ON-DEMAND INSTANTIATION IN A HIGH-PERFORMANCE
COMPUTING (HPC) SYSTEM TECHNICAL FIELD This disclosure relates
generally to data processing and more patrticularly to on- demand
instantiation in an HPC system. BACKGROUND High-performance

computioy (i@ is1often Chamaeteriged RyAhe GPMRUNGRIYAIRMS used

by scientists and engin eling,.si ing, and analyzing

complex physical or alg%aﬁ%{rﬁ;m%m%%ﬁﬁe tly, HPC machines

are typically designed using Numerous HPC clusters of one or more
THIrAeEssOrsHeferyed to as nodes. For most large scientific and
engineerin lications, performance is chiefly determined by parallel
cald SHEHER (hEEpASEFEN Iy ARa RS S 8RerBrel“seBlg vt on-
dewfted irsthmitngrfactarii? Guitdierg. or purchasing such high-performance

clusters. Scalability is generally considered to be based on i) hardware, ii)

memory, input/output (I/0), and communication bandwidth; iii) software;
%\g%@é\{ére; and v) applications. The processing, memory, and I/O

bandwidithdrfonasteonvenitnal HIPC envisormentsRte RANMal ik O omplhing

nced and, therefore, do not scale well. Many HPC e virogmensdo ,

s S Sl SRS e e SR " Ry aing
corgyeiirdmerial orraniepithmivitrisrieenth ot Wacetto o anyrasiieeder typically
degignrpanetsnsiated wrachiead tg diasatiealreduss hersystem'ss nodes.
Fo{-e”g?tilli%" éé\ccorid}r}g% ngan¥ HPQ environments Ea%% not provide robust .

EISRE T ST OM AR T SO RN TOICHBIARY SPerBtiaN APrEdt ERHY determined
by prestelseriibnmensoSuMMARY iTteipresenidsvbatidorasoa kedioe oo ften
a IfHiminaisdisadvantages: plellems, Rt Rssestet Wt HEC scatability is

S sli ms. According to a first aspect of the present invention, there is_
%e‘b%%\f}ﬂeca%iﬁgﬁérhﬂfc?ﬁ Bk ah A RatOh TER PRGN SHIRYA & O): and
commmpiscﬁtign(l—bla@veyﬁter‘rii}cgmﬂmésmgivjmaah‘ﬁe‘anfacahdng)ae@@iﬁma@@m The
prdAueR Fam.a-01eRE SREIMMAEN S RAILOUMDEH AN BPISLIOBLAAMS: ure

the first port number and the first host name advertise externaIYy with

noFRalE o™ Pritnessrie. corrsisingod ehssede brHoblesy W emyironments do
noBbvestisinyoMakeisibe firsipovt member and prectisst-hastireneavailablenuilt

.10 the client; means for identifying a service at the HPC server
R e o B BT e e ho VIR, mbifalfed o

drypetienBnitdig Wisettiserthe idiahilied Sesvidéenigh availapldPanchifithements may
noid@c@ﬂﬂﬁdr(ﬂﬁ@(i%@J@ﬁe@\&ﬁﬁﬁ*@i@mmﬁ%%Mré”?(Eﬁ%t[iﬁg{%gtaoﬁg%i%omdfﬂgdm%on-

Oripn%rgifig% s%rviece gt one or more n(_)des in t_he clg_ster, where the hos_t
nciudes ai gb[gﬁ%atlon encompassing the identified service. According to

a second aspect of the present invention, there is provided a method
SUMMARY

The present invention may reduce or eliminate disadvantages, problems, or both
associated with HPC systems.

According to a first aspect of the present invention, there is provided a system for
on-demand instantiation in a high-performance computing (HPC) system, comprising:
means for receiving a connection request from a client specifyving 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, wherein advertising makes the
first port number and the first host name available to the client; means for identifving a

service at the HPC server corresponding to the first port number and the first host name;



for on-demand instantiation in a high-performance computing (HPC)
system, comprising 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 comprising a cluster of nodes wherein
advertising makes the first port number and the first host name available
to the client, identifying a service at the HPC server corresponding 2 to
the first port number and the first host name, determining whether the .
metde i I SERNGS 1§ BRARRIE, A T thE TRt 8EP0ige 1 alalhspidentified
serisiantieditg & hosinprovithingntheiigentifiedhseridoe atonkaifimbrernedes one
_in the cluster, incl - licat j )
o o e e e
idepliogitieeBre or more technical advantages. As an example, particular
embogisentis ihayebablgsiienisie jegteshsenvieesaran MG &rinehatiod
particular embodiments, a service at an HPC server are availabletoa . .
o RN B o T o PR L SR R SIS Rgyone
recpgreg eriEtiwdopaceessitineagdivicepRitinalafierbod e prévidust host

narhighamailalilitye@hNostsinayidual suster. Rarticulan siRediPeBls: of nodes

dynamijcally monitor Internet service requests and map such requests to

WS AREAERE FEE RO g e PEH et LB UicbCOSDIS P ab e (o the

clientn biedimientsaofetve p pe SentitVenticn Erosidendiin some, or none of the
above technical advantages. Particular embodiments may provide one or
more other technical advantages, one or more of which may be readily
apparent to a person skilled in the art from the figures, description, and
claims herein. BRIEF DESCRIPTION OF THE DRAWINGS To provide a
more complete understanding of the present invention and the features
and advantages thereof, reference is made to the following description
taken in conjunction with the accompanying drawings, in which: FIGURE |
illustrates an example high-performance computing system in accordance
with one embodiment of the present disclosure; FIGURE 2 illustrates an
example node in the HPC system illustrated in FIGURE [; FIGURE 3
illustrates an example central processing unit (CPU) in a node; FIGURE?
4 illustrates an example node pair; FIGURES 5A-5D illustrate various
embodiments of the grid in the system of FIGURE 1 and the usage
thereof; FIGURES 6A-6B illustrate various embodiments of a graphical
user interface in accordance with the system of FIGURE 1; FIGURE 7
illustrates one embodiment of the cluster management software in
accordance with the system in FIGURE 1; WO 20061055027
PCT/US2005/012489



3 FIGURE 8 illustrates an example one dimensional request folded into a
y dimension; FIGURE 9 illustrates two free meshes constructed using a 'y
axis as an inner loop; FIGURE 10 illustrates two free meshes constructed
using an x axis as an inner 5 loop; FIGURE 11 illustrates an example
interface of the HPC system. illustrated in FIGURE 1; FIGURE 12 is a
flowchart illustrating a method for submitting a batch job in accordance
with the high-performance computing system of FIGURE 1; 10 FIGURE .
to 18 S RRVCRA ARt ot ROM Gy fiHTE BHURR ARG ST tHe grertificd
seraceordanegabiith the hijhipeitermifatesesmpuingvayistde disEGlEREE B, host
prob iR i rlav et lustieting s meiBad o HOAMEAMARABGos
e fa h the high fS

- ano ilure In accordance with the high-performance computing
InClysletedf @?@@WE@%S%@RE%%M%Y&C% example method for
on-dergand-nstaiiliatientin sheltdPeskht sysient dtustratepkdv idiGR Bl . more
teciionl hazenages Ch L O OF THE DEAWINGS FIGURE L 5.8.0106K 1 10
ecolllagram |ﬁu§11$a%ing aHpPe syg}e’n%) %16 or executing Softwaré applications
reqagid rosesseanfbitéxserisie Bnparisolpisariydiasities sirekestt @OHPC server
areHMAHIMION H8INGHIRE feehaiguesoryaieMidRG prevides leera WitheEPbne or
functionaljty d namicall%allocat amﬁng “vakr)hc:cgs come%utin r}éo es 1?%5 i
O SES pRHOT AL PSR SHIA PG L BB aRa G BHB ARl
of iBenenallyjthesdustdeBaiSiecedsitymsotl ¢abia betausemoor dmong service
req@IRRTARINGS, Bisingssased QPRI NANEEANGEeAHGE % dabIC IAlBNE W ices.

For example, the scalability of nodes 115 in a distributed architecture may
Parsgular rphedirra BY BUBIEtIVE GPAPRAERMIRA- SO = @as /R esPRye
techhibe xddedRiRls)) Rachend 5 (@) boGipeed upnpd pitkcess aispop=daiacti@nnical
0 ABRRIELCote, Fe FIaRlionl 20 Nen- Rarallel GRde bt GARION Ble ar

processing devoted to commun?jcatlons, and RRJL = Rgtlo of
froméhsdten ecdemenibn: BrheiwmtHcTHerefore, by HPC system 100

providing 1/0 WO 2006/055027 PCT/US2005rc12489 4 performance

Bgigg%%@&yp%ﬁ, %oﬁﬁﬁf?g\ﬁﬁf@ismg performance, HPC system
' TCTeTTC applications and allows for easier
systém paeiisipistration. ddPgisiysteds300ds g distiisupseseliemisaiiar and the
feaﬂ%@ﬁﬂ&%@%‘l@&é ‘ﬂﬁ&%%ﬁs%éq@réﬁeﬁssﬁlﬁcﬁgi%st@@%ﬁB@ﬂ%‘%@Qeﬁ%ﬁ%Q@ken in
jobs 150 for processing on an HPC server lOE_, For example, system 100
COIEHABINAS Hi ECSURIENY B8 tHAY I8 HhEBISY, through network 106, to
one BiIGih®Ye adniinistratiormworkstations: gi-leoébclients k26Btibgysiem in
acch P HBNAE Bre embodiment of the present disclosure;

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

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

FIGURE 4 illustrates an example node pair;

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

FIGURES 6A-0B illustrate various embodiments of a graphical user interface in
accordance with the system of FIGURE 1;

FIGURE 7 illustrates one embodiment of the cluster management software in

accordance with the system in FIGURE 1;
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standalone computing environment or any other suitable environment. In
short, system 100 is any HPC computing environment that includes highly
vs;c%%‘%ﬂbgg n_Pdes 115 and 10 allows the user to submit jobs 15(%, S2005/112489
(R/namlca%y allocates scaleable nodes 115 for job 150, and” gu{(')“%a?réalﬂzﬂ
executes job 150 using the allocated nodes 115. Job 1.50 may be any
batch or online job operable to be processed using HPC techniques and
submitted by any apt user. For example, job 150 may be a request for a
simulation, a model, or for any other high-performance requirement. Job
150 may also be a request to run a data center 15 application, such as a
clust tabase, an online transaction processing system, o .
clustere appllca]“ |8|z°:1t"sateers\b/eart.1 ThE T ?Fﬁ Q&?ng}%}%ﬁﬁ sreﬁ%leea% héolfgﬁﬁi, mio a y
digemerally means that certain processing is determined, at least in part, at

run-tisebreer AR eNE Qe Mg{%Pk%%@&é&ﬁ&%@?@?@igéﬁxa}&& toop;

used herein, generally means that the appropriate p ssing Is

substRERY PEribHF e Ep | SEst PaTIVT (IPLIesiSte HFDO I b oS dshan inner
1088; understood that "automatically” further contemplates any suitable user

or administrator interaction with system 100 without departing from the

scopBlotthis disclbatiaer e SuriBle BeEsRipRsecaRy fockFiteftisterted i
FEsTRRIter operable to process job 150 using a. plurality of balanced

node ang, cluster management engine 1:?‘12. enerally, HPC server. . .
102 c%rﬁprl’segzaléigtn 0&55%0?&5%%%%&%% o %%@R%é%gf pAS W@JOB m
agtisttipatedibenedr gHaweventheccontiginatioysisenveF HZRAdUdes a

pluralify;0f Aqdas 4&%&&%%&3%&8@9&%&@&%%& t?afaf?{f?ﬁ&é%me erid

device such as, for examp ades, general-purpose persona

IngneRsiRecs TRE onibeinsshesanesrketerisis UnszbasBHd8Mputers, or
any otherauitaple devices %@%@%ﬁ%@%@y}%ﬁmg SMQMe & node

example of computers that may be used with the disclosure. For example
fel S ETSURE DA RES eSS ES i hE i ddtwitiod

the disiciomte, ssysiaratd Othcannhee mglemepted-Usiigheampaterscatithe HPC

than servers,.as server pool. In other WO 2006/055027
P ?/ﬁf&%&&%mmds, the present disclosure contemplates

computers other than general purpose computers as well as computers
Dé&%ﬁﬁogﬁg@@ﬁpﬂ@gﬁ@igg@%ﬁ@). As used in this document,

e term "computer” Is Intended to encompass a personal computer, _

worksStéfidREnétiork BbiptEgranalipBtiersitable prodessiny devicgecuting

sdtRGa SN AR8n O AIENG-GANBONEAT BOdes d 1a, Qﬂﬁﬁ@ﬁ&ﬁ?%@tﬁ@r, or crash

execute any OS including Linux, UNIX, Windows Server, or any other =~
SigakE GEA LR BhE efaIMERtPIBEesaRs: TEb Mgy dstionality
dineludelnr hrarainunicablwenupledowitatm semate: Wels senver yTherefertance

erver 102 may comprise any computer with software and/or hardwagre in .
SRS HAHEHR O aBIE D HOREME o ATB P e FTS S Brocedue iy
stdRDjpbaikel O AtmdrighnibeekiHRPC $erverdiRinbildes amanagemiaatinced

o S.agrd omprising a plucality of.nodes 115..and.cluster ,
R S A S M e e
betgntaratabb yacietnEutimg Apratiitafblades (nodes

SNy = V({(FP/MN+FS) x (1-F¢ x (I-RR/LY)
where S(N) = Speedup on N processors, Fp= Fraction of Parallel Code, Fs= Fraction of

Non-Parallel Code, Fc = Fraction of processing devoted fo communications, and RR/L =

Ratic of Remote/Local Memory Bandwidth. Therefore, by HPC system 100 providing VO
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115) with some or all of the following components: i) dual-processors; ii)
large, high bandwidth memory; iii) dual host channel adapters (HCAS); iv)
W@gtzeg%tr; {’t‘%?\?] f,fabric 15 switching; V) FPGA gupport; and vi) redy&j/% L ROWE 0

inputs or N-1 power supplies. These various components allow for

failures to be confined to the node level. But it will be understood that

HPC server 102 and nodes 115 may not include all of these components.

Management node 105 comprises at least one blade substantially

dedicated to 20 managing or assistin% an administrator. For example,

management node 105 may comprise two blades, with one of the two

ades being redundant (such as an. active/passive configurati In one

DB e S o, he P SR eonoe Pk e 100
ingemputingetévictiasmp CalodBCL 18 pBotlismanagénidivrrioder] GBsisaysystem
2aR8-A0y,hgde, including any Number of circuits and configured. in any

suitable fashion, 25 so long as it remains operable to at least partially =~

mandg&astsern 10fin 2 AuidyereicH g tosyeph Rt sy BF [BYicalfpch as
scRspaated tomnthe pluralinhafistRG nodaspidfciginty, wprasertedingnd For

110, In the illustrated embodjment, management node 105 aygﬁ]e
XGRS U eB G L6 Tk FOB TROTRIEHES 2 fingermork 106
o SREQINPRSS a8rAiNYstRPpropaAietomy iicatidieeandoit Baplementing any be a
sGpropriate communications, 39 Profocel As AR example and not YA o,

imitation, a fink may include one-or more " wires In oné or more circuit

1(So@r dsy oiBO congretingernaliromestéerhal busedeoheioy reeteatiOnodes 115 and

aﬂ%%%?e%s%ﬁo?&ﬂﬂ?&%%9.%%%&85@&5&@3%&%%@;@&@?iﬁ%?j% 150,

more metropo itan area netwo ] ), one or more wide ‘area
andetiorReICAINNEFCBIfe b m P poiSitsadp tatetdnterset! br alebrhbinagsrbe any
bAREIUP QIHROIELSHERAINK S, WheKS-aRBIORTIAISHT QB BRI dIMeBbifd 88 any

provides Gigabit or 10Gigabit Ethernet communications between,
M BifhgeihRE AEHBEE- 168 130 A B8 PISARSHYTI A RAISIED BERFEsCT 18T 20y
ofifiercgnnestethfacinerpasetproressing nowsko bypicatysy e i G igase center
3D Torus, byt it may be a m a hypercube, or any.other shape or
RGP eH it oL b e SLhee B T ooy Jotom, or &
clRederénppliadortterust. Mgy encditpassiclllp’’ apertibrecfigrigier @] wheras that

appropriate..and vige versa . 1 e, prj The li e | .
B T LR L

vasiagify-other e eRimRabullvane orve P ErBusears eTaetrs gy Metigprropriate
pRigRdlssUchssfenexynRiexfibarosoepRel.EachPodgddd 800, It should be

configured with an integrated switch. This allows node 115 to more easily
UISEHENARIE CHREEE0Y the SR TETS BN R FY AifiRRIS d18ey p* administrator
indhsianee syhetweaen ottek Hieslesidkbidbfumithiersdbis oTalisiakdéoeapper

wirin rk in larger systems at up to ﬁGiQ%Pitht%teS’H‘{VitQériB SOme. | cess iob
embgé\gﬁe its th e?’o g%gf%%sn?g%emg EsEhan B meters Ry SE]OI{ fode !

130 suisng enetalyligptirii pebhford earkst-heighbdrdesrmomcagionsamggine 130
@Qi{:erreaﬁ?,e%yg Ra%@grwiigﬁhmmpﬂses a distributed computer such as a blade server or
other distributed server. However the configuration, server 102 inciudes a plurality of
nodes 115. Nodes 115 comprise any computer or processing device such as, for exampie,
blades, general-purpose personal computers (PC), Macintoshes, workstations, Unix-based
computers, or any other suitable devices. Generally, FIGURE ! provides merely one
example of computers that may be used with the disclosure. For example, although

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

be implemented using computers other than servers, as well as a server pool. In other
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Each node 115 may include a cluster agent 132 communicably coupled

with cluster management engine 130. Generally, agent 132 receives
wisdHeRg @, commands 20 from management node 105 angfeygldgieh2aso

management engine 130. Agent 132 could include any hardware,

software, firmware, or combination thereof operable to determine the

physical status of node 115 and communicate the processed data, such

as through a "heartbeat,” to managegent node 105. In another

embodiment, management node 105 may periodically poll agent 132 to

determine the status of the associated node 115. Agent 25 132 may be

wifGemin SRV AP PERRIRAIE CURRUIGHIRNOLAIR RURN BSefOrEAmBIRrE purpose

C++, Assembler, Java, Visual Basic, and others or any combination

CORREPEDT 86 TEHL 28 STPHBHHAMYIEEH SatbraiRrAl SrRated HEMEH GFiflstes vsed
innpan ﬁ%f&m&,emglj @@rﬁ?ﬂ;g&mt@r Ranagenent eﬂa?]agyés@foﬁ qwﬁaxliwcw@uter,
any naraware, so tware Irmware, _Or Co Ination thereof oper to
o A B RS HGH SO TS0 SRR, B g 102
orusingpngdasni hbdésor iexamples eliasted management exdginetiaiy hayse UNIX,

vritt described i jat ter.| ludi X
S R A SRR SO LA OIS s
1 (ssembler izniydsuitdilevenivtcdfiz Giurksit wifher seorainy b ntsivatidherefore,
sNEreeb é&%&%ﬁﬁ’é&%&s&%ﬁ@@mﬂ'&ﬁ%}@ LARANagement eNARek3igtion

illustrated in FIGURE 1" as a single multi-tasked module, the features and
SRR AN BEHOY AP BB RS BeBeriBmat by muliple
modules:skigh assforaxampler a physisaldavenneduieed dodeuaklayerid 110
module, a joh scheduler, and a presentatjon engine (as shown jnﬁmI re
QTBRERTH 4 GUFELY ) OEIENER, wiile THSHATAE AL EARE 1o R ageentore
spetiedl 05 samanage menboadead 0o dysitalykeixetudieg eméuoalinyosgblades (nodes

1Pipcesees associgled wilh gusier, maniagement eaging 130,000 WAk yigs
storecluster management engine . Moreover, cluster manage ent

ba@?@ﬂ%@bei@cmiohgﬁbmwm @faamh EriSafaware niotgretad fabric
suiithout. depasing {rom. the Seops %&Qﬁ%ﬁ?g@%&%ﬂ&?rg%%%{%f supplies.

management engine 130 comprises one or more software modules o
Thpwrspio s sarenmgenthaHmum dge a0 15 snieh o156 nepdetigdrut it wil
hEMbedimeatsnsluster managerneniengingingikias a sehedulead s for these

allocating nodes 115 to jobs 150, as described below. Scheduler 515 may
CYEBR D reduling algorithm to allocate nodes 1.15 to jobs 150, as further

descriiegh gt fielowdSeoiecdprivaydntiudednichfate ddtiatially dedicated to
communicating with other. computer systems, such as client 120, oyer. _
TR ToCIF s Rhent OO alier e oyt poUEos may

cempiginmentslsérveritn receiveslobs5dlediobisolicissivorheiwekas an
atjf@@af[ﬁe[s@@e( %ﬁﬂ%%@mﬁ%%e %Iﬁgéﬁ%&ﬁ %ﬁﬁ%@@tbﬁoﬁgaiwgmy be the

directly to 20 the computational array using the same wideband interfaces

sumit inerebhlaéee rmivdes deviseralif triefiece! fo4Rbripressmsgigode 105
»2Reeded inaeftwara;apdianbarthuase ipaistiiablenaembination anthbie fashion,
operable to communicate with network 106. More specifically iigtterface
so long as it remains operable to at least partially manage gnd 110.” Dften, management
node 103 is physically or logically separated from the plurality of HPC nodes 115, jointly
represented in grid 116, In the illustrated embodiment, management node 105 may be
communicably coupled to grid 110 via link 108. Reference to a “link” encompasses any
appropriate communication conduit implementing any appropriate communications

protocol. As an example and not by way of limitation, a link may include one or more

wires in one or more circuit boards, one or more internal or external buses, one or more
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104 may comprise software supporting one or more communications
protocols associated with communications network 106 or hardware

wbsh {|§5697communicate physical signals. 25 Network 106 M}H@ﬁg&/ 12489
wireless or wireline communication between computer server 102 an

any other computer, such as clients 120. Indeed, while illustrated as
residing between server 102 and client 120, network 106 may also reside
between various nodes 115 without departing from the scope of the
disclosure. In other words, network 106 encompasses any network,
networks, or sub-network operable to facilitate 30 communications

10 DS WREHYRLINNS BOMRYIING: campaRenis NSk A6, B0 ics (MANS), one o

communicate, for example, Internet Protocol (IP) packets, Frame Rela}é_ '
meygade Y mﬂhsébgwstm SYBO5A DAES of theJREHIBOT S combination

of AN sferrde. (A TV Cellser¥oipsrofdee. datanRNthMbEEIMILalRI® 108 provides

information between network addresses. Network 106 may include one or
GgRbE 16 cH et B RS ORISR REEREENBRIBRRL TR ANRG)e 105 and grid

11metropolitan area networks (MANSs), wide area networks (WANS), all or a

portl%[%i%f fhe %'%bﬁ%ﬁ"%‘ﬁ%‘éﬁrs”?{‘é’%ﬁ't‘e{%%%‘{lvé‘ag‘f %&en?céé‘és?er@j;%oa”s%{% power.
any otfhier commumication system or'systens at one of more locations.
TvikGIstands ol media dovesdeoitnoly whereregipropyiaenbe, gerrarabtiisichape

orf%rdﬂﬁg‘c&a%%oﬁ“%i%ﬁ?% Mg%&% L StOLAge R NGRS ANL QL ce 10 o
storing |

obs 150, profiles, boct images, or other HPC information. .
“tarEE O it Yertverdiu st stod porbPACId disR fahiera ADDEIGYEs BeevERe versa,

wheprestprpaclients 142 Diskeld frum 140 maymrocessandsauigidataaraliel

packets according to_any of a Number of communication protocols, for
%bféﬁ%nﬁ%ﬁéﬂin@ﬁg),%@%@%?ﬁe%& (GBS br o EE HarEY (Blegirical or
ciRatenpaekets amdypioaally usetbtodtangpriihata wvitbipdisk famgh 148 AL1s is

data packet may.include a header that has a source. identifier an .
R S LA A 2 Ten \MenENY 140 Sple o Fapy bo the busic
caddresspidbntiiz g tnes trad SmijttemofidSzin IOt atisap@ad thecde stihationles 115.

: s e tinati . v ipient of .
S e R T o

sqbls supmissientsciliselpnersh it Stratio Aovrathegraphiiaisuse iherfabede 115 is
odRH 1 2R ALaigh level Hlustirted, cliant J2Bdnalires el deast e d20m.

and comprises an electronic computing device 20 operable to receive, ,
trans%%eﬁpf@éésélaﬁnal%ffo%cw ZpProPrafetita HsSOBmBY Wil sgBped with
clhB@r Hnwilh endndeistpod 1hat thakemay:Benany Nibrdessofegliefts ck2&mmands
communicably coupled to server 102. Further, "client 120" and "user
SRR TBELL0 RSB AL LA aBHENS ithodt abarigerid
iifa:i_)mhst hmshmrmtwsmﬁoﬁmaMommbmmwmmﬂﬁm tedelermine
uglisntipgeseribes Riems ofheing.ser AY preRuser Bl s, o twough »
didclosure contempﬂates that many users may use one computer to
“Tewwipsein| cltarjorreaB et sy thHed salnea®ther za1badinssl mapigement node 105

ﬂ?g&%ﬁ%ﬁ%ﬂlﬂ%ﬂ? 19teR0RELIN RRCAMDARS S RERISORA ated node 115. Agent

132 may be written in any appropriate computer language such as, for example, C, C++,
Assembler, Java, Visual Basic, and others or any combination thereof so long as it remains
compatible with at least a portion of cluster management engine 130.

Cluster management engine 130 could include any hardware, software, firmware,
or combination thereof operable to dynamically allocate and manage nodes 115 and
execute job 150 using nodes 115. For exampie, cluster management engine 130 may be

written or described in any appropriate computer language including C, C++, Java, Visual
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computer, touch screen terminal, workstation, network computer, kiosk,

wireless data port, cell phone, personal data assistant (PDA), one or
WHE hracessors within these or other 30 devices, or any otpgjﬁllé'ggglfgu 480

processing device. For example, client 120 may comprise a computer

that includes an input device, such as a keypad, touch screen, mouse, or

other WO 2006/055027 PCT/u52005/012489 9 device that can accept

information, and an output device that conveys information associated

with the operation of server 102 or cliénts 120, including digital data,

visual information, or GUI 126. Both the input device and output device

may include fixed or, removable storage media such as a m
BBl R e D ,"berr%?ﬁeor%u%%’oﬁgﬂgerﬁe receive Input

SHHUR VA ﬁ?m%%]a%ci)% thereof. It

witiorma amtbrprodidespuipis thisteersaohglinmts dR0thiGigh thestrated in FIGURE 1

2S5 AlON ARd o%ﬂ%é‘%%&é?kﬁk& WA}%&M_ rited! dPfhis engine
comprises a graphical user interface operable to allow i) the user of client

mapbepinfiermecwimriysiemotoBeusliihifonaeraiere PHsiesdasHEdsIdHe,

vilESESIE T §at eIy KLRdmINISHAR LSO FHBNL A2 0N AC G WHBke detail
~ system. 100 for any suitable 10 supervisory purpose. Generally, GUI 126  _
i THRE O s Rt 50 RIS GFe3H dQePAReRgRFnt node 105,

mBresantatienRf detapeyvidedbynP GneystendtQRobabibd 26:mBYed with cluster

comprise a Iurali% éf aglﬁstomizable ftianggs or views h{_avin igt%%cti\ﬁorewer
RGO G 10, TG BN O oMo B RE FRor LG -0 ’
clesnhetiment, Gt Hnb26 fdsentsha jofhikubmigsionddispifyithtpretents moduie

the various job par er field regel 0 5 the :
B e o ey ey st
enginebinétionnpresenttherphysicifmgdogrdiistatns et inodesieipestifananage
nSYSienys admiystatoriasiusiateddndEHRERBA 18R RRLTEERINE inciudes

various commands from'the administrator. Administrator commands may .
2 FREIRRTMC T KiFRy AORRISIAS TR Rb ENABISDSShitiAy HORIT MRS Tor Seheduier 513

niRaipienantedehoalinginedes obany aibes suitablebomgnand fidéher described
Moreover, it should be understood that the term graphical user interface

&Y be used in the singular or in the plural to describe one or more
graphieatassetinterfaoesudndeaticof 1 Hefdisplays whepagtivifarographicaputer
Sghieitace. ThStefois: Gidl heRCANEIBNIAIES AL QLABNIGAIRE! disiributed

ertice, such as a genéric web browser, that processes information in
eByistern<h00 bnebufficientydnesintecie rkSuresst thaaiser> Genjeh podcignirom
nBGCER R, 22:5ram lieni 120Viadhe el RROWREH(R: AisdMicraalled directly to
Internet Explorer or Ne.tsczg?e Navigator) and return the appropriate
g PRIERSHARNE  BSBB AEEE (Rt RE IO O E IR Bive° 48P SPReaRtidy nodes
HEGaBevaEARR Itirstinitializ edierboatetirDufingrdhisiprokags; clustersuita i
management engine 130 determines the existence, state, location, .and/or
Ol B PRCL RGBS Sl 1107 °A (s ioea BBV TR 1o
ey be Bthpase sotivarébapptheat’ @emmuoicatecduiporegachmodetgs associated
initialization or.upon near immediate polling | node & Qb ol
W\Ilrlée}x(f?%ﬁgpei?ar%%naiéeem%ﬁt@é&rnemi “r%gﬁg\‘/\%%gé 055§{2&%1 Oﬁ% CRLSIEnaIs.
PCT/W82ok/d 084801l tates wireless or wireline communication between computer

server 102 and any other computer, such as clients 120. Indeed, while illustrated as
residing between server 102 and client 120, network 106 may also reside between various
nodes 115 without departing from the scope of the disclosure. In other words, network
106 encompasses any network, networks, or sub-network operable to facilitate
communications hetween various computing components, Network 106 may

communicate, for example, Internet Protocol (IP) packets, Frame Relay frames,
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10 dynamically allocate various portions of grid 110 to one or more virtual
clusters 220 based on, for example, predetermined policies. In one

W& d%)) 'g} 5? cluster management engine 130 continuously monitors.
(g&e‘(qﬁlg or possible failure and, upon determining that one OFtRe - 112489

nodes 115 failed, effectively managing the failure using any of a variety of
recovery 5 techniques. Cluster management engine 130 may also
manage and provide a unique execution environment for each allocated
node of virtual cluster 220. The execdtion environment may consist of the
hostname, IP address, OS, configured services, local and shared file
ASS%LSG e%%u?”ﬂrgﬁé%t ?\%I t?]ngl pclécf%tloﬁ]osic%ndvgaaeg' EQ{% Clé."n%te(r) er suitable
anagement engine ay dynamically add or subtract nodes from
infoiruel ol bstereg 0ctecordiiyerses ONSwocial € policiedvdn driceordinglasal area
el HEIBIOEIES S ASRRNR NS AUSHIR0S QG EIRIIA s )

e may be presented. with a job submission screen via GUI 126. Once

wigireatpscteRaerbn{drédimeiby pareateidhmg R sy B RaBErkdetss os the

Inf3Ba98MeNtLNIINe: I3RRINEesE6S thadab Submmission: the rlatRek iocations.
parameters, and, any predetermined policies associated with job 150, the

M{SettagrsHer fRedin ASHRsS CoUERr YRSFRSREERERt engine 130 then
detemmingsrthedapplepripie Wdbabokisiar 2201rsed sat-igasircnpast:GnSAN)
this informati Engine 130 then dynamigally allocates a.job space 230

o RS R 2dier S50 s IOt DLt aor B R SRR o the

ilit¢fieding bt ¢aichituasn Bddeticatdeastingpartysnsthiagnoresged 40 Disk

f rf%m%?’d#&%é%&%@é Ry gagf{%tg%@E%gméft&?r%eésma of

ob 150. Upon completion, cluster management 20 eéngine communicates

corasuicaBont e eder. PIGuRERly illosrdteadanBraripiaiofe@ryIdEE)). o
FibkeAdered 1 Tinglses@me SURPIHNLLERYICE ANV QL ORIRHANHOFrm 140,

processing all or a portion, such as a thread or. process, of one or mare j .
A G PEEKADAR BREAfD S BB RSP IR HERGH T 4oudetingtigrpiientifier
Thackdeca XN snotherbearsianORTER Qdmethetdanafds othethensmitter of
_computing 25 device. Node 115 has an architecture.providin o
oA BRI B of Ao A AL S e
thnoehesidit SinbgridfdrbOitimparticular embodiments, distributing such

fu n.Ct.@fiqéu;tX RFL %ﬁg&%& %%gryaig %j #geﬁ? @yqug'%a\];%hcg wﬁasl{ﬁﬁgissiém screen

switching in grid 110, which may in turn increase fault tolerance in gric
orladmigiirairible paraebisivaemielibealfony hAdtles™ Poliiyder ¢ olharyrated
cpdedil yinghides twaCRYUS 164 and answitehs (Qr fakiigh 186 fReferencevice

to a node 115 may encompass two CPUs 164 and a switch 166, where .
ORFEHHS At R ETe AT Iy OTOBRIE 1955007 FEY  EFE50ULI61 2481ty Wi
ssRege 186 may etanpaskiiste GRULES, whersappropriateerSyAtetshéo 120

may be integrated switch, rticular embqdiments,, switch 166 -
ALY SERECT e B 5 SURAR 165 M ADuAT e ARG 20" ey
banasdgemantpoddy 05 fpromput anthautitadingrichinghe noge ¢ Hidriisclosure.

1\/1%99398{,%"%’%398 rct)% fﬂﬂs%yé{ggg, %Q&r@ﬁ‘éﬁ? ﬂCHeS&{{%!E ﬁot%%lﬁ oin ¢ used by one
user, But this disclosure contemplates that many users may use one computer to
conmmunicaie jobs 150 using the same GUI 126.

As used in this disclosure, client 120 is intended to encompass a personal
computer, touch screen terminal, workstation, network computer, kiosk, wireless data port,
cell phone, personal data assistant (PDA), one or more processors within these or other
devices, or any other suitable processing device, For example, client 120 may comprise a

computer that includes an input device, such as a keypad, touch screen, mouse, or other
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5 another node 115 along an x axis of grid 110, two ports on switch 166
may each couple node 115 to another node 115 along av axis of grid 110,

“ng)&xr&%%ts on switch 166 may each couple node 115 to %?61%}%%@%94%

115 along a z axis of grid 110 to facilitate implementation o esh
3D torus, or other topology in. grid 110. Additional ports on switch 166
may couple node 11.5 to other nodes 1.15 in grid 110 to facilitate 10
implementation of a multidimensional topology (such as a 4D torus or
.other nontraditional topology including more than three dimensions) in
grid 110. In particular embodiments, one or more ports on switch 166

deficy &%%‘Q«Jaenngc nfo AR, Bl QUeENdES b %'o%%v%g 3B Sion

lagonal axes o %h may Freduce cormmunication Ju _
ashmpgedetmtbéhermmalms aﬁde@m dihorelisiie rﬁ@d@tﬂ@iﬂélét@@l&dﬂ@taﬁﬁuai

infOMREN0S &0 téémea@m%tq and ot by w Péé'&ﬂié%&t@? BRI BRed or

switch 166 may couple node to another no 155 residing along a

remorabasieasaedr SVl B1 0 SeABISIEY RRHISS é%ﬁ%?@%d@ t%‘f fitabe
meastieuRIEERoMManis sewitehi1R6 eI @adpimiBand switeieAthoughrdigh the

particular switch 166 is illustrated and described, the present invention

adERRFARRRERARY SUBRAIS S HARHY P83 ¥tk £88a couples CPU 164a
to svtoh %&dﬂ@h%&gﬁ@]@ﬁ&ﬁ? ihikFdestopaniither dwitch &B6iar of client

Ez%ntOth Lln"l% _SL%% i 8r lbed beloé’xvé 4|%|znrlt(mlr68 %Ot%lhafg T ng]fga sys?em {or

switch ouples {0 Other Switc
nmm)mmmmmmgtamma@l@efmmm Sifitchy166: tdhvéoother suitable

sug(gtg dﬂsﬁ 4111%(%@ e&@&&@lt%/l PURS 4 %&%Sﬁu bed he @%ntl g SR)aH' @&JLQ{ efficient

|ments a link 168 includes an InfiniBand 25 4X link ca&a le of

anosRACTRSEN S EREN ATa ok PR IS P SF RECHIRFTR ddeh Hiraciioh may

ccithau gtbﬁﬁtttwl@é‘éwﬂ%@%&r%&@@t%@m&@a&&m@m@ BERSERkII-down
invention contemplates an){ suitable links 168. Links 170 i{; g links to

h%d’é“if&ﬁﬂnﬁuﬁﬁ%%%% RILERE arm ST Fhik CaPabtd gresents 2 job
QIR iGating appeximaials @maogagabm@@ﬁsaﬁem imeachidirectiamands
Alt ticul rI ks. 170 are jllustrated and 3 |bed th
V%gl %?161[;2#1 em%laﬁt%swaan?/ngtﬂ %?ell}Pat%TL}B L|n mag’bfé%é%w cl%g oF in
cc&ﬁﬁnammepmmhésa 186vicatherndesesal 16atas dés@nm bElove Ite system

a&%ﬁlﬁ%ﬂ%%rv\é&%&%@ﬁ §Q %ZCF%Q{E&J gzg %%5/ erdz %%t%%f%gg gHRl%ﬂatﬁd @tﬂgﬁﬁ the

172 includes an InfiniBand 12X link capaf)le of communicating

d%pm@%qatemﬁt@e‘s@?@%w@w@%%@halﬁh@acwa#aﬁ@ﬁd%nﬁ%étgﬁavaﬂabh»

slRaEticuatlinksild Zoarg.lustrated-and deserbed, df‘@r@*%ﬁ%"téﬂﬁ‘t’ﬁ]]&' @Bmmand.
contemplates an&swtable links 172 FIGURE 3 illustrates a fg exa

MepeypdtiffaTdds PSS RRbIGH B SXEnRPSE BT i g e in

th%rﬁhgmﬂesﬁﬁl Bedplifel pm&@@h@&&m@mﬁlﬁﬂ&a&yﬂm@b& a@Pkich of

164. 64 includes a rocessor 7 mo. M
the-Aisn ‘“ﬁﬁg SR AR hest ](t: 1gér{fnerl%gl 5D é?( ls 8%)1%6(111 ik any

gﬁph@smﬁa?m;mfah@des@ Maadmcswﬁbvaremmerﬁﬂaeadwm|@nf0nﬁat10n in

com L9 0 ore such. co [ oo
S}Sgﬁggpﬁ ae}lrgll)bo men?gééggggi%rrf%g%s{f ﬁlocgso? rgﬁg(%%)?li}%ro%gsaso? Pt data

from client 120 via the web browser {e.g., Microsoft Intermet Explorer or Netscape
Navigator) and return the appropriate HTML or XML responses using network 106.

In one aspect of operation, HPC server 102 is first initialized or booted. During
this process, cluster management engine 130 determines the existence, state, location,
and/or other characteristics of nodes 115 in grid 110. As described above, this may be
based on a “heartbeat” communicated upon each node’s initialization or upon near

immediate polling by management node 105. Next, cluster management engine 130 may
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10 174 from INTEL. In particular embodiments, processor 174 is an
approximately 3.6 gigahertz processor having an. approximately |
Wrg%&%?%% 2(;achle and being g:apable of approximately 7..2 gﬁﬁ)ﬂ?ﬁ)&%mw
second. In particular embodiments, processor 174 provides
HyperThreading. In particular embodiments, processor 174 includes a
memory controller providing efficient use of memory bandwidth. Although
a particular processor 15 174 is illus (?ted and described, the present
invention contemplates any suitableté ocessor 174. Bus 182 couples
processor 174 and MCH 176 to each other. In particular embodiments,
bus 182 is.an raximately 800 .ME nt side bus ;F%@% a&eﬁ@ Of50 based
B A AR ACEHag ) e 00 SIEC PR MR OENIE0 base
onpéutiexrtanribe pikERtsR0diustistes] dndtesvhibeétehe PreEEMIRIERTSN engine
13%0#](}%@18('3%%?? ﬁ%}élg)gg%g@egﬁjfi%g pGHe HBuirclides R acdWantng that one

software, or'em ed logic component or a combination of two or more
ofshe nulsmponiilesfainetively BwmnsnsithaisH Betwas PRI Rigs Bty adRgevery

teQRELREs MR QINEL GOPRAORNS AP sYsiemd QRasliehas MEraEybitique
178. In particular embodiments, MCH 176 |65 a northlz;‘i(%%f f%g CPU 164 .
XA EBTPCIOEBHAh P CEAfIn P8 BEIN LT pPOCEERAE T#4 Endone of triore "™

more
erREReRRAl YridRitdukt USSR st bevel 2 (dyscachecarfiboré errmone Jocal and

other components of CPU 164. In particular embqdimen i
SRR B S A Bt ar SR maste Erma
enkht: inclutesdightigighbyddsotrbhas mace demmarnahyclRn ) 2fhaccording to

SSEEL SBOUmENs s MEmR UL induten g daule data rate

emory devices separately 30 coupled to MCH 176. As an o
examplecariduset ey f Hhsratlen, Frempnbamrerrashay intlitfetihgussion

«PRRZ-A0%memopLdericeseaeh sanable.of appiaximatebnd Aikmgakyies 150,
per WO 2006/055027 PC IUS2005/01.2489 13 second per cr%gnnel.

. A p
oA TGRS FRAHCEN SR SAIONP ERET FReidoh Submistodn P adarrangters: and
m@r%?@&%tﬂﬂﬂﬁfg@gbﬁ@@mﬂﬁﬂfsdaﬁmwﬁgﬁ)?w, w’iitgﬁﬁsdmgrloup. Cluster
partlcu ar empoaim ts, NnK couples 0 a cO u e
U Rt OHE O ROTG R AP SS Rt ANEpaogd opie e
ircompondntsiffeititating BnplfoStivisen @me's@@nfﬁﬁtl@m DI Gpgpord 0 within
v%‘%‘é%ﬁz@%&o tgn%f &%&t@ysé%n %goaéﬂ&h @3 aRasied/ QIS vsing HPC

coupled to the ICH, a Gigabit Ethernet (GbE) controller or other

tEmegnet iRRTAcs Sotipletrd trdichoBrBeth A patteanse SlbotfRights2 may
r%_gé% ! %kk!% %&%HTQQ rkﬂﬂ@e&@fng RY f@@‘ll fat Q%%rﬁf@emﬁﬁt@ﬁlﬁ@fl%bjgemem
. e

_ thernet interface coupled to the ICH may facilitate
cRBRMTORTERAHISRIRUER 1A CEe4iEFa 10 baseboard management

controtier (BV € Jiaauites 16 thenkibainet (ntaifads. InSpartiontar 115 includes any

embodiments, mana}gementt?od&%% grsgltrtle%ﬁorpgonekt) ofqgfcagysg M. or
BB THERIGEYThE BFnTOTE SRR BRMES iR particufar SRS CRaES 23 fin

peotiplesibacmtharmefdhtarfacestonn eswitpls providiny acoesSliwitsionre node 115
{395, GRE MARAORMERLRONS: B 188 FONBIRS MGHEIIEAY 14 Whpuing
o“each other. In particular )

device. Node 115 has an architecture providing an integrated fabric that enables
distribution of switching functionality across nodes 115 in grid 110. In particular
embodiments, distributing such functionality across nodes 115 in grid 110 may obviate
centralized switching in grid 110, which may in tum increase fault talerange in grid 110
and enable parallel communication among nodes 115 in grid 110,

Node 115 includes two CPUs 164 and a switch (or fabric) 166. Reference to a

node 115 may encompass two CPUs 164 and a switch 166, where appropriate. Retference
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15 embodiments, bus 184 is a peripheral component interconnect (PClI)

bus 184, such. as a PCI-Express 8X bus 184 capable of communicating
“gﬁg)g)r%)%@a%ely 4 gige}bytes per seconq. Alth_ough a particulapr cquﬁsfs%?ﬁ ies?]48 o

Ilustrated and described, the present invention contemplates any suitable

bus 184. HCA 180 includes a hardware, software, or embedded logic

component or a combination of two or more such components providing

chatmel 20 based 1/0O to CPU 164. Iniqarticular embodiments, HCA 180 is

a MELLANOX InfiniBand HCA 180. In particular embodiments, HCA 180

provides a bandwidth of approximately 2.65 gigabytes per second, which

| j qigabytas -Rper brocessing element (PE) to

td;%vq%%% J?g\sfs%r%{ggg%ﬂ %%%r%&as% roxi%gg’e‘]‘&%lb%a gé%%%/%éslgglet?%}:%o %b ©an
BRI Beie /O mmm@%?ﬁim@hémw rterfhaee toewihény@otis. Two

péhsparisuiarerkadingpisnbieA K060 allows:a bandwidthsat,syiteh &ﬁ%ﬁgput to
a{lﬁ ch approximately 3,7 gigabytes per second for an approximately 13.

Ji5epel Secdhddpine TH B RS HICROf6RS FeduRouple node 115 to

maﬂmonﬁﬁan%ly feﬁ?ﬁ‘gabﬁi% st '?a@ggﬁ@rp@goﬁgal@m@éﬁ%@ 21%1?36%5 couple
I or th. a particular / IS lllustrated and

ncfgesén oo ﬁ%eﬁr%oégrmg\%%{)ﬁ)%ycgﬂ?e%%ﬁ%ﬁj%r?ﬁimﬁﬁgﬁﬂsw 166 may
eg@hctolink 16830 CouplesdtH@A dBR thia siviteh 4 G6atinlol G8d cauptesiacilitate
: - [ ' t is imary switch 166 wijth respect t
e s S TOA O R BT RRBRRLS pors
P SIS 26057022 489PtEA b oditn éhtsthed derd s 1RGIudingifIGAV180 facilitate

ircles first switehid68: Bk tb B SopPIeS HIGA %ﬁ%&é‘&%@ﬂ%ﬁfﬁ\éﬁ%mmﬁ

166 that is a secondary switch with respect to HCA 180, as describe

Ralse CEhETRe aer e HiR dirse M s HeRR H8ridol Hcl dRipRytivaiar patpodiments,
oirciudeseseeanchswitelh 166, asdessibeddelow 16 HCHREA Husialess 115
a%pmeg}%rgpll%no %%\{?ira 86 incgudiag t@/o%vgches 166 and four =~ q
OFGCESsOr S TA IR A1 66 Hihdbe BATFT SRS FEFacR rIRmE R Fesias o
hepsdaeiveothedowhichomh aydnereasedtauttiialeralfceshtinelgeipaint 186 hade 115.,
fir ' ' ir186. s not functioning, properly, a second
A A TR e RS dage 115 0
S pasic 166. myideainiie FeBERH I 65ds O Aedm ARy seocslitEn i16Hs away

freihrasnest i GRS L6 4aana 1640 antea secongarysMitah: La8 Ity 1m0 uon
respect to CPUs 164¢ and 164d. Switch 166b is a primary switch 166

2 RAH FEEpRELES E9ouss MBI thand slerier atBe e6TaRI SRS rowsmitiates any
sugggectitcRids 164a and 164b. If both. switches 166a and 116b are

functioni ly, swi provide switchi CPUs 164

e 18 L e T B R i, BB G 640 to
fﬂlfﬁk_l@‘. $M@B@\ﬁfcmm fnmi_ﬁiél_hﬁagzqod@pxailgﬁdbblﬂswitcmﬂgﬁﬁkﬁs ROfples CPU
18uyiteh 1663, 188y F%&‘féd%g%"’é%%{‘eg o5& ?9@&94&%6%&‘{%5329 described

164d. It switch 166b Is functioning properly, SWI &is not

belpvetidmg rdpeny] efirsvaie syitnhy froviteo switeHiRg fol @ RUshataaie 1153,
ad Bhel BACBREYEAY. Links44d £upleSACh NS 1 13N N0de PAIr88inand

to six nodes 115 outside node )
4X lmk capable of communicating approximately one gigabyte per second in each

divection.  Although particular links 168 are illusirated and described, the present
mvention contemplates any suitable links 168. Links 170 are VO links to node 115. A
iink 170 may include an InfiniBand 4X link capable of communicating approximately one
gigabyle per second in each direction. Although particular links 170 are iltustrated and
described, the present invention contemplates any suitable links 170. Links 172 couple

switch 166 to other switches 166 in other nodes 113, as described below, In particular
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20 pair 186 in grid 110. As an example and not by way of limitation, lint
172a at switch 166a couples node 115a to a first node 115 outside node
gir)%rSG r}}%rth of node 115ain grid 110, link 172b at switch%@ﬁa&g{g%&s@g
Node ' T5& o a second node 115 outside node pair 186 solth'of hode '

115ain grid 110, link 172c at switch 166a couples node 11 Sato a third

node 115 outside node pair 186 east of node 115a in grid 110, link 172d

at switch 25 166a couples node 1154 to a fourth node 115 outside node

pair 186 west of node 115a in grid 110, link 172e at switch 166a couples

node 115a to a fifth node 115 outside node pair 186 above node 115a in
en%'cgii]n}&!tgng ﬂg% %?ngn%lﬁ ggcglﬁﬁ?,f@me&%?ﬁé Jdgﬁalg?eaef '&grg\rﬁggﬁ:aﬁng

115 outside node pair 186 below node 115a in grid 110. In particu
appmBEaNEEH cRrie YIRSt pReorstisscrals divastion. 1 S ihdeiiisilagenies 172
arS SR QfAQ0eR JdJ:&§9e@}ﬁ%%e@&ﬂ%ﬂt%ﬁ@éﬁ%ﬂfﬁtgé%iﬁﬁﬁ&% 18ach 72,

other, As an example and not by way of limitation, links 172 at switch

166a Ay Rl B HEHE PSSR st Sbt 6F dkaitrfssi 145 Wiough an example
CPOOGI550R:41R6T AFS 20:AEtA e 418 Drdbautsideinedenpaipld6: that suitable

incl ' de 115 outside node pair 186, )
CHULLHE e ol TEB ARG 112 o dhTE Hodeo A oA Iy 17
mandey1ddht ddtsidedede pathd8e] addiiandd@eChl 5! 8ttsidanade paid E88udes a
.  Si ' de pair 186, Links 17 itch 166h
e e R DA L DA TSR e
cqsapoR@Bshat ipailicéy ambv@nthnifodeotss®oliide nbUEpAN 88I0anhprocessor

1RI9R N aderklS auisidenedenalsiat,e Hk.aade 4. 3.0uisideBote ery 3.6
pair 186, a tenth node 115 outside node pair 186, an eleventh node 115~
2igehsIie HOaesIAiINT o AT RHSHIRIFE IR Trsbuteidechp dehaRiagaapble of

a;?ﬁs&whaéé@n’vbg;og@fmﬁs apb‘f\I@é&&dgamqwiﬁ@fr%mﬁlﬁé,agﬁg@@baf 174
irst. 1 of grid 110 to a second node 115 adjacent a second.edge o
R S LA HE (BB R S OSNTe ERrrt By e & mmemory
cdimhitiitiopyccodisic effaifins tino dé shih adjaeadt altle ftidtgedf greildlandoasssor

ond node, 11 j taright fgrid 110 0 ite the .left edge
L i G, B R L L S R Sl B cscor
1'6ther such that first node 115 is east of second. node 115 and second

node g5 {gweshatlirstoLanade Al desrie g jecalicnaf firstnode Tlnicutar

relative to a location of second node 115 in_grid 110. As another example
RBALIASHS-PYF HSdaisL 15 SpEEmeETOR L AGEDFGHH 115 B Edcampble of
cé@ﬂﬁﬂ&ﬁkﬁgj@ﬁﬁ&i&&@@ﬁ@f@%%%@pﬁ %&a%os&u@lm%ﬁr@@hﬁ@gh&%@fimz is
..110. A link,172 may, couple first and second nodes 115 to each other such___
ARG T QST bACFI oG TP SROSHEAORA 1ae vCT
| Moitielofiéir stinodieald] Sotiespiterc2Btddaditrzof Jinshnode dlbaatdtiveitmat two
location of second node 1 rid 110. A nother exam

5 ) . I
O TIOIC SUGEI ﬁ?g{l%%ﬂgiei ii{i\fi?ﬁ%ﬁa&% connnumﬁ?t%%t}pgtwgeflgmce 33291’7’4 anGg one or

consider a a nt a top edge ot gri and a secon
mesel@thes wdjaceritia bolidin eryerofigiid 1Ed eppositerthenidp é8lgdofgrithuiar

erbanlink Ifg-maycounle firsiand secondnodes ke (Q.8a00 Qhunication

such that first node 115 is below second node 115 and second node 115
bRVESBRFHSADAE 4 PO RSP BIBC afisHFEIoRYsgnit 178, bus 182, a Level 2 (L2)

cache, and one or more other components of CPU 164, In particular embodiments, MCH
176 1is a LINDENHURST E7520 MCH 176. In particular embodiments, Memory unit 178
includes eight gigabytes of random access memory (RAM). In particular embodiments,
memory it 178 includes two double data rate (DDR) memory devices separately
coupled to MCH 176. As an example and not by way of limitation, memory unit 178 may
inchude two DDR2-400 memory devices each capable of approximately 3.2 Gigabytes per
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25 node 115 relative to a location of second node 115 in grid 110.
FIGURES 5A-5I) illustrate various embodiments of grid 110 in system 100

W%ngqog](%_}éigge or topology thereof. FIGURE 5A illustrates /LS2005/012489
configuration, namely a 3D Torus, of grid 110 using a plurality of node

types. For example, the illustrated node types are external I/O node, files
system (FS) server, FS metadata server, database server, and 30
compute node. FIGURE 5B iIIustrate?aan example of "folding" of grid 110.
Folding generally allows for one physical edge of grid 110 to connect to a
corresponding axial WO 2006/055027 PCT/US2005/012489 16 edge,

seté% ?ggrp%\ﬁ;%pgﬂt@o% ,'9 gééc%fa? %%% @HP Hoi%yisl‘ 1@&%@98@&%9&1&133(1,
nodes 115"are wrapped aroun to provide a near seamless topology
thearerstt by atodeotifrmRiges NotehHd xpemesy Wet any-suitable hardware

implementing any.fommsnicatioispigiackfor intersenDectngime- b (ICH)

more nodes 115. For example, node line 216 may be copper 5wire or . |
thihBIcBisice eabRs MpReRIEhtHG: @%ﬁ%%@?éﬂéwﬁmg@m@m facilitating
yenbedimeniseaononediae 24 rineikdasLnemsdnae InkPL &2 s@s 100, such as

described above. RE 5C jllustrates grid 110 with one virtual cluster..
o SR GE Ve e Yo, SARP B SRS G RGP o or
offherBtmamebiatartychl usnbed (inchediGl, zeis)tof Virtpaticlistersti2@®rimngridhe 1CH
. 110 without departipg from the scope. of thi iscl Virtyal «
g O T Fhernc
inrafasragnpiecdsirtu sl | listernp0 fraljtie assubisdtinihosivecrasBardrtl and 2

DR P S SNy Al QRANY) ARG AT QN RHRT HiSEFSCl ki 40, S UMt cutar
similar jobs 150. Virtual cluster 220 may be any shaﬁg and include an

, any
eIRRABRFGT. FoReseTen Witin Grier 2T5T dHBeBcHANS ifusitey Wihipgiudes one

ot Mstekd20aRetudas saphatadityabpiysically neighhgiingibriedas 1kbsface to a

cluster 220 may be a distributed cé,%?‘cer of logicall rstlated nodes 115
BB 8 ASEREL I BT m%%%%%%ﬁﬁ&y Ye allocated at any

approptiatesimenpbrsekattipld, 7duster 220 may b atedatetheiponin particular
npiazaton olsystell 30,8560 o ARG R ML PPUAN I, o

may be ayhamlcal y allotated base , for example, on changed server 102
P20 Rapxdss NiGréwvet Sdiranbidie stéreponvrgatidn gerieshaist ahdzgiglytes per

QuEIime o qaickly fespendda ehanging requesisi 4eman 8eafdsent mvention
situations. For example, virtual cluster 220 may be dynamically changed

. - : ayna hang ;
Ry FTRRIE R BB AR BRI S 0B d APSPRbdes P reeptoRaERte gT ombedded
1bailvegabshspcond padeidtbonseviedslyhert efalusien3réhtinmesHaity chamel-
embaodiments, clusters 220 may share nodes 115 ocessing requires.
OFRBrticLér 28 LiBocimBnte LEHAH FEPELE ik AMoatb ond o igre - NOX
InfittiRhciusiers 220 tdonerteuorenjalisnifisacbordingitopmasdbedulimgiwidth of
algorithm, a %escri ed below, FIGU D illu es various | L?§%gc Subs
S R S o A B RARHRATY PRE e
r@aneraliyipjptepatd BR0dswiset bithides!a 135wvitdinppieialeilis@iiapegabytes
SAyramicaly. allgeated . compIiRFeasivey iob A80mEyRisalLdNeredR: VO, In
particular embodiments, HCA 180 allows a bandwidth at switch 166 to reach
approximately 3.7 gigabytes per second for an approximately 13.6 gigaflops per second
peak, an /O rate at switch 166 to reach approximately 50 megabytes per gigafiop for
approximately 0.27 bytes per flop, or both, Although a particular HCA 180 is illustrated
and described, the present invention contemplates any suitable HCA 18C. Each link 168
couples HCA 180 to a switch 166. Link 168a couples HCA 180 to a first swiich 166 that

is a primary switch 166 with respect to HCA 180, as described below. In particular
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30 one job space 230 per executing job 150 and vice versa, but job
spaces 230 may share nodes 115 without departing from the scope of the
\\%fz%lo% W g’ he dimensions of jqb WO 2006/055027 PCT/U?EQ%%%@‘EQW
space 230 may be manually input by the user or administrator or
dynamically determined based on job parameters, policies, and/or any
other suitable characteristic. In particular embodiments, scheduler 515
may determine one or more dimensigns of a job space 230 according to a
scheduling algorithm, as described below. 5 FIGURES 6A-6B illustrate
various embodiments of a management graphical user interface 400 in

rRASSRIANCE VA e SYRIRR 100, PR MARAERMENLE YSAOPIK 168 couples

_presented to client 120 using GUI 126. in general, management GUT 400
Higfed8At 4 srsnatyssisiaHeybridntiftepacave Seeb g Breiaprhas i-a 180, as
deRysiRnREministraiarand/gnshaaiaty, afjel-submissiomairofte Seeatudes

to a_user. These screens or displays are 10 comprised of graphical

SeEpmfh EMEE R 488 raB SIIHPSAAF18Ts views of collected information. For
exanqIeU G 4R smayspie st gl displaydf theodhysidalchealtewafged 166 and
110 (illustrated, .in FIGURE 6A) or the logical allocation or opolo of

SR SRR b A e

otbxampledisplay ot 08a. (B playr40Qaameyi snohird 361 STindolrsatieich 166 in node

pa?qu%%r'itsegottofgﬁ%t%%mg:%ﬁ %H&f o LUESINGIM DARAGING NAJES: %%%ﬂ?fpmvide

lllustrated embodiment includés a standard web browser with a logical =
swiittne foralsdpaeAShot Binpdd 140 1For Exantlsieathispictuiiein a§eprovieiémary
stiePhsicahsiaisobarie 14 10sand dhe somponentnesesdAsh Fach RIS pect

115 maybe one of an Num?er of colors, with each color representing
to/ahbad Samyd Esidexaiiiste | 80mifcd OB £ Rhy B HER TSR URIZE b 640
ardlll0Gatednaogeckbbdnayshediacic ancharsypallecaletnode i magpberf both

shaded. Further, display 400a may allow the administrator to move the . .
e U B HE AU L B, ot TS AROLE S g
CBLis. e endriiple athiesadnhinistratory prayibe spresengsthwitinidrmation 64d. i

WY &"rkoﬂﬁz"t’;%‘{ﬁ"'?ﬂ' Yriy PIRESTIRL Yilgallon, "MEMONs. may provid
° u_t]‘i:ﬁ!ézilatﬁan,'}"tem%leratl% &'gpm/sicaﬁocat%on," an‘g :'aédress.;l' Of'25?m§ Froviee
sEdehug thiesE did frierd ftbxiiiplaealdfields andanioapptdprrtening properly,
bRIWSIEA R5doaiGRE @@Q@mmﬁggﬂaﬁa&w@e Hisplavfortheadministrater. crus

Display 400a may also allow the administrator to rotate the view of grid
169 HBe it 3Ry Bfler suitable function. FIGURE 6B illustrates example

displayife0lrDisphy 4A0kpiesentmanvieneF pietusesiaf thadogicabstate node

of qréd 100..&#@6lluﬂated embedim. nt presents tp vigt al %OTCIW er %20 ich
Pifiocated Within grid 70 SRSy H00H firtn&Fa SpiayETWE exXmpie’idh

16fracespRBOnatlioddte: withifirstustés 220 fotsekecutingaoneSommdrefolisld 3052 m
oFiSP1RY 40P W0, 2000105802 L Bl 4%%599%%2;&4?@%?“1 DAY AW NG, node

administrator to move the pointer‘over graphical virtual cluster to view
pair 186 south of node 115a in grid 110, link 172¢ at switch 166a couples node 115at0 a
third node 115 outside node pair 186 east of node 1152 in grid 110, link 1724 at switch
166a couples node 1153 to a fourth node 115 outside node pair 186 west of node 115a in
grid 110, link 172e at switch 166a couples node 115z to a fitth node 115 outside node pair

186 above node 115z m grid 110, and link 1721 at switch 166a couples node 115a to a
sixth node 115 outside node pair 186 below node 115a in grid 110, In particular
embodiments, links 172 couple nodes 1152 and 115b in node pair 186 i sets of nodes 115
outside node pair 186 that are different from each other. As an example and not by way of

limitation, links 172 at switch 166a may couple node 115a to a first set of six nodes 115
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the Number of nodes 115 grouped by various statuses (such as allocated
or unallocated). Further, the administrator may move the pointer over one
W(g %Q{}e(j/‘l]%?(} paces 230 such that suitable job. informati(?n is Qfﬁf’/%@&ﬁ%nﬁ%sg
example, the administrator may be able to view 5 the job name, start time,
Number of nodes, estimated. end time, processor usage, I/0 usage, and
others. It will be understood that management GUI 126 (represented
above by example displays 400a an95-400b, respectively) is for illustration
purposes only and may include none, some, or all of the illustrated
graphical elements as well as additional management 10 elements not

O&Eiﬁlé"ﬂo% géﬂRl%(? tﬂ%ﬂﬁ%&%ﬁr@ﬂ@@gﬁg%h?!ﬁ'e“%ﬁ%gl |m?§n)? ’%(‘:?é‘éond node

engine , In accordance with system .Inthis em uster

U arisgderaniecpiing3¢30 fefuads d biuvalmdonsdp-pabdliiés afourth node 115
oROPRANRYS: ARYSICALMARRIE! AR« M WAL AYET 24 O saeheduier 131 Ruside

and local memory or variables 520, 15 Physical manaqgr 505 is any

oS d Sfoglihivia, BFithdPFhdatTe o pRBRIS TRt ifRPoRg st of six
ngysicalealth efdeapionssrodesiddbdand affeativaimarmganedesdid hair 186,
based on this.determined health, Physical m r may,use this data_to
D e B TR A et T e (B T Dol T8\ et
nataboslimehis physipai TH agetesaBlisicaerhhiunicadiycderpiid] 5 amd a twelfth
e grﬂg%%l%g%%gsjp%, 1%%9h residing on one node 115. As 20 described
X .

ove, agents gather and communicate at least physical information

to mihpgerses cphydinwrmantiger GO Tas Rl fur st bpérdbleadacent a first

| e%éa@\%&mqq@e@@@écmn@aéﬁq@ Asministiatonatalient 120 Via BetNerkine first

tual manager 510 is any software, logic, firmware, or other module

$5erd| ST ARSI INRISHS DD RHAB: tFRPRiE 4 Lk nddeiiiacent 2
1ekl&ideenerally) vistiid seanagesde 515k ioks a logicaliseprosentatiaiedsite the

de 115 with t hysical status of 115. daont inks,
R e 1 O goiel T B B B M Lo e ther
swa_ri@uasﬁn:ktangbslﬂcﬁttmmtdﬁsten&&ﬁﬁées_&w aslingesponsk tbiﬁ_dsj@vest of first
n{)ﬁ'éuf‘fﬁ%%r}ﬁﬁ%%e&é% ?{oﬁsoefr{ﬂ?ﬂé’c%% f?&é’i‘&%@%%& q HEGRreeessin
anager 16 e

%node 115 m
Irtual m may also communicate the status of virtua uster

gddQ 18uchsasethell ssaradenedsiiasire sededutrGast efapleds of grid 110
Ay %%E&Bax%@”ﬂ%oicﬁéﬁl%ﬁ%lﬁ% éHggL!ﬁUgerﬂi H%Qﬁ@ﬁ?é&%%?&@ J}%Q§ of grid

150. Virtual manager may further determine the compatibility

of job

1804V AT SRBks S P oeress 0D BTty g}@.ﬁﬁé@%@e
1anes cemmumisaiedhisihiommatics-iaseheduler &bl efigithode 115, despite a
embodiments, virtual _manager 510 maybe an object representing an
AT TS Ao a0 SIS Sl SSHEEG HaatbrEte 110. A ye
amodnagemert eominde 30fincluctesidheithden 516 Sdiedileid 1B incudescond
ahar e, SOft or em lggic component or one or orey. 1
O S L L B0 e 2 0 v 172

ngsheetutindislgerthsacandpartien (B el bodinérs sudh 8udI8r 5 1548 Al5lug below
sHoM RBEUCHIANand second node 115 is above first node 15, despite a location of first

node 115 relative to a location of second node 115 in grid 110

FIGURES 5A-5D illustrate various embodiments of grid 110 in gystem 100 and
the usage or topology thereof. FIGURE 3A illustrates one configuration, namely a 3D
Torus, of grid 110 using a plurality of node types. For example, the illustrated node types
are external /O node, files system (FS) server, FS metadata server, database server, and
compute node. FIGURE 5B illustrates an ef:ample of “folding” of grid 110. Folding

generally allows for one physical edge of grid 110 to connect to a corresponding axial
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embodiments, in response to cluster management engine 130 receiving a
job 150, cluster management engine 130 calls scheduler 515 to allocate
nodes 515 to job 150. In particular embodiment Fen_
C u%’t%d%n%ggngagement engine 130 calls scheduler 515 to 10 alf?)%}g Eone e
more nodes 515 to a job 150, cluster management engine 130 identifies to
scheduler 515 nodes 115 in grid 110 available for allocation to job 150. As
an example and not by way of limitation, when cluster management
engine 130 calls scheduler 515 to allocate one or more nodes 115 to a
job 150, cluster management engine 130 may communicate to scheduler
515.a list of all.nodes in.Qri abhle I i '
o R B G g, node
11§chedukmsd Braondlloceneyisise gernsramistetynalsdn WieBcL By »ARAF Hoe 216.

NOIWTHRes Of RRder %ﬁf AalabIRar Al Realen-iHe.dy B areaiesdhamBlocol

equal to a Number of nodes 115 requested for job 150. As described
fopBive T HRIE T SnBIERMAEs! GHd eI FIOERKy SO tHBRSLN AP copper
witerds ghawilahes.dR6iepthneatintediateur Gl 164 reehatiylerbdbiments, a

logjcally configyres grid 110 as a torus of nodes.115. A torus of size [X, y,
mﬁ?fiWﬁé%génf fﬁr%?o%g%(&e %Ig%{{&%% Eﬁﬁgé)eﬁlf Urations: [4x,y,z},

[, 4yFalRY: 4%, {2usRyiaf, g8,y 12z aindnf oyRyu2iz ki vMiee A4 hibokaier 54Bhin it.
llocates qne or.more nodes 115 to a jo C ler, -
R N R A
zehaperfacerdaP Wlisterstahelaird fmidcdhimuiisatiotenriorg fnoclusesdpegof this

il 20 *maaaﬁi%m@{memogimg%gﬁ ¥ wer 1p assignsianMBelBankelated

~to each node 115 allocated to a jo . For ajob 150 including N
joprd¥ssBer senBRigertsY AeURyHL A UAIghR tRYECRENK BRRTESAISEY D, 2
ddNadimachprasass: JaLommybicalieAliRessageigiaddirstpeessn jolirtual
150, a second process in job 150 may speci Rank of 30 the first .
Ll BRIRFIT Yo ARSI FR%R RS a@‘ﬁﬁ%ﬁ%‘gﬁrg? Wé@és}é‘?n‘glﬁ%ﬁ £ 110
Iiﬁéé@\ﬂﬁ@ﬁﬂﬁ%@ﬁﬂ \Eﬁiﬁl@ﬁ}g&@mﬁé&@eﬁa pbcohy pi@ﬁ@SEhﬁ?&i@@boﬁng
n&qu ﬁge&l‘f%tar %E& Iki‘lgf %heeafggwgtcg%%' %e%ho%qg élg%aﬁore@t@é 1%§%Sq%fﬁn§perable
One or more broadcast groups each fagﬁltatlng ommunication o
topessaged fAdm processes in the broadcast group to all other processes

in thebroadcast groun, TORLeSRIVER MeaSa0e:H0m:R fifst PFAFeSSIRR, cluster

broadcastc%roup, a second process in the g%roadcast group may speci

2 MermrozacatgrsbisnPrpRitielifal ein BN Bt CchRatidPs I5 R g8 Startup
pihree types ehjestesism SRt alocaampact,’ R anyic, Raferenceaiteeaver 102
“request” encgmpa%f/%%ﬁa%fb 50, where 6%% riate, and vice \é,ersa, il
“Sffird SEROTAE W RN QLIRS Job a0 BRI Qe oy, auiels
rdieniber thaysspesifisestequashitipend dispatiall. réguestenty mpasses:ater 220
P £ &5%1%%%@“%9 ?%‘?%%h@& L Clasy | &%é%%o%ﬂ% '\eﬁﬁ)'c%f’%ﬁ"ﬁ%%%‘ Rie 115 in
assumes a spa ral “réfations ip among processes in a job 150. Weather _
raviodetstare failexariplecfoprovtss 1@, jptywisosinchading alwtsathey mderrtan
eﬂﬁoﬁi&%ﬁ%&rcﬁggte@ayﬁsﬁ% tgﬁ%l%@@@gl & 'grocessing requires. In particular
embodiments, scheduler 515 may allocate one or more virfual clusters 220 to one or more
jobs 150 according to a scheduling algorithm, as described below.
FIGURE 5D illustrates various job spaces, 230a and 230b respectively, allocated
within example virtual cluster 220, Generally, job space 230 is a set of nodes 115 within
virtual cluster 220 dynamically allocated to complete received job 150. Typically, there is

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

nodes 115 without departing from the scope of the disclosure. The dimensions of job
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" encompassing longitude and latitude (or a similar coordinate system) to
partition the surface of the earth and divides the time period into discrete
\n;énz%o( ?‘{%i ﬁach process of 15 job 150 models the weather fg&%&%tjﬁ%ﬁ%

aréa. Af the beginning of each time step, the process exchange
boundary values with each of four other processes neighboring the
process and then computes weather for the particular area. To process a
job 150 including a weather model, HPC server 102 may use a three
dimensional grid encompassing longitude, latitude, and altitude (or a
similar coordinate system) instead of a two 20 dimensional grid to

spgge”igﬁn th Surf%?&aﬁf g hihe':: 8&6%%1‘,\4 1%%%“9 ?tb " a%HIEHﬂ Bctermined

spatl IOI’l pa cessesinajo a use may re uest a,
bagddlen{BdR, svsa@tetsn@abslq%q@pwms@em silihde ehmegiosics Brearticular

erEAIRERAR ARG hes 1eaueslisatie e dipensianalreauest: if ans:oifhe 230

dimensions S is equal to one, the request is a two dimensional request. If

acﬁf\?%ﬁtﬁ@?ﬁ*ﬁﬁﬂ%ﬁ%@ﬁ%@%%aw helotfe request is a one
dimepgnnakregueast. foalipcateifadeshddmiarthe reauastesenedtieridsliser

e T ST AR st AW ohife ediinent 50 oo i

plestinet oz elienaric Sxisinis GEWEEN ZerganthSynanganistebiiéetd2enesents a
vE % nIa%Q'é’I%%t% Nodes Lo 0.2 %V%O@.;\‘A%'Te” onal Le %? %a%rtﬁ%h]?acq!§'l%nd/or a
tollows:

may ma spa ial coordinates to
vgigty of [ivparticalsriembodinidntesresthap spatal W@@O%ﬁ@ﬁ%@zﬂmﬁa}’s are

cdjngﬂ dpgP %&gﬁsée%ln&%g%ﬁ@i&o%kﬁé%e%Wﬁéc@é@1ﬂf§£matlon

increments along a z axis of grl 110, then increments alon g C%/Iaxs

FefiFaDicaRl IR evarsats afbmiesvsdesi srigh s 10 (illustrated

PCRIIRCIRI e adh dneeleciasumPtioneeaidingsehedules 548 mangingrated
]ggatlal coordinates to MPI Rank, e.g., first incrementing along an x axis of
i

?ﬁ n 5 incrementing along a y axis of grid 110, and then
mcreﬁ‘iemm aenglaugaxis @Rgﬁﬂl&l@splﬂyst@()manﬁgﬂ]mnﬁé@lgInﬁi‘jBOinclade

f PﬁaE%{SEe”&g%fE?%”?GSt%d 98, 19040 Q%CE‘ N 33%& 1085F c%%( 4 The
g%: request encompasses a Jo not ESCI’I §’pat|a
ﬂsahetdélemm:way aiitedne mdesi@meba‘@@ﬁﬁﬁacm@eéqm%mﬁm@ or

s@éaﬁﬁmmemmum%@@%% disteneR o ?ppfeu@i)tﬁ@mena@%&w grid

of nodes 115 allocated to the co q% act reques An "any" request

1 Ehepfripassevanel 1eterdddinfgiacs o mesrBrovessl éamwheaﬁéﬁom

waghees! @ﬁ&%lgﬁﬁ@gr@mcﬁﬁcﬁ@%t% ﬁ%@@@ﬁﬁdblé torsadishoan iaBMf’zhav be red, a
requ uch a job 150 provi cheduler 150 ortunlt to fi
e 5 A Ao MATBR G F O T WG GBI f Fadec.

FifReto dhl@ﬁ}seﬂiar heg, aﬁmmuﬁer mmg&mpemﬁwaa ta@grnesmvexﬁag)m of the
ARk I particular embodiments, sAgaiessive fagds Alpaing; BNl waior

Between z6ro an&so% Slc c Ing a degree o I&ew y allotte
nsghdotulereSatetdr w&kpo@émaﬂ@cammme‘slmiﬁ’io jébazlémhmhlghe‘mﬁssor
u{}kwﬂ’giﬁmﬂﬁﬁtion,” “temperature,” “physical location,” and “address.” Of
course, these are merely example data fields and any appropriate physical or logical node
information may be display for the administrator. Display 400a may also allow the
administrator to rotate the view of grid 110 or perform any other suitable function.

FIGURE 6B illustrates example dispiay 400b. Display 400b presents a view or
picture of the logical state of grid 100. The illustrated embodiment presents the virtual
cluster 220 allocated within grid 110. Display 400b further displays two example job

spaces 230 allocate within cluster 220 for executing one or more jobs 150, Display 400b
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515 more leeway than. a lower Number does. If a user submits a spatial
request to HPC 20 server 102 and sets an aggressive flag on the spatial

W[S%e(%%sl%z%ero, scheduler 515 schedules job 150 only if “%@?&%ﬁo%zm
AVallable to accommodate the spatial request. In particular em{)o Iments,
if a user submits a spatial request to HPC server 102 and sets an
aggressive flag on the spatial request to a Number greater than zero,
scheduler 515 tries to accommodate, the spatial request, but, if scheduler
515 cannot accommodate the spatial 25 request, schedules job 150 as a
compact request. In particular embodiments, a compact request may

nfl AN iEdegcouns ReteeRRRLE QLIARRAAS AlORYRAIO 196 o view
compact request. Scheduler 150 can always accommodate such a

theetjumdichecandes S gesnrBdyy aso0es elystes ivaragembrehgihamedgcated).
FERIS sehedian 2ol aNumbenok-nades h1% pyrilablefaraliacation tha:

is greater than or equal to a Number of nodes 115 30 requested. In o
sysieRie dekr BfoTssirRe A I e5iT s g reds e Rl GRe L SO I ForE e able to view
16 MBS INOZQ) IOBB O REIEAISIDRRID 224 80 =28 liBailsomReR:, O usage,

counts between pairs of nodes 115 allocated to the compact request. In

%We’égmbodiments, the limit on hop counts may equal 1 , where a is the

aggrdssie Hagadbraidndoiriicularagminadifights) Whemelaster above by example

management ine 130 calls.scheduler. 515.to allo 0ne.or ma :
R T g e RIS R T2 BRARE R AT gnctuce
néolowing. inpel ©f ehdtslerisl SraviNuinbenetncdesll 15 pegiimstegnanagement
elr&gé{ﬁ%g{@&;}@nsize of j'ob 150; an.aggressive flag on job 15(?; a

switch-based size of grid 310 (which scheduler 515 later adjusts to _ . .

deterfiAE BINGdB BEEEe 26 SrkdiTes|; o NiserooRIfsaRE Y B555 130, in
2SWHER 66 (Whicheln Radicular gmbadinanisyequaltfomn: adiwnbenghe 130

. hodes 115 ayailable for allgcation to job 150; and identificatign, of one or 4
A BV 5 PV 5 RO 1 EH ot (0 A rop e g
5 eXxarripléyier Kt ofall inodeschithsavarabiglefof Zllocation to job 150). In
particylar embodime RequestedN indi  the Number. of n
S rel e o A S PR IR TS apeBie o
debehriohdribl b gsmal drealll indivaiesthediz e bF joi 156 AyYiessiwaRiagpdes 115
vipdicaiesiihe «agarasRivaLag, %ﬁtﬁ)ﬁz;ﬂ‘s Qlaﬁg%ézsl\?i% Wbichinglydes aéf%ntly

indicates the switch-based 15 size of grid 110, NodesPerSwitch indicates
deEigmBKY GFHEAAS 195 Pdr SwiteiFs1 66 R R EENBH LT R e 8 505 18
DHumbatsinedaschile available for allecation te:jobrdb@inanth one node 115, As

FreeNodeList (which includes an array%llix(tj}entifies one or more nﬁde 115%, .
IEFAIRIIS IO “alf§ERTorrto BB 567 I BEHETSH Erfib St S Fih g omaton o
neehedt rb hedbddutes dar Atfempt$eaiasthedulepi?0 @ pimibMicate alerts to a
sgheduler 515 provid 1%%%0440\{\{%@ G%Jg%l: identification of nodes 115
sgisea e%p% fg(r)c(gﬁc as a list of nodes 115 allocated to job 150); an.

MP| Réinusfmeagenbbieialiovaetiverfolp 250 famt arsettnibealuedntlicatriyle to
L peheduists 1o sl 6iab dA00 (2l e e gl b akp Al Dfbual manager

schedulefob 150, or (3) scheduler 515 can
510 links & logical representation of node 115 with the physical status of node 115. Based

on these links, virtual manager 510 may generate virfual clusters 220 and process various
changes to these clusters 220, such as in response to node failure or a (system or user)
request for increased HPC processing. Virtual manager 510 may also communicate the
status of virtual cluster 220, such as unallocated nodes 115, to scheduler 515 1o enable
dynamic backfilling of unexecuted, or queued, HPC processes and jobs 150, Virtnal
manager 510 may further determine the compatibility of job 150 with particular nodes 115
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never schedule job 1.50. 25 In particular embodiments, to allocate nodes
115 to a job 150, scheduler 515 first initializes variables for scheduling job

W%S%ﬂ%@ggghedules job 150 according to the‘ variables, an%@ﬁ%zm;sun.mw
converts the schedule (or results) for processing at cluster management

engine 130. Three variables-SpatialAllowed, CompactAllowed, and
AnyAllowed- indicate allowed types of scheduling. Scheduler 515 may use
the following example logic 30 to initiglize SpatialAllowed,
CompactAllowed, and AnyAllowed: 2006/055027
PCT/US2005/012489 23 (r) If the NodesRequested = 1 o SpatialAllowed

= False o0 Co ctAllowed.= Fals weg = 5 . .
R QU ST b o S8, vira
mEgdger Bl ff ngghessivbRigergsabngpacilivited ¥invaeltgs Hle

CompagtAliowed sl-alsaklsel R eotgsted YRR mCORAG RS scheduler 515,

SpatialAllowed = False o CompactAllowed = True 15 o AnyAllowed =

Seherdger=fda m@a%gtéaeﬁyﬁéez sgﬁyaées%ﬁg]hqmaogg%}@mm or one or
moRRpactAlawadTE alsean Anydlipaed H TikejdtkInJoasticsiais to a scheduling

empodiments, scheduler 513.orients a.switch-hased size of grid 110to .
TR ol b RGO ST G116 BETSIE stmeh b O of e
e}ilﬂx@dﬁmmggl\ﬂgres@mmdrmhgtéesrmnagﬂrgm)timd'_gia@e@ﬂwrgmﬁng-baﬁedﬁzemster
~2hgnd 110 oren tg]fai i atggz'é"r@f‘ar dimension; Qég#&%r%]n%é’e%@[% 0 job 150,

smaller dimensions of grid M. Scheduler 515 applies TorusMap to all
Imperssudaseigbadifiedin PlesNbeétigeanesmertorigMapd fiwiich gheduler 515 to

alclges A0 Aty hisiandiverse of Tasusiian. ﬁ%g&ﬁ%%ﬁ%ﬁéi APRILS fies to

InverseTorusMap to a list of nodes 115 allocated to a job 150 before

sepedriing ithaaksst [Ausermathgerleie Bagtecain by Sfoéelsinyg, Bseapmple

aRXapIRle RndJTetyEy ohbmiabien nbehistetMARRYENE BAGNGRIBO515 to
ommunicates a switch-based torus size of 14x16x15 to scheduler, 515,
g e T

RFFEGINBY S5 BTNz 1 1208711 T Sl RBREEE 1o e %

communicate to scheduler 515 a list of all node;; 115 m grid 110 available for allecation to
job 15Q. In particular embodiments, cluster management engine 130 calls scheduler 515
{o allocate one or more nodes 115 to a job 150 only if a Number of nodes 115 available for
allocation to job 150 is greater than or equal to a Number of nodes 115 requested for job
150.

As described above, in particular embodiments, grid 110 is a three dimensional

torus of switches 166 each coupled to four CPUs 164. Scheduler 515 logically configures
grid 110 as a torus of nodes 115, A torus of size [x, y,z] switches 166 provides six
possible logical configurafions: [43:, y,z}, [x,4y,z], [x, y,-ﬁ%z], {2};,2_3},2]_\ [Zx, y,EzE, and
[x,Z y,QZ]. When scheduler 515 allocates one or more nodes 115 t0 a job 150, scheduler
515 may select a logical configuration best suited to job 150,

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

the first process. Similarly, to receive a message from a first process in a job 130, a
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30 becomes 16 x15x14 and, for a node 155 in FreeNodeList having
indices {x, y,z}, the indices of node 1.55 after scheduler 515 applies
TorusMap are {y, z,x}. The InverseTorusMap for the above i
wﬂ?ﬁ%’ﬁﬂéﬁ%articulw embodiments, NumMapDimensions ingﬁﬁ%@?@sﬁlmw
Number of dimensions for modification when converting a switch-based
torus to a node-based torus. 35 MapDnnsions[2] and MapMod[2] provide
indices of the dimensions for modificljae{}ion and respective multipliers of the
dimensions for modification. Scheduféer 515 may multiply WO

2006/055027 PCT/US2005/012459 24 one of the dimensions for

modification by. four or multiply each of two. of t imension I
SO By 0L Gy EA Bt s SFhch o peagiler, 150 may
algppbfiandithen modifiesdsizeoftietohubicitititing deseribudaiote Ahggssages

SWighes.aceoidl et o 1R HRIE MINeS RGN Ricast group. T
ﬁ(ﬂ% ﬂ%“&*?%él?vgﬁic g?ﬁﬂ%ﬁg%&%ﬁ to apply.%}ln particular embo%&}?ng?lsl? °
reegiveduieSEcaliplics Gre GFEIRdTe GcbRTedcas alsBniatitiiadomocess m the

bRAHesLiggeneralisadstobmeshes gatisfying the request. A mesh
includes a box embedded in grid 110. A start pmp@%Sx Sy,Sz4, and an. o
end gBirarfiesaE oA ERiTe STHFESHT AeS §p§'mﬁ? oREBr Morgduests:
“simensienmifdhe mashinas & Stashpoiotgheatesthananesspaiptin hewhere
one or more dimensions. As an example 10 not by way.of limitati ;
RSB R ATt BT TS PR A o B B B i P
seang | dimbasionsndy ppitiipe ywaiesntypi 1A0 vesidBsriveesomavaimsings a job

I@eégsyn%%( ?gét? ], [352 Stadf<erEiANY 9P Zpfzhihltersaheduletyatia
15 generates a list of meshes satistying the request, scheduler 515
refetpstipougPrenerdietseastioseibdlilr Westemmiel ainesrgmpie 1o processa

jotchedylablawith respest inRaetafmades 1 avallable fordd aliosatian grid

to the request. Generalla/, a three dimensignal request tends to result in . "
eRGRUPESISS SRELHAN GRALFRATESIOR M i TR A e SRR e Ry S g5 00n the
sWEsLd dn tens.ef meshrsdsatislying theisequestiend-aianestipaeriicnakocess of
. requyest tends to resylt in. hundreds of meshes .satisfying the.request. In
T B AR E AT B Coreah Fo Rt hrE A p, he
parctsseexdimensibraldayuestits mikisde of Nombérofimeskss satigfingg the

the 20 request. T igli ' - in . ti ; i
eSS A len e sl g ploraios 0 s
aaxferthed medskisBswieres! 18 emasgride £106ca DReREigRAtiGPeEFPassing

1REgs L 1 nRehedulerfiadnaps I9bsiRRsothatiadasisel pwilghes 466 two
ingrid 110 is an unused dlmenpsmn. Scheduler 515 then folds job 150
dipsigonhigeld fa e iienite PR $HEFSHTE; in particular embodiments,

the follewingvappligsitatonsdimensignahreduasishiumitapDimensions a job
lg(}? EILVI Sspelx?lga%p ?’é%?lggl E %ﬁ%@p ;S.”Q,] %5',%%”[011] ?xo%ies 115 for job 150. If all the
dimensions S are greater than one, the request is a three dimensional request. If one of the
dimensions S is equal to one, the request is a two dimensional request. If two of the
dimensions S are equal to one, the request is a one dimensional request. To allocate nodes
115 to the request, scheduler 150 may map spatial coordinates to MPI Rank as follows:
[x,v,2] = xx SyxSz+yxSz+z. Sx, Sy, and Sz indicate a size of the request, x is
between zero and Sx, y is between zero and Sy, and z is between zero and Sz. To allocaie

nodes 115 to a two dimensional request, scheduter 150 may map spafial coordinates to

MPI Rank as follows: [x,»]— xxS8y+y. In particnlar embodiments, to map spatial
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30 MapMod[0] = 2 WO 2006/055027 PCT/US2005/012489 25 MapMod]l]
= 2 [n] indicate a one dimensional array having an index ranging from 0 to

< h appropriate. As an example and not by way of limitation, a =

“gﬂ@% c?g(r)r%sponds to a[0] =4, a[i] =6, and a[2] = 2, Wherep%ft){%%}ﬁggel??q

In particular embodiments, scheduler 51.5 may also set ay axis and a z
axis of switches 166 in grid 110 to a 2 x 2 configuration of nodes 115 to
initialize variables for scheduling a t\%) dimensional request. In particular
embodiments, scheduler 515 folds a“two dimensional requests into a
third, unused dimension to generate a more compact shape for

coliediling BEEAUSE ARy such folds, may.be. g%?rg?l'gaszcgﬁ%%%é&?zo, then

may select a 10 configuration (which may be different¥roma 2 x

IEBHHGT AlRNE SphorRel 1) katabiverdres angriamen dNumssisoffgrch1 10. To
adelgienShe ditleriRd Ry SheskRACh Qfsioseinle, LoNfgyrations for anasa
r

W ‘dimensii)ﬁ{gll request and_calculate a Number of possible folds fo

t \ _
COPEURBITH K poSEMte oGt ARGH B HUAr Bribddlimantsrid 110, then
inschediieg b seleaissaoQaafigluadian o wingra-arRateRicN U Rl Qff orid 110,
o Sc%grsible fo(l%ic,. Itnega'rﬁie(::%aﬂ %mbrodeirrgents, in %L ;}Q}%(fgnt of actﬂlie1 beﬁti/\f/;een

Wo 1 X 4 configurations, sehedurers 5 FrarLg RE ‘P geduler 515 as, e.g,

{&o@ﬁ@&r}ation modifying the z axis and then selects the 1 x 4 configuration

modiggg the g”axis. In particular embodiments, in the event of a tie

betw&en S PR CSARTISTSTEHECS 2R dofmRirdfshstieatifys & cheduler
5 Setenysitve2x Acclenfigtnatiotoripfeartigusr tembodimenisatnthe evenhefiétion

Ay tween two o re 2 x 2 configurations, scheduler 20 515 first
R R R ey Tl PSR i, SEBeS fgoest
Ap x“angonfigiestionneselifrreg the jolnd Haxegpaing therselectadthénBxrocess
cRtighualion madiviag {86 X,0dy3x8S, @_@{%ﬂ@ﬁd‘é@ PRINENRey an any

scheduler 515 initializes variables for scheduling a. three dimensional
regiRtie st sdrBdaRPEYBITGEeIRIEANZe sarBpssIEY schidoigesuliiog from
freinensionakrequest, except that a three dimensional request allows six

25 orjentations (or rotations) that are each unique with respect to each

other MSTRAd'SF SSRGS >h Bariculs &b Etittsits e mitan specify an
agmetableslfer scheduiog & qomipakt regbesin sehedulgeRtSadliplRS. 8 ating-
is.0f t ompact request by four tg.generate a Ix.4 configuration.
P%%isnl\gnan%g&%eco%eﬁ g%?rgtigﬁtgl%rg;éé%%%gc% r%% pact & qUEst ?’a%#ﬂ%?g S Sehgfuler
5801afl piodessd 06 dbuptow tardeswitHol BG dlffcatedighthéNeorpagives scheduler

sTequsstauichdn um Wo 2096/025027 1%’%11@9&%%%3{%%%@@%%%&;&%%oe%zpc

fragmentation at switch points in grid 110. In particu Iments
Seg¥Fe dbife A1 155 AN SR AETRTEIAT 2688, AR able sPeHEC Fradain tpareemysebadist. 515

sohepardition issa smalesbmeshsneludingsll Rodeshhingridlldayalane m
pe]:r%rouiar embodiments, if a user submits a gpatial request to HPC server 102 and sets an
aggressive flag on the spatial request to & Number greater than zero, scheduler 515 tries to
accommodate the spatial request, but, if scheduler 515 cannot accommodate the spatial
request, schedules job 150 as a compact request. In particular embodiments, a compact
request may allow unlimited hop counts between pairs of nodes 115 aliccated to the
compact request, Scheduler 150 can always accommodate such a request because, as
described above, cluster management engine 130 calls scheduler 515 only if a Nurmber of
nodes 115 available for allocation is greater than or equal to a Number of nodes 115

requested. In particular embodiments, an aggressive flag on a compact request indicates a
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scheduling. PartStart[3] indicates a start coordinate of the partition,
PartEnd[3] indicates 5 an end coordinate of the partition, PartSize[3]

“jB @%}g%ﬁ_fsize of the partition, and PartWraps|[3] indicates gﬁgq)& 489
partition wraps. Scheduler 515 may construct a partition to reduce lengths

of searches for nodes 115 satisfying a request. A partition may be much
smaller than grid 110. For i = 0, 1, and 2, PartStart[i] includes a minimum
of all possible i coordinates in Freel\é sh (which includes an array) and
PartEnd[i] includes a 10 maximum of all possible i coordinates in
FreeMesh. PartSize[i] = ParteEnd]i] - PartStart[i] + 1. If PartSize[i] equals

imPisBigeil.Raniansikis Triguachedlerala sefs Nf&%@%&u@é{hi‘i& such

includes an array) to NODE-NOT-IN-USE for all nodes in FreeMesh and

oS dRRADERI NS fRnalhathen frdes: In partigular SPRRAINLNSve flag,

FreeY]ij,k] contains a Number of free nodés 55 along 15 line {ij,k} to

{i ToysSizallal, Khpbaagaih Khinglugias.a )}!&&{Qg&ﬁé}ﬁféﬁgﬂé’%ﬁ éthTi sopedic

along line {ij,k) to {TorusSizeEQ1-1, j,k}}. Scheduler 515 uses FreeY]i,},}
Slante mieestijodpt@erseataodschhbalgoriiiin [ a8 désdabanrdeneh engine 130

prRddicular emRedimenisio scheriler b4 eapsiicis foee Yiikkkandied; a request
FreeX[ij,kl only if SpatialAllowed or CompactAllowed js True. 20

. 0

YRS, i SHRII OO 155Fr 8, BRI BB D v th s SHbrGRsEFotze of erid 110

(vidbedtimmiar requeast. Ajspatialdabofisize D {SXeSizS2F fas UDI0SRumber
nique. orientations: z}, {Sx,Sz,Sy}, {SV.Sx, Sz}, {Sy, Sz,Sx}

o PR G s AR o o

nadegLes ¥ adthlions drdaive @quhé ABGuro teigon§ diain sc¢hadulerbibnmins 115

+ARRY9.2 mESh: i @@%L%@lmsaal%a&%@] gqfs‘@sba?ﬁ%%aegfil'yszamﬂame

three unique orientations are available. Scheduler 515 considers a
fop ki BriEntatiohadwhinh BehedialingrahesmE Ropasaiiofms indicates the
Neimensionaed- e 1 oRgdimension.ofiokd 3tieaHals Onensehedulat adesiedsize

m%fold either of two used dimensions OLJQb 150, i.e., dimensions of job
(e giRalidrtrith BHE) MG AU MFs S dithdABion bf {orsEY Felagradicates the
aghifesnsidmeliohobSGequalie enewinidaniaceardiandikadariien e switch-based

.generat ore 30 cor t three dimensjonal mesh. If scheduler 515
Stk e ch s A Mt T
Npintetyjralanutiiplecotiee Wngtreof thedeld,1a fasiifdic Witldeshiorter thiad Hll and

r ing.f ' il resylt in: i ' 0

S R S e v
alpestipiiofoiel }6B- 150 into either of two unused dimensions. Scheduler

515 'ﬂ@f;(a‘x@i%@lé@Qmﬁ%ﬁﬁﬁ&ﬂ%@%&h&%ﬁﬁ@@%@%ﬂf&@(@r%tf&ﬂ%ﬁéﬂ@gchedule}

unused dimension. A resulting shape of the mesh would, generally .
2 dfBakifiy SHEH EbndatetatiditoffodP inedhe s RS Rl e EL&S gRdcs 119
algxamnple gse dinensionakrasueshialden: ntoieckedirognsieB0 NG REank of

8, scheduler 515 has f: I? 'g the one dimensjonal re ,est,\sél,l él% in{%el
STHS G ARSOR b o1 oth 57 B0 e VAt 2 o ML iy 515
samelstied job 150, {(2) scheduler 515 did not schedule job 130, or (3) scheduler 515 can
never schedule job 150.

In particular embodiments, to allocate nodes 115 to a job 150, scheduler 515 first
initializes wvariables for scheduling job 150, then schedules job 150 accerding to the
variables, and then converts the schedule {or results} for processing at cluster management
engine 130. Three variables—>SpatigiAllowed, CompactAllowed, and AnyvAllowed—
indicate allowed types of scheduling. Scheduler 513 may use the following example logic

to initialize Spatial Aliowed, CompactAllowed, and AnyAllowed:
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10 {1,2,4}, and a one dimensional mesh {1,1,3}, concatenated onto the
two dimensional mesh. Scheduler 515 may Number a first fold zero, a
one, and a third, short fold two. When. schedul n
“?‘(?SIVI%%%EL%k to nodes 115 along a fold, the MPI Rank is mgﬁe%e%nﬁﬁ ng i
a z value increases along even-Numbered folds and as z values decrease
along odd-Numbered folds. As an example and not by way of limitation,
the MPI Rank 15 for node 115 at [O, %?may be zero, the MPI Rank for
node 115 at [0,1] maybe one, the Rank for node 115 at [0,2] maybe
two, and the MPI Rank for node 115 at [0,3] may be three. The MPI Rank
for node;} %ﬁ%@eﬁi peelto r, the MPI Rank for node 115 at [1,2] may
be five, an %tfb”A .ﬂ@l?n starts at z = 0, since the fold has an
even Ngmt@; a@@ﬂﬁg{,‘;@iﬁﬁégglded the request using an odd Number
of completefplds; A0-ganeatenation would instead start at z = 3 and
continuepRWaTH dawad X L= Hpparftigular embodiments, scheduler 515
only comldgpﬁm@m@i@aﬁk@ﬁ@lds Other types of folds exist. As an
example,angdSyotibywady Bfillimitation, a fold may produce a staircase
shape. Schi¢digerebslvarngy-prohibit certain folds on one dimensional jobs
150. As descrilizdnsoovBowepartiaidar embodiments, scheduler 515 folds
one dimensiisral jobs 150 twice, A 25 second fold either folds a dimension
that scheduler 6t81Feldod dirst orHalels a dimension that scheduler 515
folded inibseirSi pyRiGUIRES; Sohmdaler 515 has folded a z dimension
and folded et Hirmeasidnisk a second fold folds a dimension that
scheduler 535mgRsdedifiratd schaduler 515 may generate up to three
concateﬁatré%%"éefﬁa]f #fFour meshes. In particular embodiments,
schedul@@ﬁ%ﬂ%\’ﬁ%“’rﬁﬁﬁ’&re%n two 30 concatenations. As a result,
when sc‘hediﬂ% %‘f‘g %"JI &a one dimensional job 150, a WO
2006/055027° 012489 28 second fold is restricted to folding a
dimension tﬁla?sc e(f’aler%?L% folded into first, unless the first fold did not
reSU'Eﬂ%&%ﬁﬁaﬁe&ﬁﬂé?&hl&ﬂss@%e%!%?ﬁ%@% E%é’dps'i °£ff°l 110 to

length, ho concatenation results. In partlcu r em ments suc

inflediotisrreABrRE ol eb HLideiTs anella ﬁmﬁ@ﬂéﬁhaﬁ [Ty 10 TorusMap

(Vﬂﬁ@i@@ﬁ@ﬂﬁ%@@ﬁ éﬁ@ﬁ%@iﬂ%@ﬂ@@@ﬂ%@ﬁe@ seh 63%% BiHal¥ 1o indicate
cons ructs Etlgéimes es satl%gllng a request. If the re(itjest iS one
o{h‘a

lapgs Ia‘fﬂ%?é hedgires sradissrirtensions s6sBie HecoraishuiRe 515
arfpldsaficuesizh postibleter @rﬁﬁamﬁé@@chmméeidsﬂf the segueskitap {Whlch

thr dimensional schedul onstr ct sibl ntati

cﬁegr%quear%a}m lf)eia? icutar eeronbo meﬁfs g i’(ﬁ@l%erg)?é ?’é’g%l‘?ﬁsle Qg?f&ﬁMap
togohsitpl odasusihgliotistedfid ay ®tﬁl§@tbcés,eastdemg ﬁedh%@obcélﬂ\mr thanagement
en%ﬁf@ﬂ@@t%\ﬁ%é}?m éje gg%d% %i‘es sﬁ%%gy%ti 459 rH gl &aﬁcm if cluster

containing a requested Number of nodes 115. Sc edu1er esighates
IERSSFBER £DESERT AhdesravEsiehesmestvirBbesrt (whichsineludebian 6x15 1o

scRUENY: A ;a@cséa&mlgﬁrg%@%%mgm réﬂ'@'f? JeLN R hereavested,

Number of nodes 115 and Q be a cu oto truncated to an
banteger 1 Schedieninitidtly setsiBestit toriONQIQ)sI vin@Indsehefller | the

indices of node 155 after scheduler 515 applies TorusMap are {y,z,x}. The
inverseTorusMap for the above example is {1.,2,0} .

In particular embodiments, NumMapDimensions indicates a Number of
dimensions for modification when converting a switch-based torus to a node-based torus.
MapDimsions{2} and MapMod[2] provide indices of the dimensions for modification and

respective multipliers of the dimensions for modification. Scheduler 515 may multiply
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515 is done. Otherwise, scheduler 515 will increment one or more

dimensions of BestFit according to a BuildCornpactFits function, as
“g)efﬂ%%g%zgelow. Scheduler 515 then constructs all meshe%?ﬁ 05012489

Imensions greater than or equal to dimensions of BestFit and less than

or equal to dimensions of grid 110 and records the meshes using Fit

(which 20 includes an array). Scheduler 515 then removes undesirable

meshes from Fit. As described above,in particular embodiments, grid

110 is a three dimensional torus of switches 166 each coupled to four

CPUs 164. Scheduler 515 modifies the torus by either a factor of four in

o2 HIERRIQN,AK 13RI ALIN0 KL te-UMENRIBRSSRAGERUD LI ENIH Qi ons
including four 25 CPUs 164 per switch 166. To increase a likelihood

fog pruiifitar o sPs Strwalfb d Lk deisEmingt, WidhoHE G P orsle gpply and then
m8Witeh 166.Lxeeules RRKOCRSSIM RISt SMHEHE68:iR¥RE U cordingly.
rocesses, scheduler 515 keeps only meshes having sizes in the one or
S%S&Lﬁ@%ﬁéaiﬂ%ﬁ!&mﬁéng%ﬁgiwoa%%?é@wwﬁ?ﬁlbww%ﬂammia%mésn
factol: Asesiituexample dndmet byhs@yof imitatipiidf schedwtenbild geometric
multiplied a torus of switches 166 30,in a .y dimension by two and in a z
e e T S B R B g e
inevepsyaahckzetitrersipns. 40 12006/05862 RET /LS 2005401 2459n26hd point,
Schegléjer 515 then sorts remaining meshes in Fit according to maximum
o dainfE it A ehai GRS A0S AT B e AR Bty gy bes o
sthwonedesinamesh QisizadSy. By 94 b%@%ﬁfé&zﬁ%yfslé@(sﬁ,-ﬁn'%ﬂ?e and

meshes have maximum hop counts identical t%eac other, scheduler 515 |
N RE WY Sleldiitibger tonseingdbcupabeminé § e stharhisstdaroas at 12.9.4)

example and not by way of limitation, M; =94,6,16 Mz = {8,9,9} have .
i T B MR Bl 325 SN R R e
mifssaiéguler 515 Hidsmat rempyk uapésirable meshesdrenndtischerpmgerates a
. 515 would not generate all meshes including at least N nodes 115. As an
B eaRisRb et oY By WalPatiihibaheiiisr N'eqlrarsdhirdisty [Be i wHY scheduler
5 Begthit Raualeek{3i3tl Rhysublnekiidndude meshihdddd ) sMeshiable for

1,1.27} would not result in a reasonable, Number of meshes and would . .~
GG R B Tener e Hiboh GRS o GSR e e BR fog: n ix
repsbhsdetafyneshequabio 9 rﬁ*d@ﬂﬁranﬂomi&istengmmagb mentsehginek3d meshes
sfRRAPHRAUIELS T O IL YR SRR AP AL APRAL 18 ANHTIDRL O BR%SSneshes

grid 110. If AnyAllowed is true, to tonstruct one or more free

saffeseshischesier BIBIbeES” eRERATUGHN seheitseSWithetnararis asegntorus
fPURHINBP 1134 WSAEYhANE A1 AN$ASARADRETIABR- YL IChEdUIRESLD e

identifies a free node 115. A free mesh includes a mesh including only
TS hodes 115, and a free node 115 includes a node 115 allocatable to a

job 150. irSeheduler &le constsisi Ny Mk rgeMesiiesang: more nodes 115 to) @
Fr eMeshgél{JmFre?M s%e@._éiumFreeMeshes indicates a Number of6 —
O SR AL O AR Free MESh I TeP0 adhtiih g HiPeath® n &
1 Tieie méstt inogfighididyronenodendre fréehmeshes Sthugiiels In@eidiRdO - axis of
switches 166 in grid 116 is an unused dimension. Scheduler 515 then foids job 150 along
the z axis into the y axis. Therefore, in particular embodiments, the following applies to a
one dimensional request:
NumMapDimensions = 2
MapDimension{0} =1
MapDimension{1}=2
MapMod{0} =2
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As an example and not by way of limitation, indices of node 115 may be
{il; jl,kl}. Scheduler 515 may increment a z axis until scheduler 515
“;dentif}esqaponfree node 115, such as, for example, {il, jl,k2}. SCQ%((:I)_%%@()
é’;L%"‘r‘ﬁé{fr‘%zet FreeMesh.start[2] to Icl and FreeMesh.end[2] G k23"
FreeMesh.start[2] corresponds to a start value of a free mesh 25 along the
z axis, and FreeMesh.end[2] corresponds to an end value of the free
mesh. Scheduler 515 may then increment ay axis, starting at jl, to identify
a first value, j2, so that line, {i1, j2,kliez rough {i1, jl,k2-1}, includes at least
one nonfree node. Scheduler 515 then sets FreeMesh.start[1] to.jl and
Free%mgmtﬁa j2-1. Scheduler 515 then increments an x axis,
starting’at 11, to identify a first value, i2, so that plane, {i2, j1,kl} WO
0061055027 PCT/US2005/012489 30 through {i2, j2 -1, k2 -1}, includes
["it Rl e SnH B o SERERALIthan Bl FrasiedFostaitio) o 71, Where
-reeMgsh.e t0i2-1. S r 515.repeats the ahqve, process
e B S el RS o b S
alodtresuft]ing unitiui setaffirecmasbesakooping in a different order
tends to generate a different 5 set of free meshes, but only if two or more

free MeEHESSHa B BTBuRS Y RAIPERCH oiey, Bofras mashiénfipsly 2 axis of
svitdiesndechbytidodestd k53m 5 abways Aitig ue. ols RE SRR variables for

lllustrate a difference between using a y.axis as an. inner loop and a
s ST L T o B P SN o s ¢
twfretimeesies constriscted agiing, apuadisiasaon negdoapanchdHGUREGEGhape

<A e TS T IO SR i

caiigireeoméhidntare2e 58 Herienh Bewond fred wedieuSittitary, iades 115) that
o EHRE 10, RkeRuad: inclydesonodesddhin uss e R3Ra s lirst e &ibic

mesh, and area 532b is a second free mesh. In particular embodiments,

CURERHERSTS BBe RVt dEMT AR TRt A BTeestaferaprakla folds for

ed€O0MESISsiA peRad seltulinegalganthmtaschedule: sanpacideguesiselects a
ar_}d a third §ghedulin aI%otr't m.to s edu{D agg reOﬁJests. The first and .
BB SRR S EPE SRR 13 LR otHer Bl e EpgRments, o
thalgesithnisathattere selatve /- differdiguiroin e achedtiier 5if s thaedulesiS1he 1x 4

es 2 iob.l hedul l 0 t0 job.150 .
o A B S RS 1 e gy e

LHas I PERERK iebosineal dratkp vl reqrstivaving size {Ssosig8ption and &
2sehedulgnpladisesaaean aloprihmdo gearsh for & strtBeit in m particutar

NodeinUse for the spatial request. The following example logic provides
eI ROSVARER Tl e TRHECE R SEAS T Bt dR§BRthM 2 PeRberations selduler
5 poikaatBarizngis anehehpeint ef-aipartition ARddTxady, and Jdefethe 2x2

oSl Szee 1. 20 .Y, 20 2 dimensions, respectvgl. Fol 5 POl o
modifying the x and y axes. In particular embodiments, scheduler 515 initializes variables
for scheduling a three dimensional request as scheduler 515 would initialize variables for
scheduling a two dimensional request, except that a three dimensional request allows six
orientations (or rotations) that are each unique with respect to each other instead of
allowing folds.

- In particular embodiments, to initialize variables for scheduling a compact request,
scheduler 515 multiples a z axis of the compact request by four to generate a 1x4
configuration. Using a Ix4 configuration to process a compact request facilitates use of

all nodes 115 coupled to a switch 166 allocated to the compact request, which in tam
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For z = PartStart[2] to PartEnd[2] Hit = True 30 For i = x to x+Sx-1 For | =
y to y+Sy-I Fork=z toz+Sz-1 WO 2006/055027 PCT/US2005/012489 31

wWhedeinlJseli mod Tx, j mod Ty, k mod Tz) _ NODE IN UgEHRit mdzalsSese
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 embodiments, a
scan algorithm applicable to a compact request replaces the above Hit
flag with a Count value incremented %an innermost loop as follows:
Count =0 20 For 1= x to x+Sx-l For =y to y+Sy-1 For k =z to z+Sz-1 If
(NodelnUse[i mod Tx, j mod Ty, kmod Tz) = NODE-NOT-IN-USE Count =

re&%@t&'ﬁg]m%étﬁﬂq ] g@%lfﬁ&ﬁ;t@ %E%fr(]lgl?f@':ﬂ{ Ha(-ﬁ:&ﬁ'éli %nbodiments, scheduler

RequestedNodes) 30 Return. True
515 similarly initializes variables for scheduling an any request.

A partition is a smallest mesh including all nodes 115 in grid 110 available for
scheduling. PartStart{3] indicates a start coordinate of the partition, PartEnd[3] indicates
an end coordinate of the partition, PartSize[3] indicates a size of the partition, and
PartWraps[3] indicates whether the partition wraps. Scheduler 515 may construct a
partition to reduce lengths of searches for nodes 115 satisfying a request. A partition may
be much smaller than grid 110. Fori=0, 1, and 2, PartStart[/} includes a minimum of all
possible i coordinates in FreeMesh (which includes an amray) and PariEnd[7] includes a
maximum of all possible { coordinates in FreeMesh. PartSizeli] = PartEnd[/] — PartStart{/]
+ 1. If PartSize[7] equals TorusSize[i], PartWraps{i] is True. Scheduler 515 sets
NodelnUse {(which includes an array) fo NODE_NOT_IN_USE for all nodes in FreeMesh
and set to NODE_IN_USE for all other nodes.

In particular embodiments, FreeY{i,/,k] contains a Number of free nodes 155 along
line {ij.k} to {i, TGmsSize[l]wi,k}. FreeXlij, k] includes & Number of free nodes 115
along line {ijk} to {TomsSize[G]—l, j,k}. Scheduler 515 wuses FreeY([ijk] and
FreeX[ij,k] to execute a scan algorithm, as described below, In particutar embodiments,
scheduler 515 constructs FreeY[ijk] and FreeX[ijk] only if SpatialAliowed or
CormnpactAllowed i1s True.

If SpatialAllowed is True, scheduler 515 iries various structures for scheduling a
request. A spatial job of size S = {Sx, .S‘y,Sz} has up to six vnique orientations:
{Sx,Sj},Sz}, {Sx,SZ,Sy}, {&V,SX,SZ}, {Sy,Sz,Sx}, {Sz,Sx,Sy}, and {Sz,Sy,Sx}. The six
orieptations correspond to four unique 90° rotations and two unigue 180° rotations that
scheduler 515 may apply to a mesh. If any two dimensions are equal o each other, only
three unigque orientations are available. Scheduler 515 considers all possibie orientations
when scheduling a mesh. If a job 150 is two dimensional, i.e., one dimension of job 150
equals one, scheduler 515 may fold either of two used dimensioms of job 130, ie.,
dimensions of job 150 greater than one, into the unused dimension of job 150, i.e., the
dimension of job 150 equal to one, in an accordion-like fashion to generate a more

compact three dimensiona! mesh. If scheduler 515 folds a dimension that is not an
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The above logic is relatively inefficient, since scheduler 515 evaluates
each point in NodelnUse up to Say x Sy x Sz times. In the above scan of

V&)%Hg%&#r?equest, as a z loop 35 increments from, say, Zi%%lzr}iﬁ}m}gmmw

and) inner loops do not change and alc loop changes only at end points.
As a result, a two dimensional mesh from {x, y, zl} to {x + Sx, y + Sy -1,
zl} is excluded from further calculations and scheduler 515 adds a two
dimensional mesh from {x,y,(zl+1)+%—i} to {x+Sx-1,y+Sy-l,(zI+1)+Sz-I} to
further calculations. i, j, and k inner loops count free nodes 115 in a
sequence of two WO 2006/055027 PCT/US2005/012459 32 dimensional

in &%Pﬁﬁ;ﬁl&%%@azﬁiéﬁzQif%eféﬁi(afﬁé’s@ffokd%ﬂ%%ﬂ&g%%% Qﬁgﬂ&%ﬁﬁig folds,

and adds ‘another. At ay loop, a similar effect occurs along a y axis. FrecX
Which il avsEifich Betsimeerier brasis roaenieaa b anisindghsre chmsmiiona anesh.

Hippasiculane mhedimentssgrhadiler s5Abuses fhe fol awingRIGasitag thused
scan a compact request: 5 Deflneﬁn array, z%ane[Torus_Slze 2]], to store
SRS HMenSIGRETHIESH c otifts PBLMEhE AR efid POinesrkng, éﬁtrfﬂa%ioén‘w @

reasfoligwsiuesE eisdiadnll RastWransihsd niethenaffirvRatt: nefidrdElsepeaking,

b ggd@@@g&%ﬂ%@%ﬂ?i%%Lil]Lelso o Now x will loop from PartStart[0] to End[O]
and s6 on. xrfoop 6 For each z = PartStart[2] to PartEnd[2], re-compute
zPlari@Gdiihe shébusixaRart8tactiliz}ito fre SkihPamtB@ riffiasyt| Dldad into a y

J i t d _ thre h 1
dl%%é%%%ﬂé%%%%ggg%%ﬁer% E %%? ?3’1%%}:9 t%ilg %ne Icﬁr%éxl'olsolgn:%?%%ues {1,1,1 1},

umber of loops to two: one loop for X and
intmehlop tinenkree ¥Y{oP artStanglah - Frée)X [xPauStact[t] 8y, Aupmeivdesmesh,

R L K e N R
S2kdyitecp DoifaN ek e T2 dest Ra dedhing seochib o ld palal ez Planed? bhdrofoid two.
SRR SR RSP e e LA W e
ineremXfiey -4zt FreeX [raSxss hizhheveoith dobping ldy and as z values decrease
along odd-Numbered folds. As an example and not by way of limitation, the MPI Rank
for node 115 at [0,0] may be zero, the MPI Rank for node 115 at {0,1] may be one, the
MPI Rank for node 115 at [0,2] may be two, and the MPI Ranl for node 115 at [0,3] may
be three. The MPI Rank for node 115 at {1,3] may be four, the MPI Rank for node 115 at
[1,2]1 may be five, and so on. Concatenation starts at z = §, since the fold has an even
Number, If scheduler 515 folded the request using an odd Number of complete folds,
coneatenation would instead start at z = 3 and continue inward toward x = . In particular
embodiments, scheduler 515 only considers accordion-like folds. Other types of folds
exist. As an example and not by way of limitation, a fold may produce a staircase shape.
scheduler 515 may prohibit certain folds on one dimensional jobs 150. As described
above, in particular embodiments, scheduler 515 folds one dimensional jobs 150 twice. A
second fold either folds a dimension that scheduler 515 folded first or folds a dimension
that scheduler 515 folded into first. In FIGURE 8, scheduler 515 has folded a z dimension
and folded into a y dimension. If a second fold folds a dimension that scheduler 515
folded first, scheduler 515 may generate up to three concatenations, for a total of four

meshes. In particular embodiments, scheduler 515 allows no more than two

concatenations. Ag a result, when scheduler 515 schedules a one dimensional job 150, a
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30 Add free nodes 115 in line segment from {X,y+Sy-,z} to
{x+SSr-1,y+Sy-1z} to zPlane[z] o Use FreeX[xO.+Sy-l,z] -

+Sx,y+Sy-1,z] to avoid looping over x 0 Set NewX = 1alrbse for a
ﬁ%%%%%g?gment 35 0 Set NewY =True for the below z Ioop?éz: 0&&9@51?12489

NewY = True Sum zPlane from z = PartStart[2] to z = PartEnd[2] and
record results in Count 40 o Else Subtract zPlane[z-1] from Count
Compute zPlane[z+Sz-I], which is a of free nodes 115 in a two
dimensional mesh from {x,y,z+Sz-1} to {x+sX-l,y+Sy-1z+Sz-1}. As WO
2006/055027 PCT/US20051012489 33 described above, use FreeX to

sef@dles @ Numheratlogns [oMmiNe 0, 0ns: éﬁgéﬁléﬁ@%z SRR, S%?&P%uﬁess

If Count ? RequestedNodes, Return True In particular embodiments,
the fediisrd 5os ppTis B rensAiRRSioBf die B RAHeD Aiduifientbisere multiple of
foRTIERES, aP@HKIMIISPRINGN & aensieRidddiinaicesi thestriction ensures
thdtim%ggi?[n ?ﬁgeﬁg? array boun%scheduler 515 applies a modulus )
FOSCHSIHIS te iRACE"bETOTE ‘B BFfaf RErBALE X ani By HRE paRbegiments,
schediperifldriniditvensiorncs alypbostiroension, saicompute:fiestnades Iddest is
for a line seqment,.e.g.. from pgint a to point b, scheduler 515 comput
Onf?efr%%e%‘%fgi%ra kNo}?FﬁEél %e%%ﬁ%%‘ésﬂ%arﬁlp%%%%] R ‘gh%i‘l%?‘fh%ﬁd and
cupl MFGIPIA dHenketiey efivrshsiow dold afibtherdgomt astibginringeithel, scheduler
5 1IBaEHiendQs RO ol pRIicKIAL eIIPggiments, ascan algorithm em%odiments
applicable to aégatlal request is 15 similar tothe above scan afgorlt m ’
scRpieable @K hvcEEy Gest TR tsingre disisddimermctittsrencisscribed
bh@tween a scan algorithm applicable to a spatial request and the above

scan_ algorithm licable to a compact request include the following: (1)
instold SR TA IR SRS BT S B RESHEVIHG B TRRRipins o
re@ostet sSchédulef fdldodks feheiplingis theipaesh alowhich allaodesnilBores

e L R R RSS! i Gt e i oy of
lingitrsionadet ddribty abowsisschbutiier 515 inday beSdsaling with awbihe root of N
SR A I RIS 00 P 8
5 baseimesiirparticathedniebodimeilit s, Suslrimogifisations dimensions of BestFit
according to a BuildCompactFits function, as described below. Scheduler 515 then
constructs all meshes having dimensions greater than or equal to dimensions of BestFit
and less than or equal to dimensions of grid 110 and records the meshes using Fit (which
includes an array).

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

meshes in Fit having even y and z dimensions.
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20

to the scan algorithm tend to reduce a maximum run time associated with
scheduler 515 25 scheduling a 16 x 16 x 16 configuration by one or more
orders ofqmagnitude. To schedule a spatial request, scheduler 515 uses a .
Wé%ﬁg%m?ﬁ&%lgorithm that applies a scan algorithm to each ‘FRTQ{F&%W%MS)
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 30
cluster management engine 130 withégt scheduling the spatial request.
Otherwise, scheduler 515 uses a compact scheduling algorithm to try to
sche%uga fah.f i%gga%eque%t. WO .2006/055027 PCT/US2005/012489 34
In particufar émbodiniénts: s edting ??@%?Feétf AeLAraRTGHS dosputrapom hop
calgoriththe irucliresgupdetares transformdiions:tioveld santenetetationmesh
chedler, eeps. tragk of thestransformations using.the followin
RS T T IR £ Sboin Aonction ol ARty Hig et hop
caunayibanting toresshSodiementsithat Tnapsaincieescoh alpaintoAsial a cube before
example and not by way of limitation, Try.rMap = {1, 0, 2"} means index
thgjee s!fE r%ag%%'g' to ,Siﬁae%;fu&lgg rﬁﬁ%ﬁ‘gg %’ Owﬁﬁdjﬁw%fﬂyl‘ﬁuﬁ&s %aﬁpﬁ%’é’{é and
12,59 fhab undertBe Mapa dXnYuddiRdie A - {IhXdMAD1S AR nrasseQfas,.
Try.rMap. Try.NumFoldMaps indicates a Number of folds producing a Try
Structiie: 1 ecrpg st hwh nstarmaerayiisiating Teressioniditlsscheduler 515
whitdaldrramritam aaydndicating aminsgex ahafolded dimension, AsA ot by

example and not by way of limitation, Try.foldFrom([i] = 2 ingicat sthatani

PP FORIIANET A8 SRR 01T S Hrf imREAtrg @R a2 it would not
WSO olded inforee (T /PIdBMIS AN A CANG A IR Ol Ancones
dimension that remained fixed. In particular embodiments, after scheduler

a5l yedteriniss it i ot soisbdatafjengt scgtastingngoift wmalitinclude a

mklf) 'alsgt@ -ayﬁtdsl%@u&&h&qm%é&é: assians ﬁé%kﬁﬂﬁ%&%&%‘i%ﬁig iV

Scheduler 515 applies an inverse rotation map to the starting point to ma

ighess SpacntmipbointsRosr e andterhe s madn 1 8cheduler 515 constructs
folds te leaveidhestarting Roibhahibemeshfixrdize thaleehedulel&1A s oops
neﬁg&ﬂ%@m an jnverse fold. Scheduler 515 Ioo’p;s thro_ugh the o
R AEth IR TEHE AR A WHBIHENR » AT HRSHr iRl bV fhen inver
lpartictilackxmliodime ienbiex afis isodn DUterddop, meyioxisudss is admdditding
nd a z axis is an ipner | cheduler 515 ies.the .
AL S Rion o T Srelarr R JECH 13° el 0 190
Sghiedihe lool Accerdivigreds an nddirsoMeshder 5a5iappiieeMish] NumFreeMeshes].

Nfansienatons:iehe pretRnRiopPed meshel ¢y s5heduler e fold8 s o st

_then folds o
dentifying, for each free mesh in grid 110, one or more free meshes structures in grid 110.

As an example and not by way of limitation, indices of node 115 may be {ilg ji,ki}.
Schedualer 515 may increment a z axis until scheduler 515 identifies 2 nonfres node 115,
such as, for example, {z‘l, JL }cz}. Scheduler 515 may set FreeMesh.start[2] to k1 and
FreeMesh.end{2] to £2—1. FreeMesh.start]2] corresponds to a start value of a free mesh
slong the z axis, and FreeMesh.end[2] corresponds to an end value of the free mesh.
Scheduler 515 may then increment a y axis, starting at j1, to identify a first value, /2, so
that line, {ii, jZ,Icl} through {z’i, 71, f'cZ—l}, mcludes at least one nonfree node. Scheduler
515 then sets FreeMesh.start[1] to j1 and FreeMesh.endj2] to j2—1. Scheduler 513 then

increments an x axis, starting at 71, to identify a first value,' i2, 5o that plans, {52, 71, fcl}
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1, and then rotates the point to get a point, {x', y', z'}, in the

pretransformed mesh. 30 Scheduler 515 then inserts the node, {x', y', z'},

into an end_of AssignedNodelList. In particular embodiment Gl .
W&:ﬁ[gglﬂﬁ%ﬁgzglgorithm applies a scan algorithm to each mesﬁq%[g%&c%&m)

Try structures until the compact scheduling algorithm identifies a Try

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

large. As an example and not by way, 8f limitation, for a torus including 16

x 16 x 16 35 nodes 115 and a requesat for one hundred nodes 115, BestFit

{4,4,5}, which results in WO 2006/055027 PCT/I1IS2005/012489 35 over

hqusand hes in a Try structures list. Although applyj inary

e T s ottt e o e o e 10 SR AR TRee c
Fréeyistiuctutiy st ivantdraaivisgiiaio] patticalar enshbeinents SARRa fhe above

search including condition,C wou qtnot work unless, (1) if C were true for
PSR R1S LM BrostbP U of Aatr PP Uy (1 ot sl

inwaradadssefor étemmh¢fc \W@ﬁﬁ:@li& folitithplessdharmiseq \gahtoaie | different
scPBIALI%SIMDRIENS: AN SEHED LAY SIUCUERS WOUIAAOL

work, since a possibility exists that a scan using, for example,”me

A s mesto it whoseroualeA Saeeotsssdisty i rdyarsunishite FESHRESIAGNGS 10
iifatexanmpie-meshM2an {%igglé)r}: would notndeseils M2heing ahoye MEIN oy

. the Try structures list. In particular embodiments, a binary search 10 of
A AN R R 88560 RS YRS Melrr b b P i TreRFrecomsaurigr using a y
axstructur émbstoascandiPYURIRX MR ISR fhemeihschoduer®dd Rsing an »

identifies a fit for a ' list hayi aximum djstance i, for all j
AR TR 1 B 0 100 oot b oGS Ao e = ¢
{indistgn cucphviinal socfit3 32 hosmeshoimitfredistahbvifigril adaximBrGUdtst dhcarka 530
(iR RS 13 s HRYIBgsR MRHIHMARANCS BB A SR free

will fit 15 either. As an example and not by way o I?Irhltatlon, suppose ?x, Y,
mgshis a mesh having a maximum distance i that fits. Therefore, {X, y, z + I}

has gimahrinauiay distensdbatl adasince Xaed & h}sqoé{;%(%liﬁng' a?igm%m o

+ | } also works. Induction ap%lies to all j greater than or equal to I. If

Scﬁ%éﬁ%%ﬁarﬂ ST D P SRS AR LR E T SRR e respBegitgequests, |
ardiny rigsh fhagitiphailingidumaninumddistanse deqbelts. Y, The 13R898128:cond

ximum distance i and alsq does not fit, Neither does {x, y, z} since {x, y,
s AT RIS el e e igia ot e featively
diffaxDiStemcelt uitktaXDistedobs, 205 deiridglimitighination sthadalticslarlists nodes
1 gmbngiments,,a bipanssearch.of meshes In it does not ayarapiee g, hest,

fit, but providens agreasonably goo%pp??%%ﬁﬁldagr%og%l tfit. ﬁn%ﬁar icurar "

ApizapdbodrhisHis hasviiRink&darch of meshes in Fit is efficient, e.g.,
9ene"i%ti%M%%@*@%&%%ﬁﬁﬁégrsfb%%?%j@({%?(ﬁ ORRINRNSAB ses o scan

meshes. Scheduler 515 may use an upper bouri run a binary search
al gerithaxim svariénigths SetturitineNodgakése donthwapekirbragiiet. uPperfollowing
ARG PR RIULANMANIR-HHALEE SF A HRNANUIIIRTR DB ter s
a start point and PartEnd is an end point of a partition and Tx, 7y, and Tz are torus sizes in

x, v, and z dimensiong, respectively.

For x = PartStart[0} to PartEnd[ (]
For y = PartStart[1] to PartEnd[1]
For z = PartStart{2] to PartEnd[2]
Hit=True
For i = x to x+Sx-1
Yorj=yto p+Sv-1
For k = z to z+5z-]
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WO 2006/055027 PCT/US2005/012489 36 Scheduler 515 runs a binary
search on Fit and returns HighFit and HighStart[3].. HighFit is an index of
Wlﬂt ﬁ@rt}%f%qg,g a request, and HighStart is a starting point of apgtr;ﬂs%rdgmlz 480
11%). n algorithm for running a linear search downward begins wit :
HighFit and HighStart. In particular embodiments, scheduler 515
decrements a maximum distance of a 5 current HighFit mesh. Scheduler
515 then loops through all meshes ingluding the maximum distance until
scheduler 515 identifies a mesh satisfying the request. If scheduler 515
identifies a mesh satisfying the request, scheduler 515 sets the mesh to
HighFit, decremented thqfn(*;@w' dist again, and repeats. t _
process. If scheduler 515 i en?ﬁ;@%g}ﬁg@au%%%ngghejs, t e&a@rizﬁr?l% g)?itst)
and a current HighFit is a besf fitp}it0 sCheduler 515 cannot identify a fit
for a particular maximumgglistance, then scheduler 515 cannot identify a
fit for a shorter maxingsy gistance. Scheduler 515 loops through a Fit
mesh and inserts gag Bs:more nodes 115 into an end of
AssignedNodekEist.BEan order of the three loops depends on how scheduler
515 mappédi(@swithurd)ased torus to a node-based torus. If scheduler
mapped the sviitghshdsed 15 torus using a 4 x 1 configuration in one
dimension, 9 &he dimension is an inner loop. If scheduler 515 mapped
the switdiibHsed torus using a 2x2 configuration in two dimensions, the
two dififef&ions are innermost loops. To schedule an any request,
séddifter 515 loops through FreeMesh and fills the any request until
sEHERNERST5 has assigned a requested Number of nodes 115 to the any
20 request chgdul r 515 inserts nodes 115 into AssignedNodeList
incref%e?ﬁg}ﬁ}l § P81 & 35BS ARAOHER FRIIEER. th paitiepRst Toquest
repinlee dimedisysciiedidgrbilb loopadthraughifresiesh as follRwsnfda loop as
foﬁXiSsi-S an innermost loop. Scheduler 515 expanded the z axis by a factor
of 1our 25 when scheduler 515 converted a switch-based torus to a
nedg;Rasgd torus. Using the z axis as an innermost loop tends to avoid
fragmentatjqn ¢f €PUs 164 coupled to a switch 116. A smaller one of two
remaging-dimensigns in FreeMesh is a middle loop, and a larger one of
the two meypaiaIng,dingensions is an outermost loop. 30 Scheduler 515 lists
selected nodesidddising nedezhased coordinates)ie ¥Mepignediodelisip
according to MEbiRarK AssignedNodeList[i,0] is a x coordinate of a WO
2006/0550ZmPBT/US2005/012489 37 node 115 of MPI Rank i,
Assignedhibfet.ist[i,l] is a Y coordinate of node 115 of MPI Rank i, and

AssigiredModelListi,2] is a z coordinate of node 115 of MPI Rank i.
End For

If (Count = RequestedNodes)
Retum True
End If

The above logic is relatively inefficient, since scheduler 515 evaluates each point in

NodelnUse up to Sxx Syx Sz times. In the above scan of a compact request, as a z loop

increments from, say, z1 to z1+1, i and 7 inmer loops do not change and a k loop changes

only at end pomts. As a result, a two dimensional mesh from {x= y,zl} to
{x +8x, ¥+ Sy —1, zl} is excluded from further calculations and scheduler 515 adds a two
dimensional mesh from {x,,{zl+1)+ Sz - 1} to {x+Sx—Ly+S-1L{z+1)+8 1} to

farther caiculations. i, j, and & inner loops count free nodes 115 i a sequence of two
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FreeNodeList is a list of available nodes 115 passed to scheduler 515 in
switch based coordinates. In particular embodiments, to set an mpiRank
tf % ;;&gNodeLlst 5 scheduler 515 uses the following ex (}%w 2480
orith or i = 0 to NumFreeNodes -1 o Convert ASS|gne Llst
switch-based coordinates and add them to To[4] o Apply
InverseTorusMap to first three elements of To 10 a Forj=0to
NumFreeNodes - 1 If To[k] = FreeNaggList[j].coordinate[k] for all k =
0,1,2,3 FreeNodelList[j].mpiRank =i EXit J loop 15 The following example
logic describes particular embodiments of scheduler 515. In particular

n%@nbs?dl Q:E es %en CIUSte{srg’fa sxggzg 2 n%) En%nzek}osporg %J)%ésscgr?edx%leeshgné adds

to schedul ulea’jo flister man ént engine 130 communicates

anvéleesAon mﬁoiglwwm@rrqffﬁcpacaam:mrsgte sceheddfereXlomd FreeY (which both

. Regueste Indicates a Number of no es 115 reque
i R BT 0 R . sgpoctn
51ANYEs ﬁe@]@&zelg@mhmay braving et alvRsits indlcatlng a request

size. yalid A9 SRATMY-eaYEstS. fégea%%%ﬂ?&sﬁé@%@ BRIk
numl@gﬂ%g n%ﬁ?&ﬁt‘@w, ne indicaling & demses: of leeway allotted to
schedulei;,p15 dqf purposes of aIIocatlng nodes 25 115 to job 150.

TorusSize: An girayayieg)threg.€lemmpnistadGating a switch-based size

of grid 110. Negleshar§witehimndinmberenf CPUs 164 coupled to each

switch 16G+ngrith lob. iitrPEreSeMoties: Audiombersebnodes 115 in
FreeNadelist. 30 FreeNodeList: A list of FreeNode structures indicating
switch-baseczhordinatestSfanie s 1 Pardirailabledansohad utihignén for meshes
particulaf:gtattddimEnts fsdredulbP 818 aetlihs ong of the following after
scheduler 515 htterripisito sehediteigortEesSPHBoME SR NEE: loop here.
Indicates schedfe¥ 5EstastbeaiadjonsRop Y06/05502 foop for x and
PCT/US2005/01248% 58 PQ5 FxoY ASHIERMIENT ATreeYix PartStart{11+5y,2]
SPECIFIED THMEideircaleaiaehetdies sadehad Smipssidsule jopitiaglilz) to
PQS_NO_ASSHIRIENTFOR! Ebﬁc@ﬂT@GORY Indicates scheduler

515 %%%@hegq’@fgﬁ@%@‘:’m ¥ all nodes 115 in grid 110 are

o IfNewX =True
« Do nothing,
» Else
Update zPlane
« For each z = PartStart[2] to PartEnd[2],
o Subtract free nodes 115 in lne segment from {xy-1,z} to
{x+Sx—1,9~1,z} from Zplane{z]
o Use FreeX[x)~1,z] — PFreeX[x+5xy-1,z] to avoid
looping over x
«  Add free nodes 115 in line sepment from {x,y+S5—1.z} to
{x+Sx-1,+85~1,2} to zPlanefz]
o Use FreeXixy+Sy-1.z] — FreeX[x+Sxy+Sy-1,z] to
avoid looping over x
o Set NewX = False for a next y increment
o Set NewY = True for the below z loop
« zloop
o IfNewY =True
«  Sum zPlane from z = PartStart[2] fo z = PartEnd[2] and record results in
Count
o Else
«  Subtract zPlane[z-1] from Count
« Compute zPlane[z+Sz-1], which is a sum of free nodes 115 in a two
dimensional mesh from {x,y.z+Sz-1} to {x+sX-1,p+Sy-1,z+52-1}. As
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available. If scheduler 515 schedules job 150, scheduler 515 sets
mpiRank fields of FreeNode structures accordingly. In particular

“gﬁnnga%%%?r}ts, a wrapper function between cluster 10 man%e{%%%osm%mw

Ine 130 'and scheduler 515 converts input from cluster managemen

engine 130 to a format that scheduler 515 expects and converts output
from scheduler 515 to a format that cluster management engine 130
expects. hi particular embodiments, sgtSchedulable, which determines
whether a job 150 is theoretically sc?%dulable, encompasses the
following example logic: 15 If setSchedulable() = False Return

PQS-NO-ASSIGNMENTHOR WJORGA [EGRRY , KL JRaghedlerQ, 1,

= False Return ROS NO-ASSIGNMENT-AT_SPECIFIED_ TIME™ 20 End If

If RequestedNodes, 7 MimFteapdes, fet = False Else rot =

scheduledobhi25 kagibidebz -1 HexsetMpiRank() Return PQS
ASSIGNED Else 30 Return PQS_NO_ASSIGNMENT_AT

SPEG HEBeuldMEmbaahibin: paticuirs empagimentheRankowhighhe following
scheduler 515 calls to rank job sizes, encompasses the following . |
mERAHBIRTO . ﬁ?%o%@%?ﬁ‘%?ﬁﬂ&d&&%%n%n’ékd?m RSRHAT d5affalfdies) i e
diheiigntereecd| emenbeutist puh &imbarRa ikepmpdlod e s driesdimetisionadhe indices
ray, Ranic[3], having thre ts indicating, In increasing,size, . o v
R T SRLS] S0 TRt R o B RE g sion or 2
digwibdedineisiReiskdinciuols ablibvle dlgodtsmenRank[0fenOmRimid|feoint 2,
s RRPRGDRIZLE %@é%@%oﬁﬂ]s%%@% 138 Bankldd Sife FOHTRIA% Jah end

= i+l to 2 If In[Rank(j] < In[Rank][i
of the pariition 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 & spatial request is
stmilar to the above scan algorithmn applicable to a compact request. In particular
embodiments, differences between a scan algoritbm applicable to a spatial request and the
above gcan aigorithm applicable to a compact request include the following: (1) instead of
scheduler 515 identifying a point in 2 mesh having a particular Count, scheduler 515 looks
for a point in the mesh at which all nodes 115 are free, which tends to reduce a memory
references; and (2) scheduler 515 may need to handie one or more concatenated meshes,
since, as described above, scheduler 515 may be dealing with a one dimensional request or
a two dimensional request folded to produce a base mesh having up to two additional
meshes concatenated onto the base mesh. In particular embodiments, such modifications
to the scan algorithm tend fo reduce a maximum run time associaied with scheduler 515
scheduling a 16 x16x 16 configuration by one or more orders of magnitude.

To schedule a spatial request, scheduier 513 wuses a scheduling algorithm that
applies a scan algorithm to each Try structure in a list of Try structures until scheduler 5153
wdentifies a Try Structure that is schedulable. If no Try structures in the Hst are
schedulable and an aggressive flag on the spatial request is zero, scheduler 515 returns to
cluster management engine 130 without scheduling the spatial request. Otherwise,

scheduler 515 uses a compact scheduling algorithm to try to schedule the spatial request.
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5 k = Rank[j] Rank[j] = Rank[i] Rank[i] = k End If End For 10 End For In
particular embodiments, setSchedulable, which determines whether a job
150 is thegretically schedulable, encompasses the followin

“fggzl?:(? OFZ0to2 15 If T orusSize[i] < | ReturnFalse End For‘g f?ﬁ%&%?mmss}
RequestedNodes > TorusSize[0] x TorusSize[1] x TorusSize[2] X
NodesPerSwitch Return. False 20 End If If NodesPerSwitch not equal to
four Return False; End If If Requestgype = SPATIAL 25 factor[0] = 2
factor[l] =2 Ranlc(TorusSize, tRank) ARank(RequestedSize,, jRank)
NumJobDim = 0 30 NurnExceed =0 Fori=0 to 2 If RequestedSize][i] >

Y MPUGRR SO e SRS £ 135

inFalyes diN infEreceatisformiiwiBx deediel iy i Ree aeitation APERIHERD S keeps
@ U ERed R A RELMRHHRwing fields in Try:

« TryrMap is a mapping function for retation. TryrMap is an array bhaving three
elements that maps indices of a point. As an example and not by way of limitation,
TrysMap = {1, 0, 2} means index O gets mapped to I, index 1 gets mapped to 0
and index 2 gets mapped to 2 so that, under the map, {x, v, z} —= {y, %, z}.

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

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

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

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

In particular embodiments, after scheduler 515 determines that a job 150 is schedulable at
a starting point in grid 110 using a Try structure, scheduler 515 assigns MPI Ranks as

follows:

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

« Scheduler 515 loops through the pretransformed mesh in to generate MPI Rank,
As described above, in parficular embodiments, an x axis 18 an outer loop, a ¥ 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, v, z} in the loop according to an order scheduler 515 applied the
transformations to the pretransformed mesh, i.e., scheduier 515 folds 0, then folds
1. and then roiates the point to get a point, {x°, ¥°, 2°}, in the pretransformed mesh.
Scheduler 515 then inserts the node, {5, ¥, 2’}, into an end of AssignedNodeList.
In particular embodiments, a compact scheduiing algorithm applies & scan

algorithm to each mesh in a list of Try structures until the compact scheduling algorithm
identifies a Try structure that works. A Number of meshes in the list may be relatively
large, As an example and not by way of Hmitation, for a torus including 16 x16x16

nodes 115 and a request for one hundred nodes 115, BestFit = {4,4,5}, which results in
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Else If NumExceed = 1 WO 2006/055027 PCT/US20051012489 40 If
RequestedSize[jRank[Exceed[0]] <_ NodesPerSwitch x

TorusSize[tRank[Exceed[0]] Return True End If 5 If NumJ im.s
i {s2005/012489

WRAUATIGE End If Return False Else 10 If
RequestedSize[jRank[Exceed[0]] <_ factor[0] x
TOrusSlze[tRank[Exceed[0] and RequestedSize[jRank[Exceed[1]] <_
factor[l] x Torussize[tRank[Exceed[ |} Return True End If 15 If
NurnJobDim < 3 and (RequestedSizelj]xRank[Exceed[O]] 5 NodesPerSwitch
x TorusSize[tRank[Exceed[0]] or RequestedSize[iRank[Exceed[l]] <

oNOHES BRARMICH XnLOMSS S &%@Rﬁ@ﬁ?@%ﬂ%@ﬁ%’gﬁdﬁ& PhEDLdhech 1o

return False End If return Trae 25 In particular embodiments,

thinFscHeHEs iniensbesdatisnke sbHea Ry Yy péde Brcompatsdistiwould not

whRHQWIRG RN RIBHOSIG 2 IR RO SSHEs s QNN MREEn1d3vould not work
uzii’%\(its.ched ler sets an allowed type to Ang,%{; arqlless of an_original

Gadbt H REGHRSREdRIOHEN T o - REGH S e L AR R AR SRR L TR
(230r Spatial Adlewkd sidnalse;, Camnspatiidddwed riEalsentisediRequest Pypaular
er%bg)ﬁ%]%l %tv;c/le drlgzgggs}ésb‘aeyc WPsea?T%W%]%gggsggg)% i gafjl%%géi, since & possibility
exists that a scan using, for example, mesh M1 = {444} would find enough nodes to
satisfy a request, while a scan using, for example, mesh M2 = {2,2,10} would not, despite
M2 being above M1 in the Try structures list. in parficular 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 Hst
having a maximum distance i, for all j greater than or equal to 7, at least one mesh in the
Iist having a maximum distance j will also fit. If no mesh in the list having a maximum
distance 7 fits, no mesh in the list having a meximum distance less than or equal to { will fit
either. As an example and not by way of limitation, suppose {x, A z} is a mesh having a
maximum disiance ¢ that fits, Therefore, {x, Y,z 1} has & maximum distance 7 +1 and,
since {x, y,z+1} COVErs {x, y,z}, {x, y,z+1} also works. Induction applies to all j
greater than or equal to . If no mesh in the list having a maximuom distance { works, with
respect to any mesh {x, y,z} having a maximum distance -1, {x, V,E+ 1} has a

maximum distance 7 and also does not fit. Neither does {x, Vs z} since {x, v,z + I} covers

{x, v, z}. Accordingly, Scheduler 515 constructs MaxDistance{NumMaxDistances,?)
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 onm 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 fo be more

efficient.
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SpatialAllowed = True AnyAllowed = False If AggressiveFlag > 0 40
CompactAllowed = True Else Compact Allowed = False End If End If WO

“%09}%{ 5027 PCT/US2005/012489 41 factor[0] = 2 factorfpllmdans i zase
Rank(TorusSize, tRank) TorusMap[0] = tRank[2] 5 TorusMapll] = tRank[l]

TorusMap[2] = tRank[0] InverseTorusMap[tRank[0]] = 2
InverseTorusMap[tRank[1]] = 1 InverseTorusMap[tRank[2]] = 0 10 If
SpatialAllowed = True If setTorusForgpatialo = False Return False End If
Else If CompactAllowed = True 15 If setTorusForCompactlo = False
Return False End If Else If setTorusForAnyQ = False 20 Return False

End K ogdachif 595140 ohMMaREi8NSINS! retums HighFit and HighStart[3].
TorusSize[mapDiminsions[i]] = mapMod][i] x TorusSiz,e[mapD_iminsjonsp]] a

Highiptis porgexrdritiorts Ilgp%lﬁ%wﬁwge Highaterh i B SppdingIppias st @ fit in,

grid 110. An algorithm for running a linear search downward begins with HighFit and
HighStart. In particular embodiments, scheduler 515 decrements a maximum distance of a
current HighPit mesh. Scheduler 515 then loops through all meshes including the
maximum distance uniil scheduler 515 identifies a mesh satisfying the request. 1If
scheduler 515 identifies a mesh satisfying the request, scheduler 515 sets the mesh to
HighFii, decremented the maximum distance again, and repeats the process. If scheduler
515 identifies no such meshes, the algorithm exits and a current HighFit is a best fit. If
scheduler 515 cannot identify a fit for 2 particular maximum distance, then scheduler 515
carmot identify a fit for a shorter maximum distance,

Scheduler 515 loops through a Fit mesh and inserts one or more nodes 115 info an
end of AssignedNodelist. An order of the three loops depends on how scheduler 515
mapped a switch-based torus to a node-based torus. If scheduler mapped the switch-based
torus using a 4x 1 configuration in one dimension, the one dimension is an inner loop. If
scheduler 515 mapped the switch-based torus using a 2x2 configuration in two
dimensions, the two dimensions are innermest loops.

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

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

« A zaxisis an innermost loop. Scheduler 515 expanded the z axis by a factor of four
when scheduler 515 converted a switch-based torus to a node-based torus. Using

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

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

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

AssignedNodeList according to MPI Rank. AssignedNodelist[7,0] is 2 x coordinate of a
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End If 30 If compactAllowed = True buildCompactFits() End If If
AnyAllowed = True buildFreeMesheso 35 End If If SpatialAllowed = True

or CompactAllowed = True InitScanQ End If return True 4196 t%mg Br
: . : / 51112489
Weorr%g(gg%‘rﬁ%zﬁts, setTorusForSpatial, which maps a swﬂch-baseg torus zi(j) a

node-based torus for a spatial request, encompasses the following
example logic: Rank(RequestedSize, jRank) WO 20061055027
PCT/US2005/012489 42 NumDim 5.0 dNdx=0 Fori=0to 2 If
RequestedSize[i] > 1) 5 twoD[NumDim] =i NumDim = NumDim + | Else
oneD[dNdxj =i dNdx =dNdx + 1 10 End If End For If NumDim =1

nd3EHH B SEN@IUREQIIDQ & %dﬁ%@@i@%ﬂﬁ % IO RO TSk 2P Qs vp1

Else Return setTorusFor3D() End If 20 In particular embodiments, ‘
RagdiTiorait dhisicneiible dalitiphel Gridl 2100 pitinie fattorson tivo pArddRE Rank i
rdineasions ook 110 iRasle(RbardiRaplelll encammassesing switch-based

foIIowing example,lo?ic: . X , .
coordmates. In particular embodiments, to set an mpiRank field in FreeNodeList,
scheduler 515 uses the following example aigorithm:

» Fori=(0to NumFreeNodes— I
o Convert AssignedNodeList[i] to switch-based coordinates and add them to
To[4]
o Apply InverseTorusMap to first three elements of To
o Forj=0 to NumFreeNodes — 1
« [ Tolk} =FreeNodeListl/i.coordinate{4] forall £ = 0,1,2,3
- FreeNodeListlj]mpiRank = {
= 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 2 job 150, ciuster management engine 130 communicates values for the

following wput parameters to scheduler 515

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

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

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

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

NodesPerSwiich: A Number of CPUs 164 coupled to each switch 166 in grid 110,
NumFreeNodes: A Number of nodes 115 in FreeNodelList.
FreeNodel.ist: 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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NumMapDirinsions = 2 mapDiminsions[0] =jRank[2] 25 mapDiminsionsl]
=jRank[1] mapMod[0] = factor[0] mapMod[1] = factor[0] For i=0to 3
tSizelil = TorusSize[TorusMap]i]] 30 End For Fori=0to3 T, % il=
“@té@%ﬂg};d For For i = 0 to 3 35 RequestedSize[i] = & Z(f?y[ﬂumz;w
OriginalSize[jRank[i]] JobMap[/Ranlc[i]] =i End For Return True 40 In
particular embodiments, setTorusFor2D maps a switch-based torus to a
node- based torus in one of six ways; 1. {7[O], T[lj, 7[2]] -* {x(0],2 x 7[1], 2
x 1[2]} WO 2006/055027 PCT/US2005/012489 43 2. {1[0], T[1], T[21} {2 x
7[0], T[11, 2 xIT2]} 3.{T[O], 711], 7121} > {2 x 7101, 2 x 7[1],1[2]} 4.

’ v : (10 7 )
R AR I e o o
TorusSize. The first three confii%uﬂrations result from scheduler 515

cORI Ry ReaES MEY beF SRt ABLE8 S Sk o adadiasesThehsitithred 5 can
configurations result from scheduler 515 configurir?i}ﬁV eqdyle doly 150, even

bd > et
switch 166 as Ixl nodes 115. In particular embodirteht&8&tror SEgiopH10 are
counts Try structures that scheduler 515 would gefSF4R fr 10 each map

and selects a map. that would rate a gre t number of Tr -
U PR SR R PSR 2 LD s ol Sfresode
sttoctheaboveddrder. ScheditelaSdSieonstmicts: p@izefer Atk bdeeen cluster
izesli. 01 =i narifion.in ) ) i 0L oo
T s goment

=slze 0
eng8ipddf, iojefapat shahechevs it in eRacsiaRNG SemisHe CEB diatRshgduler 515
toRXzesth 34 Hihe-Numberehiiasthatwewddde generated for
configuration i. in particular embodiments, setTorusFor2D encompasses . .
the fg}m@@fﬁ%@mm& setScheduiable, which determines whether a job 150 1is
theoretically schedulable, encompasses the following exampie logic:

If setSchedulablel) = False
Return PQS NO_ASSIGNMENT FOR_JOB_CATEGORY
End If
If imitScheduler(} = False
Return PQS NO_ASSIGNMENT AT SPECIFIED TIME
End If
If RequestedNodes > NumFreeNodes
ret = False
Else
ret = schedulelob(}
Ond If
If ret = True
setMpiRank()
Return PQS ASSIGNED
Else
Retum PQS_NO_ASSIGNMENT AT SPECIFIED TIME
End If

In particular embodiments, Rank, which scheduler 515 calls to rank job sizes,
encompasses the following example logic. Input to Rank includes s one dimensional
array, In[3], having three elements. Ouiput from Rank includes a one dimensional array,
Rank{3], having three elements indicating, in increasing size, ndices of In. InfRank{0] <

n[Rank[1]] £ In[Rank[2]. In particular embodiments, Rank inciudes a bubbie algorithm.

Rank[0] =0
Rank[1]=1
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logic: 20 max = -1 maxNdx =-1 For i=0to2 For./ =i+1t0 3
NumMapDiminsions = 2 25 mapDiminsions[0] = (i+j) mod 3
mapDiminsions[ 11 = (i+j+1) mod 3 mapMod[0] = factor[0] =
ngc%%)rﬁmsg(&zrestP artSize(testP artSize) 30 pSizes|i + J -I, Z]E[E%RM%HH(JIMSQ

testPartSize[2] pSizes][i + | -1, 1] = testPartSlze[l] pSizes][i +j -1, 0] =
testPartSize[0] pSizes|i -j -1][3] = cnt2DTries(testPartSize,
RequestedSize) If pSizes|i +,j -1][31.2 max 35 max = pSizes]i + j - 1][3]
maxNdx=i+j-1 End If End For WO 2886/055027 PCT/US2005/012489 44
End For For i =0to 3 NumMapDiminsions =1 mapDiminsions[0]=2-i5
maply} [,(_)b:'NodesperOrid setTestPartSize(testPartSize) pSizes[i+3, 2]
=testespSjzef2] pSizes(i+3, 1] = testspSize[l] pSizes[ia-3, 0] =
testsp&i%g[g)hlg, pSizes|i+3][3] = cnt2DTries(testPartSize, RequestedSize)
if pSizesfH33L .z maxdnani HSizes[i+3][3] maxNdx =i+3 End If 15 End
For If may <@ rank|j)

Rank[/] = Rank{7}

Rankli} =k

End ¥
End For
End For

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

Fori=0tc 2
If TorusSize[i] < 1
Return False
End For
If RequestedNodes > TorosSi1ze[0] x TorusSizell] x TorusSize[2] x NodesPerSwitch
Return False
End If
If NodesPerSwiteh not equal to four
Return False;
End If
If RequestType = SPATIAL
factor[0} =2
factor1] =2
Ranl(TorugSize, Rank)
Rank{RequestedSize, /Rank)
NumJobDim =0
NumExceed =0
Fori=0to2
If RequestedSize{7] > 1)
NupjobDim = NumJobDim + 1
Flse If RequestedSize{i] < 1
Return False
BEnd If
If RequestedSize{jRank[i]] > TorusSize{ Rank]:]}
Exceed[NumExceed] = {
NumExceed = NumExceed + 1
End If
End For
If NumExceed = 0
Retum True
Else If NumExceed = 1
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if CompactAAllowed = True SpatialAllowed = False Return set’,
orusForCompact() 20 Else return False End If Else Fori=0to2 25
r& 15%8% 'I;orusS|ze[TorusMap[|]] End For Fori=0to 2 Tq,rgﬁ%%[}l;mmgq
|ze Bhd For 30 If maxNdx < 3 NumMapDnninsions =
mapDiminsions[0] = (maxNdx+1) mod 3 mapD|m|n5|ons[1] = (madex+2)
mod 3 mapMod[O] = factor[0] 35 mapMod]l] = factor(l]
RequestedSize[mapDiminsions[0]] —grlglnal&ze[lRanlf[l]]
RequestedSize[mapDiminsions]l]] = OriginalSize[jRank[2]]
RequestedSize[3 mapDiminsions[O] -mapDiminsions[1]] _ OriginalSize[
jRank[O}4-4Q agéeéﬂgaug ZRapRiniRgiansigk JaMapliRanic(2]] =
mapD|m|n3|ons[1] Job (g AvaRRIminsions|0]-
mapDiminsigqsl] T-&ise NumMo = 1 45 NumMapDiminsions = i
mapDimipgiens[0] = (5 - maxNdx) mod 3 WO 2006/055027
PCT/USg0QR0di2489 <45 mapMod[0] = NodesperGrid If
mapDiminsipastRlrFu? i=1 Else 5i=2 End If
End If
Return False
Else
If RequestedSize[fRank[Exceed[0]] < factor[0] x TorusSize[fRank[Exceed[0]
and RequestedSize{f/Rank[Exceed[1]] < factor{1] x
TorusSize[Rank{Exceed[1]]
Return True
ad If
If NumJobDim < 3 and (RequestedSizeljRank[Exceed[0]} < NodesPerSwitch
% TorusSizeffRank[Exceed[0]] or
RequestedSize[/Rank{Exceed[1]] £ NodesPerSwitch x
TorusSize{fRank[Exceed[1]])
Return True
End If
return False
End If
return True

In particular embodiments, initScheduler, wiuch sets allowed scheduling types.,

encompasses the following example logic. If a job 150 requests only one node 115,

initScheduler sets an allowed type to Any, regardless of an original request:

If ReguestedNodes = 1 or Requestype = Any
- AnyAlowed = True
SpatialAllowed = False
CompactAllowed = False
Else If RequestType = Compact
CompactAllowed = True
AnyAllowed = False
SpatialAliowed = False
Else If RequestT ype = Spatial
SpatialAllowed = True
AnyAllowed = False
If AggressiveFlag > 0
CompactAllowed = True
Else
Compact Allowed = False
End If
End If
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RequestedSize[mapDiminsions[0]] = Original Size[jRank[2]]
RequestedSize[i] = OriginalSize[/Rank[1]] RequestedSize[3 -
iminsions[0] - i] = OriginalSize[fRank[0]] 10 JobMap]j =
"iﬁ?ﬁ f%ﬁ%onsm JobMaplfkank{l]] = i JobMap[jRank[0]] = gwﬁmw 012489
mapDiminsions[0] - i End If End If 15 Return True In particular
embodiments, setTorusFor3D encompasses the following example logic:
max = -1 20 maxNdx =-1 Fori=0tg2 Forj=i+lto 2
NumMapDiminsions = 2 mapDiminsions[0] = (i+j) mod 3 25
mapDiminsions][l] = (i+j+l) mod 3 mapMod[0] = factor[0] mapMod[1] =
faglqil Ofgtg' estPartSize(testPartSize) pSizes|i +j - 1, 2] = testPartSize[2]
3Gp3 @ﬁﬂ ~j- 1, 1] =testPartSize[l] pSizes[i +j - 1, 0] = testPartSize[0]
p%@ﬁ%fgﬂwséizél fﬁﬁﬂg)zDTries(testPartSize, RequestedSize) If (pSizesi
+Eokad MR m@gﬂ@@Sizes[i +j -1, 3] 35 maxNdx=i+j-1 End If End For
Enddavikem i = Giaig 40 NumMapDiminsions = 1 mapDiminsions[0] = 2 -
maphodiB] = NarlesgerGrid; setTestP artSize(testP artSize) pSizes[i+3,
2]imvtestPariside 2 iRdbigSires(i+3, 1] = testPartSize[1]
InverseTorusMap[Rank{1]] =1
InverseTorusMap[Rank{2]] = 0
If Spatial Allowed = True
If setTorusForSpatial(} = False
Return False
End If
Else If CompactAllowed = Troe
If setTorusForCompactl() = False
Retwmn False
End If
Elge
If setTorusForAny() = False
Return Faise
End If
End If
For i = 0 to NumMapDimensions
TorusSize[mapDiminsions{7]} = mapMod[{] x TorusSize{mapDiminsionsji]]
End For

sSetPartition()

If Spatial Allowed = True
buildSpatial Tries()

End If

If compactAllowed == True
buildCompactFits()

End If

If AnyAllowed = True
buildFreeMeshes()

End If

If SpatialAllowed = True or CompactAllowed = True
InitScan(}

End If

refum True

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

a node-based torus for a spatial request, encompasses the following example logic:
Rank{RequestedSize, jRank)
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WO 2006/055027 PCT/US20051012489 46 pSizes[i+3, 0] =
testPartSize[0] pSizes[i+3], 3] = cnt2DTries(testPartSize, Requestedsize

Wléoﬂﬁbe;@%%][?a] > may, max = psizes[i+3, 3] 5 maxNdx = i+3EAgdf &G40
or

max <_ 0 If CompactAllowed = True 10 SpatialAllowed = False
Return setTorusForCompact() Else return False End If 15 Else Fori=0
to 2 ntSize[i] = TorusSize[TorusMapli]] End For Fori=0to 2 20
TorusSize[i] = ntSize[i] End For If m%Ndx <3 NumMod =2 mod[0] =
(maxNdx+1)mod 3 25 mod[ 1] _ (maxNdx+2) mod 3 NumMapDiminsions
= 2 mapDiminsions[0] = (maxNdx+l) mod 3 mapDirninsions]l] =
(Mgysix+2)ymod 3 mapMod[0] = factor[0] 30 mapMod[1] =faetorfl]
Regquestgdsize(mapDiminsions[0]] = OriginalSize[iRank[l]]
ReguestedSize[mapDiminsions[1]] = OriginalSize[iRank[2]1
Req@mgg({@z@ﬁ@qgninsionsm] -mapDiminsions[1]] _
Original gizgliRankai] 35: JobMap[jRank[1]] = mapDirninsions|0]
JobMiapURami2 umppkiinsions| 1]
Flse
oneD[dNdx] =1
- dNdx = dNdx + 1
End If
End For
If NumDim =1
Return setTorusForlD()
Else IENumDim = 2
Return setTorusFor2ZD{)
Else
Return setTorusFor3D()
End If

In particular embodiments, setTorusForlD, which multiplies grid 110 by two

factors in two largest dimensions of job 150, jRank[2] and jRank[1], encompasses the

following exampile logic:

NumMapDiminsions = 2
mapDiminsions[0] = fRank{2]
mapDiminsions[1] = jRank{1]
mapMod[0] = factor{0]
mapMod[1] = factor][0]
Fori=0to3
ntSize(i] = TorusSize[ TorusMap{i]]
Fnd For
Fori=0tc3
TorusSizelr] = ntSize[i]
End For
Fori=0103
RequestedSize[i] = OriginalSizefjRank{]]
JobMap[/Rank{#1} =i
End For
Return True

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

based torus in one of six ways:

L {110} 711], T12]} —~ {710}, 2 = 713, 2 x T(2]}
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JobMap[JRarilc[0]] =3 -mapDiminsions[0] -mapDiminsions[1] Else
NumMod = 1 40 mod[O] = 2 - (maxNdx - 3) NumMapDiminsions =1
mapDiminsjons[0] = (5 - maxNdx) mod 3 mapMod[0] = NodesperOrid
Wrﬁazﬁ ifRinsions[0] = 2 45 i=1 Else WO 2006/055027 PCHOS 20051
PCT/US2005/012489 47 i=2 End If RequestedSize[mapDiminsions[0]] =
OriginalSize[jJRank[2]] RequestedSize[i] = OriginalSize[Rank[l]] 5
requestedSize[3 - mapDiminsions|[0] - i] = originalSize[jRank][0]];
JobMap[jRank[2]] = mapDiminsions[0] JobMap[TRanlc[l]] =i
JobMap[/Rank[0]] = 3 -mapDiminsions[0] - i End If 10 End If Return True

Inparti 9@%? n e rcaq , Which sets a z
dr;zrﬁeizf;gi‘agﬁgj C pit%%%ui%?gﬁ’gfnﬁ% fguration, encompasses
the fofoWing Exdmpletogicx 1B HoRiz0tbEntSIZE[i] = TorusSize[tMapli]]

End Eordrorif; 0rtg3-Jormeizeli 3 thBi)é?:j{i]z ngalzr)nl\(/]llozc[)(;] =NodesperGrid

NurM imnsions = I mapDiminsions
R tuﬁﬁ?ﬁuﬁgﬁ%&ﬁ%d@%&%ﬁo&ﬁ;e ,}setTorusForAny, which sets a
z Gimgnsiof]of, anzany-réquesian & 4 I2¢onfiguration, encompasses the

following example logic:
T"is TorusSize. The first three configurations result from scheduler 515 configuring nodes

If
012489

115 per switch 166 as 2x2 nodes 115. The last three configurations result from
scheduler 515 configuring nodes 115 per switch 166 as 1x1 nodes 115, In particular
embodiments, setTorusFor2D counts Try structures that scheduler 5135 would generate for

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

the event of a tie, setTorusFor2D selects a map according to the above order. Scheduler

515 constructs pSize{6.4] to inchude:

pSizesiz, 0] = size of the partition in the x dimension for configuration. ;.
pSizesiZ, 11 = size of the partition in the y dimension for configuration 7.
pSizesli, 2] = size of the partition in the z dimension for configuration 7.
pSizes(i, 3] = the Number of tries that would be generated for configuration 7.

In pariicular embodiments, setTorusFor2D encompasses the following example

logic:

max =—1
maxNdy = -1
Fori=0102
Forj=i+lio3
NumMapDiminsions = 2
mapDiminsions{0] = (;+/) mod 3
mapDiminsions{1] = {{-+j+1) mod 3
mapMod{ (] = factor[0]
mapMod[1] = factor[1]
setTestPartSize(testPartSize)
pSizes{i + 7 -1, 2] = testPartSize[2]
pSizesii + j ~1, 1] = testPartSizel 1]
pSizesfi + 7 -1, 0] = testPartSize{ (]
pSizesfi + j -1]{3] = eni2ZDTries(testPartSize, RequestedSize)
If pSizes{i + j — 1][3] » max
max = pdizesfi + j — 1][3]
maxNdx =7 +;-1
End If
End For
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For i =0 to 3 ntSize[i] = TorusSize[tMap[i]] 30 End For Fori=0to3
TorusSize[i] = ntSize[i] End For NumMapDiminsions =1 35
“@gﬁgw‘ggﬂﬂons[(}] =2 mapMod[Q] = NodesperGrid Return J&‘%ﬁbesm 2489
particular embodiments, setPartition encompasses the following example
logic: 40 For i =0 to TorusSize[0] -1 For j =0 to TorusSize[I] - | Forh=0
to TorusSize[2] - 1 NodehlUse[ij,k] = NODE-IN-USE WO 20061055027
PCT/US20051012489 48 End For For End For Fori=0to2 5
PartStart[i] = TorusSize[i] PartEnd[i] =0 End For Fori=0to
NumFreeNodes - 1 To[O] = FreeNodes[i].coordinate[TorusMap[0]] 10
Tq[l} 7 FreeNodes]i].coordinate[TorusMap[1]] To[2] =
FregNades/i.coordinate[TorusMap[2]] If NumMapDimensions = 1
To[MapRingnsianial;s 9[MapDimension[0]] x MapMod[0] + FreeNodes
[1].cqgﬁgjﬂﬁgﬁ{%gkﬁ@gql@[MapDimension[O]] =To [MapDimension[Ol] x
MapMoedi@bd] o rerbladsstilcoordinate[ 3)/ MapMod[1]
To[MapDisaensio{idi® kgiapDimension[1]] x MapMod(l] +
FreeNpoes]i}-sopreiratepllaeiag MapMod[1] 20 End if NodeinUse[To[0]],
To[l], pBafeili=INOBHEMEITHNAYSE
pSizes[i+3, 0] = testspSize[]
pSizes[i+3]13} = cnt2DTries(testPartSize, RequestedSize)
if pSizesiz+31[3] > max
max = pSizes[i+3][3]
maxNdx = i+3
End If
End For
Ifmax <0
if CompactAliowed = True
SpatialAllowed = False
Return setTorusForCompact()
Else
return False
End If
Else
Fori=0to2
ntSizeli] = TorusSize] TorusMap[/]]
End For
Fori=01t2
TorusSize|7] = ntSize[i]
End For
[f maxMNdx <3
NumMapDiminsions = 2
mapDiminsions[0] = (maxNdx+1) mod 3
mapDiminsions[1] = (maxNdx+2) mod 3
mapMod[0] = factor[0]
mapMod{ 1] = factor{1]
RequestedSize{mapDiminsions[(]] = OriginalSize[jRank{17]
RequestedSize[ mapDiminsions[1]] = OriginalSize[/Rank{2]]
RequestedSize[3 — mapDinunsions[ (] — mapDiminsions[1]] =
OriginalSize[/Rank{0]1]
JobMap[/Rank{1]] = mapDiminsions{ (]
JobMap[/Rank[2]] = mapDiminsions[1]
JobMap[/Rank[0]] = 3— mapDiminsions[ 0]~ mapDiminsions[ 1]
Else
NumMod = 1
NomMapBDiminsions = 1
mapDiminsions[0] = (5 — maxNdx) mod 3
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Forj=0to2 If T 0 j] < PartStart[i] PartStart]j] = To[j] 25 End If If To[j] <
PartStart[j] PartStart]j] = To[j] End. If End For 30 End For Fori=0to2 If
PartStart[i] = 0 and PartEnd][i] = TorusSize][i] - | PartWraps|i =
WALz ?/'\;/['}%ps[i] =False End. If PartSize[i] = PartEnd][i] - Park'lt g;\[r{u {ﬁfﬁ%w

End For 40 In particular embodiments, initScan, which constructs FreeY
and FreeX, encompasses the following example logic: For i =0 to
TorusSize[0] - 1 For k =0 to TorusSize[2]- | Count = 0 45 Forj
=TorusSize[l]-1 to 0 by-l WO 2006/055027 PC'1'111S20051012489 49 If
NodelnUse[i,j,k] = NODE-NOT-IN-USE Count = Count + 1 End If
FreeY[i,L.k] = t E nd For End For For,j = 0 to TorusSize]l]
-1 For ké%ﬁ?g 5&&?}:%{%9 fz%rlé 10 Count =0 For i = TorusSize[0] - 1 to
0 by -i If NodelnUselij,k] ='NODE NOT-INT USE Count = Count -1- 1

Else

i=2

End If

RequestedSize[mapDiminsions{0]] = OriginalSize[jRank[2]]

RequestedSize[i] = OriginalSize[jRank{ 17]

RequestedSize[3 — mapDiminsions[0} — i] = OriginalSize[/Rank[0]]

JobMap[/Rank{21} = mapDiminsions{(}

JobMap[/Rank{1]] =i

JobMap[/Rank[0]] = 3 — mapDiminsions{0] — ¢

End If
End If
Return True

In particular embodiments, sefTorusFor3D encompasses the following example

logic:

max = 1
maxNdx =1
Fori=0to?2
Forj=i+1102
NumMapDiminsions = 2
mapDiminsions{ (0] = (i-+7) mod 3
mapDiminsions[1] = (i+/+1} mod 3
mapMod[0] = factor[(]
mapMod[ 1] = factor{1}
setTestPartSize(testPartSize)
pSizes{i + j— 1, 2] = testPartSize{2}
pSizes[i +j — 1, 11 = testPartSize[1]
pSizes[i +j— 1, 0] = testPartSize{(}
pSizes[i + 7 — 1, 3] = ent2DTries(testPartSize, RequestedSize)
If (pSizes[i +j - 1,3} > max)
max = pSizesii +;—1, 3]
maxNdx =i +/—1
End If
End For
End For
Fori=0t2
NumMapDiminsions = |
mapDiminsions{0] =2 -7
mapMod[0] = NodesperGrid;
seiTestPartSize(testPartSize)
phizes[i+3, 2] = testPartSize[ 2]
pSizes{i+3, 1] = testPartSize[1]
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End If 15 FreeX]i,j,k] = Count End For End For End For 20 In particular
embodiments, buildSpatialTries, which determines a Number of
dimensions in a. request, encompasses the following exam ic:
WRENEBER"20 Fori=0to2 If RequestedSize[i] > 1) 25 NumDi%]@g@\l%ggstl)ﬂiﬁéig
1 End If End For If Nun Dim =1 buildiDTry() 30 Else If NumDirn = 2
build2D'l'ry() Else fori=0to2 Try.baseSize[i] RequestedSize[i] 35 End For
Try.NumConcats = 0 Try.NumFoldMaps =0 NumberOffries = 0
build3Dtry(T,y, NumberOtTries) 40 BRd If In particular embodiments,
build3Dtry, which builds TryList for a three dimensional request and

builds Tré/ tructures f e%ch d in a one dimensional request or a two
dimelRIoNAI é oS erLOmD, S gga}@.zgo&oﬁﬁg&e apple logic: WO
2006? éﬁ 27 /Lﬁg qg}](%t E g setOrient(Try, NumOrient, orient)
: 1Z€81 i+ ) . :
if Num rent > é ; |3:§3 to NumOirient - | ++NumTries; 5 Forj=0to2
TryList[fl}-ﬁég}@g{Q il s].baseSize[i] = Try.baseSize[orient[i,j]] End For
End If
End For
Ifmax < 0
If CompactAllowed = True
SpatialAllowed = False
Return setTorusForCompact()
Else
return False
End If
Else
Fori=0w2
ntSize[i] = TorusSize[ TorusMapii]]
End For
Fori=0to 2
TorusSize{il = ntSize[7]
End For
IfmaxNdx <3
Numiviod = 2
mod{0] = (maxNdx+1)mod 3
mod[ 1] = (maxNdx+2} mod 3
NumMapDiminsions = 2
mapDiminsions[0] = (maxNdx+1) mod 3
mapDiminsions]1] = (maxNdx+2) mod 3
mapMod[0] = factor[(]
maphod 1} = factor[1]
RequestedSizemapDiminsions{0]] = OriginalSize[/Rank{1]]
RequestedSize[mapDiminsions|1]] = OriginalSize[/Rank{2 ]}
RequestedSize[3 — mapDiminsions{0} — mapDiminsions[1]] =
OriginalSize{jRanic[0]]
JTobMap[/Rank[1]] = mapDiminsions{(]
JobMap{/Rank{2}! = mapDiminsions[1]
JobMap[/Rank[0]] = 3 - mapDiminsions[0] — mapDiminsions{1]
Else :
NumMod =1
mod[0] = 2 — (maxNdx — 3)
NumMapDiminsions = |
mapDiminsions[0] = (5 — maxNdx) mod 3
mapMod[0] = NodesperGrid
If mapDiminsions[0] = 2
fe=l
Else
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TryListiNumberOfTries].NumConcats = Try.NumConcats; Forj=0 to
TryListfNumberOflries].NurConcats - 1 10 Fork=0to2

_ w‘ﬁ%&g}{l&ggbemﬂ'ries.concatSizeU, K] = Try.concatSize[i,o%igrlJ 'S2 6%1612489

IStiNumberOfTries].concatStartNode([f, ic] Try. concatStartNode[j,
orient[i, k]]; 15 End For End For TryListi{NumberOffries].NumFoldMaps =
Try.NumFoldMaps; For j = 0 to TryListfNumberOffries].NumFoldMaps
TryListfNumberOfTries].foldLength[j] = Try.foldLengthlj] 20
TryListfNumherOffries].foldFrom[j] = ‘f’?y.foIdFrom[i]
TryListfNumberOfTries].foldToU] = Try.foldTo[j]
TryList[NungbegOffries].foIdFix[j] = Try.foldFix[j] End For Fork=0to2 25

TryList[ raf” rOffries].rMap[k] = orient][i, K]

Nomber gﬁ%@&%ﬁ%ﬁ%&;ﬁ@%@%% FEI
setOrient, %é&!aﬁ% ralates SHMMAGTAS UNtue seialinns, Rip@rient, for

p

aTry str M%gﬁ%@mdﬁ%@mﬁ%gﬁ@ rotation, encompasses the
followingy Aegicf;NymOrient = O; If try.NumberOfConcatanations >
0 35 Foggﬁpfgp m[ﬂ}firybm@%@i&gm]:_@ to try.NumConcats - 1 If
try.copgatBtartNodeU, i| ? size[i] size[i] = Try.concatStartNodeU, i] +
TrymeprcatSize|j, i]; 40 Else If Try.concatStartNodeU, i] < 0 size[i] = size]i]
- tRenandatsStartNode(j, i End If End For End For WO 2006/055027
PCT[US2005/012489 51

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

compact request to a 4x 1 configuration, encompasses the following example logic:

Fori=0103

ntSizelf] = TorasSize{tMap{i]]
End For
Fori=0t03

TorusSize[7] = ntSize[{]
End For
NumMapDiminsions = |
mapDiminsions{0] = 2
mapMod{0} = NodesperGrid
Return True -

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

Fori=0103

ntSizef7] = TorusSizeltMapii]]
Ead For
Fori=0103

TorusSize{i] = ntSizel{]
End For
NumMapDiminsions = 1
mapDiminsionsf0] = 2
mapMod[0] = NodesperGrid
Return True

In particular embodiments, setPartition encompasses the following example logic:

Fori= {0 to TorusSizef0] — 1
Forj=0to TomsSize[1} -1
For &= 0 to TorusSize{2] — 1
NodelnUse{i,j.k] = NODE_IN USE
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Ifsize[0] < PartSize[0] and size[1] <_ PartSize[1] andsize[2] 5 PartSize[2]
orientfNumOrient, 0] = 0 orientfNumOrient, 1] =1 orientfNumOrient, 1] = 2
@Q@@%ﬁqt = N.urnOrientJ'r | End If If size[0] <.PartSize[Ol,g,pgj§i6%12489

artSize[1] andsize[l] PartSize[2] orientfNumOrient, 0] =0
orientfNumOrient, 1] =2 10 orientfNumOrient, 2] =1 NumOrient =
NumOrient + 1 End If If size[l] 5 PartSize[0] and size[0] PartSize[l]
andsize[2] PartSize[2] orient[NumOrj}%nt, 0] = 1 15 orient[NumOirient, I] =
0 orientfNumOrient, 2] =2 NumOrient = NumOrient + 1 End If If size[l]
<_PartSize[O] and size[2] < Partsize[l] andsize[0] PartSize[2] 20
orient(Ngm@rient, 0] = 1 orient[NumOrient, 1] = 2 orientl_NumOrient, 2] =
0 Num@gignt = NumOrient + 1 End if 25 If size[2] 5 PartSize[0]
angsizel0] 5 PartSize[l] andsize[1] PartSize[2] orientfNumOrient, 0] = 2
ofiigp{NymQrient, 1] = 0 orient[Num(c)rient, 2] =1 NumOrient =
Num@yienk: 4 =3fbERdittifisize[2] 5 Partsize[0] and size[1] PartSize(l]
andsizgthgifRartSize[2] orientiNumOrient, 0] = 2 orient[NumOrient, 1] = 1
oneidtiNymMOrient, 2] = 0 35 NumOrient = NumOrient+ | End If Else If
TobasdSizaiohErdaydrseSize[ I] If try.baseSize[O] = try.baseSize[2]
To[0] = FreeNodes[7].coordinate! TorusMap{ 01]
To[1] = FreeNodes[{].coordinate] TorusMap{ 11]
To[2] = FreeNodes|i}.coordinate[ TorushMap[2]]
H NumMapDimensions = 1
To[MapDimension[0]] = To[MapDimension[0]} x MapModi0] +
FreeNodes[i].coordinate[3]
Else
To[MapDimension[0]] = To[MapDimensionf0]] x MapMod[(0] +
FreeNodes[7].coordinate[3] / MapMod[1]
TolMapDimension[1]] = To{MapDimension{1]] » MapMod[1] +
FreeNodes{i].coordinate[3] mod MapMod[1]
End If
NodelnUse[ To[0]], To[1], To[2]] = NODE_NOT_IN_USE
Forj=0102
If Tolf] < PartStart{f]
PartStart]jl = Tolf]
End If
If Tolf] < PartStart(/}
PartStart]j] = To[/]
End If
End For
End For
Fori={0to2
If PartStart{i] = 0 and PartBnd{i] = TorusSize{{] — 1
PartWraps[/] = True
Else
PartWraps[i] = False
End If
PartSize[i] = PartBnd[7] — PartStart[7] + 1
End For

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

encompasses the foliowing example logic:

For i = 0 to TorusSize[0] ~ 1
For k= 0 to TorusSize[2]- 1
Count =0
For j=TorusSize[1] - 1 to O by -1
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If Try.baseSize[0] <_ Partsize[0] and Try.baseSize[1] PartSize[1] and 40
Try.baseSize[2] < Partsize[2] orient[NumOrient, 0] = 0 orient[NurnOrient,
= | orientf[NumOrient, 2] =2 NumOrient = NumOrient + I
W@I%@W%%OG/O%OZ? PCT/US2005/012489 52 IfTry.base%S(fi{?fgfb 55/512489

PartSize[0] and Try.baseSize[l] <_ PartSize[l] and Try.baseSize[2] <_
PartSize[2] orient{NumOrient, 0] = 0 orientifNumOrient, 1]=1 5
orientfNumOrient, 2] = 2 NumOrient Z-FgNumOrient +1 EndIfIf
Try.baseSize[0] < PartSize[0] and Try.baseSize[2] PartSize[1] and
Try.baseSize[l] 5 PartSize[2] 10 orientfNumOrient, 0] =0
orient{NumQ¥j =7 :OHentNY ieAtre] FdwNumOrient =
NumOrient%ﬁfg%%Iiifi% ?f;ylbasegls%ée%%%%:ggﬁsue[m and
Try.baseSizg[@}S PartSize[l] and Try.baseSize[l] _< PartSize[2]
orient[Num@yient; 01 = 2.apentiNumOrient, 1] = 0 orient[NumOrient, 2] =
1 20 NumQrigpt = NumOrient + 1 End If End if Else if Try.baseSize[0] =
Try.baseBize[2] If Try.baseSize[0] 5 PartSize[0] andTry.baseSize][l] 5
Pax$Sze[1l] and 25 Try.baseSize[2] 5 PartSize[2] orientfNumOrient, 01 =
0 ForigatiNU M) = | orientfNumOrient, 21 = 2
For k=0 to TorusStSize[2]-1
Count =0
For i = TorusSize[0]— 1 to O by -1
If NodelnUse[i,/,&] = NODE NOT _IN USE
Count = Count + 1
End If
FreeX[ij.k} = Count
tind For
End For
End For

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

NumbDim =0
Fori=0t2
If RequestedSize{i] > 1)
NumDim = NumDim + 1
End If
End For
IFNumDim =1
buildi DTry(y
Else If NamDim = 2
butld2DErv()
Else
fori=01c2
Try.baseSize[i] RequestedSizef/]
End For
Try.NumConcats = 0
Try NumPFoldMaps =0
NumberOfTries = 0
build3Dtry(Try, NumberOfITies)
End If

In parficular embodiments, build3Diry, which builds TryList for a thres
dimensional request and builds Try structures for each fold in a one dimensional request or

a two dimensional request, encompasses the following example logic:
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NumOrient = NumOri ent + 1 30 End If If Try.baseSize[0] <_ Partsize[0]
andTry.basesize[l] PartSize[2] and Try.baseSize[l] 5 PartSize[2]

w%r %E% ,prlent 0] = 0 orient[NumOrient, 1] = 2 35 orientiNymOuant: Zke

rlent = NumOrient + 1 End If IfTry.baseSize[li <_ PartSize[0]

and Try.baseSize[0] <_ PartSize[1] and Try.baseSize[2] S PartSiize[2] 40
orientfNumOrient, 0] = 1 orientfNumOrient, I] =0 orientfNumOrient, 2] =
NumOrient = NumOrient + 1 End If éé Else TfTry.baseSize[1] =
Try?baseSize[2]) WO 2006/055027 PCT/US2005/012489 53 If
Try.baseSize[0] <_ Partsize[0] and Try.baseSize[1l] < PartSize[l] and

Tjgt ase@z 31 a%t%tlzgz (irlent[NumOrient 0] = 0 orient[NurnOrient,

rlent 2 NumOrient = NumOri ent + 1 End If If
gzg Jﬁmﬁ@ﬁt& ef0] and Try.basesize[0] Part5|ze[l] and
Trv. asgﬁ Ses-Partsize[2] 10 orient[NumOrient, 0] =
orient[NEgOLignt, 211] 0 orient[NurnOrient, 2] = 2 NumOrlent = NurOrient
+1 End if 35 ffnwhasesizehbl thaRaRizelQl andsIsy:Hasetizela] =
PartSizefl]ang Try.baseSize[0] = PartSize[2] orient[NumOrient, 0] =
orientINeROEENunlerrTereNtiNucent 2 wNumConcats;
For j = 0 to TryListfNumberOfTries]. NumConcats - 1
Fork=01t02
TryList{NumberOfTries.concatSizelj, &} = Try.concatSize[/,orient(Z,
1
TryList[NumberOfTries].concatStartNodel/, £] =
Try.concatStartNodefj, orient[i, k]1;
End For
End For

TryList[NumberOfTries]. NumFoldMaps = Try.NumFoldMaps;

For j = 0 to TryList{NumberOfries] NumFoldMaps
TryList{NumberOfTries] foldLength[/] = Try.foldLengthi/]
TryList[NumberOfTries]. foldFrom{j1 = Try.foldFrom{/}
TryList{NumberOfTries].foldTol/} = Try.foldTol/]
TryList[NumberOfTries]. foldFix[/] = Try.foldFix[/}

End For

Fork=0to2
TryList{NumberOfTriesl.rMap(kl = omenti, £]
TryList{NumberOQfTries].irMap[orient|!, k]| =

End For

NumberQfTries = NumberOfTries -+ 1

12
L

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

NumOrient = 0}
If try. NumberOfConcatanations > 0
Fori=0to2
size[f] = try.baseSize[i];
For j = 0 to try NumConcats — 1
If try.concatStartNodel/, i} = sizefi]
size[i] = Try.concatStartNode[j, i1 + Try.concatSizef/, ii;
Eise If Try.concatStartNode[/, i] <0
size[i] = size[i] — try.concatStarfNode[/, 7]
End If
End For
End For
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20 NumOrient = NumOrient + | End If Else If Try.baseSize[0] <_
PartSize[0] and Try.baseSize[1] S Partsize[ll and Try.baseSize[2] _<

“)a%rgéifﬁ]%[@,!% orientfNumOrient, 0] = 0 orientfNumOrient, %’fﬁszﬁesmnsa»

orientfNumOQOrient, 2] = 2 NurnOrient = NumOrient + 1 End If 30
IfTrybaseSize[0] <_ PartSize[0] and Tiy.baseSize[2] 5 PartSize[1] and
Try.baseSize[1] 5 PartSize[21 orient{NumOrient, 0] = 0 ori entifNumOri
ent, 1]=2 orientfNumOrient, 2] = 1 35,NumOrient = NumOrient + | End If
If Try.baseSize[l] 5 PartSize[0] and Try.baseSize[0] < Partsize[l] and
Try.baseSize[2] 5 PartSize[21 orientfNumOrient, 0] =1 40
orientfuPriept,kl.=0) AreniiNIL@rant, ok T2 NURPUept ;e
NumOri@ﬂqgf[ﬂqu@mi@i[{fﬂ‘@%lgaseSH:ze[l] < Iﬁar}t-Size[%]gpﬁ]d ToizelZ)
Try.basesize[RlumPaidsize[F and 45 Try.baseSize[2] <_ PartSize[0]
orient[Nowiz@fiend Ofisnt, W@ 2006/055027 PCT/US2005/012489 54
orient[NNmfiPiést; 2 NudOrientfNumOrient, 2] = 0 NumOrient = NumOrri
ent EidEnd If 5 If Try.baseSize[2] 5 PartSize[0] and Try.baseSize[0]
Part&izefdDhrdP @t§ibel6¢ Sidef2}2] PErSIzafl]] ormfNINQuastzODFE 2
orient[Nems@ [Rnm@tiend Grieht[NumOrient, 2] = 1
orient[NumOrient, 1]= 2
orient[ NumOrient, 21 = 1
NumOrient = NumQOrient + 1
End If
If size{1] < PartSize{0} and size[0] < PartSize[1] andsize[2] < PartSize[2]
orientNumOrient, 0] = 1
orient{NumOrient, 11=0
orient NumOrient, 2] =2
NumOrient = NumOrient + 1
End If
If size{1] = Par{Size[0] and size[2] < PartSize[1] andsize[0] < PartSize[2]
orieat NumOrient, 0] =1
ortent[NumOrient, 11=2
orient{NumOrient, 2] =0
NumOrient = NomOrient + 1
End If
If size[2] < PartSize{0] and size[0] = PartSize[1} andsize[1] < PartSize[2]
orient{NumOQOrient, 0] =2
orient{NumOrient, 1]= 0
arient[NumOrient, 2] = 1
NumOrient = NamOrient + 1
Ead If
If sizef[2] < PartSize[0] and size[1] < PartSize[1] andsize[0] < PartSize[2]
otient{NumOrient, 0} = 2
orient{NumOrient, 1] =1
orient[NumOrient, 2] =0
NumOrient = NumOrient + 1
End If
Else If Try.baseSize[0] = Try.baseSize 11
If try.baseSize{ 0] = try.baseSize[2]
it Try.baseSize[0] < PartSize[0] and Try.baseSize{1] < PartSize[1] and
Try.baseSize[2] < PartSize[2]
orient[NumOrient, 0] = §
orient[NumOrient, 1] = 1
orientfNumOrient, 2] = 2
NumOrient = NumOrient + 1
End If
Else
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10 NumOrient = NumOrient + 1 End If If Try.baseSize[2] -< PartSize[0]
and Try.baseSize[1] PartSize[1] and Try.baseSize[2] 5 PartSize[0]

W%rieﬁr%}&l ,prient, 0] =2 15 orientiNumOrient, 1] =i orientmg}rdw&%q

rient = NumOrient + 1 End If End If 20 In particular
embodiments, build2Dtry encompasses the following example logic:
Rank(PartSize, pRank) build2DFold(PartSize, pRank, RequestedSize,
NumFolds, FoldList) Fori= 0 to Numfolds -1 25dl =
RequestedSize[FoldList[i].fixDimension] + FoldList[i].foldLengtht +
FoldList[i].NumFolds If FoldList[i].remainder not equal O di=dI+1 End If
30 For jirtet biQeNuBb M8 3ki2 07 and Try.baseSize[ 1] < PariSize[1] and
RequestedSize[FoldListfil-fixRimension] ;haﬁglgg'[gg[j][.foldLengtht -
FoldListU]. Muchfreids difepidbisth!].remainder not equal 0 D2 =d2 + 1 35
End If If d2sdtdeinphokts, Fokdlist]i] FoldList[j] = FoldList[i] FoldList[i] =

tempFold 48 «tENd2:Enehtf 2Ead For End For NumberOfTries = 0 45 For |

= 0 to NumRald®=EON26EIeR5027 PCT/US2005/012489 55
End If '
If Try.baseSize[0] < PartSize[0] and Try.baseSize[2] < PartSize[1] and
Try.baseSize[1] < PartSize[2]
orient[NumOQOrient, 0] =0
orient{NumOrient, 1] =2
orient[NumOrient, 2] = 1
NumOrient = NumOrient + 1
End If
If Try.baseSize[2] < PartSize[0] and Try.baseSize[C] £ PartSize{1] and
TrybaseSize[l] < PartSizef2]
orient[NumOrient, 0] =2
orient{NumOrient, 1] =10
orient[NumOrient, 2] = 1
NumOrient = NumOrient + 1
End If
Endif
Else if Try.baseSize[0] = Try.baseSize[2]
If Try.baseSize[0] < PartSize[0] and Try.baseSize[l] < PartSize[l] and
Try.baseSize[2] < PartSize[2]
orientfINumOrient, 0] =0
orient{NumOrient, 1] =1
orient{NumOrient, 2] =2
NumOrient = NumOxient + |
End If
If Try.baseSize[0] < PartSize{0] and Try.baseSize[1] £ PartSize[2] and
Try.baseSize[1] < PartSize[2]
orient{ NumOnent, 0} =0
orient{NumOrient, 1]=2
orientfNumOrient, 2} = 1
NumOrient = NumOrient + 1
End If
If Try.baseSize[ 1] < PartSize[(] and Try.baseSize[0] £ PartSize[1] and
Try.baseSize[2] £ PartSize[2]
orient{ NumOrient, 0] = 1
orient{NumOnent, 1]=0
orient{NumOrient, 21 =2
NumOrient = NumOrient + 1
End If
Else Tf Try.baseSize[1] = Try 2 baseSize{2])



10

15

20

25

30

40

45

try.baseSize[FoldList[i].fixDimension] = RequestedSize[F oldList[i]

fixDimension] try.baseSize[FoldList[i].foldDirnension =

WEO%(JEIST |

NumFolds If FoldList[i].remainder not equal 0 5

FolgLij%EF}.f;PldLength try.baseSize[FoIdList[i].oneDimensio%;rmszmsmms

try.NumConcats =i If FoldList[i].NumFoids is odd Try.concatStartNode]O,
FoldList[i]. foldDimension] _ F ol dList[i] . foldLength - F oldLi st [i]
.remainder Else 1.0 Try.concatStartIglode[O, FoldList[i]. foldDimension] =0
End If try.concatStartNode[O.FoIdListﬁ]. fixDimension] = O try.
eoneatStartNode[O,FoldList[i]. oneDimension] = FoldList[i].NumFolds

try.copeatSizeto fraldListilcfixp

fixDimension] try.conca

remaind&geﬁmﬁgﬂg
try.NumgQneatsmciel,

FoldListlilifoldlenathetry

RLRIZY

@%‘g‘?ﬁa:sé@{z‘%?ﬂ@ 'E%[@%%{d'f% 15

610 &0l |_[§alf{:§,gllgmen5|on] = FoldList[i].
poidList[i]. oneDimension] = 1 Else

d {f try.NumFoldMaps = | try.foldLength[0] =

g&dfrom[O] = FoldList[i].foldDimension

try.fold Te{Q} srizaldbistihcaneimension 25 try.foldFix[0] =

FoldlEsHijsfIxDimension

build3Dtry(Try, NumberofTries) End For In

partidoiat daabddiTia nisPhtiici2folal] WyithsbAildstalKpbasiiteftldsdof a
two 30 dimensional meshyénsafimpissesthesfotidving example logic: j=0
oneD =-driEtfNuBtodfisiZefi]i= i and oneD=-1 35 oneDi Else twoD[f] = I

j=j+1 Endi¢htiNumOrient, 1] =0
orientNumOrient, 21 =2
NumOrient = NumOrient + 1
End If

If Try.baseSizel 1] < Part3ize[0] and Try.baseSize[2] < PartSize[l] and

Try.baseSize[0} = PartSize{2]
orient{ NumOnent, (] =1
orientfNumOrient, 11=12
orientfNumOrient, 21 =0
NumQOrient = NumOrient + 1
End If
Hlse

If Try.baseSize[0] = PartSize[0] and Try.baseSize{1] £ PartSize[1] and

Try.baseSize[2] < PartSize[2]
oriept[NumOrient, 01 =0
orientiNumOrient, 1] =1
orienf[NumOrient, 2] =2
NumOrient = NumOrient + 1
End If

If Try. baseSizel0] £ PartSize[0] and Try.baseSize[2] < PartSizel1] and

Try.baseSize{ 1] < PartSize[2]
orient{NumOrient, 0] = 0
orientf NumOrient, 11=2
orientfNumOrient, 21 =1
NumOrient = NumOrient + 1
End If

If Try.baseSize[ 1] £ PartSize{0] and Try.baseSize[0] < PartSize{1] and

Try.baseSize[2] < PartSize{2]
orient[NumOrient, 0] =1
orient{NumOrient, 11=0
orient{NumOrient, 2] =2
NumOrient = NumOrient + 1
End If

I Try baseSize[1] < PartSizel0] and Try.baseSize[2] < PartSize{1] and

Try.baseSize[2] < PartSize{(]
orientf NumOrient, 0] =1

Y
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40 End For If size[twoD[l]] ? size[twoDJ[0]] bigD = twoD[l] littleD = twoDI[0]
Else 45 bigD = twoD[0] WO 2006/055027 PCT/US2005/012489 56 littleD
nd If startFoldB = sqrt(size[bigD]) If startFoldB
equa saeﬁngD] or startFoldB = 1 5 StartFoldB = startFoIdxgﬁ?{égﬂ i3
endFoldB = size[bigD] / 2 startFoldL = sgrt(size[littieD]) If startFoldL x
startFoldL not equal size[littleD] or startFoldL = 1 10 StartFoldL =
startFoldL + 1 if size[bigD] not equal Jize[llttleD] endFoldL = size[littleD] /
2 else endFoldL =1 15 End If NumFolds = 1 If endFoldB ? startFoldB
NumFoids=NumFolds +(endFoldB - startFoldB+1) End If 20 If endFoldL ?
startFoI%hé}ngrg NymFolds +(endFoldL - startFoldL+1) End If
foldindey, & D\ﬁgghléﬁ[f@ Inglex].foldLength =size[littleD] 25
FoIdLlstK%g@ggﬂq]tL\{qﬁﬁf@}%t-+]i FoldList[foldIndex].remainder = 0
Foldidgi{figldindex].foldD = littleD FoldList[foldIndex].fixD = bigD
Foldiystifeidindexd pne® #t9ned] 8Rd Try.baseSize[0] < PartSize[1] and
Try.baseSize[2] < PartSize[l} ‘
orient{NumOrient, 0] = 2
orient{NumOrient, 1]=0
orient{NumOrient, 21 =1
NumOrient = NumOrient + 1
End If
If Try.baseSize{2] < PartSize[0] and Try.baseSize[1] < PartSize[1] and
Try.baseSize|2] £ PartSize[0]
orient{NumOrient, 0] = 2
orient{NumOrient, 1] =1
orient{NumOrient, 2] =0
NumOrient = NumOrient + 1
End If
End If

In particular embodiments, build2Dtry encompasses the following example logic:

Rank(Part3ize, pRank}
build2DFold(PartSize, pRank, RequestedSize, NumFolds, FoldList)
For i = 0 to NumFolds — 1
d1 = RequestedSize[FoldList{7]. fixDimension] + FoldList{i].foldLengtht +

FoldList]7].NumFolds
If FoldList{{].remainder not equal 0
dl =di+1
End If

Forj=i-+1 to NumFolds — 1
D2 = RequestedSize| FoldList[;].fixDimension] + FoldList[/].foldLengtht +
FoldListl/]. NumFolds
If FoldList]f] remainder not equal ¢
D2=d2+1
End If
fd2 <dl
TempFold = FoldList[/]
FoldList{y] = FoldList{{]
FoldList[{] = terapFold
di=d2
End If
End For
End For
NumberOfTries = 0
For i =0 to NumPFolds — 1
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An array, t, constructed according to the example logic below, is a mesh
size of a resulting Try. Scheduler 515 records a Rank of tin an array,
tRank. t[littleD] = size[bigD] t[bigD] = FoldList[foldIndex].fold ‘

t&)m0 0%zﬁ{jﬁoldLlst[foldlndex] NumFolds rank(t, RRank]) hit i’ﬁf%ﬂéﬁ?%i@
= 0 to 2 while hit = False If t{tRank[i1]] > PartSize[pRank[i1]] 40 hit = True
End If If hit = False foldindex = foldindex + 1 End If 45 For i = startFoldB

to endFoldB WO 2006/055027 PCTIUS2005/012489 57
FoldList[foldIndex].foldLength = i FoldList[foldIndex].NumFolds =

size[bigD] 1 i FoIdList[foIdIndex] remainder = size[bigD] mod i

Eg:gll,::ri f0|f: 1%% I(fﬁ,ls i]_ D 5 FOI(%[SHf f? [tl %!EPﬁannenswn]
FoldLigtlfo M F r not equal O

10 tlorell = i IE? Folds +1 Else t[oneD

FoldList nFolds nd If Rank(t, tRank) 15 hit = False For il

exh
=0to2 W@ggﬁ}m ﬁ@[ﬁg;l&ﬁtslg@gg,ﬁll]] > PartSize[pRank]il]] hit = True End
If 20 End Fﬁry't:&%atﬁﬁilﬁ@ode[(} FoldList{#]. foldDimension] =
FoldList[{].foldLength — FoldList[/].remainder
Elise
Try.concatStartNode[(, FoldList{7]. foldDimension] = 0
End If
try.concatStartNodel0,FoldListf{]. fixDimension} =
try.concatStartNode[ 0,FoldList[i}. oneDimension] = FoldList{7].NumFolds
try.concatSize[0,FoldList[7]. fixDimension] = try.baseSize[FoldList{7].
fixDimension]

iry.concatSize[0, FoldList[{]. foldDimension] = FoldList[z]. remainder
try.concatSize[0,FoldList{7}]. oneDimension] = 1

Else
try.NumConcats = 0

End If

try. NumFoldMaps = 1

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

try.foldFrom[0] = FoldListi].foldDimension

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

try. foldFix[0] = FoldList{7).fixDimension

build3Diry(Try, NumberOfTries)

End For

In particular embodiments, build2Dfold, which builds all possible folds of a two
dimensional mesh, encompasses the following example logic:

j=0
onel) =—1
Fori=0t02
If size[i] = 1 and oneD = -1
oneD =1
Else
twob{j]=1
j=i+1
End If
End For
If size[twoD[1]] = size[twoD{0]]
bigh = twoD{1]
littleD = twoD{ 0]
Eise
bigD = twoD[0]
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foldindex = foldindex + 1 End If End For 25 For i = startFoldL to endFoldL
FoldList[fbldIndex].foldLength =i FoldList[foldIndex].NumFolds =
ize[littleD],] i FoldList[foldIndex].remainder = size[littleD]
W%é%%?éff%alndex].foldD - littleD 30 FoldList[foldindex].fixmiﬂfgjsﬁzmsmmsg
FoldList[foldIndex].oneD = oneD t[bigD] = size[bigD] t[littleD] =
FoldList[foldIndex].foldLengtb. If FoldList[foldhidex].remainder not equal O
35 tfoneD] = FoldList[foldlndex].Numgé)lds + | Else tjoneD] =
FoldList[foldIndex].NurFolds End If Rank(t, tRank) 40 hit=False fori1=0
to 2 while hit = False If t[tRank([il]] > PartSize[pRank([il]] hit = True End If
45 EpgiFoLlfhi -1I]?alse WO 2006/055027 PCT/US2005/012489 58
Feldingex = foldindex + 1 End If End For 5 In particular embodiments,
buildiTnagengratas-lishof folds of a one dimensional request and, for
eﬁd@aﬁ@ﬂ@imlb@ﬁ Qi gensspiem list ei-engdr mpre additional
foldsgfauildtfry +eepteis dhe:list of folds in the OneDFoldList, which
engampasses the following example structure: Structure oneDFold 10
FeldisiaktusezabalD]Fald Structure twoDJ x ] integer NumTwoDFolds
startFoldL = sgri{size[littieD])
If startFoldL x startFoldL not equal size[littieD] or startFoldL =1
StartFoldL = startFoldL + 1
if size[bigD] not equal size[littleD]
endFoldL = sizeflitileD] /2
else
endFoldl. =1
End If
NumFolds = 1
If endFoldB = startFoldB
NumFolds= NumFolds HendFoldB — startFoldB-+1)
End If
If endFoldL = startFoldL
NumFolds= NumFoilds +(endFoldl. — startFoldL+1)
End If
foldindex = C;
FoldList[foldIndex].foldLength =size[littleD]
FoldList{ foidIndex}. NumFolds = 1
FoidList[foldIndex}.remainder = 0
FoldList[foldIndex].foldD = littleD
FoldList{ foldindex].fixD = bigD
FoldList{foldindex].oneD = oneD

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

resulting Try. Scheduler 515 records 2 Rank of #in an array, fRank.

f[httleD] = size[bigD]
H{bigD] = FoldList[foldIndex].foldLength
f{oneD] = FoldLast{foldindex] NumFolds
rank(z, Rank)
hit = False
For i1 =0 to 2 while hit = False
If f{Rank{i1]} > PartSize[pRank{i1]]

© hit=True
End If
If it = Falge

foldindex = foldindex + 1

End If
For i = stariFoldB to endFoldB
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integer twoDFoldSize[3] End Structure 15 In particular embodiments,
oneD includes a first fold. In particular embodiments, twoD includes a list
folds‘%enerated from the first fold. NumTwoDFolds |nd|c F!\%n}g)ﬁmg

ng e HvoD. In particular embodiments, twoDFoldSize i |n idate

mesh size passed to build2Dfold. Scheduler 515 generates Try structures

for elements of twoD and calls build3Dtry to build all possible rotations of

each Try structure, In particular emb ?iments, 20 buildiTry encompasses

the following example logic: Rank(PartSize, pRanlc)

Rank(RequestedSize jRank[0]) end = sgrt(RequestedSize[jRank[2]]) start
§ D.f IdLength RequestedSize[/Rank[2]]

{
gg%%fmés «Q FOIdLlst[O] OneD.remai nder
15 @ f = Si?%%
'JRaﬁlﬁ Spesnak: .

(8&1 DFoldList[0].oneD.oneD
= JRanlc[O]
OneRERldLi @&Mg ﬁg@&:ﬂ@{ nk[2]] = RequestedSize(fRanlc[2]]
One@m@lﬂs{ ReldSizgliiRanic[1]] = 1
Onel%ﬁaigplﬁqgizgf[@@agjdsueuRank[O]] =1 hit=False 35 Forj=0to 2
whilegitep Fales df RggvesiedSizefiRaplelil] > PartSize[pRank][j]] hit =
True IE(rbifiT g dramde bt mokal e MM@a2006/055027
PCT/USZ6@350 24891 &Y build28Foldifaitsize, pRank, RequestedSize,
OneDREeldList[0].twoD, OneDFoldList[0].nTwoDFolds)
OneDFolabEHDF: oo B tlddrd dxNNtDekigds = 1; 5 Else NumIDFolds =
0 Enicnlf otRemZero = False
Rank(z, fRank)
hit = False
For 71 = 0 to 2 while hit = False
If f/Rank]i1]} > PartSize[pRank[i1]]
hit = True
End If
End For
if kit = Faise
foidlndex = foldindex -+ 1
End If
End For
For i = startFoldL to endFoldL.
FoldList[foldIndex].foldLength = ¢
FoldList[foldindex}.NumFolds = size[littleD} / ¢
FoldList[foldindex]}.remainder = size[littleD] mod ;
FoldList[foldindex].foldD = LittleD
FoldList[ foldIndex].fixDD = bigD
FoldList[foldIndex].oneD = oneD
{bigD] = sizelbigh]
HlittleD] = FoldList foldindex].foldLength
If FoldListl foldIndex ] remainder not equal 0
floneld] = FoldList foldindex ] NumFolds + 1
Else
fioneD} = FoldList{foldIndex] . NumFolds
End If
Rank(t, fRank)
hit= False
for i1 = ( to 2 while hit = False
If #{fRank[717] > PartSizelpRank{71]]
hit = True
End If
End For
If hit = False
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For i = start to end 10 OneDFoldListifNumIDFolds].oneD.foldLength = i
OneDFoldListiNumIDFolds].oneD.NNuunFolds = RequestedSize[/Rank[2]]
/i OneDFoldListfNumIDFolds].oneD.remainder =
WREIEERI3Size/Rank]2]] mod | OneDFoldList{NuinIDFolds] 6heD. foldD =
jRank[2] (OneDFoldLi stiNumIDFolds].one.D.oneD = jRank[ii 15
OneDFoldListiNumIDFolds].oneD.fixD=jRank[0]
OneDFoldList[NuxnIDFoids].twoDFoldSizeURank[2]] _
OneDFoldListiNuml DFolds].oneD.foldLength
OneDFoldListiNumIDFolds].twoDFoldSize[/Rank[1]] =
OneDFaldListINun ldsJ.oneD.NumFolds 20
One g’lgﬁ%}%ﬁ;m]TJB@‘E’%%ﬁ.t‘W%DFoidSize[yRank[O]] =1 If
O@f? -QldList[NuinlDFolds].oneD.remainder not equal 0 or gotRemzero =
False If OneDFoldListfNumIDFolds].oneD.remainder = 0 gotRemzero =
Truelﬁéﬁﬂ&ﬂﬁﬁéﬂ@@@ﬁ@%é%ﬁ@l@y Ak RS UIESIIFTIZS 2 one dimensional
OneDFoldList[Nuin | DFoIds’].j[woDFoI Size, OneDFoldLjist[Num | .
regie d8T D < RS R SRRARITBIERISFRIWS B RBTAY) °50 NURMSHGR-Eona!
foriNUpHRIT gldsracd-Enchdf 1Nk FerdNurabeEDFeR 54, Faiitlr éhtdmpasses the
f g%mlDFolds 5 Forj = 0 to OneDFoldList[i].nTwoDFolds If
OO BE SR OREH FoldD not equal OneDFoldList[i].twoD(j].foldD or
OtefoldtisiifdrieD.remainder = 0
try.baséSite]@me DFaldtist[i].twoD[j'].fixD] =
OneDPRBl@tistfijiavo DFaIBSiZze[OneDFoldList[il.tw 40 oDJj].fixDJ
try.basesize[One DFOMHISTHOMOHER . foldD] _ OneDFoldList[i].twoD
[|].ﬁfo|um¢@th try.baseSiEE[@REBIEbIdList[i].twoD[j].oneD] =
ORBOESIGIHE]i].twoD[j].NumFolds; 45 if

In%g%%jl%d e'ﬂ%mié‘{{'%%@]&% %Ir?c géegoat %.%%%1081. trﬁinléjxq;gl ar}cgéz%gd!ments, twoD
includes a list of folds generated from the first fold. NumTwoDFolds indicates a Number
of folds in twoD. In particular embodiments, twoD>FoldSize indicates a mesh size passed
to build2Diold. Scheduler 515 generates Try structures for elements of twoD and calls
build3Dtry to build all possible rotations of each Try structure. In particular embodiments,

build1 Try encompasses the following example logic:

Rank(PartSize, pRanl)
Rank(RequestedSize, fRank[0])
end = sqri{RequestedSizel/Rank{2]])
start =2
OneDFoldList[0].oneD. foldLength = RequestedSize[/Rank[2]]
OneDFoldList[0].oneD NumFolds = 1
OneDFoidList[0].oneD remainder = 0
OneDdFoldList[0].oneD.foldD = jRank]2]
OneDFoldList[0].oneD.oneD = jRank{ 1]
OneDFoldList[0].oneD. fixID = jRank] (]
OneDFoldList[0].twoDFoldSize[/Rank[2]] = RequestedSize[/Rank[2]]
OneDFoldList{0].twoDFoldSize[jRank{1]] = 1
OmeDFoldList[0].twoDFoldSize[/Rank[0]] =1
hit = Faise
For j= 0 to 2 while hit = False

if ReguestedSize{/Rank{/]] > PartSize[pRank{/]]

hit = True

End If
End For
If hit = False
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WO 2006/055027 PCT/US2005/012489 60 if
OneDFoldList[i].twoDJi'l.NumFolds is odd try.concatstartNode]O,

ist[i].twoD][j].foldD] = OneDFoldList[i].twoDJj].fol - y
g ‘%Egi%?_lst[l] twoD [/].remainder 5 Else try. concatStartNgg%{@%oa/{}lzé‘g)
OneDFoldList[i].twoDJj].foldD] = 0 End If try.concatStartNode][O,
OneDFoldList[i].twoD[j].fixD] = 0 try.concatStartNode[O0,
OneDFoldList[fl.twoD[j].oneD] _ 10 @@eDFoI.dList[i].twoD[j].NumFoIds
try.concatSize[0, OneDFoldList[i].twoDJj].fixD] =
try.baseSize[OneDFoldList[i].twoD[j].fixD] try.eoncatSize]O,
OneREldbistileR %&Qﬂk‘ QueBFalb bl emandes 15
try.concatSize[0 OneDF gLt 1@1 ]ﬂ@g@jﬁel se try.NumConcats =
0 E@@F@ag@ﬁgj@@%ﬂ}pmﬁygmamder not equal 0 20 if
OneBpldbistfijsoneD.NumFolds is odd
trgleencatStartNode[try.NumConcats, OneDFoldList[i].oneD.foldD] _
OneDkoitiDitfijonéD.foldLength - OneDFoldList[i].oneD.remainder 25
Elssitiy.coneatStartNode[try.NumConeats, OneDFoldList[i].oneD.foldD] =
0 ethdrfdeyccolielStartNode[try.NumConcats, OneDFoldList[i].oneD.fixD]
=iy 36 wpredmendStartNode[try.NumConcats, OneDFoldList[i].oneD.oneD]

Oﬁ@@ﬁﬁiﬂ@hﬁ[ﬁﬁ%@@mﬁgﬁﬁ}@ﬁﬁ}@i%ﬁ@aﬁsIie[try NurnConcats,

One©rsiiiakfsiiemkiiptdy). qw&&%ﬁsiééﬁrﬁwgm@dﬁ@awmm /i
Onel@lﬁﬁmqgi BHEID] ] OREDRBLISHTT. BremTeffatiBegg2]] mod i
try. oM SRS HISHNER gt Géﬁ%ﬁﬁgfdﬂgﬁﬂlﬁﬁéD oneD] = |

AR b

OneDFoldLlst[NumlDFoids} twoDFoldSlze[}Rank{Z]}
OneDFoldListiNum 1D Folds].oneD foldLength
OneDFoldListi Num1DFolds].twoDFoldSize[jRank{1]] =
 OneDFoldListINumiDFolds].oneD NumFolds
OneDFoldList{Num1DFolds) twoDFoldSize[/Rank[0]} = 1
If OmeDFoldEist{Num1DFolds].oneD.remainder not equal 0 or gotRemZero =
False
If OneDFoldList{Num1DFolds).oneD remainder =
gotRemZero = True
End I
buildZDFold(Part3ize, pRank, RequestedSize,
OneDFoldList] Num1DFolds) twoDPoidSma
CneDFoldList{Num 1 DFolds].twoDD,
OneDFoldList{NumlDFoids].nTwoDFoids}
Num!DFolds = Num!DFolds + 1 :
End If
End For
NumberOfiries=0
For i =0 tec Num1DFolds
For j = 0 to OneDFoldList[{}.nTwoDFolds
If OneDFoldList{?].oneD.foldD not equal OneDFoldList{i].tweD{/].foldD or
OneDFoldList{{].oneD .remainder = 0
try.baseSizel OneDFoldList[7].twoD[;/].fixD] =
OneDFoldList{7].twoDFoldSize[ OneDFoldList]f].tw
eD[/1.fixD]
try.baseSize[ OneDFoldList[i].twoD[/].foldD] =
OneDFoldList{iL.twoD{/l.foldength
try.baseSize{OneDFoldList[{].twoD[}.oneD] =
OneDFoldList[{].twoD{j].NumFolds;
if OneDFoldList{z].twoD[f].remainder not equal 0
try. NamConeats = 1




i0

15

20

25

30

40

45

try.concatsize[try.NumConcats, 0] - 1 oneDEnd[1] =
try.concatStartNode[try.NumConcats, 1] try.concatSize[try.NumConcats,

wh 20832

eDEnd[2] = try.concatStartNode[try. NumConcafs,@f:d8¥1012489

eoncat izeTtry.NurConcats, 2] - 1 k =try.concatStartN
ode[try.NumConeats, OneDFoldList[i].twoD [].foldD] I =
oneDEnd[OneDFoldList[i].twoD(j].foldD] 45 If
OneDFoldList[i].twoD[1'].NumFolds igoodd WO 2006/055027
PCT/US2005101.2489 61 try.eoneatStartNode[try.NumConcats,
OneDFoldList[i].twoDJj].foldD] _ OneDFoldList[i].twoD[j].foldLength- I - (k

mod OneDFold Hﬁ@b%@s{ﬁ foldbenatihPotas is odd

oneDEnd[OneDFgldListlil;

toldBhzDFoldList]].twoDj].foldD] =

OneDFoldList[i].oneD.foldLengthebreldnRe 1. iwoD{/].foldLength —
OneDFoldList[i].oneD.foldLengtieblioai i GRRvoD[/].remainder
catStartNode[teysdlumConcats, 10 OneDFoldList[i].twoDJj].foldD] = k mod
OneDFoldList[ i].twoRjhteldtengthe[0, OneDFoldList[i].twoD{/].foldD] = 0
oneDENd[OneBididList[i].twoDJj].foldD] = | mod
OneDFoldList[fnoaafsSkdttngtho.EmbIfrdd List 7] .twoD{/].fixD] = 0
try.concatStartiodeftat MuthNGdrie ot OrebHar  sHipohibDioheD] = k /
OneDFoldList]i].twoD.foldLengthndpepEHsfitineoRuldiwsefodieD.oneD]
=1 / OneDFoldizistihont&belfidarigHeldfytoheapsize i NitmConcats, 0]
= oneDENd[0] 20 try.concatStarnweesirRNaiEoitae iowopl] D]
try.concatSize[iy-3earatHHtaSO L YA BERdrHRL] foldD] =
try.concattartNode[try.Nngon@&@%@@Fﬁ@. WHE&&% i .{JmConcats,
2] = oneDENd[PY- Y EbHEaSRTNE A DRI RESRETH 1 25

try.NumCo

fs = try.NumConcats + 1 End If try.NumFoldMaps = 2
ﬁy.Nu¥nC0ncats=0 d If try.NumFoldMaps

EndIf
If OneDFoldList{i].oneD.remainder not equal 0

if OneDFoldList{7].oneD. NumFolds is odd
try.concatStartNode| try. NumConcats,
OneDFoldList]{].oneD.foldD] =
OmneDFoldList{}.oneD foldLength
OneDFoldList]{{].oneD remamder
Else
iry.concatStartNode[try. NumConcats,
OneDFoldList]{i].oneD . foldD] =0
End If

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

try.concatStartNodel try. NumConcats, OneDFoldList[i}.oneD.oneD] =
OneDFoldList{il.oneD NumFolds

try.concatSize{ try. NumConcats, OneDFoldList[{].oneD.fixD] =1

try.concatSize[ try. NumConcats, OneDFoldList{7].oneD.foldD] =
OneDFoldList{i].oneD remainder

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

oneDEnd[0] = iry.concatStartNode[try. NumConcats, 0] +
iry.concatSize[try. NumConcats, 0] — 1

oneDEnd[1] = try.concatStartNodeftry NumConeats, 1] +
try.concatSizeltry. NumConcats, 1] — 1

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

k= try.concatStartNode[try. NumConcats,
OneDFoldList[i].twoD[/].foldD]

I = oneDEnd[OneDEoldList{i].twoD[/].foldD]

If OneDFoldList{{].twoD[j]. NumFolds is odd



10

15

20

]
te

30

35

40

45

try.foldLength[0] = OneDFoldList[i].oneD.foldLength try.foldFrom[0] =
OneDFoIdList[i] oneD.foldD 30 try.foldTo[0] = OneDFoldList[i].oneD.oneD

foIdFl é?] OneDFoldList[i].oneD.fixD try.foldLength[1] =

Eﬁ@m Ist[i].twoD[/].foldLength tiy.foldFrom[1] =

OneDFoIdLlst[l] twoD[j].foldD try.foldTo[l] = OneDFoldList[i].twoDJ[j].oneD
35 try.foldFix[1] = OneDFoldList[i].twoD[/].fixD build3Dtry(Try,
NurnberOfTries) End For End For NumDeleted =040 Fori=0to
NmnberOfTries - | curMax = TryList[i].baseSize[0] + TryList[i].baseSize][l]
+ TryList[i].baseSize[2] if TryList[i].NumConcats > 0 curMax = curMax +1

End If45 Forj =i !%gé[%%r&gn%?}ug%h%%{g True

PCT/US2005/012489

2006/055027 PCT dupllcate =

True If TryList[j].baseSizelil] nobﬁgﬁ%iﬁ@i&i W 5@ %'Cﬁte(ﬁmod
False End If 5 End For If dupll@ﬁgmgj&qs }gﬂg cats =
TryList[i]. NumCon@@@Eﬁ%@;@@m@ml ts while
duplicate = True Forj1=0to M&ﬁ?cﬂ&ﬁﬁﬁ%}%mﬁﬁ%@dﬁfen h—1—( mod
TryList[j].concatStartNode[il, jI] ogggg@q@mg@,«,j’byllglgtfm@pgg@@tartNode[lI
j1] duplicate =fadse Else If TryList[j].concatSize]il, j11 not equal
TryList[i].concatSize{tdn¢dttaapticateyNealSeddaEnd For End For End If
OneDFoldLisi[{].twoDij].i0ldD] = k mod
OneDYFoldList]i].twoD[j].foldLength
oneDEnd[OneDFoldList[{].twoD[j1.foldD} = 1 mod
OneDFoldList{i}.oneD.foldLength
End If
try.concatSartNodeltry. NumConcats,OneDFoldList[{].oneD.oneD] =
/ OneDFoldList[i].twoD.foldLength
oneDEnd[OneDFoldList{il.oneD.oneD] =1/
OneDFoldList{{].oneD foldLength
try.concatSize[try. NumConcats, 0} = oneDEnd[0] —
try.concatStartNode{ try. NumConcats, 0] + 1
try.concatSizeltry. NumConcats, 1] = oneDEnd{1]} ~
try.concatStartNode[fry. NumConcats, 1]+ |
try.concatSize{try. NumConcats, 2] = oneDEnd[2] —
try.concatStartNode[ try. NumConeats, 2] + 1
fry. NumConeats = try. NumConcats + 1
End If
try. NumFoldMaps = 2
try.foldLength{0] = OneDFoldList{/}.oneD foldLength
fry.foldFrom[ 6] = OneD¥FoldList[{].oneD . foidD
try.foldTo[0] = OneDFoldList{{].oneD.oneD
try foldFix[0] = OneDFoldList[{].oneD. fixD
try.foldLength[ 17 = OneDFoldList{{].twoD[/].foldLength
try.foldFrom{ 1] = OneDFoldList{{].twoD}{/].foldD
try.foldTo[ 1] = OneDFoldList{{].twoD{/].oneD
- try. foldFix[ 11 = OneDFoldList[7].twoD[/].fxD
build3Dtry(Try, NumberOfTries)
End For
End For
NumDeleted = 0
For i = 0 to NumberOfTries — 1
curMax = TryList[7].baseSize[0] + TryList{i].baseSize[1] + TryList[].baseSize[2]
if TryList{{/].NumConcats >
curMiax = curMax + 1
End If
Forj=i+1toNumberOfTries — 1
duplicate = True
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If duplicate = True Foril=0to2 20 TryList[/].baseSize[il] = TorusSize[il] + 1
End For NumDeleted = NumDeleted + 1 Else nxtMax =

W%&%d.? j pza,sesize[O] + TryList[j].baseSize[1] + 25 TryList[jlhaseSigaldi>dbo

ryList[j].NurnConcats > 0 nxtMax = nxtMax + | End If If rrxtMax < curMax

30 TempTry = TryList[j] TryList[j] = TryList[i] TryList[i] = tmpTry curMax =
nxtMax End If 35 End If End For End For NumberOfFries =
NumberOfTries - NumDeleted 40 In particular embodiments,
buildCompactFits, which constructs BestFit[3], encompasses the
following example logic: Ranlc(Partsize,PartRank) | =

QubeRogi(Resuestedhadas) itz Falge 45 For i =1 to 1+1 while hit =
False WO 2006/0n50 24 BHHUS2002/04 2490163 akdize[ 20 I+1 while hit
= False For (k mgacketviile hit = False If i x j x k? RequestedNodes t[0]
=i51[1] 5 ¢ k hit=True End If End For
End For
If duplicate = True and TryList{j] NumConcats = TryList[{].NumConcats)
For i1 = 0 to TryList{{]. NumConcats while duplicate = True
For j1 = 0 to 2 while duplicate = True
If TryList[7].concatStartNode[1, j1] not equal
TryList{{].concatStartNode{i1, j1]
duplicate = False
Else If TryList[/1.concatSize{il, j1] not equal
TryList[7l.concatSize[il, j1]
duplicate = False
End For
End For
End If
If duplicate = True
Forii=0tw02
TryList{j].baseSize[i1] = TorusSize[il] + I
End For
fumDeleted = NumbDeleted + 1
Else
nxtMax = TryList{/].baseSize[0] + TryList{/].baseSizel1] +
TryList]/].baseSize[2]
If TryList[j1.NumConcats > {
nxtMax = nxtMax -+ 1
End If
If nxtMax < curMax
TempTry = TryList[/]
TryList{j] = TryList{{]
TryList[{} = tempTry
crMax = nxtMax
End If
End If
End For
End For
NumberOfTries = NumberGfTries — NumDeleted

In particular embodiments, buildCompactFits, which construcis DBestFit{3],
encompasses the following example logic:

Rank(PartSize,Par/Rank)

I = QubeRoot(ResuestedNodes)
hit = False

For i =11o /41 while hit = False



10

15

20

25

30

35

40

1.0 End For End For If t[0] 5 PartSize[PartRank[0]] If t[1] >
PartSize[PartRank]l]] t[l] =t[1] - 1 15 hit = False For t[2] =
WI? g&gfgg%glf\lodes / (t[0] x t[1]) to PartSize[PartRank[2]] whilg ity ERlsethse
t(% X t[1] X t[2] ? RequestedNodes Fait = True 20 End If End For End If -
Else t[0] = PartSize[PartRank[0]] 25 1= sgrt(RequestedNodes / t[0]) hit =
False; For.j = 1to | + | while hit = False For (k =j to | + 1 while hit = False If
(t[0] x j x k>_ RequestedNodes 30 t[3] =j t[2] = k hit = True End If End
For 35 End For if t[1.] > PartSize[PartRank[l]] 41] = PartSize[PartRank] |
11 t[2] = RequestedNodes / (t[0] x t[1]) If t[0] x t[I] x t[2] <RequestedNodes
40 t[2h42) o J-EngufidERdIfEad If bestFiffpRank[0]] = t{0]; 45
bestFit[pRankEL ke tH; Desthii pRank[2]] = t[2]; WO 2006/055027
PCT/US20Q@5/04 2489 > RequestedNodes
#0] =1
fi]=j}
2=k
hit = True
End If
End For
End For
End For
If 0] < PartSize[ParfRank{0]]
Tf f[1] > PartSize[ParfRank{17]
H1j=117-1
hit = False

For #{2] = RequestedNodes / ([0} x #{1]) to PartSize[ParfRank][2]] while hit =

False
If[07 % 1] x 2] 2 RequestedNodes
Hit = True
End If
End For
End If
Else
{01 = PartSizel PartRank]0]]
{ = sgri{RequestedNodes / /0]
hit = False;
Forj=1[to -1 while hit = Falsge
For (k=7 to [ -+ 1 while hit = False
If ({01 % j x k = RequestedNodes
1] =]
2] =k
hit = True
End If
End For
End For
if f{1] > PartSize[ParfRank]1]]
# 1] = PartSize[ParfRank[1]]
2] = RequestedNodes / (#{0] x f1])
If4[0] = 1] x #[2] < RequestedNodes
g2 =1e2]+1
End If
End If
End If
bestFit[pRanki0]] = 0],
bestFit[pRank{1]] = 1];
bestFit{pRank[2]] = f{2];
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64 NumberOfFits = 0 For i = BestFit[0] to PartSize[0] For j = BestFit[ | ] to
PartSize[ I ] Fork= BestFit[2] to PartSize[2] 5 FitfNumberOfFits,O] =i

[ %b fFits,1] =) FitfNumberOfFits,2] = k Hit = True ki }
Wégﬁl’tﬂs%%%ﬁr B G nRLAAUALIR

and(j not equal to PartSize[0]) and (k not 10 equal to
PartSize[0]) For in = 0 to NumMapDimensions While Hit = True If
FitfNumberOfFits,MapDimension[rn]] mod MapMod[rn] not equal to O Hit
= False 15 End If End For End If If it = True NumberOfFits =
NumberOfFits + 1 20 End If End For End For End For Fori=0to
NumBerOfFits - 1 25 dl = Fit[i, O] + Fit[i, 1] + Fit[i, 2] Forj=i+ Ito
NymBeIgkkils= 4 d2 = FitU, 0] +Fit[j, 1] + FitU, 21 if d2<dl k = FitU, 0] 30
Fitht Q1 Besitliy 0] 15 #linBl=lnk= FitU, 1] FitU, 1] = Fit[i, I ] Fit[i, 11 =k 35
k=Fitfork]Fitbstbin Félpdkdriti 1] = k
For k= BestFit[2] to PartSize[2]
Fit[NumberOfFits,0] =i
Fit] NummberOfFits, 1] =7
FitiNumberOffits, 2] = &
Hit = True
I (i not equal to PartSize{0l) and{/ not equal to PartSize[0]) and (k not
equal to PartSize[0])
For m = { to NumMapDimensions While Hit = True
If FitiNuomberOfFits,MapDimension{m]] mod MapMod[m] not

equal to O
Hit = False
End If

End For
End If
IfHit = True

NumberOfFiis = NumberOQfFits + 1
End If

End For
Bud For
End For

For i =0 to NumBerOfFits — 1
dl = Fit[i, 0] + Fatfi, 1]+ Fitfi, 2]
Forj=i+ 1 to NumBerOfFits — 1

d2 = Fit[j, 01 -+ Fit[7, 1]+ Fit[7, 2]

ifd2 <dl
k=TFitfj, 0]
Fitl7, 0] = Fit{i, 0]
Fitli, 6] =k
k=Fitfj, 1]
Fit]/, 1] =Fitli, 1]
Fiffi, 11=k
k=TFitl], 11 .
Rit{7, 1] = Fitlz, 1]
Fitli, 11=k
dl =dz2

Else If d2 = d1
Rank(Fit[ /], iRank)
Rank{Fit[/], jRank)
hit=0
For (k= 0to 2 while hit = 0

I Fit]/, /Rank[4] > Fit[{, iRank[ %}
hit=1
Else If Fit[/, jRankik] < Fit{i, iRank[k]
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di=d2 Else If d2 = dl 40 Rank(Fit[i], iRanlc) Rank(Fit[], jRanlc) hit =0 For
(k = 0 to 2 while hit = 0 If Fit[j, jRank[k] > Fit[i, iRank[k] 45 hit=1 Else If

it[/, | K[K] < Fit[i, iRank[k] WO 2006/055027 PCT/US20
ViR US20001 2452 P

[ nd For If hit= 1 k= Fit[j, 0] 5 Fit[ j, 01 = Fit[i,
k=Fit[/', 1] Fit[/, 1] = Fit[i, 1] Fit[i, 1] = k 10 k=Fit[", 1] Fit[j, 1] =Fit[i, 1] Fit[i,
1=k dl=d2 End If 15 End If End. For End For lastMax =0
NumMaxDistances = 0 20 For i = 0 NymberOfFits - | currentMax = Fit[i, O]
+ Fit[i, 1] + Fitf i, 2] If currentMax not'equal lastMax
MaxDistance[NumberOfMaxDistance, 0] =i
MaxDistance[NumberOtMaxDistance, 1] = currentMax 25
NmnberOfl\g%él%i&tance = NumberOtMaxDistance + 1 End If End For

Ifhit=1
k= Fit[j, 0]
Fit[/, 0] =Fiti, 0]
Fitf7, 01 =k
k= FitJ, 1]
Fitfy, 11 =Fitfi, 1]
Fitfi, i1=k
k=Fit[j, 1]
Fit{j, 1] = Fit[i, 1]
Fit[7, 11=%
dl =42
End If
End If
End For
End For
lastMax = 0
NumMaxDistances = 0
For i = ¢ NumberOfFits — 1

currentMax = Fit[i, 0] + Fitlz, 1]+ Fit[, 2]

If currentMax not equat lastMax
MaxDistance{NumberOtMaxDistance, 0} =1
MaxDistance[NumberOfMaxDistance, 1] = currentMax
NumberOfiviaxDistance = NumberOfMaxDistance + 1

End If

End For

In particular embodiments, buildFreeMeshes Function encompasses the following
example logic:

NumPreeMeshes = 0
For i = partStart{0] to PartEnd[0]
For j =PartStart{ ] t0 PartEnd[1]
For k = PartStart[2] to PartEnd[2]

If NodelnUse[i,j,k] = NODE_NOT_IN USE
NodelnUse[i,7,k1 = NODE_ON_HOLD
meshStart[0] =i
meshStart[1] =/
meshStart[2] =&
inMesh = True
for mz = k+ 1 to PartEnd[2] and inMesh = True

if NodelnUsel/,/,mz] not equal NODE_NOT_IN_USE
inMesh = False .
End If
End For
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In particular embodiments, buildFreeMeshes Function encompasses the
following 30 example logic: NumFreeMeshes = 0 For i = partStart[0] to
WFa2 {Eq%%% Forj =PartStart[1] to PartEnd[i] For k = PartStar %]r 832005/ 248 9
I9 35 If NodelnUse[ij,k] = NODE-NOT-IN-USE NodelnUse[ Ij
=NODE ON HOLD meshStart[0] = i meshStart[l]] =) meshStart[2] = k 40
inMesh = True for mz = k + 1 to PartEnd[2] and inMesh = True if
NodelnUse[ij,mz] not equal NODE-NQT-IN-USE inMesh = False End If
-45 End For WO 2006/055027 PCT/US2005/012489 66 If inMesh = True
mENd[2] = mz - | Else mEnd[2] = mz - 2 5 If PartWraps[2] and
meshStart[2] =5 neshEnd[2] not equal PartEnd[2] inMesh = True;
For mz = Partkn éaﬁ shkndf2] by -1 and inMesh = True If NodelnUse
[i,J,mz] not equg NODE-NOT-IN- USE 10 inMesh = False End If End For.
IfinMesh = True mzFmzhl ko blse mz=mz+2 End If if nu: <_ PartEnd[2]

meshStart[2] =jf#2zwraps[2] and meshStart{2] = 0 and meshEnd{2] not equal
PartBndl2]
inMesh = True;
For mz = PartEnd[2 to meshEnd{2} by -1 and inMesh = True
If NodelnUse {7,j,mz} not equal NODE_NOT IN _USE
inMesh = False
End If
End For
If inMesh = True
mz=mz -+ 1
Else
mz=mz+ 2
End If
ifmz £ PartEnd[2]
meshStart{2] = mz;
meshEnd[2] =meshEnd[2] + TorusSize[Z]
End If
End If
inMesh = True
Formy =+ 1 to PartEnd{!] and inMesh = True
For mz = meshStart? tomeshEnd{2] an inMesh = True
If NodeinUselZ, my, mz mod TorusSize[2]] not equal
NODE_NOT IN USE
inMesh = Falge
End If
End For
If mMesh = True
meshEndi 1l =my 1
Else
meshBEndl1i=my—2
End If
If PartWraps[1] and meshStart[1] = 0 and meshEnd{1] not equal
PartEnd[1]
inMesh = True
For may = PartEnd{ 1] to meshEnd[1] by —! and inMesh = True
For mz = meshStart[2] to meshEnd{2] and inMesh = True
If NodeInUsef7,my.mz mod Torus Size[2] not equal
NODE NOT IN USE
mMesh = False
End If
End For
End For
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20 meshENnd[2] = meshEnd[2] + T orusSize[2] End If End If inMesh =
True For my =j + Ito PartEnd[1] and inMesh = True 25 For mz =
@gq tomeshEnd[2] an inMesh = True If NodelnUsef-fMysJNg Mmoge
orus ize[2]] not equal NODE NOT IN USE inMesh = False End If 30
End For If iruMesh = True meshEnd[l] =my- | Else meshEnd[1] =my-2
35 End If If PartWraps[1 ] and meshStart[l] = 0 and meshEnd[l] not equal
PartEnd[l] inMesh = True For my = PartEnd[1] to meshEnd[l] by -1 and
inMesh = True 40 For mz = meshStart[2] to meshEnd[2] and inMesh =
True If NodelnUse[i,my,mz mod Torus Size[2] not equal NODE
NOT-IN-USE mMesh F %Erixgl If 45 End For End For WO
2006/055027 PCT/U 489 67 IfinMesh = True My=my+1 Else
my=my+2 5 End If ifjay s Part nd[l] meshStart[l] =my meshEnd[1.]
=xneshEnd[l] + TorusSizg{}]mEIBdgﬁ
End If
if my < PartEnd{1]
meshStart{ 1] =my
meshBEnd[1] =meshEnd[1] + TorusSize[1]
End If
End If
. End For
inMesh = True
for mux =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 NodelnUselmurmy mod  TorugSize{llmz mod
TorusSize{Z2]] 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 partWrapsi0] and meshStart{0] = 0 and meshEnd[0] not equal
PartEnd[0]
inMesh = True
For mx = partEndf0] to meshEnd[0] by —1 and inMesh = True
For my = meshStart] 1] to meshEnd[1} and inMesh = True
For mz = meshStart[2] to meshEnd[2] and inMesh = True
if NodelnUse{mx,my mod TorusSize[1],mz Mod
TorusSize{ 21} not equal
NODE NOT _IN_USE
inMesh = False
End If
End For
End For
End For
If inMesh = True
Mx=mx+1
Else
My=mx+2
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10 End If End For inMesh = True for nix =i + 1 to PartEnd[0] and inMesh
= True for my = meshStart[1] to meshEnd[l] and inMesh = True 15 for mz

W%%%%ﬁr[s._ to mEnNd[2] and inMesh = True If NodeInUse[nv?@Mﬁgggmn@g

TorusSize[1],mz mod TonrsSize[2]] not equal NODE-NOT-IN-USE
inMesh = False 20 End If End For End For End For If inMesh = True 25
meshENd[0] = mx - | Else meshEnd[0] = mx - 2 End If If partWraps[O]
and meshStart[0] = 0 and meshEnd[Q}not equal 30 PartEnd[0] inMMesh
= True For mx = partEnd[0] to meshEnd[0] by -1 and inMesh = True For
my = meshStart[l ] to meshEnd[l] and inMesh= True For mz =
meshStart[2] to mgghEnd[2] and inMesh = True 35 IfNodelnUse[m ,my
mod TorusSize[l],pz:Med Fermgdize[2]] not equal NODE_NOT_IN_USE
inMesh = False End thedtsemgldrerntznd For End For If inMesh = True
Mx=nix.+1 45 Else MxsiBa0MOReDBI0b502bRESIZE[8P2005/012489
End If
End If
FreeMesh[NumFreeMeshes]. Start[ 0] = meshStart{ ]
FreeMesh] NumFreeMeshes]. Startf 1] = meshStari{ 1]
FreeMesh{ NumFreeMeshes].Start{2} = meshStart{ 2]
FreeMesh[NumFreeMeshes].end[ 0] = meshEnd[(]
FreeMesh{NumFreeMeshes].end[ 1] = meshEnd[1]
FreeMesh|NumFreeMeshes].end{ 2] = meshEnd[2]
FreeMesh{NumFreeMeshes]. NumNodes = (meshEnd[0} — meshStart{0]
+ 1) x(meshEndl 1} — meshStart[1]+ 1)
% {meshEnd[2] — meshStart[2] + 1)
For mx = meshStart{ 0] to meshEnd[0)]
nexl = my mod TorusSize[0]
For my = meshStart{1] to meshBEnd[ 1}
myl = my mod TorusSize[ 1]
For mz = meshStart[2] {o meshEnd[2]
mzl = mz mod TorusSize[2]
NodeInUse[mx1}, my1], mz1i =NODE_ON_HOLD
End For
End For
End For
Fori=d01o2
FreeMesh[ Num¥FreeMeshes]. Rank{i] = 2 — [;
End For
Fori=0to2
Form=[+1to3
[1 = FreeMesh[NumFreeMeshes].Rank][/]
ml = FreeMesh{NumFreeMeshes]. Rank[m]
I meshBEnd{m1] — meshStart{m1] <meshEnd[/1] — meshStart[/1]
FreeMesh[NumnkreeMeshes].Rank{/] = m1
FreeMeshRankjm] = /1
End If
End For
End For
NumFreeMeshes = NumFreeMeshes + 1
End If
End For
End For
¥nd For
For i = partStart[ 0} to PartEnd[0]
For j =PartStart[1] to PartEnd]1]
For & = PartStart[2] to PartBEnd[2]
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68 End If If mx S PartEnd[0] meshStart[0] = mx meshEnd[0] =
meshEnd[0] + TorusSize[0] 5 End If End If FreeMesh[NumFreeMeshes].
Start[0] = meshStart[0] FreeMesh[NumFreeMeshes].Start[ |] = ;
WiRed Lét?ﬁﬁ] FreeMesh[Nun FreeMeshes].Start[2] = meshlJS'girY[%ﬂ%mzm)
FreeMesh[NumFreeMeshes].end[0] = meshEnd[0]
FreeMesh[NumFreeMeshes].end [ | ] = meshEnd[ 1 ]
FreeMesh[NumFreeMeshes].end[21= meshEnd[2]
FreeM.esh[NumFreeMeshes].NuinNg%es = (meshEnd[0] - meshStart[0] +
1) x (meshEnd[ I] - meshStart[ 11 + 1) 15 x (meshEnd[2] - meshStart[2] +
1) For mx = me rtﬁ].t n Q% = Mmx mod TorusSize[0] For
my = meshgitrig ﬁ%gﬁi%ﬁ%;ﬁ@ gﬁ%%%g%ggrussue[ 1] 20 For rnz
meshErc ’;1 rrﬁsijgmz mod TorusSize[2]
], myl], mzl] =NODE-ON HOLD End For End For 25 End
For R[4 m,0 to 2 FreeMesh[NumFreeMeshes].Rank[i] =2 - I; End For
Ferz@{p2 30 Form=1+1 to3 11 = FreeMesh[NumFreeMeshes].Ranlr(ll
nal.r FreaMeshipluinisaeMeshes].Rank[m] If meshEnd[m1 ] -
meshgtart{mt] emeshEralitknsneshStart[ll ]
FreeMesh{Nw:rseeMeshes].Rank]l] = nil 35 FreeMeshRank[in] =11 End If
End Forif Freehiesh[j] NumWNodes < freeMesh[i].NumNodes
hit = True;
Flse If FreeMesh/]. NumNodes = freeMesh[i].NumNodes
hit = True
For 7= 0to 2 while hit = True
If FreeMesh[/].Rankf/] > freeMesh{i] Rank[/]}
Hit = Faise
End If
End For
End If
If hit = True
TempMesh = FreeMesh{/]
FreeMesh[;] = FreeMesh(7]
FreeMesh{7] = TempMesh
End If
End For
End For

In particular embodiments, Schedulefob, which retums True if scheduler 515
successfully schedules a job 150, encompasses the following example logic:

If SpatialAllowed = True
If scheduleSpatial() = True
return True
Else If CompactAllowed = True
retumn scheduieCompact()
End If
Else If CompactAllowed = True
return scheduleCompact()
Else
Return scheduleAny()
End If

In particular embodiments, scheduleSpatial encompasses the following example

logic:
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End For NumFreeMeshes = NumFreelvieshes + 1 40 End If End For End
For End For For i = partStart[0] to PartEnd[0] 45 For .j =PartStart[l] to
PartEnd%z])ZéFork: PartStart[2] to PartEnd[2] WO 2006/055%5 g
WORHIEH5/012489 69 If NodelnUselij,k] = NODE - ON' HOL D 2003/012489
NodelnUse[ij,k] = NODE_NOT_IN_USE End If End For 5 End For End
For For i = 0 to NumFreeMeshes - | For j =i +1 to NumFreeMeshes - 1 bit
= False 10 if FreeMesh[j].NumNodes < freeMesh[i].NumNodes hit = True;
Else If FreeMesh[j].NumNodes = fre@ﬂ/lesh[i].NumNodes hit = True For | =
0 to 2 while hit = True 15 If FreeMesh[j].Rank[Z] > freeMesh[i].Rank[l]) Hit
= Fals%SEﬁnd If End For End If 20 If hit = True TempMesh = FreeMesh([j]
F?@é%_ SSHAPE FreeMesh[i] Free i].= TempMesh End If 25 End For
B FoltIle pAmRET @Q{rﬁ;egf!\ﬂ%%thﬁteﬂg?e%%gb, which returns True if
scheﬁﬁfé’f‘%ﬂ%la( ryList[z],Start) = TTue
Gotlit = True
setSpatialNodeInUse(Try, Start)
Eind If
End For
Return GotFit

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

Nodelndex =0
For (cNode[0] = 0 to OriginalSize[0] — 1
For cNode[1] = 0 to OriginalSize[1]— 1
For cNode[2] = 0 to OriginalSize[2] ~ 1
Fori=0to 2
jeNode[jobMan{{]} = cNodel[7]
End For
If Try NumFoldMaps = 1
mNode[ ¢, 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]] 1s odd
mNode[0, Try.foldFrom[0]} = Try.foldLength{0] — 1 —
(jcNode[ Try.foldFrom{0]] mod
Try.foldLength[G])
Else
mNode[0, Try.foldFrom[0]] = jcNode[ Try.foldFrom{(]] mod
Try.foldLength[ 0}
End If
Fori=0toZ
nodef] = mNode[0, Try.rMapi/]]
End For
Else
mNode[0, Try.foldFix[0]} =icNode[ Try.foldFix[0]]
mNode[0,Try.foldTo[0]] = jeNode[ Try.foldFrom[0]] / Try — foldLnt[0]
If mNode[0, Try.foldTo[0]] is odd
mNode[0, Try.foldFrom[0]} = Try.foldLength{0j — 1
(joNode[ Try.foldFrom[0]} mod

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

mNode{1, Try.foldFix[ 11} =mNode[0, Try.foldFix[1]]
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ngg ﬁ{éi’)r%pactAllowed True return seheduleCompact()

successfully schedules a job 150, encompasses the following example
Iogic 30 If SpatialAllowed = True If scheduleSpatial() = True return True
se If Com_PactAIIowed True return schedu. IeCompactOPtiIi E%g?a/rﬂr%mgq
scheduleAny() 40 End If In particular embodiments, scheduleSpatial
encompasses the following example logic: WO 20061055027
PCT1UTS2005/022489 70 GotFit = False For i = 0 to NumberOfFries - 1
while GotFit = False If scanSpatiaI(T?)lzList[i],Start) = True GotFit = True 5

setSpatialNodelnUse(Try, Start) End If End For Return GotFit 10 1In

iiggﬁgﬁgiiéﬁ]&%fﬁp%gﬁimd%@i@ : WJB%’ oglglwodelndex

=0 For (cNod 0.t I [ orc 0to
Ongmal&ze[l}ﬁﬂ{g)%ﬁ 1 ?‘5} g i E;'}aﬂﬁ&ee{&lmﬂﬁ% i L Yfﬁ%}ig[()
jcNode[jobMapli]] = oNo e[ nd For RS @oldLength[l])

mNode[0, Try.faldEix[0]] jcNode[Try. foIdle 0]] mNo e[0, Try.foldTo[0]]

=jcNode[Try. fo'dFEHW&QHJ%%%%BHINQH{HN@&%@THXJ@@EQ{QH}IS
odd modTry— foldLat[1]
Fori=0to2
node{i] = mNodel1, TryrMap{7i]
End For
End If
Fori=0to2
Node[i} = node[i] mod TorusSize[/]
¥nd For
NodelnUse[node[0], node[1], node[2]] = NODE_IN_USE
AssignedNodeList{ NodeIndex, 0] = node{0]
AssignedNodeList[Nodelndex, 1} = node{2]
AssignedNodeList[Nodelndex, 2] = node{2]
Nodelndex = Nodeindex + 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[7] ~ Try.baseSize[i] + 1
End If
End For
zPlaneCnt = Try.baseSize[(] » Try.baseSize[1];
For { = PartStart{0] to End[0]
newX =True
For (n = PartStart[2] to PartEnd|2]
zPlane(n] =0
End For
For 1= to i+try.baseSize[(]
For n = PartStart[2} to PartBEnd|2]
{1 = [ mod TorusSize{0]
ml = PartStart[1]
m2 = (ml + Try.baseSize[1]) mod TorusSize{1]
If PartStart] 1] + Try.baseSizel1] < PartEnd[1]
ZPlane|n] = zPlane{n] + FreeY{/1,m1,n] - FreeY[[l,m2,n]
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mNode[0, Try.foldFrom[0]] = Try.foldLength[O] - | - 25
(JcNode[Try.foldFrom[0]] mod Try.foldLength[O]) Else mNode[O,
}é%gg gg’[}ggn[O]] =jcNode[Try.foldFrom[0]] mod Try.foldLength{@k-36kk M se
Fori=0to 2 node[i] = mNode[0, Try.rMap[l]] End For Else 35
mNode[0, Try.foldFix[0]] jcNode[Try.foldFix[0]] mNode[O,Try.foldTo[0]] =
jcNode[Try.foldFrom[0]] / Try -* foldLnt[O] IfmNode[O, Try.foldTo[O]] is odd
mNode[0, Try.foldFrom[O]] = Try.folébength[0] -1-
(jlcNode[Try.foldFrom[O]] mod 40 Try.foldLenb h[0]) Else mNode]O0,
Try.foldFrom[0]] =jcNode[Try.foldFrom[0]] mod Try.foldLength[O] End If
45 rNode[l,klgy.foldFix[l]] =mNode[0, Try.foldFix[1]] WO 2006/055027
PCT/US2005/G224Rp: AL APiNeglef Arestald oilj= mNode[O,
Try.foldFromd]if/ Try.foldLength[l] If mNiode[l, Try.foldTo[1]] is odd
mNode[EaBrydoldFrom[1]] = Try.foldLength[1] -1-(mNode[O0, 5
Try.f8ldRfom(l]] mod Try.foldLength[1]) Else mNode[l, Try.foldFrom[1]]
=mNodg[ PrritfatdFromTBhE[fiod Try-* foldLnt[1] For i = 0 to 2 10 node[i] =
mNode[if TeyXvaifife End For End If Fori=0to2 Node[i] = node[i] mod
TorusSize[if = i mod TorusSize[0]
{2 = (i + Try.baseSize{0]) mod TorusSize[0]
ml ={j — 1ymod TorusSize[1]
if PartWraps[0] = False or i+iry.baseSize[0]) PartEndl (]
For n = PartStart]2] to PartBnd{2]
If i+Try.baseSize[0] < PartEnd[0]
zPlane{n] = zPlaneln] — (FreeX[/1,m1 1] — FreeX[12,m1,n])
Else
zPlane[n] = zPlane[n] — FreeX[/1,m1,n}
End If
End For
Fise
For n = PartStart[2] to PartEnd[2]
zPlane{n| = zPlane(n] — (FreeX[ll.mlni+ (FreeX[0,ml,n]
FreeX[12.m1,n]))
End For
End If
11 =imod TorusSize{ 0]
12 = (i + Try.basgeSize[0]) mod TorusSize[0]
ml = (7 ~ Try.baseSize[ 1]} mod TorusSize[1]
If PartWraps[ (] = False or i+iry.baseSize[0]} £ PartEnd[0]
For n = PartStart[2] to PartBEnd{2]
If 7+ Try.baseSize[0] £ PartEnd[0]
ZPlane{n] = zPlane[n] + FreeX[/1,m1,n] — FreeX[I1,m2.n]
Eise
ZPlane[n] = zPlane[n] + FreeX[I1,mi,n]
End If
End For
Else
Forn = PartiStari{2] to Parttind[2]
ZPlanein] = zPlane[n] -+ FreeX[/i.mln]) + FreeX{0m2n]) —
FreeX[I1,m2,n]
End For
End If
Else
newX = False;
Jo = PartStart[2];
while & < End[2])
hit=Troe;
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W@s&li(gﬁr}g%g%;?deList[NodeIndex 1] = node[2]

15 End For NodelnUse[node[0], node]i], node[21] = NODE-IN-USE
AssignedNodeList[Nodelndex, 0] = node[0]

ssignedNodeList[Nodelndex, 2] = node[2] 20 Nodelndex PI(\:lg! esrﬁ’%se’ﬁli“”
1 End For End For End For 25 In particular embodiments, scanSpatial
encompasses the following example logic: Fori=0to2 If PartWrapsi])
End[i] =PartEnd[i] Else 30 End[i] = PartEnd[l] Try.baseSize[i] + 1 End If
End For zPlaneCnt=Try.baseSize[0] ;ZTrybaseS|ze[1] For i = PartStart[0]
to End[0] 35 newX = True For (n = PartStart[Z] to PartEnd[2] zPlane[n] =
0 End For Eor 1= }ct? [ t S e[0].40 F atEStart[Z] to
PartEnd[2]" 1 ” ze IEC- nil +

Try. baseS|ze ;‘Lt%ot ry%laseélze[l] <_

PartEnd[l] 45 ]a ZPIane[n] + FreeY/ll, |nI n] - FreeY[11;in2 n] e
2006/0550 82005/012484 72 Else ZPlane[n] = zPlane[n]+
FreeY]i |, m tEnﬂﬁg End For 5 End For For j = PartStart[1] to End[l]

Start{0] =1,

Start[1] =/

Start{2} =k,

For cNdx = 0 to trv.NumCencats — 1 while hit = True
For m =0 to 2 while hit = True
cStart[m] = Start{m] + Try.concatStartNode[cNdx, m]
cBnd{m] = cStart{m] + Try.concatSize[cNdx, m] - 1;
if (cEndim] = TorusSize[m] && PartWraps{m} = False
hit = False;
Hnd For
For 1 = cStari[0] to cEndl0] while hit = True
For m = cStartf 1] to cEnd[ 1] while hit = True
For n = ¢Start[2] to ¢End{2] while hit = True
{1 = I mod TorusSizef (]
m1 = mmod TorusSize[1]
ni = n mod TorusBize{l]
If NodelnUse[I1,m1,n1] not equal NODE_NOT_IN_USE

hit = False;
Bnd if
End For
End For
Fnd For
I hit = Trus
Return True;
Hlse
K=k+1
FEnd If
Flse
k=pn+1
End If
End If
End For
End For
Return False

In particular embodiments, scheduleCompactFunction, which runs a binary search

on Fit, encompasses the following example logic:

HighFit = NumberOfFits — 1
Fori=01tc 2



10

15

20

25

30

35

40

if newX = False 11 =i. mod TorusSize[0] 12 = (i + Try.baseSize[0]) mod
TorusSize[0] 10 nil=(/-1)modTorusSize[l] if PartWraps[0] = False or
i+tr%/.basqe8ize[0]) PartEnd[0] For n = PartStart[2] to PartE %ﬁ} S 005/012489
Wit ?/(.’6’53%%&[0] -< Partend[0] zPlane[n] = zPlane[n] - (FreeX|ll,nzl,n] -
FreeX[12,m1,n]) 15 Else zPlane[n] = zPlane[n] -FreeX[I1,ml,n] End If End
For Else 20 For n = PartStart[2] to PartEnd[2] zPlane[n] = zPlane[n] -
(FreeX[1l,nil,n]+ (FreeX[0,nzl,n] - FreeX[12,ml,n])) End For End If 25 11 =
i mod Torussize[0] 12 = (i + Try.base7§ize[0]) mod TorusSize[0] nil = (j
Try.baseSize[l]) mod TorusSize[1] If PartWraps[0] = False or
i+try.baseSize[0]) < PartEnd[0] For n = PartStart[2] to PartEnd[2] 30 If i +
S féaﬁ%ﬁﬁ%%w] ZPlane[n] = zPlane[n] + FreeX[ll,nzl,n] -
.i,iné,n] Else ZPlane[n] = zPlane[n] + FreeX]il,nil,n] End If 35 End

F For n = PartStart[2] to PartEnd[ 2] ZPlane[n] = zPlane[n] +
FreeX]l F% L4 EreeX[0amzg.nal) - Fres191z2,n] 40 End For End If Else
NEWArse %ﬁpgcﬁ fﬁﬁ% des, Fit]CurrentFit], HighStart) = True
HighFit = CurrentFit
Else
LowFit = CurrentFit
End If
If HighFit = LowFit - 1
Return
End If
End While
Hit = False

For i = 0 to NumMax Distances — | While Hit = False
H HighFii > MaxDistancs{i,0]
HigMaxDistance = {
Hit=True
End If
End For
Hit=True
For / = HighMaxDistance — 1 to 0 by ~1
StartFit = MaxDistance{,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[/], HighStartj= True
HighPFit =
HighMaxDistance = [
Hit = True
End If
End For
End For
setCompactNodeInUse({Fit(FHighFit), HighStart)

In particuiar embodiments, setComPactNodeInUse encompasses the following

exampie logic:
node =
Fori=01w02
if Start[7] = TorustSize({]
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45 while k < End[21) hit = True; WO 2006/055027 PCT/US2005/022489
73 For n = k; to k+ Try.baseSize[2] -1 while hit = True If zPlane[n mod

TorusSiz % ]] not equal zPlaneCnt hit = False; End If 5 Enﬁ'&%éﬁdﬂiﬁeﬁzm
W R %1(? ﬁ)] =i; Start[1] =j; Start[2] =1c, 10 For cNdx = 0 to

try.NumConcats - 1 while hit = True For in = 0 to 2 while hit = True
cstart[rn] = Start[m] + Try.concatStartNode[cNdx, in] cEnd[m] = cStart[m]
+ Try.concatSize[cNdX, in] - 1; if (cEgg[m] z TorusSize[m] &&
PartWraps[m] = False 15 hit = False;"End For For | = cstart[0] to cEnd[0]
while hit = True For m = cStart[1] to cEnd[1] while hit = True Forn =

cStart[2]1 En AR ﬁ‘%%@%%ﬁ%%%@o 11 = 1 mod TorusSize[0] nil=in
mod Tog&%&g _ \g/jrrs{g TqrusSize[2] If NodelnUse(ll,inl,n1] not
equat NQPE-NOT-IN-USE hit = False; 25 End If End For End For End
Fordffhit = True 30 Return True; Else K=k+I End If Else

IfNomMapDiminsions = 1
If MapDiminsion[0] = 0
order[0] =1
order[1}=2
order{2] =10
Else If MapDiminsion[0] =1
order{0} =0
orderf1]=2
order[2] = 1
Else
order[0] = (
order[1] =1
ordet[2]=2
End If
Eise
order{0] = 3 — MapDiminsion{0] — MapDiminsion{1]
order{1] = MapDiminsion[ 0]
order{2] = MapDiminsion[1]
End If
count = 0
For i = Startjorder[0]] to end[order{0]] and count < RequestedNodes
indexjorder[0]] = i mod TorusSize[order[0]}
For j = Startjorder[1]] to endforder[1]} and count < RequestedNodes
indexforder{ 1]} = f mod TorusSize[order[1]]
For & = Start{order[2]] to end[order[2]] and count < RequestedNodes
indexjorder[2]] = k mod TorusSize[order{2]]

If NodeInUselindex| 0], index[1], index[2]] = NODE_NOT _IN_USE
NodelnUse[index[0], index|[1], index[2]] = NODE_IN USE
AssignedNodeList[node, order{0] = index{order[0]]
AssignedNodeList{node, order{1} = indexjorder[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
I PartWraps|7] = True
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35k=n-1 End If End If End For End For 40 Return False In particular
embodiments, scheduleCompactFunction, which runs a binary search on
it sses the following example logic: HighFit = Nu (@)
“E%zlcﬁé?rlzgé?ggwo 2006/055027 PCT/US2005/012489 74 Hglgi%{%r@éﬁ):u%sg
PartStart[ij End For LowFit =-i While True 5 CurrentFit = LowFit +
(HighFit - LowFit) / 2 If scanCompact(NumberOfNodes, Fit[CurrentFit],
HighStart) = True HighFit = CurrentFi{.Else LowFit = CurrentFit 10 End If
If HighFit = LowFit + 1 Return End If End While 15 Hit = False Fori=0
to NumMaxDistances - 1 While Hit = False If HighFit ? MaxDistance[i,0]
HigMaxQ@ﬁ]ﬁggaﬁﬁn }]: True 20 End If End For Hit = True Fori=
HighMgaxDistance - 1t0°0 by -1 StartFit = MaxDistancel[i,0] 25 If
I=NuntMaxistapger|aEndkitHumberOfFits -
End If
For i = PartStar[ (] to end]0]
newX = True
Forn = 0 to TorusSize[2)
ZPlane[ni=0
End For
for (/=ito i+ sizel(]
for {n = pStart[2]; n £ pEnd[2]; n++)
{1 =] mod TorusSize[0];
m1 = PartStart{ 1]
m2 = (PartStart[1] + size[1]) mod Torus3ize[1]
If PartStart[1}+sizel1] < PartEnd[1])
ZPlane[n] = zPlane{n] +FreeY [/, m1. 1} — FreeY(l1,m2,n]
Else
ZPlane[nl = zPlane{n| +FreeY[/l,m! n]
End If
End For
End For
Forj = PartStart[1] to End[1]
newy = True
If newX = False
=i
12 = (1 + size[0]) mod TorusSize[0]
mi=j—1 :
If PartWraps[0] = False or i+Start[0] < PartEnd[(]
For n = PartStart{2] to PartEnd[2]
If i-+size[0] < PartEnd[0)
ZPlane[n] = zPlane{n] — (FreeX [/1,m1,n] — FreeX[12,m1, nl}
else
zPlanen] = zPlanein| — FreeX [{1,mi,n]
End If
End For
Else
For n = PartStart{2] to PartEnd[2]
zPlane{n] = zPlane{n] — (FreeX [[1,ml,nl + (FreeX[0,min] —
FreeX [[2,m1,n}))
End For
End If
=i
12 = (1 + Start[0]) mod TorusSize{ 0]
ml = {j + size[1] — 1) mod TorusSize{1]
If PartWraps[0] = False or { + Start]0]) < PartEnd[(]
For n = PartStart[2] to PartEnd[2]
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Else EndFit = MaxDistance[i+1,0] -1 End If 30 Hit = False For j = StartFit
to EndFit While Hit = False If scanCompact(NumberOfNodes, Fit ],
Wéigﬁgﬁgg%;f True HighFit =j HighMaxDistance = | 35 Hit = Lrue &ffldf12480
nd For End For setCompactNodelnUse(Fit(HighFit), HighStart) 40 In
particular embodiments, setComPactNodelnUse encompasses the
following example logic: node = 0 For i=0to 2 45 if Start[i] >_ TorustSize[i]
WO 2006/055027 PCT/US2005/012489 75 Start[i] = Start[i] mod
TorusSize[i] End][i] = Start[i] + Size[i] -1 End If End For 5 If
* NumMapDiminsions = 1 If MapDiminsion[0] = 0 order[0] =1 order[1] =2
order[2] = 0 10 Else {dapRimiosieniQkemdroprder[0] = 0 order[1] = 2
order[2] = 1 Else 15 ordgpieler0=0roleHd ), 71 (1Qed=i2]7 4] - FreeX[I1,m2,n]
Else
ZPlanein] = zPlane[n] + FreeX[{1,ml,n]
End If
End For
Else
For n = PartStartf2] to PartEnd{2]
ZPlane[n} = zPlane[n] + (FreeX{/l m1,n] + (FreeX[0,ml,n] -
FreeX[I1,m2.n]})
End For
End If
Eise
new., = False
End If
Far k= PartStart[2] to endf2]
ifnewY = True
newY = False
count = {;
Forn=[to k- size[2]
count = count + zPlane{n mod TorusSize[2]]
End For
Else
count = count — #Planelk — 1]
il = (k + size[2] — 1) mod TorusSize[2]
zPiane[k11=0
1=
[2 = (i + size[0]) mod TorusSize{0]
If PartWraps[0] = False or i + size{0]) < PariBEnd{0]
Form=jto ]+ size[l]
m1 =m mod TorusSize[1]
If i + size[0] < PartEnd[0]
ZPlane[k1] = zPlane[k1] + (FreeX(I1,m1 k1] —
FreeX[2.m1k1])
Else
ZPlane{k1] = zPlane[k]] -+ FreeX[/1,m1,k1]
End For
Else
Form=j1io0j+ size[1]
ZPlane[kl] = zPlane{ k1] + FreeX[I1,m1,k1] +
(FreeX[0,m1,k1] — FreeX[2,m1,£1])
End For
End If
count= count + zPlane[x1]
End If
If count = NumberOf Nodes
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End If Else 20 order[0] = 3 - MapDiminsion[0] - MapDiminsion[l] orderfl] _
MapDiminsion[0] order[2] = MapDiminsion[l] End If count =0 25 For i =

Wﬁ?g&ﬁgga%gp]] to gnd[order[O]] gnd count <ReqyestedNode§,CTmsm}@5m2489
ndex|order[0]] = i mod TorusSize[order[0]] Forj = Start[order[1]] to

[
end[order[l]] and count <RequestedNodes index[order[l]] =j mod
TorusSize[order[1]] For Ic= Start[order[2]] to end[order[2]] and count <
RequestedNodes 30 index[order[2]]+ k mod TorusSize[order[2]] If
NodelnUse[index[0], index[i], index[2]] = NODE-NOT-IN-USE
NodelnUse[index[0], index[l], index[2]] = NODE IN USE
AssignedNodeListf @}@lgder[O] = index[order[0]]
AssignedNodeListinege; order[1 | = index[order[2]] 35
AssignedNodelLisgage#e} order[2] = index[order[2]] node = node + i End If
End For End For#4@:fmthkor In particular embodiments, ScanCompact
encompasses i fidllowing example logic: Fori=0to2 45 If PartWraps[i] =
True WO 2866/855027 PCT/US20051012489 76 end]i] =PartEnd[i] Else
end[i} = RaifEend[i] - Start[i] + 1 End If 5 For i = PartStar[0] to end[0] newX

= Trd&¥den = 0 to TorusSize[2] ZPlane[n] = 0 End For
End For

return False

In particular embodiments, scheduleAny encompasses the following logic:

Node=10
Rematnder = RequestedNodes
For m = {0 to NumFreeMeshes while Remainder > {
If FreeMeshim].Rank[0} =2
iNdx = FreeMesh{m].Rank{Z]
JNdx = FreeMesh[m].Rank{1]
Else If FreeMesh{m].Rank[i] =2
INdx = FreeMeshlm] Rank[2]
JNdx = FreeMeshim].Rank{(]
Else
INdx = FreeMesh{m].Rank[1]
/Ndx = FreeMesh[m].Rank{{}]
End If

For i = FreeMesh[m].Stari{iNdx] toFreeMesh{m].end[/Ndx] while Remainder > 0
- For/ = FreeMesh{m].Start]/Ndx] tc FreeMesh[m].end[/INdx] while Remainder
>
For k= FreeMesh[m].Start{2] to FreeMesh[m].end[2} while Remainder > 0

30

35

40

i1 =1 mod TorusSizeliNdx]
71 =y mod TorusSize[iMod]
k1 = kmod TorusSize[2]
FiNdx =0
NodelnUse[i1,/1,k1] =NODE_IN USE
Else
NodeinUsef/1,/1,k1]=NOCDE_IN USE
End If
AssignedNodeListNode].[iNdx] = i1
AssignedNodeList{ Node].[/Ndx] = /1
AsgsignedNodeList[Node, 2} = k1
Node = Node + 1
End For
End For
End For
End For
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10 for (I =i to i + size[0] for (n = pStart[2]; n <_ pEnd[2]; n-+) 11 =1 mod
TorusSize[0]; nil = PartStart[l] n12 = (PartStart[l] + size[1]) mod

W 66%%%91'7] 15 If PartStart[l |+size[ 1] S PartEnd[1]) ZPlang[al fss005/012480
zPlane[n] +FreeY[ll,ml n} - FreeY[/1,m2,n] Else ZPlane[n] = zPlane[n]
+FreeY[ll,ml,n] End If 20 End For End For For j = PartStart[1] to End[ 1]
newY = True If newX = False 25 11 =i 12 = (i + size[0}) mod TorusSize[0]
nil=j-1 If PartWraps[0] = False or i+Start[0] S PartEnd[0} For 72 =
PartStart[2] to PartEnd[2] 30 If i.-size[0] <_ PartEnd[0] ZPlane[n] =
zPlane[nj - (FreeX [I1,ml,n] - FreeX[12,ml,n]) else zPlane[n] = zPlane[n]
-FreeX [ll,nzl,n} End If 35 End For Else For n = PartStart[2] to PartEnd[2]

z P'iiiﬁcéﬁlﬁéﬁ%ﬂéﬁr@f@ es)ét%ﬁﬂxﬁ&] chdbaRNA ML AlioFiee N gic:

[/2,ml,n])) 40 End For End if 11 =i 12 = (i + Start[0]) mod TorusSize[0] ml

M2 te Reqgertrerlisisizel1) 45 If PartWraps[0] = False or i +

Startggf I 4 ofeEbH AP EtStart[2] to PartEnd[2} WO

2006 j};ﬁz“‘ﬁﬁ SSN08IH1%: %? |

to[2] = AssignedNodeLast[node,
If NumMeapDiminsions = | _
to[ MapDiminsion[0]] = AssignedNodeList{node, MapDimension[0]] /

IiapMod[0]
10[3] = AssignedNodeList[node, MapDiminsion[0]] mod MapMod[0]
Else
to[MapDiminsion{0]] = AssignedNodeList{node, MapDiminsion[0]} /
MapMod[(]
tofMapDiminsion[1]} = AssignedNodeList{node, MapDiminsion[1]] /
MapMod[1]
i0[3] = (AssignedNodeList{node, MapDiminsion{0]] mod MapMod[0]) x
Mephod[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{ (] and
to[1] = FreeNodeList[nodel].coordinate{ 17 and
to[2] = FreeNodelist{nodel L.coordinate{2] and
to[3] = FreeNodeLisi[nodel .coordinate[3]
FreeNodeListnodel J.mpiRank = node

Hit= True
End If
Fnd For

End For

In particular embodiments, scheduler 515 uses the following example structures,
which are defined as follows, to allocate nodes 115 to jobs 150. As described above,
cluster management engine 130 communicates a list of FreeNode structures to scheduler
515 along with a job 150. The list includes all nodes 115 available for scheduling. In the

list, switch-based coordinates identify available nodes 115 in the list. If scheduler 515

schedules job 150, scheduler 515 sets mpiRank before returning.

Structure FreeNode
integer  coordinate[4]
integer  mpiRank
End Structure
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77 1f (i + Start[0] 5 PartEnd[0]) ZPlane[n] = zPlane[n] + (FreeX[ll,ml,n]
-FreeX[ll,m2,n] Else ZPlane[n] = zPlane[n] + FreeX]ll,nzl,n] 5 End If End

WFERE?
ree

rn = PartStart[2] to PartEnd[2] ZPlane[n] = zP13p&[pi s
/01248
n] + (FreeX[0,ml,n] - 10 FreeX [ll,m2,n])) End For End If Eollszg ’

newX = False 15 End If For k = PartStart[2] to end[2] if newY = True
newY = False count = 0; 20 For n = Ic to k + size[2] count = count +
zPlane[n mod TorusSize[2]] End Fo, dEIse count = count - zPlane[k - 1] 25

ki = (k+ size[2] -- 1) mod Torussize[
size[0]) mod TorusS|ze[0] If PartWraps[0] =

Part nd O
size

Fg&ucmre Fold
integer  foldLength
integer  numPolds
integer  remainder
integer  foldDimension
integer  fixDdimension
integer  oneDimension

End Structure

zPlane[ki] =0 11=i. 12=(i +
False or i + size[0]) <-

F(?frélﬁ] ane %ﬁgm]lgpﬂgnuggg CA E%EHS%%['HS Ifo' Fecord how

ne[kl] + (FreeX[11,7nlLkKI] -
sc}fa@éat[ﬂarmmapn@a@mxzrraimémﬂ maﬁ@paj

spm@mmsw ki] End

In particular embodiments, scheduler 515 uses a Try structure o store information

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

a base mesh and up to two concatenated meshes.

Structure Try
integer  baseSize[3]
integer  numConcats
integer concatSize{2,3]
imieger  concatStariNode[2,3]
integer  tMap|3]
integer  itMap{3]
mteger  numFoldMaps
mteger  foldLength[2]
integer  foldFrom|Z]
mteger  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 nses FreeMesh

to schedule “any” requests.

Structure FreeMesh
integer  start{3]
integer  end[3]
integer  size[3]
integer  rank{3]
integer  numberOfNodes

| Fnd Structure
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Else Fornz=jtoj+size[l] 40 ZPlanelkl ] = zPlane[lcl ] + FreeX[il,m |kl ] +
(FreeX[0,ml,klj - FreeX[12,nzl,1d ]) End For End If count= count +

Pl k )
WE’&‘?‘%&' 45 End If If count ? NumberOf Nodes WO 20061195,15[95% /012489

5/01.2489 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 In particular
embodiments, scheduleAny encompasses the following logic: Node =0
Remainder = RequestedNodes 15 For in = 0 to NumFreeMeshes while
Remainder > 0 If FreeMesh[m].Ran%k][O] = 2 INdx = FreeMesh[m].Rank[2]
jNdx = FreeMesh[m].Rank[ 1] Else If FreeMesh[m].Rank[1] = 2 20 zNdx

B e e

wiﬁmgMdsﬁhEﬂ.&tﬁvﬂMx]d@H@eaMas}wﬁﬁﬁéngl[imel]Sﬂhile Remainder > 0
Forj 7 Lreshigsiim] SRrliexHo fseliestumbengiilisd, while

Remai Her

RequestType: a type of job request: SPATIAL, COMPACT, or ANY.
OriginalSize[31: if RequestType = SPATIAL, a size of a job 150.

AggressiveFlag: a floating-point number between zero and one indicating a degree
of leeway allotted to scheduler 515 for purposes of allocating nodes 115 to a job
1506.

JobMap[3]: if RequestType = SPATIAL, a mapping of indices of OriginalSize to
an order more suitable to scheduler 515,

| RequestedSize[3]: if RequestType = SPATIAL, size of a job 150 after scheduler

515 has applied JobMap.

TorusSize[3]: size of grid 110 in terms of CPUs 164.
NodesPerSwitch: number of nodes 115 per switch 166,
NumFreeNodes: number of nodes 115 availabie for scheduling.

FreeNodeList{NumFresNodes]: list of nodes 115 available for scheduling passed
to scheduler 515.

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

TorusMap[3}: 2 mapping of indices from a switch-based torus to an order more
suitable to scheduter 515,

InverseTorusMapl3]: an inverse of TorusMap; applied to all output nodes 115
before returning te cluster management engine 130.

NumMapDimesions: number of dimensions modified when going from a switch-
based torus to a node base torus; possible values are one and two.

MapDimensions[2]: indices of dimensions modified when going from a switch-
based torus to the node base torus,

MapMod[2]: muliipiiers used when going from 2 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 NamMapDimesions = 2.

PartSize[3]: size of a partition.

PartStari{3]: start coordinate of a partition.

PartEnd{3]: end coordinate of a partition.

PartWraps[3]: PartWraps[i] = True if a partition wraps in dimension 7.
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>0 For k = FreeMes'h[ni.].Start[2] to FreeMesh[m].end[2] while Remainder

>0 3011 :]i mod T'orusSize[iNdx] j| =) mod TorusSize[iMod] k1 =k mod

‘ ' If INdx=0 NodelnUse]il j1,kl]] = NODE-IN-USE
Wég{‘%‘ﬁ%g’{e%ﬂ,il,ki] - NODE-IN-US[EJ En]d i PRS2

AssignedNodelList[Node].[iNdx] = it AssignedNodeList[Node].[[Ndx] =jl 40

AssignedNodelList[Node, 2] = ki Node = Node + 1 End For End For End

For 45 End For WO 2006/055027 P&T/U82005/012489 79 In particular

embodiments, setMpiRank encompasses the following logic: For node =

0 to_RequestedNodes -1 to[0] = AssignedNodeList[node, 0] 5 toll] =

o 15 Nﬁ%?ra%ﬂg@_%&n dplglzpssanadiional sUnadeugldf  indicares o

gk ﬁ%ﬁrﬁ_ siMapRidningiapidh 5 srigneaNedelIsinedeaed to
MapDIRensioniO] {sPﬁﬁpw@%ﬁ%] N81o[R] TéssigagdNodakistipagiabie), and
Maplipipsieqlefbmed MapMedivl skisesfeiManbinipsioniOlloaes 115 to a job

As[lf/lI dNodeList[node, MapDiminsion[0]] / MapMod|[0]
to[MapDininsion[1]] =Assigned Listinode,. MapDiminsjon[Il} [ 15

Ma pﬁg&fﬂ Zeg&i %?%%& ?& dfﬁll‘g#ﬁze E,]JNI %P egizrzg}c Cales a number
MapRidED 2’? f mﬁ}h‘é‘) 1 lligffr?ggeéﬁwﬁﬁ irr%%s‘%n%?ﬁ] A sean
mod RFEBRISEF LT Edd If

« FreeX[TorusSize[0], TorusSize[ 1], TorusSizel2]]: FreeX[ij.k] indicates a number
of free nodes in the line {i,j.k} through {TorusSize[0}-1,,k} inclusively. A scan
routine uses FreeX.

.  NumberOfTries: anumber of Try structures constructed for a spaital request.
e TryListiNumberOfTties]: alist of Try structures for a spatial request.
NumberOfFits: a number of meshes constructed for a compact request.

. Fit{NumberOfFits,3]: a list of meshes constructed for a compact request.
. Fit[i,0] = size of mesh 7 in an x dimension.
. Fit[7,1] = size of mesh { in a y dimension.
« Fit{i,2] = size of mesh { in a z dimension.

. NumMaxzDistances: a number of unique maximum distances in Fit.

. MaxDistance[NumMaxDistances,2}: a lst of unique maximum distances in Fit.
For any 0< i < NumMaxDistances, MaxDistance{:,0] = index into Fit of a first
mesh with maximum distance = MaxDistancell,1].

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

. FreeMesh[NumFreeMeshes]: an array of FreeMesh structurss.

AssignedNodeList{RequestedNodes,31: a list of nodes 115 assigned to a job 115 n
MP1I 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 IO is often done so that processing 1s
not tost to a platform failure. Based on this, a file system’s 1/O can be segregated 1nto two
portions: productive O and defensive /0. Productive VO 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 IO is performed to manage a large
simulation run over & substantial period of time. Accordingly, increased ¥O bandwidth

greatly rednces the time and risk involved in check-pointing.
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20 hit = False for (nodel = 0 to NurnFreeNodes - | while hit = False If to[0]
= FreeNodeList[nodel],coordinate[0] and to[1] = FreeNodeList[nodel

“Jd:%%% [1]and to[2] = FreeNodeList[nodel].coordinate[g}and Rasi{3ise

= FreeNodeList[nodel].coordinate[3] FreeNodeList[nodel ].mpiRanlc =
node Hit = True End If End For 30 End For In particular embodiments,
scheduler 515 uses the following example structures, which are defined
as follows, to allocate nodes 115 to jghs 150. As described above, cluster
management engine 130 communicates a list of FreeNode structures to
scheduler 35 515 along with a job 150. The list includes all nodes 115

ava”ﬁ%gr};% S{:h{%dulgwg%(gl}g&gl Sl Sitedy %ﬁﬁglg%q@f@%ég/ﬁ%ﬁ%s {or data

available nodes I5n Ist. It scheduler 515 schedules job : ]
stzcheetllef b sty mipfeedwes seferaestd iin &%ﬁd@ﬁ%@rﬁmbﬁt%&d m

ang)é%{;?éﬁ’@ec[ﬁl]io ntegermpiRankeEnd RIvetEanblO #0065 02 fetrieved by
/US2005/012489 80 In particular embodiments, scheduler 515 uses |,
compEiBIS HRGuRSTETaRRIE Hevp! SmTier S TETOTER BT R ETSRME catesidle

Mvidme.imensieaakspafiabieduestsustintelurad-eiddniegendotdhengh described in
RO A SIS TP oSSR SO 20CERE SOy BaraD fles f
filembodimeantsiisehBuider S5, ustabasd il sstructurente-storeainfovaiati6HS Bh files.
A RO AT AN by
sigrictdae: Trydntegdrisasesipe[3]>20 may also comprise a plurality of tables or files
stored on one server 102 or across a pluralifty of servers or nodes. Moreover, while
illustrated as residing inside engine 130, some or all of local memory 520 may be internal
or external without departing from the scope of this disclosure,

THustrated local memory 520 includes physical Hst 521, virtual list 522, group file
523, policy table 524, and job queue 525. But, while not illustrated, focal memory 520
may include other data structures, including a job table and audit log, without departing
from the scope of this disclosure. Returning to the illustrated structures, physical list 521
is operable 1o store identifying and physical management information about node 115.

Physical list 521 may be a multidimensional data structure that includes at least one record

per node 115, For example, the physical record may include fields such as “node,”

P L I 19

“availability,” “processor utilization,” “memory wutilization,” “temperature,” “physical
location,” “address,” “boot images,” and others. It will be understood that each record
may include none, some, or all of the example fields. In one embodiment, the physical
record may provide a foreign key to another table, such as, for example, virtual list 522.
Virtual list 522 is operable to store logical or virtual management information
about node 115, Virtal list 522 may be a muliidimensional data structure that includes at
least one record per node 115, For example, the virinal record may include fields such as
“node,” “availability,” “job,” “virtual cluster,” “secondary mode,” “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 inciude &

iink to another table such as, for example, group file 523.
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integer numConcats integer concatSize[2,3] integer
concatStartNode[2,3] 20 integer rMap[3] integer irMap[3] integer
umFoIdMa s integer foldLength[2] integer foldFrom[2] 25 in

W&cﬁﬁo feger foldFix[2] End Structure In partlcular[ e]mb ﬁﬁ%%ﬁ/mmss
scheduler 515 uses a FreeMesh structure to store 30 information on
meshes in grid 110 available for scheduling. Scheduler 515 uses

FreeMesh to schedule "any" requests. Structure FreeMesh integer
start[31 integer end[3] 35 integer S|z§é‘f3] integer rank[3] integer
numberOfNodes End Structure WO 2006/055027 POT/US2005/012489
811In artlc%gr embodiments, scheduler 515 uses the following exam

varisBeED {HicH = A TBRRE B 1311 GH2° (5 HS Hrd O P T Bejé%g%)éeo?ser
orRequgsiedNodesomationberchfnedesssequestdiifojoa Jaki 1b0For example, each

Reques SPAT|AL P NY. 5
e e
logig@rgwyeﬁaa@emmm@pmm nbmrssheovpesr 2aib androrsdicanivgect &

seft d%%%&u f&?@}@gﬁ&ﬂé&ﬂ&ﬁf&éﬁ&Begﬂée&érh%ﬁ@ﬁ@emg%%aig%agmm jobs

s115%0 a job 150. JobMap[3]: if RequestType = SPATIAL, a
15 RYEBTSRT sl BFO M ASFEen 16PN oRfEFmBte Bisititumgtion, cluster

mashiedider SlmReaussiedtizeidd: ﬁﬁﬁ@qg@%&ﬂaﬂméﬂaﬁﬁehs sizg1@f@er and,

job 150 after scheduler 515 has applied Jo p. Torus size 0
i G B R RBP4 D RSP SHCR: bR OT géééﬁaif‘%smm

cRBLSWitebub 66 b vt kfeadadessmumbaicofmoceshibavalabla f6r such as
nosc ers]ergglénrgg' within a particular group’s domain. This allows each group to have an
individual processing space without compeiing for resources. However, ag described
above, the shape and size of virfual cluster 220 may be dynamic and may change
according to needs, time, or any other parameter.

Policy table 524 includes one or more policies. It will be understood that policy
table 524 and policy 524 may be used interchangeably as approptiaie. Policy 524
generally stores processing and management information about jobs 150 and/or virtual
chusters 220. For example, policies 524 may include any Number of paramefers or
variables including problem size, problem run time, timeslots, preemption, users’ aliocated
share of node 115 or virtual cluster 220, and such.

Job queue 525 represents one or more streams of jobs 150 awaiting execution.
Generally, queue 525 comprises any suitable date structure, such as a bubble array,
database table, or pointer array, for storing any Number (including zero) of jobs 150 or
reference thersto, There may be one quene 525 associated with grid 110 or a plurality of
queues 525, with each queue 525 assoctated with one of the unique virtual clusters 220
within grid 110.

In one aspect of operation, cluster management engine 130 receives job 150, made
up of N tasks which cooperatively solve a problem by performing calculations and
exchanging information. Cluster management engine 130 allocates N nodes 115 and
assigns each of the N tasks to one particular node 115 using any suitable techmique,
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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FreeNodeList[NumrreeNodes]: list of nodes 115 available for scheduling

passed to scheduler 515. SpatialAllowed: set to True if spatial scheduling
W _Icz)gve%.ﬁ(}lzompactAllowed: set to True if compact scheduling allowed. 20

ny,&ﬁoWeci’: set to True if any scheduling allowed. TorusM Sﬁ‘ﬁ%‘“}” 012489

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.

25 NumMapDimesions: number of dimensions modified when going from

a switch- based torus to a node base torus; possible values are one and

two. MapDimensions[2]: indices of dimensigns modified when going from
e e e R e e
of whear guing ¥igoh dswitehrbaseéek téresytacaanogeraBubdsied tbeussgossiblikely

,mv%lues re\'r\e/:l% %?%LO%: 4 0c%rSNS%mI\%BDimesions =1 and MapMod[0] =2
gnﬁ\t}laﬁl\ﬂo&eﬂ] T Rfum ap%jl‘mes'ions = 2. PartSize[3]: size of a

partifionnePemiStEnsit. stirticoordinatsefiagpatitio 0 thapBelgrs): addallocates

[ : rfition. : i]=Trueifa
m%%ﬂﬁ?? ﬁ?%@%ﬁ%%ﬁ%ﬁgn@%% 006/ 15362%%%%52005/012489 82

NodelnUse[TorusSize[0], TorusSize[1], TorusSize[2]]: NodelnUse[i,j,k]
indicgles: Re.State @3@} REAH1EEY ppssibigaaiues nclite MADEA N Sy be

node 115 assigned tg another job 150), NODE NQT. IN_USE (node 11 i
or b1 RN O P (LT R BRSBAT © rdibor
coassightagonodasid kpda b loinibel) manages a variety of jobs 150 where it is

FreeY[TorusSize[O], TorusSize[1l TorusSize[2]]: EreeYlijk] indicat lowi
SR Lol S LI IAL L eSO T e e alowing
thinchesirelingAtstarmfroeitiné UsesEreaicate frequently with neighbor tagks. For

exgﬁ%?éq%g&é?&{%] dQusPizelbl T orussizalal: br e?&ﬂl’ KEIDEICAIES B a cube.
number 10 of free nodes in the line {i,j,k thrpugh orusSize[0]-1 j,k} .
Fanbhisiielyrrossar i olaneigaesaprie X %b@?@%ﬂé’&nﬁ%ﬁm&%?wfvmg

ofBHURIWS SRS Hstach for-aapatinldestue stk dsiNpnhear Gfisias]! Blisky be
of Try structures for a spatial requrst. NumberOfFits: a nqunber of

197 Ao RESBEHLP TRRSHISE UTBEMHIOREE PR ATE AR e FORSRETR S fist S
baf meshegiconstruétes fos avenabhashysculestdesititRhtsiz@otizmeshyi in

an x dimension.
Best Fit Cube - cluster management engine 130 allocates N nodes 115 in a cubic
volume. This topology efficiently handles jobs 150 allowing cooperating tasks to

exchange data with any other tasks by minimizing the distance between any two nodes
115,

Best Fit Sphere - cluster management engine 130 allocates N nodes 115 in &
spherical volume, For example, the first task may be placed in the center node 115 of the
sphere with the test of the tasks placed on nodes 115 surrounding the center node 115. It
will be understood that the placement order of the remaining tasks is not tfypically critical.
This topology may minimize the distance between the first task and all other tasks. This
efficiently handles a large class of problems where fasks 2 - N communicate with the first

task, but not with each other.
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Fit[i,1] = size of mesh iin any dimension. Fit[i,2] = size of meshiinaz
dimension. NumMaxDistances: a number of unique maximum distances in
Eit. 20 istauce[NumMaxDistances,2]: a list of unique maximum

Wd‘lﬂs%anﬁg}e%ﬁ%}}l:it. For any 0S i < NumMaxDistances, MaxDisFaqFégﬁ?B?séﬂu‘gsg
index into Fit of a first mesh with maximum distance = MaxDistance[l,1 ].
NumFreeMeshes: a number of free meshes in grid 110. A free mesh is a
mesh including only free nodes 115. 25 FreeMesh[NunnFreeMeshesl: an
array of FreeMesh structures. AssigﬁgdNodeList[RequestedNodes,3]: a
list of nodes 115 assigned to a. job 115 in MPI rank order. Cluster

management engine 130, such as throu cheduler 5315, may he further

oper%f'\leg]?c]?ﬂ p"er(rf}og refﬁ%?@ﬁ?%%?cﬁgﬁg}%gr?g RHSSHT &%Jlrﬁ%ig?y%}%awm reduced
coponiprsendve wB@sevEstyiivedgepteityofdatpsivaiitelv tatei skn DhisetdBadiment,
+ Of t processing is.no - 10,8 platfarm, fajlure. Based on.,, ..
e L ) S P o BBSR hs tene
1mpeef EnetastEmsiveédy/O. Productive UO is the writing of data that the user

calls for to do science such as, for example, visualization dumps, traces of
key g}?y‘sics variables gver time, and others, Defensive 1/O is performed

to mah2ge Bolaryls s GnRAathsrPRAT SR aeiei & mrsPpeRBYRs iseiption are

foAgaareingly pingseasedy/ @ bangwistiegicealy re dbansdhe ineanehisiues for
}'nvc%lved i cthecé« ointing. WO 2006/055027 PCT/US2005/012489 83

2 (é%d?i%iﬁléc%ﬁ G130, local memory 520 comprises logical descriptions
(or dathsstructungsinefiacpltinality bhfentutiEscof pystemei0@loghcadtonedinary job

' ical or logi t ble to be . .
e ) D, Lt P O2E Sl e s o

mpsisNeBROORIEPEOPNsE divechTrnereckiX terisibReswisekopliderguagkeement
erdML)FRDISS Ar-HorNE Mt cd RERIPYS RIGMEDTR MRYRG ISSE ri!r?%d(ci)'? process)

terms of SQL statements or scripts, Virtual Storage Access Metho .
plagenan Hiakesnatomias SBmuHp cata el Birelsmilasnmaiesibs gply if the
oemmassepataleddalueitaS\V) flesiblt wilk hendesstoadphiabRanhcing nodes

element. may comprise a yariable, table, qr any other suitabl ta
L R P EReo R M0 iy SR i e Tt G fdiegss 115 1o
hdilés: 1Bestonedson dyeisdlvetnt0d@eamerossaghiudakty oft serveréeonrdmadesrative

reoyver, while | rate iding inside enqgine. 130, some or all of
B B RS PSR el T 10
angkpysecoTanhs Hbdissuesrmesiratedisieat A¥mory 520 includes physical list

521, yifuahdistH22 dmﬁ%@ﬁ;&kemﬁg%ca%gx%ﬁm%e 82iBRGHI BPIHRUE SR mplary
But, while not illustrated, local memory 520 15 may include other data )
MERUAST IR B o b (A BRe K il IRy ctlitrBRTP e ARG wHIR BRdes 115
asCape afthisiisedosyraiReturningierthe illustrated stusiuies, IPYsieMmplaies
list 521 | N . L
as%ng any suitable combination and arrangement of logical elements for implementing
these and other algorithms. Thus, these software modules may include any suitable
combination and arrangement of elements for effectively managing nodes 115 and jobs
150. Moreover, the operations of the various illustrated modules may be combined and/or
separated as appropriate.

FIGURE 11 illustrates an example interface 104. Interface 104 includes a
hardware, software, or embedded logic component or a combination of two or more such
components providing an interface between network 106 and HPC server 102. In
particular embodiments, interface 104 includes an instantiation manager 534 and

instantiation data 536. Instantiation manager 534 includes a hardware, software, or



10

15

20

25

30

is operable to store identifying and physical management information
about node 115. Physical list 521 may be a multidimensional data
vg(gg&}ggeﬁ%@gt include's at Ieas.t one record per node 115. Fpr (??(amﬁé%g%ggsq
p ysma?‘record may include fields such as "node," 20 "avangﬁiﬁ@?@ ) '
"processor utilization,” "memory utilization," "temperature,” "physical
location,” "address," "boot images," and others. It will be understood that
each record may include none, some, or all of the example fields. In one
embodiment, the physical record. m§§l’ provide a foreign key to another
table, such as, for example, virtual list 522. Virtual list 522 is operable to

storg, logical or virtual management information 25 about node 115.
COART 085 YRR it OBt 406 o iREAcgrgponests

dyeasiaile tesartprronbeles]ASnbds eXamiplasthenvirtualcenestonayquests from

udp fields sueh.as  node, s avallabili 'éc';'j&?b'.' 'éé’;{{}éjs%! B iente 120 ave
secondary nO(Pe, ogical location, compa |Bﬂlty, and others. %Wlﬁ bé

Tm@i@imdqh@mlaBmtwdrdT@B}/ mum@mbmu@b?neﬁnﬁzhaﬂgw RC comnection

reégiaRPledields. naneembadiment dhe v r%éﬂ'ﬁ?ﬁ%@ Qél\ylz‘v ”é‘d&{gﬁea colnection

link to another table such-as, for example, group file 523.

regBeti0s50 27 PEMNSEN0oR0 PY AR SUITHAIPHCSIE R SHas e AEpy clients
170058siablespEREatds BRASSDIELP SIRIRHSOP B SNt SR I nests.
information, such as agcess control Jists (or ACLs), For example, each
group tEEBH A AR RO B S PAU ANGD IR MR &S ribHELoR 5 6y fBwer or an
ixfmffad_dsera kaahr khgiqahgfqmtmaylﬂeaasmiamhwﬁ adbasim‘ss)@fmmy with
rGhaiil, fiepariment A prolect, 2, 2 Sgeulity Group.or Ay affiergaliection ;5
one or more users that are able to suthl JODS gd or aaminister aéf
Iﬂsagtipm obsystem ﬂm_.msédt@ndh iwiﬂnfo«_myattqn petostepnmansge méntluster
nBRGRE BQMAY deierming i the.Useraybriiing.ieb, 150,15 @o\s?'quﬂ%?rmager

and, if so, the optimum. parameters for job execution. Further, grou .
Stapre o hiayl aeapisally BaERIHR PBPCUDIIA BodiraaPEUStERZROIeRRIlH 5 In

r@P6ns MR RIEIRLAARESHLES « Such a3 A Nedas s esidingwyithiaeas,
particular group's domain. This allows each group to have an individual
proce’@?ﬁl Ba%&%ﬁ%%%ﬁﬁ%ﬁﬁ@%w&%@&% H5thebapdgs 115 inresponse

tdesartbech alove:s themshipeant sikepatvidisml-albstim220, maydetion data 536

. dynamic and may chan according to.needs, time, or.any other

g S O s (4B S S TR MR g FC server

10 deRstostdha polieyids dablebadcari polidicsRe.nvdyetseapperpriate, and vice

VLS TChRRSARNASAPRIGAALS FOHLY ?@s‘é&‘é&eﬁu&ﬁ&&e&%{fﬁ&ﬁ?%%% respect

and management information about jobs 150 and/or virtual clusters 220.
tEBPEX ST | PoITeRss BRARRaSsisTOHEE 8 N rbercotBapRte @B Vice versa,
warahigsinciidinghprakien.sizewmpioblem rundime imnesiats-pPrermpiiony and

users' allocated share of nade 115 or virtual cluster 220, and such. 20

TR B 8 ALt ORePBH Tt SRR ol 45 dilitivg OF services
a@x@tutiDBxiéaensralyh quaise: 52T CUMprcesIANYssettable dptaBIRicIIIE) o host
oSN 85 24ble ATay. dalabase table, o1 QOUNEY 3024 OLSBHN0 Ae. 102
corresponding to the service, and (3) a host name and & port number internal to HPC
server 102 corresponding to a host that, when instantiated, provides the service. The entry
may also specify ruies, conditions, or both governing when the host should be made
available, when instantiation of the host should take place, and when the host should be
made unavailable. As an example and not by way of limitation, a host may provide a web
server. If instantiation 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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reference thereto, There may be one queue 525 associated with grid 110

or a plurality of queues 525, with each queue 525 associated with one of
&}&eﬂ%{%}%ﬁz\{irtual clusters 220 25 within grid 110. In one as e,%}uof 005 )

operation, cluster management engine 130 receives job 15 ,(}naé ﬁ@i&fm)
AT tasks which cooperatively solve a problem by performing calculations
and exchanging information. Cluster management engine 130 allocates N
nodes 115 and assigns each of the N tasks to one particular node 115
using any suitable technique, 30 the?éby allowing the problem to be

solved efficiently. For example, cluster management engine 130 may

utilize job parameters, such as job task placement strategy,. suppli Clqepb
o T S BT & 00K A8 S e 2P R LU IS, et e
hoshabagemeint ienginatd3Maitémptsitbiexploitbee rrehitectures, of betlvef a user
at %,,Oc%ievz\{p' in turnapro |d§s the quicker tur, arougid for theduser %nd I%ggl)ﬁoms’

USes TOWSEr 0 aCCess 5] SO SOTVEr T, DISTIN
improves the overalY”’t?woug put for system. 100. In 6ne embodimant,

instlogtsiomaaagEnait Bayinstashihr Seté tesraviddslbearst SrHedestias 120.
if %%ggggxmag E%Qﬁylgﬁtﬁge@y%i@@ﬁ@@ﬂ%a 59&@&@%@%@5%%@14&%81%38

D (x,y,z) - Nodes 115 are allocated and tasks may be ordered in the
bowpse fEHHIMETEBIECTRS SNy FrdseNing efEi AT REIGABIBE (6 MsigrBaierver to
pr&RAMNSAton: Theyspssifiedapelegy anages® variety of jobs 150

where it is 10 desirable that the physical communication topology match

e pHoBIEHF P EO3PAIBNRy R LHOSErATY TSI En 158 1t ore boo
imeae M nieaieifragtenty witbdeeighoptasice fwoviexainplerauanuesbdfndents,
. tasks. in a 2x2 imension (2, 2. 2) will be allocated in a cube,. Far
1 tae%ﬁ- |Of)1u€r%%s)ge%s€f%oaﬁ%%g |o§n(s)ﬁga(r)1r b%q%%{eedﬁsﬁ?t%ﬂﬁ |rrnleﬂr§%1r§§i%hﬂ%ﬁs o
nopeesirving peffitiertendighbomtgasgitorsbrmmisatioieiGligstalata 536 also

111%?%@995%%&%%@ hifl é&%ﬁm&é tf&qﬂ&@{%%@ﬂgﬁsszﬁ eeified; 15« pé'ovi;de

mensional shape in any orientation. For example, a 2x2x8 box may be
serfieriated iR b RO RYSTHAY nyd B ErhEalf: GRS D ea SRR EIOn
mdh felBes Cisigh Mmanagenentenaineb30AlncatesNmnedeam: ba A mumber
cubic volume. This topology effici%ntl handles_jobs 150 aIIowind#%1 ) .
RS HITEALRS T U2 0RERa o e G oy otfidr SRSREEY i A
adtherdistaneerhtvern aay:tive todeser1ds] BestfihSpherenaclpstéb4 may boot
manageme ine 130, allocates N nodes 115.in a spheric

ten volume
j for th
PR P g e 0 T LRt e 0 D g for e
sePBosphenginite theose stiofithestdsksipladed lon hodesiatiGisurroaniding ey also

urPERIeL0ode, L5, 45 il P&ﬁ&gﬂm@%ﬂ&%tgﬁﬂé@g@@%ehggmaﬁtﬁl%s to route

remaining tasks is not typically critical. This topology may minimize the

[Py dipanoien thatiiret1adk Ahdt alfofiek easksCrPRd iBmtie ity RERRIE LIme
reflidiaR alassalipreblemsvheefasks 2 el Gommunicatewithothesfisstt from o

ciitgrikf 2%%1?5?&5&%230?%%2&%@?ES\ZLVS?JO%%Q 3401%3/51\91%17(3% c-iI;{s:LstS gfoaot%g%tzkﬁa%tgand starts
a TCP/IP commection seguence on behalf of the target host. The TCP/IP connection
sequence between client 120 and instantiation manager 534 takes place while the target
host is booting. Although a TPC/IP connection sequence is described, the present
invention coniemplates any suitable connection sequence. As an example and not by way
of limitation, instantiation manager 534 could start a User Datagram Protocol (UDP) over
IP (UDP/IP) or other [P-based commection sequence on behalf of the target host.

In particular embodiments, instantiation manager 534 tracks whether each host at

HPC server 102 is activé or inactive. In particular embodiments, instantiation manager

534 also conirols whether each host at HPC server 102 is active or inactive. In particular
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86 Random - cluster management engine 130 allocates N nodes 115 with
reduced consideration for where nodes 115 are logically or physically

d..ln.one embodiment, this topology encourages agg ' f
‘%%?c%‘f‘%&g?é? backfilling purposes, with little impact to other j%%?zq%éﬂ.’%f?aw
will be understood that the prior topologies and accompanying description

are for illustration purposes only and may not depict actual topologies
used or techniques for allocating such topologies. Cluster management

engine 130 may utilize a placement Weight, stored as a job 10 150
parameter or policy 524 parameter. In one embodiment, the placement

ejght is a, modifier value betw 0 an which represents haw
em%é}f@%’%%eﬁ?f@rﬁ%?&f’ﬂw%@?ﬁeﬁijéﬁ n%e%L S eoﬁ%%ﬁér% ptio Iﬁ?ats:}éou}d be

- avaibiles 1IFSacedising tatheeefidstednasie{ohpracessjcplsiveident longer be

avSIBIEt0AIE spample. Adalug
the ©

f ts plagi iy
Sphisienuation e 2 g&%ﬁf%a?eh,sop BE0%NadRa A 2 Qe

r dimensi Is possible and a value o .
ongepreventptading sodbish hstastiniprenretyr 434cneaditkere hpst to provide
mERHahfes ARAhewiRe.Ayeilahie nodrs ddadmdandle the request.

Typically, the placement weight does not override administrative policies

524 ElitHRR festurcBraseratibriatnrder e 9aliemetian 48 rsr dpgically
prd;@%iilidég j@_ilﬁllWﬁﬁﬁ%i%&&ﬁm@%@%ﬁmmm&ggr&m disTlosm'e.
preceaing 1 ustration and acco SCri "[IO['I provige an.exe ary.
GBI Ry T AGEE0 1B TRBRNGE B SERmias fap miior
dymanegingnedes ht8eandjdhs LbphbHoweVes) thisdiguretis nuerelrameters and
illustrative and system.100 conte Usi it inati :
) SR SO 0 A RS0
destgphithnisciFhusrttiesesoiivarehiddite srnagdmetidaefifes fble performing
m&QRPERIoNAn %ﬁ{@ﬂgﬁme&lﬁéﬁ{ﬁmn{é&g gifeciiyehyMANagingipRASS and

115 and jobs 25 150. Moreover, the operations of the various illustrated .
ATTRRHEIES 1ol Beat SIRBIEH ERIFBISESaT %S A 0P G isRsrpTE BiRE ity
soilbsirales AmhexanRle interacaidninterface 104 includes a hardware,

software, or embedded Io%ic c?c: ponent%é combir@gon of two.qr more.
“be

S Ch B B RO TR AU T S Dt BB FhoRN G T8 AR Fypission

158efuer 21020 30 dastichitdr fmlzodimenteniniérface #@4uhcludessalmmit job 150
instantiatj anager 534 and_instantiatio 236 Instantiation. weine HPC

“%5@&8@@@4 i aictier smed W%ﬁ‘gj %Sf%eér%fggrg%bl il wne

seRETIUS2065/012480 HT.erhisted dethiagiectdbsiiifeht O ral b BIEISH dfased

w008 more sych gampanents, gunamically-insiaBlaingRas!s ab neHRRres the

115 in response to connection requests from clients 120. In particular

USSFIBOHMTBRES, it EaBR Y eliftidéts Frofh HRarMtsS1264Erd Fillngniadmsiiood that
ciantipl Reotpes! LIER) cannestion meussiepAlRoughty Ceaniectior:ify the

user. Based upon determined group 523, cluster management engine 130 determines if the
user has access to the requested service. Based on the reguested service and hostname,
cluster management engine 130 selects virtual cluster 220 at step 620. Typically, virtual
cluster 220 may be identified and allocated prior to the submission of job 150. But, m the
event virtual cluster 220 has not been established, cluster management engine 130 may
automatically allocate virtual cluster 220 using any of the techniques described above.
Next, at step 623, cluster management engine 130 retrieves policy 524 based on the
submission of job 150. In one embodiment, cluster management engine 130 may
determine the appropriate policy 524 associated with the user, job 150, or any other

appropriate criteria. Cluster management engine 130 then determines or otherwise
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5 requests are described, the present invention. contemplates any
suitable connection requests. As an example and not by way of limitation,
connection requests from clients 120 maybe User Datagrain Protocl
“{86‘]9 '6F Other IP-based connection requests. In particular g&%}&&%{@ﬁﬂ&m
instantiation manager 534 functions as a router or an interface to a router
that maps host names and port numbers advertised externally with 10
respect to HPC server 102 to host names and port numbers internal to
HPC server 102. Instantiation manaé’@r 534 may interact with one or more
components of cluster management engine 130 (such as, for example,

physical manager 505, virtual manager 510, or both) to dynamically X
calgrip e GRETOIOPIONS oS0 &F SFE B oRe i T B s aprite
diseRaestionake questdramyah Chaattl 26 gecarding tothartigptaprietdgatheter or

InstanIiatio%d%ta 5.%6 ipgludegjdattg. forrgnstantiating?kggag%at nodes Eill&%()inﬂate
ShALAGS BRI 15 LR RED A G S AR B SRR T 25 T pariicurar PREOp
jolempedittnierinstantiafiondata 536 wiltludesmhecstsrofalistsidfer the initial

parnd %?ssh%%%gé%%%tgaﬁ%%@@"&d&iﬁ{.ﬁ?ﬁﬁg{@&%ﬂ% SRNELs 10 Reteranes) on

to a service encompasses an applicatior, where appropriate, and vice
HRersaywh P apippo priater Rekebbhce to a list of services advertised

exterpalis ithresRect 29 taHRE SEREE02 AR NEAMRASS U Ndere are

table, where appropriate, and vice versa, where appropriate, in particulair
engReBGRIHARIS DRYSEAREARGAT AR d58F S ISR S Hh S I IERRE RIS 2lready
esteultingdable skt padigulageubodinents sanieatiisa lsiolbsanicangne 130

advertised externally with respe ‘HPC seryer 102 specifies ( .
SEERIER: 55 BB FAME S APAbOM ALATES JauaPo o S HATRaID AR 640
Thespdoiito MBGsserver:fd @ b3coer@spondinyitotherseryits; andl (B advest 230

. ha nd.a por ri rver. 1: ondj Oiere are
A R b e R M, S e R DR e

enspebifypfatel| Torditdasther sbwigeverring whereine ROt gHotcrbe frigeaines
m@Vailabie, When msianiiation;pkibe hast showditakesplage, ang-wieahed that

host should be made unavailable. As an example and not by way of )
i YRSHRRT aSHRSE ity Provibre SelEmiBe suiir AinRBFRIHGh iiifpdpoiuding
2834 rprRMeE Paid, TRo®qURsis-at /Tt HTIED poriabrespondingtoithe or first

weh server during business, hours, the host may remaip, uninstantiated .
008165500 B0 A Ry DR R o grmined
subiset dﬁmﬁt_en_rﬁﬁosnffeeszcﬁsddmészhmt@eé&MS TegtidtIst®) Godt tﬁgsthoslaﬂagmenﬁ
fia soeinplentiatedmay g avalais IRIOIBEMIANIS SIS Ghisct 230

f
a user at a client 120 uses a web browser to access the we
Asepvding ringehushedbs ourBIS SR Eas AN h et HBma AR s iiatetus of

ndReshastitoprovide dbeweb sghverdn alignteli2Qs 5 dhadiserat &ligmsdi2Bo has

uses a web browser to access the web server outside business hours

DR PR AT HAHRGa1es S IS R T P BB RO SSEHIaHIG td AR 665
w§8pVekiRIqRNe Rt dheraost HOMm sl e e yvalrredeidiecs! Bl 320 aly other

particular embodiments, instantiation data 536 includes one or more boot
SRl BBt oS A RBe< F s 1 BIovIEE GEIces e 1*0 o

ciattichianenbatimanisyresent job results 160 to the user. For example, results 160
may be formatted and presented to the user via GUI 126.

FIGURE 13 is a flowchart illustrating an example method 700 for dynamically
backfilling a virtual cluster 220 in grid 110 in accordance with one embodiment of the
present disclosure. At a high level, method 700 describes determining available space in
virtual cluster 220, determining the optinmum job 150 that is compatible with the space,

and executing the determined job 150 in the available space. The following description
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10 instantiation data 536 also includes one or more file systems for

instantiating hosts at nodes 115 to provide services. In particular
mgg@gﬁ&t& instantiation data 536 also includes one or ni*%{ff{%?bwmmm

configuration files for instantiating hosts at nodes 115 to provide Services.

As an example and not by way of limitation, in response to instantiation

manager 534 receiving a connection request from a client 120 specifying

an port number 15 advertised extern@qy with respect to HPC server 102

that corresponds to a service advertiSed externally with respect to HPC

server 102, instantiation manager 534 may boot an available node 115 in

[ O.usi i nd.on re file systems far the service

s T S S L R
Biaysassh ibgapecsivasofiariast lscigrolifgcattomtte onmer mprep@Spriate
coaphaueatiandilesdo.raite 20 Iﬁéf@zﬁ'%i@ﬁ@h@'?ﬂﬁa@eﬁﬁg%rﬁé%lj L1l of the

particular embodiments, to decrease time requirements associated with

BB 983 s ponding to a connection request from a client 120,

instantietion w@%mms, %@éMﬁ%@ﬁﬁ%ﬁi@%ﬁﬂ@fﬁfﬁéﬂpﬁﬁ abds job
start CP/IR.connection sequence on behalf of the target host. The
Fbno oSN S T RO TGRE LSRR RISER AN e quece
Smmagboﬁ%tpi_ieﬁ'tpIaﬁ@%ll@tha@@eﬁ%d&eﬁé igzbocmmgit A_dihmag&aerstood
P G CAREEIAN PeAURNGS S AeSCbads NS PISSEN! JVERUBN. copacieristc
contemplates any suitable connection sequence. As e%ampﬁe andno
susy Ve test HpmreRioRc ips Rntitealdatniaf awdr iB3dxeoukl stiied, Wseep 710, cluster

mAagRm BretocabMRRLONRE HEURRIR) oF athefif-based eonneclin ¢ e

sequence on behalf of the target host. In particular embodiments,

ViruthAHEsiBR MEndgeFaase  HERSWRBIASTREYIPREEE 46 BopPdse digermine the

NiOdds echivaigsiinastive! 10 pagticulan empodiments-RsianialioR MaRALSE 220
A?Bél a\l7=: _controls whether each hoséaé HPC s rv%%i)ozmis active or .

PSSRV BT TP WS SOCRIBES 05 BT ASS0%/C 8 A5n ggried job aueue
SEmbsdimehtseinstantiatient rasriag e 6 6 4rmaycaittedsxpaimietesstimum shape
ervi Hable. If i ntiation manager 534 determines that .
S R oS SR Pe fgnsion
olRsiatadliet, IGPatrintwisapdaltes olvsieailablesonebenporel Ab deridiS atif it can

paRigh;instantiation Manpess S34insiantiated a hastterrayvids, 5 tbe

service and updates one or more routing tables accordingly. FIGURE 12

is a fIOWERGFIMIST N o7an SRER pRAPREtHSE coTet dFAdtfieanycs if there are

ciRFOgessig aloh-suapNssipminacsRRRCEWIth-ong SmbegimentRiithge nodes
nget ent isclo§%6e. Generally, FIGURE 12 describes method 600, which
ch B LELmae

racalved s Fht ey Ramfchny DistRiealy gllecstesies 415 for
thelbobpast 280 Haseu panthepjplbpatameteris@ndild assapiatethpotigi@sagement

524 Xec. joh 150 using the.alloca: ce. The followin .
enuée%%é‘gﬁo%%%c%sgjé %?le% e 1%%%%%% %%Sc%s%ﬁegr} ?n[%a%gem‘é}%t r&noS : ﬁeﬁ%‘dﬂugte{
ninpesteh kngiradtHotb 6001 Bet 8ypstom 00 Corrdrhjsambusingrany cluster 220.

A@@%@@@}%ﬁ@f&t’iﬁ%{%&ﬁm é{éﬁﬁgﬁﬁ%&!ﬁt&g}'&ﬁ'@@ %?ﬁocatedt gdes 115,

implementing some or all of the described functionality, so long as

ORfHIG8NRIfyRE MEFAS 35D fPR#E there were not enough nodes 115 for selected job

150), then cluster management engine 130 selects the next job 150 in the sorted job quene
525 at step 745 and processing retumns to step 720. It will be understood that while
illustrated as a loop, cluster management engine 130 may initiate, execute, and terminate
the techniques illustrated in method 700 at any appropriate time.

FIGURE 14 is a flowchart illustrating an example method 800 for dynanically

managing failure of a node 115 in grid 110 in accordance with one embodiment of the
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15 Method 600 begins at step 605, where FIPC server 102 receives job
submission 150 from a user. As described above, in one embodiment the
bmit job 150 using client 120. In another embodi t
wlﬁgéﬂﬂ‘?é@zbmit job 150 directly using HPC server 102. Ne%(&é%%toe‘%%uéw
610, cluster management engine 130 selects group 523 based upon the
user. Once the user is verified, cluster management engine 130 compares
the 20 user to the group access conttg| list (ACL) at step 615. But it will be
understood that cluster management'éngine 130 may use any
appropriate security technique to verify the user. Based upon determined
prEBhPdRoalisteL MARAgeRA! saaine 46D ARISKIUN SRR SN AR e 115
access to the requested service. Based on the requested service and
i auipmationbierasiamins debnicepiine andoRwleets vivsLRlIC iesteri @ Ghat failed

ndien 620yl Ricalluniiniial 2l auster 320 mayhe identifiadandallacated, e

OI%rlor to the submission of job 15Q. But, in the event virtual cluster 220 has

D8, A AR R d g e iferrrEgine 10 BetoduRrhaicuith the
prailacatdiviviate] ustaeR2000sig anyiefkihadeshaigues Aeseribedabeygon and

Next, at step 625, cluster management engine 130 retrieves.policy 524
e o S GO 80115 SHE S Dot e R Foneonlicy.

managefrent @hiigind 30smaf B0 whtermimectheappeopriate giolicp & 2étermines
th?éﬁ%ﬁ@t??s"ﬂég 18eSeTs JOR 100,073 %9%%&&9%%%%&“%@ 130 may

luster management engine 130 then determines or otfierwise
dggmeresBeb rEe BIAUSE dolrd 105480 00 sleblatiesimigim Ensicragfijolsiuster
maeahsiei30: twilkhe yndersiood 1@%%“&@}{%@@'}'%%&&%”&}8% and may

may include length, width, height, or any other appropriate parameter or

PRGOS (o Serilur hBetR tRESdTiehSionEapensadipts node 115, In
amgeiermine e apprapraidsjol spasd280 (Orsubseheflinadesddaiwithinhg the
1agirt%%l t?llgst%r%%%oa@fter the i(ﬁﬂti I 5{§§ra eters. have been established,
uster managemant 130 attenpts 1 ekecat ?HBITSO' B HBCTEE Yy Buster
mmagteps835ghrough 6654t decifidadkstap G35frclustatumaciagentst In one
i rmy j h llahle nodes to allocate the
o L S S o
lig 2 Adtemotiir Hedics 1o thgsionamansrer ergibndifetl@0deBmines if a

jodletenminasotha@ayiestaailable subseti23Q0lAqdgsstL5 i vidualclustar 5o
220 at step 640, Then, cluster management engine 130 addsréc%){@lw to

S AR ROt th R S8 Cal b CiBiestss G5V P e FRgCessing
mmgnldzﬁfmﬁﬂmlg@i&@m@gp 635. Q@geda@@%[@t@n@u%ar%p%%s&é@ to an
vailable, then cluster. mana ement en ine 130 dypamijca leter ines .
ol el SRR ST HEE™ 1% st G509 WillBeruitable
prandetstood thatd & theobpliffiumsscibset 280 thayiliedetetminsd tsinghanyuster

[ate criteria ing fastest pr ing time, most reliab es...
maPaRNae Chlena, %%*ggﬁlges %ﬁlig élgdgg eﬁ? % somaﬁgd Wﬁ%&i}g\ggﬁﬁ%&ﬁ step

115, physical or \{l(_tual ocations, or first avallable nodes
SZushtssinahdige rentcdiih asaeakttsthiacd etériiliregbslfs et 280ufromwpriate

ndB& SeleCie] MHua] Cluate-200h N bRt SIen: 660 LIUSIeL MAaNAgR ME M mmand

engine 130 allocates the selected nodes 115 for job 150 using the
Ol HRScBY S@B%taggz@pnate technique to end job 150. Next, at step 830, cluster

management engine 130 de-allocates nodes 115 using virtual list 522, For example,
cluster management engine 130 may change the status of nodes 115 in virtual Hst 522
from “aliocated” to “available”. Once the job has been terminated and all appropriate
nodes 115 de-allocated, then cluster management engine 130 attempts to re-execute the

job 150 using availabie nodes 115 in steps 835 through 850.
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20 According to one embodiment, cluster management engine 130 may
change the status of nodes 115 in virtual node list 522 from "unallocated"
“all ". Once subset 230 has been appropriately all .
“}rgazr%ég%%g%?ﬂ engine 130 executes job 150 at step 665 usi%@é&f&z&%ﬁﬁam
allocated space based on the job parameters, retrieved policy 524, and
any other suitable parameters. At any appropriate time, cluster
management engine 130 may 25 cgymunicate or otherwise present job
results 160 to the user. For exampl ,3results 160 may be formatted and
presented to the user via GUI 126, FIGURE 13 is a flowchart illustrating
an example_method 700 for dynamicall ckfilling a virtual.gluster 220 in
LR B e R e e R
foratigtiledebbnistheds7@otdés dibesupieraimicyt angitab [ 8 fhoe dat@nines the
opt\{ﬂtlﬁsﬁ%js%ﬁei%’rg%@rm 'me Qu%P&HE‘EH%@,%&Q%t@% 13588 M&: Cetrieved

with the space, and executing the determined job 150 inthe available

pokigia AT Hedfoiewivly deserpton \WAEredbe 08562 728 TA JS3005) b3 2esobeen

deinmillfoglts enuthe snarationetslustersmanagamant meskld &30sibset 230 of
performing this method. But, as with the previous flowchart, system 100

nogentdmptatisd Uing A% SHBISAIES Eo MBS A HRtang Biiten Jrnee the
stalRgiedl elements mplementingsomeer aleflthatdeseribgthtungtionalityild be
ethod 700 begins at step, 705, where cluster management.engine 13
DA BRI RS A ar e T LT A podes
thaenging 180sortscthetogeus 5B asetion thestprionityagkioby E8Qistoidd may

el $he ayeue Sea But iéﬁ?{é‘éﬁb&g[&%sgsmgﬁﬁat glg%ﬁa%a MARAIEIEWaiture that

engine may sort queue 525 using any suitable characteristic such
prohtitddlap prepwiae. oFoptiiia! [PHEBE Al BE sRaraEaeN ERERE SR riDhave
deRHSIRE AR anagement,eraine 13Q determinesdhe-Numbsr-atavailabland the

nodes 115 in one of the virtual clusters 220. Of course, cluster 4 )
e SHAe AE SHBTHE ALY MKy eetdiriR SR NimbBroFavainspied stbset

230068 Sddbdn Gichid Qe inRmeQnearnete ehvitumlatusiers 220 ehtutes job
1S%gep 715 %luster management engine 130 selects first job 150 from sorted
OB GifBIE 525, Next, cluster management engine 1.30 dynamically

detefPhingsdhaingtifiomeishapesdS{@rotirerdimetsiopsioof Sblscted fobmplary
meRadL 468: %ﬁ%@e QRIMUMhape o dimepsion; gﬁtggtﬁgag%?%{ﬁtam@

etermined uster managemernit engine 130 determines if It can

tegfuskhitl fob astomning BSpropAabvireEclystergzeln sepy T2BthTsagRn tis
addAt degsignal step %31'&111&%6@&18; anagementiergine &30-daterminesifwn.

there are enough nodes 115 available for the selected job 150. If there ,
MaFeosRoUGftiavai bl PE0Ese JBeR0s's i o iy B80St wer sieps, andior

difapagespenbanging i2Gdynanisaliy-alleeatesivodes 115 for the selected
job 150 using any ropriate technique, For example, clyster .. .. .
man;dg’m %n&fﬁ% f?% Pﬁa?fﬁ%&ﬁ] ?&%niﬁﬁe@ [ é%%ar’fge%l% egRe e
svBtehtexbat Steprdbo cluster maragéienhenginerleo iédalewlatesathennection
Number of a ail%hlg nodes in virtual clus er 220.. plst &74%‘,%%%&@ , i
y g 170 Spec g & externally
e ugﬁlgg?%%gnc\iﬁgﬁgme 150 E)Vgg‘t?uaiggrjto%u? "on alf'ocate% nodes 115. ’
with respect to HPC server 102. At step 902, in response to the connection request,
instantiation manager 534 accesses instantiation data 536 providing a list of services
advertised externally with respect to HPC server 102. At step 904, instantiation manager
534 uses the lst of services to identify a service corresponding to the port nurnber and the
host name specified in the connection request. At step 906, instantiation manager 534

determinss, according to the list of services, whether the identified service 1s available to

client 120. As described above, whether the identified service is availabie to client 120
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25 Once job 150 has been executed (or if there were not enough nodes
115 for selected job 150), then cluster management engine 130 selects
‘%]hezg(?xt job 150 in the sorted job queue 525 at step 745 and processing
ré)turnﬁs/otoﬂ}s?t%p 720. It will be understood that while illustrateBtd&'a2e5(5 12489
cluster management engine 130 may initiate, execute, and terminate the
techniques illustrated in method 700 at any appropriate time. 30 FIGURE
14 is a flowchart illustrating an example method 800 for dynamically
managing failure of a node 115 in gri#110 in accordance with one
embodiment of the WO 2006/055027 PCP/US2005/012459 92 present

dis¢losure. At a high level, method 800 describes determining that node

- TR SeREHAAT A B AtROSI S Fh A SR e Vet esh darHige Afars e client

12éplacifigthepiailed mededlbiwithasecondanepode, 1itand hrdohewingvice is

description.will focus on the operation of cluster management module 130
a‘fﬁ%ﬁg{r‘%romlcri%antki?#ﬁeﬁ%é‘?egﬁﬁgg%?ﬁﬁh@ $5Pevidus %\%ﬁéﬁggsﬁ@ﬁ‘?wﬁ‘m
mIogeoTiémpktssnsripadytafpéapdiategoathisationcand assangenentémal

logi I ting some or all.of the described. functionality.
B e P ot ome o
mgetantndd tHataishel 1B heoy e d: identBsdrisedcstovdicotubler As described

ADH)ALRIERLSNIINR-130 Mayydeterming hatngde,d lﬁﬁa%?qg%ulﬁ%%%aobeot

. any sujtable technique. For example, cluster 10 management engine _
TRAES HUiFTSTER 1A' @ dyentdieriics xististrcbaherhiaycdeterhfing which
péhatiodeildd das faled:bnses upep etk ebAKQSRARSLHARNGent 120,

.115. in another example, agent 132 existing on node 115 ma

S R PSS S B 2 T TAi BT BB Wiagbe port

speodfedl &5 tﬂm'llm_mnhtekm atgtes 84 @rolustetisanageroentenging 180 identified
egg,ﬁ’ggvgts&m? ﬁ;u ed no 15 frgm virtual, cluster 220,.In.one 15 = .

ig embOdir'nent‘,: clhg(%lelr r%gn%lg%lr%genﬁné?igiﬁg fyméﬁ:g%aées%ﬁ%s s}t%ttﬁ%eolf‘jethod

iligseeris FGIARE Lishazrbronilstutatedd idestailed aClustering in a particular

oRANagamenengine 130 thandsisrmines if Ardem 50 'ﬁ%é%@&%%‘!yﬂg&mme
failed node 115 at decisional step 815. If there is no job 150 associate

O%ifth node 115, then processing ends. As described above, before

procesinggiefitls, s BRAGRM 8RARINE 13N COMMLNIEAIEaRs and
eenrgrohmgg%%[ga té) an Odadministrator, utomatically determine a_
A P AT S PO Br ARTFOIRE SEitdTeproCRssibfsthaRbRAIMBs and
mgodssitiatenparithttivethaile dididaiad b, sher therdiugter trnahagefoatiption of
ine [ other es 115 associated with the job 150 at
S e B R e MOTaA o e ragees
SubRtEap roptislisrdioas SrB1BsFarskimitey vlukisringrageieripaiiginé scope
o380 may.execute a kill job command 25 or use any other appropriate
technique to end. job 150. Next, at step 830, cluster management engine
130 de-allocates nodes 115 using virtual list 522. For example, cluster
management engine 130 may change the status of nodes 115 in virtual
list 522 from "allocated" to "available". Once the job has been terminated
and all appropriate nodes 115 de-allocated, then cluster management
engine 130 attempts to re-execute the
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30 job 150 using available nodes 115 in steps 835 through 850. WO
2006/055027 PCT /US2005/012489993 At step 835, cluster management
engine 130 retrieves policy 524 and parameters for the killed job 150 at
~ step 835. Cluster management engine 130 then determines the optimum
WHAdYSeEb2dMERDHES 115 in virtual cluster 220, at step 840, based on the
retiieved palicy.n?4andthe o Paameieis Qnce H@% Sl lom uting
nodes 115 has been 5 determined, then cluster management engine 130
(HP Q@Y Fieisanyanbsses the subset 230 of nodes 115 at step 845. For
exapple. ﬁyé%mgag%ﬁ%c%g'% 34 rﬁ%caaa%%ea?}kf% bi first port
it'will be

nodes 115 in virtual list 522 from "unallocated" to "allocated". ‘
numpeidanstGodrth A i SuBs Etof FB des 1 NS Ther Baddifferbrit fhost thrensriginattised

exteiPSELAINQEGR NG Ioh 1FBw as%%?%ﬁi_ﬂﬁr?sﬁ‘n? A XAMRIECIHSIRE. wherein

management engine 7.30 may 10 determine that a different subset of

advergyag mAbptimal becerise s ise asdbTAiist & enaraprompitabihig the client;
exQEUHRNRIN a0Rthan £XAMRIRCIHSIRY ManagRMeR LAGIBRLR0 A NAYE port
determined that a secondary node 115 was operable to replace the failed

numpgjerng 185 AHef #RSt BBl Ubset 230 is substantially similar to the old job
SPaceR3R Qheeihe AllRsRIRE- HPRRL 23 NAs hesn seterpingd and

allocated, then cluster management engine 130 executes job 15 150 at
stelh Gs0idepgiisdsetiig fowaittelameaschmpanyiiigiirseripgrproviding the
idenilitsirategxemplar: methads 808780, @Rd-800 Inshort, aysteR10Qudes an

contemplates using any suitable technique for performing these and other
PPl MCBPARSIPL WAt diS@pen this flowchart may take place

simultaneously and/or in different orders than as shown. 20 Moreover,

system 100 may use methods with additional steps, fewer steps, and/or

different stdpsYSETORY 4dae matheiaiydin sprapprepristser GUREansmission
ConilbiStiatrs-an %@W'%ﬁﬁébﬁgnfofeﬂge@?rﬁﬁng InKantisian. i H RIS DP)

100. The method begins at step 900, where interface 104 receives a '
CONIESHABLEEDHSFequest from a client 120 specifying a port number and a host

name advertised externally 25 with respect to HPC server 102. At step

902, in response to the connection request, instantiation manager 534
acCesses IMEEHEHR At 36T BHOGIRAGRIIEEST services advertised

externalyryyidtcesnectitdlBEsRNEE 40dheAPERI0D MSRBRUANOR plurality of

manager 534 uses the list of services to identify a service corresponding
entrigs {hal 53¢ SARSHET and the host name specified in the connection

request. At step:90 dnstantiation manager 534 30 determines, according

to the list of services, whether the identified service is available to client

120. As dBRHHSHBBE AN ReRET tE TaahriféTskRkER hyvaidbrsteect to the

HPCCheRtd 2R \Wr20R0RPER 4423 ddL12005/012489 94 may depend on a
time associated with the connection request, an identity of a user at client

1260508t LSpELY DR eREdB R e it st ACEY 5 08B P C server. the
serviclentifird FeT\WeR/#$ corresponding to the first port number and the first host name.
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available to client 120, the method proceeds to step 908. At step 908,
instantiation manager 534 uses instantiation data 536 indicating a host
name and a port number internal 5 to HPC server 102 corresponding to

the identified service to instantiate the host at one or more nodes 115 in
grid 110 thlsrovatiavRb (deRtifeF EORIERIBIENESE 120. As described
abgyeninRiRtaliom MANAOET 234:03%AI80 MST iRstantiatian:data a3furality of
including a boot image, a file system, and an OS configuration to
entrigs i GAFY BRECHGSt at nodes 115, at which point the method ends. At step
906, if the, igeniified,gervice is unavailable to client 120, 10 the method
proceeds to step 910. At step 910, instantiation manager 534 blocks the
port spe&ﬂw‘fiﬁ%ﬂ@%ro?ﬂﬁﬂeeﬂmtr@aaégpm%%m%ﬁ&r& POV fropt cortespond
to thaasRssing thedsertifindd service, atwhich gaint the meathad ;ﬁ@dﬁies the service;
Although particular steps in the method illustrated in FIGURE 15 have
4G heen illustrated and described. as occurring in a particular order, any

suitahigssiepsdnthamethod lustralefeindr IGWRELS May-qepur &80 the host

suitable 15 order. Although this disclosure has been described in terms of
Proviing iR eifBBHIRTEIR SR d §BRAFAIYSItRIBAElkSES, alterations and
permutations of these embodiments and methods will be apparent to
those skilled in the art, Accordingly, the above description of example
embodimeRfsSIER ot datnd ﬁ@%ﬁ%ﬁﬂﬁ?%@&isclosure. Other changes,

20 sibsiitdticnseRnd altprationsare:alsoRossioleswithout deparing FRMLity of
the spirit and scaope of this disclosure. 95 WHAT IS CLAIMED IS: | . A | .
entrigs Aot FAGR SREGEMASETHSEATHRABH Fh RHgRubsrtaisaliee ehripehityg service is

availidRCYwystem, comprising: means for receiving a connection request from

a client spreci%i%ng a first port 5 number and a first hast name, the first port,

NUMBEF At (HEHRREIOSt ARGE AdyEHEEd e Ty ith YaSBsL s Anentified
servidPle semnvasieomprising a cluster of nodes, wherein advertising makes the

first port number and the first host name available to the client; means for

identifying a service at the HPC server corresponding to the first port

number anddhediest bostiname; Mhemaansdandeteimniaombeibhettheervice is

‘L%@ntgied service is available; and if the identified service is available,
availgile Rase} S AHRS AR GG BHB VI SR O REARS SRR D S F b or

more nodes in the cluster, where the host includes an application
encompassing the identified seryice. 15 2. The system.of Claim 1, wherein
o conneL bR TS ST NESIoN i BONSES] (1GP)

connegticemefitest ot Wsendtagnmdmtandi(dRR) conneatids HPC server

request. 3. The system of Claim 1, further comprising: 20 means for . .
core UG 1 BT BN AP L S Sy S g i dentified

SErvVICE.

g. The system of Claim 1, further comprising:

means for accessing 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

means for 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.
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entries that each specify: a service: and a port number and a host name
advertised externally with respect tosthe HPC server that correspond to
the service; and 25 means for identifying, according to the list of services
at the HPC server, the service at the HPC server corresponding to the
first-port e BELEAQ kst hydicaeimBeddenti frpbss) et §f E3hipqrTer-
further comprising: means for accessing a list of services at the HPC
server comprising a plurality of entries that each specify: a service: and 5
a Pkt nurhbeFEFaoh 6demamduRiEharss e A ProYe KERRHAINE:

CORrRaROMSH {Pots: st dhalWhemenreuind AlRRaIRY afenRadesdRe one or
cluster, provides the service; and means for mstantlatlng, according to the

morgigges dhibes afitie b iSeldr COTBHIS SroveinRg ifedhSehorigvhile

the HAEPR®O5EALre nodes in the cluster. 10 5. The system of Claim 1, further
comprising: means for accessing a list of services at the HPC server
comprising a plurality of entries that each specify a service and one or

more rulesindicating: nhrthen the aervice is available; and 15 means for
determining, according to the list of services, whether the identified

seflitaddisvaitbleliETHe spkem Sreirts, Mrsrsih e HIds Hditd@ddress:

and Whether the service is available based on a time associated with the
connection request from the client. 20 7. The system of Claim 1, further

5y -
opraHiETRE RS SR tRe R n it BRI (CRHaV ATk s for TCP/IP)
conmRlacking:aubast on therHP O .sefvem ¢opIesPPITME)tethe firSt HoPITIINBb@fection

to prevent the client from accessing the identified service. 25 8. The
sequgPstem of Claim 1, further comprising: means for accessing 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

moté-noddSrFiREBIR eI 2R d s MEando LT the MSHSATAYESThE Riarality

of nS¥stemnethe QS cantigusaliandiada asHotatedhenest preveingthesional
. identified service at one or more nodes in the cluster. 97
Orus.

13.  The system of Claim 1, wherein a node in the cluster of nodes is a central

processing unit (CPU) coupled to two switches.

14. A method for on-demand instantiation in a high-performance computing
(HPC) system, the method comprising:

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, wherein advertising makes the
first port number and the first host name available to the chient;

identifying a service at the HPC server corresponding to the first port number and
the first host name;

determining whether the identified service 1s available: and

if the identified service is available, instantiating a host providing the identified
service at one or more nodes in the cluster, where the host includes an application

encompassing the identified service.
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9. The system of Claim 1, wherein the identified service is a web server.

10. The system of Claim 1, further opgrable to spoof, comprising: means
for spoofing an address of the host providing the identified service at one
or 5 more nodes in the cluster and initiate a connection sequence on

behaif of this MeRbahE Clhéhbet RhsEdHHES LOMHE QY LEaNF B E fainragmission
Conttier8iRtothe addressdsmancliigmeliratasol pverMedia AssesPeanttel (UDP)

(IP/MAC) address; 10 and the connection sequence is a Transmission
CONNEHHPGIERYStHCol over IP (TCP/IP) connection sequence or a User

Datagram Protocol (UDP) over IP (UDP/IP) connection sequence. 15 12.

The system of Claim 1, wherein the cluster of nodes comprises a plurality

of nBdes %ﬁﬁﬁ&@éﬁ&?%%éf‘a@%ﬁ@%ﬁ%&%logy comprising a three
dimensignals lREuss 13ihe sysiemral Glal bovherain & padelin theentries that
cluster of nodes is a central 20 processing unit (CPU) coupled to two

>s. 14. A method for on-demand instantiation in a high-performance
compating: @R C) system, the method comprising: receiving a connection
request from a client specifying a first port number and a, 25 first host

nath@ fhd HRPFor ALMBRI didhth@hisiied: nermerkvettis dasBstertallye HPC

servVithatresnegtdndain e cesekvercomprising a cluster of nodes, wherein
advertising makes the first port number and the first host name available

to tHERIHEPREIRSSAIING $Jbrisd At it AdRrer EorEsdndiigito e 2t the
HrdigstReddrinheancothe first pest mamer d0determiniag: 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, clustee wherg e hast nclages-atoapplisation encompassing the

identified service. 98 15. The method of Claim 14, wherein the connection

rechfESETNE IS h S P EBIGI Proto eI FTCPPESHIEt RON FERUEs PSS that
sachldpetiBatagram Protocol (UDP) connection request. 5 16. The method of

Claim 14, further comprising: accessing a list of services at the HPC

server corﬁﬁ?@’i’r‘fﬁ;é“ﬁﬁjrality of entries that each specify: a service; and a

port numbepandankiastaanachadvertizetexainalpitir respeet thathevrrespend

HPC 19 server that corrc?spond to the serv&ce;,and ) .
to the host that. when executed at one or more nodes in the cluster, provides the service;

each

and
instantiating, according to the hList 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:

accessing a list of services at the HPC server comprising a plurality of entries that
each specify a service and one or more rules indicating whether the service is available;
and

determining, according to the list of services, whether the identified service is

available.
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identifying, according to the list of services at the HPC server, the service

at the HPC server corresponding tgthe first port number and the first host

none. 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

spédify: aSBrcdIosha L Hur ddmessidbcnadeniitieainerhetig the sapise is
availaBIY8h{BALAUFRARARG athaheshthalhien e xerde d:BLOME SidRore

nodes in the cluster, provides the service; 20 and instantiating, according

to the list of services at the HPC server, the host providing the identified

seryice atjgReRkRAre NeYamin theslusteroAdEhe methed effaiain dyvice is

further comprising: 25 accessing a list of services at the HPC server _
unavEARH SHRL S PRALIRY SPetifiEd that e PSS ERIY &L ibe Att BRE spmber to
prevERPIB:THIRS i RiGRENG Whether lhasenyica-s-available; and determining,

according to the list of services, whether the identified service is

available. 30 99 19. The method of Claim 18, wherein the rules indicate

whether thesgivicsdisRvailable hasge-eaatimmassociated with the
connection request from the client. 20. The method of Claim 14, further

coRfSEETHY, 7 PRatidBAtTet [Haricl i iR AnsBiHRSKAY & b gHEon

file ddfife SERNVekeRiFRSPRRSINGIIG hethitHRerBumberde Rrexanthe-clienit one or
from accessing the identified service. 21. The method of Claim 14, further

mo“’cBﬁ‘?ﬁ?i%ﬁ”‘é@%@%iﬁ@da boot image, a file system, and an operating

systany (@Sheenfigusatian 0 fileatihaiBle servemeeniespendingdarthantiate
host prqvi_dingrtt?h_e identified service at one or more nodes in the cluster;

the hosHRIQHG B BOIEIHEGR Stha &' SRESMIENE HRSS S ¢BR At ELion file to
instantiate the host providing the identified service at one or more nodes
in t,p,? cluster. 15 22, The method of Claim 14, wherein the identified _
service is A SEEE F8THE WREHDE BreCHaRiis TRt Sohipsig r
spoofing an address of the host providing the identified service at one or
more nodes in the cluster and initiz&ilng%a connection sequence on hehalf

of the host WhiE A At 80 oting “B8% AP B SRP B Bdaith diress of the

hostvherrinigthe-addrestkis aivioteinehP mtacakovedMedidActrss @antigliating a

IP/IMAC) address; and. _ o . .
conn(ection sezguence on ’beha?f of the host while the host is booting.

24. The method of Claim 23, wheremn:

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.



the connection sequence is a Transmission Control Protocol over IP
(TCP/IP) 25 connection sequence dila User Datagram Protocol (UDP)
over IP (UDP/IP) connection sequence. 25. The method of Claim 14,
wherein the cluster of nodes comprises a pluraljty oféqodes coupled.to

eath othdaCEBIYHPLS #Bpblogy BHRGHAMYE A'tHieE HiHeALRIGS Sat contral

procd@s. 1026 Tbaumethodvad Glaiet4, wherein a node in the cluster of
nodes is a central processing unit (CPU) coupled to two switches.



