

scheduling is reached; and 10 making a third | oop

through the cluster with respect to a third di nension

of the cluster until a third node unavail able for
schedul i ng according to the list of nodes in the

cluster available for scheduling is reached. 27. The

logic of Caim9, further conprising repeating the

first |oop, the second

[ SRSV S
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15 loop, and the third loop to cover all the nodes in
the cluster. 28. The nmethod of claim 18, further
conpri sing: determ ning whether the cluster conprises
enough nodes to accommodate the nunber of nodes for
WRewts5g8 t he one or nore processes in the jobcT/us2005/012500
specified in the call 20 fromthe nanagenent engi ne;
and if the cluster conprises |ess than enough nodes to
acconmodat e t he nunber of Eﬁdes for executing the one
or nore processes in the job specified in the cal
fromthe nanagenent engi ne, indicating to the
n ge ne t %{ the job is unschedul able. 25
f>ﬁt? ¥ s€ g8 a ésgé\dtﬁ@ana@eopmpn@ng (HPC) system,
théiy@ieﬁi 185 Sche@dirf in 3 HFO 8y 4Gk PO %pa' m 18, wherein a
node is a central proceSS|ng un? ? coupled to
t wo TREAPY foR &eceivine Bqall fTpm amednagement euglm opetdle exeensged cluster

ne, WD .2006/,0550
of %Iédlé LLJ!% g%%%f/’% ggt%{% htﬁi g%p%%glﬁﬁéa re é;oxaxp sifig A I;r?tl%r sc%\edulmg,
the\fdr edmprising chaist erorefpraveshes forsex@ctitiynest clien®nsiodnaddes in the

b o TR Py o SR

I\/ES&&gﬁs Rasiziengiding ehE@eehé VR u)est\/i@% ﬁx%ﬂipﬁé oBflonsgdtfil and
met hod of claim.18: wherein the caI from t

NOREANIEhaRt ToIMET eire RaHa) if She dolr psyman sm@glr e@@iw@um hefween

e f . |
nog%gétxlggftinﬁgh@_}oﬁa?{egﬁq&gt éeﬁ%}’)@%ﬁu giiﬁe g% a.%ru n%? ?o%ﬂlpyg b&ween
nogdesrexgenting| thea e, ﬁmwmsabmng:mmmtat amhnmfcompdcasf th’e Jblh @ssumes

mo BpA! Sl B S e R S SRk P BBt

conbumaaﬁmnfmmrﬁpnuasgmnanblnatlon or a nonspatia
and nonconF t conbi nati on of nodes in the cluster for
CI F]a

execut i né g ane, or 1pare eSpﬁP%)IC guabygatiqns ; ¢fs n?% in the cluster

accacahigdating heheagam®desiofe nbidd s v% 886éd 1i80 the) dalle af@! further
fromthe 15 managenent engi ne. 2006/ 055028

PCTAYeTRSE A She a%eme@waw lationsliipy bsevesdulpdey pxecuting

a hngaegggSrIBQﬁa}ggcgldcorrputl ng (HPC) system the system
for scheduling in the HPC system conprising: neans for

recei vi neplestipglone pf the spatimh nergeinetiins ey inehepatddbeotding to a

man r o) he,HPC system the cal
Speg&f%)glﬁﬂgésgﬁﬁlge clljusgra algclgl% flor Sﬁ:é ulllng,o for schedul ing,

5 thempdbrm@hpraﬁmmgs@nmmar nore processes for
execution at .one or nore nodes in the cluster, the

cal | furBfTEFRN8E WIS O MPre CARIAE reoBnagaes of Fodes m the cluster

ex egdtbmi@ddhingy 1he RumBBAsThollQrspdGH&T I g1, Whet her the
request is spatial, conpact, or nonspat 1 al and

nonconp atelecting ene atyibe sompagt ngmgpamral thatfis sdhedylatile according to
EhoteREe SPRMG n i BLLENMAIRe AR REDIpRANS Bt A e Dhpact
pr obhmxmthy:r bmhmeébmbmahons that are schedulable according to the list of nodes
m 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

e BRI e



10 nodes executing the job, the request being

nonspati al and nonconpact if the job assunes no

spatial relationships or proxinty between nodes
\Ségﬁﬂ%kﬂﬁsthe job; means for, if the request Lg/USvaonqm
spatial: "generating one or nore spatial conbin g0
of nodes in the cluster accomodating the nunber of
nodes specified in the call and further 15

accommpdati ng the assuned spabi al relationships

bet ween nodes executing processes in the job; and

sel ecting one of the spatial conbinations that is

sche i - Rt .

ol usf e AR ERH0 dllrBing b T 19} oERARR i PelcfByer guaitable fo
r equebedilmgradpact : 20 generating one or nore conpact
conbi nations of in the %%uster accommodatin

BT B 873y BB, B s BRI o o

mSa) @dles MPho Bledtdd sphtal Ceutt, of ASRPAM bR BordddRipadtcombination of
schg&glable gccordLng to the list of nodes in the

nodes & @F cluster fon gresuting thedeledul i ng and that is nore
conpact than other conpact conbinations that are
schedul abl e according to the list of nodes 25 in the
cluster available for scheduling; neans for, if the
request i s nonspatial and nonconpact: identifying one
or nore.nodes schedul abl e according to the |ist of
nodes in the cluster available for scheduling; and
generating a nonspatial and nonconpact conbination of
nodes in the 30 cluster accommodating the nunber of
nodes specified in the call, the nonspatial and
nonconpact conbi nati on conprising one or nore of the
one or nore identified WO 2006/ 055028
PCT/ US2005/ 012500 102 nodes that are schedul abl e
according to the list of nodes in the cluster
avai |l abl e for scheduling; and nmeans for comuni cating
a return to the managenent engine identifying one or
nore nodes in the selected spatial, conpact, or
nonspati al and nonconpact conbi nation of 5 nodes in
the cluster for executing the job.
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