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1 ON DEMAND | NSTANTI ATION I N A H GH PERFORMANCE
COWPUTI NG (HPC) SYSTEM TECHNI CAL FI ELD Thi s

di scl osure relates generally to data processing and
nore particularly to on- demand instantiation in an
HPC system 5 BACKGROUND Hi gh- performance conputing
(HPC) is often characterizeg by the conmputing systens
used by scientists and engi neers for nodeling,
simul ati ng, and anal yzi ng conpl ex physical or

al gor iqw.@ag\m%ﬂﬂéwmg%gw% %@W
E)l)r/plrrg?el )p/)rogzlsggf OP’@% EI )%g% . For nost 18ne

~large scientific and engi neering applications,

erformance is chiefly determ ned by parall el
Iﬂﬂ%f_ﬂﬁlﬁand not the speed of individual nodes;
th f [ 1] s, often a limti fact.or, in
pui [ 1 GeenitE RIAR ety Sor o Bretsuti e BtiStlets o on
dem&abinsthntatioy ih an G0edy8lelly considered to be based on i)
hardware, i1i) nmenory, input/output (UO, and _ '

communi cation bandwidth; iii) software; iv)

BACKGROtggbure; and v) applications. The processing,
menory, 15 and 1/0 bandwi dth in nost conventional HPC
enklighepenfonmsnar eomputing! (HP@ptis wleh clapdctaied ®ndhe computing
:tther e%gre .ﬁ%o nOtd scal e g,el | . I\{}any HPC environnents do .
SyStepisUsR, D SPIFRISHS 454 spgimacs detmedeling: sigratinggpndeanalygingomplex
hysizh06£ Ao SBRY. S \ i ;
P ’y have tggo m@%ﬂﬁﬁeeded %gﬂg’n% b: ﬁlgygﬁ%eg%eaﬁﬁﬁ:gﬂy%mgn ed
using Mpgrerays dRalusien ofjoncantuneretprecessyrs refairad toehs mdafeb.i Fyr most

scalabifiey aid A6t the speed HIGEAIORIUAT nFRE;SHeRIE! RAMBIMP is often a limiting
SUMVARY The present invention may r educe or elimnate
factog insbyildipg agyperchasingorushdigloperfumianceclusteisat Swlabilith is-Peerally
: Lo ogh ment. a hod on; demand .
consiUSA e i bR RS RO B, BuEL000: 130, BB Spapihation
bandwigit; 6if) sofolardpiv) mebéteotinfg and &P apslidations. | TR BfdcedsidMamory,
d,ﬁél gﬁ%%@ﬁclfyln? a first ﬁgrt nunber and a first
an S athy 319t sepveationdl \HPCy epyitonnpessp aes npemally ppCwell
balanS&I MR tHeRGbied| r 1 Ikd Y a
alan S A, IRTORLUO Apfecale SUE" VB 1 vk 40 Bt Bve e o

bandwidthsto gatisfy mighdsed datachrbtessibiz reduiktasintenire bt @il 5lhdi@ that
and, i

ether the jdentified service .i.s available, . , 0 f
have J4RCIARE pionpedst “Qutngneis Favalleds it o ior drAhticaTigresuce the
systerF@Sielibitiy, di A& i | fiped | NEotO ACHR
e e prdlfiely) Sl H oAt na) ool Crobust
clustepmasgemenhsafhwdre forrefiffcipntopetdion e paxductirneoridntddegivitofmbnts.
advant ages. As an exanpl e, particul ar enbodi nents may '
enable clients to request services at an HPC server.
SUMMARsarti cul ar enbodi nents, a service at an HPC server
are available to a client only if a request fromthe
cifhepresen) iavendion mae redues ioc elimests disadvamagesopreblems, or both
Hoy. [ ess to the service. Particular
”S°°‘§&n%g§@n%1¢§§%§§§i de high availability of
In one embodiment, a method for on-demand instantiation in a high-performance

R T R T Ty TR T

computing (HPC) system includes receiving a connection request from a client specifying

~ a first port number and a first host name advertised externally with respect to an HPC

server including a cluster of nodes, identifying a service at the HPC server corresponding
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hosts in a virtual cluster. Particular enbodi ments
dynam cally nonitor Internet service 10 requests and
map such requests to and instantiate hosts providing
the requested services. Particular enbodinents of the
present invention provide all, some, or none of the
above technical advantagess; Particul ar enbodi nents
may provi de one or nore other technical advantages,

one or nore of which may be readily apparent to a
fromthe; flgures

1o oS ek e S B i v

is a¢daBleEatRANGIcrihiddr RWideistaviRiKle Cﬁl%tﬂtfégt%léost providing the

under st andi ng of the present invention an
identifigd pprEise ahenedvenye aodes in therchwter. ref erence i s made to
th [i on tak n.in unctipn wth
t hRatiRhla ML AESEL | D oreRiSR it ytichd Bla ol ohe 'or more

techmk:ddusdvraatag& A se AR ERABPIB] E&Tl@ﬁlfaf Rb{HABREnEO Hat édagie clients to
temin accordance with one enbodi nent of "t he

requg é%‘é’}ﬁes gt T b6 ewver. Flnguamgcylar, qmﬂwhmmtw S&WI@@(faraplfﬁ’C server
are a@@%lé b 4 a?enﬁgﬁ S14 §¥&;§k§tlf}oﬁ§ h{e%thgﬁlt t ric Eglévécfer{aeets one or

GURE 3 11l ust ates e cen
moreucmtcrlé( fopalcesntoathe eoteice. Bﬁuﬁilﬂlﬁ%ﬁ:dﬁmbﬁw pfdvﬁieelﬁglﬁ@vaﬂablhty of

hosts glEﬁ?atPr L’ﬁf S BA-5D il luystrate vari ous
%%aflﬁ{?ﬂtc REiqytar sbedimentss dunagieally mpniggoriaterncy sarvice
requés&eadéisﬁgﬁ sﬁé‘lﬁfeﬁﬁésts ﬁla@dﬁﬁ%ﬂlﬁﬁi@ﬁb\ﬂ éﬂé?fd'i@f ﬁle\@tidegtléﬁ services.

nbodi nents of a graphic ser int
Partl@é%rombmb@ewﬁtoﬁ thehpresaps uzewnmﬁn FtoGidREI1 s036, dEd &R the above

di f th I
i RIS BTSN SR i

'advalﬁh@dREne 8r hldraist mtcﬁsn@nb@ Y @ ﬁ‘é}@nt% rﬁg!é&&mlued in the art

est folded into a dlnen5|on
ﬁDHWhC%EW?%@@ﬁnpwglﬁﬂ@éhﬁﬁ%hﬁgnconstructed using ay axis
as an inner loop; FIGURE 10 illustrates two free
meshes constructed using an x axis as an inner 5

RIEFd_aﬁgcmmmmfmmmwms an exanple interface of
FIGJRE 1; FIGURE 12 is

hIerq HPC stem illustrated in
& @ Pre, somaleten yndersianding of othe sprBvent tinvegtion and the

o s 48Ry B e i

conjupgtincwidln thei dctzmpanatngrtba\mngatm odhidlor dynami ¢

of the i.n accordance with the ]
h?@ﬁ% ‘E%HHFFE%GS ﬁi“f%le slﬁ%él?ﬁf IcGUREMpULING GYREm in
accordeﬂicb Svifh drle@mbelRdnt bt {hU%Eéseﬁt' df'i&h%ufge thod for
al

V\%nam cal | y managi ng a node uré in. accordance
{GURKe2 Hiugtraise ph sxarapic eodo i the HBC sy sttenillotrad3RAGURE
1; and FIGURE 15 illustrates an exanple nethod for
on-demand instantiation in the HPC

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

15

FIGURE 4 illustrates an example node pair;

FIGURES .5A—5D illustrate various embodiments of the grid in the system of
FIGURE 1 and the usage thereof; , '

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

FIGURE 7 illustrates one embodiment of thé cluster management software in.

accordance with the system in F IGURE i;
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15 systemillustrated in FIGURE 1. DETAI LED

DESCRI PTI ON OF THE DRAW NGS FIGURE 1 is a bl ock
diagramillustrating a HPC system 100 for executing
software applications and processes, for exanple an
at nospheric, weather, or crash 20 sinulation, using
HPC t echni ques. System 100 ?)r ovi.des users with HPC
functionality dynam cally allocated anbng vari ous
conmputi ng nodes 115 with 1/0 performance

SRR B Bl bbb S’ SECSH A BSPLE PS>

dimdpeayse of anong ot her things, this increased 1/0
perfornmance and reduced fabric |atency. For exanple,
t hEI(%Ié%E%IIMWS o fise é@sms@onm@t@ﬁ using dyyiaxiglas an mner loop,

ar r d by a. derivative
ArEISHPRE 10 e oy e P SRl afinf St Y s 5 0 e
loopwher e S(I\I) Speedup on N processors, Fp= Fraction of
Pzﬁﬂ[@ (fogﬁ] Fs= Fraction_of = 30 Non-Parallel Code,
ctli Bhistptes 2B cxemply infexfenccef the BBRmevHeailesitated in
FIGIAE 1IRR'L = Ratio of Renote/Local Menory Bandw dt h.

Ther ef ore, by HPC system 100 providing 1/0 4
peFKBfRﬁri@elssm flowahart alusyratog al methodrfonaabritdng a batch job in

fo HPC system 1
accorf RS B o et At gl ki SR EGHRE s 1 or
eqsrmm@ Y3 i floreHalidtfathk %nnethﬁ@f&mhﬁmc%gkﬁmng of the grid

distributed client/server systemthat "al  ows user
in acqosdagige agth the b@hmtfpgu@canqn@ngmma@t@) of IRl Jobs

£ an HPC serv 2. For
Ao e BEREEASY U TR Raiihecs P 55 patioly FARERS d node
faiture nacotddce With thedlighipéferintand® BompilitthglsySte o FIGEIRE 1; and
adm nj st ratl on workstations or local ¢lients 120. But

s y4BURE byiligatseanexamplin gthnddor ormdamprdinsiaotiatimrisrihe HPC
systelﬁdl @?ﬂété&tﬁ%;i_l%g ; labl e environnent. In shor_t, system

'S any onputi ng environnment that includes
hi ghly scal eabl e nodes 115 and 10 all ows the user to

perAtf#h kP BiriRde S RARISEA WY oPat o8 scal eabl & nodes

TTOToUTT

uweam@q al aqg@a@qlagpﬂﬁsm&?amgog HPE gggeénp 08" exgeuting

batch or online job Operable to~be proc usi ng
softwarecappligatéonsaardl pravnsses,efborbgxample ampatmisphericEoweather, or crash

simul O&ePSlﬂgrflﬂ?@ tecjwylue%t %S(Ftem %ﬁ\p&%{.&%&él ngﬁdi éﬂ@monahty

dynanviesllyl SPobBYd anSch b@aﬁodse QU ﬁtutlé) dddls all@atv\ﬁthcw eﬂerﬁ}'i_’mance

appl i cation, suc as a clustered database, an onl

substantiakhy sisrila to tﬁlﬁ@éwgsnir@p@ﬁmr@npe ofcneraldy, ibdse medes 115 a:re casily

scaleaf@PtchSe B st gt Minebn % PRI ) mbidoutigf 8 reduced

fabric dere oy MR éxadple] B0 Stalibiilifiesfnodes 118/f b UNRRASLAKIBCARE may
nore variables. The term "automatically," as used ~

or
bef@PF?éP@PﬁbY@é‘ﬁEVﬁmewfmlﬁw the appropriate

processing is substantially perforned by at |east part

of HPC system 100. It shoul d be 20 understood that

"aut omat i caf(N)= [/(FPhErFSHt ¢mplaked -RRYL pui t abl e user

or adm nistrator interaction with system 100 w t hout
- . departing fromthe scope of this disclosure. HPC

& uter

e SN LBuf TN GRS 1y06Plely L PRLALEOIEE Frcion of
Non-PhzllehCedt, odeFrattion aﬁﬂr(mbsmtgedemtb@%mhmﬁmidhe AORR/L =

-_Rath of Rem_otefLocal Memory Bandwidth. Therefore, by HPC system 100 providing I/O
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General ly, HPC server 102 conprises a distributed
conputer such as a bl ade server or 25 other
di stributed server. However the configuration, server
102 includes a plurality of nodes 115. Nodes 115
conprise any conputer or processing device such as,
for exanple, bl ades, generq{ pur pose persona
computers (PC), Nh0|ntoshes wor kst ati ons, Uni x- based
conmput ers, or any ot her SU|tabIe devi ces. Generally,

| GURE 1b rely one exanple of conputers

rovli
PER R e t&“%"sl@ 1o ehmeaging diresssyieg Pﬂ(ﬁ@ﬂr@nmrﬁﬂléc system 100

-mcﬁbﬁd@olég&raﬁoeﬁi‘cgﬂ df 1 libest %’l Satio'& ﬁer ﬁgr sl Oﬁ eBSéer system

- may be used with the disclo Sys
admlﬁ%ﬁéﬁﬂ@ht ed usi ng conputers ot her than servers, as

R ther 5 words, the present ,
d| s r & c%qg(fgngggb SrEeroiyiiem thahallgwnasers (such as

scwptlstp(aaé enginsgLt © ibast Bk |15@5f01‘3]?x'59é‘sts§1'g50n usﬁg@ server, 102. For

E%entlonal operating systens
exagggle Nt 10y erw&ﬁdecfg%@u sereer 102shatris enmbected cthmuglm mamsk 106,

o ol BEES RGN AL A AV IS BuCOIBAL B my e

. or any ot
stand@ligne Somputirigeerniropmeenér a3d6mer ifitablBhviBnREAPt BOsHod: system
0S..i ncl udi ng Li nux, UNI' X, W ndows Server,

t
1005 %ﬁﬁﬁ%c? ﬁéF‘P%?& SBYLEoneRst A!aaédn@lu@@ lmahlm@alen!ﬂgmoﬂemﬂ;s and
okl TRy DS, SEEILEN by o 15,

coupled with
and g@tgnwayalbmmpmtse jadnls Ocwingy ther alloicated &OﬂésV\HISe RBH T may be any
sw table to dynamcally

- barcl By ARGk Badc 18 P amoordon Py d@chmsmes 25! bt by any
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' clusteﬂed appllldaumn sgvaoNRRaH SdynhmidUg >R "u@&ﬁ%?&

apt egh FoevelmpléiReh 980 \tBiy B9 ?&5;1 ode
105 gg 1?0 corrprl Si %gﬂeg&ér uralrty o gdeﬁil%r for any
Othe’éhltghd?e ﬂ@?ﬂcﬁ‘ﬁm}g@m@m &gl Hbmag@lso I\Hﬂ:reereqam ¢ fircaldhiy, center

aPPI§?tli 2 %19 % EB!%?SQ%E‘C? d%ﬁgfgsgg%g 1%1&: \?ﬁ%géc‘lg&?rlqu%:egsg}g sysfem, or a
renbiall means that
<t chahnel

hS
high bandw dth menmory; i1i) dual ho
Cemﬁ‘d&&"@?%"g( odprmingd, atnleasrint pait.f atbrungimé baseidt oﬂmcmg or more

* variables! Fﬁﬁ’@‘téﬁf’%ﬂma@ﬁl‘g%y 9! uge%ﬁyerggb%%%ﬁﬁ{rgéagg %&?Vﬂ%(rﬁp%-lr_&pnate

power supp I es e varl ous

 processing s esbstantibily perffrnmedchyt at Iche pagdss HPEesteRUL00.t 1HobId be

ngder st ood .t hat HPC server 102 and nodes 115 nay
undeffod 8 TSRy fities Coblmplateners, sWahlegewont atodeistator

interabBOn GMHRKLERS] %tm%ﬁ?&e&ﬁﬁl(ﬁ?ﬁ&ﬁ?hes%%ﬁé 8f ﬁﬁsac{mdosure

dedi cated to 20 managing assi s
adm® @ISQWF?BMQ corﬁpnseemamboml omﬁgem%ﬁipu&@ rhble t8B¥ocess _]ob

150 SRR Hivid, ok BEReed hade U5 pmacribaces mﬁgﬁgggéttlb@e;rg;ne 130.
| Geneialﬂypﬁ&’(ﬁﬁ@@&l mn&mﬁ%g@%etﬁﬁﬁbu{éﬁgﬁggp%ger gg‘&ﬁg% gde server or

ane téé)e of bl ade or conputi ng
other }_iisgnblg serﬁrgrh aébﬁk@ﬁ@l‘ thedmnfig8ratiomysepeerdidp. inclddes a plurality of
nfigured in any '

nodes ﬂ%l l’f@'{?c@g fl Om quf-e{ny"f niﬁi‘?ﬁ%%&%%%%ﬁr&?vﬁ? sk ARPE exanple,
bladesatgeheralspurpwet peaédnm FoRRAAEs gPTS M&&mo@iés Eork %%H?ﬂsg w%-based

e 105 is, physically or.logically separate

complbt?'{fr & iapy oilecr gpgtable gle¥ices.5 ,Gensrally, )FIGU&E( égentides imerely one
I t
exam E'dil‘ Jo]-xgyutérg‘ t{gﬁemé% mgega‘&%%gbgigq g)% gallp ggﬂnaev although

FIGUREﬂleD@B&tCSR&f@%Bm @02 ﬂlaamabflﬁéklse&ﬁ‘i%ﬁrﬂi@&§ﬁ§stﬁ‘@ 6ystem 100 can
tion conduit inplenenting any

_ i ate conmmuni c
b§ .Imﬁl%&%%pl“zﬂ@ %‘BWHE‘H‘F cﬁq@u servers, as well as a server pool. In other_
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30 protocol. As an exanple and not by way of
limtation, a link may include one or nore wres in
one or nore circuit boards, one or nore internal or
external buses, one or nore 6 |ocal area networks
(LANs), one or nore netropolitan area networks (MANs),
one or nore wi de area netwgrks (WANs), one or nore
portions of the Internet, or a conbination of two or
nore such |inks, where approprlate In one enbodinent,
1 o] 1OG
words, Mhe " pléséth OisHESne SRRt PR nes i %P?rai pyrpose
comﬂ;ﬂt@rs dSrwell 4l Eriysuters griciont 6énveatGl 6ﬂ<§aﬂu[%f s?d As used
f.or |ncrea§§d processing power. Typically, grid 1
stermp uPOIPPu%yISb'@fe& degb &h encpmpage pcRisenalocomputer,
t r de
o o YRR B Al oo RS EC Server 102,

or thetcgmpgnen‘tmpd@nbldnpmysbeaddaptad ta epeintel iy O Igﬂudiné L‘ihux UNIX,
10 where

wind{{5 ScrSRP o8 B Al sTDIs O eckag do pRS emboginventHBC server
102 iRy ahe if@tdsbr K capdhanicaily c&ﬁﬁé@%th'arpéﬁloted%% Eé}kfer Therefore,

l'inks, or any other type of |'ink that can conve
serveg| 162 maycompise awy empuemyite software gndbshaxdwareda anff oombination

5 f d
suita By Bt RED1oRlee SOARTT 1 S Hie PG I hafe 375 1o
noAe adigh uwepem(b @eh@Pi102 iE08ds & elanh@dmd §10dP 159! Hsgnd 110

and hel ps m ninmze XYZ di stances between ot her nodes
comprifgig $5pirAlih &, nedess! Hayandalckisiss ppenagainenh gngioe k13t More

b
specﬁe‘l@néggﬁ "smnz'%xff(ﬁrﬁ?iﬁﬁbf g%&%‘gﬁﬁc% ﬂa&gl&% g%r}g:% tgnlﬁ}g}r] ogﬁﬁﬁes (nodes
115) veithe s@me lon atiheff the ﬁbﬁd@uiglliomponeﬂ&ﬂ?” duzilépr%fsécﬂ@zigdlaféér high
rest-neig S ni.cations and increased 11

bandyi VRERRLYs 1@13%‘}1 pipters e(HC AU siverintegeated  fabric
switchidg; P PPGA %@o\ﬁ Ca%Hp\llﬁ‘iiecYﬂnHQritSIgAvb@tl uidHIeRE tWcr supplies.

engl ne 130. neral |y, " agent rece Ves requests or
TheSQ:WmIﬁ gsmpoenty alnwioragduento ho d@nﬁkﬁa tautiel odedibud! But it will

e lFBPREETToR PP, A5 Spp ST bod 1 E2h S BB e

'cmnpamﬁﬁﬁble to deternmine the physical status of node 115

and communi cate the processed data, such as through a
+ Maegeraent, modeol O somprienst atnisas dr@Sblade sabarttiafly dedicated to

mana BB H FE5ipe L AR ReBRC ooy, Pibedinlinglilfte may

' complriﬁad @wd 1bladdgenith 26nd F MRy (RS- biikd gl '?ecﬁ.ﬁﬁdant (suchCas an

ppr.opri ate conputer Iangu e such as, for exanple '
activefgassive goniimus "5) Javene eqnb egbsnmaganmtow@r s0omagrlye the

s GRUTIYAE00 HHELORE o3l POt by FEVLAE nEBIRALAC S 10

may bi Bﬁy nGiley mmrdm@mgnmmr efgicoits dmlcon@ighebdiil Ghy Qﬁta%[é/fashlon,
dvvare sof t rm/vare or conbi nati on thereof

so0 10“86@# Fmains Q:ﬁtl wtaart@élé(trea@ﬂa gridnidfe Qfewgnanpgement

~ node 1593% tpﬁ?su?dfﬁcdfti 1b29Bf éleggra&'eﬁ qggﬁ%mﬁl\h? of Fﬂ’rC i Xcﬁlsmillg ' jointly

cluster m agenent “engl ne

represeided i pad 116. dnythapﬂuﬂmt&cbtmbodlmnt, eharag&@e@ogode 105 may be

commigiSayicPaRL 5 11 Vs il OF - Ratesting i o 31%§ﬁ§?iéo?£passes any

. appro;ﬁﬁt@’lcﬁﬁhhlﬁﬁcétﬁﬁr %Qflduli tl I‘lléﬂtﬁg ld.’qf 5@}[%‘?}1&& (,,nl)uun\-j l %IOIIS

cl uster managenment engin 130 [

protocal. As ag egamg eeangiatibyt wak efl lindtitibe, 2 {ink rimainchels oradhr more
 wires &%%tdroxﬂ&le irufl %rf 2 ngzqe 8 n}orr]‘ls ﬁlteerﬂgll or extemal buses, one or more
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may be performed by nultiple nodul es such as, for
exanpl e, a physical layer nodule, a 5 virtual |ayer
nodul e, a job schedul er, and a presentation engine (as
shown in nore detail in FIGURE 7). Further, while
illustrated as external to managenent node 105,
managenent node 105 typical .y executes one or nore
processes associated with cluster nanagenment engine
130 and may store cluster managenent engi ne 130.

reover C r managenment engine 130 may be a
tood Aot AN eopr ook Risopdtevarea pbatike (MANS), one or
moreiviibe bilea AeR@Tkd (WANSD B0 i j ' (=SS
Therefo?e, cfys er ﬁgnagEﬁgﬁﬁpﬁgﬁgﬁ%ép%géﬂ%%%%%?éé@nmumnon
of tygReoronosepiueh Jitkserhere mpgtrpeisteopbr aid embodiiehe | linkgHig piovides

: . 115 and jobs .150. |In particul ar S
GigfiH 88 FocBRP Byihy 3PS dmberrial Ransarinchtinade 105 and grid
110schedul er 515 for allocating nodes 115 to jobs 150, as

de L{Ped,be|OML Schedul er. 515 may use a scheduling
al 3% Whistaoerapp 6€ apdesnldddatercoBneated fisindrb@ed msocessing power.

TypicHll i rver 102 may incl ude

Spiclly 1910 F16355 115 Porul bt A4 b8 i A Bt A ebether shape

or copfigueation withtutadepettingnfrom2Be seMS o @ivQlidelkBR. | Reference to a
cl.irent - server %\[sﬁm her .distributed environnent. In

“tordee TPy, FROSMBA H AT @ Pogtion ek £rid3 19.ewhiro @ppioptistel 8ol vice versa,
hed afdl € ; 06 <f Qr in dis
. o kY el ek s Rt 11 8l PP o et

analqg, lipks, t digitelolipks, aori emalotter rigye wii tgk tthet cameomicsellaftical or
General ly

LA AT ERBSELR, LIC NS0CS o RS 11

configagbovitthai dvegated kwatch Ui TP wLRIHRI 1) t%%ﬁ%%ily be the basic
operabl e to_comuni cate with network 106. re
consigyet fox the A0 Joruspnd ks aninirgize KXZ distamcesbeteoét vtheenodes 115,

PR M5l O AP0t s i, i

- associ a
somehemblwimenteptheclbhgest ealileBolngi 6t BaR Y fickM. Fh SRS Snodd115 is
k.1 ? facilitates wireless or wireline

Jrhepeesinasishtos sprmanicaiensyad in@easad if Odrapdwidth,
OtHRHhH it S Lant 20,4 | ndeed ile .

i1 ustrrﬁ)gtgggﬁ:gn Wy fé&gﬁ&?ﬁ"‘g 8@8@%@%&3%}?\/ 8?%103% 9Pl with
cluster 20anagementr dngir@61 3thy Gehaally esjetle 1 D2 tveReres Vi8ieBt4Sor commands

from JE5Reri? 00t 1981 and iR Aot ImireTPR crEwey SHooharst a2 could
includ¥hy i R4, sSTRIAE) fignwRb, éyébgﬁlﬁﬁmnkth%f 8@&%3% delgguine

facilitate 30 comruni cati ons between vari ou

- the physifgbplates 0f made vidb land 06 mmmnicabo theuprocatal ddiarsuek agRh®ugh a
< erpet Praotocpl (1| packets, Frang Relay franmes, 8
| hemks%h R aleACede. [0 OB apoliey crobadienty srasagempentagde 105

Y e _ : L i k
may pénbdmaugnpbl.pa@?t 132id ddrhrind {AE Qfaﬁ%tdf%‘e hebYRRA nﬂﬁ% 158 Xagent

resses. work 106 may i nclude one or nore

.- ad {
- 132 mgybe writtaniisr aay qpprevsipte. eompuicrdengmge sedhms s GRANS, C, C+,

de ar.ea, net wor ks

Ao 08 D LS8 RELIBCS 1St O SRS K

- compatiblewwith akleasa pastidrsf dustdtto@nagimed RALAE 180y Ot her

C ni.cati on systemor systens at ohne or nore
geit:

O Jiaagemgnt cagg dSOrcenldrindiude any bardwaon tsofivareptiemsvare,

-or -corgﬁiﬁiﬁf?dﬁ{ iREof Spbri065 %ﬁa%%%\ﬁgia@fo?@éﬁﬁqld %@%Q%et g&ﬁ%gillﬁ and

at abase or storage ar

-execufp gofs 136 0singmotled BES.  Baodxahiphy @fuste nab&hentRigine 130 may be -

ian. Accordi.ng to the illustrated enbodi nent,’ .
A8 PRROGHAE computst langhaeesingnding &I Gentleva, Visual
142. Disk . _ | | L
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‘the compiatigaak qiay s the iinty
' Generﬁrrg% RRkHGcL risBd Bic ¢ ?&%\% SSM%G%WO%E%}(@P & int5 a sujtable

. commigncalere

10 farm 140 may process and route data packets
according to any of a Nunmber of comrunication
protocols, for exanple, InfiniBand (IB), G gabit
Et hernet (GE), or FibreChannel (FC). Data packets are
typically used to transport data w thin disk farm 140.
A data packet nmay include header that has a source
identifier and a destination identifier. The source
identifier, for exanple, a source address, identifies
B .t he trqnsnitter f 15 information, and the destination
Basig, pssgmblers pny pyjfable versipn of 4Glieand athersow auyoabination thereof. It
will bel@REdrEth6S thak i1k Rhiskl $na@imddi Snbial 9508E HifRerah if BIGURE 1
120 is any device operable”to preSent the user W a
as a sipglesmpli-gshedrmeduledhe foturesi and fatctiatalion peifarnged by this engine

r i cal, user .Lnterface 1) . 126. At a high | evel,
may B EREpHG, 7 Fhil FouB she i e Sl & phoeak Byl a
virtuslolaperi riedulén job %ﬁﬁédﬁﬂ,%:ﬁméén%ioﬁeéﬂgﬁﬁ (%9 SIRRG! APinbre detait

. to receive, transmt, process and store any
in FIGUREpr)-at Eugthera whilodiluatrattdnas rexteryalt ém maGigeientwinbde 105,

t be any Nunber of .clients
mandJSBACRAE! RO Bty SREME B BapBll DS esdboitid SR cluster
mandgemernengl@d 1 3armhd” mag sttt dbst@nNinadddmdienghe 1596d Moreover,

i nt*er changeab) y 138 appropriate w thout departing from

CluSt?rH]éaI@g%(B SPewRil30 maydegseiild or sybmasiide of angthes sefsware module
<thauk | .at i i - i i I er of

withaut doufiag fRiin 0 SRo P! GedGRRL . RitcPrst 1 ferhanagement

engingolilegrphprises onkatr mamysofiveirs niginlddSepepitte ¢o Mulli@ently0 manage

C icate.jobs 150 usi the same QU 126. As used
- nodey HE i ofs E%‘i’-ogwaéfw‘ﬂ?fi SERlOAmEntS iR cgnt engine includes

a schega@I3Yer AllRAKAO Adles 199 '{9?61% psob gy ‘a&cﬁﬁ&?ﬁao&.e EgUhQ&mer 515
onput e K at a

wor kst ati on, network c r, kiosk, wreless
may W¥ra schedeling plgoridm prealbavatel natles d 149eijsbans0, (BRI therodmscribed
wWr nore processors within these or other 30 devices,
below. . . .
or any other suitable processing device. For exanple,
ClSesnt 102 map)indefdintéfacd 1040fR Womhhastidg" Gt dRBer2fbmputer
i nput device, such as a keypad, touch screen, nouse,
systergy, Wehete dienyiddDcevernagtwerkn 16¢ de clierterernet i cwngthemdisaibuted

| envir’c\sl?wh‘ljtie%ﬂ: Hg@é(%a‘?ﬁ e{nllﬂgairrﬁggv Sé’r%ri L 1]tyjssg _’%Ibg ﬂ?goo%léglg Sglicies from

erati on ot 3erver
netwoitk ¢0& flir stprazegintdisk ianhd40v Dislefarmi 1A0GHhaPALs® Be aftichedirectly to

126. Both the input device and output device may
the sAee Atebagg dﬂtﬁﬁcwhatam@mna@s ghe nodes.

media to both recelve™inpu m and provi ut pu
combigatéymsandfoperabimtoscob@Burtitate uith rebeorkaldsi Nsier gbtifitalBnehterface
104 |.ob subm ssi on diigla , hamely GUJ 126. GUJ 126 .
SEB?‘PE%%S“}L‘&FS&W? 0 O PRy GorpBuSations |nsotpepls pssgplated

- with cbhnfud&atS 8 nétfvofld 108Vr harfird Qgér?@lg fid @&gﬁ%ﬁcgte)mﬁfgﬂl signals.

100 to submit one or nore job and/or 1
sNetvonk (106 fanditater mjircledsrioni wircliteocommunipation detweeh 2@mputer
tQs Nterface with system 100 for spitaple 10,
server 02 P BF st comg e St 3y PSR b il ipugiated as
residingstetwain seic2n02 229 cMédt N 20 Mm@hvbiCi @ nay 33 rgsi%e b?_ltggen various
y

user-friendly presentation of data provide

nodes 43 vdthorbdepading frpm thayscoprondihiestiscloguireir & iother ofords, network
' fr or.views havi | nteracti -
106 HERRIES of aeiER, Hlentois ot ParbRsRePaneen o . feiliate
commuseation n berveefnhatibie néompatingl 2@nifonesl S Ndt@Brk 106 may
subm szi on di spl ay that (Ppr esents the various job
W CRARP stedeotoedl (Bhmpaekets 5Framm Relay frames,
user of client 120 via one of the input devices. QU
126 may, alternatively or in. ' . '
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conmbi nati on, present the physical and |ogical status
of nodes 115 to the system adm nistrator, as
illustrated in FI GURES 6A-6B, and receive various
conmands fromthe admnistrator. Adm nistrator
conmands may i ncl ude marki ng nodes as (un)avail abl e,
shutting down nodes for main enance, rebooting nodes,
or any other suitable cormand. 20 Mreover, it should
be understood that the term graphical user interface

I the pl |t
escr B orﬁléSf%rr Nﬁﬁfﬁ ?‘é]f% h?%‘é? r‘{?!é(‘r)e"r Yl%gr%eéncgmher suitable
mfﬁﬁﬁiﬁo@bemfebﬁi nélinRlt ABesals. Q\I&%Hd fod ik np)( ﬂﬁ:ﬂﬂg 'oﬁ@l)r M3f local area

i nterface. Therefore, GQJ 126 conte
netyprks HLANS).mdio gaeessriesiverks L{Héslea,smatrthm arembwvorks (MANG),

100 d
Wi Rk O AT e PR Efiol sholnehess Bapwn o the

Intebh®2, maﬁoxamgepﬂmeﬂ esramabichticsEkdne bk s}&@m&“a@ ohB®r Wete locations.
I nternet Explorer or Netscape

ows M crosoft
M Wﬁgtferrl}w‘gﬁ acqest eanrol. méerpmpoyITiate. e HTM. or XM
I eJAQRA&GE], Wik T ﬁ(y\ﬁr;}%aigénoﬂﬁ gﬁ%\%lsg%f) th{aig% éudead]retwork (SAN)

operati on, HPC server

for gforing fhbs Ijljﬂ; p@ﬁletshbtsotpmge‘ss o1 othlet $IPET infoinagonE Mccording to the
Xi stence, state, |ocation,

‘”“S?‘%%F %‘?d?fag‘%t ﬁlgFlf thtlvggd%foq?o%re@omsoraae gheuss 149, Disk
farm\Sl 40€6RY 1 Hoeesd DA routd| B s C%gc&a%gdtoo Unf of a Number of

"heartbeat"” conmuni cat ed on ea
compGaEPR ZR1pToeels.o fory psmnpie,a AnfiniBmedli @) @igabitnBthbinet (GE), or

iERRETOEY BAAE A0 Stk S LRSI N S0 140

A daga pa:bkéﬂ.ﬂay tncnmle aticad@® tieat hbg & Yoikre€1ddRGRESIng %Qie%ﬁ-l%ﬁgn identifier,

on, for,. exanple, predeterm ned policies.
The SoHHSi g,@ﬁp%erd @E,t%ﬁ%a@eﬂw eddyesse lddrBﬂies the transmitter of
inf r?f%‘ibhn Y, I S si bl.e
oSS B G e, RORSHn L S
thertﬁcapllemcbfthéﬁﬁmtnamehy managi ng the failure using any of

cover techni ques. C uster managenent
e néf el%’éd %?’ll%eooﬁ‘/f’ﬁ‘}i)&‘i}@ RIReEDH Fis\isge with @rjply sebmission screen
or adXafdhiion veny gféf)ﬁfﬁﬁp bﬁg& QhteFRES {@{J poﬁ?ét g gﬁgh 3evr%ylliustrated

virtual clustér 220. e execu enV|ro
client dA8i lgtrlud¢s ah &eahtoﬁ[HaI% ah® cadghrisss an @ectoaltf t@p@thg device

h fil f
oreB L1455 5ol PR e o et S i
systeRBNGQLE TRN{vill BRILRRrASKR MY ﬁx&ama ahd hgdﬁuﬁi)ﬁﬁ UpPtdiask 120

nodes fromvirtual cluster 220 ac ordl n

comng.gggp&lhm bl serves l%dFmb&yr tilegt 120 antlétusal ofsliest 120” may
on to

+ beusBPlotct gg i Byl birkon ikt HOR peoanspius oplosure

Moreewr;eﬁji e)a'scaoﬁﬂhlstiﬁﬁm &&%lieﬁﬁsll&%&nﬁhﬂsmqg&%r Shdi uéeﬁkby one
,  cluster mana

p ngiers and subm tted job
%-} 51 dFclaswe ceademplpiss j thit sy essiso mayt hee oaé aioﬁqauter to’
mnﬁfﬁ[ ‘%qﬁﬁ rm ned policies associated
© &F%togé ?50 télgﬁés{négtﬁﬁeht%he user group. Cluster 15
mrsagmdem thisgdiselodidd) tihan DR & HhtBRked e ABRARRS | aatp%rsonax

vrtu%cluster 20b sed, at least in part, on this
Compytgt, ig @% ﬁe@ym& SPeRItey; kmskomles @ta port,

cell phéﬁ% ?Qﬁ@ﬁaﬂd%@l ﬂsﬁstﬁnﬂ t&%l Hise ﬁﬂfggségﬁsﬁn% SulE “other

50 across the aI

: deVquSe@Irﬂﬁyqub@ SUBalsleqbrocasSm@dmnca rFQIGbempMI cliéift 120 %(a%%ﬁq)nse a

rf nce, HPC serve nore qui ckly ,
corrp F 'gm%égl?‘ﬁéle‘é'f’eﬂ %‘B{I Zk%ﬂﬁéfﬁt eethpicErang mouse, or other
cluster managenment 20 engi ne communicates results 160 :

“to the user. FIGURE 2 illustrates-an exanple node (or
bl ade). 115. A node 115 includes any -
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conmputing device in any orientation for processing al
or a portion, such as a thread or process, of one or
nore jobs. 150. As an exanple and not by way of
[imtation, a node 115 nmay include a XEON

not her board, an OPTERON not her board, or ot her
conputing 25 device. Node 145 has an architecture
providing an integrated fabric that enables

di stribution of switching functionality across nodes

5 r articul ar nts, ; ]
dw;clféstthrlaf1 8%.%?86‘% &8& rmetrﬁ obi Bifartt t%@ng%v§c% Lopyeys; ipformation
assagpiidtet] Miﬁ the pparbtienbd L sere@nL02add é’li%ﬂtsslfmﬁ (ix'iEh!ilzﬁngr Qidgifal data, visual

110, whic in turn increase fault tolerance in

infogmatipn Py % na®ih dhe iyt device anhoibetadavine may inglude fixed or

S i st 1y 1%, bl 15 PR, Sl

4 and

med_l_al_B) beth recmm‘rpa?tsfrmmﬂi&iﬁswﬂlﬁéu@nd tdcﬁus‘em bEBlichBH 12086 E:h the
ri erenc to 2 fode 115 may enconpass
adm]“ﬁgtf ?ﬁ, éﬁ"‘%ﬂ é&i’iﬂ’ sapet@UL Bt ch 166 may be
an GUIN28Woad i@e ﬁhcalltféeﬂﬁfe?faséjb ralﬁméu gttﬁe user Oﬁ client

~switch 166 has twenty-four ports
120 wetartape sdtipysemddo t(l $@bmid orrenagenejobs mmimnfb% iif) aie system (or

oA g e BRERSE s 300 By e

supea\nﬁﬁrb@hrpm@de(}éﬂ&alﬁ} wa B ﬁi'oﬁﬂbﬁh@fus&r de:hs]:ﬁtol ZOt%‘Rh an efficient
por t on switch 166 may each couple node
and é}ﬁ%’t iendly ggesenmtion | of (fftmyprosided by HRC dsyatml, 1emd (ﬁWb 126 may

comﬁ‘?é'e % ‘rﬂfhr%g)y\%f %gomgoﬂl%ﬁgmgggg v%%g agﬁgggt%eﬁgiy%helds pull-down

anot
lists,f el buttcas e)peram‘d byreind atdronnobné embBodiasdht, GUS QZB%IH%nts a job
ar .ot ol o grid 110. Additional ports
subnyggion, Sli‘% olﬁﬁéyfeg%‘uﬁ ﬂtﬁ Yrsigus 1q15p4rerneteh @ﬁldﬁ eeé gec:emes mnmmands :
f i i.at
from@ﬂié dselﬂ 13@ cﬁéht 1@9 'via 61'@ (E tﬂ'@lﬂk)s Ty Lg a]_tPrng{lH%lPr or 111

mul ti di mensi onal topol ogy
comhmattqnacprcseuh dhe phggoahioglyd i logicald lstaglsrmf enddb@nl tshigethe system

acfifE0F gt HORls e aggarggng,gdgggsggggg@ from the

adm1ﬁi§ﬁ“at@f mﬁﬁ@& dORfRMdL 1R
di agonal axes of grid 110, %I C?:'ﬂ%ay relg%ng@és as (un)ava;llabie

shutting regles dor aininance, rthqoyng elovlw or oy etliet Suttaltle @dmmand.

Morefer R B V2w REESontBad s T S F ineificepib e waed in

- the sipguiler oninsthe phital 16 Gesbribe @AY R nd30 Yaphical hdr nﬂ@ﬂ%&@ fand each of

hode 155 residing along a northedsterly axis

- the disglayssef apagticulay gr%@l Aoesyintetfaesm Hasdefote] S}UII ]ﬂﬁ contemplates any
- graphit@{ %ﬁ%%i’faﬁ h %r}:{ eI fg'u?vgh bit%%et,ﬁthfg qucgsses Iaformation in

SW tC
systetil l&@sandaefﬁdleaﬂyi pﬁasmm Itlixeebsultbﬂ) HeeeRAt SeRXe rleQ!én accept data

“ﬁom&gnt egzd at es any suitable switch 166. 20 Link 8a

ot thes Xigb rowen (g i@élcrq_spﬁkhll@a@t Eﬁlﬁpt@sorcblﬂtscape

B v e v

1&6 ond;_lamectlﬁﬁabemﬂmnl B (CRver612. iscfiret ietialized of BodRE. During

this g ?rl bed bel ow. Li, nkﬁ &6 e and 168f couple switch
PRS Sr 1 Birrermen engie 130 doformines e exastenceastate, location,
d/off othbh Eharflessti c t ,
- 0I ink 168 incl Egggngﬁgs?l\g lh gi%Slﬁfiﬁﬁsgﬁ% capag’l éﬁsoﬁmy be

based coymau itheaetbeat’y capmummzmt apgm oaeeh glcglatsyimtmlejau&e a@N@pdr near
rtic ar I'i nks 168 ar.e

tion. g .
immefif boyitl Gt mafge cpisat s ﬂﬁp (NE¥pFluSienmansgsgent pegine 130 may
~contenpl ates any sui.tabl e l'inks 168. Li nks 170 are 1_/.0

links to node 115. A
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| at R) enn evices separately 30 coupled to MCH
- centra B ity B 40 Khich samnip ey instoeps fraciblegmcs in grd 11

30 .
. node ﬂ%”i%}’ eﬁjcr(])ln_ltpaslgt%vol éijs llgi taﬁc?gesgvitgﬂ%g,e\;ﬁérle gggfopﬁéte. _Referenée

link 170 may include an Infm Band 4X |ink capabl e of
communi cati ng approxi mately one gigabyte per second
in each direction. Al though particular links 170 are
illustrated and 30 described, the present invention
contenplates any suitable links 170. Links 172 couple
switch 166 to other switchegyl66 in other nodes 115,
as described below. In particular 12 enbodinents, a
link 172 includes an InfiniBand 12X |ink capabl e of

ayoG IR iRl hrich BRRno Rt i 1 irbiagine o Phere wiried fisas 220 based
on, foi2%xambR, plcietsirhinb® Poladieh, Cﬁﬁﬁ&ieﬁgﬂdhﬁ&ﬁ d?ﬁs@%%ﬂﬁ:ﬁgajﬁg engine

i nvention contenpl ates any suitable links 172.

- 130zontipypushy enjtoss hedes nid 5 foopassibbfailnresandp dporl dGermining that one

.e. 5 CPU 164 is illustrated and t
or ARV 31 AR IR o B b D EE AR oFcovery
techmitjues bl Glust@Pilat fimetPendifd 1130Ch k¢ %ﬁoanﬁﬁdg%eéﬁi_o{:roir%’ a @nique

nmory control|er hub_ ( 176, a nenory uni
exe%ﬁ‘&nagnﬁl%%‘im%‘ﬁa&% &rch glasasd podeapf Yatual phustes26r  The execution

| envirdthdifl ?r?aez‘%onﬂ?tr &h’ﬁé ﬁostﬁé}flé V@ra%%irvﬁtgg, m%ﬂﬂggﬁé %griv?ces, local and

conponenf or a conbi nation of r’more

' shared fifonyetets, aridhe petrafiicsdlied appticaioneatd datpr Ghe 2hRfer hhagement

is: XE 10 174 f | NTEL. |
e 3¢ DRl 58 255 Bkt S T 0 o o

assodRRAPs!ited MldacdeRlingdloIRRRENZPPAREISAch Iﬁ?gﬂ’igﬂ%ﬁm
approxi matel y 1 megabyte cache and being Capabl e of
ap E\”@’k‘i grases|19gs7o tgyicherttl 199s hp enaysbe predentbd withr # jjetu kabimission

' s, ~.pr.ocessor 17 r,ovi des er Thr eadi .ng. .
scrofi AR ORE MERRE b olergiiol Ghrahcts A Sifuaitga job 150,

- clusteemanggemennénpind E30 proosskel the j6H &uibliSidn, YR rebite Afar ¥ters, and
S

bandw dt h, Al though a particul ar processor 15 1 [
any pieflefepmiedpoligies arsecintedavth johd SBr tearser, ionemtseogroup. Cluster

_ ' r r .174.. B
manGECRTIET PR AL g BAORRG yrhld R 220 Py, e
in pagape ihjvinfirrmatiohoBhgine 130 tenslyhSdically alocaRRragsb BFHc8 280 within

GO ARy B i bt B e AN e
tec okl BadA! atbst Bart, dn 4 bl sgrf&ﬁgangggl-gﬁ;(g b ver 102 may

t he present |1 nvention contenplates any Sul

‘more] @rcklxcpmplers pravessinge of gothdwdimn emhpledon, closter management

. edded | ogic,c nent or a conbination of two or
engm%orgr&eﬁg%“u%%ke@gﬁ%lgﬁiﬁ{?go '&’ﬁ&‘is?r'r tating communi cation _
bEIGRIRE PGSR anlhAndMInQRE0P bladePl £5.0WNGdde 115 i
conponents of HPC system IiOO, (?sucahg}a)\s nesr?olr?édeukllﬁtlniyg?s any
compufing, detipe in ary odemsatiomnt procdyiing bilcor & partivar suvhr asde ehread or
r 4 t.hat. ntrols co nj cati on 25, bet ween
P“’“%? ot ShLor 08 150 n‘%S%‘} SR B RSP Haon, ade 115
may iRfideaa DENON @ofhetoard; 28 OPTERONNGoRkrtBafE &t &br computing
o .conﬁo ents of CPU 164. In particul ar enbodi ments,
devicg.7 g Node ol 15 RpERPURStecrerzopIvTiding Gn integrated | fabtiarthat enables
distriliRqdi : Tl 78. 1n/cl s._ei ght. gl ggbyt e
disriIRAC o Srihind HREorly iy nofffy 117 Tt 1 9. Ot becutar
embodiniyntl, distilsyting e fyndtiohality A3rdss Glodele $13 WP gil@ulpemep bBviate

and eIl bémlRicdn Bl Holes 148 wPRIRE 400 enor Y |
devices each capable o pproxi matel'y 3.2 G gabytes
pbloda 313 dadluded tper CEWarl6dlandAl swidehgtorafabric)t 166U1 Reference to a-
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the present invention contenplates any suitable nenory
unit 178. In particular enbodinents, a link couples
MCH 176 to an UO controller hub (ICH) that includes
one or nore hardware, software, or enbedded | ogic
conponents facilitating 5 UO between processor 174
and one or nore other conpopents of HPC system 100,
such as a Basic UO System (BIOS) coupled to the ICH, a
G gabit Ethernet (CGbE) controller or other Ethernet

oG T R 2 e S Bk o e o

inteffasdd maih[ Ohﬁ pariBulbiBsbbdmene] svakl 166" has! Reen-Bith MWolts. Two
interface coupled to the ICH may facilitate

portg gRRHFl: 466 B3y sevnie aede HE tp @dnagrinent 10ddHiSaloo fput and output to
th t h t
ot ERRSRIEII. AL e UL AL b o OG0 S 15 o

I nter
anoth@5nasle ldﬁméong;mnpaneruf goild HBCHy pb@dTod SRtk qb@ﬂﬁ? ¢A8I¢ couple
a

In particul ar enbodi nents
nodg, L%é@o ‘E@ﬁ%ﬁé‘%ﬂ% 4% &5ip geerid bl G and fyve phrt:p@l@wmhwb% may

' _eaclﬁ@&tﬁﬁ@ nbfe qug 9)" anbthét mﬁsgﬁ‘%ﬁg'f%%@ﬁ of grl%u%la‘%o facilitate

couples MCH 176 and
implgmentaton af a BIDanahbm dDrtBnB,sor dehes td;&ﬂog;slnagrnﬁ‘ﬂlw hedditional ports
PCl) .bus 184, such as

on SREIEY aud S30E JO88.1 ot rocs i atiinbl0 to fuilie
impl3RpiiQHoNae @ﬁwtmlﬁem&m BPoRE! (suRR 60N 3‘3 d@é‘% ho lg,g%r fontraditional

articular bus 184 is |
topolegx dameding weare ithan theeg shimensiceuskpin ang 18 IlmphmciﬂarsemB@ﬂdlments,

one AR 5 50 Fod 51 P ' S S s 15

along ouponentesdipgal s ¢hanne) wieh dbde Qo T34
arti uI ar- enbodi rregﬁts "HCA 1?838/?5 ae S ibftfumps or

hops |bﬁ epaRde iEnandene qrmers othes gpde- Ib?mvnbfrﬂlstanﬂm n8de 115..
b
As mpg:%ﬂ egg%ﬁnwmuﬂf t}o%p%g% oA é%@ ySodAPHLES 115 o

anot}gr gadhy 1 &5 resjiling plong asmrth@w&lrl@r@m of £l 110 s@dﬂ@rﬁl@D ts away

15 t el 800 byt
o o091, B BT Sl aRRe SRS et PO

a parﬂléﬂl&rsfvﬁ&ﬁ 16@ s BluB@Ated ARt ddsBrile ﬁl%rﬂr%s%%s%@?rﬁm%% %ﬁ'lptla&es any

| ows a bandw dth at swt reac
Sulfald%pwm‘hlﬁﬁely 3.7 Qi gabyt es per second for an

RPRC bR Fhes T Pt o Shteth Bl Ltk 4658 SonblasgBY B to
anoth@ﬁﬁwﬂdzlg 266 (i&i) aﬁ&her AR PPS, 'ﬁtd%.jsdﬁbgd %%gﬁy t ?ﬁ‘nlf) ¢63d L&.ﬁ}leg CPU

or both. Althoughapartlcu ar is 1llustr
164b 4, éweréb diobelinkt HidproaplentCRUMSAD | torothemdveitghl 266; asategeribed

ot AR AR BIED il 20 B A 280 3, 1

as furthet tledmb&ﬁ beloat InipartieulE ieFbONinSMd, %huﬂ(%S%Elﬁdése&Pﬁﬁthand
to HCA 180, as described below. In particular
4X lighysaable s compuaiceting japplontmatelyHore pambytec perd e@oﬁd rigt each

tc | Ot X
R T NI -
1nventl'tdméccg&ﬁnpia&3 aﬂgsﬂi’t&ﬂlﬁl}gbﬁl?‘&v Lhilks g’CTUtdr@ WE%%S to ncidedIIS A

odi de not includi ng HCA i ncl udes
link I‘Z@" P don e aﬂéé“)%légléﬁanﬁélf qféaoa:gmutscannaamommately one
o ey AT B ki VL G0, e o

descrilpask] &eppiresentaﬁventlen medmnqus aiyt SuitabRPigtds 170. €Bialks 172 couple
ult tol erance at node pair

smtchlg@e{ol ?t\q'h él}% g\g? ;:U‘r}% 8?? hbﬁj@s described below. In particular
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pair 186 is not functioning properly, a second switch
166 in node pair 186 nmay provide switching for all
four CPUs in node pair 186. In node pair 186, swtch
166a is a primary 10 swtch 166 with respect to CPUs
164a and 164b and a secondary switch 166 with respect
to CPUs 164c and 164d. Swit 166b is a primary switch
166 with respect to CPUs 164¢ and 164d and a
secondary switch 166 with respect to CPUs 164a and

q@k‘h ches 166a_and 116b are functi oni ng
‘f’m?ﬂ%b‘ﬁ tF=y {72ninclyeles ﬁ«'&;lﬂfé?@@n@j e12§v\i1tﬂé Ifepaple of cogmumnicating
appﬂcgdﬁa@fiﬂhi’e%‘ggﬁ%s 45585}1(12&%?0 1 dife C fllégtgm?%’ﬂ ﬁa%ﬁcuq% links 172

r CPUs 16 and
are flinsated anddespritrdethl presbuttineantibn borkEHplates anP buitad¥d firkkd 172.

16 r.ovi d swtc CPUs 164a, 164b, 164c,
Sﬁ‘f@# B fiffls °f &R %‘8& r@"é‘ ﬂﬁ%ﬂm 8rioflg 1590 pdthpygh amgxample
cptswau ¢ m@@a d snd@E despp
p t)VI deeSWI t chi ng %‘Bg&ri CtHé &S&%gggé‘nlu%%g%me%@% tésaa@l?dg uitable

| CPlié%ﬂ Rl 84 1@“‘@@@mf@@§auﬂ7ﬁoaen@n&yl cm)ntroﬂefl}nﬂx MCBB 176, a

6
ey 190550 R Ul 008 (BOAB114, PRk ol s
hardivape saftwam bcémbeﬂﬁ%ldgwwrﬂfi)rﬁﬂﬂ& A daabibich &f ! orr}ﬁgxec such
115 out a| I 186 north of node 115a in grid

- COMPARENIy | JREHES, PeBgswsUpt dsa MOM;%XE{B\I @rocessor

de 3 out h of na
174 ifi%glgrlﬁr’{‘ﬁ‘giﬂ gil}:v 991%? 'eEx%_oL@i C‘ﬁts %%creFS]OHGLf%ég aélog],ﬁﬁrggmately 3.6
glgah@ttepmsﬁot bawdng tahi apgroxddetelyld megsbiytecard enpabdingl 8 able of
0, link 172d at swtc

: ast 5a i n gri 1
apr iy i ? SR fbas PeLeReny. o InoRpiniRD debedEneatn sirdesssor 174

proviiesl Hy@;@tﬂuéa@&g‘“ﬁ% aﬁfcu[h?%ﬁlb%aﬁg%d fé&re's%r]l]ig 1?%1*%&% a memory

172e at switch 16 a couples no a fi

- contrpligr B@Nﬂll&efﬁéﬁet wgiof mer@@y Eahd:w&itlnoﬂéth&ﬂ@'ﬁa plirtlgﬁ]laﬂprocessor
174 éjiﬂus gféscﬁyécfi tﬁ? g{eagxtt ﬁlgvc?l IB% F?ﬂtil%g a%éggg{,%w@)%’;zg pxt'o%essor

174, 115a | n grl d 110. In particular enbodinents, |inks
coggle nodes 115a and 1 15b in node pair 186 to
FOUBISS Proveser olitds pnd MEEE 136ito a®b othat dneparticular

embo‘a'uﬁ&ﬁ 615\]( {40 ﬁla%;rbr?; i Fe]yl%o Z{?{I—]%V\f?n;@hsui%ggs E}%}B) Xapable of

imtatio

v-l.

' commluugitmgrapﬂmxilﬂzﬁdyt&# gighbyted pe ek, HAlthodgH @ﬁaaﬂtﬂe'élé %us 182 is

out e. node r 186 that includes a first node
illustHoCiidCae] dp'ilﬁ Presget inention sontemplates anyssuiablei bue TRadedcH

176 iR@hdes ]aaﬁird\@ar& @oﬁ%afbo gte eﬂ 2 élgh! tl%‘é‘g 30@@%%&3 9# S ?(élnﬁxg%téo& of two ,

fourth node 115 oufsi

or mor_g suehy p@np]@ensdaclbwtmg r8mmunichtian dettden20€esdokSl 74 and one or

i d ks 172 at tch 166b
o S8, g, S e B B
embo@itﬂéﬂtsd eMOPHe 793k I'a ﬁ&@lﬂf‘%& fop ggﬂﬁ el%@gﬁﬁ fgﬁ{g{i}fs gﬁnﬂﬂléatlon

out si de node pair 186 n el nod .
betwegp peogsasar 186 andiond nt mome of mbhﬁ)rpulnw m rbudet}b,aa Letd6 (L2)
n eleventh '

176 1sJaJJSII'®ENHdH{S‘IOE%MCHLﬁﬁS ThpaBfildr G
ok 172 may. coupl e afi rs?) node 1%@2%%&%ﬂ178

includey Pﬁht 2Eabyigy ef mdgm apcqsmn@moar GAhd Inqugicl:s embodnnents '

_memof’;dhﬁzfte 258 %ﬁﬁ&e‘g :%gﬁ :%?zrl Iifd \}\éngE prﬁ%rhit)%a%ipgﬁés separately "

coupladan@Hrl% fAsraaiexﬂﬂqbﬁ: akﬂ;ﬁmw ly ARG [anitdtRint nREDEy ﬁlfut 178 may

a secqnd node 115 adj acent a right edge _
inclucpw IRA 30 gy deviestach shmmbisarorodmAWI A0 Gigsbytos per

link 172 may couple first and second nodes 115 to each
ot her
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such that first node 115 is east of second node 115
and second node 115 is west of first 15 node 115,
despite a location of first node 115 relative to a

| ocation of second node 115 in grid. 110. As another
exanpl e, consider a first node 115 adjacent a front
edge of grid 110 and a seqagnd node 115 adj acent a
back edge of grid 110 opposite the front edge of grid
110. Alink 172 nay coupl e flrst and second nodes 115

he rs out,h qf ]
Se'mh&) e&6n dﬁmgé e fili@ ldgﬁ Se c%']“rk % '?‘Fﬁ“a%f‘ af"l8 (deferibed,
the pncﬁdat int&tiod esptemelates 20y Is@mtma memafy it B28. node 115
atlve to Iocatloqg&f second node 115 in grid
cﬁ“ﬂl@ﬂl coBpiss NIGH 476 toran U@@Qetrqlies b (ICH)

o g e R PR
/O betigrengtroggssod 174 and gnd omkor_t?)ﬂler ey porefslof HRG ststeﬁm 00, such as
o B AT R e Bt ot o

otherelyief intetfack 66ilddl, thel BSHI b€bath! BE Béx’tl@ﬁlaloémlgéd'uﬁknts 2156 ICH
node 115 relative to a Iocation of second node

is a gythpridgg. for ICBURESH shats@nirolsubOr ﬁmeummmfongemodTherﬁthemet
1nterf5 e Q:B{égﬂe&' é{)’ &ﬁéﬁ‘g{s ﬁa%q} e%on%rﬁﬁmg% € {;Vﬁ%l‘]logl??l €4 and a

| basebm@mmea@m d'cﬁmﬂer szng ceuptddtdigi: 'ﬂhe’l‘n&hh’t&ﬁh&é YInO;fartlcular

og} e types. For exanple, the illustrated node types
embogrgents,ngnagemant node HY, onqthesompsnenof HEY systewet(0 ingludes one

or méBsAdPBRIGE lI.T{ ‘gﬁnlcgﬂ{' @rtﬁﬁ(?(ﬁm%ﬁ{s fmk ?&ﬂ)fl B? ﬁg% rBFrg'%ce to a

FI GURE 5B | strates an exanb
switch peovidiog dicess togmr er alory GbElmammgéent poas. phySI cal edge

oy 18 crbulR PRI Gr i, Ranplt r GREGe e et osdn pariculr

- embotRRGH) Bns 189 i B é:%nﬁﬂé%ﬂdédfﬁﬁﬂm Pﬁl@&éonm]:ft%P@i)ebl‘M ff PPk as a

around to provide a near seam ess fopol ogy ‘connec
PCl-Expresd e8X | lm b8 capdtibel of | ¢amemBdi6atingy ajysoximateiyi 4 Egﬁg&:ytes per

ar r nt|n 0 tions protocol for
scon 1o IR TR 0 T e 6L Bt fion
contem@lites|anheuidabife byl 836 HIORASY incids @ Hkdvdrd %ﬂ%fé br embedded
cabl e inplementing G gabit Ethernet. In particufar

logic gemBenast At 8 combingdign of itwe @]moﬂerﬂtlbhl dempommtsopronisting channel-

| /K d c l.ustr,
based DY XU, (83 A Gaflar B ainientS Joc R 140 't W ERavox
InﬁmBand 1300):1 |1soj I]Inupetrﬁatlﬁdembbdhﬁéﬁisym 180 MfrbAbes b Usin8Width of
be any Nunber (i ncl uding zero% of

aPPmW‘r‘J&E | 8183 % Py ecopd givhigh 111&0' alfophanproxdmptety 1,89 gigabytes

per prf)éé%ﬁhé Qfenfeo i ;}% shitk 148 119#15’ fél fg})fxfoé(irﬁ% Figgéggsrp%bytes

groupi ng o

| per PE &4 ¥Opducli abBadSU0 SysteraXBIPSE anVHthérded 1niéi~ﬂd§é & ofkd? /0. In |

porticfBy AERUBRRCRS, s 580 PVt Rorbapiuidlh G ulsls 1Gdpyreach
_approilglagill% U‘gt galgng?‘ﬁ erJ %Fﬁlgéﬁ’g r%:} r%ell#lateg %BZ% gﬁsgaﬁg W8Y second

. peak, @i 1P matgrat gwikh. 166|tnctemh approkieaitdly SOt megabsitey i pet wadaflop for

approrﬁéiiageﬁ%ggg 3&% ,g)%lﬁ g@gorw 4 {lylé:{xé} a QQ%%@?%@ 580 is illustrated

~ and dedésbod] et |
and ded dBﬂié ;ﬁdseﬁ{ ﬁﬁ%ﬁiozpéoﬂt&ﬂ%mk \a/}i)rr Eﬁg@i@ﬁﬁoﬁﬁﬁ , %é; link 168

Ooper a rocess uster

COUPIOB éi%ﬂ&@m édwst@h a6 épﬁr iSaicauples HEA 1$bto efisstpivitch 166 that

is = plyHR, Shigt 1 0 Repfh GCRGRC 185080 b8t Broutr

or may be dynamical l'y allocated based .for exanple, on
changed server 102 o
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20 needs. Mreover, virtual cluster 220 may change its
shape and size over tinme to quickly respond to
changi ng requests, demands, and situations. For
exanpl e, virtual cluster 220 may be dynam cally
changed to include an automatically allocated first
node 115 in response to a fijgilure of a second node
115, previously part of cluster 220. In certain

enbodi ments, clusters 220 may share nodes 115 as
Iar 25 emhodi nent s

- enBORERAR, Pt 9hg Saine MG T84 gt mor sty Ll Link 168b couples

HCA 180 ey $s6tdfd bRiteH e60hat R s &»r%nér

d SG %ggllng al gaorithm gs deggr dﬁﬁg%@&ﬁﬂé%%%ﬁébggﬁqlsozm

eseripershelaw-e I patlipWaicembslingrnis esode 305 nanmcRahig HCA 180 includes
bES Bekdn 18l wi thin exanple virtual

secofid h ?Xs&eﬁéxﬁﬁ%ﬁ%%ﬁ)@y ob space 230 is a set of nodes

cluster?2

- 115FIGUIRE # illujtraresodn edoutglehod? ﬁYS@fﬁcﬁﬁilﬁ%t\% ls\%sa{eg%a and
fout @ conB celved ob 150. ically, ereis

UH RECF5RTs 1;72 ‘Zlé‘él%éﬁ &% Beds paig lg@melmmt wll‘baeSpect to each

oth¥€ iwhebh 1A 1dcﬁzkase:S PRRSSIenle (hd% q%l 186 ra rstill.ﬂ%l\%h hau, node

departing fromthe scope o
pairg] §feisgiod Amnctonipg iprdperlys p aeend S%tﬁm)l 66 en B pAik Y 86 MU provide
d

dm ni.str.a r nam cal | y_determ ne
swithfiy 16: 4 R Cpr b i J6F.1 B e v 0r SWitgh bhdi a primary
hiT6abME 0 Rl EPUS ’ ¢
::Vl ﬁedul er é5}3}5 may deggfarﬁnggﬁgﬁgh%?%ﬁng%%g%s‘%& respect

soi9de gad L6 42§ wigghci6liing ptimary swilvhdld6 with adsgest ité OPUs 164c
ate various

LD B i M e AL o

Switdg lJ6|6a and:@t@iﬁﬂefumﬂohlﬂg'}ﬁoﬁa‘ﬁﬂ @@mtélp%&qﬁ)‘? ?rowde swﬂchmg for
CPK@%?%@ 400 i s present ed to client ng
T144h Bg’ér?é‘ﬁf&h 166 may eraside E@Ultchtr@(fOpC@ﬁs A64c and 164d. If

e GRBAAPSRRONL BTG 168 B Fo G o

to a system

- switehingrfar TRIfs bedapii 648, I164e3can6663dt ﬁmt&het%b'@ SRR (iSRG PSperly,

rlsed of qgraphical elenents

| 10,
but S%t"g BB on ipctiaping peonsrig.evitsh 196b Pevraavide surahing 6 CPUs

ass
Ié«f@ﬁﬂ@x@apbﬁal&&ﬁ 400 may present a display of the
health of grid 110 (illustrated in FlIGURE

physi cal
Aimg,ﬁ 172 éotmig ieach nedel H(Sanl mde oirt1@pab oy nodesnddesutdidd node
i n Fl GURE FI GURE 6A

pair iﬁ wat es g(ifl?‘r];%t%aglfﬂ € prdipouboway ﬂfgmuga}loggbgk rtdga at switch -

166alcbuj)lu§iﬁode1513aftf)Q{ fiBt hod: PIFSARHE ﬂo&@%ﬁ?S@%ﬁhﬂ tn[oaé s i in

or .effectively managi ng nodes

- -grid L‘rﬂaélah%é’ 20 at yreilqhgkadazouplas deded] Wato lrsovmel nodet HSavutside node

pair L30R0RRof P15 80 1 REVRETIZOR ot il |l Sod s oo

third tnbdtg i 15outdilld rade phind 86 QARITaRKe IS5 T S5 1 16311& 'W%Fat switch
e .one of any Nunber of colors, w

166a 38‘1‘18?3 (@grlé§%,tﬂ a qd@déquugql@snodémauemeg ofaode 1135a in

grid 118! hxﬁglmqﬁ S\Jvéél g?%cc%%pfeg godeal ﬁ%&# fagj 7o g@aal lis%gea pair

noe

186 abeV%mchbeb[l'Sa ifgridnEY0, add smkawzﬁe@mywéd swpuéaenode 115atoa
iy move oi nter over one of
- sixth ﬁlggl%s qﬁﬁﬁ r\?ﬁ‘é é&@jqe Jodeyiddadn grid rl 119ut és pﬁttlcular '
, embodi&nenf_sol"uﬂﬁaxﬁﬂnbﬁ letﬂﬂﬁfsagf?a%atlﬁ eﬁ{ nng%ub&g%lestgg nodes 113

with i nformation inc

-outside pode pajs b¥6 that arp .dﬁctrexmfwm emrmmt Wfsi dni @(@fﬂgﬁhﬂd not by way of
dres

timitagh TRES 78 oF il TG il eopiChadi 1edaceiiet éfrtd%”'samodes s

- any approprlate physi cal or |ogical node
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informati on may be display for the adm nistrator.

Di splay 400a may al so allow the administrator to

rotate the view of grid 110 or perform any ot her

suitable function. FIGURE 613 illustrates exanple

di spl ay 400b. Display 400b presents a view or picture

of the |ogical state of grjd 100. The illustrated

enbodi ment presents the virtual 30 cluster 220

allocated wthin grid 110. Display 400b further

.displays two exanple job spaces 230Q allocate wthin
outside|node gpir 186 thal inclydss @tifrﬁfgnqs'ﬁel 1goufigeenqdsigir 15§, a second node

' 4 t : I3l to@rl ,t

115 o Al 146 = DR oA RO} Bt 38 9 (BPlSee 19
outsidemed&paib €86, af fifttontele 113 Suideupdd pbiy 186rand assixgh abds B outside

node FTHD < isHsof 2 W0 PR ot P ot BB P sgt g six

- nodesSIN3CRSsidB3RodeUsdir {9tPthat PP SeeRth AdieON BRIk hodle pair 186,

resented. For exanple, the adm nistrator may be able

an eighth nddew 15 aubsidq mage paird 8652 ninth rodeel 15\nitide nasie pasdks, a tenth
O ) LR T R

node [Isaigdensdpaa®@de by exanple displays 400a and 400b,
respeqtively% i,;s for jllustration purposes only and
nHyParHeylagembegiments.splink 164 rr@wcoemletahigrsti nqdgshlp diagent a first

r i i L . :

s TR, o SLSTADR, 8 UBLafF a0 LR RUEHBAL i
edge. efhed iermnple ad alouby evaynefriagieation! canglena fi80podenl 15 adjacent a
accqrd with syste 0,. In thjs epbodi t \
left g gL T R ABGBRERNISAEY hgacb@cenf ﬁeﬂgﬁfj@g{éé&&?‘lﬁﬂépwpo%fﬁ the
left ec%_@ Rt U] BS - & 1RO TEORGRH (cBuplB TS £ scBBAAGIes 135 10 cach other

irtual manager 510, schedul er 515, and |ocal nenory

such that firar nedsl S isag. of Secdpdyrmide dl15 rmad sagemnds@ifiiei Id Samyvest of first
ul e .oper

| f .l ogic, ofi bl .
node 133, B5 2 10FHE0Ring GrELAPahELS et 5 PBom s GEnd el | s in
grid 1 FLT 86 bhotRenexaRRY CoMRtes firdtnodeass ddpbedtiy frofl@iss of Hadl110 -

heal t h. Physical manager may use this data to

~and a ggeppé inedke 15 adiacent i haek gdge pEerid d Otappatitpethe fropt edge of grid

- fail n [ e [ ) |

10, A28 o SO R g Y58 Bl TG BB o

115 iseawth of esdotid m@den1 Hamd swedad Adde 1 15Sis20rit ef dirithede ab$)\despite a
agents 132 i;at her. and communi cate at | east physica

| .
location#ditsapedsn! borelatiyp 4¢ arloeasion afsgeondanodeghlag@rfrisiEl hagps yet

oot Pty AP IB e S TRLEC £y L7 g 0 ) o

node 1B ndigesnt a0 ttom cgy of gdid Wl eppdsitg ite, top edgarafroeid 1d0. Gt hude 172
nodul e operable to age virtual clusters 220 and
may C?'H-ge i | secand,ples il 1ndach prer qurl fat E{vsrt nﬂ%r:tﬁgrls below

second THIRIAS ard hddaki 535 hBGeChist hEM BPE MeliteOD0RhdtPG irst
115 with the physical status of node 1715. Baseg on _

node 11 hegative tnladocationtofis¢condraodg bl BIgidel. gener ate virt ual
MG 53200 WireRi S E5iie <BisalRent o Aedel P W ETof 00 and

" the usdgBYort BpRIeLy YRGEN!. FRAMES A AluskBes @as dnfilRfration, namely a 3D

processing. Virtual manager 510 may al so communicatée .

Torus, pf grid 41 8 psiog & plutakityefinodk txnesr Fopexamplethe dlustrated node types

_una cat £d -nodes. 11 to sc uler. 515 to enabl e 30 ,
are oxiRLIBCRAE AIRSR B il HE o Flant ol RECsetver, and
compuf¥ A&RS SERGERE 5B hHuskafes M étaudlle ofedaigiie” o¥Qriday10. Folding

further determine the conppatibility of job 150 wth '

generally allpws ffor opgphysicpl sdge of grid 110 to Connect to a corresponding axial
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19 and comunicate this information to schedul er 515.
In certain enbodi nents, virtual nanager 510 nay be an
obj ect representing an individual virtual cluster 220.
In particular enbodi nents, cluster nmanagenent engi ne
130 i ncludes schedul er 515. Schedul er 515 includes a
har dware, software, or enbe?ged | ogi ¢ conmponent or one
or 5 nore such conponents r allocating nodes 115 to
jobs 150 according to a scheduling algorithm In

d articul ar nbodlnent scheduler 515 is a plug in. In
© %aflief IR&?V* WsHJaPieaRbust qrﬁdg@@%dmOm by thist anbodiment, nodes

119883685RAar&RAl tﬂzy c;l@%e % g?ﬁss g%?rfgm[eg lg}fs%l glggei line 216.

managemnent engin
Nodmbneozldmaﬁ beevesuitbk hapdywab 1ﬂ15[émenhﬂg P& ¢drehitations protocol
fc,“r[br ﬁﬂ when cl uster ga gement engi ne 130 calls
SAUfiesHnE T prmog ngqes ddpe kon exapplronasle gkl 65may be copper

‘ w1r@ oF Q“ibexl oflic 6aHIS iBplcARRARMELE (Rt SRELAE:, 1ﬁ10PArgFﬁl5% gn‘nﬁédlhl%nts, a

schedul er 515 nodes 115 1n grid 110 aval
nodaﬂme@é@ insthdesopenty mae links 1'3h agdesyibed abamel not by way

ca T OURIR GBS R0 i REME oD i g e

While iltusjrated 14fh ordy daé @i‘mﬁ&@ﬁgﬁf‘f@m tBAE IS He?&lynﬁwnber {including
nic to schedul er 515 a list of ‘all nodes
Ze“ﬁ r%?}f@aﬁfglsmﬂ%upeg% r118| w&h@utu departing1 §ojuo ﬂlﬂS@lpel of this
ts n
dlsc%[ute' CVirﬁ: Fla&d%ﬂ% tl’gg% g%ﬁ él%% Elg g) 5%c§§snzﬁgelated

_]ObSt 1(§Oa lfult&xmﬁﬁleonilrljaall (flusieﬂ\RBﬂmay bé asvociated With aneickalélegroup, a
for al 'ﬁgcatlon é ob 130 is greater than or equal to
depagtigritea Jabo o S RIbSr 8 B ecst BBy dp SylyBit S el 150, Virtual

lus@e [ I

clusBe 200 rb@db@*aﬁy %haﬁerhﬂaaﬁﬁ:lu%’ <Ay l}@[ﬁg@ Jﬁ[&*dges 1é\gt a%ﬁd 110.

is athree dinensional .20 to
Indeé@uﬁl"&jﬂlﬂl@raft@bmmust&m(smhhded Epiuﬁa‘lﬁy o ghysidally nelghbormg

nodf1s @*ég‘?m&qﬁyd% isfibuRd %?ﬁfl%ﬁgga I%tleg&gé?se}lé operable

toprbe@;sjiﬂ:liioonflguratlons [4x,y, 2], [x,4y,z], [Xx,y, 4z],
2x,y,2z], and [X, 2y, 2z]. When schedul er.

[
¥H§lﬁ1 Sﬂflﬁieé 22Gmay b? alleratedhaches app®ptigte dinmjeoFar $8ample, cluster

220 SO T OB SR, B G

parametess @it maylde dyhanicaldnalicacedlt baeed, &Hf)eﬁmtl] %Q??&fah; ed Serfer 102
schedul er

150. In i cul.ar enbodi nent s
need%\s B/Foﬁ?%"eén“ﬁ%ﬁ ﬁ%ﬂ?& 220 mayzehange e shaps aad Isti@ @W@U’tlmo tey quickly

- respdnﬁtIoJcﬁgngLE Fque:ité) Riedmafdd, MGk Léﬂ:h%gmglp f%§ rgll.\éiliﬁer 220

assi ghs a uni que | nteger Y
may tbg @axanncpaﬂwcdlasgedT o detedenae aton@ticAlBs aﬂ@@tddoﬁﬁt friodst115 in

ess lnﬁéﬁb ecqQnd process in job 150 nmay
respoBE T4 @ 37018 ToAE It Pr plevionse st obpPegPy. Incperain
embouﬁﬁaw eclast&% I98%8af SR qhofdb%gﬁs R %Ségs%‘ -r@qda%p ]1% parficular

may “Specl

second ocess in jo
' embo;:ln'gerftq;, rSShquiil@ 8¢5 maystlheatelore o Hidrareiytualadlswers 220 ﬂfom@' more

d h facilitat
o B R R G b e
b RIGURES SDAlAsttdsOvadiohs FStN§facky, Q@@@ﬁﬁdﬁ%ﬁb feggec]gwelgt allocated

.broadcast group. To receive a nessage from
within, exaraple virgiah chistss 86 <Gengrallyp jotnspeee h 1sper sat @f $10dﬂ$ Y Ifewithin

virtuaP RS RPIEF SO TR EREC ot % BEOAAGATH TGP there i

one jdby gEEse QBOr;mq eRSdusing job 150 agd vice versa, but job spaces 230 may share -

nodes 115 without departing from the scope of the disclosure. The dimensions of job.
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 spaces 250 gllaeate ithinseluster 23{htes exqauting ong r myfrsaqhs la‘i\{?y Display 400b

may 8¢ hB‘ETEﬂ’”é

"spatial," "conpact," and "any." Reference to a

"request" enconpasses a job 150, where appropriate,

and vice versa, where appropriate. Wien a user submts

a job 150 to HPC server 102, the user may specify a

request type. A "spatial" request enconpasses a job 10

150 described spatially. cl ass of existing MI

appl i cations assunmes a spatial relationship anmong

processes in a job 150. Weather nodels are an exanpl e.

To process a ob 150 including a weather nodel, HPC
SPaC%@PS'@W by Elaﬁ‘é%l YLF§B“tabYt the uat?rrmg%waratgrr qrglynamically determined

basede&i: ih@lgrs, ?5&%1&3“ dRa P gnir Bltek Qﬁ?abié%h b arIH éaarucular
coo te Sys fo partition t sur ace of t

emboéiamtms &olekddley |Sdié$nayhrtet¢rrmme pag bothorendimetisions of @ job sgace 230
ax er%s. %ﬁwéces of ]{‘ob P50 nodel s the weat her

accorgiggiaa g nning of each tine
s@eumAmqa&t@w&mﬁmmﬁaﬂ@waﬁ@dnagénéﬂttg?aﬁ user
of four other processes neighboring the process

interfadge A0 dmpscerdanesawitbr the ovystehre 18@r t Ofieh.amapagemenTd3UI 400 is

[ 0 at her m)
presciie 18 Mo RLyaR CF 18 o peRehE e R0 U1 00 presents 2

variet¢ € GRRAESh&Y mtb@tﬁﬁvé stit€ens o tdidplid8 to angstaint ddnMeBtrb@F add/or a
simlar coordinate system) instead of a two 20
varietyj (gRB i yhmission; @ profigapirpensoiq @ meers ulheseescisiens 19g displays are

compﬁ?ﬁ{dtgf gra @kﬁczﬂ%lé}féntsagﬁLhﬁﬁh'lgﬁ ﬁa%ﬁaﬂg]vgzgvs @@cﬁfecf%h 1nform§t/t10n

rocesses |
For exampl@,ﬁUhﬁi(l&m@jr ptes«{rﬁn display Eahe pﬁysﬁlmli healthldF gfrﬂrl uoqmustrated

nsions S are greater tha
in Flff‘ﬁlgEﬁéa&é dhe fogiea) Slacatonphioneioan 8f B @ddsn e 1JAilystrated
in FIGUREE q#).mensions S is equal to one, the request is a
two di mensi onal request. If two of the 25 dinensions S

aFEGERbabAt dlustrates t ¢1Empéfq ulbagptlayi si08a.on é)m_iglatge nﬁhOa neoky include

inforng R s sB) 1y p RRER 7 CHBONAY SHBGENG fides il The

illustréted fd?ﬂlﬂo@ﬁﬁent anlﬂudé(s aZdtandard wWebS¥rowseE withY aXlopihE “picite” or

, and Sz indicate a size of the request, X is
screensatgd enidzd 0o Eor@xampley thispisarewnan previde thephsyicalastatus of grid

cat nad {0 a
110 sl OB Rafe 1, IFen IBORUIF S RE5nd kB spior.
with esciodsalomp&sezﬁmg 3arid stitag) KFéisexiabiple) Wailddnode] 1 15>ma<y Be red, a
In part| cul ar enmbodi nents, to map spati al

utlhzeé 96 leniaddeded 1 kmayrberlacks and aneillosatsdmiode 15 may be shaded.
i
Furthe}: 2@?@% ﬂtbga g* 8%02«/ ﬁlegﬁ)gnzinféﬁraﬁﬁ' t% nﬁ% the Rﬁﬂ}tﬁf gver one of the
nodes Ilﬂlﬁ: raadeidve thEI mmuaphysumk Iaﬁnbﬁteg of ét. 10 .exdmple, the administrator
ccormod correct a (ﬁlr‘rptl on, r.egar d| rl])gl .

nﬁ%ﬁ‘i"‘?‘?gﬁ‘%pé’? Gluding ¢ oRede; o te¥ailabilityg5) “processor

i LET i bR gc ax d

utilizalfy “ﬁ‘e‘%"%“‘.f“a%?‘éﬁe AR SR Strvhl Yl of

courseath@set fremérekyrexpmplel duga ﬁbldﬂ gnd aay appropodte gphysicallﬁ) logwal node

1nformjahUSt S f)m%ilﬁ)ﬁaé(dfﬁ &n gafgmgégratgp? y ]stp en&@ élg, u §th zeiﬂow the

. adminisEAOPRSbtatd mewwoﬁ@wmﬁéﬁﬁé | 20 sElbISRRehped

i}gati ally. Scheduler 515 nmay alloCate nodes 115 to a
6Bcillystsates examme dispdayad(fbx i Risplayotfifbnpresanitoa view or

.'1 itn orh C ai.r _of naodes.
picture; A 16808 141 of 2R 0B n e ARSHFER sibodiba pybep g Fjrooa
cluster EXMOOAIRREEE Swithih QRidl BL0. 1 E¥ishiay m)oﬂ) iftufthe® d3§ 155% two example job-

i nterprocess., conmmunj cation. Scheduler 1

"request. Such a job 150 provides schedul er 150 an
opportunity to fill holes resulting from
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fragmentation in grid 110. 15 When a user submits a
job 150 to HPC server 102, the user may al so specify
an aggressive flag on job 150. In particular
enbodi nents, an aggressive flag is a floating- point
Number between zero and one i ndi cating a degree of
| eeway allotted to schedule 515 for purposes of
al | ocating nodes 115 to job §50 A hi gher Nunber gives
scheduler 515 nore | eeway than a | ower Nunber does.
mav b ﬁﬁer submts a spﬁ%lal request to HPC 20 server
316‘& K BpusuionioReNesing gomfes g vereraplical pfatuaépluseqa&to view

he NUndlff @ I
e NGRS 1 AR Soneiiy PEVSEIR Sl uRly ot
Furthsg dbe @dmmtrawa maydubvaer the podnérneet ene of tha jcutsqmm dush that

uest HPC server, 102 and,sets an
suilBlE PR o fOLE arefid Ep8 Prafibl.ditafrimishater mutable to view
the gibeahﬁr sthid eitheZ Hu@beSGMRAL, @§timaed Eﬂd e 00&&&%@?&9%%&%@,

e spatial request, but, if schedul er 515 cannof
andg rmodat e t he spati al 25 request, schedul es job 150
as nbod
[P WAP P Rl LB St g oAby GHI P26 B el ove by example

conpact
displays W06m apd408b créspwﬂﬁy)lib SoplillReai G0 phiPoddd nlF AHP %S/ include

uest . Ee&@g er 150 can al ways accommobdat € such
nong, éa’fﬁ‘&si’ r 4 é 1“35'@ ed graphical lements\as, wall asadditional management

cleniBARARE ML, engi ne 130 call's scheduler 515 only if a
Nunmber of nodes 115 available for allocation is
gr EHFEREL ﬁaﬂusiratasqom etbodintdutriog rchesternmaszedibht 3oine 130, in

acco%cﬁs%f? %\ﬁlﬁ’la S}E% ﬁc{ot (e[&u@’ﬁ Pn;%agllgggggg 3stgng n?q%ggrﬁergesnl(t)\r/p%gmg 130
1ncllﬁlewﬁ]b51rﬁlﬂ§r VvEQIb-RodkISs S coﬁ%ﬁén Jp@géﬂ:él b gr §0% {ri!gt%al manager

ompact _request. In such ‘enbod
510, ﬁ%lﬁ’dé@ﬁﬁlfs anﬁIpcehmamomr or wshiebles 320 s t he aggr eSSI ve

when. cl |
Syl Bandgle B fe oy B B e iR Gaincranl i psrable to
deteronige die pigsizahbetth df daridhsandded 115 AUnd FERkstifdly m@gﬁ EF&ES 115
u

r—r__u

30 5 provides the followi ng input to sch
- base‘gf% 555 hﬁﬁﬂemeéfh%beghxwl rBaRAEst ety bser dysialita tct )c;%:,lenﬂy

deterﬁnﬁé Zxﬁ 1@§ dng k%cg; In%@@% f‘ga# Iﬂ%lﬁb&{ {%ﬁo@ﬁg@@@%ﬁ:@f mgfi@er 305 is

‘ commlgu@bbadq)upéadstct zoplimzﬂ&y oif agerds rlm;leeabl@ii@@ﬂlﬁ% of ok B 415, As
.descrlb 8 bod e fﬁb
bl hofle oot

odes 115 per switch 166 (which, in
‘E‘f’"s and; GOEImINgCaLs ieaStl\EImsmﬁl giformation to

Qs RYP | le0f d

mana|gdent [ f]lljlgr as{t [ onh%%egEQS)cg}lra@rr}%r e n%lg% E%ESP W%%I/IEIIF%BI%HS toa

SYStCm&dnmquan&f@hemtd%Oo@aﬂa@mﬂslﬁm as, for exanple, a
5115 for all ocation to job

I f all
- l\fr |Iﬁaa1}?§Frt ?Ig)ulls Ay é fcs mR@’&H’-'@ 8t gthrpEwdule operable to
managmdma @estéB 920 M%ﬁo?i&al@%@ of odRs 188 U@%ﬁ&gﬂ% (virtal manager

RequestT pe indicates e request type, Reque
510 lipkpa fagiqahrapresentation Qflil(alp)llﬁnﬁﬂ[:ﬁb@hyswzd smumeafoﬁydg: ob5. Based

R C RIS K,

change:h&) theikd clistesszal, khclshg ¢ ﬁécsp&{stio ER fM@ %P%r@étérﬁ Ror user)
&d ates fhe Number of nodes 115 per sw tch
requesh e E%é‘?ﬁjfeg PCrproeessiag. t\ﬁlémmmbeageoﬁlﬂowsalsaﬁommumcate the
I I a
s A 78 QG A0 08 DRI

i nc

- dynanii¢ Sagkfdlihg if euferecuteal, lopapichet) HPCj 2Bcek&R. arddjobs 150.  Virtual
C cul ar .enmbodi nent when_schedul er 515 schedul es }
mana%ﬁi% %briﬂyn?ls eggwgdﬁq gampatlblhty of _]Ob 150 with particular nodes 115'_ -
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20 a job 150, schedul er 515 provides the foll ow ng
output: identification of nodes 115 allocated to job
150 (such as a list of nodes 115 allocated to job
150); an MPI Rank of each node allocated to job 150;
and a return value indicating that (1) schedul er 515

. schedul ed job 150, (2) schgdul er 515 did not schedul e
job 150, or (3) schedul er 15 can never schedule job
150. 25 In particular enbodi nents, to all ocate nodes
115 to a job 150, scheduler 515 first initializes

and commupicets thisr infumatien ihgchednlen 505. + e pertaim smbogimengy virtual

nen ST LR O TR 2 1

melnggeiivabi embodieats10ster thard@ement engine 130 includes scheduler 515.

| | es- Spat i al Al | Conpact Al owed, and
Sche&ﬂVAg eS- ati a owe

Yinchndes 3chazdyare a50f ftfﬁ&’é‘éedéﬁd Logife gompepgnt or one or
more 340 HinPbneids fdfas)ﬂol:‘z?tﬁl I'Rﬁeé 3'15 QW%aCFﬁP&HoFdA}IQ scBuling

toinitialize Spatla
algorithmA| IInvmuciﬂ& enﬂbocﬁltrsntsodebdastﬁneﬂﬁeds = plug in. In particular
at i al.Al | owed

| | d = Fals
* embogfiBqes iatrpng, g shibte? BBt iastane 40 forstvink Sibr 30, cluster

mana@erlitleh@inl1B0Watk schddult® 595 '&F‘Xlﬁida@’ﬁ{é ar nhek ﬁﬁdesojlbfto ]Ob 150.

ggressiveFlag > 0 Conpact Al | owed True 10 o
In pactiertas crolorisoasds. wvien| oluster Eﬁ@@gfrmelﬂeqquge@t @@Tﬂ;ﬂ;ﬂe seheduler 515 to

alloca%) gpea&tlrgope r%%l%% Féo ()\(\)"‘elgg1 %lggeﬁn%agepnggg%%et g%fﬁ@ep-léuﬁes to

schedflzy 518 nS@ﬁ 1 lﬁl Al drield) svafiabis Qoﬂal(&ﬁﬁ@iﬁo“jo'bol\wd J-'Es makg@nple
Trye 20 In particul ar enbodi e

and ngt:@éa’ay @f hslltstl% ivdiengl Uétf% mapegﬁnm enging 180 9ﬂIquCh@ﬂuiqé15 to
allocatté’ opia € nb@s 985 gi teqr %&e?ﬁgﬁ% Ee 130 may

I mensi ons o 110 orus
connnwtdatedesc]mdumr b&y R hsimf adiatodes 1 Iteingwid Clio-dvadatde ﬁ)raﬁocrftlon to

job 1§} fr fatiofis SRboEmeRts s faaeERe et OAYS scheduler 515
to dlo%ﬁfé%@ log ho?éﬁode@ﬁ@k 'tc?a?' oi;quU %ﬂﬁﬂf Langhber 0P Hl6ds 113 avaﬂable for
dentified 1 n FreeNod e i st. erseTorusiap (g
alloca,tlnn It ghds1 Snis greatar thimsoraaqualiteey Mamber dlonadsdBps ra]mdsted for job
150 schedul er 515 applies InverseTorusMap to a list of
* nodes 115 allocated to a job 150 before returning the

| iAStdeb@ribied Usho®é, iNBrh@Rid Ymbodiments, grid 110 is a three dimensional
torus of switches 166 each coupled to four CPUs 164. Scheduler 515 logically configures

" grid 110 as a torus of nodes 115. A torus of size [x, Vs z] switches 166 provides six

possible logical configurations: [4x, W, z], [x,4y,z], [x, y,4z], _[2x,2y,—z], [2x, y,22], and
[x,2y,22]. When scheduler 515 allocates one or more nodes 115 to a job 150, scheduler -
515 may select a logical configuration best suited to job 150. |

Message Paésing Interface (MPI) is a standard for communication amdng

processes in a job 150. In particular embodiments, scheduler 515 assigns an MPI Rank to

each node 115 allocated to a job 150. For a job 150 including N j_:)rocesses, 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 jdb 150, a
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engi ne 130 for processing. As an exanple and not by

way of limtation, if cluster managenent engi ne 130

communi cates a switch-based torus size of 14 x |16 x 15

to schedul er 515, schedul er 515 sets TorusMap to

{2,0,1}. The switch-based torus size then 30 becones

16 x 15 x 14 and, for a no 155 in FreeNodelLi st

having indices {x, y, Z1, the indices of node 155

after schedul er 515 applies TorusMap are {y, z,x}. The

I nverseTorusMap for the above exanmple is {1,2,0}. In

secqsdyRIPRRSH 4 OB FRESITY R o the plapracdshd Sehedseral 50 may

NysIRe ronef ' ' i Tl Gad . C ertin
oo o o TSR il Bh AR IR RIRIF O sages
fromvipsessss tmth Droaslnabt lepipbid |2 otheroprockssésnicli the dravficash @roup. To

di nensi ons for dification gnd yespective nmultipliers
receb %ﬁ‘éesaﬁgﬁe%‘&l c?nnngF SO Pgﬁf’?‘{?ﬁ%t ZEEWR R Pesond Progasy in the

‘broadudst vy n?d spediy tAE bioch&eadi g8l ons for nodification by
four or multiply each of two of the dinensions for

no & f pasgulasn empodiments Schiatiulesr 555 haddieer thrace sypeki of requests:
« fdepl i o ; a and_t hegn difies a siz
speffl v Bigatl; i3 oy " RS 18 BB om0 iche L0, where
apprapudate,cindgliye verSc ve@td fprépkatsl e el Nefer sARRS 868 150 to HPC
Reguest Type, which_ nultiplication to.appl y. 5 I]n
SCIVelat'W iR YT BRBSBPGHE N Eeques iRy | Ar “spathila pasiupsenoempasses a job
150 i 4] r et a_request 1o i
0 TGRSR OB OTIAARR L) SRR s, o i
relatippsiip ainoug prbessses inaxjol 15e.dBewtien ngdeld aldléh exAufilar To process a

job F3} itk Hrate! medRl 1 el 108 asopsard twd dimebsional grid

encoﬂipﬂ@ﬂ? Rhgithde bARE IABSR (RSa %imﬁ&r%&onﬁﬁ%t@tsg&%@ttg :PM% the

an end point in the one or nore di nension

sutfags gfiicecarth @nd dividss thy timeypedbd lintoidissrdte imeastepss [Eash tphoc@ss of

i oh Nt a 7,5]..and an end int at [2,9,4

job 130 3hddeR? finithet %P%ﬁlﬁ@?fsﬁr‘a% At'gf E'sglﬂwflgp& ,eyc%jLJ,nei step, the

procegs iesiclah@ey Bourdes; vdlu® WRRAWaBRR TBur BSP pidcedssX nétghBoring the
and [Sz < z<_ Ez]. Arfter schedul er

i EX] ) %l < y< Ey] ’ .
process gug é}'@ﬁ 6Pmpwss weatherdor B partinlas arat iTofproeass & feb 150 including

S d _ 0 ough. the li.st .until .
@ wellflh el SHDCCE, R plQO0%, b RN ddSont il Saprmpassing
longitudeh lativedee candt altitudseforod shniles cdSBimvaisyalhp hfeadlDf a two
ocation tqQ .the request. Cenerally, a three

dime‘gﬁlil _ ﬁ‘ﬁf?a‘?ar? € fuf @ﬁ%tl%ecﬁar@_sul t in six neshes '_
S%&%Mﬂgﬁgﬂ&?aﬁ&%ﬁﬁngga} E%xgﬂtégﬁﬁéglﬁp %h/olrnﬁg:li{?%etgses in a job

.tends to r t 1ntens

150, neqpeeshay sddest ©ndplel é&ns},w?loﬂﬁﬁéﬁsﬁlstﬁﬁ%btﬁi(f. egpla] the

. in hundreds of neshes satisfying the request. In
dimensignsiScase greagnthadionsthsrequesidsiathree dinfensional request. If one of the

. -based rus or a two or three di nensi onal :
dimes BRI R Fal B B A et bro Mrbeondhcaury; i treot the
dimendfbnis Stk 8ual fHloreMhk iréduesiSis ﬁanE ?ghf‘n%id‘rﬂf regﬁ@s?.d th iaN9cdtOhodes

0) a ne .

al l ocating one or nore nodes 1 ] .
115 Q) theeregnesh archedalps S0 mase man spatial Soardinates ta MPRRiagk an dobows:

(o B S AR SPPE 688 SRy i o Bk e paes, = s

betwesR z&B@ind FxZy AUcbwh Zﬁgié‘%llldé%?, %?% 9?% léér]’r\a%%x} gerﬂs ]agg is% g% allocate

unused di nension. Sc Sjo
nodesdl|15rig 26va Himensionalsrenest, schedulen130 nifigansf spatial toordinates to
pplies to a

wanrtlcular enpodj nents, the_ follow ng , o
- PR Rt ) e St # N R i mergs, © faap spatial
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MapDi nension[0] = 1 MapDinension[1l] = 2 30

MapMod[ 0] . =2 -- ---- m-emaaa-- - 25 MapMod[ 1] = 2 [n]

i ndicate a one di nensi onal array having an index

ranging fromO to 1- n, where appropriate. As an

exanpl e and not by way of limtation, a= {4,6, 2}

corresponds to a[0] =4, g[l] =6, and a[2] = 2,

where appropriate. 5 1n p i cul ar enbodi nment s,

schedul er 515 may also set a y axis and a z axis of

switches 166 in grid 110 to a 2 x 2 configuration of.
coordingigado MB Rank; peherhuler 35 (it iingseraents slong echadspf grd 410, then -

: ' [ . St . cul e I

o ERSB90% g 3485k o3, O eSO 10, T

acconirhbdate d4nnUsemredi NnEsSamption oregandiipatsehaluiear 18 onapping  spatial
shape for scheduIiFg. .Because many such fold Lﬁr‘%%/ be

coordingtes  tg) MPT Rankd Gi%r 551 dnergpeaing along an0x 3% pé i then

- - - r

incrorp Mg TR PRAFOF BRI TIY, ol Wi EnErchicR i Mob g R Rla 110,

clustef pladsgenBohedime30 &b presench espesied jobofSOstoxschabikirifilé as, e.g.,
cg,ny gurations for a two di nensi onal request and

{SZ=Sb Etul ate a Nunber of possible folds for each of the

ot sCaRelShisR et 5o 130 00" BESEHARY ppnely, o ficheduler

515 may khyéatdnailed 1 ERtES torhjprth erquedt 1 afisintikea frakiifum kBmmunication
particul ar epbodi ments, .in 15 the event of a tie

distanegsfopdien cow) betwvegn eadir piupnodshd 15 alpeadnd torths pgmpagtgequest.

An ‘%ﬁ;ef{?@u&pe?&oﬁg%ﬁgg OFf i&ir@n?ﬁagﬁﬁq in'ttﬂzg 4 &o? iﬁ’f&i‘ifgcess

n selec urati on nodifying t

_commynicatiors . Schedodert 150uimay @lvbatdi anmyndes ofi mvded d 18viendatisfly an any

requesit;.io gpcﬁg%j’r}ﬁ Q%Q?Rr%\éia‘:éﬁ%gglérg aéliecfpg)@?tggl{;@ f%ll ﬁoés resulting from

fragm&ANdrGH'eR1@p: I n particular enmbodi nents, in the
- event of a tie between two or nore 2 x 2

cBAknguusat Bdmsifs 3 ¢dtelitl &y HPC Sr&rfli2sthessbeney adoespecify an

2. canfi gur atj.on di f.yi.ng they and z axes,.then . .
agereisf dfecth i Lty B PRiSHoh BBl PR LB fn fogine:
point Rfiber Bétirebi 8o wRM Qe Sindidfting ¥ ddgie® B 1&WaAt Allked to scheduler

nodi fying the x and y axes. 1n particul ar enbodi nents,

515 fos perhseseof dhmating npdgsi ASstoviab 1481 & higher Nawther givien geheduler
t hr i Si S1£SC [ :

515 wbfl Byf} TBA5L BB NUBAEShe Sy SCREP G i e s e

server ' HQUESE setex@EpigréRBle flad ihethelipatiflStequadt toeghi@sicheduler 515
allows six 25 orientations (or rotations) that are

schedulescib AP gaby ifinofes Byute pveilabiniacsemetodptssthe septigh request. In
parten AlincAt 12 sbft BBk G Rio SRARSH EPHDE ek 102 and pets an

aggressivd dldp banhddfatial et it &sa Numbax peatef taheemgsgigedhler 515 tries to
urati.on.

© request by four to generate a |Ix_ 4 confi o
accommyorlig the shatal EeHeRy Bt arhedylep 505 saanet asgppmadate the spatial

requesg%gﬁﬁgfj?gglsg lta|§ta3§orié‘p§ﬁtt gé(%ugpc allnlrﬁ)aﬁlﬁ’(gﬁaﬁ' &ﬁ&)&:ﬁ&\%\i{%ﬁ% ﬁ&rﬁpact

ocat he conpact request,
request mayualiow unlimited -hop eounts between -pairs -of-nodes 115 allocated to the

------ 26.reduces_fragnentation at switch points jn
compagl <50, SSHERTEF § 5 A EhBo A RS SRR reftest bébause, o
described above, cluster management engine 130 calls scheduler 515 only if a Number of

nodes 115 available for allocation is greater than or equal to a Number of nodes 115

‘requested. In particular embodiments, an aggressive flag ona compact request indicates a
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515 simlarly initializes variables for scheduling an
any request. A partition is a smallest nmesh including
all nodes 115 in grid 110 available for scheduling.
PartStart[3] indicates a start coordinate of the
partition, PartEnd[3] indicates 5 an end coordinate
of the partition, PartSi ze[ i ndi cates a size of the
partition, and PartWaps[3]“Tndi cates whet her the
partition waps. Scheduler 515 may construct a

reduce | engt hs of searches for nodes 115

. _partition t

timf 3p hop ¢piys BetiveeBees otmogay 113 lieatitiyo tisccompa rsqusst, o such
than grid 110. For i =0, 1, and 2, PartStart[i]

emhoditnends shedimit win rhumcmintatnlay eques Si-bl ewher€ 003 e A §swerﬂag
FreeMesh (which includes an arday) and PartEnd

Lpéﬂé %ﬁ&uﬁa}gﬁ?}bglﬁ%éﬂ%nmeggﬂsg? g?ﬁﬁag&ﬁ re?l%{ﬂr d1[3? § _§cheduler
515 o glipcgugrongj arehpie waglealld 5 Toraug® 5], |d1ustaamtawgaﬂﬁ{w Endife 130
provideiSne BRI Byl SokaURES 1S A N ol Bodes 15eeeiss o request

arra

~ typeaadizedf job INODEn labbleSfivd Ahg 8h Po@tlﬁ@,]r a BRAGS bade Slﬁ\l %f‘b%x'ld 110

ﬁrtlcular enbodi nents, FreeY] , cont al ns
(whigh sehegulep § iz latersejusisdn gletemaxnleuanmd{e+bapqd<s}lz¢ af grid 1 10) a Number

of n({c%eé ;[?fe gérn%gég%l]i}ff éwjﬁ}CP’o a)%ﬁi%%akj %})d%]e%su gc?usals fourlﬁ' & Number of
nodes 14 6 asSlabl{ Ok allocatiok o ]OBCIBQdM{CEIﬁe&;ﬁi:aF&@ f El{iq@@rYI{lbI’eJ noibs 115

FreeX[.i t 0 execute a scan algorithm
a"al‘gﬁ‘gcfi’t %‘z% {5%111 t‘mo]bl 130 8ot asufos rexerml@da hshefall nedel elcm lagailable

for ag%)g%tlﬁgllngl)t dth1§O)Fr ﬁ?éo[afmhlat{ n?se ﬁéc{}lgﬁlugg 4‘% ihficates the
Numgplavf Mdﬁl‘i Ildﬁﬂ’dquesteér,r Rlequestﬁﬂypd tﬂd@dfatéltﬁe tréquest typé,| estedSize

res for .scheduling a req est A spatial job of

(Whla} mc es aflﬁraywn iggtes ﬁ’%FsSlﬁE) qf gok; 150, u,ﬁ%@swel?lag indicates the
aggr@ﬁllve Htagtdnofa®: 150] %nﬁglz&(};vtuc{—tsiﬁclﬁ% 55%} )ﬂ@ﬁcaﬁ‘és Helswitch-based

{Sy,.Sz, ng‘?d{ Sz, Sy
size gf geﬁtldth es?@rsmmlqa@s ftbu Numbeqm‘ des A RtpenB®itch 166,

515
NumRANGHE HECRHE bR 9 S 1183kt R A Siafo B0, and
Freemmsmt(wch iatluyles?8n hﬂa;getdemifwst el dreRbAt ﬁ&t&§ 1@5 Gvailable for

avai l ahl e, Schedul er 515 considers all possib
alloc%qunéﬂﬂ% W¥hs when scheduling a mesh. If a jOb 150 i's

8RR Ao R0 P, el 0 sttt

equ 's one
a Jobdiliﬁarm:hedtﬂemﬁlj q:hoﬁ&& the. fllowinh BBpSt:Olasn@HicalioR %S&dgs 113

o€ S0 petorcs ot gﬁg?hdgﬁligggﬁggﬁ{sg; K Do) 4V Rank of
each ﬁﬁ&@ﬁﬂb&fbdl td<sodf §‘§(§“ Qﬁl EC}? sche e'nalcg? ftth C@fg@hae uler 515

t hree di mensi onal ul ‘er
scheduleddols Lo @hathedslensls did 2t schetubgjod 150y bt (P Rh&ful@ 515 can

fold, a last fold will be shorter than .
nﬁw“ﬁ%#%BF@§%&$@S fglds a‘mﬁ?ch gnllm1esulf eno; S&D "
ASicaaAbmBBEMeARNEAIRR A SBIAN] £ p tg{:he s%ﬁgtfg%% first

If job 150 is one di nmensiona al"er

'mltlal#ﬁ% %alaeq dtr s@edilingjabi tlﬂerthelﬂ St:hﬂiuhersu&bd 150 according to the

duI 1 nfold either of two ,
variabis AR Sop B BB o FoMI R prh il apic? mangement

engingilf@nsThie ﬁrfab&bll—ISpﬁﬁalﬁﬂl@%d Y ﬁoﬁﬂ)ﬁcﬂl@ﬁ%}}ﬂo ?h@l AnyAllowed—
be a concatenation o

eraIIy speaki ng B
: mdica%@g lowed tmesgkeckpdpiing stehedler 515 wapmpt tiedolowing example IOgIC— o

1i ti‘é]feﬁ |ntoa dlmenS|on In
0 initfdli t%mgc &% glltp é%%ﬂhas r:'fnol‘%‘g" One di nensi onal

request {1, 1, 11}
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into the y dinension using a fold length of four to
generate a two di nensional nmesh, 10 {1,2,4}, and a one
di mensi onal nesh {1,1, 3}, concatenated onto the two
di mensi onal nesh. Schedul er 515 may Nunber a first
-fold zero, a second fold one, and a third, short fold
two. Wen schedul er 515 igns an MPI Rank to nodes
115 along a fold, the MI nk is increnmented as a z
val ue increases along even-Nunbered folds and as z
val ues decrease along odd-Nunbered folds. As an
exanfithe NadesBgquasied Wag limitation, the MPl Rank 15
for ﬂoc&f’atld@ﬂawe{l@‘ﬁa}sermy be zero, the MPl Rank for
nodec 1 Xmpac{AdloWedraljalizge one, the MPI Rank for node
115 at AdyAllowedy- ieet wo, and the MPI Rank for node 115
ate [ Bls8)f RajuestbdT ipor-esPATI. MPl Rank for node 115 at
11, 3] MtiRA1beuE = i MPI Rank for node 115 at [1, 2]
may pe qb“@[id:lﬁépseon Concatenation starts at z = 0,
si nce %é éﬁggﬁ even Nunber. |f scheduler 515
foI ded A gl‘hﬁ& &SJ_I'-l-guan odd Nunber of conplete

O conca ena I 'on woul d |nstead start at z = 3

and <?:o i 0 . In particul ar
odi fen nggq}%@awi \f“@%@w onI y conS| ders

aCo I8¢ HrRqquestedlypgs Campast types of folds exist. As

an examppiéalAHewedt Halseway of Timitation, a fold may

pr oduc €ompectdillozwede Bimape.  Schedul er 515 may prohi bit

cer tai rnydlldwedr Kalee di nensi onal jobs 150. As

des cElsbHReqabastype i L@r t i cul ar enbodi nents, schedul er
- 515 Jolsgﬁuggngodbdmmsisenal jobs 150 twice. A 25 second

fol d, etbhﬁ;acﬁqioqﬁd&m&eny on that schedul er 515
foI dedAn S —ﬂ{lgs a di nension that schedul er 515

f ol doed I to rst In FI GURE 8, schedul er 515 has

f f t
F“Qﬁﬂg@ﬁﬁ%@ﬁgétgﬁa@aﬁfeé.sﬁé%??%%%t hibaed 110 10
indlcafe)latm dimhersions of lpeid Ull 8 befiold sﬂmlle:gahnmnabﬁs orbgrtd) 1 I(h r €erusMap
[o]0) enations, for total of four _neshes. .
(th*bgrfﬁwfea (28 rAriEh i e S‘@'&‘P’f’é’ﬂ%“%ﬁ”&ﬁ bﬁasorﬁ%%ﬁoéndwate
Iargertchﬁ‘z@néﬂﬁ‘ﬁ’s af %{éﬁ NGBt 63! QRsller @n§1§1§su bt &hﬁ'ﬁ Scheduler 515

schedul er schedul es a one nen3|on a
applic orusdbaprte dllonadles 415 edentified adFreeNodeldish ghwemeﬁ@nsM@p (which
edul er

. . that t
inctudb{ 3 o ¥} yeRG ot TRu e Aiedhediibe s bpiics ivargTomsMap
to a lifof hodes1a8 Aliscaad tor}i 9813b bEFIré i'eﬁiu%n{gf the ligd @ J®RSDhanapément

concatenation results. In particul ar enbodi nents, such
enginey 13@ Jor ipredestingnAY e exm@i e sndawtibyr wey Sfalimieiom df cluster

h I
managlicBy ingmee S, SOMERES rhvidi bR | GRE, e Af xS 1o
schedtﬂ@xsﬁﬂo's&neﬁﬁfép 8%5 s@b Tohushvig B {gqméesfhe deditdniasEE HHES Lize then

one or two di nensi ona ul er 515 constructs

beconﬁ@clfﬂi ABSAUDLRI, F6£ 810N Sk ik eFrEaNsians ha® R indRes | {B] 2 2}, the
orientation of each such fold. If the request is t Fr ee’

indicesli 8fngidenaks afbiedih@luler5$%5 cappiidsudiodusdagh qosgihle}. The
orientation of the request. In particular enbodinents,
Inverssmmdbpfoﬁﬂéabmmkdﬁpbas@,Sﬁ}zh construction using a
list of Try Structures, as described 10 below If
igylaro rrabadimants,e NumepDimendass ciodisetesces Number  of

cimen§§EPAE nARARERL o0 Ang dSNRR G MIBElD PhodtPbERy orus.

MapDihsioe$2] dddeMapisiod|2) pﬁﬁﬁaﬁﬂdlde%fﬂte dinwhsidas for rin@‘tiiﬁeem)on and
As an _exanpl e and not, by imtation, |et

respectiye MUkigRlicst e tq digtepsigns ﬁzmgdlf thl%th Sehashles -‘cléupey multlply
root of N 15 truncated to an integer. Scheduler
initially sets BestFit to {QQQ} If N=Q,
schedul er - o
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allocajipn

' switcl\glﬁrsfl%ﬁﬁ Sgglﬁ 3)! 0 is ap.unyise

315 is done. Ot herwi se, scheduler 515 w Il increnent
one or nore dinensions of BestFit according to a

Bui | dConpact Fits function, as described bel ow.
Schedul er 515 then constructs all neshes having

di mensi ons greater than or equal to di nensions of
BestFit and | ess than or eggal to di nmensions of grid
110 and records the neshes ing Fit (which 20

i ncludes an array). Schedul er 515 then renoves

u si,r abl e shes fromFit. As described above, in
one A ?9@?@?‘05%6&9@&3@911 v ifeuriorgnplgiply eaph ebtwo of the dimensions
for HoAETRSHANEY tvid! Whe@iersyist 166 each  .coupl ed to

f our CFl{Uswl64. S HRAS c%%g&lﬁ%egﬁhﬁesﬁwﬁlgﬁ?%roﬂ o gpply and then
modifieher sige fofcthor toods, finltially ndesotibeddinmaa®iso Bf GhvihésACdcRbrdingly.
Schgéul%rv’@s'dqttm gll mengions_to account forgrid 110

rnel adiP 1§ FoHEs-25¢ 19 Beapest g whish medtiplicatiomtor apalse

a Ihkphriibelad sxedaibcd 5sdieaet | 13t 51 e s i

t hat, .when one CPU 164 gt a gvvi tchta?élgéée?g%uﬁggﬁé\m geometric

.

tranjpgRAKgS to bl reqgrektolgrete 8list ohmedes setisfping ehe request.” A mesh

. ce S, 1S ul er..5 keeps only shes havi ng )

inctReSCE BEE SomiRAREE, B oT1D. “ Aot Beitl [Ere e mrchdn adepoint
[ Ll es. of, tthe multiplication factor,, As an

[Ex’é@} é’e’n}g}ri’ QE%'E% ’tr‘%c‘%%H b‘?/ migsh TS i ?‘get qrgpore dimensfang if the nzpph has a

tart'pointi dRbdt€khan ' L. a.y di mensio

’ Lﬂ;ﬁt v\gg and | nhlgeg@gi&%%ﬁgh%n %3) rt]n(? v\(ge %gr{:lﬁ{egg%ls'er‘g%%e"mnpqe and

not kiowial of dieptatinh,ya mesls vith 4 startigoity avi[‘ﬂﬂsrmyn 8 péint at [2,9,4]
di mensi ons. 29 Schedul er 515 then sorts remaining

wrapses st prd Fidimenstoos didngoing [wepiznimekidpl 10aedides ihm ddievrapping
r_eﬁi nin nﬁages. A maxi nrum di stance between any two

mesh Ha% << Expreldh < 308 Byl zand] 8¢ < 8¢ 2§z Afies sqiBduler 3)5-géildyates a

-0 )+ (S7 - .. f two nmeshes have maximum hop counts

list G ek 5 {Hine. e i POABIRE AGb Goors Lok i i ik peheduler

315 idefsfids 4 MeBPIHADisSRsREIE (WS e '® £ eﬁd%['fgﬁ?%jgbf%\}a‘ﬁgble for

nPIe and not by way of [i1mtation,
ovthereqgest | Gienprally, & Weres atimensioriauequeitsteadc & rdaukt in six

mestB RGAEL 2 PaReh & (R 0GRSl wnuend&i o mplin ems of meshes
satisfyiniyete teguess, LdwHedlinehsi SN R RL& nlénﬂds t&geiﬁﬁﬁl E‘@ﬂfé’m%;&%?eshes

f‘;{ Iqelast N nodes 115. As an exanple and not
satistying; the eqygst. jIp preticylos ieatbodinaents, schedaler A5 s8s st fkide-based torus

for a ¥ Sflreb 3 i d_not . 10.include mesh . . .
or a St Hierttongl Loy otnnizd @ Nt OF b satistying the
requesteasonabl e Nunber of neshes and woul d always result in

\%llﬂl east. one nesh _satj sfyi n% a request, since Fit ‘ ,
wutialize yadabies fsphedyling (enallcating 90e anthost nedes 115 to) a

" one u Ic dyl L Yotids 16, in ari
ore BRSPS AP ST 40 ek e

is less than or equa
110 tga @ x 2 fconfiguastiavedthodeas 1 1 eScheduleOfES il JoBN80 R thRKE axis of

schedul e% 515 | oops. 15 through Nodel nUse
HRFNSIATe pcheduferidiSsherefolds jehd 5 along

the z &iQHitS RSy Blis.| TRSEford, RO ParkiBhiial r ; -
identifies a free 'r%de €15. %?@géie}:ﬁgn%}é ’ﬁhgi@boa‘éuslgaapphes toa
one diggegpiopplae@itisig  only free nodes 115, and a free node

1%@]'!;2 'Iﬁ'ige a node 115 all ocatable to a job 150.
Sche u%;er %%m%son tructs Nuni FreeMeshes and
FMVrpMibsbhsiei[BT €¢Meshes] . NunfreeMeshes indicates a

: nb%ré@o'f .free neshes in grid 110, and FreeMesh is a
IR@P ensgdiiT¥i ng, for each free mesh in.grid 110,

oRR d r__ezfree meshes structures in grid 110.  As an
exaﬁgfoe@hd not by way of limtation, indices of node

115 may be {il, jl,kl}..
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Schedul er 515 may increnent a z axis until schedul er
515 identifies a nonfree node 115, such as, for
exanple, {il, j1,k2}. Scheduler 515 may set
FreeMesh.start[2] to kIl and FreeMesh.end[2] to k2 -1.
FreeMesh.start[2] corresponds to a start value of a
free mesh 25 along the z i s, and FreeMesh. end[ 2]
corresponds to an end val ueé of the free nesh.
Schedul er 515 may then increnment a y axis, starting at
il |dentify a first value, j2, so that line, {il,
j M3 04[ﬂf6égh {il, jI,k2-1}, includes at |east one
nonfree node. Schedul er 515 then sets

n] i Ji@a@%sﬁhesaiﬁfehgialaltaﬁrléglcl}%{nl%ng{ m%@gg ’[f?c]m tPd g:ajn Sitwhere

chedul er 515 then ts an x a startin
piatel OA4 d@khinpledadd A&t by Hay€of Enitfionl AL (63N Eorfebponds ¢
appropriale, A% 8 t%@gugh Do by 3ay of Mpitaitta, - {Eb2hortkponds to
a[0)= #pafl|-06¢ andnf2les2 nolige afabgtutk.er then sets
FreeMesh.start[0] to it and FreeMesh.end[O] to i2 - 1.
St gedicalar Sbodispests, schddelenlidd anaypalee sstsa yohasahdr H4bs of

i GBI IHIES 242, Hlod Mgl O BupiBe B o

~ schedbi9Ph Blo dinéhsiinhl RGBEE. O fRtichI@NEBbsANBAREEeHeQuldr 515 folds a

diffferent 5 set of free meshes, but only if two or
two dimgnsiopglaequesisiete adhind aingsaslglimgnsign (i gencratommerheampachshape

. [ r S . Neq
or sl TRk Y B A B Yo ES ARy st o
configiirdtionr @ich helyveediffstmoidnya DHS cdafigiratiomet dodep 1a8) that
an x axis as gn inner loop, .in_a two dinensional case

generatesy ggeatgst Nygerofsuch fols. richedylersHagmanehack caeleef % prgible
conﬁgt%:m%ﬁopé‘fdrsd %o dhehfl0f réc@l?%c?ng %glcﬁa%ﬁuffgneg )lgf g&ggfsb?éaﬁ)?ds for

ree meshes constru sing an X
each dfthreesix possible ¢configh@tiRgs. Aln pariéald 2 bodimhents scheddies 519 Selects a

n use, area 532a i ~first fr h, and area ,532b .
configuition llpting & §Ealcsralmbesof ppasitls folds, pyHarpgulay smbgdinents, in
the evfé&oof 4 016 IbRRen tREesx 4 lonfifurifshs, ¥iRaules38s5 iﬁstaseféc{sﬁthe Ix4.

ree mesh, and area 532b I's a second free mesh. In
configpeation gurdifyingrthe d axis and thepshlects ither 154 Tonfgeration medifying the y

. cheduling ,algorithmto 1 chedul e s I al requests
axis. BRI SRR P Berehlai B Peioiedf bt L sopleiiaibTand o
2x2 Ifigsrdation, 8¢lddalet NSIsd selehigdidlei NGk ! gffiguiliohO In particular

schedu| e_any The first and second

requests.
embodipRig.UIn; the) cxe1y @g i2 firBetwiean §Worior morg & >ehenbgprationsy geheduler

ri ) . rel at | di;f fer
515 P S1REE R 09 bl e L e U SO e 22
configiffion Sabditin@rthd k5 ahd St axezpdad thdd GeRkisothat @k 2 aoinfipuration
..150 in AssignedNodeLi st according to MPI Rank, i.e., .
modifyipg fiess Ytmesae [ Bafirylapgmbodiments,sehpdulare Iodpiialines variables -
. | 2 0
for solBRBAES HEQURRRSIOM RSt ECS RIS ST houERRIMEE badhles for
schedulagel tatdsdinfensiohdl eequzat, icatept de athree Himefigidbdabnequest allows six

. example logic provides an exanple description of an

orientatipns 9t roatigns) that r4re aeh it Wb fespect, 18 easl oglwrfflstead of

allowin?@ﬁ)lc@?”End is an end point of a partition and Tx, Ty, ‘
and Tz are torus sizes in 25 x, y, and z di nensions,
rlegadiculay eimpodiBents to-initial zSvariatfley for sclrdnliind cOlnpadtaequest,

| schedq'fggrp %E{u%ptl%il% zt:g}ﬁgﬁtg tllzirédtgoﬂpacf (r)éqﬁ%st:b; aflc’)ltlrs oarg‘é)[lezrlltetg ix4

configuration. Using a 1x4 configuration to process a compact request faciiitatés“ use of
all nodes 115 coupled to a switch 166 allocated to the compact r'eq'ue'st,' which in turn
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30 Fori=xtox+Sx-1 Forj=ytoy+Sy-1 Fork=z toz+Sz-1 31
If (NodelnUse[i nmod Tx, j nod Ty, k nod Tz) _ NODE IN
USE Ht = False End If 5 End For End For End For If
(Hit = True) Return True 10 End If End For End For
End For Return False 15 In particular enbodi nents, a

scan al gorithm applicable t9,a conpact request
repl aces the above Hit flag-with a Count val ue
increnented in an i nnernost [ oop as follows: Count =

Sx-1. F t F =z1o
I‘Cdlg:_g%%ﬁ&mplﬁtaf(l% ;P);(m%)dgr%r(ll ({ %gar%?ﬂarkegwmggtg =cheduler

N NGhi &4SEn d If End For
515End For é%gﬂzFor aﬁgy%aﬁ%&g&%qu&@t egﬂédes) 30 Return

Tr e pPERidionfis Tremadlestvieeshoiyicinding alkhaddsvElSyin gm‘ﬂ fli m Iaemable for

G RS R S DB, S e
an QENPeRHinbRIUE He, p@‘ﬁltl@nzPﬁl@.?lﬂ?[g§5%d1@%Esﬁgf§i£i gfggg%agﬁ%n and
Partﬁ\lfrpt 01};2 l@}ql%@éeés\lﬁhgﬂer JtheI Ea?’c?txon wrgps Scheduler 515 may construct a
partition to reduce lengths of searches for nodes 115 satisfying a request. A partition may
be much smaller than grid 110. For i =0, 1, and 2, PartStart{i] includes a minimum of all
possible'i coordinates in FreeMesh (which includes an array) and PartEnd[i] includes a
maximum of all possible / coordinates in FreeMesh. PartSize[i] = PartEnd[7] ~ PartStart[i]
+ 1. If PariSize[i] equals TorusSize{i], PartWrapsi] is True. Scheduler 515 sets
NodeInUse (which includes an array) to NODE_NOT _IN USE for all nodes in FreeMesh
and set to NODE_IN_USE for all other nodes.

In particular embodiments, FreeY{i,j,k] contains a Number of free nodes 1’55 along
line {ijk} to {i, TorusSize[l]-1,k}. FreeX[ijk] includes a Number of free nodes 115

along 'line {ijk} to -{TorusSize[O]—l, j,k}. Scheduler 515 uses FreeY[ij,k] and

FreeX[ij,k] to execute a scan algorithm, as descﬁbed below. In particular embodiments,

scheduler 515 constructs FreeY[ij,k] and FreeX[ij,k] only if SpatialAllowed or
CompactAllowed is True.
If SpatialAllowed is True, scheduler 515 tries various structures for scheduling a

request. A spatial job of size S ={S¥,Sy,$z} has up to six unique orientations:

{Sx, Sy, Sz}, {5, Sz, Sy} {Sy, 5%, 8z}, {Sv, 8z, Sx}, {8z, 8x, Sy} and {Sz,8y,8x}. Thesix

orientations correspond to four unique 90° rotations and two unique 180° rotations that
scheduler 515 may apply to a mesh. If any two dimensions are equal to each other, only
three unique orientations are available. Scheduler 515 considers all possible orientations
when scheduling a mesh. If a job 150 is two dimensional, i.e., one dimension of job 150

equals one, scheduler 515 maiy fold either of two used dimensions of job 130, ie.,

dimensions of job 150 greater than one, into the unused dimension of job 1350, i.e., the

dimension of job 150 equal to one, in an accordion-like fashion to generate a more

compact three dimensional mesh. If scheduler S15 folds a dimension that is not an
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only at end points. As a result, a two dinensiona
mesh from{x, y, zl} to {x + Sx, y + Sy -1, zl} is
excluded from further cal cul ati ons and schedul er 515
adds a two dinensional nesh from{x,y, (zl+1)+Sz-1} to
{x+Sx-1,y+Sy-1, (zl +1)+Sz-1} to further calculations.
i, ], and k |nner | oops coamt free nodes 115 in a
sequence of two 32 dinmenstonal neshes along a z axis
of size {Sx, Sy,l}. A z |l oop renoves one nesh and adds
simlar effect occurs al ong

. th
integi) multiple 8@5(1%%@ qfrtgf‘ef??% wpstfoldovill bej sherterdbanalk avg«;dmg folds,
whlclfx Will k‘és‘lﬁtlﬁ & Hﬁh&ﬁ gﬁéo?lgaﬂeﬁ g 4t5‘ aQﬁ'ﬂéE 'dﬁ“Hér@fonaI mesh.

nbodi nent s, schedu uses
Ifjotal-ﬁbtsl anierimensiarah sahe:dulqn &b meygiebsjob B0 1Ehf elﬁler afitwo unused

eGSR TR AL A b 500 i) BB o o

remaI 1@&1 fhdnGioh; A rdsBliingGh%e of fhe E’ﬁéshWé‘lﬂ& [ gehemII)T 'sH€aking,
= PartEnd[i] El Se end[i] = PartE

beaogpg@gna]txog@fg)umwsb@sw 1 1oop from Part St art [ O] to

CCHGIRIEN R s, BteBB0 S Aimfotel o W& bt 5

| dlmel{s&)IPalmtfHGUHE 8] scEddule? 515 h@x folddteehk Sha dirhdusibad dequdst,| 1,11},

particul ar enbodi nents, schedul er 515 woul d use t hree
into the opdimension ukhghr Sl luml ofidoar toegeneese a thNondierensibnal mesh,

YL YT NN R T —
sched{ﬁie?‘;'l?@%W%r%r&ffofdr & ”ngcsgd#fa[ 2l Oggl aﬁhﬁi short fold two.

Wheni sohbdigévElSyassignSah MEMKaﬁk i Heddsor1 St diend g 1feldy tHeAMPT Rank is
20 | oop If NewX = True _Do nothin o El se

 incre 85 9 p|V2HHS ingreaseyp oga@wearNuqusf 1@] astzvalues decrease

along ant e%-:l:d f l@bﬁg bxdhe A9985 b Hﬁ‘[f) 838 Rank
from ?ﬁ § I% § f df] r@

for noHe déf([axj@ ﬂ!] m]ay -be aneme]ﬂieém Bank for nbd)e m/.a'oau{() il]oﬂsz Bgone, the
mpt g olgode LIS 105 5aiabE g o the AP RGn tiinde 415 611 may

be thréd. e’ﬂ%é[wrﬁxmk flnode T L818T RayYBeIut, Bd MPP Radll Brthode 115 at

| oopi ng over Xx
[1.2] may be five, and so on. Concatenation starts at z = 0, since the fold has an even
Number. If scheduler 515 folded the request using an odd Number of complete folds,

concatenation would instead start at z = 3 and continue inward toward x = 0. In particular

embodiments, scheduler 515 only considers accordion-like folds. Other types of folds

exist. As an example and not by way of limitation, a fold may produce a staircase shape.

Scheduler 515 may prohibit certain folds on one dimensional jobs 150. As described
above, in particular embodiments, scheduler 515 folds one dimensional jobs 150 twice. A
second fold either folds a dimension that scheduler 515 folded first or folds a dimension
that scheduler 515 folded into first. In FIGURE 8, scheduler 515 has folded a z dimension
and folded into a y dimension. If a second fold folds a dime.ns-ion. that scheduler 515
folded first, scheduler 515 may generate up to three concatenations, for a total of four
meshes. In particular embodiments, scheduler 515 allows no more than two

concatenations, As a result, when scheduler 515 schedules a one dimensional job 150, a
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0 Set NewX =Fal se for a nexty increment 35 o Set NewY

= True for the below z loop z loop o If NewY = True

Sum zPl ane fromz = PartStart[2] to z = PartEnd[ 2] and

record results in Count 40 o El se Subtract

zPl ane[ z-1] from Count Conpute zPl ane[z+Sz-1], which

is a sumof free nodes 115 i2 a two dinmensional nesh

from{x,y,z+Sz-1} to {x+sX-I,y+Sy-1,z+Sz-1}. As 33

descri bed above, use FreeX to reduce a Nunber of | oops

f wo to  qgne. Add zPl ane[z+Sz-1] to Count If Count
socoh® Bk W0rel Bl o olig e imonsiore bt 1ddlded into frs, unles

theefirbiofdlddia st reS@h RO nShteratdnd ﬁf’% 5i5S of g;% 1§r'b tilgr?fli gtggéralt rrzllﬁltiple of

following nodifications to address ap
fd@ﬁﬁg@i Ry consaignationgesiilion In par)iculdr enbdidineants, Budth@restriction ensures
schedul er. 515 applies a

' | array.bounds, 2
e s R b O A 1 cncaligiahanse Taripis iy embodimens,
schedlersdfdeifialtnchrisiicts bl BOSINBRdQRAARS LAl I the request i

di rensi.on qQr a y 10 di nension, to conpute free nodes
one Foiwoimensional, scheduler 3 15ecqpstruéts cashppossibleaadcordion-tike fold and
B pOKHI BHemarnt R f es 115.for two |ine
qeac_s gg nent s, erg ne f ro mb%%lﬁsr}1l tfbgft Igﬁgenreglﬁeé?lsot&eF ﬁfél\gﬁ’éﬁl?r?alll sheduler
>15i epnstiactx cach yoskilite nsieamtian cofanet kgiiest. OM PadRiaP HrfiSbdiments,
sché?iﬁ;étrgﬁ parotéstl gg tﬂ1 %é)m nt.b. Ln particular . ]
SHSE Al PrdrGeLds epch such congbstimusing Hstafl Byt $ructerpntasalescribed
belowequest is 15 simlar to the above scan al gorithm
applicable to a conpact request. In particular
enbopmBsrtslioved isdiren seledoler iR poIBracaa camPast hdl containing a

- reafRl NiflPof s IR SPhe dyRISTS delchascribe mmosh it tsgont e sores

the freblh i BegtFil &yhith Shdadkso dul.er identi fyi
._.pai nt i%]@gﬂfre%h havi n Sa&pﬁ%uﬁgr&cgéﬁ??gsﬁdehﬁ E? x@ay of
hm‘@ﬁ!@ﬂﬂ lsbRsbe fasy reauwm&mnber o€ nodeh 185 andlii @ tbeah IcubiedR®t of N

re. , ich te to reduce nenpry 20
frung é@etragﬁé%é&%aﬁé@e@% il b8 (10040 b 0. L6 Nyl scheduler
515 RN OR&ie0 h si nce, as.describe )
| aIC_JO\Ill e, scﬁg%ls& geb?@%qgagnlay geﬁ‘a‘gﬁef‘h%“wtfh‘?fﬁ dippgnsions 5 Bestrit
accorling i jao BaildCeopretRitsofunceion, W déstHBE] B8Ry, " SSRESler 515 then
t o, prpduce a base mesh having up to two _
cons%n%%? ?ﬁ SRS vt dimedsions erupis dhameboaish to dimensissty of| BestFi
and lpgrthint off @fuabERBheASHG ool Lisat | to the.. . ..
. . scan al g%l;ithmtend thOfre uce a nlfggtlﬁﬁgujtnl%%:}ﬁ%}"’htels%mb Fit (which
includesancdrsybd with schedul er 515 25 scheduling a 16 x 16

oo RBt 2 baL AR oRESisehle Mesheschm it sAsderepbedsabove, in
sl i 10 S BAGRBI Y O BT
COUP%@ i fpr GPUs 694, Scheduler 515 modifies. the torus by either afactor of four in
one dimension or a factor of two in two dimensions to account for.grid 110 including four
CPUs 164 per switch 166. - To increase a likelihood “schedﬁler‘S 15 will satisfy a request so
that, when one CPU 164 at a switch 166 executes a process, all CPUs 164 at switch 166
execute processes, scheduler 515 keeps only meshes having sizes in the one or more
modified dimensions that are integral multiples of the multiplication factor.  As an

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

in a y dimension by two and in a z dimension by two, scheduler 515 would keep only

meshes in Fit having even y and z dimensions.
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identifies a Try Structure that is schedulable. If no
Try structures in the list are schedul able and an
aggressive flag on the spatial request is zero,
'schedul er 515 returns to 30 cluster nanagenent engine
130 wi thout scheduling the spatial request. O herw se,
schedul er 515 uses a conpafé schedullng algorithmto
try to schedul e the spatiaf”request. In particular
enbodlnents schedul i ng a request accordlng to a

spati al ?orlthn1|nvolves up to three
t r%@tﬂléﬁb mal3 dhey: sorsoremeingsg meshasnio Fivtagedrding Schaximuar hop
coun%]iﬁ W%ﬁlélnflﬁéﬁggwg L ﬁﬂgxltﬂwr{]ﬁfs%g{:@ E It\%n Srh%r%l {]w% norlfas in a mesh

of sxidl rﬁsﬁ EpB:} af (SJ@#&)-F?D 1stgri\/bp 5 tvad) n@ersh@yhmvm&ammn hop
hree 5 elenents that maps indices of a point. As an

counwxdtmhlcﬂ tardcothet reheayleo 515 poistthd imesh cloSeryto rbvbyy a=cubt before

Q, 2 ans index 0.gets mapped to nde
 the qligs a0 A 'aanﬂ(xafrwéegﬁn% oS R i Rgog0 b 616} and

M, aﬁ%egr?vﬁea:‘]’g Hpime ?@ﬁg‘z‘i‘ﬁtﬁvﬁ’uﬁﬁﬁé‘?@&%&lg i é‘%t'\%f"fsﬁ”f
Nlﬂvéﬁ f &Be«flﬂérdﬁ 5&{19 QHECIRDvR u-ll;gé’su%l'é qﬁés?{ése fro fschedule:r 515

Try. fo dLength is an array I cati ng
would pdidgsneratrall heshtFimindisg atrieat Neyodes dil Eaﬁsmg eamnpledad not by

way Qg i N auair ‘.tx?%itg@%%{”weéea@“ ik 20t S not
mcluée 1{1}9 @a{i{fal%g?d I\fesﬁ @,f bZ}r wgu%iyr}% fesu dgr inat ]a %8836}{1‘% ﬁ\{)unbiysof meshes
and wBﬁw Jl%ﬁFﬂeahu fn a@ibaétran@xnéfg? géét&ﬁlhg g r@r{he!stng % B wAuld include a

di nrensi'on that remai ned |cu

‘mesh eqbad do godtld O aaﬂ tchrstes cippdgdneent Sdginel éB@ caﬂsrwhedtﬁmts 14 godsbif N

e Bl G e RS I 018 e

asf AhPANONED isIBRE bRstrick Dnd RP ntd?e fiRB nhddUeY, SehelQleAb1 Pbops
to the startlng point to map the 20 startlng

ﬂlrougibﬁﬁdelanS%W}ih @nXaxeT araneiterdeop, aScirdsl nbxdy ali&z axis as an inner
loop Lﬁnlglg géhfe%ﬁ)f(lge:%S S’SCO)IC]?I% afie%s d e%v ilhg %tﬁar L ' ﬁ 6{1)&%&5 & megil 1nclud1ng

only fréwvesdee 11500l a ﬂ%@h@dbllleﬁ 1&:15dds®ﬂ&iet hISOh!lﬂtataBE to a job 150.
pr etransformed nesh in to generate MPL Rank.

Schedglescr Phed wmstiects | nNpaFreeMeshes eepddi ﬁﬁﬁ’l\@eShWrﬁW§Sh93]

VNumFréebﬁ&hQéjﬁlﬁfcakegoaoN bér Qf(fréesnﬁghdéul e%rg'lgfﬂé {1| eS %Hqs 4 list

IS 1s an |nner oop
identifytirgy) ﬁrmadafre@mslanpgncbmﬂ, ond lmanpfeeﬁereaﬁs:ﬂﬁs aad:tur%im drial 110.
each poi nt in the logp according to an O{der

As ansexale apd 5195 'bap‘fm @é lipjtation, indices, pff}emd@rﬁ 5imay pe 1il, jLk1}.
f ol ds

d h, i
schedflsf 51 By P ieRER Bt st sSllish o5 i9kgRget’a dopite o s,
such ésx for ¥xampfe,) {i1 t,p kohe svheamanﬁs) M@%&%&M&ﬂ séﬁé]}ﬂdw Rf and
15 then'ins e node, {x', z'}, into an ‘end

FreeMEﬁh sd{? prockNede LFrséMeshl searf)2) (tdrfelsb@fds Qﬂh@fﬁrﬂﬁlﬁéof afree mesh
onpact schedul.i n% ?ZOI‘I thm applies a scan orithm
along tﬂaﬁ gt apd FregMes Iogorrespongs (to catnuﬁrasis veiﬂﬁuqf pdree mesh.

Schedgltg?.ggfht}azqgﬁg#{c\%m r rf{‘%%%{\% n_?mﬁ%%tn}l' es Iﬁﬁ'Ta{ ﬁrs’t value, 2, so

that limgyji1p£2, kB thtdughl {1, 71,2 — 1}, includes at least one nonfree node. Scheduler |
515 then sets FreeMesh.start[1] to j1 and FreeMesh.end[2] to j2—1. Scheduler 515 then

increments an x axis, starting aﬁt il, to identify a first value, i2, so that plane, {i2, Jl, kl}
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| arge. As an exanple and not by way of limtation, for
a torus including 16 x 16 x 16 35 nodes 115 and a
request for one hundred nodes 11"5, BestFit = {4, 4,5},
which results in 35 over two thousand neshes in a Try
structures list. Although applying a binary search to
the Try structures |ist mayspe desirable, a binary
search of the Try structures list would not work in

particul ar enbodi ments. A binary search including
i f Cwere true

digs hd. n t. wor nl ess, (1) :
thr?%h eﬁ ?re ? k\ﬁo V\%: léde? raﬁée‘fsgronﬁl Foﬂfseﬁr‘é‘?ﬂeer SFhf‘dW“érthen sets
FreeMeah.stR(0] 577 €fals [ C
rWer o ?al ge] tf e ag@Fﬁe%Meglgg al!l'%) 2= a{equ(él? pler 5‘?5"3 eats'the above
proswstsphﬁgﬂlubr 51% ndneedd aibmtd'es 1E5 tni gait 1105 EReBod pl%cé_srs)does not result
work, since a possibility

eX| gﬁé g‘{teztﬁl'eﬁ rg@ﬁ% Lﬁ?%’ﬁ’g inGy difgrenbpuder tendtavgenerate a different

- set bfHfrde Alesh@Ube dnlyd tﬁ@ @ %r@ﬁg(fﬁlegl%s sﬁﬁkﬁsoo}ﬁ?%r% %v%@}each other.,

while a scan using, for exanple
A frgs meshrpatirely supyrged P npdésnbl Sainay alwdysiuniquee FIGYRES 9 and 10

articul ar enbodi nents, a binar
iluSHELE itfeEohoe bohveeh DAk pSilaSn fiek oo AR gt 6 bimss loop
in aglmmuqhmeﬂmshﬂ&:asm BIGURE tiflistsS%vo! fr&d medfes %Bgétl;ﬁgtehchsmg ay

maxi mum gll st ance then, if schedul er 515 identi
axis s igper;lopp,and FIGURE 1§ SHUStrﬁQS/tW\tg free meshasLoonstisteainging an x

axid t to | | east o
as Jﬂoii'hﬂa]t lhgb %5 ﬁg@ldggﬁg%rn,g gﬁﬂﬂg otfoﬁiF%\n?% in} usg qua%%Za isa
ﬁrstaﬁ“ﬁsﬁdllésht and firem 632119&;?11 Senoﬁch&eé neth. hﬂﬂﬂu[wlyalrﬁmml(} area 530
mcl%#staﬁ 11 fits, Snf PtheHSt haV|ngamaX|me
rdfles S uuEhama 5 et falirst free mgshy and; area 5323 istresecond free
mesﬁxs an exanpl e and not by way of limtation, suppose
z} is a nmesh having a naxi num di stance i that

ihs pantwellaéfmt@du{mts yschczdu{erl“’;’ IShasesaa Ay mmm@t ASSHm 1o

schekluli'% s}:aﬁl@}regﬁleskn é(gid chﬁcﬁ.gllng gog-%r tzséo)f(léd'-é‘l" |co§npact requests
and gar ditde schiddalin® ral@tifiadh {00 s¢hedhib 55531 '?ﬁ)%ﬁt‘sn e fidsBland second

respect to

‘ heg]ﬂ gré a. maxi rum di st ance |
SC Peraleorithps age Sl@}lam\ﬂﬁﬁgoﬁemm ngmcah alrganﬂ:msl thdt, ar¢ ¥elatively

dlffei/ent ﬁ‘oilh éa}cﬁz)ﬁféﬁ Izsgoes %Ifgq >§c‘?he }1&35 %ﬁelé 1‘?(5; scl?edsuger .ﬁ?%?lsts nodes

150 caihoeatsd fox, job, 250 m:cmm@m@Nweﬁ&h%%xﬁﬁl 9 MPI Rank, ie.,

co tance[ NumvaxDi st ances, 2 duri ng
- ASSIWH&PQ&&E@’J%%%HPER%?U cul ar embodi nent s, a bi nary

P SRR L S S S e
algorttemttofsedrch 6y Patadtipoit: 31 No@éln@?@ ?61’ t'i(g @b&lal ?e(fﬁe&a "Ph fl'oﬂawmg

search of meshes in Fit is ef ener

examplepgiei praiges,an exampleatescripsionarfan caxampte@bm ﬂgmmhplmsdan is
use.an r .bound to run a
4 smgﬁﬁg?y sé%ﬁnﬁiuig ﬁ’é“i?% AT @%D f’fa Vet Frege torus sizes in

x, y, and ardimenkiomsyesispectivelyn t he upper bound. In particul ar
enbodi nents, a |linear search downhward tends to- be nore

er 515 runs a binary search on

F&fs + PheStart[(3 % PREBRY
_ Flﬁ)rﬁﬂq) @ I]!sag@ and HighStart[3]. H ghFit is
an i pgex Mli ﬁf&ﬁdfﬂ a request, and HighStart is
astar in grid 110. An algorithm

for runni A I search downward begins with
Hi ghFi t ﬁ‘% h‘%tayrr1 . I'n particular embodi nents,

schedul er Sfﬁrbéé’r“é«%ﬁ’r a maxi mum di stance of a 5
current Hi ghFiforkessato Sdkddul er 515 then | oops through‘

all meshes including the
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maxi mum di stance until schedul er 515 identifies a nmesh
satisfying the request. |If scheduler 515 identifies a
nmesh satisfying the request, scheduler 515 sets the
mesh to HighFit, decrenented the maxi mum di st ance
again, and repeats the process. If scheduler 515
identifies no such neshes, ihe algorithmexits and a
current HighFi't is a best ? If 10 schedul er 515
cannot identify a fit for a partlcular maxi mum
di stance, then s canngt identify a fit
for a shorter ?n&&:‘idg r&?ﬂ&ﬁ énOdScﬁ(edUI@P 5% kodped Tz} =
through a Fit nesh and\@R lhe or nore nodes 115
into an end of AssH@heEdﬁUeLlst An order of the
three | oops depedidsllbn how schedul er 315 nmapped a
swi tch-based t Bnd&ot 0 a node- based torus. |fschedul er
mapped t he dmdRkda- based 15 torus using a 4 x 1
confi gur aEn@Moi N one di nension, the one dinension is
an i nngr(ligeprrud)yf schedul er 515 nmapped the
swi t ch- bagg Hmi?ﬁ%s using a 2x,2 configuration in two
dlnenS| e two di mensions are innernost | oops. To
sche E 9n any request, schedul er 515 | oops through
and fills the any request until schedul er
§ assi gned a requested Nunber of nodes 115 to
EP- %Gny 20 request Schedul er 515 inserts nodes 115
Retyiplalési gnedNodeLi st i ncrenental |y as schedul er 515
| oops through FreeMesh. In particul ar enbodi nents,
s dh gentialar5d8bodimpntst Arsveg al ch’Ethml\/bgﬂwablefml b @omipadiZ request

ooy o S BEB o O3Bt SR B RSEe ep a

ﬁﬂk“ﬁ@nverted a swi tch-based torus to a. node-based torus.
Using the z axis as an innernost |oop tends to avoid
C&hﬁgnentatlon of CPUs 164 coupled to a switch 116. A
IR&mM} 45 of two remai ni ng di mensions in FreeMesh is

a and a. larger one of the two remaining
Fﬁﬁg oﬂg gg Ebouternnst | oop. 30 Schedul er 515

list des 115 u5|ng node based coordi nat es
in éﬁéﬂ%&i mod Tre £ mediTigk medviz) =REARE_NOT_IN_USE

Assi nedN&B@Er§¥P@tbﬂ is a x coordinate of a 37 node
115 ofEN¢1fRank i, AssignedNodeList[i,1] is ay '
coorf#idBare of node 115 of MPl Rank i, and

AEsd loedNodelLi st[i,2] is a z coordi nate of node 115 of
ExAtorRank i. FreeNodeList is a |ist of available nodes

If@iﬁmpasgggkgﬁdﬁgagyuler 515 in switch-based
es. In particular enbodi nents, to set an

Ei@q Ran field in FreeNodeList, 5 scheduler 515 uses
he follomnng exanple algorlthn1 For i Oto

eeNode vert Assig ghbdeLISt[l]
The a %’et has & a‘& F8R singe thedulEns 1D evalptay egeh point in
Nodelﬂ?ﬁé Mp Ed“g? &J%‘}E%E Uﬁg@sﬁlu%g?é gk%\ga §clﬁﬁ %? a%oﬁﬂﬁ@ttéq&gst 19a z loop

mcrements from say, z1 to z1+1, i andj inner loops do not change and a & loop changes

only at end points. As a result, a two dimensional mesh from {x, y,zl} to
{x+Sx,y+ 8y ~1,21} is excluded from further calculations and scheduler 515 adds a two

dimensional mesh from {r,y,(z1+1)+Sz~1} to {x+Sx—1,y+8y —1(z1+1)+ Sz ~1} to

ﬁlrther calculations. i, j, al__ld k inner loops count free no_deé 115 in a sequence of two
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I fTo[ k] = FreeNodeList[j].coordinate[k] for all k =

0,1,2,3 FreeNodeList[f].npiRank =1 Exit j loop 15
The foll owi ng exanpl e | ogic describes particul ar
enbodi nents of scheduler 515. |In particular

enbodi nents, when cluster managenent engine 130 calls
schedul er 515 to schedule gyjob 150, cluster
managenent engi ne 130 comuni cates val ues for the
followi ng input paranmeters to schedul er 515:

T T T N -
i, U O i B s 00, FESHRAR A i o

inclyde afrays) rfaq;luﬁtg:rre@mi@ Proceseing e . Irﬁmﬁaﬂ@ angiddafientd) scheduler
er between zero and one indicating _

erdf Roint, nu
515'15%9{11 "S’P pleg DCH ¢ EMPHFLEWeHuUl er 515 for

purlpéf’ir&:SanQﬁra§1| imﬁ@[Td%ﬂsS?ﬂa‘f to%ﬁ)réﬁ% ileR8HR mes counts

Jor@snpnae nts 1 ndical
svmtcpollg an%ti@lﬁcgg@gfxﬁ\éhﬂg %%K@ esPerva:tclh A

T erNSEFE 2R e]élsiﬁq ko 2¥enadl S0 (o0 10 orT
eLi s ﬁze[’)\ | i st of FreeNode

Free
st r %Wécs“ lnla?lﬁzg? Q}FQB%{TS*EH apd ¢ glnat es of

8P 15 available for scheduling. In particul ar
en‘ﬁodF Mehtd zsthéaifitat2b1s Petlindid], aeeocofutchePlane for meshes
f ol | of-PrgtSagri[ehz} tedkbSiul BartSaA[I3+Sep) s to schedul e a
job 150* J5 ROBuNESIntidERheitnichedits SIGhRBaTse M2eNBSy here,
schedul ed Fro6Y 156l hedBredReds NQuABS mmo%os&%%b x and
IISB/E ngumtmp ﬁﬁ;fhedl—FrIS:é’Y FarRas % tg{gﬂmmyﬁ]
schedul er {5:3[@1'@%[1][]13 eé j ob %01 hShlil=} to

L%s J 6’1‘1%

al | npdes allable
'npp Ier 515 sc%eé schedul er 515 sets

?[e iﬁl of FreeNode structures accordingly. In
pafti cha di nents, a wr apper function between
clusgﬁ H&genent engine 130 and schedul er 515
cohveris |nput fromcluster managenent engine 130 to
a format tUpdetesPlasdul er 515 expects and converts

out put € r &ar esshedulatStal3] totRarEnlify)at t hat cl ust er

managenent e»nanbIrabBG‘r&Xn@&e‘ssllﬂ fin Addet bdpaledt from itz—l,z} to

embodi ments, sét-Shegu idjzidet erm nes whe

a‘job 150 is tthrggéc uIa n gpfls

the follow ng exanp| ogpﬁl%g)lng?f&_g ’%1 s?ﬁrgc)ﬁ@dﬁg Zl eto avoid
Fal se

+ Add free nodes 115 in line segment from 4xy+Sy—1 to
{x+8x-1y+8y-1,z} to zPlane[z] { i
o Use FreeX[xy+Sy—1,2] — FreeX[x+Sx,y+S8y~1,2] to
avoid looping over x
o Set NewX = False for a next y increment
o Set NewY = True for the below z loop
« zloop
o IfNewY = True

. gum zPlane from z = PartStart[2] to z = PartEnd[2] and record results in
ount

o Else
«  Subtract zPlane[z-1] from Count ‘ :
+ Compute zPlane[z+Sz-1], which is a sum of free nodes 115 in a two
dimensional mesh from {xy,z+82-1} to {x+5X-1,y+Sy-1,z+Sz-1}. As

I
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Ret urn PQS_NO ASSI GNMENT_FOR JOB CATEGORY End If If

i nitSchedul er() = False Return PQS NO ASSI GNVENT AT
SPECIFIED TIME 20 End If If RequestedNodes >
NunfreeNodes ret = False Else ret = schedul eJobO 25
End If Ifret=True setMi Rank() Return PQS_ASSI GNED
El se 30 Return PQS_NO_ASSI,GNVENT_AT SPECI FI ED TI ME

End If In particular enbodinents, Rank, which
schedul er 515 caIIs to rank job sizes, enconpasses
‘the follown l ogic. Input to Rank |ncI udes a
one di neri$Fs da e*e% é‘ﬁ‘? §§FCXI to[reqtucerablupmger pf kagps from two to
el enent s.O%&ut put from Rank i ncludes a one di mensi onal
array, « Rafk] Zlanefeadizrid te fowe el enents indicating, in

i acrE@sumc> Kiegugstadhddes Revfrn Tme | n[ Rank[ 0] ,
InfRank[1]] < In[Rank[2]. In particul ar enbodi nents,

Rﬁnba&i&qwsﬁao@nﬁu@bb@eahlepshs RakéiOmore Bf %nﬁzﬂlbhng

RApplies
= 39 Rank[2] = 2 Fori=0to2 Eﬂ) =i+l to 2 If
mOdlﬁCﬁ‘[l‘minf@[ J‘a‘]ldl‘QSSI ﬁ[miqu ]Wrapplkg 4n F@lﬁlﬂé'{l@l]Sl(marﬂlP ,1f indices in the

cimen 0 e o0, Plhd et 13 aplicn ey FAGADR o the indices

beforedaiye amay esfesdned; hatd €)j ifbthd Sartition twrgpar iat e ad thmensmn or ay
schedul abl e, _enconpasses the fol |l ow ng eé npl e 9 C:.
dimengigh,; togogapute; feg podes, [1o oiél[ywjxe segment, e.g., from pomt a o point b,

scheduler 515 computes free nodes 115 for two line segments, one from point a to an end

of the partition in the x or y dimension and another from a beginning of the partition to

- point b.

In particular embodiments, a scan algorithm applicable to a spatial request is
similar to the above scan algorithm applicable to a compact request. In particular
embodiments, differences between a scan algorithm applicable to a spatial request and the

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

 scheduler 515 identifying a point in a mesh having a particular Count, scheduler 515 looks

fora point in the mesh at which all nodes 115 are free, which tends to reduce a memory

references; and (2) scheduler 515 may need to handle one or more concatenated meshes,
since, as described above, scheduler 515 may be dealing with a one dimensional request or
a two dimensional request folded to produce a base mesh having up to two additional
meshes concatenated onto the base mesh. In parﬁcular embodiments, such modifications
to the scan algorithm tend to reduce a maximum run time associated with scheduler 515
scheduling a 16 x16x 16 configuration by one or more orders of magnitude.

To schedule a spatial request, scheduler 515 uses a scheduling algorithm that
applies a scan algorithm to each Try structure in a list of Try structures until scheduler 515 |
identiﬁes a Try Structure that is schedulable. If no Try structures in the list are
schedulable and an aggressive flag on the spatial request is zero, scheduler 515 returns to

cluster management engme 130 without scheduhng the spatial request, Otherwise

ij scheduler 515 uses a compact schedulmg algonthm to try to schedule the spatlal request..
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Return Fal se End For If RequestedNodes > TorusSize[ Q]

X TorusSi ze[ 1] x TorusSi ze[ 2] x NodesPerSwitch Return

Fal se 20 End If If NodesPerSwitch not equal to four

Return False; End If If RequestType = SPATIAL 25

factor[0] = 2 factor[ I] =2 Rank(TorusSize, tRank)

Rank( Request edSi ze, j Rank) 31 mjobDi m = 0 30 NunExceed

= 0 Fori=0to2 |If RequestedSize[i] > 1) NumJobD m =

NumdobDim + 1 Else If RequestedSi ZE%!%]< 1 35 Return

If 1f.RequestedSize[fRank[i]] > ) _

$g|r131§ CQ‘??F%H‘%H‘W“ 3= %@p&@%@qmafmgdmg @ AESpatéad dilgorithm
invBlveExus 6 thrée %méfgm%féné:fm%”f&gﬁ%@ NUERRC SStriadler 515 keeps

Return True El se If NunExceed =

tragieey Birpngtiomarsiog M olld vl fistdNadersPer Swi t ch x
oo { e mget.urn True End If 5 If

TorusShaslik Rankl e aedl: @orr having thr

A ekgops TxgeMen 1-an ggray having three

Nu '91?3# gﬁpﬁ%ﬁ%ﬁﬁi@mﬁ As an example and not by way of limitation,
Try.sMap = {1, 0, 2} means index 0 gets mapped to 1, index 1 gets mapped to ¢

and index 2 gets mapped to 2 so that, under the map, {X,y,z} = {y,x, z}.

« Try.itMap is an inverse of Try.rMap.
»  Try.NumFoldMaps indicates a Number of folds producing a Try Siructure.
»  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 Jjob 150 isschedulable at
a starting point in grid 110 using a Try structure, scheduler 515 assigns MPI Ranks as

follows:

+ Scheduler 513 applies an inverse rotation map to the starting point to map the
starting point to a pretransformed mesh. Scheduler 515 constricts folds to leave
the starting point of the mesh fixed so that scheduler515 need not apply an inverse
fold.

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

« Scheduler 515 applies the transformations applied to the pretransformed mesh to
each point {x, y, z} in the loop according to an order scheduler 515 applied the
transformations to the pretransformed mesh, i.e., scheduler 515 folds 0, then folds
1, and then rotates the point to get a point, {x’,¥’, 2}, in the pretransformed mesh.
Scheduler 515 then inserts the node, {x’, ¥, 2’}, into an end of AssignedNodeList.

In particular embodiments, a compact scheduling algorithm applies a scan

-algorithm to each mesh in a list of Try structures until the compact scheduling algorithm
- identifies a Try structure that works. A Number of meshes in. the list may be relatively

large. As an example and not byway'. of limitation, for a torus including 16x16x16 B

- nodes 115 and a request for one hundred nodes 1135, BestFit = {4,4,5}, which results 1n
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El se 10 If RequestedSi ze[ f Rank[ Exceed[ Q] < factor[0]
x TorusSi ze[ t Rank[ Exceed[Q and

Request edSi ze[ f Rank[ Exceed[ 1]] < factor[ 1] x

TorusSi ze[ t Rank[ Exceed[ 11] Return True End If 15 If
NumJobDi m < 3 and (RequestedSi ze[/ Rank[ Exceed[ Q] z
NodesPerSwitch x TorusSi t Rank[ Exceed[ Q] or
Request edSi ze[ / Rank[ Exceed][™]] < NodesPer Swi tch x
TorusSi ze[t Rank[ Exceed[|]]) Return True 20 End If

retyrn False End If return TJrue 25 In particular

over _'g'evﬁﬁﬂtf%?shﬁwlﬂltas@ﬁ’eﬂmcgws Wi ¢Hthouel applyigaecpinary search to
: C

the TSt DES e QURBRS 38 O A SRR

work imparSciledernbodiments. @nbiahtyoswecthtipgeding cAndition €gaoullams work

of ..a ri ginal. request: |If RequestedNodes = | or .
miessﬂ&{)dgéfwgéﬂ@ f%égmﬂrwﬁﬁ%&rﬂ% ol gxpatethan of aquabigetand,
(2) if € Wt $8se foR RRAELA, (OWER HlsERSAl Aﬁlgésstﬁaﬂ br Rpauest Ty g&nﬁular

Compact Conpact Al l owed = True yAl | oned = Fal se 35
embodipignisah Ainagneetreh ¢z $oy stlictures fistReoulé b Typrk, sinBpatpoasibility

exists g%{ﬁie %ﬁb@%goie o e, Cfﬁ\?%ia Izlg\f{gﬁgﬁ[:g}o%{d giqugh nodes to
satisfyGoraaaedt, whiloaednusing| ff exifiple! fnefN2I+ {#3,10] QLRI dd) déspite
M2 be%ng 2!?0%?: rI\LIillln EICZTI'Y structures list. In particular embodiments, a binary search
of maximum distances works. If scheduler 515 groups meshes in a Try structures list
according to maximum distance, then, if scheduler 515 identifies a fit for a mesh in the list
having a maximum distance 7, for all j greater than or equal to i, at least one mesh in the
list having a maximum distance j will also fit. If no mesh in the list having a maximum
distance { fits, no mesh in the list having 2 maximum distance less than or equal to 7 will fit

either. As an example and not by way of limitation, suppose {x, ¥, z} is a mesh having a
maximum distance 7 that fits. Therefore, {x, V,Z+ l} has a maximum distance i +1 and,
since {x, ¥.z+ l} 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, ¥, z} having a maximum distance 7—1, {x, y,Z+ 1} has é

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

{x, y,z}. Accordingiy,_ Scheduler 515 constructs MaxDistance[NumMaxDistances,Z]'
during initialization.

In particular embodiments, a binary search of meshes in Fit does not guarantee a |
best fit, but provides a reasonably good upper bound on a best fit. In particular

embodiments, a binary search of meshes in Fit is efficient, e.g., generating approximately

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

to run a binary search on maximum lengths or run a linear search downward from the

| upper bound. In particular embodiments, a linear search downward tends to be more

. efficient.
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Rank( TorusSi ze, t Rank) TorusMap[0] = tRank[2] 5
TorusMap[ 1] = tRank[1l] TorusMap[2] = tRank[O0]

I nver seTor usMap[ t Rank[ 0] ] 2

I nver seTor usMvap[ t Rank[ 1] ] 1 _

I nver seTor usMvap[ t Rank[ 2] ] O 10 If Spatial All owed =
True If setTorusForSpatiial 3¢ Fal se Return False End
If Else If Conpact All owed = ?rue 15 | f

set Tor usFor Conpact| O = Fal se Return False End If

O = Fal se.. 20 Return, Fal se End
oS LA ok B e bl S5 sty
OGS S 7l mapDlm nt el | T AL ENBUY A i saring pein of a fitn
gm; ﬁlépa’%q alpoyi runipg @ lingai $ea@haddvalwWard ésgins Bvith HighFit and

I = True. bui.l.dConpact FitsQ End |f
rifiy], 1§ RGN e ey B LSRRG S o e ofa
cur@ph tHighFiflheshe d Schellulee 515 @@ﬁp@@%ﬁtﬂu@w afl HeMRs including the

Ni nd |f _return True 4
ma)lcxmutmsc 1sr1!a(1)10eE t‘ljnull schedetﬁer 515 identifies 2 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 ideﬁtiﬁes no such meshes, the algorithm exits and a current HighFit is a best fit. If
scheduler 315 cannot identify a fit for a particular maximum distance, then scheduler 513
cannot identify é fit for a shorter maximum distance.

Scheduler 5135 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 513
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
écheduler 515 mapped - the switch-based torus using a 2x2 configuration in two
dimensions, the two dimensions are innermost loops.

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

Scheduler 515 inserts nodes 115 into AssignedNodeList incrementally as scheduler
5135 loops through FreeMesh. In particular embodiments, scheduler 515 loops thrm_igh
FreeMesh as follows:

+ A zaxisis an innermost loop. Scheduler315 expanded the z axis by a factor of four

when scheduler 515 converted a switch-based torus to a node-based torus. Using

- the z axis as an innermost loop tends to avoid fragmentation of CPUs 164 coupled
to a switch 116.

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

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

o AssignedNodeList according to MPI Rank. AssignedNodeList[7,0] is a x coordinate of a




10

15

20

25

30

35

In particul ar enbodi nents, set TorusFor Spatial, which
maps a switch-based torus to a node-based torus for a
spatial request, enconpasses the follow ng exanple

| ogi c: Rank(RequestedSi ze,j Rank) 42 NunDim = 0 dNdx
=0 Fori=0to2 |If RequestedSize[i] > 1) 5
~twoDfNumDiml =1 NunDim = uerim+1 El se oneD dNdx]
O ANbcctgx-+1 10 End 137 End For 1t Nundim o i
Return setTorusForl Do Else If NunDim= 2 15 Return

ruskF r2DO El se Return setTorusFor3DO End If 20
node %ﬁgﬁg NPE etisimnedpdel istiel] To aus Fepriinatespi rade 115 of MPI

Rank”ylén'dplﬁbﬁgnqu\]'oge%gq 5%3/13 \ég ﬁFgﬁ%ﬁr@tes o!fgk}ﬂotd}éo HS‘F" 0PI Rank .

di nensi on and

- FreeNadebisp #ss dist of evalfablel mdenglémmdetol m@ad:uler 515 111 smtch—based

coordﬁﬁlgwa pﬁ)l magtilgx? n]s e&]a%mnﬁ%u t%%ﬁ?é)%ﬂ(;g r[nO reeNodeLlst
sched0RPYPIHiskk tie foA6WRIe]Rhmpleolléar@h@3 nt Size[i] =
TorusSi ze orusl\/a i]]° 30 End For Fori =0t o3

- TépussPie u}aneqN ege[li] End For Fori=0to3 35
Req L@@tvedﬁiszsgﬁlﬂqNaﬂe@atb] toasivéichdasddanviofdihdtes and add them to
To[4]
o Apply InverseTorusMap to first three elements of To
o " Forj= 0 to NumFrecNodes — 1
+ If To[k] = FreeNodeList[j].coordinate[£] for all k = 0,1,2,3
» FreeNodeList[j].mpiRank = i
. Exit jloop

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

following input parameters to scheduler 515:

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

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

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

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

NodesPerSwitch: A Number of CPUs 164 coupled to each switch 166 in grid 110.
NumFreeNodes: A Number of nodes 115 in FreeNodeList.

FreeNodeList: A list of FreeNode structures indicating switch-based coordinates of
: nodes 115 available for scheduling. ‘

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

scheduler 515 attempts to schedule a job 150:

PQS _ASSIGNED: Indicates scheduler 515 has scheduled job 150.
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JobMap[ Rank[i]].=1 End For Return True 40 In
particul ar enbodi nents, setTorusFor2D maps a
"switch-based torus to a node- based torus in one of
six ways: 1 (7101, 7111, 712]) -* {7TQ, 2 x 7T11,2 x
7121} 43 2. {7101, 7111,7121} -* {2x 710], T[ 11, 2x
7121}y 3. {710], 7111, 712]BS'> {2 x 710], 2 x 711],
7121}y 4. {710], 711], 712]) -* {710], 711] 4 x 712]}
5. {710], 711], 712]} {710], 4 x 711], 712]} 5 6

%Pgé)u"s]lgl) %Iﬁ@ﬁq}?&ﬁ ﬁﬁ ]éé[%ég]ilq &Zﬂrﬁ% |I<9éé§ %sﬁ?h@dlﬂfffo @l has

schedul er 515 configuring nodes 115 pwisedilulefiotl 68). as
PXIS_INOIeSSSIGRMERE FoRt 1OB r@ﬁ"[ﬁ@ﬁli‘ﬁ“ flﬁafcﬁ’t@s?' cﬁédfl'egr 515 can

from scheduler 515 ¢ 6 n T | | ﬂ(]:v 150,
per switch 166 as 1 x 1 nodes 115 cven
enbodi nents, set Tor usFor 2D count s Try %qu:iieall H}graqlll()are
schedul er 515 woul d generate for 10 eddR and

el nb i
TryTe *fesﬁlfﬂ?ﬁ%sc%@ﬁmesaﬂé?éﬁisﬁﬁer%ﬁeeré?ﬁ %éﬁiéﬁi’atm?ft‘mé&z%mde
strusmke@Cato%oﬂl Qhﬁg ehfbohﬁﬁe,ﬁ,[b des’m%{?g‘ezesﬁﬁgh%du Sh oluster

515 constructs p i ze[6,4] to I nclude:
manggerperyf eqgiee 30 taindi S@hedulﬂrt SIS xonvergniapan fiber cluster management

I.ze ize of the partition
cnefiRTo &% BB el e PRDEC gt isandhonverts ouppeomaheduler 515
to a Mot ﬂlazeluﬁtfer ibgageeht dolgRi 130 ekB@ctsz di mension for -
cof| atlonl. pSi zes|i, 3] the Nunmber of tries

P]GI prabedimenias chedulalns whigh defenmines whether a job 150 is
rusFor 2D e conpasses t he
theo%’cﬁl'l)? SH2AulRHR oe?xc&ﬁﬁéﬁes {RE }Z‘(gf) OWIDg exany] M 1

| owi ng exanp X =
Ilﬁsfrtﬁdmduﬁbléo}TFase +1 to 3 NunmMapDi mi nsi ons = 2 25
mepBtumi: RISONS] AISSIGIMENT ROR SJOBRORTEGORYNSL 1 =
Kndf+l ) nod 3 mapMd[0] = factorT0] mapMd[I] =
If aefSehddhler()SeLHigst Par t Si ze(t est Part Si ze) 30 pSizes|i

E:ﬁ%?%g?? 'S;ef)e?tsgij%ﬁl?@ﬁ— ﬁ%élg?éb f@’é@ %’art1 ]SI :e[ 0]

If RequestedNodes > NumFreeNodes
ret = False
Else
ret = scheduleJob()
End If
If ret = True
setMpiRank()
Return PQS_ASSIGNED
Else
. dl};tum PQS_NO_ASSIGNMENT AT SPECIFIED TIME
I

In particular embodiments, Rank, which scheduler 515 calls to rank job sizes,
encompasses the following example log_ié. Input to Rank includes a one dimensional
array, In[3], having three elements. Output from Rank includes a one dimensional airay,
Rank{3], having three elements indicating, in increasing siz'er indices of In. In[Rank[0] <
In[Rank[1]] < In[Rank{2]. In particular embodlments Rank includes a bubble algonthm

Rank[0] = 0
Rank[1]=1
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pSi zes[i +] -1][3] = cnt2DTries(testPartSi ze,

Request edSi ze) |If pSizes[i + -1][3] > max 35 max =
pSi zes[i +j -1][3] nmaxNdx=i+j-1 End If End For 44
End For Fori=0to3 NumMVapDi m nsions = 1
mapDimnsions[Q =2 - i 5 mapMd[Q = NodesperGid
set TestPart Si ze(t est Part Si -;’?) pSi zes[i +3, 2] =
testspSize[2] pSizes[i+3, 1] = testspSize[1]

pSi zes[i +3, 0] = testspSize[0] 10 pSizes[i+3][3] =
cnt 2DTri es(testPart Si ze, RequestedSize)

@]Z‘é)sh +3][3] > max max = pSizes[i+3][3] maxNdx =
Forg=Pie2|f 15 End For If nmax <- O if ConpactAl |l owed =
Trkerj=Sdto Al Al l owed = Fal se Return
set Tof InflFok{(Gd ria{®aak[/R0 EI se return False End If Else
For i —Qt@ZRaaﬁ[fpt Size[i] = TorusSize[ TorusMap[i]] End

For Forpa{9 zRﬁE[z]aSSI ze[i] = ntSize[i] End For 30 If
max Ndx Kaxift[z] NynVapDi.m nsions = 2
End If .
End For
End For

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

Fori=0to2
If TorusSize[i] < 1
Retumn False
End For
If RequestedNodes > TorusSize[0] x TorusSize[1] x TorusSize[2] x NodesPerSwiich
Return False
End If
If NodesPerSwitch not equal to four
Return False;
End If
If RequestType = SPATIAL
factor[0] = 2
factor[1]=2
Rank(TorusSize, fRank)
Rank(RequestedSize, jRank)
NumlJobDim =0
NumExceed = 0
Fori=0to2
If RequestedSize[i] > 1)
- NumJobDim = NumJobDim + 1
Else If RequestedSize[i] < 1 '
Return False
End If
If RequestedSize[fRank{i]] > TorusSlze[tRank[ﬂ]
Exceed[NumExceed] =i
NumExceed = NumExceed + 1
End If
End For
If NumExceed = 0
Retumn True
Else If NumExceed = 1
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mapDi m nsi ons[ 0] = (maxNdx+1) rmd 3 mapDi m nsi ons[ 1]
(maxNdx+2) nod 3 mapMod[ 0] = factor[0] 35 B

rrapl\/bd[ 1] =factor[1] Request edS| ze[ mapDi mi nsi ons[0]] =

Original Si ze[fRank[1]]

Request edSi ze[ mapDi m nsions[1]] =

Original Si ze[i Rank[2]] RequygstedSi ze[ 3 -

mapDi m nsi ons[ 0] - mapD m nsions[ 1]]

Oiginal Si ze[i Rank[ 0] ] 40 JobMap[ Rank[ 1] =

e RS gL i i ot
m(;pD m nsion Excgedj ]NurrMapD| m nsi ons
? S*‘U%S[O] (5 - maxNdx) nod 3 45

mapl\/b Nodes erGid If mapDimnsions[0] =2 1=1
El se gf Re uestedSi ze mapDimnsions 0 q [
[ 1] (B@t@qnﬁléna ze[i Rank[2]] RequestedSize[i] =

i gi Eadﬁ ze[i Rank[ 1]] RequestedSize[3 -

mapDi Retusi Bals¢ O] - i] = Original Size[fRank[0]] 10 B
Joi¥ep[ f Rank[ 2]] = mapD m nsi ons[ 0] JobMap[j Rank[1]] =

i Job [
IEndol f tlRet urn %ﬁaﬁl}lé%me HBE?( Fp(ld)lféﬂﬂipgor[l {éxceed[()]
set TorusForSD enc ]f‘ %‘Eﬁ

| ogi c: @ﬁuﬁ-lz Ot02 For j = i+l

L0 2 prgir
If NumJobDim < 3 and (chuestedSize[jRank[Exceed[0]] < NodesPerSwitch
x TorusSize[fRank[Exceed[0]] or
RequestedSize[jRank{Exceed[1]] < NodesPerSwitch x
TorusSize[/Rank[Exceed[1]])

Return True
End If
return False
~ EndIf
return True

>

In particular embodiments, initScheduler, which sets allowed scheduling types

>

initScheduler sets an allowed type to Any, regafdless of an original requés_t:

If RequestedNodes = 1 or RequestType = Any
AnyAllowed = True
Spatial Allowed = False
CompactAllowed = False
Else If RequestType = Compact
CompactAllowed = True
AnyAllowed = False
Spatial Allowed = False
Else If RequestType = Spatial
SpatialAllowed = True
AnyAllowed = False
If AggressiveFlag > 0
CompactAllowed = True
Else
Compact Allowed - False
- End If
End If
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NumvapDi m nsions = 2 mapDimnsions[0] = (i+j) nod 3
25 mapDi minsions[1] = (i+j+l) nmod 3 mapMd[0] =
factor[0] mapMd[1l] = factor][1]
set TestPart Si ze(testPart Si ze) pSizes[i + -1, 2] =
‘testPartSize[2] 30 pSizes[i+j-1, 1l]=testPartSize[ 1]
pSi zes[i +] -1, 0] = test PﬁrtSi ze[ 0] pSizes[i + -1,
3] cnt2DTries(testPartSi ze,” Request edSi ze) |If
(pSizes[i 4] -1,3] > max) max=pSi zes[i+j-1,3] 35
maxNdx =i + -1 End If End For End For Fori=0to2
fagtpriQlmvapDi mi nsi ons =1 . mapDinminsions[0] = 2 - i
fagtopNh{D] = NodesperGrid; - -
Rawt(TesisHiae.t/Baald(t est Part Si ze) pSizes[i+3, 2] =
TomsMBaj0] Si/RehlidP} 45 pSi zes[i +3, 1] = testPartSize[l] 4
Temsep[l] =3RaMl{1F testPartSize[ 0] pSizes[i+3], 3] =
T&RSKEYR] esRh@gbPar t Si ze, RequestedSize |f
mgglsg-gﬁﬁmgﬂ,[ﬁ.@nkﬁ) fR% max = pSizes[i+3, 3] 5 maxNdx =
In;, %EMSM PL 1 I fmax<0 I f Conpact All owed = True
'“g?fse il
if patlalAﬁowe =
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

’[arue ]EI{—_]nd | f

_ For i =0 to NumMapDimensions

TorusSize[mapDiminsions[7]] = mapMod[7] x TorusSize[mapDiminsions{i]]
End For

SetPartition()

If Spatial Allowed = True
buildSpatial Tries()

EndIf

If compactAllowed = True
buildCompactFits()

End If

If AnyAllowed = True

~ buildFreeMeshes()

End If

If SpatialAllowed = True or CompactAllowed = True
InitScan() -

End If

return True

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

a node-based torus for a spatial request, encompasses the following example logic:

- Rank(RequestedSize, jRank)

Fal se Return set Tor usFor Conpact O
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15 Else Fori=0to2 ntSize[i] = TorusSi ze[ TorusMap[i]]
End For Fori=0to2 20 TorusSize[i] = nt Size[i] End
For If rradex < 3 Nunmivbd = 2 nod[ 0] (maxNdx+l') mod 3
25 nod[ 1] (maxl\ldx+2) nod 3 Num\/ale m nsions = 2
mapDi m nsi ons[ 0] (maxNdx+l ) nod 3  mapDi ni nsi ons[ 1]

(maxNdx+2) nod 3 mapMod[ 0] factor[0] 30 mapMod[I]

= factor[1l] RequestedSi ze[ map2D| m nsions[0]] =
Orl gi nal Si ze[j Rank[ 1] ]
Rﬁgﬂﬁﬁ ed$i ze[ mapDi m nsions[ 1]] =
qi' Sl ze[j Rank[2] ] RequestedSi ze[3

| ons[ 0] -mapDi m nsions[1]] _
% z&; Rank[.0] ] 35 JobMap[iRank[1]] =
jobl\/ap[ JRank[ 2]] = mapDi m nsions[I]
Jobl\/b‘tp‘{"“j(’%]?\T 11]“]—13 - mapDi m nsi ons[ 0]
% Di WyinBim rfuhDirg-de Nunvbd = 1 40 npd[0] = 2 -

maklgx - 3) NumMapDiminsions = 1 napDininsions[0] =
(5 - meeMdNdxied 3 mapMbd[ 0] = NodesperGid If
mapDi rdN@di-0aNi9F 1= 2 45 i=1 Else 47 i=2 End If
ReqEg&1#edSi ze[ mapDi m nsi ons[0]] =
@rdddigpal Si ze[/ Rank[ 2] ] RequestedSi ze[i] =
-Q*Nmn&;e[fRank[l]] 5 requestedSi ze[ 3 -

”Hpﬁaﬂh{‘&kﬁd}ﬁif%Do' ] = original Si ze[/Rank[0]];
Else If NumDim =2
Return setTorusFor2D()
Else
Return setTorusFor3D()
End If

In particular embodiments, setTorusForlD, which multiplies grid 110 By two -
factors in two largest dimensions of job 130, JRank[2] and jRank{1], encompasses the -

following example logic:

NumMapDiminsions = 2
- mapDiminsions[0] = jRank[2]
mapDiminsions{1] =/Rank[1]
mapMod[0] = factor[0]
mapMod[1] = factor[0]
Fori=0to3
ntSize[i] = TorusSize[TorusMap(i]]
End For
Fori=0to3
TorusSize[i] = ntS1ze[1]
End For
Fori=0to3
RequestedSize[i] = 0r1gmalS:ze[]Rank[z]]
JobMap{/Rank[{]] = i
~ End For
Return True

In particular embodlments setTorusFor;ZD maps a sw1tch-based torus to a node-

based torus in one of six ways:

1. {110}, 7I1]= 121} - {7101,2 x mlL2x TR]} -
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JobMap[/ Rank[ 2] ] = mapDi m nsi ons[0] JobMap[/Rank[1]] =
i JobMapGRank[0]] = 3 - maPDimnsions[0] - i End If
10 End If Return True In particular enbodi nments,

set Tor usFor Conpact, which sets a z dinension of a
conpact request to a 4 x | configuration, enconpasses
the follow ng exanple logigz 15 Fori=0to3 ntSize[i] =
TorusSi ze[tMap[i]] End For Fori=0to3 TorusSize[i] =
ntSize[i] 20 End For NumVBpDi m nsions =1

TN I3 O & Rk e S

3v\ln{x[b] qﬂ]sm]]z_dl{qe.ng[g]nzquﬁp ]?m I Orequest toa4x1

conf | uration, enconpasses wi ng exanpl e

4 of1e], 7Eds Y20} o3 {Tfﬂ]S?TzléH ¥ H2WorusSi ze[t Map[i]] 30

E t =ntS End F
A UCTLE =it o e R AP
6me{dVBH[T01], A2Nodedper GUATTIRSARIIN True In particul ar

enbodi nents, setPartition enconpasses the follow ng
T is TewasHitee Tlmg’lrstthreé@oﬁ)gurhums%sfuﬁ fiomi sechetiatet 915 cohfilb@fing nodes

Si =0 T S 2] -1
15 eI 5, 550 e 1 s i oSS e o

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
eéch map and selects a map that would generate a greatest number of Try structures. In
the event of a tie, setTorusFor2D selects a map acéording 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 /.

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 7.

In particular embodimenté, setTorusFor2D encompasses the following example

logic:
max =~1
maxNdx = -1
Fori=0to?2

Forj=i+1t03
NumMapDiminsions = 2
mapDiminsions[0] = (i+/) mod 3

~ mapDiminsions[1] = (i+j+1) mod 3
mapMod[0] = factor[0]
mapMod[1] = factor[1]
setTestPartSize(testPartSize)
pSizes[i + j -1, 2] = testPartSize[2]
pSizes[i +j—1, 1] = testPartSize[1]
pSizes[i + j—1, 0] = testPartSize[0]
pSizes[i +j -—1][3] cnt2DTries(testPartSize, Requested81ze)
If pSizes[i + j — 1][3] > max

max = pSizes{i + j — 1][3]
maxNdx=7i+j—1
End If
End For
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End For End For Fori=0to2 5 PartStart[i]
TorusSi ze[i] PartEnd[i] = 0 End For For i
NuntreeNodes -1 To[0] =
FreeNodes[i].coordi nate[ TorusMap[0]] 10 To[1] =
FreeNodes[i].coordi nate[ TorusMap[1l]] To[2] =
FreeNodes[i]. coordi nat e[ Tor %lgl\/ap[ 2] If

NunmivapDi nmensi ons = | To[ MapDi nension[0]] =

To[ MapDi nension[0]] x MapMod[Q +

%5’? des[i].coordi nate[3] 15 El'se

Oto

Di nensi on[ 0] J To[ MapDi nensi on[ 0] ] x MapMod[ O]
Er ddRddes| i ] . coor di nate[ 3] / Maphod[I]

To[ NemPfarDiaimsions {1 = To[ MapDi nensi on[ 1]] x Maphbd( 1]
+ FnapNodesipns[Qlcodrdi nat e[ 3] nod MapMod[ 1] 20 End |f
Nodeaped{DToNadespei@fid], To[ 2]] =NODE NOT I N USE
For:}'elflb‘sti’ﬁrtSize(f@[tlj'a]nS{zeﬁ’artSt art[j] PartStartldj] =
To[pS1zesp53 F)e- feftspdizef@] /] < PartStart[jJ PartStartJjJ
= Tp}{iielg l+§ Atgstgggq 30 End For Fori =0to2 If
rtEnd[i] TorusSi ze[i] - |

T 2%13 o el e o

For ﬂ enbodi nents, initScan, which
con-st é? d FreeX,

End if
End For
Ifmax <0
if CompactAllowed = True
Spatial Allowed = False
Return setTorusForCompact()
Else
return False
End If

~ Else

Fori=0to2
ntSize[i] = TorusSize[ TorusMap(7]]

End For

Fori=0to 2
TorusSize[i] = ntSize[i]

End For

If maxNdx < 3
NumMapDiminsions = 2

- mapDiminsions[0] = (maxNdx+1) mod 3
mapDiminsions[1] = (maxNdx+2) mod 3
mapMod[0] = factor[0]
mapModf1] = factor[1]
RequestedSize[mapDiminsions[0]] = OriginalSize[fRank{1]]
RequestedSize[mapDiminsions[1]] = = OriginalSize[jRank[2]]
RequestedSize{3 — mapDiminsions[0] — mapDiminsions[1]] =
OriginalSize[jRank[0]] ‘

JobMap[/Rank[1]] = mapDiminsions{0]
JobMap[jRank{2]] = mapDiminsions[1]

B JobMap[jRank[0]] = 3— mapDiminsions[0]- mapDnmnsmns[l]

se
| NumMod =1
- NumMapDiminsions = 1
- mapDiminsionsf0] = (5 -~ maxNdx) mod 3
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enconpasses the followi ng exanple logic: For i =0 to
TorusSi ze[0] -1 For k = 0 to TorusSize[2]- | Count =
O 45 Forj = TorusSize[l1l] 1 to O by-1 49 |If

Nodel nUse[ i, j, k] :I\I(DE NOT IN USE Count= Count + 1

End If FreeY[i,], K] Count 5 End For End For End
For For | = 0to TorusS| zejd] -1 For k = 0Oto

TorusSt Si ze[2]-1 10 Count = 0 For i = TorusSize[0] -1
to O by -1 If NOdeanSG[IJ,k] = I\I(DE NOT I N USE Count
= Count, + é}g;gC* Freex[ij, k] Count End For End
For m2RModH)] i cul ar enbodi ment s,

bui | SB%RQ‘E!‘W‘PI@E) =whi ch determi nes a Nunber of

di mensiiéhk in a request, enconpasses the foll owi ng
exanBlse 1ogic: NunDim =0 Fori=0to2 If

RequestiedSi ze[i] > 1) 25 NunDim = NunDim + 1 End | f
End EndIfif NumDim =1 buildl DTryo 30 Else If NunDim

- = 2 ReqlediBTEymapDEhERiche0]]=008dinal Size[jRank[2]]

RequestedSize[i] = OriginalSize[fRank[1]]
RequestedSize[3 — mapDiminsions[0] — {] = OriginalSize[/Rank[0]]
JobMap[jRank[2]] = mapDiminsions|0]
JobMap{jRank[1]] =i
» JobMap[jRank{0]] = 3 — mapDiminsions[0] -
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] = (i+7+1) mod 3
mapMod[0] = factor[(]
mapMod[1] = factor[1]
setTestPartSize(testPartSize)
pSizes[i + j — 1, 2] = testPartSize[2] -
pSizes[i +j— 1, 1} = testPartSize[ 1]
pSizesfi + j — 1, 0] = testPartSize[0] :
pSizes[i +j— 1, 3] = cnt2DTries(testPartSize, RequestedSme)
If (pSizes[i + j ~ 1,3] > max)
max = pSizesfi +7—1, 3]
maxNdx =i+j—1
End If
End For
End For
Fori=0to2
NumMapDiminsions = 1
-mapDiminsions[0] =2 —§
mapMod[0] = NodesperGrid;
setTestPartSize(testPariSize)
pSizes[i+3, 2] = testPartSize[2]
- pSizes[i+3, 1] = testPartSize[1]
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‘For

Try. baseSi ze[i] RequestedSi ze[i] 35 End For

Try. NunConcats = 0 Try. NunfFol dMaps = 0 NunberO Tries
=0 build3Dtry(Try, NunberOrries) 40 End If In
particul ar enbodi ments, buil d3Dtry, which builds
TryList for a three dinensional request and builds
Try structures for each fol dg n a one di nensi onal
request or a two di nensi ona request, enconpasses the
fol l owi ng exanpl e | ogi c: setOrient(Try, NunmOrient,
or| 3I}anr For (i =0to NunOient - 1

++N %E[% gb’é‘&f s(fssfadfizeRequestedSize
Try , J]1 End For

Tryli s‘PF’F\r‘IPlgé"ﬁe _F}sl s] NunConcats = Try. NunConcat s;
=T L st[ Number Ofrri es] . NumConcats -1 10

ForEjﬂ@t{f)Z TryLi st[ NunberOfrries. concat Si ze[j, k] =
Tend Ibwncat Si ze[j,orient[i, Kk]];

TE ylakst PNunmber Of rri es] . concat St art Node[j, K]

Tr yIfCegdcB pdvdioeehie, orient[i, k]]; 15 End For End
For Trsﬁahg;s,[lm%@e:rfgsgl es] . NurrFol dl\/laps = .

Try. Ngddrah Oto
Try lsét [ Nunber %‘srrl eg‘]IJ KYQ nfFol dvaps
erO‘rrles] foldLength[j] =

Tr y
f,i‘i‘%{e [j1 20 .
[ NumberOrries].fol dFronfj ] = Try.foldFronfj]
L| st [ NunberOrries].foldTo[j] = Try.foldTo[]j]
qrét erO‘frles] foldFix[j] = Try.foldFix[]j]
End FotSiggf] TerugSizaf Torogdap{i]]
Tr yEndkgrNunber Of rries] . rMap[ k] = orient[i, K]
Tr larsH(Nartber Ofrries].irMap[orient[i, k]] _; End
For  TorusSize[i] = ntSizei]
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
mapModf0] = 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[/Rank[1]] = mapDiminsions{0]
JobMap[/Rank[2]] = mapDiminsions[1]
B JobMap{jRank[0]] = 3 —mapDiminsions[0] mapDnmnsmns[l]
se
NumMod = 1
mod[0] =2 — (maxNdx ~ 3)
NumMapDiminsions = 1 _
mapDiminsions{0] = (5 — maxNdx) mod 3
mapMod[0] = NodesperGrid ‘
If mapDiminsions[0].= 2
i=1
Else
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NumberOfrries = NunmberOirries + 1 30 In particul ar
enbodi nents, setOrient, which cal culates a Nunber of
uni que rotations, NumOrient, for a Try structure and
an indices map for each rotation, enconpasses the
foll ow ng exanple logic: NumOrient = 0; If
try. Nunber O Concat anat i ons4? 0O 35 Fori=0to2 size[i] =
try. baseSi ze[i]; For j = o try. NunConcats -1 |f
try. concatStartNode[j, i] >_ size[i] size[i] = Try.
concat StartNode[j, /] + Try.concatSizeD, :3; 40 Else
If Try.coAcat StartNode[j, i] < O size[i] = size[i] -~

y. dmddht St art Node[j , |] End If End For End For 51
I f sil%zaqﬁé)s}ed&i_zeﬁaapmhﬂmi@]s[(ﬂhé Grighed1Jike[RB&|21PI ze[ | ]
andsilteq[léb}ed&dem#Sirtgen[naz&ze[mziuﬂam]ﬂ NumOrient, 0] =0
or i engdudbtedir€Bt-, IneiﬂDln‘ﬂnSI(ﬂf oqniz riaﬂiie Fﬂahkfa]}Z 5
NurrO:rbmh _ n Diminsi @@% [I]SI ze[O] <

i ze

2] < Par andsi ze[ 1] <

RAHRE ]

Part ¥ E %mt[ ]

or]J5 gﬁ% q] fwg@nﬁgélg?sﬁe]nt’[mnﬂlent 2] =1
'ent = NurrOrlent + 1 Bud If If size[l] <
%I ze[0] and size[0] < PartSize[1] andsize[2] <
Retpa &fuse 2]  orient[NumOrient, 0] = 1 15

orisent[ NunOrient, 1] = 0 orient[NumOient, 2] = 2 '

Ndmar@nﬂar:emmm;m se#thulem@ompaqtf wblch@[ets] a ¢ dimension of a

compgg {r%%xeég{oz% 4 Qg 13¢ t%%;?ﬁ?rﬁﬁé%e% ?I{uﬁlllollminng exainple logic:

Fori-e0td DunOri ent
ntSize[i] = TOI'USSIZG[tMap[l]]
End For
Fori=0to3
TorusSize[7] = ntSize[{]
End For
NumMapDiminsions =1
mapDiminsions[(] =2
mapMod[Q] = NodesperGrid
. Return True

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

Fori=0to3

ntSizefi] = TorusSize{tMap[{]]
End For
Fori=0to3

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

In particular embodiments, setPartition encompasses the following example logic:

~ For i= 0 to TorusSize[(] - 1
Forj =0 to TorusSize[1] - 1
For k=0 to TorusSize[2] - 1
. NodeInUse{i,j,k] = NODE_IN USE
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orient[NumOrient, 2] = 0 NumOient = NunOrient + |
End If 25 If size[2] < PartSize[0] and size[0] _<

Part Si ze[l] andsize[l] < PartSize[ 2]

orient[NunOrient, 01 = 2 orient[NunOrient, 1] = 0
orient[NunOrient, 2] =1 MNunOient = NunOrient + 1 30
End If If size[2] < PartSize[0] and size[l] <

Part Si ze[ 1] andsi ze[ 0] <_ Part Si ze[ 2]

orient[ NunCrient, O] :Zorient[NurrOrient,- 1] =1
orientélEimOrlent 0 35 NunOrient = NunOrient + 1
End | f Ker I fTry. baseS| ze[ 0] Try. baseSi ze[I] |If

t ry Bpddiesi ze[0] = try. baseSi ze[2] | f Try.baseSize[0] <
Hard Birze[ 0] and Try baseSi ze[I] < PartSize[l] and 40
Troribdb®3 ze[ 2] < PartSize[2] orient[NunOrient, 01 = 0O
ori Patttpo-TenisSizdfi] = 1 orient[NunOient, 2] = 2
NunmPaitesdf;]= NunmOrient + 1 45 End If Else 52 |f

TEng leseSi ze[ 0] 5 PartSize[0] and Try. baseSi ze[ 1] <

Fiafrtzgl [ﬁ}mﬁgg@({e . haseSi ze[2] 5 PartSi ze[2]

t =1 5
g o %ﬁm I o L
End e[ 0] and

Tr y @["H"Méﬁ@]] Tr ry. baseSi ze[1] 5
Par LE%EEQH’ né'PP%nt [ NunOri ent, 0
ori entlP imgasion{l]] = TQ[M@]PDM[SINUE@’K MpM@:}[O]z*—l

FreeNodes[/].coordinate[3]
Else
To[MapDimension[0]] = To[MapDimension[0]] x MapMod[0] +
FreeNodes[7].coordinate[3] / MapMod[1] :
To[MapDimension[1]] = To[MapDimension{1]] x MapMod{1] +
FreeNodes[i].coordinate]3] mod MapMod[1]
End If '
NodeInUse[To[0]], To[1}, To[2]] = NODE_NOT IN USE
Forj=0to2 -
If To{f] < PartStart{;]
PartStart]j] = To[j]
End If
If To[/] < PartStart[;}
PartStart]j] = To[/]
EndIf
End For
End For
~Fori=0to2
If PartStart[i] = 0 and PartEnd[z] TorusSizefi] - 1
PartWraps[7] = True
Else
PartWraps{i] = False
End If
PartSize[/] = PartEnd[i] — 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
Fork=0to TOI‘USSIZ&[Z]-- _
Count=0
For j = TorusSize[1] — 1 to 0 by —1
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NunOrient = NumOrient + 1 End If 15 If

Try. baseSi ze[2] 5 PartSi ze[0] and Try. baseSi ze[ 0]
PartSi ze[1]] and Try. baseSize[l] 5 PartSi ze[ 2]
orient[NunOrient, 0] = 2 orient[NunOient, 1] =0
orient[NumOrient, 2] =1 20 NunOrient = NunOlent + 1
End If End if Else if Try. RhaseSi ze[0] =

Try. baseSi ze[2] If Try.bas&Si ze[0] < PartSize[0] and
Try. baseSi ze[ 1] Part Si ze[ 1] and 25 Try baseSi ze[ 2] 5
Part Si z orient[ NunOri ent

orlent[ﬁ\]& nidsafi.) HFNOPE_NQMN[_Wﬁﬂlem 2] =2
NurmOr i ent Ceurtirr@ingmtl + | 30 End I f | f - '
Try. bade8ilfe[J 5 PartSize[0] and Try. baseSi ze[1] 5
Par t Si FedeX]i,jghjek Cduny. baseSi ze[ 1] 5 Part Si ze[ 2]

or i ePad PoOr i ent O] =0 orient[NunOrient, 1] =2 35

Ok Nuntr i ent , =1 NunmOrient = NumOrient + 1
If If Try. baseS| ze[1l] 5 PartSize[0] and
E ]5 Part Si ze[ 1] and ]Try baseSi ze[ 2] <
t NunOrlent 0] =1
orlo}P en%)%[%] { ori ent[NurrOr| ent, 2] =2
i e End If 45 Else Tf
Try § NUTM@ Pg}gbﬁaéeSA ze[2% | f
Try. ba le‘)‘ie[l?d‘ﬂr Q % baseSi ze[1] 5
Part Si ze[%ﬂin@@ﬂﬂﬁﬂase& ze[ 2] PartSize[ 2]
ori ent EndibiOr i ent O orient[NumOrient, 1] =1
FreeX[ij.k] = Count
End For
End For
End For

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

NumDim =0
Fori=0to2
If RequestedSize{7] > 1)
NumDim = NumDim + 1
End If
End For
- If NumDim = 1
build1DTry()
- Else If NumDim = 2
bulleDTry()
Else
fori=0to2
Try. baseSize[i] RequestedSize[i]
End For
Try.NumConcats = 0
Try.NumFoldMaps =0
NumberOfTries =0
build3Dury(Try, NumberOfT nes)
End If

In particular embodiments, bu11d3Dtry, which builds TryList for a three
dlmensmnal request and builds Try structures for each fold in a one dnnensmnal request or

- a two dimensional request, encompasses the following example logic:
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5 orient[NunOrient, 2] =2, NunOrient = NunOient + 1
End If If Try.baseSize[l] < PartSize[0] and

Try. baseSi ze[0] 5 PartSize[l1l] and Try. baseSi ze[ 2]
Part Size[2] 10 orient[NunOrient, 0] =1
orient[NunOrient, 1] = 0 orient[NunOrient, 2] = 2
NunmOrient = NunOrient + | dIf 15 If

Try. baseSi ze[1] 5 PartSize[O] and Try. baseSi ze[2] <_
PartSi ze[ 1] and Try. baseSi ze[0] PartSi ze[ 2]

orient 1 orient[NumDrient, I] = 2

o‘°feI mi?@u@‘ﬂl’éﬁfmtz%’ﬂmﬂo 20 NunOrient = NumOrient + 1
| f Try baseSi ze[ 0] PartSize[ 0] and

Try Fad &4l todfumOpgit5 ze[ 1] and Try. baseS| ze[2] 5

Par t SiZ@fERTe: ori ent [ NunOrient, 0] -

ori entlTOIRlluﬁ’(QﬂOéht 1] =1 ori ent[NurnOri ent, 2] =2

Nunr i enTryd.ist{enbaOfTries] basERide[if= 30y.bdseSize[orient(, /]| -

Try. bd&aeSicze[ 0] < PartSize[0] and Try. baseSi ze[2] <_

Par t SizeLbiNaRberOMYie 208 &Rhk]= BryidhShAgks2]

ori entl:[oNEH@'tb Llslgﬁmbgomlés?ﬂfm%ise t, 1] =2

orhen]tt[ ; 35 NunmOr 1 ent urrOrl ent + 1

E I I

aﬂdTr y. base§¥ zef@ ar Con?%t égﬁdh T 9ReARizslipyntlr,
<P S ‘

o BTN i Blaede A= ) -

Numori ent = Numor i entT ry,.co_pcatStartNode[] orient, kJJ;
End For

End For

TryList{NumberOfTries]. NumFoldMaps = Try.NumFoldMaps;

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

End For

Fork=0to2
TryListINumberOfTries].rMap[k] = orient{i, ]
TryList[NumberOfTries].irtMap[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 indiees map for ,eac'h rotation,
encompasses the following example logic:

- NumOrient = @
If try. NumberOfConcatanations > 0
Fori=0to2
size{i] = try.baseSize[i];
For j = G to try.NumConcats — 1
If try.concatStartNodelj, i] > size[i]
size[7] = Try.concatStartNodel[j, /] + Try. concatSize[j, i;
Else If Try.concatStartNode[, {] <0 -
size[i] = 51ze[z] try. concatStartNode[] i]
End If
End For .
End For
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End If If Try.baseSize[l] 5 PartSize[0] and

Try. baseSi ze[ 2} PartSize[l] and 45 Try. baseSi ze[ 2]
PartSi ze[0] orient[NumOrient, 0] = 1 54
orient[NunOrient, 1] = 2 orient[NunOrient, 2] =0
NumOrient = NunOrient + 1 End If 5 If Try.baseSi ze[
< PartSize[0] and Try. basgSi ze[0] 5 PartSi ze[ 1] and
Try. baseSi ze[ 2] < PartSize|l] orient[NunOrient, O]
2 orient[NunOrient, I] =0 ori ent[NurrOri ent, 2] =1
10 NunOrient = unOrlent + End | f base$| zel
s Teuald] sl ond el s el bpndienla] scprouehd
Try. orienddy nt, 9] t-Size[O orient[NunOri ent 0]
2 15ormmléhm@®unmh]em 1] =1 orient[NunOri ent 2]
0 ngat[mhmomnmﬁzent +1 End If End If 20 In
par t NemOslenerbadiOnsat $,1 bui | d2Dtry enconpasses the

f ghhlie ng exanpl e logic: Rank(PartSize, pRank).

bwé@%@&%'%@%[%mﬂg&gg RESYRLRASAT < PHIAYTS.

T,

Req . FOl t[i].fLxDi mension] +
Fol '(“]tﬁﬁatn o%g ! %sht + FoldList[i].NunfFolds |If
Fol T [ riot equal O dl=dl+1 End If 30

r ' bllds - 1 D2 =
RE ‘éllé%t edSi ze[ Fol dLi st [ |L nmensi on] +
FH-T sipel Bk £ 1 % Partb el end = Evétsm[kltaﬁlflflzwa}rﬁoﬁ’ad@lmm
Fol diriest u;nQreqmalOEa\atelr not equal O

orient[NumOrient, 1] =0
orient[NumOrient, 2] =2
NumOQrient = 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] andsizef1] < 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 31ze[1] < PartSize[1] andSIZe{O] < PartSize[2]
orient{NumOrient, 0] =
orient[NumOrient, 1] = 1
orient[NumOrient, 2] =0
NumOrient = NumOrient + 1
End If

- Else If Try.baseSize[0] = Try.baseSize[1]

If try.baseSize[0] = try.baseSize[2] :
"If Try.baseSize[0] < PartSize[0] and Try.baseSize[1] < PartS1ze[1] and
Try.baseSize[2] < PartSize[2]
orient[NumOrient, 0] =0
orient[NumOrient, 1]=1
orientfNumOrient, 2] =2
NumOrient = NumOrient + 1 .
End If
Else

<_

2]

2]
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D2=d2+1 35 End If 1fd2<dl TenpFold = FoldList[i]
FoldList[i] = FoldList[i] FoldList[i] = tenpFold 40
di = d2 End If End For End For NunberCOfi'ries = 0 45
For i = 0 to NunfFolds -1 55

try. baseSi ze[ Fol dLi st[i].fixDi nension] =

Request edSi ze[ Fol dLi st[i]. fi.xD nmensi on]

try. baseSi ze[ Fol dLi st[i].fol"dDi nmensi on =

Fol dLi st[i].fol dLengt h

try. b §$S| ze L| st oneDi mensi on] =
Foi dLits{pigasekizs e jaad ilsy. P@qeskzéﬁ&ﬁw&mﬁ] and
equal 0 5 tr HeseSizef2] <|\RartSuelRli st [i ] . Nunfol ds
i s odd T?fye%@xmlgﬂﬁr(ﬂmae[ O FoldList[i].

f ol dDi meerssntfNumOridaglidEi st [i]. fol dLength -
Fol dLi st ¢nignt[NewreDrivahe 2] =21 se 10 Try. concat St art Node[ O,

Fol dLi st NuhOriea €Ruf®@ithorll = 0 End | f
try. comgat St art Node[ O, Fol dLi st[i]. fixDi nensi on] 0

R S R

[“Fo i]. 15

fixDi nme

fixDi manrlﬁlf;&gl dr[e%t%i tSize[O, FoI dList[i].

f ol dDi mens| 3 [| ] r emai nder

trys con E;:@)E@B . oneDimension] = 1 El se
try. Nu peut= 1§ QO‘GE‘n If try. NunfFol dMaps = 1

try. fEP@lLfengt h[ Oij Fol dLi st[i].fol dLength
try. f BlarbaseSor(2 -Buubize0] ad ToltubkSieds] srPartSize[1] and
try.fol dTo[Q = FdkybasBize]l] ORaf$iagdpi on 25
try. fol dFexfNhmOrknsd, dj+=gt[i].fi xD nensi on
orient{NumOrient, 1] = 0
orientfNumOrient, 2] = 1
NumOrient = NumOrient + 1
. EndIf
End if
Else if Try.baseSize[0] = Try.baseSize[2]
If Try.baseSize[0] < PartSize[0] and Try. base81ze[1] < Part81ze[1] and
Try.baseSize[2] < PartSize[2]
orient{fNumOrient, 0] = 0
orient[NumOrient, 1] = 1
orient{NumOrient, 2] =2
NumOrient = NumOrient + |
End If
If Try baseSize[0] < PartSize[0] and Try. baseSize[1] < PartSize[2] a:ad
Try.baseSize[1] < PartSme[;Z]
orient[NumOrient; 0] =0 :
orient{NumOrient, 1] =2
orientfNumOrient, 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
orientfNumOrient, 1] = 0
orient[NumOrient, 2] =2
NumOrient = NumOrient + 1.
End If

Else Tt Try.baseSize{1] = Try > baseSize[2])
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bui 1 d3Dtry(Try, NunberOfries) End For In particul ar

enbodi nents, buil d2Dfol d, which builds all possible

folds of a two 30 dinensional nmesh, enconpasses the

follow ng exanple logic: j=0 oneD = -1 For i0Oto2 If

size[s] = 1 and oneD -1 35 oneD=i Else twoD[j] =1

j=j+1 End If 40 End For é3 size[twoD[ 1]] ?
size[twoD[ Q] bigh=twD™] littleD = twoD 0] Else

45 bigD = twoD[ 0] 56 IittIeD = twoD 1] End If

startFoIdB-sgrt(snng] BJ If startFol dB x

S UEForhereizaiBl <dusizo]] 208 By biscoiell] & bRt kand 5

St art Fol dB = st adtFboisdBize{2] FhatSite[2hdFol dB =

si z efriEntBlundOrent, X ar® Fol dL = sqrt(size[littleD]) If

st aréricat[tiumOridnarif Fol dL not equal size[littleD] or

st ardrieatMuniOdent, 2§ =3 art Fol dL = startFol dL + I if

Si zqﬁ@,hgg]en{wyuglqyg;m&lze[l ittleD] endFoldL =

Sipaglif 1 tt1 el el se endFoldL =1 15 End If
- Wﬁ? %%1 LR 8t fgggag:rggi ar%g%’ﬁoi’% MG PP amd

[2]
orient[NumOrient, 0] = 1
orient{NumOrient, 1] =0
» orient[NumOrient, 2] =2
NumOrient = NumOrient + [
End If
If Try.baseSize[1] £ PartSize[0] and Try.baseSize{2] < PartSizef1] and
Try.baseSize[0] < PartSize[2]
orient{NumOrient, 0] = 1
orient[NumOrient, 1] =2
otientfNumOrient, 2] =0
NumOrient = NumOrient + 1
End If
Else
If Try.baseSize[0] < PartSize{0] and Try.baseSize[1] < PartSize[1] and
Try.baseSize[2] < PartSize[2]
orient[NumOrient, 0] =0
orient[NumOQOrient, 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] < Part81ze[2]
orient[NumOrient, 0] =0
orient[NumOrient, 1] =2
-orientfNumOrient, 2] =1
NumOrient = NumQrient + 1
End If '
If Try.baseSize[1] < PartSize[0] and Try.baseSize[0] < PartSize[1] and
- Try.baseSize{2] < PartSize[2}
0nent[Num0nent 0]=1
orient[NumOrient, 1] =0
orientfNumOrient, 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]
onent[NUInOnent, 0]=1
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End If 20 If endFoldL >_ startFol dL Nunfol ds= Nuntol ds

+(endFol dL - startFoldL+1l) End If foldl ndex = O;
Fol dLi st[fol dl ndex].fol dLength =size[littleD] 25
Fol dLi st [ f ol dl ndex] . Nunfol ds = |

Fol dLi st [ f ol dl ndex] . remai nder = 0

Fol dLi st[fol dl ndex}. fol dD = I|tt| eD

Fol dLi st [ fol dI ndex] . fi xD = Bi'gD.

Fol dLi st [ f ol dl ndex] oneD = oneD 30 An array, t,

const r uct cording to the exanple logic below, is a
mesh- §P2@f§?ﬂléﬂe}%§]ﬂ=@| ng Try. Schedul er 515 records a
Rank @fenNumPrignt 81~ 0t Rank. "t[littleD] =size[bigD|
t[big un@lmtéfLlemPh@md*r hdex] . fol dLength 35 t[oneD] =
Folknd ¥t [ f ol dl ndex] . NunFol ds rank(t, tRank) hit =
Fal @rEbaseSizef2] & PartSizefh] Rl TriyibaseSkad e< |lfart812 e[1] and
t[tRank[il]] > Par %y saksizap <iPA&Slz = True End

Lf 1 f oRédtNurhOliss ()pJ:QI ndex = fol dl ndex + 1 End If 45

For i oertfMiihGRLSBJ-00endFol dB 57

Fol dLpgd s xpr Lol dLength = |
Fol dLiShldR 1 Lé}ﬁ | ds = size[bigD [/ i
Fol ol"dl ndex rena nder = size[bigD] nod i

Fol dLi st [ f ol dl nde ﬁ?@@lzg[?drfe&rtslﬁzq:[plueo] =

ESI?’[@MF%%%%% e LS < et ot

si ze[‘l’fil ltlfﬂéa Bi2= Fol dLi st [f ol dl ndex] . fol dLengt h

| f ( FoieptNemiQ@uigndd Haek] . remni nder not equal 0 10
t [ one®@{entfNuplQtidigt J]~00 dl ndex] . NunFol ds + |
NumOrient = NumOrient + 1
End If
End If

In particular embodiments, build2Dtry encompasses the following example loglc:

Rank(PartSize, pRank)
build2DFold(PartSize, pRank, RequestedSize, NumPFolds, FoldList)
For i = 0 to NumFolds — 1
d1 = RequestedSize[FoldList[/].fixDimension] + FOIdLlSt[l] foldLengtht +

. FoldList|i].NumFolds
If FoldList[/).remainder not equal 0
dl=di+1
End If

Forj=i+ 1 to NumFolds — I

D2 = RequestedSize[FoldList[;].fixDimension] + FoldList[y]. foIdLengtht +

: FoldList{;].NumFolds
If FoldList[/].remainder not equal 0
D2=d2+1
End If
Ifd2<dl
TempFold = FoldList[}]
FoldList{7] = FoldList[{)
FoldList[i] = tempFold
dl =d2-
End If
End For
End For
NumberOfTries = 0

- For =0 to NumFolds — 1
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El se t[oneD] = Fol dLI st[fol dl ndex].Nunfolds End If

Rank(t, tRank) 15 hit = False For it = 0 to 2 while

hit = False If t[tRank[il]] > PartSize[pRank[il]] hit

= True End If 20 End For if hit = Fal se foldlndex =
“Trfordl'ndex + 1 End If End For 25 For i = startFoldL to

endFol dL  Fol dLi st [ f ol dlnﬁx] foldLength =i

Fol dLi st [ f ol dl ndex] . Nuntol = size[littleD] [/ i

Fol dLi st[f ol dl ndex] . remai nder = size[littleD] nod i

Fol dLI st [f ol dI ndeM] foldD = littleD 30

FdtychaseSig¢[pMiList{éd]xDimensien]lst BuestedSize[FoldList{].fixDimension]

FatychaseSif¢[5b-IList{Epldbtimensionyn €BIdLidt[]. fplLengi ze[ bi gD

t [tiyl. BaséSiD}{ POkt [Visdne Dahellsivad x| Fol dilist[: DaiiFoldsf

Faf BbldBis{fjatthindensiot e@aponder not equal 0 35 t[oneD] =
Fol d Nuﬁﬁ(g;rg{,tgdelx] Nunfolds + | Else t[oneD] =

Fol d f%i(_{ﬂlg)‘ ]dsl\p(gﬁﬁol ds End If Rank(t t Rank)
40 hit £ Qr; ﬁﬁ?hﬁ _ﬁFaIseIf
t[tRanI;l[—rYI E(E‘% gfl EI z]reTr ug rEnd | f
45 Egfl For It h| ol EfEAzepander qox +
Try.concatStartNode]0, FoldList[{]. foldDimension] =0
EndIf

» try.concatStartNode[0,FoldList{/]. fixDimension] =0
try.concatStartNode[0,FoldList[7]. oneDimension] = FoldList{{].NumFolds
try.concatSize[0,FoldList[{]. fixDimension] = try.baseSize[FoldList[/].

: fixDimension]
try.concatSize[0, FoldList{7]. foldDimension] = FoldList[{]. remainder
try.concatSize[0,FoldList{{]. oneDimension] = 1

Else
try. NumConcats = 0
End If
try. NumFoldMaps = 1
try.foldLength{0] = FoldList[i].foldLength
try.foldFrom[0] = FoldList{/].foldDimension
try.foldTo[0] = FoldList[#]. oneDimension
try.foldFix{0] = FoldList[/].fixDimension
build3Dtry(Try, NumberOf1ries)
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 =1
j=j+1
End If
End For
If size[twoD[1]] = sizeftwoD[0]].
~ bigD =twoD[1]
littleD = twoD[0]
Else S
bigD = twoD{0]
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End If End For 5 In particular enbodi nents, buildl
Try generates a list of folds of a one dinensional
request and, for each fold, calls build2DFold to
generate a list of one or nore additional folds.

buil dl Try records the list of folds in the

OneDFol dLi st, which enconpasses the follow ng exanple
structure: Structure oneDFol"d 10 Fold Structure oneD
Fold Structure twoD[ x] integer NumlwoDFol ds i nteger

g%% beSI z% L End Structure 15 In particul ar
4 eD includes a first fold. In particular

i ments, twoD includes a list of folds generated
rstastholdRe=sqrisizefbidl]) NunTwoDFol ds i ndi cates a Number
df stpusFaldBinstasioahdB nnt quamt siee[baD] orbREFSERS]

-t woblRoFdl8BzestantiebldBitrels a nesh size passed to
Ewid|Ifi2Df ol d. Schedul er 515 generates Try structures
endFHiB rasittepbigh] t 0D and cal s bui [ d3Dtry to build
M@g@&@&sﬁé{hﬁ% s of each Try structure. In

e

PP!JM%‘PJI@&& ﬁualségﬁt}tiﬁ;gf{)rg 01 rrﬂasses t he
P K[0]) end =

el &ngtt ' z€e

sgr est.@ [2]]) start =2 25

%1 gE tﬂgﬁi foldLength =

& u%ed& zeDRank[ 2]] OneDFol dLi st [ 0] . oneD. Nuntol ds
ol dLi st[ O . oneD. remai nder = 0

EmaﬁFol dLi st[ 0] . oneD. f ol dD =j Rank[ 2]

Tnabplds aii st [ 0] . oneD. oneD =j Rank[ 1] 30

IDendifaddB 1 staftBPdldBneD. fi xD = j Rank[ O

- mm@@ﬂﬁ@olﬁwfﬁ%&%%w&ﬁﬂ =

Retiest edSi ze[ / Rank _

1@@3@%}3 I;lﬁgu[t itwoDFol dSi ze[ f Rank[1]] =1
4:%035 I hit = Fal se

VRS “SuRis ) -

ISi ze[] Rankj]] > PartSi ze[pRank[j]] hit =

FolicH'_,lsthn Féinée)d F quei%{h fscl)zé[lflttlgbt] = False

FoldList[foldIndex].NumFolds = 1
FoldListffoldIndex].remainder = 0
FoldList[foldIndex].foldD = littleD
FoldList[foldIndex].fixD = bigD.
FoldList[foldIndex].oneD = oneD

Ol‘j =

An array, £, constructed accordmg to the example logic below, is a mesh-size of : a
resulting Try. Scheduler 5135 records a Rank of 7 in an array, fRank,

{[liitleD] = size[bigD]
1[bigD] = FoldList[foldIndex].foldLength
#oneD] = FoldList[foldIndex].NumFolds
rank(z, Rank)
hit = False
For il = 0 to 2 while hit = False
If f{Rank[i1]] > PartSize[pRank{; 17
hit = True
- End If
If hit = False
foldIndex = foldIndex + 1
End If '
For i = startFoldB to endFoldB
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59 buil d2DFol d(Part Si ze, pRank, RequestedSi ze,
OneDFol dLi st[ 0] . twoD, OneDFol dLi st[ J . nTwoDFol ds)
OneDFol dLi st[ 0] . nTwoDFol ds = 1 Num DFol ds= 1; 5 Else
Numl DFolds = 0 End If gotRenZero = False Fori=start

" to end 10 OneDFol dLi st[ Num DFol ds] . oneD. f ol dLength = i

OneDrFol dLi st [ Nuni DFol ds] . og;D Nuntol ds =
Request edSi ze[ / Rank[ 2] ]

OneDFol dLi st [ Num DFol ds] . oneD. r enai nder =

Request edSi zeURank[ 2]] nod i OneDFol dLi st [ Numi
DRAGEIR eIl cietemi | 2]
(dﬁé@iﬁ&[ﬁ:&dbﬂ%@ﬁﬂ@b@d@ﬁl@&iheb]éneo = jRank[l] 15
Oiaihiloisdifol HnddxjneniaiBieo Fasde[gldDmbd XD =) Rank[ 0]
OiaibHakififol HhddMijufidl@bed WglD. t woDFol dSi ze[ j Rank] 2] ]
Oﬁmﬁgb {dhddNqunD =DigeDs] - oneD. f ol dLengt h

lgcgh(ﬁdy IFhdPrelodsth. t woDFol dSi ze[ j Rank] 1] ]
]I DFol ds] . oneD. Nunfol ds 20

3‘8 oIdS|ze[fRank[O]] =11If
O}F?n%ﬂ J;f%i %ﬁi dseinotequal(?”a' nder not equal O or
85' gill Skl %E%[P{!@j] Np9ldshdi nder =

®envero = True 25 End_|f bui | d2DFol d(PartS| Ze,

pRanﬂonq@qug%lf‘ Bigdfojdindex] domefiads st [ Num 1
DESIJE] . t woDFol dSi ze, OneDFol dLi st [Num DFol ds] . t woD,

OReDkG] Riank) [ Num | DFol ds].nTwoDFol ds) 30
Nt =DFalbeds=Nunm DFol ds+ 1 End If End For
NIRob £lr ©D fts £ eehile ht =Feelse=0 toNum DFO ds 35 For j = 0 to

menlf@r 11z} P&
eDFohgu i1].oneD.fold not equal

ng st[i].twoDi].foldD or
Li st[z]. oneD. remai nder = O
if hit = False
foldIndex = foldIndex + 1
End If

End For
For i = startFoldL to endFoldL.

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

- #{bigD] = size[bigD]

{[littleD] = FoldList[foldIndex].foldLength
If FoldList[foldIndex].remainder not equal 0
floneD] = FoldList[foldIndex].NumFolds + 1
‘Else
[oneD] = FoldList[foldIndex]. NumFolds
End If |
Rank(t, fRank)
hit = False
for i1 = 0 to 2 while hit = Falge
If t[tRank[ll]] > PartSme[pRank[:l]]
hit = True
End If
End For
If hit = False
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try. baseSi ze[ OneDFol dList[i].twoD[j].fixD|
OneDFol dLi st[i].twoDFol dSi ze[ OneDFol dLi st[i].tw 40
oD[i].fixD]
try. baseSi ze[ OneDFol dLi st[i].twoD[j].fol dD]
OneDFol dList[i].twoD[i].fol dLength
try. baseSi ze[ OneDFol dLi st[i]_twoDi].oneD|
OneDFol dLi st[i].twoD{f]. Nun®8l ds; 45 if
OneDFoI dList[i]. tvvoD[i] remai nder not equal O
ncats =l i f '
OweDF Pé‘?"[TfOlﬂné‘D[f]l Nunfol ds i s odd
try ﬁ%atStartNode[O OneDFol dLi st[i].twoD[j]. fol dD]
_EnddfesDFol dList[i].twoD[i].fol dLength -
OneDFol dLi st[ij.twoD[i].renainder 5 El se
t r yIrcentaiStenibotibaie ) bu@ﬁ@{%hﬁ@r&iﬁé & Yibt-dr9IE ok 2 8L Aidhensional

concat St art

=0 nd If tr
reqegst [9;15 Igip%cp[fp{d, |]u 2D|Fgljj to:ge@erate a list of one or more additional

foI&s{ YblﬁRﬁ ?I(_)?g B |? [stoof[faf'% :khglqnggflf) d}l%?o %ﬁ{hﬁl&: asses the

fOll@v&Wadlblesin[um}.uet woD{j].fixD]
baseSpée OneDFol dLi st[i].twoD[j].fixD]
[0, OneDFoI dList[i].twoD[j].fol dD]

ﬁ [| 198&kdD[j]. remai nder 15 try. concat Si ze[ O
SHE‘F@{‘?[ i |™okPlj ] . oneD] = 1; Else |

t r yibiEPFConcat s NumTvahstfolds | f

OndmegérdLi st [i ] tvoiddldSingBnder not equal O 20 if

Ené BfFottdiei st [i]. oneD. Nunfol ds i s odd
try.concat Start Node[try. NunConcat s,

In parteDiao Iedibbéh{dnis, ondDidcMhdtBla first fold. In particul :
I%W?QDF ol dﬁ.oici oneD. f ol dLength 0_ n particular embodlments twoD
inc BBt 8 S[ge}leT@F?élﬁfQI@ﬁlﬁi tygefold. 2NumTswDFolds indicates a Number

of félH% brlfétgxrbébﬁlt I?: }?ahjtl ot %ww&éﬁkﬁgmﬁmdwaws a mesh size passed

~ to build2Dfold. Scheduler 5135 generates Try structures for elements of twoD and calis

build3Dtry to build all possible rotations of each Try structure. In particular embodiments,

build1Try encompasses the following example logic:

Rank(PartSize, pRank)
Rank(RequestedSize, jRank{0])
end = sqrt(RequestedSme[/Rank[E]])
start =2
OneDFoldList{0].oneD.foldLength = RequestedSize[/Rank[2]]
OneDFoldList[0].oneD.NumFolds = 1
OneDFoldList{0].oneD.remainder = 0
OneDFoldList[0].oneD.foldD = jRank[2]
OneDFoldList[0].oneD.oneD = jRank][1]
OneDFoldList{0].oneD.fixD = jRank{0]
OneDFoldList[0].twoDFoldSize[jRank[2]] = Requested&ze[;Rank[Q]]-
OneDFoldList[0].twoDFoldSize[fRank[1]] = 1
OneDFoldList[0]. twoDFoldeze[]Rank[O]] =]
hit = False
For j = 0 to 2 while hit = False

if RequestedSize[jRank[/]] > Part&ze[pRzmk[;]]

hit = True

EndIf
End For
If hit = False
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try.concat Start Node[try. NunConcat s,

OneDFol dLi st[i].oneD. fixD] = 0 30

try.concat Start Node[try. NunConcat s,

OneDFol dLi st[i].oneD. oneD] _

OneDFol dLi st[i].oneD. Nunfol ds

try. coneat Si ze[try NurrConcgés

OneDFol dLi st[i].oneD.fixDJ

try.concatSi ze[try. NunConcat s,

OneDFoI dList[i].oneD.foldD =

g]dgli’f{q%lze@ aRenk. ReangstedPizggOneDFoldList[0].twoD,

t ry. concat Si ze[ t rnalRieBddstiilmTwoDFolds) _
OneEdiadlis ¢ldTwoldlinldsreD] = 1 oneDEnd[ 0] =

t ryumbDEaldSt=dr t Node[try. NunConcat s, 0] +
Eligey. concat Si-ze[try. NunConcats, 0] -1 oneDEnd[I] =

t INu ODESHSER t Node[ t ry. NunConcats, 1]+ .
FhiYF concat Si ze[try. NunConeats, 1] -1 40 oneDEnd[2] =

t Node[try. NumConcats, 2] +
%ﬁﬁ%—%&ggg gg[tryekuwéongats 2] -1 ]k =
1

0 g il ggﬂuqs@dﬁfze[]RankD]] /i

o%ﬁﬁo Ligt H“]lllPﬁieiér JneRpmainde sRegisdSize[/Rank{2]] mod i
t (Qneb¥nldd NeHelfslropeRvipldbric AR ank[2]

oﬁ@mﬂachdLgt[Nu}n IDE@ldbﬂ HieD.ohadDf /Rank([1]

oﬁhﬁmwhmmmmmmmg]@mbmmem{ml - (k nod

OtrieBooRILis Nurh 1 DF618%]/tivoDBbIS 2R IR ANK 3

oneDEnd[ OneDFol dLi st [ idneDreldisNuah olds] oneD foldLength

OapiebPbLRiEist dﬂll]@ﬁﬁﬁk]ft@bﬁl?ﬁﬂmz@gﬁ{aﬁk[l]g(*l mod

O@ﬁl@ﬁ@bmﬁ unh

pe 15? o ok
%e P (ﬂ_%nz’f rlle reft ain_d.eﬁnot equal 0 or gotRemZero =
1

neBEORBDP G, ﬁ\%i@ﬁqﬁ%& il L ™

try. cofei&e FQ N t ry. NunConcat s, OneDFol dLi st[i]. one
D. odg®jIf= k / OneDFol dList[i].twoD.fol dLength

one DEnld? Dhel0RAribiies pRajk, BeqizstdSidp, =1 /
OneDFol dLi st [ i ] . oneD. batDE6IdDisNum1DFolds].twoDFoldSize,

try.concat Si ze[try. NUDREDESHEB;st[Sunil DFAIRRI610)
CneDFoldList{Num1DFolds].nTwoDFolds)
Num1DFolds = Num1DFolds + 1
End If
End For
NumberOfTries = (
For i = 0 to Num1DFolds
For j = 0 to OneDFoldList[{].nTwoDFolds
If OneDFoldList[7}.oneD.foldD not equal OneDFoldListf/].twoD[f].foldD or
OneDFoldList[{].oneD.remainder = 0
try.baseSize[OneDFoldList[/].twoD[j].fixD] =
OneDFoldList[i]. twoDFoldSize[OneDFoldList{i].tw
oD[/1.fixD]
try.baseSize][OneDFoldList[i].twoD[/]. foldD] =
OneDFoldList[#].twoD[;].foldLength
try baseSize[OneDFoldList[{].twoD[j].oneD] =
OneDFoldList[#].twoD[j].NumFolds;
if OneDFoldList{i].twoD[].remainder not equal 0 :
tty NumConcats = |
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20 try.concat Start Node[try. NunConcats, 0] + |
try.concat Si ze[try. NunConcats, 1] = oneDEnd[1] -
try.coneat Start Node[try. NunConcats, 1] + 1
try.concatSi ze[try. NunConcats, 2] = oneDEnd[2] -

‘try.concat Start Node[try. NumConcats, 2] + 1 25

try. NunConcats = try. NunCongats + 1 End If
try. NunFol dMaps = 2 try.fol dLength[0] =
OneDFol dLi st[i].oneD.foldLength try.foldFronf0] =

nedrol dLi #Pﬁn@ﬁ%@@%@qﬁf _%o@:igég 0] -

OneDFol dLi st [ eDiboliLasibl-paD[/]foldD] =
OneDFol dLi st [i].twoD[] . Paslficdalistii].twoD . ildlFength4] =
OneDFol dLi st [i].twoD[ /] OrePitbdList{ §] twoDfreiniainder
OneDFol dLi J#sd ] . twoD[/].oneD 35 try.fol dFi x[1] =
OneDFol dLi st | trjf.cwmﬁtdxiNdde[(D.Od@DinMq’i}ﬁﬁN—BD[ﬂ.foidD =0
Nunber O f riEmg)Iif End For End For NunDeleted = 0 40 For
i =0 to Nufhwnéli§titRede[d, OMIMBIIRS/].twoD[7].fixD} = 0
TryList[i] wasadigatiNbdelo, 0PI kA A5G F &) =
TryList[i].baseSi ze[ 2] :H I‘i{;_tzf]»{rD umﬁgﬁgs >0
X o oy MlcatSibefo) 9‘3%5&% t[zg. QD] = 4 _
+ t oNunber OFF 1 s =4 gunt i 5[— DlIEor i1 =0
to 2 while duplicate = ¥ ¢ IFF‘;P?‘M Qldlsstldwe Bl 8xDI
not equal W}?EP%"?@FT 0 Quel Bojdlist]. el ]- ol = Fal se
End If 5 End For_|f dépiePEsidlist]iriweD(dremainder
TryLi st [] ] "KGAreshdza @ OneBFoldiistli]. ovoRiifooedbtd) For i1
=0to 'Iélw_i st[ij.NunConcats while duplicate = True
For j 1 = tgydNwnComoatse (duplicate = True If
TryLi st [id.I€oncat St art Node[il, jI] not equal 10
TryLi st [If DneDRIAL S AlobbDdghiiAder not edual 0
' if OneDFoldList{i].oneD.NumFolds is odd
try.concatStartNode{try.NumConcats, ‘
OneDFoldList{].oneD.foldD] =
OneDFoldList{7].oneD.foldLength —
OneDFoldList[i].oneD.remainder

Else
try.concatStartNode[try.NumConcats,
OneDFoldList{i].oneD.foldD] = 0
End If '
try.concatStartNode[try.NumConcats, OneDFoldList[{].oneD.fixD] = 0
try.concatStartNode[try. NumConecats, OneDFoldList{/].oneD.oneD] =
~ OneDFoldList{{].oneD NumFolds
try.concatSize{try. NumConcats, OneDFoldList{i].oneD.fixD] = 1
try.concatSize[try NumConecats, OneDFoldList[{].oneD.foldD] =
OneDFoldListf{].oneD.remainder
- try.concatSize[try NumConcats, OneDF oldList{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[#}.twoD[j].foldD]
If OneDFoldList[i].twoD[j].NumFolds is odd
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duplicate = False Else If TryList[/].concatSize[il, |
I j not equal TryList[i].concatSize[il, jI]
duplicate = False 15 End For End For End If If
duplicate = True For 11=0 to 2 20

TryList[i"].baseSi ze[i1l] = TorusSize[il] + 1 End For
NunDel et ed = NunDel et ed +T61 El se nxt Max =
TryList[j].baseSize[Q + TryList[iJ.baseSize[l] + 25
TryList[j].baseSi ze[2] If TryLi st[j].NunConcats > 0
nxtl\/ax:nxtl\/a + | | f nxtMax < curMax 30
TenpTry TFVL‘%"%EF?WN‘W%EW@{‘E}PC@“C‘FPS Li st [i]
TryList[ij = tenpTry OngPimldList h}( 6 35 End
I f End For End For N@msBFoidListiktwoDNi]oldE.Qigth i-ds- k mod
NunDel et ed 40 | n part OneDépldbndti@hiwoRdf}SoldLength)

bui | dConpac toheDEpd[@heDRoldbissi) tuaoDf/] BaldDE+t [ 3]
~enconpasses the fol | o@n8DFs iForleDofofdLength — 1 — (1 mod

Rank( Part Si ze, Part RankheDFom/] gﬁﬁ%ﬁgﬁ edNodes)
“hit = Falgg.45 Fori=1tol +1 while ‘hit False 63 For j =

i tol+ 1 I g to 1+1 while hit
= False If ‘XJ Xm@n%ﬁgﬁgﬂﬁ%afﬁufoldm k mod

OneDFoldList[7].twoD];].foldLength
oneDEnd[OneDFoldList[{].twoD[j].foldD] = | mod
OneDYoldList]i].oneD.foldLength
End If
try.concatStartNode[try.NumConcats,OneDFoldList{{].oneD.oneD] =k
/ OneDFoldList[i].twoD.foldLength
oneDEnd|OneDFoldList{#].oneD.oneD] =1/
OneDFoldList[7].oneD.foldLength
fry.concatSize[try.NumConcats, 0] = oneDEnd[0] —
try.concatStartNode[try. NumConcats, 0] + 1
tty concatSize[try NumConcats, 1] = oneDEnd[1] —-
try.concatStartNode[try.NumConcats, 1] + 1
try.concatSize[try.NumConcats, 2] = oneDEnd[2] -
try.concatStartNode[try. NumConcats, 2] + 1
try. NumConcats = try.NumConcats + 1
End If
try. NumFoldMaps = 2
try.foldlength[0} = OneDFoldList{i].oneD.foldLength
- try.foldFrom[0] = OneDFoldList[{].oneD.foldD
try.foldTe[0] = OneDFoldList[{].oneD.oneD
try.foldFix{0] = OneDFoldList[/].oneD.fixD
try.foldLength[1] = OneDFoldList[i].twoD[/].foldLength
try.foldF'rom[1] = OneDFoldList[{].twoD[;].foldD '
try.foldTof1] = OneDFoldList[7].twoD{j].oneD
try.foldFix[1] = OneDFoldList[{].twoD{j].fixD
build3Dtry(Try, NumberOfT ries)
End For
End For
NumDeleted = 0
For i = ( to NumberOfTries — 1 .
curMax = TryList{i].baseSize[0] + TryList{{].baseSize[1] + TryList[{].baseSize[2]
if TryList{i]. NumConcats > 0
curMax = curMax + 1
EndIf
For j = i +1toNumberOfTries — 1
- duplicate = True
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t[QQ =i 5411 =5 t[2] =k hit = True End If End
For 10 End For End For If t[0]. < .
Part Si ze[ Part Rank[0]] If t[1] > PartSi ze[ Part Rank[ 1] ]

t[1]=t[1]-1 15 hit = False For t[2] = Requ_ested_l\lodgs
[ (t[O0] x t[1]) to PartSize[PartRank[2]] while hit =
False If t[0] x t[I] x t[2] guest edNodes Hit = True
20 End If End For End If e t[0] =
Part Si ze[ Part Rank[ 0]] 25 1= sqrt(Request edNodes /
t[0]) pit;=False. For j =1 tol + 1 while hit =
Fal se Fl t2j2wl611e1 }Jphgatﬁm'[@eh, t = False If (t[0] x
i x k 7 RebobitiddRseRiseli oot qaupl ByLisiE]bascSizel { =
True End I9uplifde Fdialse35 End For if t[1] >
Part Si ze[EPddf Rank[1]] t[ 1 ] = PartSize[ PartRank[ |
11 t[ ZndF®Request edNodes / (t[0] x t[ 1]) If t[0O] x
t[1] Hftffjcate -Reruent TUNOSES NuALdrka =Tl LRI NunEBhats)
| f For i1 = 0 to TryList{{].NumConcats while duplicate = True
For j1 =0 to 2 while duplicate = True :
If TryList{j].concatStartNode]i1, j1] not equal
TryList[i].concatStartNode[i1, j 1]
duplicate = False
Else If TryList[f].concatSize[i1, j 1} not equal
TryList[#].concatSize]il, j1]
duplicate = False '
End For
End For
End If
If duplicate = True
Foril=0to2
TryList[/].baseSize[i1] = TorusSize[i1] + 1
End For '
NumDeleted = NumDeleted + 1
Else
nxtMax = TryList{/].baseSize[0] + TryList[/].baseSize[1] +
TryList[/].baseSize[2]
If TryList{j]. NumConcats > 0
nxtMax = nxtMax + 1
End If
If nxtMax < curMax
TempTry = TryList{j]
TryList[f] = TryList[]
TryList[i] = tempTry
curMax = nxtMax
- EndIf
End If
~ End For
End For
‘NumberOfTries = NumberOfTries — NumDeleted

In particular embodiments, buildCompactFits, which constructs BestFit[3], -
encompasses the following example logic: |

- Rank(PartSize,ParfRank)
{= QubeRoot(ResuestedNodes)
hit = False :
For i =1to /+1 while hit = False -
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e ww

End If End If DbestFit
bestFit[pRank[I1]] = t[l]; bestFit[pRank[2]] = t[2]; 64
NunberOWNts = 0 For i BestFit[0] to PartSize[ 0]

For] = BestFit[l] to PartSize[l] For k = BestFit][2]
to"PartSize[2] 5 Fit[NunberOFits, Q" =i

Fit[ NunberOFits, 11 =j Fit[NunberOFits,2] =k Hit
= True If (i not equal to fhrt Si ze[0]) and(j not equal
to PartSize[0]) and (k not 10 equal to PartSize[0])
For m= 0 to NunmVapD nmensions Wiile Ht = True If

Fi Bdr Nerritte -CF while hivedialseensi on[ ni] nod MapMbd[ ni not
equaFot @& =9y tdi/t-1wHikllge=Fdlse End If End For End If If

Ht = Troe /NuwbeRehddstedNaddNunber OFFits + 1 20 End If
End For jE:Ifor End For For i = 0 to NumBerO Fits -
i —

| 25 d 1 1'5[i,0]+Fit[i,1]+Fit[i,2],Forj—
i +1to H&g@grO‘Fits -1d2 =Fit[j, 0] + Fit[j, 1] +
Fit[j, 2]hit=fTrgé2<dl k= Fit[j, 0] 30 Fit[j, O] = Fit[i,
0] Fi téuid’lfo] =k k=Fit[/, 1]

End For
End For
End For
If {[0)s < PartSize[PartRank[0]]
If ([1] > PartSize[Par/Rank[1]]

[pRank[0]] = t[O]; 45
']

f1]=d1]-1
hit = False
For {[2] = RequestedNodes / ({[0] x #[1]) to PartSize[ParfRank[2]] while hit =
False
If 0] x #f1] x #]2] = RequestedNodes
Hit = True "
End If
End For
End If

Else ’
1[0} = PartSize[ParfRank[0]]
I = sqri(RequestedNodes / #[0])
hit = False; _
Forj=1[to !+ 1 while hit = False
. For (k =7 to !+ 1 while hit = False
If (7[0] x j x k& =z RequestedNodes
ql]=j
2=k
hit = True
End If
End For
End For
if f{1] > PartSize[ParfRank{1]]
{[1] = PartSize[Par/Rank[1]]
1f2] = RequestedNodes / (f{0] x #1])
If 0] x #1] x 2] < RequestedNodes
{2} =42]+1
- End If
End If
EndIf
bestFit[pRank[0]] = £[0];

. bestFit[pRank{ 13} = #[1];

bestFit[pRank[2]] = #[2];.
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Fit[/, 1] = Fit[i, 1] Fit[i, 1] =k 3-5 k = Fit[j, 1]

Fit[j, 1] = Fit[i, 1] Fit[i, 1] = k dl =d2 El se

| fd2=d1 40 Rank(Fit[i], iRank) Rank(Fit[j],]Rank)

hit = 0 For(k=0to2while hit=0 If Fit[j, JRank[k] >

Fit[i, iRank[k] 45 hit =1 Else If Fit[i,jRank[K]

<Fit[i, iRank[k] 65 Ht = -1 End For If hit = 1 k =

Fit[/, O] 5 Fit[j, 01 = Fit[1, 0] Fit[i, O] k

k= Fit[j, 1] Fit[j, 1] = Fit[i, 1] Fit[i, 1] = k 10

SFi ¢ 11 FIt[J, 1] = Fit[i, 1] Fit[i, 1] = k dl

EE%\‘/B 13=P5 End 1f End For End For lastMax = O
sBrssiAbePasSgel) For i = 0 NunberOFFits - |

cur Feni TBesFitH] g Part®ize[H Fit[i, 1] + Fit[i, 2] |If

cur r enffaviee BettFit{g 11l PartSatefaix .

MaxDi st afaBisnbdOFfs/B<0i st ance, 0] = i

Fit[NumberOfFits,1] = :

Fit{NumberOfFits,2] =

Hit = True

If (7 not equal to PartSize[0]) and(j not equal to PartSize[0]) and (k not

equal to PartSize[0])
For m = 0 to NumMapDimensions While Hit = True .

If  Fit[NumberOfFits,MapDimension[m]] mod MapMod{m] not

equal to ¢
Hit = False
End If

End For
End If
If Hit = True

NumberOfFits = NumberQfFits + 1
End If

End For
End For
End For

For i =0 to NumBerOfFits ~ 1
= Fit[Z, 0] + Fitfi, 1] + Fit[i, 2]
Forj=i+1 to NumBerOfFits — 1
d2 =Fit[j, 0] + Fit[j, 1]+ Fit[j, 2]
ifd2 <d1
k= Fit[j, 0]
Fit[f, 0] = Fit[i, 0]
Fit{i, 0] =k
k=Fit[j, 1]
Fitl7, 11 =Fit[i, 1]
Fit[i, 1=k
k=Fit[j, 1] _
Fitf7, 1] =Fit[i, 1]
Fit[i, 11=k
dl=d2
Else If d2 = d1
Rank(Fit[7], iRank)
Rank(Fitf], jRank)
hit =0
For (k=0to2 while hit=0 -
If Fit[f, fRank[£] > Fit[i, iRank[£]
hit=1
Else If Fit[f, jRank{k] <Fit[, iRank[k]
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MaxDi st ance[ Nunber Of MaxDi st ance, 1] = current Max 25
Nunber Of MaxDi st ance = Nunber Of MaxDi stance + | End If
End For In particul ar enbodi nents, buil dFreeMeshes
Functi on enconpasses the followi ng 30 exanple |ogic:
"7 7" NunfreeMeshes = 0 For i = partStart[0] to PartEnd[ 0]
For j =PartStart[l] to Par%gnd[l] For k = PartStart|[ 2]
to PartEnd[2] 35 If Nodeln
Nodel nUse[ij,k] = NODE- ON-HOLD neshStart[0] = i
meshSt art[l meshStart[2] = k .40 |nl\/bsh = True
for nz = k 11 td Part End[2] and i nMesh True if
Nodel nBsd[Hor, nz] not equal NODE NOT IN USE i nMesh
Fal se Ekit+fl 45 End For 66 |f inMesh = True nEnd[ 2]
=n -1 E-fFfapend(2] =nz - 2 If PartWaps[2] and
meshStart][rlq;} 0}=q:1ﬁ[n@]rreshEnd[2] not equal PartEnd[ 2]

i nMesh = fdifuey) =fer me = PartEnd[2 to neshEnd[2] by -1
and i nMesh_ té* | f I\Iodﬁl nUlséeI [ ,jE, gz]I f notE Sql;{:ﬂ
nMesh = Fal se En n or
|nl\/bsh ﬁ‘wﬁq &911 15 El se nz=nz+2
k= Fit[j, 1]
Fitf7, 11 =Fit[i, 1]
» Fit{i, 11=k
dl =d2
End If
End If
End For
- End For
lastMax = 0

" NumMaxDistances = 0
For i = 0 NumberOfFits — 1
currentMax = Fit[i, 0] + Fit[i, 1] + Fitfi, 2]
If currentMax not equal lastMax
MaxDistance[ NumberOfMaxDistance, 0] =i
MaxDistance[NumberOfMaxDistance, 1] = currentMax
NumberOfMaxDistance = NumberOfMaxDistance + 1
End If
End For

In particular embodiments, buildFreeMeshes Function encompasses the following

example logic:

NumFreeMeshes =0
For i = partStart[0] to PartEnd[0]
For j =PartStart[1] to PartEnd[1]
For k = PartStart[2] to PartEnd[2] _
If NodeInUse[i,7,k] = NODE_NOT_IN_USE
NodelnUse{i7.k] = NODE_ON_HOLD
meshStart[0] = i
meshStart[1] =7
meshStart[2] =k
-inMesh = True ,
for mz =k + 1 to PartEnd[2] and inMesh = True
if NodeInUse[i,f,mz] not equal NODE _NOT _IN USE
inMesh = False
End If
End For

e[i,j,k] = NODE-NOT-I N USE
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End If if nz < PartEnd[2] neshStart[2] = nz, 20
meshEnd[ 2] =nmeshEnd[ 2] + TorusSize[2] End If End If
inMesh = True For ny =f + 1 to PartEnd[ I] and inMesh

True 25 For nz = neshStart[2 tonmeshEnd[ 2] an inMesh
True |fNodel nUse[i, ny, nz nod TorusSi ze[ 2]] not

equal NODE NOT IN USE i nMesh, = False End If 30 End
For If inMesh = True neshEnd[{1l] = ny-1 Else

mesheEnd[1] = ny- 2 35 End If If PartWaps[l] and
meshSt art[lif.: 0 .and meshEnd[ 1] not equal PartEnd[l]
i nMesh = Tr ?h_ni]/“m PartEnd[1] to neshEnd[1] by-1

and i nMesh = MEpRIfomEorl ng = meshStart[2] to
meshEnd[ 2] Blel inMesh = True |f Nodel nUse[i, ny, nz mod
Torus Si ze[ 2] mdud[Hgqumk —40DE NOT | N USE inMesh =

Fal se End |H PatWrkp{l]Rmd mdshStafi®] =6V and xﬁeéhEHB?Enﬁt ﬁuHP
My=ny+1 El se. ny=ny+2 5 faRgnk ]If nmy :5 PartEnd
meshStart[ 1] #mMsh = 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
If inMesh = True
mz=mz + |
Else
mz=mz+ 2
End If
if mz < PartEnd[2]
meshStart[2] = mz;
meshEnd[2] =meshEnd[2] + TorusSize[2]
End If -
End If
- inMesh = True
For my = -+ 1 to PartEnd[1] and inMesh = True
For mz = meshStart[2 tomeshEnd[2] an inMesh = True
If NodeInUse{7, my, mz mod TorusSize[2]] not equal
NODE _NOT _IN_USE
inMesh = False
End If
End For
- If inMesh = True
meshEnd[1]=my -1
Else
meshEnd[1] =my~2
End If . ' :
If PartWraps[1] and meshStart[1] = 0 and meshEnd[1] not equal
. PartEnd{1]
inMesh = True
For my = PartEnd[1] to meshEnd[1] by -1 and inMesh = True
For mz = meshStart[2] to meshEnd[2] and inMesh = True
If NodeInUse[#,my,mz mod Torus Size[2] not equal
NODE_NOT IN USE
inMesh = False
End If
End For
End For
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meshEnd[ 1] =meshEnd[ 1] + TorusSize[l] End If 10 End
If End For inMesh = True for nix =i + 1to

Part End[J and inMesh = True for ny = nmeshStart[1] to
meshEnd[ 1] and inMesh = True 15 for nz = nfStart[2] to
neEnd[ 2] and i nMesh = True If Nodel nUse[ nx, ny nod
TorusSi ze[ 1],z nod Torusgize[2]] not equal NODE NOT
I N USE i nMesh Fal se 20 d If End For End For End
For If inMesh True 25 neshEnd[0] = nx -1 Else
meshEnd[Q = nix - 2 End If If partWaps[O0] and
meshStart[ O fdoMash ndsieEnd[ 0] not equal ~ 30

Part End[ 0] inMedMy=nBrtué For nx = partEnd[( to
meshEnd[ 0] by Elkeand i nMesh = True For ny =
meshStart[l] to mgshhydf2] and i nMesh = True For nz =
meshStart[ 2] tend®ShEnd[ 2] and i nMesh = True 35 If
Nodel nUse[ nmx, ni¢ nfjod pRaEHS ilze[ [],nmz Mod TorusSize[ 2]]
not equal NODE- %’g g ,nMesh = False End If 40

End For -End For | %ﬁ 4&?§hﬁyﬁﬁﬁ1+ﬁo¥ﬁsﬁm[w:w*—l 45

ed Tl

El se End If
End If
End For
. inMesh = True

- formx =i+ 1 to PartEnd[0] and inMesh = True
for my = meshStart[1] to meshEnd[1] and inMesh = True
for mz = mStart[2] to mEnd[2] and inMesh = True

If NodeInUse[mx,my mod TorusSize[l],mz mod.

TorusSizef2]] not equal
NODE_NOT_IN_USE
inMesh = False
End If
End For
End For
End For
If inMesh = True
meshEnd[0] =mx — 1
Else
meshEnd[0] = mx — 2
End If
If partWraps[0] and meshStart[0] = 0 and meshEnd[0] not equal
PartEnd[0]
inMesh = True
- For mx = partEnd[0] to meshEnd[0] by ~1 and inMesh = True
For my = meshStart[1] to meshEnd{1] and inMesh = True
For mz = meshStart[2] to meshEnd[2] and inMesh = True
It NodeInUse[mx,my mod TorusSize[1],mz Mod
TorusSize[2]] not equal
NODE_NOT _IN_USE
: inMesh = False '
End If
End For
End For
End For
If inMesh = True
Mx=mx+1
. Else
© Mx=mx+2
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Mk=mx+2 68 End If If nxk < PartEnd[J neshStart[Q =
ni X mesheEnd[ 0] = meshEnd[ 0] + TorusSize[0] 5 End If
End If FreeMesh[ NunfreeMeshes]. Start[0] = neshStart][ 0]
FreeMesh[ NunfreeMeshes] . Start[ 1] = neshStart][ 1]
FreeMesh[ Nunfr eeMeshes] . St art[2] = meshStart[2] 10
FreeMesh[ NunFr eeMeshesl . end%’g = meshEnd[
FreeMesh[ Nuntr eeMeshes] . end[""1 = meshEnd[ 1 ]
FreeMesh[ NunfreeMeshes] . end[ 2] = msshEnd[Z]
Freel\/bsh[NunFre(il\/bshes] NunNodes = (nmeshEnd[ 0] -
meshSt art [ 0] Xx(meshEnd[ 1] - msshStart[l]+ 1) 15 x
(meshEnd][ 2] -Ifﬁ@éﬁ JasEoff®] + 1) For nix = neshStart[0]
to meshEnd[ 0] mrdshStart§0] romlx Tor usSi ze[ 0] For ny =
meshSt art[ | ] toeeshEsdj@)re mebhEnafd] ~THrusBige[Pr us Si ze[ 1]
20 For nz = neshBtart[2] to meshEnd[2] net = nz nod
Tor usSi ze[ EhdWpdel nUse[ nxl], myl], nel] =NODE ON HOLD

End For En@rde®leshi?h I] _[0?- eShSEaﬁ ]For For
1

Fr eeMesh[ NppdchReMBER ' Start 17 ="reshS
'F‘O“,\’,é ﬁo RN pshes] Start rmﬁshStart[}l]
bt M%% N b ChEndth |
meshStart [ es]-epdll sirme géﬂ]

Fr eeMesh[ ggliepdE2] AmebEnd[2]

4
Fr ee I\/Es hRa FMesl}[Nprr?EMeshes NumNodes = (meshEnd[0] — — meshStart[(]
+ 1) x(meshEnd{1] — meshStart[1] + 1)
x (meshEnd[2] — meshStart[2] + 1)
For mx = meshStart[O] to meshEnd[0]
mx] = mx mod TorusSize[0]
For my = meshStart[1] to meshEnd[1]
myl = my mod TorusSize[1]
For mz = meshStart[2] to meshEnd[2]
mz1 = mz mod TorusSize[2]
NodeInUse[mx1], my1], mz1]=NODE_ON_HOLD
End For
End For
End For
- Fori=(0to2
FreeMesh[NumFreeMeshes].Rank[i] = 2 — /;
End For
Fori=0to2
For m=]+1t03

= FreeMesh[NmnFreeMeshes] Rank{/]

ml = FreeMesh[NumFreeMeshes].Rank{]

If meshEnd([m1] — meshStart{m1] <meshEnd[/1]— meshStart[l 1}
FreeMesh[NumFreeMeshes).Rank[/] = m1
FreeMeshRank[m] = /1

End If _

End For
End For
' NumFreeMeshes = NumPFreeMeshes + 1
End If
End For
End For '

- End For

For i = partStart{0] to PartEnd[(]
For j =PartStari[1] to PartEnd[1]
For k = PartStart[2] to PartEnd[2]
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End For End For NunfFreeMeshes = NunfreeMeshes + 1 40
End If End For End For End For For i = partStart][O0]

to PartEnd[0] 45 Forj =PartStart[l] to PartEnd[I|] For
k = PartStart[2] to PartEnd[2] 69 |If Nodehi Use[i]jk]

=NCDE ON HOLD Nodel nUse[i], k] =NODE NOT IN USE End If
End For 5 End For End For,For i = 0 to NunfFreeMeshes
-1 For j =i +1 to NurrFregR/Eshes -1 hit = False 10
if FreeMesh[j].NumNodes < freeMesh[i].NunNodes hit =.

True; Else |f Fre.el\/bng . NumNodes =
f r eeMesHode E ONHOLEor 1= 0 to 2 while

hit = Tru&otslnUselRf,HehAONE NARKIN JUSE
freemvesBid If. Rank[1]) Hit = False End If End For End
| f 2@ndfFohit = True TenpMesh = FreeMesh[ 1]
FrigseiBsh[]] = FreeMesh[i] FreeMesh[i] = TenpMesh End
EhfiFa8p End For End For In particul ar enbodi nents,
FSENe o Rl reaMMdshd L gt urns True if schedul er 515
Forj=i-+1 to NumFreeMeshes — |
hit = False
if FreeMesh[;].NumNodes < freeMesh[{] NumNodes
hit = True;
. Else If FreeMesh[j]. NumNodes = freeMesh[]. NumNodes
hit = True
For /=0 to 2 while hit = True
If FreeMesh[/].Rank[/} > freeMesh[].Rank[{])
Hit = False
End If
End For
End If
If hit = True
TempMesh = FreeMesh([/]
FreeMesh[/] = FreeMesh[i]
FreeMesh[i] = TempMesh
EndIf ,
End For
End For

In particular embodiments, ScheduleJob, which returns True if scheduler 515 |
successfully schedules a job 150, encompasses the following example logic:

If Spatial Allowed = True
If scheduleSpatial() = True
return True |
Else If CompactAllowed = True
return scheduleCompact()
End If
Else If CompactAllowed = True
return scheduleCompact()
Else
Return scheduleAny()
End If

In particular embodiments, scheduleSpatial encompasses ‘the following example

logic:
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successfully schedul es a job 150, enconpasses the
follow ng exanple logic: 30 If Spatial All owed = True
If schedul eSpatialo = True return True Else If
Conpact Al l oned = True return schedul eConpacto 35 End
If Else If ConpactAllowed = True return
schedul eConpacto Else Retu schedul eAny( 40 End If
In particular enbodi nents, schedul eSpati al enconpasses
the followi ng exanple logic: 70 GCotFit = Fal se For i
g% rrberO‘frles-l while GotFit = False |If
lE]‘ |st[|] StarégF True GotFit = True 5
t? FrwhiledgotFity= Falsed | f End For
Ret ??“@Qtﬁl(tnﬂl@sﬂﬂ b ti Duear enbodi nent s,
set Sp&tottit Rdaed nUse, which buil ds Assi gnedl\lodeLi st,
enconp%i&]%@ll‘ﬂdtbhﬂdﬁe('bw Bigrtpxanpl e | ogi c: Nodel ndex = 0
ForErdcliflode[ 0] = 0 to Original Size[0] -1 For cNode[1]
En@Fop Original Size[1l] - | 15 For cNode[2] =0 to
Reitvgh GatFy ze[ 2] -1 Fori =0t o2 chode[j obMapf z]] =
cNode[i] End For If Try. Nunfol dvaps = 1 20 nNode[ O,

E )%nﬁ:%t%@gr %J)cy}n%ﬁ%g%%t%%a o'd%ﬁ}%o%ch rgt\xlﬁgs L&sélgnedNodeLlst,

encainpastes|thld fotigtvirje@xahipieNegief O, Try. fol dTo[0]] is odd

qusgecig&eg){,xa'ry.fol dFronf Q] = Try.fol dLength[O] - -

For (cNode[(] = 0 to OriginalSize[0] - 1
For cNode[1] = 0 to OriginalSize[1] - 1
For ¢cNode[2] = 0 to OriginalSize[2] — 1
Fori=Qto2 _
JeNode[jobMap[i]] = cNode[{]
End For
If Try NumFoldMaps = 1
mNode[0, Try.foldFix[0]] =/cNode[Try.foldFix[0]]
mNode[0, Try.foldTo[0]] = jcNode[Try.foldFrom[0]] /
Try.foldLength[0]
If mNode[0, Try.foldTo[0]] is odd
mNode[0, Try.foldFrom([0]] = Try.foldLength[0] ~ 1 —
(jcNode[Try.foldFrom[0]] mod

Try.foldLength[0])
Else

mNode[0, Try.foldFrom[0]] = jeNode[Try.foldFrom[0]] mod
Try.foldLength[0]
End If
Fori=0to2
node[] = mNode[0, Try. rMap[l]]
End For
Else
~ mNodel0, Try.foldFix[0]] =jcNode[Try.foldFi 1x[0]]
mNode[0,Try.foldTo[0]] = chode[Try foldFrom[0]] / Try -—-)foldLnt[O]
If mNode[0, Try.foldTo[0]] is odd
mNode[0, Try.foldFrom[0]] = Try.foldLength[0] — 1 —
(jeNode[ Try.foldFrom[0]] mod

Try.foldLength[0])
Else ‘
~ mNode[0, Try.foldFrom([0]] = jecNode[Try.foldFrom[0]] mod
- Try.foldLength[0]
End If

- mNode[1, Try.foldFix[1]] =mNode[0, Try.foldFix[1]]
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25 (jcNode[Try.foldFronf0]] nod Try.foldLength[O])

El se mNode[ O, Try.foldFronf0]] =

jcNode[ Try. foldFronf{0]] nmod Try.foldLength[0] 30 End
If Fori=0to2 node[iJ = nNode[O, Try.rMap[i]] End For
El se 35 mNode[ 0, Try.fol dFi x[0]]

jcNode[ Try.foldFi X[ ] - de[ O Try. fol dTo[ 0] ]

=j cNode[ Try.fol dFronf Q] /Try-+ foldLnt[O] |IfmNode[O,
Try.fol dTo[0]] is odd mNode[ O, Try.foldFronf0]] =

Try. fol dLepgt h[ O Node[ Try. f ol dFron{O nod 40
Try f ol dL'BN, gfl?{% %&’BOE@Eﬁ ¥ ey igldiemisiy 0)] =
cNode[TrIy f ol dFr oni é( Tryfoldbengtlddbt h[0] End I f
45 nNode[If mNudg[F, a’lrﬂﬁml 1;0{]1]] isoddbde[ 0, Try.fol dFi x[1]]
71 mNode[ 1mNade[ ¥, dirpficddBrpin[ H] rilodé¢10Length[1] — 1 <(mNode[0,

Try.foldFronf1]] / Try.fol dLang{féliFjom][1]] nﬁd@ﬁ@[f&ldl,ength[l])
Try.foldTEikd ]] is odd mNode[1, Try. fol dFroni

Try.foldL 1% d
T 18 s, g

mNode[ O, T, &Fr onf 1] V*fof&L

For d=0t ﬁﬁ d Ma End F
SiEE LI A I
15 End_F I@? del nUse[ node[ 0], node[1], node[21] =

NOBE- | Kb
Forz—0t02

Nodel[i] = node[] mod TorusSizefi]
End For
NodeInUse[node[0], node[1], node[2]] = NODE_IN_USE
AssignedNodeList[Nodelndex, 0] = node[0]
AssignedNodeList[Nodelndex, 1] =node{2]
AssignedNodeList[Nodelndex, 2] = node[2]
Nodelndex = Nodelndex + 1
End For
End For
End For

In particular embodiments, scanSpatial encompasses the following example logic:

Fori=0to2
If PartWraps|i])
End[/] =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]
ZzPlane[n]=0
End For
‘For I =i to i+iry.baseSize[0]
For n = PartStart[2] to PartEnd[2]
I1 = [ mod TorusSize[0]
m = PartStart[1]
m2 = (m] + Try.baseSize[1]) mod TorusSize[1]
If PartStart[1] + Try.baseSize[1] < PartEnd[1]
ZPlane[n] = zPlane[n] + FreeY{/1,ml,x] - FreeY[l 1,m2,n}
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Assi gnedNodelLi st [ Nodel ndex, 0] node[ O]

Assi gnedNodelLi st [ Nodel ndex, 1] node[ 2]

Assi gnedNodelLi st [ Nodel ndex, 2] node[ 2] 20 Nodel ndex
= Nodelndex + 1 End For End For End For 25 In
particul ar enbodi nents, scanSpati al enconpasses the
foll ow ng exanpl e | ogic: Ofg =0to2 If PartWaps[l])
End{i] =PartEnd[i] Else 30 End[i] = PartEnd[i] -

Try. baseSize[i] + 1 End If End For zPl aneCnt =

Try. base 'ze[O] x Try. baseSi ze[l]; For i =
PartStar?ﬂ d[O newx = True For (n =

Part St arﬁi[41 Plf’%e[ [2]+FTQPYBh€1[15ﬁ] 0 End For For
1=1 to i §/.baseS| ze[O 40 For n = PartStart[2] to
Part EnfiDRor 11 = | nod TorusSize[0] m = PartStart[ I]
n2 Engd¥pr + Try. baseSize[l]) nod TorusSize[t] |f

Par ot o PutStar] [TeyEhd{$ESi ze[ 1] :_ PartEnd[1] 45

ZPl anef MdwX =zIRllsene[ n] + FreeY[I 1, nl, n] -

FreeY[ 11/ir2; mbd T3rusBiRR) ZPI ane[n] = zPlane[n]+ FreeY[i

IF’artSt g]rf,zﬁ OLTI?E%%%EU ) d%u@{%ﬁﬁe 11 =i nod
Torussi 2g Fag“ﬂrgpsto] False 01yz+ TR ballBSaro;

Tor usSi e[ @h; ,, = PartStart[2] to PartEnd[Z]
If i+Try.baseSize[0] < PartEnd[0]
- zPlane[n] = zPlane[n] — (FreeX[/1,m1 ] — — FreeX{[12,m1,n])
se
zPlane[n] = zPlane[n] - FreeX{I1,m1,n]

End If

End For

Else

Forn= PartStart[Z] to PartEnd[2] ‘

zPlane[n] = zPlane[n] — (FreeX[/1,ml.n]+ (FreeX[O mln} —
' FreeX{12,m1,n]))

End For
End If
/1 = i mod TorusSize[0]
I2 = (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 = PartStart[2] to PartEnd[?2]
If 7 + Try.baseSize[0] < PartEnd[0]
. ZPlane[n] = zPlane[n] + FreeX[/1,m1,x] ~ — FreeX[I1 m2,n]
se
ZPlane[n] = zPlane[n] + FreeX[/1 -ml,n]
End If
End For
Else
For n = PartStart[2] to PartEnd[2]
ZPlane[n] = zPlane[n] + FreeX[/1 alnly + FreeX[0,m2.n]) —
FreeX]I1 mZ,n]
. End For
End If
Else
newX = False;
k= PartStart[2];
- while £ < End[2])
hit = True;




10 mM = (j -1) nod TorusSize[l] if PartWaps[0] =
Fal se or i+try.baseSize[0]) PartEnd[0] For n =
PartStart[2] to PartEnd[2] If i+Try. baseSize[Q <
~PartEnd[ 0] zPlane[n] = zPlane[n] - (FreeX[11,m ,hn] -
FreeX[12,m,n]) 15 Else zPlane[n] = zPlane[n] -
FreeX[11, M ,n] End If End73For El se 20 For n =
PartStart[Z] to Part End[ 2] "zPl ane[n] = zPl ane[n] -
(FreeX( 11, m , n]+ (FreeX[O m,n] - FreeX[12, ml,n]))
End For_, End I E’B i rmd TorusS| ze O] 12 = (i +
Try. bad®@5t 7 + Hbﬁﬁt@g]z Q&V
Try. based 21’8311]3 WT%Fﬁéﬁﬂﬂe{Oi?qqﬂizm aps[0] =
Fal se or i +thity=BadseSi ze[0]) < PartEnd[0] For n =
PartStartE@]Ifto PartEnd[2] 30 If i + Try.baseSize[0] <
5 Par t En@ndJFoZPl ane[ n] = zPlane[n] + FreeX[ 11, M ,n] -
FreeX[ ifhit2 Tmje El se ZPl ane[n] = zPlane[n] +
FreeX[ || , Sthst[d] =;End 1 f 35 End For Else For n =

Part St ar t¢ tg,}t art End[ 2] ZPl ane[n] = zPlane[n] +
FreeX[ 11, %)%Freexw ng, n]) FreeX[Il,n2,n] 40
End For | s tSt art[ 2];
10 . Co ? {(C_hlt
45 whi | e nd|[ 2wh hlti? '}‘él"
cStart[ne] = Start[m] + Try.concatStartNode[cNdx, m]
cEnd[m] = cStart[m] + Try.concatSize[cNdx, m] — 1;
if (cEnd[m] = TorusSize{m] && PartWraps[m] = False
15 hit = False;

End For
For 1 = cStart[0] to ¢End[0] while hit = True
For m = cStart[1] to cEnd[1] while hit = True
_ For n= cStartf2] to cEnd[2] while hit = True
20 /1 = I mod TorusSize[0]
' m1 = m mod TorusSize[1]

nl = n mod TorusSize[2]
If NodeInUse[/1,m1,11] not equal NODE NOT IN USE

hit = False;
25 End If
' End For
End For
End For
If hit = True
30 Return True;
' Else
K=k+1
End If
Else
35 k=n+1
EndIf -
End If
End For
End For
40 Return False

In part1cu1ar embodiments, scheduleCompactFunction, which runs a bmary search
on Fit, encompasses the following example logic:

- HighFit = NumberOfFits — 1
45 Fori=0to2
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For n = k to k + Try.baseSize[2] - | while hit = True
If zPlane[n nod TorusSi ze[2]] not equal zPlaneCnt hit
= False; End If 5 End For if hit=True Start[] = 1i;
Start[] =; Start[] k, 10 For cNdx = 0 to

try. NunConcats -1 while hit :True Forme0 to 2 while

hit = True cStart[m = StaL;,‘L
Try. concat St art Node[ cNdx, cEnd[nj = cStart[m +

__ Try concat Size[cNdx, m - 1; if (cEnd[m >-

r && PartWaps[m =False 15 hit = Fal se;
dﬁ}giﬁaﬁi’ﬂnl arSerthidt [0] to cEnd[ 0] while hit = True
= cStart[1l] to cEnd[1l] while hit = True For n =
é@,wé?atﬁﬁ] to cEnd[2] while hit = True 20 11 = 1 nod
VohilesBuge[ 0] ml = mnod TorusSize[1] nl = n nod
TorCeSintléi} 2 LokfitNo@Hplilis e Lo&F) /»l ] not equal
N@Es&@tohiﬁa&ﬁﬁmﬂ%r@ﬂ%d%@'ﬁg CufrentFif! Hibh St 'fﬁ{g End
e se K=

For EpgHif= Cherbiek Tr ue 30 turn True =k+1
Endzltd Else 35 k=n+l1 End If End If End For

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[Z,0}
HigMaxDistance = i
Hit = True
End If
End For
Hit = True
For i = HighMaxDistance — 1 to 0 by —1
StartFit = MaxDistance[7,0]
If i =NumMaxDistance — 1
EndFit = NumberOfFits — 1
Else
EndFit = MaxDistance[i+1,0] — 1
End If
- Hit = False
For j = StartFit to EndFit While Hit = False
If scanCompact(NumberOfNodes, Fit[/], HighStarf)= True
HighFit=j
HighMaxDistance = [
Hit = True
End If
End For
End For
setCompactNodeInUse(Fit(HighFit), HighStart)

In particular embodiments, setComPactNodelnUse encompasscs the follomng

example logic:

node=10
Fori=0to2
if Start[7] > TorustSize[i]
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End For 40 Return False In particular enbodi nents,
schedul eConpact Functi on, which runs a binary search

on Fit, enconpasses the follow ng exanple | ogic:
HighFit = NunberOFits -1 45 Fori=0to2 74

Hi ghStart[i] = PartStart[i] End For LowFit = -1
Wiile True 5 CurrentFit = wFit + (HghFit - LowFit)
/ 2 1f scanConpact ( Nunber des, Fit[CurrentFit],

Hi ghStart) = True H ghFit = CurrentFit Else LowFit =

t End hFlt = LowFit + 1 Return
En%ggnft g”ﬁﬁ]lr’é(’d t@“ﬁ#&"e gFal se For i =0 to
Q‘Eﬂ’s‘t +5¢zelghirile Ht = False If HghFit >_
il§t ance[i, 0] HigMaxDistance =i Hit = True 20 End
EndFoEnd For Hit = True For i = Hi ghMaxDi stance - | to
If (NumyMapDinginsions=1 = MaxDi stance[i, 0] 25 If i
=MspRibnmkien@ =01 EndFit = NunberOFits - | Else
EndFRérdesfoMaxDi st ance[i+1,0] -1 End If 30 Hit = False
For érderfft-aptFit to EndFit Wiile Hit = False
order{2] =0
Else If MapDiminsion[0] = 1
order[0] =0
. order{1]=2
order[2] =1
Else
order[0] =0
order[1] =1
order[2] =2
End If
Else
order[0] = 3 - MapDiminsion[0] — Malemmsmn[l]
order[1] = MapDiminsion[0]
order[2] = MapDiminsion{1]
End If
count = ()
For i = Start[order[0]] to end[order[0]] and count < RequestedNodes
index[order[0]] = i mod TorusSize[order[0]] ‘
For j = Start[order[1]] to end[order[1]] and count < RequestedNodes
indexforder[1]] =j mod TorusSize[order{1]]
For k= Start[order[2]] to end[order{2]] and count < RequestedNodes
index[order{2]] = k£ mod TorusSize[order{2]]

- If NodeInUse[index[0], index[1], index[2]] = NODE_NOT _IN USE
NodeInUse[index[0], index[1], index[2]] = NODE_IN_USE
AssignedNodeList[node, order[0] = index[order[0]]
AssignedNodeList[node, order[1] = index[order{2]]
AssignedNodeList[node, order[2] = index[order[2]]
node = node + 1

End If
End For
End For
End For

In particular embodiments, ScanCompact encompasses the following example
logic: ' '

Fori=0to2
If PartWraps[i] = True
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I f scanConpact (Nunber O Nodes, Fit[/], H ghStart)= True
H ghFit = H ghMaxDi stance =1 35 Hit = True End If
End For End For set Conpact Nodel nUse(Fit(H ghFit),

Hi ghStart) 40 In particul ar enbodi nents,

set ConPact Nodel nUse enconpasses the foll owing exanple

|l ogi c: node=0 Fori=0to2 45gif Start[:] >

'_TorustSize[a] 75 Start[i] = Start{i] nod TorusSize[i]
End[ z] Start[|J+S|ze[|] -1 End If End For 5 If

N nwa | f MapDi =0 order[0
" 5"?}% G order 12 =0 30 Boe 11 O oot
=0 order[ 1] = 2
OEL%%} f%gﬁﬁeri[O] = oorofgé [g] =1
3 -

T RS t endiPDi ni nsi on[ 1] order[l] =
MapDi WWXI“OFH{'-@] order[2] = MapDiminsion[1l] End If
For n= 0 to TorusSize[2]
ZPlanefn] =0
End For
for (I =i to i + size[0]
for (n = pStart[2]; n < pEnd[2]; #++)
/1 =['mod TorusSize[0];
m] = PartStart{1]
- m2 = (PartStart{1] + size[1]) mod TorusSize[1]
If PartStart[1]+size[1] < PartEnd[1])
. ZPlane[n] = zPlane[r] +FreeY[/1,m1,n] - FreeY[/1,m2,n)
se
ZPlane[n] = zPlane[n] +Free Y[/ m1,n)
End If
End For
End For
For j = PartStart[1] to End[1]
newY = True
If newX = False
=i
[2 = (i + size[0]) mod TorusSize[0]
ml=j—1
If PartWraps[0] = False or i+Start[0] < PartEnd[0]
For n = PartStart[2] to PartEnd{2]
- If i+size[0] < PartEnd[0]

ord
: g% =2 Endlf El se 20 order[Q

ZPlane[n] = zPlane[n] - (FreeX [/1,m1,n] - FreeX[[2,m1 n])

else :
ZPlane[n] = zPlane{n] — FreeX- [l 1,ml,n]
End If
End For
Else
For n = PartStart[2] to PartEnd[2]
zPlane{n] = zPlane[n] —~ (FreeX [/1,m1,n1] + (FreeX[0,m1 n]
FreeX [12,m1,4]))
End For
End If
=i
12 =(i + Start[0]) mod TorusSize[0]
ml = (j + size[1] ~ 1) mod Toru381ze[1]
If PartWraps[0] = False or 7 + Start[0]) < PartEnd[0}
For n = PartStart[2] to PartEnd[2]
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and count < Requestedhbdes i ndex[order[0]] =i nod
TorusSi ze[order[0]] Forj = Start[order[1]] to
end[order[1]] and count < RequestedNodes

i ndex[order[1]] = nod TorusSi ze[order[1]] For k =
Start[order[2]] to end[ord?%[Z]] and count <
Request edNodes 30 index[ofder[2]] = k nod

count =0 25 For i = St art[order[0]] to end[order[0]]

TorusSi ze[order[2]] If Nodel nUse[index[ 0], index[1],

i ndex[2]] = NODE NOT IN USE Nodel nUse[i ndex[O]
i ndex[ 1], i ndel[(2} Ptest{QIoORartRnd[0PF f

Assi gnedNodeli st [4Pdate[n]or ZRdade(r] +=(Frexd&d K @i oh r-[FodelX[1,m2,1)
Assi gnedNodelLi Blsenode, order[1] = index[order[2]] 35

Assi gnedNodeLi st [ZPadR[n] e AaideRl] @ksﬁgﬂngr er[2]]
node = node + findgpd |If  End For End End For

particul ar q;g{gqglrrrents ScanConpact enconpasses the

fol | owi ngpR an‘ple‘logic For i Ot02 45 | f
PartWapsFi

In

tEnd[l] El se
dii] = P t%@f? .
E’grglslar[qarto % 6] gﬂ% Kﬁrﬁ ,,{1]+é’r?e§£[0|m1n]

TorusSi ze[ 2 ZPI ane[ n]

" for (1= to i

+ size[0] fodERT= pStart[2]; n < pEnd[2]; n++) 11 =1

nod Torus@dzlff[q mL = PartStart[1] n2 = (PartStart

[1]

+ size[Bl$) nod TorusSi ze[ 1] 15 IfPartStart[ 1] +si ze[ 1]

5 Part Endieif¥ =HRlsane[ n] = zPl ane[n] +FreeY[I1, mI,
FreeY[ Ead iR, n]
For & = PartStart[2] to end[2]
if newY = True
newY = False
count = (;
For n=kto k + size[2]
count = count + zPlane[r mod TorusSize[2]]
End For : |
Else
count count — zPlane[k— 1]
= (k+ size[2] — 1) mod TorusS1ze[2]
zPlane[kl] 0
i1=i ‘
12 = (i + size[0]) mod TorusSize[0]
If PartWraps[0] = False or i + size[0]) < PartEnd{0]
For m =j to j + sizef1]
ml = m mod TorusSize[1]
If i + size[0] < PartEnd[0}]
ZPlane[k1} = zPlane[k1] + (FreeX[/1,m1,k1] ~

FreeX[2,m1,k1])
Else
ZPlanefk1] = zPlane[k1] + FreeX[/1,m1,k1]
End For

Else
For m =j to j + size{1}
ZPlanefk1] = zPlane[k1] + FreeX[/1,m1,k1] +
(FreeX[0,m1,k1] — FreeX[I2,m1,k1])
End For
End If
count= count + zPlane[k1]
End If
If count = NumberOf Nodes

n] -
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- Else ZPl ane[n] = zPlane[n] +FreeY[11,mM,n] End If 20

End For End For Forj = PartStart[1l] to End[1] newY =
True If newX = False 25 11 =i 12 = (i + size[0]) nod
TorusSize[O ml=j-1 If PartWaps[0] = Fal se or
i+Start[0] PartEnd[0] For n = PartStart[2] to

Part End[ 2] 30 If i+size[( %PartEnd[O] ZPl ane[ n] =
zPlane[n] - (FreeX [11, nl, n}®- FreeX[(12,m ,n]) else
zPl ane[ n] =zPl ane[n] - FreeX-[11,m1,n] End If 35 End
For Else For n = PartStart[2] to PartEnd[ 2]

zPl ane[ n] =zPP@AEIA]{ - (FreeX [1l,m ,n] +

(Freex[ O n, njtart{lfrgeX [12,m ,n])) 40 End For End If
11 =i 12 = %tartR]Stlart[0]) nmod TorusSize[0] m = (i +
size[1] - 1) wengn TareusSi ze[ 1] 45 If PartWaps[0] =
Fal se or i End$fart[0]) 5 PartEnd[0] For n =

Part St argddfort © PartEnd[ 2] 77 If (i + Start[0] <
Part Epgdli @,y ZPl ane[n] = zPlane[n] + (FreeX[11,mM,6n] -
Fr%;gliq}, n2,n] Else ZPlane[n] = zPlane[n] +

Eheggdil . m,n] 5 End If End For Else

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
iINdx = FreeMesh[m].Rank[2]
JNdx = FreeMesh[m].Rank[1]
Else If FreeMesh[m].Rank[1] =2
iINdx = FreeMesh[m).Rank[2]
JNdx = FreeMesh[m].Rank[0]
Else
iNdx = FreeMesh[m].Rank[1}
JNdx = FreeMesh{m].Rank[0]
End If '
For i = FreeMesh[m].Start{iNdx] toF reeMesh[m].end[iNdx] while Remainder >
For j = FreeMesh[m].Start[/Ndx] to FreeMesh[m].end[/Ndx] while Remainder
>0
For k= FreeMesh{m].Start[2] to FreeMesh([m).end[2] while Remainder > 0
i1 =i mod TorusSize[iNdx]
J1=j mod TorusSize[iMod]
k1 =k mod TorusSize[2]
If iINdx=0
NodelnUse[i1,/1,k1] =NODE_IN_USE
Else
NodeInUse[f1,i1,k1]=NODE_IN USE
End If |
AssignedNodeList[Node].[iNdx] = i1
AssignedNodeList[Node].[fNdx] = j1
AssignedNodeList[Node, 2] = k1
Node = Node + 1 '
End For
End For
End For
End For
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For n = PartStart[2] to PartEnd[2] ZPl ane[n] =
zPl ane[n] + (FreeX[Il,mM,n] + (FreeX[O,M,n] - 10
FreeX[I1,n2,n])) End For End If Else newX = Fal se
15 End If ‘For k = PartStart[2] to end[2] if newY =
- True newY = False count = 0; 20 For n = k to k +
size[2] count = count + zPhgne[n nod TorusSi ze[2]]
End For Else count = count - zPlane[k-1] 25 kl = (k+
si ze[2] -1) nod TorusSize[2] zPlane[kl] = 0 11=i 12
(1 + si ze[O]) rmd TorusSi ze[ O] |If PartWaps[O] =
| se or + si.ze[01) <- PartEnd[0] 30 For m =5j to j

F
%g |P26{°“laf eppbodimenispsetiipiRank;eneqmpassqsithg followr
F(E’Iqiddﬁmilia;k deﬂ@ﬁ{léfde]s .3 zPlane[kl] + (Freex[11,n, kl]

e fhse ZPlane[kl] = zPl ane[ kI ]
e eLls ?’—’ r] El se Forn¥jtoj+size[l] 40
E

;7-% Freex[I1,m, kl] +
8 2,m,kl]) End For End If

i F‘ kI] 45 End | f
to[MapDimmsmn[O]] AsmgnedNodeLlst[node, MapDimensionf0]] /

MapMod{0]
to[3] = AssignedNodeList[node, MapDiminsion[0]] mod MapMod[0]
Else
" to[MapDiminsion{0]] = AssignedNodeList[node, MapDiminsion[0]] /
MapMod[0]
to[MapDiminsion[1]] = AssignedNodeList[node, MapDiminsion[1]] /
MapMod|1]
to[3] = (AssignedNodeList[node, MapDiminsion{0]} mod MapMod[0]) x
MapMod[1] +
AssignedNodeList{node, MapDiminsion[1]] mod MapMod[1]
End If
hit = False
for (nodel = 0 to NumFreeNodes — 1 while hit = False
If to]0] = FreeNodeList[nodel],coordinate{0] and
to[1] = FreeNodeList[nodel].coordinate[1] and
to[2] = FreeNodeList[nodel].coordinate[2] and -
to[3] = FreeNodeList[nodel].coordinate[3]
FreeNodeList[nodel].mpiRank = node
Hit =True
End If
End For
End For

In particular embodiments, scheduler 515 uses the following example sh‘uctﬁres,'
which are defined as follows, to allocate nodes 115 fo 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 lisf. If scheduler 515
schedules job 150, scheduler 515 sets mpiRank before returning. |

Structure FreeNode
integer  coordinate[4]
- integer  mpiRank
End Structure
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If count >_ NunmberOF Nodes 78 Start[0] =i Start[1]
=] Start[2] = k return True 5 End If End For End

For End For End For 10 return False Ip particular
enbodi nents, schedul eAny enconpasses the foll ow ng
logic: Node = 0 Remai nder = Request edNodes 15 For m =

O to NunfFreeMeshes while Regginder >0 |If
Fl eeMesh[m] . Rank[ 0] = 2 zNdx = FreeMesh[ m . Rank|[ 2]

i Ndx = FreeMesh[n].Rank[1] El se If

Fr Eﬁl\/Bﬁlﬁ[:ﬂlar EﬁﬂFﬁl ni]rae hé{f“%?ul%%@)fs USRE §ePN?d¢’ tg.{t:rrﬁjcfure to Lezf.]ord how

Ndx = FreeMesh

SChFﬂ‘éveﬁ)}d]s oRadinfehbionalNd two Birealeabl sphtifRaadledt. 25
%(g’?:‘%”é‘i\g = FreeMesh[n . Start[fNdx

t"OFr @ﬁ%%enﬂ[zl\ldx] whil e Remainder> 0 For | =
Fre i Ndx] to FreeMesh[n].end[/Ndx] while

k= FreeMesh[m . Start[2] to
Fr e’@%%[nfer@m{em while Remainder> 0 30 it =i nod

Torinte@pize[ folldRimgnsion] nod TorusSi ze[i Mbd] kI = k nod
Torintegerz e[ 8kDiifmendbidy O Nodel nUse[ilj 1, kl] =NODE I N USE
El sieteiadel ohd¥dendion ! , kl] = NODE-IN-USE End |f

End Structure

In particular embodiments scheduler S15 uses a Try structure to store information
on meshes used for scheduling a spatial job 150. A Try structure 1nc1udes information on
a base mesh and up to two concatenated meshes.

Structure Try
integer  baseSize[3]
integer  numConcats
integer = concatSize[2,3]
integer  concatStartNode[2,3]
Integer  rMap[3]
integer  irMap[3]
integer  numFoldMaps
integer  foldLength[2]
integer  foldFrom{2]
integer  foldTo[2]
integer  foldFix[2]

End Structure

In particular embodiments, scheduler 515 uses a FreeMesh structure to store

information on meshes in grid 110 available for Scheduling. Scheduler 515 uses FreeMesh

to schedule “any” requests.

Structure FreeMesh
integer  start[3]
integer  end[3]
integer  size[3]
integer  rank[3]
integer  numberOfNodes
End Structure
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Assi gnedNodelLi st [ Node] . [zNdx] =it

Assi gnedNodeLi st[ Node] . [ INdx] =j1 40

Assi gnedNodelLi st [ Node, 2] = kl Node=Node+1 End For
End For End For .45 End For 79 In particular
enbodi nents, set Mpi Rank enconpasses the foll ow ng
logic: For node = 0 to RegjuestedNodes - | to[0] =

Assi gnedNodelLi st [ node, 0] to[1] =
Assi gnedl\lodeLi st[node, 1] to[2] =

Ai{? ilga%Ed r?g} 8 T{ﬁnj?sd '%C%i‘le@ Iréfé N@gghﬁfe?ﬁ’[uﬁ%ogﬁagple variables,

[ =
whicH {28 %%%gﬂ%% f‘fw%léd@ﬁ%q&oin%sn% ? ol5P OF] mod Maphbd[ 0]

. EB@QUQS&[CIWQQS re manlayof ppdesgequpsted lﬂnrcbebb 460.node,

XS%FS‘%I gne g[ﬁ%sécffﬁode B%@#wWﬁ@]n%%%md[ l]

.t QII@]nedSﬁeﬁ{é}?l 11} RequksdEjtpeS't SPATRAL, Mesidal ofiarjsb 050.0] ] nod

‘ﬁ'% %‘) + Ass edNodeL t%ﬂnﬁ

@ g ﬁ% B Pt ZrD icpijng g degroe

eeﬁ’azﬂé* litt guwoses qfialiogatig nodegdjl§ do a job
o[O] = Freel\lodeLl st[nodel] coordi nate[ 0] and

t?&bﬂla 3% Q&lt-'l‘ [DQHRTIAL, ﬂhgpﬁi'nE%F%dl éﬁ'tg-x inglSize to
coor 2 % oa[l§
rgl]gg FeeS% %ode @ggr c? nat e[ 3] FreeNodeli st[ node
I R]squqsie%ﬁk[ﬂ: mbﬂa}lldsﬂype FIRATIATY side dndjobol50 d¥@r Erigtduler
FBLS 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
to scheduler 515. '

« SpatialAllowed: set to True if spatial scheduling alloWed.

*

» CompactAllowed: set to True if compact scheduling allowed.
« AnyAllowed: setto True if any scheduling allowed.

« TorusMap[3]: a mapping of indices from a switch-based torus to an order more
suitable to scheduler 515.

+ InverseTorusMap[3]: an inverse of TorusMap; applied to all output nodes 115
before returning to cluster management engine 130.

+  NumMapDimesions: number of dimensions modified when going from a switch-
based torus to a node base torus; possible values are one and two.

» MapDimensionsf2]: indices of dimensions modified when going from a switch-
 based torus to the node base torus.

'« MapModf2]: multipliers used when going from a switch-based torus to a node-
based torus; possible values are MapMod[0] = 4 for NumMapDimesions = 1 and
MapMod[0] = 2 and MapMode[1] = 2 for NumMapDimesions = 2.

» PartSize[3]: size of a partition.

. PartStart[3]: start coordinate of a partition.

. PartEﬁd[3]: end coordinate of a partition. ‘

o PartWraps[3]: PartWraps[i] .=.True if a partition wraps in dimension i.
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In particular enbodinents, scheduler 515 uses the
foll ow ng exanple structures, which are defined as
follows, to allocate nodes 115 to jobs 150. As

descri bed above, cluster managenent engi ne 130
comuni cates a |ist of FreeNode structures to
schedul er 35 515 along with job 150. The |i st
includes all nodes 115 available for scheduling. In
the list, switch-based coordinates identify available

dul er 515 schedules |ob
ooBge i;a@a%ﬁ?gt USieef0] Lo iR DT e Srel NPT 1 indioates a
qré n?‘ilee No&@ssiﬂﬂ% ¥fues ingludeiNRRIE (] USEqnpdet Hderssigned to
mpi B%HET daB Stict NADBANOTnMNAISE cuhede edbbdiaveilatde), and
scHHE PN HOLB (3 tempoiiaty Sateursed rvehenoassigaingdndiesvi 15 to a job
sch’eﬁ@ﬁpl er 515 f ol ds one di mensi onal and two .

foI éi' r]t sﬁﬁgﬁg oA o G BRkL HdiateS & number
| |nt e eere w{ﬂ ipdhkildn inflngiegdir A scan

End Structure In particul ar

e thIQéBX[HBh&SlZ%[U] %Hlsglzeﬁ:} T o%@&e% 3Fr<-§e.1 i?“ﬁlﬁlcgfgs a number

:Lgﬁéﬁﬁgg&m feige grp{/ Str u el nc%e&% f"bc:f'%é‘fer% nA scan |

on * a base nes and up to tvvo concat enat ed neshes.

St MNymber@fThieg: amuster oﬁiﬁyeﬁumfeakons!tll‘ﬂlb%@&br Z{IW & 3]
e

4 RS RORERIOTASY? ity o By GRS 4 Sredgpuest
“”M‘“‘Mﬂm %’“‘ﬁ? o °ﬁ‘ﬁ‘f’ﬁFﬁ¥g’E‘“’?{‘§‘? for Al Bhct roquest,
n %{e r (0] (0]
plomeshes eepsbuetad fara cogrmaefdm@st 515
usés ;EEEERE% H#’é"’?? Iidpgne digersio: ¢ |

. 1t [£,1] = size of mesh i in a y dimension.
+  Fit[i,2] = size of mesh i in a z dimension.

St r%}

»  NumMaxDistances: a number of unique maximum distances in Fit.

« MaxDistance[NumMaxDistances,2): a list of unique maximum dlstances in Fit.
For any 0< i < NumMaxDistances, MaxDistance([7,0] = index into Fit of a first
mesh with maximum distance = MaxDistance[/,1].

+ - NumFreeMeshes: a number of free meshes in grid 110. A free mesh is a mesh
including only free nodes 113.

+ FreeMesh[NumFreeMeshes]: an array of FreeMesh structures.
- AssignedNodeList[RequestedNodes,3]: a list of nodes 115 assigned toajob 115in
MPI rank order.

Cluster management engine 130, such as through ‘scheduler 515, may be further

~operable to perform efficient check-pointing. Restart dumps typically comprise over

seventy-five percent of data written to disk. - This I/O is often done so that proeessing is

not lost to a platform failure. Based on this, a file system’s 1/O can be segregated into two
portions: productive I/O and defensive I/O. Productive I/O is the writing of data that the
user calls for to do science such as, for example, visualization dumps, traces of key

physics variables over time, and others. Defensive I/O is performed to manage a large

- simulation run over a substantial period of time. Accordingly, 1ncreased I/O bandwidth

greatly reduces the time and risk mvolved in check-pointing.
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30 information on neshes in grid 110 avail able for
schedul i ng. Schedul er"515 uses FreeMesh to schedul e
"any" requests. Structure FreeMesh integer start][3]

i nteger end[3] 35 integer size[3] integer rank[3]

I nteger nunber d Nodes End Structure 81 |In particular
enbodi nents, schedul er 515%£ses the foll owi ng exanpl e
vari abl es, which are defin as follows, to allocate
nodes 115 to jobs 150. RequestedNodes: a nunber of

nodes requested for a job 150. RequestType: a type of

j dbretaraingds engigPA30. Apcal CENRACT20 oompiibés logical descriptions (or data

seuo RS B e USROG, Fo s Ba5b7o o

any phebicglest loglcal dag seigpd g&jr@lﬂkitﬁ theaddR@H CHrocbed, @VWRMieved by
allotted to schedul er 515 for purposes of allocatin

compable sode sFerexgmplsp locabmempsh F3% Rl copprise gueet mppsecXiensible
) e om . 0.
Vit B0 g POORPBAAG b EE 1AL L Do B i v

 termsRefq@B tsealGhera§ 31 scrigts, Rémuak STorae AcGRAMdAhod SVSAMY files, flat

job 150 aft schedul er .~ 515 has applied JobMap.
files, bfadals @F&féﬁ@v%gg&fdea&haae Rieg. o foRGRiePaRIRGPR I 625 V) files.
i it @b : S tshye 1
it iSRS MR gyl 39 L5 e P e
suitabdedatel etraatere. Liocal eddouialyi 520 [nun#lse eddopiés] a plinadity of tables es files

15 i | abl.e.f hedul i ed to hedyl er 515.
storedS S R SRRE AR FesToR o PO oraIo? ek Margover, while

 illustradell QWRskidingRIB ©hAhk 996 Sonfeedr ALFTHE rhdmdi9BROBhay l%e internal

schedul i n% allonwed. 20 AnyAllowed: set to True’i

or exteringl withay drpartingfrrowkeiscopt of thisdis¢iegure.a nappi ng of
558t SRR oA 157 AT v
523, palicetsise 624, TaidsbRpeuca$y. i Bit,tvohild hotGUiftkted) 0625 mbhdory 520
may IRIHI BB SR SHEUHRSrBEIIE UIGRWBleoHd 3H0H IPEow g departing
o 0L ST AT B 2
is operabdé ¢estood idtntifynegi emb phydédl i mshagtmentgmifergation mbeut node 115.
Physicsé\f\iigtcﬁ_l rr?a%zst?eda rtngftl ?mgn?siotng? darlltg Csit?'uc?tl?rséethatitoilrléilsldes 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
location,” “address,” “boot images,” aﬁd’ others. It will be understood that each record
may include none, some, or all of the example fields. In one embodiment, the phySicai
record may provide a foreign key to another table, such as, for example, virtual list 522.
Virtual list 522 is operable to store logical or virtual management information
about node 115. Virtual list 522 may be a multidimensional data structure that includes at
least one record per node 115. For example, the virtual record may include fields such as
“node,” “availability,” “job,” “virtual cluster,” “secondary node,” “logical location,”

“compatibility,” and others. It will be understood that each record may include none,

‘some, or all of the example fields. In one embodiment, the virtual record may include a

link to another table such as, for example, group file 523.
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MapMod[ 2] : nultipliers used when going froma

swi tch-based torus to a node- 30 based torus; possible
val ues are MapMod[ 0] = 4 for NumvapDi nesions = 1 and
MapMod[ 0] = 2 and MapMode[ 1 ] = 2 for NumVapDi nesi ons
= 2. PartSize[3]: size of a partition. PartStart[3]:
start coordi nate of a partitg,on. PartEnd[3]: end
coordi nate of a partition. Part W aps|[ 3] :
PartWaps[i] = True if a partition waps in dinension

Nodg?ﬂysg terdrdi SYnpETes| One Rt mare, Bblep orgeeasds ppgrablp:to store user
grdedlﬁH Rédueiky inforkdatibh %@ﬁ%se I\I(J%%; %B@E@ls?sf r@%g tg%?xélﬂ'@ée cach

possi bl e val ues i ncl ud
group reeprd ek ingleds a gr)of anmld\xambed hﬁlés(lﬂﬂ;ﬂ@r bb5for a user. Each

log%\éfl#oﬁg I ' be ﬁagsg?]ccgw “T%Ix{;lo‘ugs% g@tugg)?‘%g; Y dglgaiarit:n?enlfl,saegrqect a
secEntyegﬁ)ifm rdnSaSy 2t ]colledtionIfZRk | dr nIQE WSt %fi'c{axga]ré ali)lg & Sbehit jobs

15 i ndi cates a nunber of free nodes
d{ oF i adg}lmgtﬁ; dtideast ipantop{isitera[ 100, | | Bgsed ol s \Aﬁfdy‘maﬁk)n cluster

ma&?g@ﬂlentr QNS0 d ér‘rﬁﬁg it eT er %Wg}gz_]gf) éﬂ) is a valid user and,

FreeX| TorusSi ze
if Sﬁrfbeﬁpilmﬂuﬂ@armﬁmdbﬁﬁ)baexﬁamr FukeRf (Mpef‘ablé%%é}n associate
CﬂC$he'r| i nee}%"{z‘,'!l ré’ega ough { TorusSi ze[ (5] -1,
HET §ET9 R usteiotd fi‘lré“@ls%e EITBeIX, physwal nodes 115, such as

nodb R i PP Sy Bt LHELUER S0P LA e n

for a spatial request.

- indigidugh progessingt spaes Withous cemgetl@ foregstRetes. However, as described

r itsy a nu f meshes constructed for a
abopl IRE o, i e Ol el | G e oAy e Spnomic past ety change
accdl‘é&b@@nﬁd@,&tﬂw%iﬁﬂy bOEr parsAGRACt request. Fit[i,0] =
égof mesh i in an x.dinmension. Fit[il] = size of

licy Fahl@tldqnﬁhﬁgs oRe or mpie polickys. Jt svilt éneaﬁdeiSﬁi@dlthatrpohcy

xD| st ance unber of uni
table?r‘g)é(fl ?rdungegnﬁlc ances 1y % Uised Jptére %mgeagly as appropll"iateq Policy 524 -

genduelkyDbtotea nradebking/axdi rﬁéxﬁg&ﬁ&lt%forﬁmhb@ tab&ft gHBé %96 and/or virtual
y

- nkg{ym |stanCS|n Fit. For any 0O<
ClusiRniAk Difor mgess.t%ﬁc@[ay Ioc}lud:e janyl e&umhﬂrooﬂ:paramkters or

vana%lé‘s'lﬁ(ﬁﬁdmﬁ’gﬁﬂléﬂl 519&: 'leq'uﬁlt ] sl%gﬁ)é%%ﬁpang %%s ajl'located

reeMeshes: er 0
sharqq@odAlﬂﬁ eewm}nluﬂemmesdd sud‘lcl ud| ng only free nodes
Nuntr eeMeshes an array of FreeMesh

ﬁ b 25 Fr gl\/lesh%
st prgﬁ TRESP g GRS 9B IRTE [3 é%ﬂ]%ﬁ’f é@hﬂotfé)s aghiting execution.

K Gendrzhlgie rc{hﬁau@ 808 Scokdppises ShP \aftahiQ fhid %Q'B SUC ch, as t%hafﬂlgﬁ array,

Cl uster managenent engl ne

databgee talss or peinter aveey, b steringhaty Nopdeatihdudiag Ifz%f(f) Q:Iff]bbs 150 or

t .check- Ll t.d t
refer&IcE el SR 15 fecm gggg{}% ﬁﬁ‘?’ef @s%gg%%}]n.}erftbfg%%;f@ qtrd plueality of

Aprise ove

queudm”' Qﬂ shith ddch qublid 535 abdo8RtedONRh B8e LERe %aﬁgw cluSters 220
within grid 110.

In one aspect of operation, cluster management engine 130 receives job 150, made

up of N tasks which cooperatively solve a problem by performing caléula’tions and

exchanging information. Cluster management engine 130 allocates N nodes 115 and

assigns each of the N tasks to one particular node 115 using any suitable technique,

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

engine 130 may utilize job parameters, such as job task placement strategy, supplied by
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not lost to a platformfailure. Based on this, a file
systemls 1/0 can be segregated into two portions:
productive 1/0 and defensive I/QO Productive I/Ois
the witing of data that the wuser calls for to do
sci ence such as, for exanple, visualization dunps,
traces of key physics va@sables over tinme, and
others. Defensive 1/0 is péerformed to nanage a | arge
35 simulation run over a substantial period of tine.

Accgrdingly,. increased I/0O handw dth greatly, reduces
the usep, eﬁﬁgﬁ%&%&% Glusfes Ranpgemspb angine LB aliepRif fe pxRjoit ghe architecture

i . . e i , i .
o 5 08 AN Byl oL SRl f k5 1y
impropeatha lovergll dirotghputifor sysém 496t em 100. Local nenory 520

be stored in n hysi cal or. | ogi.cal data. starage
ot P R IERt el R Fanagepcak sRgine drir Bep (selpe a5 alfocates
nodesd?5R8Erding 16 ASkEof the fol RMMPELAmMPIOEAbIOFRADI Y 520 nmay

conprise one or nore eXtensibl'e 5 Markup Language
(XM.) tables or docunents. The various el enents nmay be

d : d [ t f t nts_Qr. sc

CRBETARP 0L Pt 5190 B RS NG SIS bl b s may be
ordereldi inethe dpecidicy diatmidns| BRrebBt presereingi dffisientdadigitR &o neighbor

fil'es, or_comma-separated-value (CSV) files., It wll
commpgicgfigier skisotpecHist tenelRsImeangses rayarsbmefijges 450 where it is

. L. . .

s th ) B Qg S A0 oy alloving
the coppemtihg taskobf tielbll 88 torcomintunicaldOfistwanes with aeizhber iaeks. For

examplf, AT OLR 5 T 12027 HiBensies (g 81 W P &lloatehigh mesbe.
For bedBh p@poRsID alibedtibnt 86Abe %IH&?V imé 3 dREni6nd, Q\Fflﬁ'l? ﬁri?tléserving

_or therna1 W thout departing fromthe scope o
efficiedi maigldwate neighbarstomawndcdtionsn| ClostarnyarBémenteingthest 30 may be

physical |ist 1, virtpal list 522 roup.file 23
fee to 03RS B, pieEied ngln b oo sl S8enlih: g eBimply 3 228
box mhy bé!sltdcate@aviti el avARipl phyRid] nddes WBXichIne bkRiohRRY
ata structures, including a job table and audit |og,
wi t hout departing fromthe scope of this disclosure.

[ t o,the | rat ed. st r hysicalc .Li st ..
I PR O Pl patdlBhe Gkt 13 MR8 AP B g ' dabic
volumeran s neipblogf efficikhily rhaabiestjobe des0l dBowinghysipesting i @tks to
521 na%@ge a n@%tidinenslqnaL data structure that
exchangg datry with any) oiber tagks by, wpmizing ghe disiaace befwepp any two nodes
115. exanple, the physical record may include fields such
" as "node," 20 "availability," "processor utilization,"
“menory utilization," "tenperature,” "physica
|.ocatiop,” "address," "boot imgges," and others. |t )
R TSt P oflol ionaneciiee %lgerléf) Alapaiend Jgdendid, in a
sphericaPUBlun! Fk bxshplkhge %%ﬁ(%{x géef’%c?d h 58 %e@e&bﬁéay ; gniqgtof the

the physical record may pro oreign
sphere avitht the rest ab e, tashsgiaced onfmodee khpireundingtthakedterstods 245, 1t

it e e RERE B S 5 iy i

This tobloy @hay inSlimP22h8stANBe BetWekh itk fTRP$4sRMAH aladtBer tasks. This
structure that includes at |east one record per node

efficientlyshangles adsagmelass of preblemstwigre tasksd2d Mregminnwicateewith the first

[ S "node," "availability," "job,"
s | 43P,

ual "secondary node," "l ogi cal
| ocation,” "conpatibility," and others. It will be
under st ood that each record may include none, sone,
or all of the exanple fields. In one enbodinent, the
~virtual record may include a- 30 link to another table
such as, for exanple, group file 523. 84 '
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Goup file 523 conprises one or nore tables or records
operable to store user group and security information,
such as access control lists (or ACLs). For exanpl e,
each group record may include a Iist of available
services, nodes 115, or jobs for a user. Each |ogica
group may be associated wth.a business group or unit,
a departnment, a project, a 5 security group, or any
other coll ection of one or nore users that are able to
su obs, 150 or adm ni ster at eastbPart of system
fley

T 00 ndgtice Slyster alag et raewme d0callse regragEifeimth reduced
con@iﬁ&laﬂ@n fo3 WheRYnoded er9i.8 ?ogréa#lﬁl'b‘? pﬂfﬁéallzqg&i'tédt IRYnk gtki)lbodnnent,

150 is a valid user and
thisJapelagst ercourages peavessive st iofrgridrLir fmerb,aclgﬁlhn@ pglokes, Sadh little
each user group with a virtual cluster
unp%%%ogﬁﬁp%%gﬁg%e or nore physical nodes 115, such as 10
nodes residing wthin a particular group's domai n.

Thrsgglloms each apgup to have an individua
pr Jewdbps godsssfead Hesuprietolepelogiey afid rcecmsmuyingsdescription are

for MQX’@a\ﬁ%ﬁ uf’p%ss?sg(rﬁflg %c? qlagﬂ'@? ﬁ%}ﬁt; %?%a? g;ﬁ% c}g&él{];dtggé‘ béec{rmques for

vi rtual
aﬂmamugsmﬂhgpdogaeeds time, or any other paraneter

Pole lc% tabl e 524 ingcl :lg%s one or nore policies. It
Wi & W@?‘&?‘B&&Wﬁ pBey sijlize 5 plasgmentseaights gtored as a job

150 @;Iahférer %2%4 ene éﬁ%{%@te'r nterRangeARh ¥ e AR LR B8t is o

olic stores processi ng
modifien tWﬁean)andat,r \@Imch bepresentssovl Eg)grmd/egr clvibtet ﬁﬁhagement

engi%ény‘*ﬁfrﬁ% (ol B SRS 11 Sisgris (i mreotad gk or process)
placdnicly Isem:?y AR thip ERBSIE) 4 Vdlud b8 refrbdRR r;%c?n% H&F:@ R ‘Blé/ if the
I virtual clust

users' ocat ed share of node 115 o

- optimum straiegy defcfimepgionytis gossitie 58 a epneof mtmpmmtmpiaumg aodes

£ tion, .
1 SO O Y S S R i
handhesﬂ:a fegindst. e T@Ip[@lly, theaplakeasait tvadiglet, ddek &@'&Eﬁfdeaécﬁﬁyustratlve

i at or.i ng Nunber (including zero) of |obs
po lc}egﬁg éH%lbast qu oresqmalion, i prdss t@ peevertslrsvE Ry of large ]obs 150

dlﬁéﬁ [ a urality of - queues
o %tﬁé gggh&ﬁgg@% asrsnolcqblat ed with one of the
urﬁh?uﬂfewdmgj dlusthtist end a@rﬂfi}apa&&m\gl ddsteriptin prolikl. ad Bx%%plary
C cl.uster manag enent engine 1
modu aéccg?g;g@ ﬁfog Bn@g%%%@%m%n% qg1qaé§kk§nws| prmanaging nodes 115
and j6ROPSY. aHowWRWYr, H85 YRuR R ABRMIR%RE ﬁd‘}ﬁ%nh 90 contemplates

cal cul ations and éxchanging i nformation
using fyagydishiet coahjnaiion18d ardngentent oNlogichd $lehidntafist implementing

[ h of t N tasks to one rticul ar, node 115
these %E@n%ﬂény eSS 3%{‘% ﬁ%‘%w%fﬁ WH@@%W% Wl AL guitable
combinatibh and berahieenspt ve @leﬁfefntscf(ﬁ’ %fe)étwéf? ﬁﬁ%ﬁglrﬁ)desc h¥5LRE jobs

" managenent engine 130 nay utilize JO nmet er

I50. Mezeovas thepparations of theevasiets diustiated yrrodsllep pheiyele: doynted andior
ardtEE ardl ess, cluster managenent engi ne 130
Separéa%tt%tr%?sp o exploit the architecture of server 102,

WRIGHREN 11 Luﬂlnstmt@viaﬂeécalﬁ}ﬂe Qifiefih@d 1047 NJOHAL 104 hBRdes a
user and |i kel roves the overall throughput for

hardwate; soffyarggor ¢m eRTRRGRENt Bf @ Sembingtiomgbivenor more such

‘ I
ol 1A e, USO8 0 P .

parhCGﬂilecﬁlﬁbodun@msd( mtgr{acer IGDblﬁlEIUﬂesZ)alr ifesigfatidd Smasdper 534 and
t .
instanfi atlo%c tg dSS%n Ins%asntl%ttron ymanager 334 mcludes a hardware, software, or
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ordered in the specified dinensions, thereby

preserving efficient neighbor to nei ghbor

‘communi cation. The specified topol ogy nanages a

variety of jobs 150 where it is 10 desirable that the

physi cal conmuni cati on topol ogy match the probl em

topol ogy allowing the coog;rating tasks of job 150 to

communi cate frequently w t% nei ghbor tasks. For

exanpl e, a request of 8 tasks in a 2x2x2 di nension (2,

2, 2) will be allocated in a cube. For best-fit
embeéfdﬁdpd@@s canfposbhto oat & omnlumtxone of fisloded" moret uéh components

nsi RL€s [ efficient neighbor to
ayoafi PR hots B SREEY 4 dp dronais o pe ot Fovats drom
cllentHHLQODe h5partiedat @nibloliREcs ¢dMBe&RAC t‘écqh@ﬂs Cﬁcﬂ‘ﬁ‘ NgieARali20 are
shape in any orientation. For exanple, 2x2x8 box

Transpgsiane CantrelcBrotasoll( TGP h conngctiam reqaupsts pﬂﬁmughmﬁé@esnectm
et BN, 00 hYSte B Lo L S SRS opeston

requesml Weean ahpld ﬂnbh@ig)y why of lietitatiyn,heatddtisn jrefestsTebm clients
cooper [ 20 exchange data with

l.o tin ks to
120 n&*af;beﬁfi'%%g PapgamD Cﬁ{lﬁs of qtBeriIRebagrdsqonnectiopdequesls any
t Y0 pRPRERr eﬂaﬂaédlm%ﬁét irfs tahuﬁﬁﬁhefn%ga%e? lsys tﬁ%ctlﬁﬁ@@@?%ﬁter or an
engi ne 130 al [ ocateS N nodes spheri ca
interface| ta recroufes rtha xams! kst nhmed ands pott amhlbﬁayadxfertmlediegt&ma]iy with

ter n 15 of the 25 s rewth th st of
respec i HIE ke Hla i Revmis i S50 BRGES dietyl b Fmpasrer 102,
Instanﬂ@ﬁ’(ﬁl ]rﬂeﬁlagéﬁ 584 | haP SinkkRSteT §itR08nd PRt mbhe cBhfi‘JGﬁéfﬁﬁ‘tof cluster
order of the remaining tasks is not typicall
manamem ¢ngine 130 i(suchogso fergsxample, mhysivilzaandger dD&t vingel manager
k and all other tasks. This
310, Oq | en%%‘][] gfng I]%S a a?rﬁ: Crpgrseshog% %r%’ﬁ Ioé I‘}Boqugs 115 in
respoﬁs&&kﬁ cohnecbroRguastiromt £clitnt N0, hecordins to pdrilGkar Auets.not
with each other. 86 Randgm - cl uster managenent

efsiantationoia Pifiackdesdatn fsgnstansiating hosteafutedgs 115 in-response
to confiliRnAERRLS Mol AenhPI> MYRRuE BnbbfinlAfY iflantiain dara 536

sl ca
mclude:n omu oagese dggrafssivieesuskenfsed ek@rnhllQ With rdypedtfto| PO erver
oses, with little inpact tQ other jobs 150, 5 It

102, [§RIeNE (rISHIIE SHCPHARSSEH N 3PP iation, Bt awraptiate, and vice

-versa, 3EARRROPAL. q@e?@l‘éh&t 1o R6L serl(Rbs éd‘)eHﬁE& @Heflﬂll?r with respect

pur poses only and may not depict actual topolo

- to HP{sweuvenrl 02 anign engoaspabo p roaﬂlmgat%dnie, rvhesel appmpmtb,omcbmce versa,
_ Cl ust er. mapa 0. utilize a enent
where, gppigpriates Dettizlar eff%eﬁmi%l% iR agnaget 531? isgly up and

maintadedsueh rr@ﬁiﬁ{gefablels n Iﬁ%ﬂ%ﬁ?ﬁdélﬁ%‘daﬁmeﬁtb ealpélﬁﬁye fERtiswek gé'ﬁnces
is a nodifier value between 0 and I, which represents

) advertts@d\/eatggmﬂswﬁereﬁp@qt s tlFC mamg ¢ specifigsg(ine xBGiceh@)ladhost
eapt | ordl he r est ed
name ék ( X gs?cpve%rsgg ngt ¥r\g} Vqucﬁ] I‘tohll-ﬁyéJ server 102

corresmmgl ®, tha Séﬁhw}‘ a8l (@) aeivseatmt Sanfl 2 pbi Gudthde Sntddhl to HPC
only if the optimumstrategy (or dinmensions) is

server 83 §ﬁ>rs¢seom 9 a/msa éhaéfwflenrlwm proyides |thfgsqm@e~s The entry
may aﬂsgthé)r EEE? %@g X l&ng%t% (%J%ﬁ{ﬁg heaeﬁg st sﬁ&ﬁd e made

wi'se avai >nod e thé reques
availably, pivieal inytanﬁdt@npif&he hesttshoaidobke glhaes andtwitsnethe ihdet should be

admp gr&nl ve I|c es 524 such as._resource
made yng¥ailab an exaniplerand poj byreaeek limstatians e ihest ey provigle a web

server. OfSint@ftation manager 534 receives no HTTP requests at an HTTP port

~ corresponding to the web server during business hours, the host may remain uninstantiated -
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and preserve the job throughput of HPC system 100. The
preceding illustration and acconpanyi ng descri ption
provi de an exenplary 20 nodul ar di agram for engine
130 i npl enenting | ogi cal schemes for managi ng nodes
115 and jobs 150. However, this figure is nerely
illustrative and system 100 .,gontenpl ates using any
sui tabl e conbi nati on and arﬁgngenent of | ogica

el enents for inplenmenting these and other algorithns.

d Thus. .these software nodul es may include any suitable
“‘E‘baﬁ#ﬁ‘&?ﬁ 2 A Yrigesantousses (uehanmneddsol!S in grid 110) that the

hosefolRt i j pbs 25 150. .
e e ERCED i S -
at gnstiente20husestre vebntronser @nadoess thRepab akf@r Aaring business hours,

s riate. EILGURE 11 illystrates an _exanple )
insBRAOR T Bnfis 234 banridntiats e Hodco pueddathermEstaseares fo client 120,

If thoutarai elic@r 1 20nheddeded 8ivier m%%thg%e@ 5&95';0 %%%‘lg %n iness

of .two .or nore such conponents providing an Inter

hougs fiBHatin aRagen 5% blacksHiRCHIG Pyt &dRspordimDto the web server to

) . . . . . t . | d
pro R e B0 Ao BRRAUBE b ik P RE ke B 201 on cac s 536,

| ndb graricadroembatingek, Sahniiltdt 48 8343hdWisCone or more boot
enbedded | ogi ¢ conponent or a

. soﬁ%¥are,.or 7 3

IMAgS Y HPPUAInghosii gt Radepd biogweride senyines nlnsparticular embodiments,
instshtRes aakl 356 i ati osts &t nodes- 115 in . .

e es onsgﬂat%Gc%lﬁél g%{h:[%% 0?‘% q%ergi{)rs? oﬁ%sgﬂsi é’ﬁtlgs@ﬁ@!mg fosts at
nodgsal t5 touprawvidenseodeerenirs partionlae einbodinteR ) 88dtntfafi®iNdata 536 also

. iLents 120 are ransm ssi on_Control Protocol

e 1 e 5 Gt . pfemtietn boss sknoss 115 (o provide
serviceqUeSs an ahaniRs ahd BBH byt ek N ' : -
o ntenpl at es any s(t rﬁt% gé’?e‘%{) %Eg@?ﬁ%thdn, ;{g%é@g)t%%e t\dnsigptiation
‘mangges Rt secgiiinga comectieny regfiedt ifrint atcliont, 1200spREI¥ih®@n port number

eSO KLY o1BICTE e el Dl agan

-~ advettisepaxteinally avitheehiedi MEPS selvBS @D ﬁﬁs%ﬁﬁﬁoﬂ%ﬁ%% 3 ?,@ fhay boot

faﬁnlgtio s.as.a router or an interface to ar
an ayalable pode 115 iny grith hEsusingia-perttimagerbet sneaciviapte file dystems for the

servi@é‘fo%ﬂﬂiiéé’ a W)stt Ii*dr tlﬂll_g sdr¥ieR %E Ité?cf?gll 1'5'{3 gn‘jsﬁp@/a?gp\]ﬁ%%aé%' _bgsIIan also

names and port huhbers T n . .
updatermgiean toxe bHivcalaoatig tabB4 an@ynd B ABACHS %hﬁg&ﬂ%xgﬁles to route .

1P e ETR et 120,18 ke 1y It Gaticnian egeodBents vior desaase time
requifAMERBCAssoBd with BPERLHEP 16Y pé%ggrg SM&%%EF%%E%@IQ%ES%Q%&F fiom a

or nore hosts at one or nore n

 clientgl o instantiation menpgesi34 spoofsandPIMAC ddRess¥E &A@kt bst £nd starts

ticular needs. 15 stantiation data 536 incl udes
2 TCRAP -l Hopetediitiog: o GeBE oL th qeickost1 ST TERABomwection

sequehCe BERREE CliOR 12OUHAShStakh (4 | : rilcul ar.
enbodi ments, instantiati onﬂgg%%ﬁgégs%%ﬁ%gle%géﬂg&& ¢ target
host jpppeotingst Aldfouglera, TPEEPadumrtiice deguenes rial deyceritich the present

S HPC 102. Ref t '
inventi&iy P(ﬁﬁémélgtes Ay g‘gh\éﬁ‘ﬁ’ﬂ%‘?ﬂ%ﬁgﬁ%@gggﬁéﬁi &;’g !rev zla;e:igl ot by way

enconpasses a

of limitatien, inearkiatioitiahgec 531 @RIt o BLEDEAGEM Prfodol TUNPS over
i ces adyvertised externally wth respect to
P (UREIELer ofler IRdhpsedrosnesiion saquenae dmbeliaibofithe wngst dost.
' ' . wher e iate. |

iy PRECHE: bRt PolsRlABn e 55 Hanopherberesdh host ac

particular e

HPC sepvearld)2 ismctivaoninastied) Topirtio@at eb6diments, RdtintiaHbR anager _‘ B

<24 £mhodi nents, an try in a list of services
334 aig‘ae@}%fc’?@g ethgs %?Fﬁg!oﬁt;ﬁtm% SerEgpUR: is relivPar Beetiver IhGarticular

specifies (1) a service, (2) a host
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name and a port nunber advertised externally with
respect to HPC server 102 25 corresponding to the
service, and (3) a host nane and a port nunber
internal to HPC server 102 corresponding to a host
‘that, when instantiated, provides the service. The
entry nmay also specify rules, conditions, or both
governi ng when the host shblul d be nade avail abl e,
when instantiation of the host should take place, and
when the host should be made unavailable. As an
embodicaert.cinglaatiziion pgnagey 584 mayideterming, whetherse Smaf}ce should be
Vi i nstanti ation na
availfH 1 Sl Bad Glef S delormiRds e i THORR R Tohler be

availdble, riastpstindion gnmgemmmt§ aowaY idikal P 9tHRHGisH @faked QdvRilable
the host nmay renmain. uninstantiated. 88 duri ng busi ness
8

one of RTE NgAEF bimeatorhiph instantiatinm manages §34 ingiantialgd ¢ hpsistoj provide
the s&ﬁbéaﬂ(ﬂ@dgwg%e {){ﬂﬁw t'%%?‘smeg ay&?dlhélgl nstantiated may

be aval or oth servic or both. If a
uddGURAE 12 iglai Mchhﬁ(illus;ming amh(abfpmmmhddoémbﬁﬁaﬁmmhﬁzally
web server duri nﬂﬁbus' ness .hours, . ipnst an£| ation

proceRyingAiqh SBmISHAR P Actordanca pithang smbefmet BF g ipgrsexflisclosure.
Genelth, FREVRE {2 dedchiBe mbadd 600! fwHidle rdéeREs albatdd sit éxi:ﬁﬁssmn,

uses a web browser to access the web server o
dynampigally, eHecatesonndes lﬂﬁsmtaratjobtspecﬂ A3 hgex] GRtheljbb phsimeters and

HIT,P. pok t rre ond r to
associilel paIHes A AP BORGIeNdott Ra0 iSinbEhs Sc4f foe P Slowing
descnbﬁmﬁ) doduised| b lthe GhOakidEBE Slusten PlanBdnidnt odddd 230 R performing
I ncl udes one or nore boot images for instantiating

methqdy 86 aBut sydem 1109 contemplated cusing \wny: capprapriaisagembpinhtion and
arran%% %c%l Fle?n nfs?é‘n%ﬂ%ﬂ{e'nﬁﬁé glgnr‘]lg {%g%{lsog?lin Jée%g%é& %ug?tlonahty
so longad dse frb&tidmlipremaibe apgoptigtes. | n particul ar

PRI LERL e 45 e 5 R
150 ﬁ%ln Q%@&S Aéé?stcfib&! Ql?ldv‘éem S5 ¥ﬂ188cﬁmeﬁ§ BMisEX A ?orﬁ{ﬂ ﬁobn 150

i'mtat I n response 0 Ins
using nhmmgae EBzrnqtm embnd@eat dlzrnsee magrsubaiyes1 ST ahmwtla using HPC

s e SRt P B 25 e

upon £1@Mis85 PONES thePuddr $LVMIMA, cRINE MdniSind leREMa! 1By éﬁhes the
respect to HPC server 102, instantration manager

user torilje BOUp acaess w@atrolamt dARB) et 5P 615. gBintiit1nill b@umy:r&tood that

e PP, 8 S S0, Pl e o
- user. Bd&ed dpﬁﬁ daRthinkd gfbumg,gﬁﬁstéaﬁaﬂ@&m@hﬁéi’lgldéﬂ@@tdéteﬁﬁﬁleQ if the

~nmore of local routing tables and one or nore
user hap agqegiifoathiegaqyasted servicer o%wdzm the requeteql csemmx@ hastame,

custer R AP 12d BBAY il QlaBTPAFTRG B By, g
clusterl 222 may pe iddntified andrallbonred 9hbﬂﬂ) the gulsiitssibh 0Fjod 150! iRf} in the
stantiation yanager 534 spoofs an | P/ MAC
event ﬁla’alﬁlegglsféf 240 thas get besasistaklishegh shister TeangEzmand ongine 130 may
T
suom ATl SERAABEDHIA] o1 25D v

Next, ahstegrﬁRSatahmuerrmamgemeﬂSmglm( 430 peakecwpoliey 5D basgdgen the
gh a TPC/ I P connecti on

25 t
subrai S, O b adar lise AmbPBEH CSBHET ARG enine 130 may
detern R RTRBRO BB BASHSDATE A RBNRGH B SRAURRORSO. A8 A oter

exarrpl e ‘and not [Tmtation, I st ant rati

 appropriatea grieri3 4 Gusiercn mnagemeat gineDAB@ ghermdeteomives| or( olBywise

over - | P (UDP/IP) or other |IP-based connection
sequence on behalf of the target host. In.particular
enbodi nents, instantiation manager 534 tracks whet her
each host at : '
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30 HPC server 102 is active. or inactive. In
particul ar enbodi nents, instantiation manager 534

al so control s whet her each host at HPC server 102 is
active or inactive. In particular 89 enbodi nents,

i nstanti ati on manager 534 may determ ne whether a
servi ce should be avail abl If instantiati on nmanager
534 determ nes that a service should no | onger be
avai |l abl e, instantiation nanager 534 shuts down,

A e R A —

dimeisib@nnatigclude MASHh, WAH N '
updat es a%r%e or norggl’ rvggtﬁf gléigtng?reéﬂgg@% \é‘k’ﬁ‘g’@%ﬂa&‘jﬁﬁﬂ or

chazpsterigtica AS dsiiptihedtabpyd, these dinieangionnare xastploaleteeinhiacth®é Bfpropriate

sy f d icall [ OCessi 4. ob sybnission in
job het PR Goret oThSERSDH el Sl i 2. "Ater the iniil
paratiicsars baverteen etablished, lcluster higREerdedt S5 £dniRS 1'BLBOE job 150 on

Hp(goo, vY@i ¢h receives a batch job subm ssion,
S ‘041 Sfers 433 dbrongh ABtes 115 into a job space 230

Soq SeonCubP 830 AL Blafaliof RuflS bl e ae

enoupheavhifdblomdey to aleateith daired pbupace 290, Lkigg ARSFAh@BrsAlready
estatgl gg& el nagenent rm%l e 130 in performng nethod

151V 'Bdfr%{/“s nhotorropghhmadsn Al Shens clhigten managpmenirangine 130
deteRifiby Makhfibst A0 L199i5 8 !

A 8RO 34 AU 0
Then, ghister spaapgenyent enging bihadds jolné56 unjobiquewd 123 uliingé Bsbset 230
: ' 15 Met hod,600 begi ns, at. step 605, where
s s ARRCRL YB) By, ProlRu oy SeE R ool SemoFs ofinge here e
enough @ndesAd SARSitbld) EtknaAaVE mdndg&hént %H%ﬁg I 5& ﬁgnatxﬁ@alﬁrc‘ &termines

20. I'n ahot her

may submi t i’ﬂob 150 using clrent 1
the opfifaym ket 230 o awrlahisynedanil3 af sep G50 Hivwitchd yndesstong that
the dfdmun® t .step.610 cluster managenent .

© engi ne%[ll% {géﬁé%%)g% érdgbeg‘t“é’%’ TS 41y FBBIRPHA criisHa, mcfudmg
fasteDrecdskieg Uiy, rhast relidblé addescl 153tk sio@NGOGRRAL IRBGHRE or first
group access contr ol

130 c res the 20 user .to the
a"aﬂ%‘??i%flo%gﬁﬁ?' AYt SPeliy 5 ghysteppnsgemant engiee Hteslettotie debamined
subsek 1296 tiRym PRNRESRN &l PiikGer flzéﬁ MGkt uact:srte%n%%(g g:ﬁgs?f%%%agement '

.security technique to verl t he™us
engingek38r aHosates theosefecE@3nodel U5 dor jubn teoEing ten edlbed 30bset 230,
Amgﬁﬁeonjmrées if.t%ﬁ 1user has access.,to_the requested .
g oo e Ghodiment, slhdier manAgement ging K10 may chengertherstatus of
nodesCl 1SSl &/irtuiR RSEENER BY2 §Ag] Afiall li§e it U 42
220 at step 620. Typicall y,&%iter??lfgl &%X{gpu's?gf:gg%g%’f has

- been gpproprisialy Allecatednelusicr wopagethept ¢rind 30t dxecsebiobsiioan seh 665

nt virtual .cl r 220 has

. [ h .
-usmg{ﬁ%éﬁa‘&’ggfﬁd g§ ck kg)'f).fnesdaoggt’he i(}llﬁgztr@me%gé% fpto RYPAS and@ny other

itabbea parapietepsat A€ ah { Rk !
sui Yaragieteds1at A€ ahy YapptdpBia@t méi ghié%k &&ﬁ%@&n@gg%ﬂig'tlgg may

any of the techniques described above. t,
Com%‘ﬂi;?te&rﬁh@mwa@embt regipltyi 169 t03be nstrr | Eorexampld, egsults 160

ﬁf’rﬂgﬁé, 1 SS1.O job 150. In one
maybg 0 |ng%?@&gF%§?det§%n%%§gﬁgﬁﬁ %i ne 130 may 30
dEIGURENS ishe flapphapiliiateting hh Gxadalk Ashsi R0eHr "thﬂmjcally
ria.

backHed SEhiah Hiengnl % GO TBChcoard e h ma @slsimen of the
. i o cqal dij i g f. i aob t .,
preser® dRBloshSe }ﬁ% hl%ﬁllﬁ)‘éi,% od 7 Og%;%ﬁﬁ%s'[ c?%q?s{gﬁglﬁrg?agﬁﬂ%g? gpace in

step 630. It w be unders

virtuaig¢lnsters 224 sleteryining: thedepticamy o 156 diab is bsihgetible Witkzﬁi}é space, -

escrH b
determ ne the appropriate

and bl ARA-GRDYEY SoR IS0 EEcm@iian i Bamsiatloving description
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j ob space 230 (or subset of nodes 115) within virtua
cluster 220. After the initial 5 paraneters have been
establ i shed, cluster managenent 130 attenpts to
execute job 150 on HPC server 102 in steps 635

t hrough 665. At decisional step 635, cluster
managenent engi ne 130 detegp1nes if there are enough
avai | abl e nodes to all ocat he desired job space 230,
using the paraneters already established. If there

are not enough nodes 115, then cluster nmanagene
will fagiisia9ethe gperationyek @vmrnwagﬁ@e@amd@%i%mqrgmmgs:h@mhod

s, G50 B T ey LA o o
combjmabion kadeart@fgemeti lof tibgicalublemients Snplémeting kaid @radll of the

645 ProceSS| ng then returns to decisional step
descr%ggﬁn'@{ here are enough nodes 115 avail able, then

cNgsihed 70@%@@@5@%& 795 NGhdrd Srel af l=:1ln¥ ﬂ&fﬁr[e”mes%m job
t he optinum subset 230 from aval des
queuesiZdp I8 8@ illustraigd embedinmanie chtstonnhanmmeilﬁeﬁgm Lk sonts the queue

25 oSO Z IR o T S o Rl BRI Gt

that cluglet 8ldhgodaesie endind 130 's@ﬁ' quehe Y24 hﬁﬁ% ah? S@itdbR Sharderistic
first available nodes 115. At step cl uster

such thalnhe arenepriais pir metizebjcke] ¥ewill b ext’tﬂ;@teér erdgat stapoBld cluster
220.
managfibnt GBghb I30SRARHER b nuiRberiiGRRB et Tbin Bhe of the

virtuab elustetseX2 00 00 E 8orirdd clterjmdnag&tentn nEijlet 130 1BeY alsb &étermine the
et .230. 20 According to one enbodi nent, cluster

N“mbﬁ’égé Naiable nefgT hl naRndihlp eminigy fmﬁ@rsT?@% vitual plygies 220.
At stefalﬁS' Blu¥ibf hidfhodRRAe e{x)%léé 1§§§ ]%&9%%39@ SQWgoﬂ%cgo)l/) queue

al [ ocat ed” ce su en appropria
525. Nek‘o chisteg mzuiagsmart angimegfedynamigilly edeid thimes ehel bpSmjumbshape

(or oty BpSsipsf B st TbaSp bl SHEF &iF et sy dimension
of sele@ﬁeﬁ%b lﬁlist&tgrﬁl&ﬂrﬁeﬁﬁﬁlﬁﬁr nidha n%ﬁién?&%iﬂ@f’a‘(ﬁ&e?eﬂﬂlﬁg% if it can

cl uster managenent” engi ne 130 25 communi cate or

| backﬁHﬂ%lﬁ/Q @éh@amematq: @i@mab@mte:szzﬂaﬁ steps 7hethnewegh. 7450r

na be f r mat t a r.esent
CAF Bl R 22 sttt pBns T30 B there ar
enouglh hbdst atavagaie fmﬁ@ﬁél@ctma}dbom @ehdre Eredéﬁéﬂgh addila¥le nodes
backfilling a virtual cluster 220 in grid 11

115, thes @b pign 8@ clyston managasrand anmaﬂ%ﬂynmcalbr albasates nodes 115 for
h 700
the selgh B8 1P KA osi, afly Ao Secnnll ¥ FRepR Pl BE Pasagment

- engmcdﬂﬂemay Ris@ ghe Reehwigtiesnduegibd IFTGURE 6. SNeiRakiep| 85, cluster

h the space, . and executing the determ ned job 150

mmagplﬁﬁ%wgw#ﬁ)amw&%%@e Nereber of pvailable rpdes in lapter 220.
At stelngb,l élﬁgt o na%eﬁ?e PR 1ﬁé 'I?Eiegig%&%#@gffﬁgﬁﬁ %ﬂ%ﬁ%& ?%des 115,
Once thdS@ﬂmﬂbeswse)tdcumd hjatrtf thay stepemaDEnongh e de Bofor lseieagd job
50 43088 G SRR Ry BT e S o
525 atds%?: rhdaedd fﬁi‘&?ets‘slﬁé’q'leﬁlﬁ‘)é 1oostdfp 7009 Q% lbgg 'uﬂae@lrooéttﬁﬁ Whlle

wher e ‘cl ust ef ‘managene englne sorts job
illustratpdensen I'SQB, clustert mendgemmeat ergins | Hhinagtiinitiate, cxdoutss end terminate

n rts the eu.e 525 based on
the ool RS ar e 1 iR CP038 abF pprlaoRHE Bt quoue 595, But
IFIGWRH 1d&s ﬁnﬁtﬁﬁr&iaﬁoﬂlusﬁ‘iiﬁig & H}‘éﬁ:ﬁfﬂe "EH&EQ& %00 tfor APhdEcally
130 may sort queue 525 using any suitab

managigp fpidwe afiaspede 1EUEherhddOtin @cqumrwah ong embodinmeat of the
job 150 will be executed. Next, at step 710, cluster
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10 managenent engi ne 130 determ nes the Nunber of
avai |l abl e nodes 115 in one of the virtual clusters
220. O course, cluster managenent engi ne 130 may al so
determ ne the Nunber of avail able nodes 115 in grid
110 or in any one or nore of virtual clusters 220. At
step 715, cluster nanagenenbzengine 130 selects first
job 150 fromsorted job queué 525. Next, cluster
managenent engi ne 130 dynami cally determ nes the

I shape_ 15 .(or. ot her di nensions) of selected job
p“"%@*&) dg%‘]’mf% &égr“éﬁé"v& tPRbR SR Heseribeg detenmingng thet node 115
failed| egdrRalich P pdf@dtnii ! t i i
_a1 6n%na er_rentpgrggi ne H?L%gﬂ{j%? ﬁeﬁf%g%hf‘aﬁgg t ég%n&rdbrgglﬁ‘f“lng Ithe failed
nodeohl 5 sath & seenndagypnedsr i bt e Ther fallabving dstceiptid? villnfocus on the

h 745. At cisiqnal. step 725, cluster,
opeRlRBDe ek Mol Bioglb J i Betiimins BVEmatiol. Bibagivits te
previouke flowtharay aydtah! WOf @ntd | ' :

; A Tabl e nod e ﬁ%&%ﬁhg‘ﬁ”@?&ﬁ lé‘%m[}%‘gﬁ& and

are enoy h.a . _
- Arrapgeagt o %&P&é@ﬁ@ﬁms &nplewmentirgosomernrrallodlthe/deatrited fomsionality.

. t ' 50 [ . .
ot 04 el 2608 St o 30 s
thatenggientl 5139 fraledusAs tdescribed hiboos) eduslas flahhRehd eEgi%J(F)iﬁo may

6. .*"Ne 735, [ i
detepiairlyy i et Dok sy ilsh Foibt oy aniials dechotee. (o exampla) cluster
Gietadrie [ . 1161 hSt i ne
man it engie 130 M? PP ndAd 113 K el T899 G o€ Wkl ind may

_ 0
detefraige 15 neds 1 lb% bas Bided besed upon the lathef @ reypose®im @8O NS, In
t hen cl uster

: MO‘H&%%#%%P&%%&?%IS’%%% Lfle, S3,thiy frRRupigye pohearheptiand the

manage

lack saff thésl “hedrttaue umay Sa%icab p i p |,
ay 988ic rﬁde 1154 Faifild glg)g,et%ﬁ astﬁ% Wﬁll(]),ecluster

returns to step 720. It will be underst

management eagipgl 144 rempvssghe &iledtnade nddaljemevittudndister 2280 In one

mbTbch ol Frn AR ey 01 ST o Mt ST S i

list SBP @RE “dllcatsd’atof failedha Clustdr nibhg hét ndfe $XGMHh %etermiéies ifa

. t.nod 800 for dynam cal l managi ng failure of a node
job 15Ps Appogiied ‘Pi‘é)%ﬁgal@é%ﬂ fredeciional step &b dditeenis mf job 150

didted Hth HRSERL 1 { Lgh.l evel hod .
oo éOO descri bes ag?gﬁjr}r{)ér%?ﬂﬁ F%‘géf %(S)gg&ffg as%‘fel’ ggtfore processing
ends,a glusieat ingedgenepe ehginei 1y jndy commumioatand BROAGIRRYe. to an

. epl aci he,failed node 115 with a secondary
adlmﬁ%%%@ raft Wgcahglqe&m aéeﬁﬁ?e&qné rodF 1 115¢ g8 @8y grihérhauitable
proce@§ing atlt derdfis &lib5 1180 SRRBENERE &c?cg |

perform né tlshisJ met hod. B%t%, as t\jﬁvlgg#et%he %)Ir%é\‘?lf‘ecl)lu%le cluster
managerygRétraging, 130 datermineg @tiswmtodep B essoviatedgviainthe job 150 at step

520. ARECR LA B ATl g SEesREM n e T30 et b1 ol approprise

/e

' nodesf LIS tRop e RArhpl, cludf&trﬁ@ﬁg&ﬁ&tkéﬁgihe%3@&na§r;e§£%tﬁ9é kﬂlgfgg rc?tfgland

cl uster managenent engine 130 determ at n
Or UsR ANyt gihe APPIRPUIAESieEBeur tbeueé, job| LK e Naxtnaigetep 30, cluster

' i ne, t de 115 iled
manaGA ol gt TRY gp AOGEGE Afteh A5 BN ittt 357 spfis Bt expepole,
clusterrmmaggereent capiienkS01a0y thahgettht sB@gest Addks (19% iAGRRGA lisst 522

varioys tjnmes and nmay determ ne_that node 11
Ul@Bleu

d t., )
.from hajé)cf“%pl & B pdincerbe (el hapbeen @Qb@?ﬁs‘earﬂraihﬂpIMQpriate
o145 ok s A fng B, e e

may communi cate a

.jdb I50nising dvetlatiibpedes 1dhyn stepbi 835tthronghl€50.15 fail ure. Next,

at step 810, cluster nmanagenent engi ne 130 renoves
the failed node 115 fromvirtual -cluster 220. In one
15 enbodi nent, cl uster managenent engi ne 130 may | '
change the status of node 115 in virtual
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list 522 from"allocated" to 'failed". Custer
managenent engi ne 130 then determnes if a job 150 is
associated with failed node 115 at deci sional step
815. If there is no job 150 associated with node 115,
t hen processing ends. As descri bed above, before
processing ends, cluster nagenent engi ne 130 may
comuni cate an error nessage to an 20 admi ni strator
automatical ly determ ne a replacenent node 115, or any
ot her sgg%‘iu rocessin If there is a job 150
 ad¥olih AASGTRGTt GHEE a0 Fetsievesialicy R4 dndguemeters
30,
B ko | GG E LA In gt 6EipE 90 determines the
0pt1m@trewb8¢lt?~30 of nedasr! lﬁmnaxgmerbq:imtarig’aona s1@08401, bésed jontthel fefrieved

poticf?R R B pReRois megioes, die, eibost 230Tof ppfeso Lhipas been

' deterrﬁﬁle@ I ther$ elusly mRbhiRmeAPBEERS 130 8ydBaBAIy MR AL BRGubSR 3?80 of

Next, at step 830, cluster” managenent engine
nodeSdbﬁaﬁq PemPas riowezamphs, ghister meanagaraent lengine 539, mEp |change the

s YRS, 1150 SR RSO R SARLRSLS B hr0eu B o

under$tabd thaathéxKubka of Avdids|1aP ntly. be@itferehtorh @ik dtafind1Q8Mset of nodes
nated and al | r%pr opriate nodes 115
\¢

At erigl ‘ )
that jo 120 WaRCEEFULPR - ¢ 195 tAmitlen slesias inanaggmeat engine 130 may

| deterrﬁh& SRR P giferb R RBER L{fgf%nc}dﬁg is %ﬁniggg F)é‘z‘%g.seu %‘ '&g:t g%c?ég € that

nodes 115 in steps 8 roug
promptédithie execntiary e emtotlen gkaraple3Clustet maraemepoEngiye 52 nandave

o LT NN SN T

S ZI0 @%Qbéﬁin t
Hew's step 840, bas ggﬂg ﬁﬁ?ﬁé a)r g{éro:mé\'/&g:j@h%%i%ﬂi y@I{Scze iﬁgﬁll&% ed subset

230 hyscigep determained and aiecstedh thes whustr n288zafient ougise 136 chemsites job

-IISOatg?e 59, det erm ned, then cluster managenent .engi ne 130

am cally allocates the subset 230 of nodes 115 at

s'm@ Iﬁé&dmgo flo@¥RdrRl end GcbdthfinyiRNASKRPAN SNAitHRe ekdfplary
han e the status of nodes 115 in virtual |ist

methOQQéOf)r dRY. ath1308.c atne ghort, osystam JHAt eantemplatesyiusingpany suitable
f 1
SRR BB LR TR e i

ﬂowclihﬂOmwStakx geladel Bignubanedely andoplis, diffetedt SidaraAge e Ndhown.
i ne 13085a 10 deternmi.ne that a different subset of

Moreoﬁ eysteqr d Use cRebedy fwithh addibigaalt sppsriewenieps, and/or

8 128 AR gﬂ;g exanpl e, cluster
dlﬁereﬁgng%%ﬁglrﬁ%lgﬁgl ne%%%%ngaj%ﬁ etermined that a ‘
ddédmiErly losteatds &n mnpipenethbda foroon-dphane instentibton ¢l HPC

ssenl i, 112 oA i B oo Tt ppesion

, requesﬁﬁ@ﬁleé clich8 320 @ﬁecﬁﬁi% #5818 LnBECarR I héd |n19181gta@§9§t1 %F&temally

cl uster managene engli ne 130 executes
with r@(ps@tetp HBO. seTvr KRecAdiskap P02vimhasponsa hal ﬂm:cmmeamyn mepyuest,

i 453 AP BB i ST PRORASTS% G ervies

advertiSed &abinglly WeGheigesetol IPC REFEP 02.N At kRE B4 2RGaALiNifIn manager

tasks, Accordingly, many of the steps in this
534 usey Hadiket sergestiaidengfae éemqmorramdmlgyo gheopat nuunber and the

st il LS B 5T 0 3 0 e 8 900 SPUSH P e 534

detennhiee,rl&poﬂhfg/ or the (i dfdeeritess Wpther B2 1H@A’t£ﬁeﬂ%ehfi&: m%lvﬁﬂﬂﬁe to
) remain appro riate. FIGURE 15 illustrates an exanpl e
client I@Z} adﬁﬁn 5 ag%waﬁ@eﬂﬁgFlgnﬂeg@ﬁ%sqrwcgmavaﬂable to chent 120
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system 100. The nethod begins at step 900, where
interface 104 receives a connection request froma
client 120 specifying a port nunmber and a host nane
advertised externally 25 with respect to HPC server
102. At step 902, in response to the connection
request, instantiation nmanager 534 accesses
instantiation data 536 providing a |ist of services
advertised externally with respect to HPC server 102.

4. instantiati on manager 534 uses the list
maf i Bn daffnc 455RHER }Nfaé) te COBPFEE repierte s leaiityplagiseias client
120por bitrxakRct 8Nthel ddBnediRRlreHRIE AR SEL IR i e il&ificd service is

nection request. At step 906, inStantiation nanager
a"&ggﬂe 30 erlcth, (fbe methed piasegdst to stap 908st Aofstepepd8, ciastantiation

r j i.fj rvice is, available to client
e STl sl GBS g b Brpd e i mamber iterna
to HR( vérver 102 camaspoatiing tb eheidetifiedlRMi&to MBYntiEP8R%S atPne o

tlnﬁ af clateﬂgwnth the connection request, an

MOIE JICfiPS iSOIgfgrgi o ppvide ithenidentiffedl sepriceptonedfent 2@ c As alescribed

botd) g i S St ep. if the_lLdentif.ied
Gk ol ey Mg bEPindtalop g spB tding 2 boor
imags, 6dée @lg,tega? agd ep C)@()c&nflgu;aﬁ?_ﬁ o E@ﬁ?ﬁﬂ.tg g{g&m@%@h’t}t&;& 115, at which

: us in nt.i.atjon data 536 indicating a

poirf S HEfhad g &3%9 ?bﬁdﬁﬂ&ldff'ﬁtfgﬁrﬁarwc@ i anppdallerto sient 120,
the h6thod PrdcesRABEPPD N0 ADGep d?@tih&&&ﬁti&g %gggei%gﬂb%océ(is the port

Lhstantiate the host at one or nore

- specifieg iothg rceppession Hequegiett pfavent dient il 2@ ftom abiessihg 1RO identified

- | . i pstanti ation manager 534 nmay
servid 86 SHIH Bing 300 Wernod G0 LAMARRR | TP BB n the method
illustrated én FEGTREM Sshast @den aANstaed G5 aeitibey b abi il L; i
4 instantiate the host at_ _nodes 115, at m%?c% pgf%%apﬁgmﬂmr

order any, sftablerleps g therragthod dlusirated ineFIGIBRE il § imery ceeuninaey isitable
ordepnavai | able to client 120, 10 the method proceeds to

stggkglo. At step 910, instantiation manager 534

bl

sughtthispbisciosusplsi eer dejonibel ¢n €RME DE tb@din leBbe88bents and
0 forom accessing the identified

genclfly Sﬁgsgécﬁan‘ts? %ﬂ'ﬁﬁ%‘fﬁ éé?rﬁPO% #drpempHationg sof theschewbpdiments and
i ' ' : d hn FlLGURE.
e N ve RRArnPRAMOR AR P AR THEEL Y bl iR hion of

have beéen illustrate
example, gmbpdimeats dessdeet, define suicoaditain thie pdisdldsuide OBEH Qflanges,

b LSt .n FILGURE 15 occur. in any suitable 15
substfbtit) B Bftntrink b TP ol o epeian foes theropin and scope
of thit disols@t. certai n enbodi nents and generally associ ated

net hods, alterations and pernutations of these

enbodi nents and nethods will be apparent to those

skilled in the art. Accordingly, the above description

of exanpl e enbodi nents does not define or constrain
this disclosure. Other changes, 20 substitutions, and
alterations are al so possible w thout departing from
the spirit and scope of this disclosure. 95 WHAT IS

CLAIMED I'S: 1. Logic for on-demand instantiation in a

hi gh- perf ormance conmputing (HPC) system the logic

encoded in a conputer-readabl e nedi um and when
executed operable to: receive a connection request

froma client specifying a first port nunber and a

first 5 host nane, the first port number and the first

host nane advertised externally with respect to an

"HPC server conprising-a cluster of nodes; :
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identify a service at the HPC server corresponding to
the first port nunber and the first host nane;
determ ne whether the identified service is avail abl e;
and 10 if the identified service is avail abl e,
instantiate a host providing the identified service
at one or nore nodes in thg cluster. 2. The | ogic of

Claim1, wherein the connecCtion request is a
Transm ssion Control Protocol (TCP) connection

Mg\ Jser Datagram Protocol (UDP) 15
W i E-é(glsjest. 3. The logic of Aaiml, further
oper abl s oSk [ : :
g I giOfor¥ntdesmnd 1ﬂs%a§1|§:1a9(§n ﬁnfed'l‘éi%ﬁ- .§rfﬁ1tm:ﬁ1§§ cﬁggghng (HPC)

server conprising a plurality o tries t

systempiigildgic ermdgd sea vopyterarcadablmediumuamderhenrotecutétbaperable to:

name.adverti sed exterpally with respect.to the HPC
SRR Y ForpieB o Bl BOpal et e (708 fcpartiampter g a fist
host @0 b gt pért hidabér Hid (R ik hydt w8MedldvériSed BerffllyVRith respect
the service at, the HPC server corresponding to'the
to an HPCsferysg eomptigige @ cluster ofisedesy st host name. 96 4. The

| oG j I 2 10: ss..a list
of ReE0R sEhRlel e MIPEAO%E: RELGRTN § f HER Py hupitg and e
first hobt mante i es that each specify: a service; and 5 a port
internal to the HPC server that

nuyrtber, an host. na )

c Fﬁe%%ﬁg‘eaf?éﬁﬁ lﬁ%{geefiﬁﬁlfv}ce\AﬁéYﬁﬂ@k]@é:%ﬂ%d at one or

M fheNRERSH sérlfee G US: ' t WG i

i nst gnti ate, gcco?ﬁ%nghﬁmﬁ’ﬁg%tga?g‘gf H%é?\%‘?‘éé@ggtpetqﬁ%hﬁed
servicel2Corseorveere rioldes indb¢ clpstenvi ding the identified service

at one or nore nodes in the cluster. 10 5. The logic

of Caim1, further operable to: access a |ist of

S@I Vi Cqhe bgit NF ERfm ICWMRFei WP EbtlcBEorR rffubEidk 1ol YraBmission

entries tha each specify a service and one or nore
Contrely Peatocqld (EQP) mynueasioherequpst seravildser i Bamgainl dhbwpol (UDP)

' term ne, according to the |list of services,

come%%%é?‘% ‘he identified service is available. 6. The

logic of Caim5, wherein the rules indicate whether

the service is_ _avail able based on a tine associ ated

wht h t hBe lagimelElabm 1y bifherseperablatos he client. 20 7. The

| 9 . L I .i.f the identified

28bss Qﬁlstq)f"héﬁnjces %ﬁ%ﬂ%g@p? %@ﬁ{e?%ﬂt%gnmgg ta @Hra?%re otlggnes that

service IS -unaval ocC P

cach spenifyer corresponding to the first port nunber to

a service; and

a port number and a host name advertised externally with respect to the
HPC server that correspond to the service; and | |
identify, according to the list of services at the HPC server, the service at the HPC

server corresponding to the first port number and the first host name.
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prevent ‘the client fromaccessing the identified
service. 25 8. The logic of daim1l, further operable
to: access a boot inamge, a file system and an
operating system (0OS) configuration file at the HPC
server corresponding to the host providing the
identified service at one ognoOre nodes in the
cluster; and use the boot inage, the file system and

the OS configuration file to instantiate the 30 host
nor e nodes

proxldln?:B F t|f d service at one or
in the cfi% gfc a‘mQ ropgiablede: O aim 1, wherein

t headcd@nd ikt G0seSEEASI
L P Rl e BT, S Ser S sing D Rl oBEfcs tha
cach gpecifys prOV|d|ng the identified service at one or
nmore nodg E cluster and initiate a 5 connection
sequence on éhal'f of the host while the host is
bOOt | ng a pdrt nilinBer! 091 aChdRf ndh@idferhal WHRE BIPY sdrlG that correspond
ad s an | nternet Protocol over Media Acces
P rofogt tRIL\ESD SXrepied it ongrd moret Itmles:mmﬂmctlusmr provides the
Seq;léﬁﬁl&_,eaﬁ@ a Transm ssion Control Protocol over IP
(TCP/IF§ connection sequence or a User Datagram

Pr ardardiate; @BRYdiog ¢ theRist UDRévREs GOMBITRE QBrvesS FRLRAE gvrowdmg
wherein the cluster of no

thelhgm f?ﬁraesgg‘“%%"a?aﬁngv es ipethe, ghysisr. coupl ed to each

other according to a topology conprising a three
. dinensiognal torus. 13. The logic of Cdaim1, wherein

a Aode iThelggic of Gleirel, fuftherogtesmbistoa cent r al
dtot tches, 20 14.

2 BSSEEATR P P SRS 0 LAl L0850 s

eachhipgbifip e sEviovamdeone UMk Hles CARkin Woh@i: tﬁ{ Serl L P Rvailable;

dconpr|3|ng recei ving a connection request
and c)jent specifying a first port number and a first

hogdieaHE punber an e first host = |
naneeadver?%gﬁ%&%%fgyﬁg WFFW:S h@Tt ugp%senmx is
availgldever conprising a cl uster of nodes; 25 |dentifyi ng a

service at the HPC server correspondl ng to the first
port nunmber and the first host name; deternlnlng

wheet her TR &oi d8PCIdines RRELC %Vl%lflﬁggaﬁ’{‘?tg I % sgrvice. is

the identified service Is aval
availaile bassd oniadimgasstaatediwithithd ﬁdmeétﬁfn\&b@&sﬂﬁ'oﬁriﬁe Slfenfior €
nodes in the cluster. 98 15. The nethod of d ai m 14,

wherein the connection request is a Transm ssion
Dt a0t am Pretocel CTOLP) ARG opabEEhe teflingd Semyice s
unaV%N%EP blociopaiont amt eﬂ‘lﬂ?@ lsenver corpespendiny tRGREESI fet Bumber to
el Bl SRV SER Bl B S oY 110
8. . The logic of Claim 1, further operable to:
access a boot image, a file systein, and an operating system (OS) conﬁguraﬁon file

at the HPC server corresponding to the host providing the identified service at one or more

" nodes in the cluster; and

use the boot image, the file system and the OS configuration file to instantiate the

host provi_ding the identified service at one or more nodes in the cluster.
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each specify: a service; and a port nunber and a host
nanme advertised externally with respect to the 10 HPC
server that correspond to the service; and
identifying, according to the list of services at the
HPC server, the service at the HPC server
corresponding to the firstgport nunber and the first
host nane. 17. The nethod of C aim 14, further
conprising: 15 accessing a |ist of services at the HPC
seyrver . gonpr. Si .a plyrality of entries that _ each
s?;ci f yfhe glgof E%ém laﬁgle%?%&etld%lﬁsé FeryicE 12 ek serietne
“internal to the HPC server that correspond to a host
that, when executed at one or nore nodes in the
cll¥st erTheplogiei ofe€laimel, Rothseoperable tangobfsh adticas iofighe host

.accor di gtt the list of services at the HPC servgr,,,,
provigigl e eI iTHise qtrdng SE Mol Beres oy fhecclicr, pad gitiate 2
connddtioe stpeRce drbshlE of théHoe! whilSthe TG iSBSARG, of O ai m 14,

further conprising: 25 accessing a |list of services at
the HPC server conprising a plurality of entries that
eggh s [ iyC .one or nore rules
ingica?$%§&§%§{§@%xgh§h§%?%ice is available; and

d étecachirest ligan BrenétdProgcbbotdrevibdis tAcobss ot BP/MAC) address;
whet her the identified service is available. 99 9.

- and The met hod of Claim 18, wherein the rules indicate
10

e O ti
AR b SRR 3 TURREILE RS PRUlaR1 B 1P (rcpim)
connecfiore squed@. ofTh &lsaeDatagrand PEbtateh (LDP) avet BR(UDP/IP) connection
conprising, if the identified service is 5
SequeRfavai | abl e, bl ocking a port on the HPC server
corresponding to the first port nunber to prevent the
client fromaccessing the identified service. 21. The

mb¥-hod The lagicphtClpim 1f whetesr theaiytérsifimgdesammesiseng purality of
nodes {Qed SRRy g Bl logBlh BB s i rsiona ors.

corresponding to the host providing the identified
service at one or nore nodes in the cluster; and

ubt-ng Thelagioef Claigel. wheseini 3 sods/int éwnchrseertafenodss is a central

| g
' pmcestg@gf,%nggg?@?gu l(j:d&)tg)v%s. hégwti ate the host providing

service at one or nore nodes in the
cluster. 15 22. The nethod of daim 14, wherein the
rvice is a b server.. 23. The nethod of

: e
Icf |ntrr: &'ﬁe&é& e PR-demand dnstentiafion in ghigh-psefameanse somputing

- (HPC)sYStem! tm@ﬁ@d/&ﬁfgg}%liﬁ e identified service at one or

nbre nodes In t Ster and initiating a connection
secprenger amnbetial lequdst fiom hadientdpetidyinpa fresport sumber and a

first h(?s? %tailngg thezfg)rst port number and the first host name advertised externally with
respect to an HPC server comprising a cluster of hodes;

identifying a service at the HPC server corresponding to the first port number and
the first host name; -

determining whether the identified service is available; and

if the identified service is available, instantiating a host providing the identified

service at one or more nodes in the cluster,




24. The nmethod of C aim 14, wherein: the address is an
I nternet Protocol over Media Access Control (IP/ MAC
address; and the connection sequence is a
Transm ssi on Control Protocol over IP (TCP/IP) 25
connecti on sequence or a User Datagram Protocol (UDP)
over | P (UDP/IP) connectionggsequence. 25. The nethod
of Claim 14, wherein the cluster of nodes conprises a
plurality of nodes coupled to each other according to

a topol coppri si A, three.dimensional 30 torus.

100" 26, P BeRY 0B e Rreicinytoe gpmhestion sevedtds b framsaission
Contrals Pastocdl  (TBHYS cortedtiG Nk r9coss! |

coupled to two svvitchés. 2(57. %ogygtg%&f gjrlm%ﬂ%ngeﬁra%rﬁogc)ol (UDP)

CoOnpEioRiequEst on in a hi gh- perfornance conputing 5 (HPC)
system the system for on-demand instantiation in an
HPC system conprising: neans for receiving a

5 conkfect iﬂmmamsfcrarmmmhé@a}npsi@ﬁ%i fying a first

por t nunber.angl a first host nameé, the first port
nurfSEFSING & lishet servises #dhe HRSmereen vempiisiag a phwrabityreldngrics that

eachbpelifj:espect to an HPC server conprising a cluster of
nodes; neans for identifying a service at the HPC

server @cervispemti ng to the first port 10 nunber and
“the first_host ans for determ ni ng whether the

i dent i fia&&f%awi;%e”% a Bostinag adveriisad eaterrallyowith irgspeetcto the

10 | d@IRC $erad 5@ eMiréPohd 1PMBkéRRk gl NStant i ating a host
providing the identified service at one or nore nodes
i nid9ntfying, aceqrding to the list of services at the HPC server, the service at the

HPC server corresponding to the first port number and the first host name.

17. The method of Claim 14, further comprising:
15- accessing a list of services at the HPC server comprising a plurality of entries that
each specify: |
a service; and
a port number and a host name internal to the HPC server that correspond
to a host that, when executed at one or more nodes in the cluster, provides the
20 service; and ,
instantiating, according to the list of services at the HPC server, the host providing

‘the identified service at one or more nodes in the cluster.

18.  The method of Claim 14, further comprising:

25 | accessing a list of services at the HPC server comprising a pIuraﬁty of entries that
each specify a service and one or more rules indicating whether the service is available;
and

determining, according to the list of services, whether the identified :servi_cer is

~ available.
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19. The method of Claim 18, wherein the rules indicate whether the service is

available based on a time associated with the connection request from the client.

20.  The method of Claim 14, further comprising, if the identified service is

unavailable, blocking a port on the HPC server corresponding to the first port number to

prevent the client from accessing the identified service.

21 The method of Claim 14, further comprising:

accessmg a boot image, a file system, and an operating system (OS) configuration
file at the HPC server corresponding to the host providing the identified service at one or
more nodes in the cluster; and

using the boot image, the file system and the OS configuration file to instantiate

the host providing the identified service at one or more nodes in the cluster.
22. The method of Claim 14, wherein the identified service is a web server.

23.  The method of Claim 14, further comprising spoofing an address of the
host providing the identified service at one or more nodes in the cluster and initiating a

connection sequence on behalf of the host while the host is booting.

24.  The method of Claim 14, wherem

the address is an Internet Protocol over Media Access Control (IP/MAC) address;
and _

the connection sequence is a Transmission Control Protocol over IP (TCP/IP)

connection sequence or a User Datagram Protocol (UDP) over IP (UDP/IP) connection

~ sequence.

25.  The method of Claim 14, wherein the cluster of nodes comprises a plurality
of nodes coupled to each other according to a topology comprising a three dimensional

torus.
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. 26. The method of Claim 14, wherein a node in the cluster of nodes is a central

processing unit (CPU) coupled to two switches.

27. A system for on-demand instantiation in a high~pefformance computing
(HPC) system, the system for on-demand instantiation in an HPC system comprising:

means for receiving a connection request from a client specifying a first port

number and a first host name, the first port number and the first host name advertised

externally with respect to an HPC server comprising a cluster of nodes;

means for identifying a service at the HPC server corresponding to the first port
numbgr and the first host name;

means for determining whether the identified service is available; and

means for, if the identified service is available, instantiating a host providing the

identified service at one or more nodes in the cluster.




