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WO 2005/106663 PCT/US2005/012031 1 SYSTEM AND METHOD FOR
TOPOLOGY-AWARE JOB SCHEDULING AND BACKFILLING IN AN
'HPC ENVIRONMENT TECHNICAL FIELD This disclosure relates
generally to the field of data processing and, more specifically, to a
WysteiH d@msmethod for topology-aware job scheduling and beckfitkngimizos:
an HPC environment. 5 BACKGROUND OF THE INVENTION High
Performance Computing (HPC) is often characterized by the computing
systems used by scientists and enginegrs for modeling, simulating, and
analyzing complex physical or algorithmic phenomena. Currently, HPC
machines are typically designed 10 using numerous HPC clusters of one
or mekESpHIdesSar METEN@D H0Es TYOHOS.(KEY tATPA R JOBAEHIFDENING
engineering apphdafioh€KFBHDIMErte AN HeTR NIy parallel
scalability and not the speed of individual nodes; therefore, scalability is

architecture; and v) applications. The processing, memory, an
SPREVETHEthIerUSERoREREEINg TaplonsiRarorTIENistasehading gnddtapisillling in
palanced-andydherefore, do not scale well. Many HPC environments do

not have the I/O bandwidth to satisfy high-end data processing

requirements or are built with blades that have too many unneeded
BROoUGReNS insip s whicANandto dramatically reduce the system's

reliabiljt ccordin?lﬂy, many HP. vironments may not provide i

bt HiebSt WG A EORE I o BrfeiEh CHEFATEAT, o e compating
speedisciied oyisntetsenaib anpariss Zo:IShHIMAR Vi FaTibiE, AMNVENTION demplex

ccordance with a first aspect of t resentingwention, there is provided a.
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uate mmmiray aPGhalistased sulysert frorn prdesedity referPCinedesdeacFaof most

1%% Cy?gﬁleﬁ@ﬁq Hitoodes comprising aniptaoraled faRYG-peIe6Hng, 0 ariel

ememsgﬂso%%gicgg@mnggw@gw;@dii_igisoma%%%g end, more

b from a job queue; and execuiin(g the
scalability and not the speed of individual nodes; therefore, scalability is often a limiting

factor in building or purchasing such high performance clusters. Scalability is generally
considered to be based on i) hardware, ii) memory, /O, and communication bandwidth;
111) software; iv) architecture; and v) applications. The processing, memory, and YO
bandwidth in most conventionél HPC environments are normally not well balanced and,
therefore, do not scale well. Many HPC environments do not have the I/O bandwidth to
satisfy high-end data processing requirements or are built with blades that have too many
unneeded components installed, which tend to dramatically reduce the system’s reliability.
Accordingly, many HPC environments may not provide robust cluster management

software for efficient operation in production-oriented environments.



selected job using at least a portion of the unallocated subset of nodes. In
accordance with a second aspect of the present invention, there is
provided software for job managemengin an HPC environment operable
to: determine an unallocated subset from a plurality of HPC nodes, each
of the unallocated HPC nodes comprising an integrated fabric; select an
of ' BMexecute the selected job using at least a
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aspect of the present invention, there is provided a system for job
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and engineering labs, and/’or the costs involved in“performing HP
Brabesaipdsutnel mpdRSiments of the invention may further allow for
managemssiiapiivarsthalls ;Bl’é?;r&;troi*ﬂkl%@&@ Q{Q@es!”&f@?ﬁeqlnﬁbl%ﬁt KEchnical

part, on the balanced architecture, Various embodiments of the invention

A HagR nbE CXBMRICoPR BPTHOL: UbFRRER L. tfapbRstitsesy of the present

adxeamcag% ﬁtfattteyme&s@mt ipventionrrdlidisgedidifybanparentdmengiskitedralized

IsQNtirtltﬁnng ﬁmct;onahty, it may provide greater input/output (I/0) performance, perhaps

four to eight times the conventional HPC bandwidth. Indeed, in certain embodiments,
the I/O performance may nearly equal processor performance. This well-balanced
approach may be less sensitive to communications overhead. Accordingly,
embodiments of the present invention may increase blade and overall system
performance. A further possible advantage is reduced interconnect latency. Further,
embodiments of the present invention may be more easily scaleable, reliable, and fault
tolerant than conventional blades. Yet another advantage may be a reduction of the costs
involved in manufacturing an HPC server, which may be passed on to universities and
engineering labs, and/or the costs involved in perfomting HPC processing. The
embodiments of the invention may further allow for management software that is more
robust and efficient based, at least in part, on the balanced architecture. Various
embodiments of the invention may have none, some, or all of these advantages. Other
technical advantages of the present invention will be readily apparent to one skilled in the

art.



BRIEF DESCRIPTION OF THE DRAWINGS For a more complete
understanding of the present disclosure and its advantages, reference is

now made to the following descriptions, taken in conjunction with the
accompanying drawings, in which: FIGURE 1 illustrates an example
high-performance computing system in accordance with one embodiment

of the present disclosure; FIGURES 28D illustrate various embodiments

of the grid in the system of FIGURE 1 and the usage thereof; FIGURES

3A-C illustrate various embodiments of individual nodes in the system of
FRGURESCRIPIGURES B IRUstvareifarious embodiments of a graphical
user ipteriace I aceqriance Wi 406 SR ALEICHR b Kb REdvantages,
iilustrat®sone embodiment of the cluster ma agement software in _
refeoorcancamitimhdesystin MIIGUR Bessiwdro0BkEDGBEgonjunction with the
P 5 ; RE 6 is a flowchart illustrating a method for
agé%g |ﬁ?|%?l % t()ig%cgr]%%gb 1|?r’11 ﬁz]:\lg(-:},(é:%'rdance with the high-performance . i
~ compliliiy Bysténilbrstrtis Re 10URBIghPS MRS MBRAERYG gystem M
Jaethaddondynamichackiiling sFfthegridninireraigance with the

high-performance computing system of FIGURE 1; and 5 FIG REﬁ IS

flow chEAUIISH athvd a HHStHSE V@F@Vﬁa‘mgéﬁmﬁaﬁiﬁg%%bd@ FANTUP
acrordancadvitlh thedaighererformance computing system of FIGURE 1.
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scaleable because of, among other things, this increased 15 input/output
qa90yd58FRIHAHRE BIRFrR R [ﬁfﬁ'i&latency. For example, the scalability

of nodes 115 in a distributed architecture may be represented by a

derivative of Amdahl's
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law: S(N) = 1/((FP/N)+FS) * (1-Fe * (1-RR/L)) 20 where S(N) = Speedup
on N processors, Fp= Fraction of Parallel Code, Fs= Fraction of
Non-Parallel Code, Fc = Fraction of processing devoted to
communications, and RR/L = Ratio of Remote/Local Memory Bandwidth.
WMHEESIEBy HPC system 100 providing I/0 performance SSHEERE%EH}A2031
equal to or nearing processing performance, HPC system 100 25
increases overall efficiency of HPC applications and allows for easier
system administration. HPC system £00 is a distributed client/server
system that allows users (such as scientists and engineers) to submit

jobs processing on an HPC server 102. For._ex system 100, .
ey TTTHRET S 2ol ohs (AT HB o Bt gt WERBR A GR oD in
actenoasce b thedd phipistiatiomesorkstatiopsyettocal ERGRIBA20. But system
100 Wﬂﬁi stangdalo i iron t tg%;ﬁ ditables . g
environmenﬁﬁsﬁng?wgggéﬁm\%%%gﬁ%%%%ﬂ T/%H%ICZOOS O%%Il 391 4e &

inBOGridansy MG enairenerenutig Ttk es FighifBdarble
nodegigipangd i@y%%taﬁmﬁﬁgea%m(?raima%dlm M&%ﬂ@ﬁ%%ﬁﬂ%%ﬁge& node

scaleable nodes 115 for job 150, and automatically executes job 1
faifuindpirreaioRstoti HobR B1gh B TOF PO HRAT BE ARGy BERATGH BHIME fob

operable to be processed using HPC techniques and submitted by any 5

apt user. For example, job reguest for a simulation, a
Qﬁiﬁé@ 16 :’I'v'ji!!“"‘ ol -‘unirement Job 150 may also
be a FeqUEdL tb irua B wtatdicgniterilhpplitafonhsiichea®anelust€iadputing (HPC)
datab n online transaction pr ' S steyed
) ' 1
o PG AR SR RN IR, LSS IR prample
atpaespherthat cobreainprosssingl o tesmmh BE Gtddudaiepaftyweruhlfirmeovides

usﬁf’ss@fhpﬁl@@ FRLMRR UYRIARIES, TS IR AHL DAtIcA Vo BBt dodes 115

erein, generally means that the appropriate processing is substantially

Wik kP rRsE R anTe astos Rt Y SErdgsionibroBratSRBa P BE TP toggrerally,
thtRatnaasonadicallysdurhescormplaias asly sitabletsertings, this increased
. administrator. interaction with system 100 without arting from the . . ..
ingH B s MGG R CLRVED 103 R o TOUAr o PrabeBebity of
nelemplien cpéiatitertal probissjob nify HeCeysingmeplusaliticoivbaiancdmdahl’s
Imr;vt?des 115 and cluster management engine 130.

S(N) = 1/((FP/N)+FS) * (1-Fe * (1-RR/L))

where S(N) = Speedup on N processors, Fp= Fraction of Parallel Code, Fs= Fraction of
Non-Parallel Code, Fc = Fraction of processing devoted to communications, and RR/L =
Ratio of Remote/Local Memory Bandwidth. Therefore, by HPC system 100 providing I/O
performance substantially equal to or nearing processing performance, HPC system 100
increases overall efficiency of HPC applications and allows for easier system
administration.

HPC system 100 is a distributed client/server system that allows users (such as
scientists and engineers) to submit jobs 150 for processing on an HPC server 102. For
cxample, system 100 may inciude HPC server 102 that is connected, through network 106,
to one or more administration workstations or local clients 120. But system 100 may be a

standalone cbmputing environment or any other suitable environment. In short, system



10

15

20

30

Generally, HPC server 102 comprises a distributed computer such as a

blade server or other distributed server. However the configuration,

server 102 includes a plurality of nodes 115. Nodes 115 comprise any

computer or processing device such as, for example, blades,

“ﬁéf‘ﬂgﬁé’l@ﬁ%ose personal computers (PC), Macintoshes, wefKE{&iRIAZ112031
Unix-based 20 computers, or any other suitable devices. Generally,
FIGURE 1 provides merely one example of computers that may be used
with. the disclosure. For example, altfough 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

105015, 2 offér SABFRIRLRR RYasemeisb S dsh Binpmse eafppdrs 115 and

alRiheribasgrneiahiyahe s @ nampler sidscivell sl eonemddss Withotob 150,
onventiongl operatin %%S{%H‘S-AS sed,in thi dgcu t,.the
fralsRealng i s

: n
08%?53? inteRdsa 13 ercompass a personal compu e‘r,}%Jolr stgjt?gnt,’e Bny

batetworklbon)putersmblny btheoseiteblspE@ssSivghdarer akdPChsatagr by any
ap%%er.q rﬂee%%rﬁgp tp ﬂg ﬁ‘fﬁrg’ %%’ﬂ@iu@&%jrag tﬁﬁ]ﬁ?aﬁéﬁ,cg%@d& or for any
operating system including Linux, UNIX, Windows Server, or any other

otheiithisle nspeiatimy s yatehtsstordinhd 16 B8 Z00chsboriesitiHT asdapepenter
appl&lRY alke ncludegsbe saayIKNicABINiGEURIRWIER 3rdemale WRRm, or a

server. ﬁ'herefore, server 102 may comprise any computer with software
chygferesomsirsseB 3 ET/ b é?@@@/oimcﬁlén%}&}?ﬁr%ﬁ% §rrgfyty means that
ceE@mbinediorstitabiettadypamicadikallogate, nedes-likktepeacessodd P& more

jok 150. At a high level, HPC server 102 includes a managementnode .
R oAt e ARG 3 YA O ek AR dL8) e Spproprve
prnasdge v enbeagini v fa:fddord byspdefic iy sENBCI1Q2tenaydfe dt should be

ndar, "rack in ' rali s.(no, ith.s

A 100 U L BGOSR A v
intsawndimicintinsesteonyt ) vd tharh depahianmeradapierse Pidins isolonmsgrated

fabrignswileRing; ) ERHASERRY To SN VLERANRARNLROWEEUNILES QEMNEL job

1££wer supplies. These various components allow for failures to be

Riiigd tontiieehba o febairuse itafis10 be tbciSfSaTRarspenterene 130.
Gd.andmpdeasd b Maycoabiiek deidlbitbeSongamRPenants a blade server or

Otg/lar%a%e erét node 1 comgitz%s at Jeast one blageerz iH s}%gg%llya turality of
Rl LRt ﬁ?ﬁﬁe'a'fgl orads| ncgfa rstiatsr. Fér ex mpsle, P Y

nathankidge nieden 0d2 ddSonmyany computer or processing device such as, for example,
blades, general-purpose personal computers (PC), Macintoshes, workstations, Unix-based
computers, or any other suitable devices. Generally, FIGURE 1 provides merely one
example of compuiers 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
words, the present disclosure contemplates computers other than general purpose
computers as well as computers without conventional operating systems. As used in this
document, the term “computer” is intended to encompass a personal computer,
workstation, network computer, or any other suitable processing device. HPC server 102,
or the component nodes 115, may be adapted to execute any operating system including
Linuox, UNIX, Windows Server, or any other suitable operating system. According to one
embodiment, HPC server 102 may also include or be communicably coupled with a

remote web server. Thercfore, server 102 may comprise any computer with software
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comprise two blades, with one of the two blades being redundant (such as
an 15 active/passive configuration). In one embodiment, management
node 105 may be the same type of blade or computing device as HPC
nodes 115. But, management node 105 may be any node, including any
WRABA88Circuits and configured in any suitable fashion, sBG&fXEsP12031
remains operable to at least partially manage grid 110. Often,
management node 105 is physically or logically separated from the
plurality of HPC nodes 115, jointly 205represented in grid 110. In the
illustrated embodiment, management node 105 may be communicably

upled to grid 110 via.link 108. Link 108 may.c rise an
o R A TP SRS B AR AL e e A g rocess
HptgdctdOln one embodiment, link 108 provides Gigabit or 10Gigabit
Ethernet communications J emen 0 id.1
5 G D R 300 A A R B 810 110
coprptesgirtg povedity Dyplesiey, §iidl 1210 isaseD ToweeBi sijiseldl. More
spHRERN9, NURRICHPE LAk 3RY) QBRI Sh ke rpucaRfigkiatiop WU ARRALING des

from the scope of this disclosure. The links between nodes 115 in grid ,
119) vty <griall fptiea iRl okine G ImMRe et 11 R5PEEyOBthE) dppes- high
va@ftinkihatean-gonveydelectical ahalpttramaeneliccignalssuchasakd fabric

example, fi£ r,or 30 copper. Each node 115 is configured tg an :
SoEBHE A Shtieh SYRRSTRIHS Hode 1545 RRGrS By Bb Shel agie” sveplics
Theeasttictfevtheo 3T atitsvaiod Hdipssnurbimipaoéd dishkances Wl But it will
bezggée/:%s%?o%%lgtc 2391% 40}89 3211'1&6 r?&f&e‘fﬁ‘so t:?l%{/ nlg)oqeﬁug'l éFBlfft%?r’these

this may make copper wiring work In larger systems-at up to Gigabit rates
copriphnimisome embodiments, the longest cable being less than 5 meters.

In sheri, nede Al pds.oeneraly,ppiimized fgr &?@ﬁ&&ﬁi@%{mg dedicated to

communications and increased I/O bandwidth. 5 Each node 115 may
mifamiEe archishinggant alpiRisHRni By E8upled MAPREIISRSr node 105 may

colBRAJEMENEIRNGINe B0 orengrally, agenblhdes recpiveSJRMAdestS@fich as an
commands from management node 105 and/or cluster management

CHNY RIS %0 T ol R meﬁgrm%%?%m% E%\ﬁ%ﬁ%}w the

sagrecgpebifibiiale thereahoperalelado ddi@thindethid Hhhyicahstatysefinas 105

11§eand commu icaazte the pro e§5%'d§i[1"%ls such as hrgggﬂh al0

m EOAIMEDIGRLS 1S BIAGRES A cotl any suitable fashion,
a’%ear%ﬂgat, to managgemz—}nt noae n another e Odlmerﬁ,

sommmm@m%lﬁaww@%m@ﬁiwbmaawm@ 16 detbemimengement
nod{és gﬁﬁ?s&%ﬁ%?ﬁ%gi@&ﬂﬁs%ﬂéaé@%gn the plurality of HPC nodes 115, jointly

represented in grid 110. In the illustrated embodiment, management node 105 may be

communicably coupled to grid 110 via link 108. Link 108 may comprise any
communication cbnduit implementing any appropriate communications profocol. In one
embodiment, link 108 provides Gigabit or 10Gigabit Ethernet communications between
management node 105 and grid 110.

Grid 110 is a group of nodes 115 interconnected for increased processing power.
Typically, grid 110 is a 3D Torus, but it may be a mesh, a hypercube, or any other shape
or configuration without departing from the scope of this disclosure. The links between
nodes 115 in grid 110 may be serial or parallel analog links, digital links, or any other type
of link that can convey electrical or electromagnetic signals such as, for example, fiber or
copper. Each node 115 is configured with an integrated switch. This allows node 115 to

more easily be the basic construct for the 3D Torus and helps minimize XYZ distances
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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. 15 Cluster management

g ¥99%could include any hardware, software, firmware PEF/US2005/012031
combination thereof operable to dynamically allocate and manage nodes
115 and execute job 150 using nodes 115. For example, cluster
management engine 130 may be wriften or described in any appropriate
computer language including C, C++, Java, Visual Basic, assembler, any
suitable version of 4GL, and others or any combination thereof. 1t 20 will

besaeshddhetaodethht WHilE Bristhis May ah SRR JIHL 8 SIS imderestaty fiems at
uiGIRb L s avain dlesod chask@ehmadule | shede atiiesang fsechignslifitters.

performed, by this.engine may be performed by multiple modules such as,
IS E b S oR A RIS 400 A EHR ot fS g ooy end
nshedlildD tandvadihesentation engine (as shown in more detail in

FIG 5). Further, while illustrated as extern man t .
os, By RaAd S O BB SRR, OHIHR e 19 TARAMGIIEN Wi81eq with
clagisooiatadewithictagies FMbnagemmivengime 13D mael iemyeaussts clusegnmands

IR RAGE G, CRAINE h30x MRAEAYE: GURIGEMARAgeMensEN %J{E‘e&SPsz could

may be a child or sub-module of another software module without
|

admgRhY e SHOPE of TRt 85 PR iRt regf sigrable to determine
th BuEH0iR L BPsCOMtSes NGRN titOpeoseffemRteduless through a

operable to intelligently mapage. 3Q nodes 115 and jobs 150. WO
O o BRI CORT T 53 1 s T S RS ade 109
maP4dasdicatimnpriicaing \Sithcodbetmomhuentay sitinsasuclatad aliént 120Agent
ver network 106 in a client-server or other distributed environment. |
LR TR G S B SR oo e SR fch EDHOUE L o,
Asretaldek, 106/ swrigedreaibkifarmr1 40/ @ixsﬂomrimrnﬁyca]s@gb@ it remains
eiedliieaiindq 2 4bRicRmRRILAAlL AT HBInE e sgme wideband

C
interfaces that interconnects the nodes. Generally, interface 104

comprideisT sRBagREsEE B kO i redhdneluRa sy dredi s edisTare, firmware,
o1COBRNAtRN ANGRPEIFRIHIS eOAMAICATS WiIthRRIWAAK A iRles 115 and

TSGR BASEblY Socub AT AT LSRR RERUrc Lo b
wetthae Wareibpeiabte toppammatmicatpupityisicalagiginalad iy Ketivark 486 Visual
RIS el eSS QL VU0 G B C RN RS DSBS o thereof. Tt
will be understood that while cluster management engine 130 is illustrated in FIGURE 1
as a single multi-tasked module, the features and functionality performed by this engine
may be performed by multiple modules such as, for example, a physical layer module, a
virtual layer module, a job scheduler, and a presentation engine (as shown in more detail
in FIGURE 5). Further, while illustrated as external to management node 105,
management node 105 typically executes one or more processes associated with cluster
management engine 130 and may store cluster management engine 130. Moreover,
cluster management engine 130 may be a child or sub-module of another software module
without departing from the scope of this disclosure. Therefore, cluster management

engine 130 comprises one or more software modules operable to intelligently manage

nodes 115 and jobs 150.
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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 an
W@ef\%’éﬂ?fﬁ@werks, or sub-network operable to facilitate 15 FCT/US2005/012031
communications between various computing components. Network 106
may communicate, for example, Internet Protocol (IP) packets, Frame
Relay frames, Asynchronous Transfet Mode (ATM) cells, voice, video,
data, and other suitable information between network addresses. Network

106 may include one or more local ar etworks (LANS), radio access
oSS AP TS B & TRARNI 34 e g Sormpute
syBeiwOrkschANEEnall p0,acgertinsvaiih e ¢lobahcdipiervae tovookbkn aliwributed
as the Internet, and/or.any other commupnication sys systems.at
o Bor e SN SOk (0 o Ay ey e
new st relfelareampaioistSin) 1 siisnéjobsL50ap rifilex; Ptashhshdigesily to
hE'H tgftlilca)&ll %;PJWQQ ﬂioé(:%g'ﬂgdté%mg ilustaied aMRodinentdisknodes.

farm 140 includes one or more storage clients 142. Disk 25 farm 140 may

Generellysinisdren e bermparedagiscashirditoafiy 8 4nphbardgrare in a suitable

coRRRREHGRANOR REPIRGER Sokah SaRaPIBINeRRaN d BB Meig abitfEhe ehierface
(GE), or FibreChannel (FC). Data packets are typically used to transport .

S
R P ST AP TR s Qe T T A AR B R A e ated
wiheeendentifienandveode stic atibaridentbiperablracaireeidentifidndosl signals.

example, a ag ress, identifies the transmitter of 30 information
e B T TR 5 MR SRl BHRRUS omputer
setiverré@iient efyhethnforomapicer, \WOh2005/0686630P CTde®2 00510 1iPogtaigd as

re%ﬁﬁ%%é&%%%Yﬁﬁ@%i%kel_%,ﬂﬁ_@ﬁ@d}ktf@ﬁ USEE With 848D vetween various

ission screen or administration via a graphical user interface (GUI)

noips 1AF iy clrerrings femdhe reare 26 e Iiade st tealt el e dmagetwork

1 (RPMRREISEHAE|QeFORGFEMP WG sleVice  Opgs e IRk 68l as Il AR Mikcilitate
process and store any appropriate data associated with 5 system 100.

: [
CONBRIGANGETstOEEVRTRt (REFS 1hay BEPHH) & LFRBMPBP Sients 15t ork tos may
chffmidsateaty cexplgdeto Beevesr 102t6tothél) chetited? OF aintk"Useapf frames,

N T
infhiemitisndeserioe ddtwimkmsd ke dNebecrby @neay include one or more local area
networks (LANS), radio access networks (RANs), metropolitan area networks (MANs),
wide area networks (WANs), all or a portion of the global computer network known as the
Internet, and/or any other communication system or systems at one or more locations.

In general, disk farm 140 is any memory, database or storage area networls (SAN)
for storing jobs 150, profiles, boot images, or other HPC information. According to the
illustrated embodiment, disk farm 140 includes one or more storage clients 142. Disk
farm 140 may process and route data packets according to any of a number of
communication protocols, for example, InfiniBand (IB), Gigabit Ethemet (GE), or
FibreChannel (FC). Data packets are typically used to transport data within disk farm 140.
A data packet may include a header that has a source identifier and a destination identifier.
The source identifier, for example, a source address, identifies the transmitter of
information, and the destination identifier, for example, a destination address, identifies

the recipient of the information.
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user. But this disclosure contemplates that many users may use one

computer to 10 communicate 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,
WRAREEWe48a port, cell phone, personal data assistant (PDASCBfE28p5/012031

more processors within these or other devices, or any other suitable

processing device. For example, client 1.20 may comprise a 15 computer

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

other device that can accept information, and an output device that
conveﬁéénform‘ation associated with the operation of server 102 or clients

120, fridsobiig digrx devise ORGP SR TatRITRe esU D & BB ibrisHpRscreen
oﬂﬁﬁiﬁh ﬁiﬁfai@utﬁut@g&ﬁp@i&ﬂlausmcli(u@ﬁbee@tmnrqqfvama $ﬁcgtabl osén a(?@trated
suc a magnetic computer disk, CD-ROM, or other suitable 20 media .
A T S B o (Ol BB (L lesp A o devioe
orthedlig hothecaideninisteatio pandsolusiibrissiay disployt siandely GsHAREd with
Ul 126 comprisgs.a graphical r.interface operable to allow i) user
sySleth O TIPHAR SR UIRRNERI SRk TEEESR AP SEe AR AR M GUER 120
coamdioidbtiieceyssshio(srrvse d0ark aidiministiarorldsinandliaisen ohdéent 120” may

bé%’%ﬁ%&éﬁéﬂgﬁﬁé’lz S 98::5%%%\1&%@% REASAIY R BO¥%his disclosure.

Generally, 5 provides the user of client 120 with an efficient and
Mg oI Br AN O ath SHSDIdE BT IO 2y T8 Q0P RE 28 one
ushRay BempiseiacRisiRityRfchsianizaiefiapasat WeWS RV computer to
interactive ,fi%Ids ﬁPull-do’ﬁn lists ?gg ttons operated by the user. In one
COTBBIAEIPEO Y285 soue § libmission display that presents

the varoussphinpdiamiieloietes ciwtirelivas comaednts d:fiapadhe usetonal

of client 1.20 via one of.the input devices, GUI 126 may, alternatively qr.in
o SRl YR AR R SR R R o,
cetlyphenre) PO 200510666 31RC TRDS008¢042081 Srachwipistrathn dsese or other

déUl’b%g,aJF% (ﬁx@rqﬁ'c:a@é @F&a%&%r@&ﬁ%e Y@Eigﬂ @m%ﬂgsfjm%mpﬁse a

administrator. Administrator commands may include marking nodes as

CU(IE}HWa%b @Flgﬁﬁﬂﬁﬁdwmeguﬂ ?ﬁé‘lﬁféﬁ‘&ﬁc@u@b%ﬁﬁg A9ies, Grother
e other siitablemommandioMareovey, dugheuidhe.updersiaoehaiitation
TGPl Cretege may b ueedin S i St o R LR U
inigplais oba@artiddarfhphic sipuseleiiteriadeciherdéoies Gt ki2fade fixed or
re%%r\]rtaﬁmep 9!%1%%@1 Mdia such as a magnetic computer disk, CD-ROM, or other suitable
media to both receive input from and provide output io users of clients 120 through the
administration and job submission display, namely GUI 126.

GUT 126 comprises a graphical user interface operable to allow 1) the user of client
120 to interface with system 100 to submit one or more jobs 150; and/or ii) the system (or
network) administrator using client 120 to interface with system 100 for any suitabie
supervisory purpose. Generally, GUI 126 provides the user of client 120 with an efficient
and user-friendly presentation of data provided by HPC system 100. GUI 126 may
comprise a plurality of customizable frames or views having mieractive fields, pull-down
lists, and buttons operated by the user. In one embodiment, GUI 126 presents a job
submission display that presents the various job parameter fields and receives commands

from the user of client 120 via one of the input devices. GUI 126 may, alternatively or in

combination, present the physical and logical status of nodes 115 to the system
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graphical user interface, such as a generic web browser, that processes

information in system 100 and efficiently presents the results to the user.

Server 102 can accept data from client 120 via the web browser (e.g.,

Microsoft Internet Explorer or Netscape 10 Navigator) and return the
WIS HTML or XML responses using network 106. In®SrdUaepsidiats

operation, HPC server 102 is first initialized or booted. During this

process, cluster management engine 130 determines the existence, state,

location, and/or other characteristicsof nodes 115 in grid 110. As

described above, this may be based on a "heartbeat" communicated

upon each node's initialization or upon near 15 immediate polling by
AR RO s N e BiliStdritaRag SRREE RGN FeBmaRs fom the
adgyRiamieally Aledatedaiosisrpatidn smaf driclddbOrtan@ing arodwravifipvailable,

clusters 220 based on,.for example, predetermined policies. In
o RO s T e 0 (I, LG, gommind.
Maoedes 1l 5Honlddssiblddfainae thadthe gemdgtermini ngahattenieceofityebe used in

mysﬂo%&&lérﬁ il&%W%&%Qx@&&%a%@&%%J@%M@%@%ﬂc@qg%%h of

recovery 20 techniques. Cluster management engine 130 may also

thevisragge ahd prolndaremnited wrebligdreenViberavent b daoansenates any
eripgerhyitualeiistete20a T ReSeRUtRn BlReM ARt MAEENSSRhANEN in

hostnanw, IP address, operatina% system, configured services, local and

sygRard QiEndy AR RF e Ut ShSrSEafS i EsHonSSIKE dile cPhaccept data

frafisiedinanagamen enginedahma)sdynacrisatty iadanet stiplaet REdNStscape
from virtual] 25 cluster 220 accoyding to ciated policies and acgarding

NS AR B e C A S AN SRt 3P o RGRND Ehel
120, Tneneagsheipoé spateidowitH RO ehrsab i ssofirss crétialized GUlodRE, During

tmggog ogrl? %?&g@é}a%%%él%‘én%d Bep %@%{gﬁﬁlﬁg ﬁl%bémgt%go@ bst]ag’e(,) 'location,

ter management engine 130 processes the job submission, the ~
angétatedrarharasteristish @ Borass P dewimindd phtidiesshabehae Bighmay be

balQB 10 e IS8R0 NEIMSEE Rl Pyl G, MalRgemMant 2RI L 3Pon near
_ then determines the appropriate virtual cluster 220 based, at least W

FOBYEREP RIS 0I3101 NG e LR R ARSI Fegine 130 may

dyiingingl 30 4bas dynamicatiymallecatas a)eh GRrasend30 whthihcistergl220 based
clyster 220 and exeeuesjob 150 actoss the allocated nodes 12,4809 oo oine
o YR IS SRR AU CR AR SR eSSt pneemen cng
13perfotimancey HPGiservedd0 Gy mmorele fidkly cofpiste grecassing tbit one
ofj%% %?Qesqﬁ’?'}a%?ﬂ %@é@&e@%&%&@%@g%% using any of a variety of recovery
techniques. Cluster management engine 130 may also manage and provide a unique
execution environment for each allocated node of virtual cluster 220. The execution
environment may consist of the hostname, IP address, operating system, configured
services, local and shared file systems, and a set of installed applications and data. The
cluster management engine 130 may dynamically add or subtract nodes from virtual
cluster 220 according to associated policies and according to inter-cluster policies, such as
priority.
When a user logs on to client 120, he may be presented with a job submission
screen via GUI 126, Once the user has entered the job parameters and submitted job 150,
cluster management engine 130 processes the job submission, the related parameters, and

any predetermined policies associated with job 150, the user, or the user group. Cluster

management engine 130 then determines the appropriate virtual cluster 220 based, at least
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5 engine communicates results 160 to the user. FIGURES 2A-D illustrate
various embodiments of grid 210 in system 100 and the usage or
topology thereof. FIGURE 2A illustrates one configuration, namely a 3D
Torus, of grid 210 using a plurality of node types. For example, the
WA dde types are external I/O node, FS server, FS Retagates/ 012031
server, database server, and compute node. 10 FIGURE 2B illustrates an
example of "folding" of grid 210. Folding generally allows for one physical
edge of grid 215 to connect to a corré8ponding axial edge, thereby
providing a more robust or edgeless topology. In this embodiment, nodes
215 are wra}%ged around to provide a near seamless topology connect by

in gEe ikl 1BIoRRRoINEBgiRehA)) BendhipaaraibreHereirmp dosrem entingthin

Vi C&ﬁgfauamlté@as%&lt@@phw IBtEraebReinaiveen oarere1sodass HPC
215. For example, node line 216 may be copper wire or fib tic cab

TR B GO BLRE AT PO S A A EHE SR B2 may

myittual ctistemiRetallpcadedngitfio. 1\hildiflustrateplstith, orliysenendirigatment
cluster 220, there may. be any number (including zero) of virtual clusters

N oli] ﬁqoxélrrpd'@fé% %ifﬁ%utﬁscfggat?{ﬁa from the scope of this 20 disclosure.
VirtuRIGRIBES 220Dsi bulngicatagroupinmpetimsdissof $5 4 friscesting 100 and the

usﬁ%@&?%é%?&g}@gerg& PRI MR EHSIBL 20 RAN R 2SS0t Yt us,
0 c d

e research group, a department, a lab, or any otheraroup of users

ofjigaty 20sungitshimalifons Aoty Wiktal Fefustampbo thiay Beiated aedpdypes are
e;i?lélg%ﬂ ?%dﬁoﬁt@,y IIfBIJ @&?%r,zogg Qﬂ@{t’aﬁd%li’_’ é@if?&@ l_ﬂﬁi@‘t}%@@ séﬁ@ﬁ eghdMiiifpute node.
illustrated virtual cluster includes a plurality o sically neighbor
FISEIGeR Shstafes b %%foé’g) e BUEA et Pﬁ"l’&ﬁ&ﬁ%ﬁ%&%s for
ortosissi2dieopesthled 11 processdalidl b0ovespaldthgsiera? 20pmalyebdy providing
allocated at an ropriate time,. For example, cluster, 220 may be .
o G B T SOHEST Sy Lar v E00 S or <okt AGTAATe
pipaidemeters sramiyshioyeanuicalicalip cadabdseth foNedahngi@ 1 6nnay be any
su%f&ﬁ%gﬁ&cﬁ%{yee{ ¢ AEeAs, MoIOURL NV BHAISIEr2 IR ARARIGwo or

its shape and size over time t0 quickly respond to changing re%uests, ]
meniRdas 2Afd S6hFerPiFEaoagdnple! iR ReUsTErey Jpis/ey fiber optic cable

ingH9REHRR0R3 RGT AdR2(95/012031 11 may be dynamically changed to

include an automatically allocated first node 215 jn _respaonse to a failure, . .

ofa %8&&%&%{%%&%}%@&&@%fé‘%ﬁfr?fc%%aﬁi%weé within if.
While iltustrated with only one virtual cluster 220, there may be any number (including
zero) of virtual clusters 220 in grid 210 without departing from the scope of this
disclosure. Virtaal cluster 220 is a logical grouping of nodes 215 for processing related
jobs 150. For example, virtual cluster 220 may be associated with one research group, 2
department, a lab, or any other group of users likely to submit similar jobs 150. Virtual
cluster 220 may be any shape and include any number of nodes 215 within grid 210.
Indeed, while illustrated virtual chuster 220 includes a plurality of physically neighboring
nodes 215, cluster 220 may be a distributed cluster of logically related nodes 215 operable
to process job 150.

Virtual cluster 220 may be allocated at any appropriate time. For example, cluster

220 may be allocated upon initialization of system 100 based, for example, on startup
parameters or may be dynamically allocated based, for example, on changed server 102
needs, Moreover, virtnal cluster 220 may change its shape and size over time to quickly

respond to changing requests, demands, and situations. For example, virtual cluster 220
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embodiments, clusters 220 may share nodes 215 as processing requires.
FIGURE 2D illustrates various job spaces, 230a and 230b respectively,
allocated 5 within example virtual cluster 220. Generally, job space 230 is
a set of nodes 215 within virtual cluster 220 dynamically allocated to
YORpIEtEsséeived job 150. Typically, there is one job spacePEIOUB5/012031
executing job 150 and vice versa, but job spaces 230 may share nodes
215 without departing from the scope of the disclosure. The dimensions of
job space 230 may be manually input by the user or administrator or
dynamically determined 10 based on job parameters, policies, and/or any
other suitable characteristic. FIGURES 3A-C illustrate various

s e ddyieammicallihahmeredl Hodeduiesimn gHemetenlly altomtrdrdist npde 215
r%?@ﬁ@@lﬁ) GMRRRAIMANIS:RBRe S Jdk2a%e [RBFRReRIghR Y Plades: 320. Biadertain

5 comprises any computing device in any orientation operable to
epRRdEBE JPsleForrEmalEL A e ko PRrEREEE BHE*E50. For
exampieUraiers 1umakbeRids sthngatdsXedhbdhaneiherkepsciwly, allocated

standard PCI-Expr, nt.motherboard, or other suijtable o
TP B S oA e il FIe S AR B g 215 vt
vilistd hﬂmasﬂhwdbnimm‘?amngcgmp@nmta m_h‘@mﬁsi miro88. p’ﬁmsailystmre 18
ag*éeﬁ%%@r?é%%{%ﬂs'@g@ﬁn&'mg 3fing, any T@J‘Eﬁi@e@%o may share

, au g 20 ‘

oJHA ALY
Swite ir?g unction, increasing the t tolerance, and allowi

netbssSHlge Wik g enaptinalBpovite sspaeifitdlly, diratrsBes iHequdigasagions of job
s%@ﬁ@%a%%@ﬂlaﬁﬁéiﬁ% 4B-inclides e RHmbes:ofRRkSHRL daRYmined

allow for different topologies. For example, switch 345 may_be an
beigAopdpPERrERCtRL: BoBRescadigay thsesHiRvihEhaH THELh or 3D

Torusitapogy. JhesaiaightPostsoinChngde tirocni' 6D nnkeifns nfatelinkingn grid
to_neighpor

odes 115 along an X-axis, two "Y" connections for linking, to
R Do P e 7O bt Gy TR Ty bledes
TidigBhaiesadeshifisalang @@ pakis; dnddwnio eonnsctiohisifophirdblsgagrocess all
management node In one [ Wi
R e B B R T o A EAROE3 15 may be o
dtarittaind fEboic4Witahihgiewitch SaBiadf GlsBreoenp iistcronlic mythstihogydror any
é&\é{.csj&i%%%%a&%g&g&t_idimensional topologies, such a 4-D Torus, or
o .

er non 30 traditional topologies of greater than three dimensions.
MoreoRidambtieds rasnirayeeftrerisreiitiies oy ambsrabakisviching
LheERRARIUEIRGHIN RS 04N aRgST coMmmURicatians WiBPORILMO62ducing or
gﬁ;niﬁgiléoag?f/gejﬁztr%%éec% szwitching function, increasing the fault tolerance, and allowing
message passing in parallel. More specifically, blade 315 includes an integrated switch
345, Switch 345 includes any number of ports that may allow for different topologies.
For example, switch 345 may be an eight-port switch that enables a tighter three-
dimensional mesh or 3D Torus topology. These eight ports include two “X connections
for linking to neighbor nodes 115 along an X-axis, two “Y” connections for linking to
neighbor nodes 115 along a Y-axis, two “Z” connections for linking to neighbor nodes 115
along a Z-axis, and two comnections for linking to management node 105. In one
embodiment, switch 345 may be a standard eight port Infiniband-4x switch IC, thereby
easily providing built-in fabric switching. Switch 345 may also comprise a twenty-four
port switch that allows for multidimensional topologies, such a 4-D Torus, or other non-
traditional topologies of greater than fhree dimensions. Moreover, nodes 115 may further

interconnected along a diagonal axis, thereby reducing jumps or hops of communications
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between relatively distant nodes 115. For example, a first node 115 may
be connected with a second node 115 that physically resides along a
northeasterly axis several three dimensional "jumps" away. FIGURE 3A
illustrates a blade 315 that, at a high level, includes at leasttwo 5
W BEBELE#8%320a and 320D, local or remote memory 340, afd HIEGPARALE031
switch (or fabric) 345. Processor 320 executes instructions and
manipulates data to perform the operations of blade 315 such as, for
example, a central processing unit (PU). Reference to processor 320 is
meant to include multiple processors 320 where applicable. In one
embodiment, processor 320 may comprise a Xeon64 qr IfaniumTM
e G bHEATO N prof e SoPGP Her v HErL b, BBY dRefrpiected
withe XenddpaecERS dimplyybr Aly3rdidr 4bify witvai2iBCaeki aackral three
. HyperTreading,,In this embodiment, the dual processor module may
ds Eﬁiaréaliaﬁﬂ Ig‘&?}ffxpress that improves efficiency. Accordingly,
procEKSOR B2 akueffidiant iedecdy bétrdwitith bigh, YyysiGaihe]irdes theleast two

memaor ntroll ilt into C | I :
RS ML L RO 5y P 05 DALY o
34andrersssory A Gx Bt RtoEERS evhinsiinulaies dath eroedess o onsmiions
of%Q&’é)'ﬁ%O%BﬁuQL?%?“&%YHMD%”&M%%&&Qﬂ@%i#@@@.oam%rm to

any other related components. In one embodiment, Northbridge 321

ProgsARLTTCate SYHF Jrodedlids BoBR IR hiide B qr8R)cable. In one

emBOUBAINGR-322 P anaoes @ eking MRMEAURULZAUMO) fibeians &f other
blade 315. In another embadiment, blade 31%m y igﬁple ent the Intel
r

sinpilas RIS e dFrvRR heFreh ifdhdaawp A AEISRAGHBRY be @
3 Aconirelley Wiuh {GMEBHYand and/QsGamiralindlulid| €hi) cRGbdinsamethe dual
325 comprises any high- ed, low.late ink designed to increase
Do Ao BaMEad i Lo dy Reses ARG I elRass didfoncy
Adtedinghh epr @590 3865 linsbldtici @t Smarhich dandedtibeasystérnically, has the

bottlen 1S AIPERGR Ises fygomponent providing channel-based
1 1 Q%HH .
mef%ﬁi%ﬁ%éerver 102.0Eac HCA 335 may provide a total bandwidth of

2.658Bised tmerEnsalinendg Netbrised pbrntibEdatcirdqbdrgannel 325,
1SROMB/seg RELRIEIGHD sushuasidley SXamianBIORLBRRIC HPLHQUPYY and

System), an Ethernet management interface, and others. This furtl'&er b
cogfTalhs BT AARE F s BESBR A I-hd%7 EBeR fiehe, and any other
(k3O Cigpiapsisetipaak-aid AtByteNiriopidgeraze isorbbMBises péth processor

SZ%igs%ﬂgo %ﬁe frontside bus (FSB). Southbridge 322 manages many of the input/output
(U/O) functions of blade 315. In another embodiment, blade 315 may implement the Intel
Hub Architecture (IHA™), which includes a Graphics and AGP Memory Controller Hub
(GMCH) and an /O Controller Hub (ICH).

PCI channel 325 comprises any high-speed, low latency link designed to increase
the communication speed between integrated components. This helps reduce the number
of buses in blade 315, which can reduce system bottlenecks. HCA 335 comprises any
component providing channel-based [/O within server 102. Each HCA 335 may provide a
total bandwidih of 2.65GB/sec, thereby allowing 1.85GB/sec per PE to switch 345 and
800MB/sec per PE to IO such as, for example, BIOS (Basic Input/Output System), an
Ethernet management interface, and others. This further allows the total switch 345
bandwidth to be 3.7GB/sec for 13.6Gigaflops/sec peak or 0.27Bytes/Flop IO rate is
50MB/sec per Gigaflop.
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WO 20051106663 PCT/US2005/012031 13 Memory 340 includes any
memory or database module and may take the form of volatile or
non-volatile memory including, without limitation, magnetic media, optical
media, flash memory, random access memory (RAM), read-only memory
YR 19p8¢hovable media, or any other suitable local or remfid/FfeAqdi2031
component. In the 5 illustrated embodiment, memory 340 is comprised of
8 GB of dual double data rate (DDR) memory components operating at
least 6.4GB/s. Memory 340 may include any appropriate data for
managing or executing HPC jobs 150 without departing from this
disclosure. FIGURE 3B illustrates a blade 315 that includes two
procédsmers 38R inadEony TTTRRSTh Ot aabasa ypedtia Aab sraypiakp M dprm of

vAQRP R ERINMAERNREEHOH T (RGN I8 3308 AR 330Ra @RE MYReE Asptical
335a and 335b. Example blade 315 includes at least two pr]c%gessors 320.

mpdiseclett TPOOKECHIBLOMSHEREHH RSy I Riptatdsadard o FEmsin HROM):
reeppialionseafblagderdil disuchasbier i@saroplentoae ntkah@rocessidgainit In the
{CPU). In the jllustrated emhodiment, processor 320,15 m ise.a
il f@ﬁ%lne‘ﬁ’lt}%?gé@&ﬁ’ S1BEReY 95%61 faF Br céessgisgr(} eﬂg/]g |@1e$¥ﬁgt%@g{a 148 (DDR)
membgdicasnhihesOppergingratekser desigirsuppbrtsahe #Vetopmentete any
a well balanced  buildi loc ' - r . .
o ggs%? %%%%Iély r%nga pé(;\él)lrdléjz%bl%%g %%%%%gﬁo%ejgﬁe‘ﬁp%g olftrlrlnagnggm this
diaeldsthve. next generation technology helps solve memory bandwidth

limitagipa BHt SHAHR BNV IRRTS AR IR HIRGERRO S ARQMEhOWa and 3200,
departli%? 20 from the scope of this d|sclosure._Accordln%lzhﬁ)rocessor 320

MR BRI HREBIFISEN ARTRT2h ACBRABSN) RS IRReM PO o RTGHEs 3302
aRuitiplathesroressanshimmdnibis embodiment, each processor 320 has

one or more HyperTransportTM (or other similar conduit type) link S.
ConerRFIHHE 358 EITARSES EHY FIGH SRR Tord T RGHTRE 220 erecutes
irdesigived tad2hdngrdaise theaconpainication gpegibbetwedadatdffatech as, for
components. This helps reduc n I | 5, whi
e BT TP BT B aEs AR U 520
IO ceByBIse oMbkt grechsF@ach @ beh staiempltpreses seo Api@aEe3 1 30 this

| l 9t BEQ %%@ﬁaﬁ?:@h@%x}%% 8hen Rlad@atanced
e%{%.a %%%ﬁ?z%%sﬁé&r%gﬁ%gét ma%%provide bandwidth%?%A GB/sec aanee

b&@d@}&b%@fﬁgﬁi%r&ﬁ%e&& the dual processor module may provide four to

five Gigaflop usable performance and the next generation iechnology helps solve memory
bandwidth limitation. But blade 315 may more than two processors 320 without departing
from the scope of this disclosure. Accordingly, processor 320 has efficient mémory
bandwidth and, typically, has the memory controller built into the processor chip. In this
embodiment, each processor 320 has one or more HyperTransport™ {or other similar
conduit type) links 325.

Generally, HT link 325 comprises any high-speed, low latency link designed to
increase the communication speed between integrated components. This helps reduce the
number of buses in blade 315, which can reduce system bottlenecks. HT link 325 supports
processor to processor communications for cache coherent multiprocessor blades 315. |
Using HT links 325, up to eight processors 320 may be placed on blade 315, If utilized,
HyperTransport may provide bandwidth of 6.4 GB/sec, 12.8, or more, thereby providing a
better than forty-fold increase in data throughput over legacy PCI buses. Further
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30 better than forty-fold increase in data throughput over legacy PCI

buses. Further WO 2005/106663 PCT/US2005/012031 14

HyperTransport technology may be compatible with legacy 1/0O standards,

such as PCI, and other technologies, such as PCI-X. Blade 315 further
WRAEELE/PCI bridge 330 and HCA 335. PCI bridge 330 ri&y/5@005/012031

designed in compliance with PCI Local Bus Specification Revision 2.2 or

3.0 or PCI 5 Express Base Specification 1.0a or any derivatives thereof.

HCA 335 comprises any component ptoviding channel-based 1/0 within

server 102. In one embodiment, HCA 335 comprises an InfiniBand HCA.

InfiniBand channels are typically created by attaching host channel

Hypeapransrarideahadrendnpebadsmreritisnidthelsapmd (dhsmdtisgudngs PCL
anaq{gy&r&cﬁggm@ggygyc}%@ polfiniBand fabric, illustrated in more detail in

FIGURE 3B. 10 Hypertransport 325 to PCI-Expr ri nd H

s P S e D AL B8 RPN e Sach by g 20 may
bed2Bidheddraitneihadimih BCIN pbBideSpatificicot Ravthivic th 2esdgbortPCl

rocessor-processar communications in distributed HP nviyen .
E’%ﬁffs g é%rr?ﬁ%s Cpartlj?ﬁd@g blade 15 With 18 bﬁ%er %?flha%ccg n\é%%ygglfl%ses m
cosugsstentjatlyibiaia et dithsuvel i roiaseecof BPodasyursmapalimsnt, HCA 335
co@%&%ﬁ@ﬂ%ﬁtﬁ%ﬁp qiberemRsiment Afbiasde 8] 2inelidinaBiching host

ter board. In this embodiment, the daughter board m%support
champelEdutest mdHarashchems Hdaieieifiibesiahie GROGH B ARdsnetwork

coRRetabls teniacluderpngrammonaficlduRingeammahle Gate:Arigy S IGURE 3B.
(FPGASs) 350. For example, the illystrated d%ui(hégr ard includes tryﬁli?d i
SRS, Voo o P S50 AR 380 r Bt e S Gl fy T duples

2FRA 20 35Qpiavidesdindedttavith2ooniatandaht stbrdfdioesithehdbifityvides
rocess cu algorithms, vector processors for signal, image..or

s R R e G ROE R R8s MG Rlbed wipC

ensxampte; HRGA Meatheupplementidee Ghbifiey DS bdide BOStsyfprovidingiearly or

su%g&%l?WBmgé%ggg lodusaivlimesdheparipmance of a general

purpose processor for special functions such as, for example, low

preciBi6iRESBC5linstirier TraflTosmrtimeahainpitds dftnindnding a daughter
bdactigneyd RepresedingHiusingtionsand AGEOMPARYINRABIWINSORSher cache

provide exemplary_diagrams for impgfmenting%various caleable nodes

o pIdREEE as ERANPREBRIBRIS1 8). REHRVerO tRER g REs Frdnore Field
P telynihistadieesand syER 085confemphaiaslusihg illustrated daughter board

includes two FPGAs 350, represented by 350a and 350D, respectively. Generally, FPGA
350 provides blade 315 with non-standard interfaces, the ability to process custom
algorithms, vector processors for signal, image, or encryption/decryption processing
applications, and high bandwidih. For example, FPGA may supplement the ability of
blade 315 by providing acceleration factors of ten to twenty times the performance of a
general purpose processor for special functions such as, for example, low precision Fast
Fourier Transform (FFT) and matrix arithmetic functions.

The preceding illusirations and accompanying descriptions provide exemplary
diagrams for implementing various scaleable nodes 115 (illustrated as example blades
315). However, these figures are merely illustrative and system 100 contemplates using
any suitable combination and arrangement of elements for implementing various
scalability schemes. Although the present invention has been illustrated and described, in

part, in regard to blade server 102, those of ordinary skill in the art will recognize that the
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any suitable combination and arrangement of elements for implementing
various 30 scalability schemes. Although the present invention has been
illustrated and described, in part, in regard to blade server 102, those of
ordinary skill in the art will recognize that the WO 2005/106663

WO 890851012031 15 teachings of the present inventioR fdySES012031
applied to any clustered HPC server environment. Accordingly, such
clustered servers 102 that incorporate the techniques described herein
may be local or a distributed without Heparting from the scope of this
disclosure. Thus, these servers 102 may include HPC modules (or nodes
115) 5 incorporating any suitable combpination and arrangement of

teashingsnes [dhpravAtaRg IyRtisBr B aRte BOMPLtRg PEwEESiaRe HPC server

en'aduaiBg: |/ O l@isramel ) arravasstbe ORerasio N0  tihe ivasipumi uisatetiniques
HPC modules may be combined and/or, separated as, appropriate. For .

OB A AL e 4 YTl O b AT SrmD s of ti
disklEnee varios, nigdes tdSdmpléhentingidiffetindiRardwadslor fédricodes 115)
. architecture. 10 EIGURES 4A-B_illusfrate vari ' iy .

R Y AT e Ao e Sy e SEIGHIREINEY Brfhiding ign
petfOfn@itemomanagepsiet.GUilaoedisipeeknidansy clider2erudingrsutions of
i 285 10 SN AARIGMENLCGHL R0 PIRSRALE AnYRANHALBANAUBMEMate.

Interactive screens or di;&?ys toa s%stem administrator and/or a_variety |
Fostjsmaimbmissidn mepipsiaiseabraliiy afgubstanHally deplamodssdidpiagdarous

nodEe 1BscppRiRed:of draphicakrlemenisrasse miaddite. various views of
collected information. For

.example, GUI 400 may present a display of the .
physical he§¥&ﬁ%‘f%$iéf’1"i?olﬁm%}§%—%%’ W ﬁfﬂ%ﬂ%ﬂ% ‘g}atﬁleml“(%ﬁ%% af graphicel
usel 9gRHRB01 (1036 gy dhnedett 1inygréth1 1@ (ill0steatecaringEtGURE A BNO 15
FIGURE 4A.ill tes.ex le display 400a..Displ 0 el
B ORI LR b S Ao By by oo &
vaniotesf TisuiBemeilllisteatetdve mbodisendismtds a syaistdhrdiwaisbronged/or 2

vax&(f% DOGEAIRIGIISE O SEREMRARN @I ddD. FRIRXATRLES IBISRIBINE are
may provide the physical status of grid 110 and the component nodes
comyBisEheh AEEEiGl SiengHe Bhendtahioi MBS reeT ST tatlsdst iniymption.
FIERIESMIRG MalinUs StBlesn RuaAMRIENR failetNodelthlst maybeorathidrated
~ 25 utilized or a!located node 115 ma bgg)lack, angoaqﬁgallocgt??orwueﬁamd
in FIEHIRE fa)sHalE doSieah HACaHYn &y RIS L AR the BoFHihistrator to
inARVERImR4EIInter over one of the

FIGURE 4A illustrates example display 400a. Display 4002 may include

information presented to the administrator for effectively managing nodes 115. The
illustrated embodiment includes a standard web browser with a logical “picture” or
screenshot of grid 110. For example, this picture may provide the physical status of grid
110 and the component nodes 115. Each node 115 may be one of any number of colors,
with each color representing various states. For example, a failed node 115 may be red, a
utilized or aliocated node 115 may be black, and an unallocated node 115 may be shaded.
Further, display 400a may allow the administrator to move the pointer over one of the
nodes 115 and view the various physical attributes of it. For example, the administrator
may be presented with information including “pode,” “availability,” “processor
utilization,” “memory utilization,” “temperature,” “physical location,” and “address.” Of

course, these are merely example data fields and any appropriate physical or logical node
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nodes 115 and view the various physical attributes of it. For example, the
administrator may be presented with information including "node,"
"availability," "processor utilization," "memory utilization," "temperature,”
5( hysical location,” and "address." Of 30 course, these are merely
ZPisl8o%ta fields and any appropriate physical or logical REG& HRLS012031
2005/106663 PCT/US2005/012031 16 information may be display for the
administrator. Display 400a may also allow the administrator to rotate the
view of grid 110 or perform any othef 8uitable function. FIGURE 4B
illustrates example display 400b. Display 400b presents a view or picture
of the logical state of grid 100. The illustrated embodiment presents the

infarmation eaxibe 2herkmo&ndbewithmitdierieto. Bispley o mptralso allow the
adSHRRIRYS MO BHAIRIS 6 (INARESI 830 pligeateaiibinceluintear2 2ehioion.

executing.one or jobs 150, Djs

ad mﬂgﬁﬁg ﬁﬁé@%&ﬁ% eﬁ‘@fﬁ?é? é@ﬁggﬁﬁa%?lﬁ% %@g&f%"ﬁoﬂ’éw o
pléhﬁmmbeﬂdg‘imd%e]dﬁ@ﬂ)ﬂlp@d ey ditictststhnseslmech assaliochtedirtual

oru cated). .Fur mipjstr. tor v oye
Cm r?%épbagpage% ém %eﬁ% OB 31 a%l {l‘f r%a%%p (gypgr%ey%eé;lf{ﬂgn gwb
spmﬁ @ﬁarﬂmamﬁw@quh@tmmﬁ@yebecablmmuew@m jobsridameDétplay 400b

maagtfg o PRt £500d85.165HRREY SO HMRPIRSEERA! HERLLAUQHS% view

be understood that management GUI 126 (represented
mﬁbm%wékiaﬁ?éléléhgiﬂag%diUO‘éaﬁﬁﬂsmﬁﬂs%éﬁ%S&%P&Oféa ety

O%Saﬁﬁhlm&%l? AuinglodebSene, Samenobathefidheiusiratoduch that
‘-‘gtﬂbfﬁ/ hical elements as well as additional man gement elements,no

A RECTRE 8T S TS RBL & Bk BRI Se ST ERICHEF A0 ARG IR 8Pl to view
theRginenadQ:ahaws, heidasbnglias &ithdraeadriancervdtkssystege, IADusage,
é‘n I%s embodiment, cluster management engine 500 includes a plurality
8B modules or components: physical 20 manager 505, virtual manager
510, jobiéChedulbr$05] drd tovagrombrGGF Vafidbtersaod Rhysicay cxample
apRgedRhe d 40E, %‘Q%‘Q/&{%ﬂagi'&rf&m}%%%uQﬁ bLBOGHIE SRErARE iRIude

rmine the yS|ca ealth Of various nodes 115 and effectivel
RORRATADE: rﬂw@sei 18e BhsEgieh srptocpiRRRESSarRL Pﬁﬁ%ﬁpﬁﬁ‘gﬁ&&éﬂmeﬁt
v dseithiswata to efficiently determine and respond to node 115
failures. In one embodiment, physical m?ﬁ%% r 505 is 25 communic

coupldFHRE piNatse A58 MEPPeImEl i LRI aRPSRUSHL GBS A  shown

here as engine 500, in accordance with system 100. In this embodiment, cluster

management engine 500 includes a plurality of sub-modules or components: physical
manager 505, virtual manager 510, job scheduler 515, and local memory or variables 520.

Physical manager 505 is any software, logic, firmware, or other module operable to
determine the physical health of various nodes 115 and effectively manage nodes 115
based on this determined health. Physical manager may use this data to efficiently
determine and respond io node 115 failures. In one embodiment, physical manager 505 is
communicably coupled to a plurality of agents 132, each residing on one node 115. As
described above, agents 132 gather and communicate at least physical information to
manager 505, Physical manager 505 may be further operable to communicate alerts to &
system administrator at chient 120 via network 106.

Virtaal manager 510 is any software, logic, firmware, or other module operable to
manage virtual clusters 220 and the logical state of nodes 115. Generally, virtual manager

510 links a logical representation of node 1135 with the physical status of node I15. Based
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described above, agents 132 gather and communicate at least physical

information to manager 505. Physical manager 505 may be further

operable to communicate alerts to a system administrator at client 120 via

network 106. Virtual manager 510 is any software, logic, firmware, or
VBthePi8eRdRe operable to 30 manage virtual clusters 220 arRfEFHESSEfca2031

state of nodes 115. Generally, virtual manager 510 links a logical

representation of node 115 with the physical status of node 115. Based

WO 2005/106663 PCT/US2005/012081 17 on these links, virtual

manager 510 may generate virtual clusters 220 and process various

changes to these clusters 220, such as in response to node failure ora
oifdhete ke, uSerpl roqoeRRIHF frivfyLagrrip s elssing. A2 tand Braprgaprious
@RV B30 CRMERNIRAIS ENCSTAtS R tHAheHESTRN G QrSHeR a8m or user)

unallocated nodes 115, to job scheduler 515 to enable 5 dynamic ,
rogRER R SRR EE et Ut M APaBEL AL B B BRI the
stRanG0arbdCray: Rirthendeieiminedhedoaragalibility ¢ijcllkBOlwif 5 to enable

articular esl and communicate this.jpformation to jgb. sch ler, ,.
o B RAH Bn BIMEA i FENa oy D b bhjoact Vil
mepess hiingafuriyidetatndintlcctusties Ry sl i fiamdlyementiamyides 1135

| mgcggom%mk%qei gy %%Jﬁﬂaﬁ%gﬁﬁgeﬁt%r hadeP 518, Sﬁt“é&l‘ﬂal?%[ SHBIRAANE virtual

IS a topology-aware mo at processes aspects of the system's

nygeger 68 reay e hwaltiatia grssasisgr srandihdughieramb eBsens Ao
determing.An, ARimyp ol sRRce B ARddipenfariorsthat Riguaften:s.  job

considered include processors, processes, memory, interconnects, disks,

schetialis SHBrEnyiRed] Ard stenelogy St viradrle shrb dpaeRsiss sepgects of the
siyRisally-iamstsyibIGMILL2R ladeseive 1aBshtSdmphysicalckh, managesine an
505 to ensure the health of various nodes 115, and virtual ager 510to
RO N AL 156 S5 AR, &5 A SRAF A Bg g roccssors,
pihisdynamiconi) ooationnscacs alisihisveadhirotigh vagioes algbritthers. that other
often incorporates le of : of arid 1: ,

S D BE SO, IR0 TG AR, s
niyargstabebirite astive Grebenltn off voihwsenedendlfareneZawtogesassr 510 to

avehedulsr 2l SguId Qs PrYViIde AWK RITMAN RALEIES5 24180 dynamic

Selecting and executing various problems presented by job 150. Cluster
aflpsabeie Rt EARTRSS 0T Wk R I L B s dhrtdiifer B19mpREgep dmowledge
Juthesprerakiplopedorn effivieatchatkpaiiogri Restarduipster 220. Job

S%%?g}’ é: PSW&%%?&?S both batch and interactive execution of both serial and parallel
programs. Scheduler 515 should also provide a way to implement policies 524 on
selecting and executing various problems presented by job 150.

Cluster management engine 500, such as through job scheduler 515, may be
further operable to perform efficient check-pointing. Restart dumps typically comprise
over seventy-five percent of data written to disk. This I/O is often done so that processing
is not lost to a platform failure. Based on this, a file system’s T/O can be segregated into
two portions: productive /O and defensive VO. Productive /O is the writing of data that
the user calls for to do science such as, for example, visualization dumps, traces of key
physics variables over time, and others. Defensive /O is performed to manage a large
simulation run over a substantial period of fime. Accordingly, increased I/O bandwidth

greatly reduces the time and risk involved in check-pointing.

T S SRR
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over seventy-five percent of data written to disk. This UO is often done so

that processing 25 is not lost to a platform failure. Based on this, a file

system's I/O can be segregated into two portions: productive 1/0 and

defensive I/0. Productive 1/O is the writing of data that the user calls for to
VYO 28878e®Euch as, for example, visualization dumps, traceBGH/KE3005/012031

physics variables over time, and others. Defensive I/O is performed to

manage a large simulation run over a substantial period of time.

Accordingly, increased 1/0 bandwidth® 30 greatly reduces the time and

risk involved in check-pointing. WO 2005/106663 PCT/US2005/012031

18 Returning to engine 500, local memory 520 comprises logical

deschipuisragér eratrestifelarebemenl drdlispoprisiiraicet Sapiionsg or data

stthOGRLIEMONRAR oA YRRRIOF AR ANVIRNYEILA HdRBigab2iRiaLstetwdered in
operable to be defined, processed, or retrieved by compatible code. For

g BRRS! ISR SSAeRagRPRISL b8 DMTora aseisrkite wrieved by
coMpakibR LangUpges4iMpiki abiesnatesuEnenisy dompetio useate ments Hiaysible

be described in.te SQL, statements.or scripts, Virtual Stor . ,
M B LR VA AT ST by e g Y Hidoscribed in
teniatatfa3@Ifilesicorcotmm acsppardistal Aioeae S\Ocfile Svidthwil | BESAM) files, flat

nder t is ' ]
oSSR ARl B R AN Al 1 s

It ptikaliey wiiensies! obfiteendlp demstt onaonecsanier roeBpklerdakle s mntyother
suflfSRIYALS AL AR S MaraRysyWilerilv sitateshatite PRGNS A BRGNS files

500, some or all of local memory 520 may be internal or external without .

SURFah g Fr TR i et S offe BT s TRIBIBLEN 1l IRFEYFETCRF 186 Ine MBFSPE S While
ill&ﬁéﬁ@@%ﬁl&yﬂfi@ it 2 oy Ul $o B 2rgiowp kel p23n@elE30tatle eidternal
and jol gueue 525. But, while not illustrated, local memory 520 15 may
Oiiﬁ%ﬁ?ﬁ‘i@ gf’rﬁ%?% 2 %Wﬁgt%&%ﬁéﬁoﬁ?@%a J(;’b(fi Sacg?guarﬁ‘d audit log, without
depaiting fredidte seopaofMismisdmsphpsiRélinniid. tvithelilisstidledroup file
tructures,. physical list. S 0 o.store. | ifyi '
ST L peicl e el Ay o
mpyuikidaenito fata sadngetirelidingriciobdgtae b redie 1egchithper departing
OR9EIL B EOF SramRiesthe ntusicalsesond mayHehde.fiolds, SHsBias tist 521

_"node," 20 "availability," "processor utilization," "memory utilization,"
is ppgipdrattndore prgaliiing aat iy siGeldrae s ER: FRidgRalion M hRede 1 15-
Pivilldae xidsrstend thakeachireansdsitiay fhcuseionne tsamesiadalloflbast one

regé' rggrl?:lgi(ﬁ:lq?'i!nP%g%}?arrnn?)%?it@eerr}ttlyg?c%lprgggﬁar!lay mclude fields such as “node,”
“availability,” “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 may provide a foreign key to another table, such as, for example, virtual list 522.
Virtual list 522 is operable to store logical or virtual management information
about node 115. Virtual list 522 may be a multi-dimensional data structure that inciudes at
least one record per node 115. For example, the virtual record may include fields such as
“node,” “availability,” “job,” “virtual cluster,” “secondary node,” “logical location,”
“compatibility,” and others. It will be undersiood that each record may include nome,
some, or all of the example fields. In one embodiment, the virtual record may include a

link to another table such as, for example, group file 523.
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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 25 about node 115. Virtual list 522 maybe a
multi-d mensional data structure that includes at least one record per
WIbHES{HESB or example, the virtual record may include fieldSEEFS /012031
"node," "availability,” "job," "virtual cluster,” "secondary node," "logical
location,” "compatibility,” and others. It will be understood that each
record may include none, some, or dif of the example fields. In one
embodiment, the virtual record may include a 30 link to another table
such as, for example, group file 523. WO 2005/106663
PCTAISZOEE PRE0AMNESE Gt ffeB2'S (HHSTiSeS6AE HPATET tBI8LB: user

gré@ﬁ@fﬁss@.ﬂﬁ@lhllﬁ“dﬁrfé@éﬁ, ls&@;lli @r&d:@sé-ﬁdfﬁﬁﬂllmy (Bf KB IF suUslmasle, each
access control lists (or ACLS). For. example, eac p record, ma
R R D S e e
logagicalogpotnanteyake dssdcieitbc \bitkisebusings ©iguoitpodapaitneent, a project, a
department, a projegt, a 5.security . group. or any othe, lection of :
soCHERE HOSS B S SR MR S, AL LR B SR jobs
158ystendmftstBastdesst thistinfbravsiton, 160stePapsdney dhie intmgiseosogluster

mz{H%Qéﬂ@H? Hning IE RSt HRMIEiIRgHE RSP QIS ANAId S e PR ViRPulbland,

ptimum parameters for job execution. Further, group table 523 may

O »
if spsdbeiapbnEER PYHaBICHTS ik sxstian cibstdien 2o iitione’ Jringrsociate
eaﬁhﬁ@g@kwh_ ﬁ%&%ﬁﬁk@ﬁz@&&%@%ﬁvr@%@gr_\et_idﬂm | RARIGWaEOro08IGeh as

omain, This allows each group to haye an indjvi rocessing space
no@xﬁﬂﬁc‘fﬁ@&%n%@ﬁﬁgafé’r%%‘ﬂgﬁ?c%@ﬁ8%89@1‘%12%&%@?8&% SO Bave an
indikianel andeiainaf sprtiakdliister Q2thatiay Her dynamiesandlnvesyehangéescribed

according to needs, time,.or.any, othe eter. Poli hle 52
o SR sl e VA KHRLPAATRET b BHIBIC i ey change
acEZdingth polidy, 8. magnhye eeddrtarttrangeably as appropriate. Policy

524 encrally.Siores BIRRESHP YA D 30Rd e eRLINONNALARARAUA R ticy
150 and/or virtual clusters 220. For exa%, policies 524 may include

el ey SAtinBe rRFSHr AR IBRY die vatEhIRSTRINERIB P rab BPRTS R BroBleeY 524

gefdh NSNS e QR HAM USaES: alasatados a0l ds 1 Ladbr virtual
virtual cluster 220, an%such,. 20 Jobh ﬁeue 525 qre resent%oine or more
I

ohigts e jBBS TR AaiRRELRecatiohGER uBERBS B or
vadiayisitehiétapacslemttive, stbieasrantithb|eardyts, precmption, users’ allocated

share of node 115 or virtual cluster 220, and such.

Job queue 525 represents one or more streams of jobs 150 awaiting execution.
Generally, queue 525 comprises any suitable data structure, such as a bubble array,
database table, or pointer array, for storing any number (including zero)} of jobs 150 or
reference thereto. There may be one queue 525 associated with grid 110 or a plurality of
quenes 525, with each queue 525 associated with one of the unique virtual clusters 220
within grié 110. '

In one aspect of operation, cluster management engine 500 receives job 150, made
up of N tasks which cooperatively solve a problem by performing calculations and
exchanging information. Cluster management engine 500 allocates N nodes 115 and
assigns each of the N tasks to one particular node 515 using any suitable technique,
thereby allowing the problem to be solved efficiently. For example, cluster management

engine 500 may utilize job parameters, such as job task placement strategy, supplied by
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database table, or pointer array, for storing any number (including zero) of

jobs 150 or reference thereto. There maybe one queue 525 associated

with grid 110 or a plurality of queues 525, with each queue 525

associated with one of the unique virtual clusters 220 25 within grid 110.
W Y&/ L8PSkt of operation, cluster management engine 500BEEERANESEE2031

150, made up of N tasks which cooperatively solve a problem by

performing calculations and exchanging information. Cluster

management engine 500 allocates NX¥odes 115 and assigns each of the

N tasks to one particular node 515 using any suitable technique, 30

thereby aIIowmg the problem to be solved efficiently. For examgle cluster

theain g B EFISSh QRIS SOBMRASF RS €981 AHSHAERRE SO BTl deaghitocture
ofPagement swmagxnswmIiﬁdxh&eW@eZQ%kb@aéﬁﬁlB&R/lﬂ@Zﬁ@%@arze&ﬁ likely

. 20 the yser. R dless, cluster management engine 500 attempts to
mlé’)‘i‘f)‘fSﬁ%? Ogl?ﬁﬁ}g&ﬁﬁé’ f%rr%sr% hich in turn provides the quicker
turndrouond &mﬂih@mwl; ahctﬂei;anmgp:mxﬁseﬂ@e\@ﬁlmmmjbqutam} allocates
100 ne.em ) cluster man engine 500 then
m?é eﬁe{g ahda rd atggyg noges ffgngcco ‘&%?e{iﬁg{% t‘? the following

example topologies: Specified 2D (x,y) or 3D (x,y,2) - Nodes 115 are

3“00%%91&&9 853 )% b Qsdersd inthespesilnd dimansions ey e

preserving efficient nelghbor to heighbor communication. The specified

orgspslogy s amsglisd Jarmyi rsioheTelY iRt Tgs offi i etk feneeighbor
coﬁﬁﬂﬁiﬁé&tﬁﬁmmﬁwcé}i&ﬁﬁ@p@d@gmgﬁmﬁhﬂﬁﬁwmﬂoﬁﬂw alkwigre it is

the ooperatin a,sk of job 150 to communicate_freq Wlth
SRIERLS BT B I LR B R R PR %ﬁf’&’ %%z%ﬁwm“
thwdbb@edtﬁ@teﬂcmcﬁ ftbé 5(Far basifitnphtap obegydlyvalidtatienagandks. For

"fol ed |nt03d| nsi (a ussed in F ,
e e R

quhmg’ememowg b Bhocatmpheafrés tidotainiehe dpevifieds (as discussed in
FieiMeRsienalsh é&ﬁﬂﬂ%%?ﬁél&?%lg'ﬁ%ﬁ@ b DAAHPPHARRY. Peuster

allocated within the available physical nodes verfi all& or horizontally Best

mimpgensal- @1ese f Aamay dn divcdagiiecstsoh seetdicd Fisgagonet fhege in any
orféRior0 Yolusempls 10pgipgwetfiisienthy hageies jehaikothalowiagle physical

cooperating tasks to exchange data with any other tasks by minimizing

noges YROESALE B R two nodes

Best Fit Cube - cluster management engine 500 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 tweo nodes
115,

Best Fit Sphere ~ cluster management engine 500 allocates N nodes 115 in a
spherical volume. For example, the first task may be placed in the center node 115 of the
sphere with the rest 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 typically critical.
This topology may minimize the distance between the first task and all other tasks, This
efficiently handies a large class of problems where tasks 2 - N communicate with the first

task, but not with each other.
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115. Best Fit Sphere - cluster management engine 500 allocates N nodes
115in a 25 spherical volume. For example, the first task may be placed in
the center node 115 of the sphere with the rest of the tasks placed on
nodes 115 surrounding the center node 115. It will be understood that the
WA2EBH8Srder of the remaining tasks is not typically criticAf i jgl0s/012031
topology may minimize the distance between the first task and all other
tasks. This efficiently handles a large class of problems where tasks 2 - N
communicate with the first 30 task, Btk not with each other. WO
2005/106663 PCT/uS2005/012031 21 Random - cluster management
engine 500 allocates N nodes 115 with reduced consideration f r‘%\z}ﬁgr
it

e
nodd&3 48 re YU EAMABR I ARFIET Al 2P BHES emBBY reduced
colRpRIOgy ERsaHagen &garesaivddseant gridhl oy haakdilliig purpodedjment,

with little impact to other jobs 150. 5.1t wjll nderstaqd that the prigr... .
B A ARETT R Tt M 1 T b i fe
impaty @ndergdytadt@epict actual topologies used or techniques for

allocating such topologies. Cluster management engine 500 may utilize a

placement weight, stored as a job 10 150 parameter or policy 524
It pyeifbpeterdtrsiond drabdnmaer, ﬁnéoam@m@ﬁtwm@mw&%%ﬂmwwée for

1119&%?0%5}%@@93; oWRiCh J6RESSAMSIBAW A0EEESSIVaLRSIQNMANSERINEs! for

engine should attempt to place nodes 115 according to the requested
allppakingsprb cerdPEitacement strategy. In this example, a value of 0

repraseRis plasipghedesdibh solyidhetigpimwnstatiegydght, stored as a job

imensions) is poassihle and a value. of | represents plaging hodes 15 115, .

S AL oy 2t FFPSIE o R RO D ereg AR e i 2
maodifies dlictoethaedle thé lequidsh. Eypisally ttrve plaresieclywbight doaggement

not override inistrativ lici . aliog, 4
S PRSI SRR FRMCR IS o
plekeogh putieg BC sy steamnle0a TR AS Cuiprg RIS tRAAfsREdnges 115 only if the
o RECANRANNNG EF SeHRHOBHRTQVideaR e %R Rk @MOdPlRE HIRPRGHO hodes

engine 500 implementing logical schemes for managing nodes 115 gnd
153 amsaissbinavdrrtas fileie HeniBresfift Ao e 8y Ataligbipgoces 115 fo
hesRMemPIRSst. Typically, the placement weight does not override administrative

policies 524 such as resource reservation, in order to prevent starvation of large jobs 150
and preserve the job throughput of HPC system 100.

The preceding illustration and accompanying description provide an exemplary
modular diagram for engine 500 implementing logical schemes for managing nodes 115
and jobs 150. However, this figure is merely illustrative and system 100 contemplates
using any suitable combination and arrangement of logical elements for implementing
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 6 is a flowchart illustrating an example method 600 for dynamically
processing a job submission in accordance with one embodiment of the preseat disclosure.
Generally, FIGURE 6 describes method 600, which receives a batch job submission,
dynamically allocates nodes 115 into a job space 230 based on the job parameters and

associated policies 524, and executes job 150 using the allocated space. The following
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using 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 25 150. Moreover, the
WEHHIRGYAST the various illustrated modules may be combifEd /&gy 012031
separated as appropriate. FIGURE 6 is a flowchart illustrating an example
method 600 for dynamically processing a job submission in accordance
with one embodiment of the present d#sclosure. Generally, FIGURE 6
describes method 600, which receives a batch job submission, 30
dynamically allocates nodes 115 into a job space 230 based on the job

desgaieiinBiEeuart RSE TREEY BB IR{cdusta, BARrBBENdRabHe AL Ry HEming
m?%@ga@q.SPBﬁﬁs-s}ﬁQnﬁOHQW;]ﬁ&lv&%mﬂ&@@f | &3P %‘dﬁ%@fﬂ@ﬂﬁgﬁﬂion and
escription focuses on the gperation of cluster. management ule ..
SRR AI FROH G061 CGP LR T 66 LRt FRRee A greti
so & apriaiéractiohinaliomaihd apsopgaimeent of logical elements
impl Nnti eorall of t escribe ctionalj long as t :
fu ncﬁg%\%ﬂfkg gr%?nogt% S %gtprsoe rlig?g’ 5 ﬁfé?h%lgdgg eerg!&y% %95%389683%%%1}38510@
15p BiOnservetr] 02 desiuibsdabosh iisgionmiBdifron theseer Avyeseribeigb 150

usRRYR,IN 9he e mhadiment e USer Ak SURRYILIoR A 56 yﬁrmreﬂ%pm%g-ﬂpc

In"another embodiment, the user may submit job 150 directly using HP

seyisfvEN 21 0 Dentert, Herteld sTusErmErIsPRL sERe dABiFdoroeactd3 based

upBOHR 243 based wWeaRdhe Usernerdhe Heahdsnarifiegiedusiercompares the
1:’mana ement engine 130 co res the 10 user to the gro ccess
BB AL BSOS POt 6 thap Lhfsgpestood tht
chinienagemeni-anginti I0Mmayyuse any appoppratecsedeyityctedimguestoify the
usgre ri}%stgf ug e eerlﬁci%ge p%ﬁ‘ldg&%m‘fﬁ‘s‘%é’r%{%a" esng?’ﬂtcelllljs%r 1@%3%@%%@& if the
engine 38 dleilermlnes e’ qser has acceseto the re%ueste service.
usBdsedaorethdordopestesitsdvicd @ndiosthamibs slastsicdnzardige mehbostname,

oif usit%%r’zl%grﬁsﬁ%@ﬂ@%bc&%m 3%91@ Sienb2% Itymﬁﬁ&yo._viwc;fﬁy, virtual

may be identified and allocated prior to the submission o&g]%b.
clatig Bhmpthe idsdifiedinubriiassted poorradiictbeéiereiirtnkd), Jikdn the

evEIRRAGNeRLRAAINE HA0hR1ecAaIAtisady igsataavikbea] it 2030 may
using, any of the technigues described above. Next, at step 625, cluster

oAU PR 4 A SURHE B2 b 323 Bhdbn GRS, RFREGEN Bpove
N¢ah 1bQtdp onk embedimenichiatesnpapatimenieprgipelitg0siapased on the
submission of job 150. In one embodiment, cluster management engine 130 may
determine the appropriate policy 524 associated with the user, job 150, or any other
appropriate criteria. Cluster management engine 130 then determines or otherwise
calculates the dimensions of job 150 at step 630. It will be understood that the appropriate
dimensions may include length, width, height, or any other appropriate parameter or
characteristic. As described above, these dimensions are used to determine the appropriate
job space 230 (or subset of nodes 115) within virtual cluster 220. After the initial
parameters have been established, cluster management 130 attempts to execute job 150 on
HPC server 102 in steps 635 through 665.

At decisional step 633, cluster management engine 130 determines if there are
enough available nodes to allocate the desired job space 230, using the parameters already
established. If there are not enough nodes 115, then cluster management engine 130

determines the earliest available subset 230 of nodes 115 in virtual cluster 220 at step 640.
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20 determine the appropriate policy 524 associated with the user, job 150,
or any other appropriate criteria. Cluster management engine 130 then
determines or otherwise calculates the dimensions of job 150 at step 630.
It will be understood that the appropriate dimensions may include length,
Wit HERSAt, or any other appropriate parameter or charact&A&ti20aK012031

described above, these dimensions are used to determine the appropriate
25 job space 230 (or subset of nodes 115) within virtual cluster 220. After
the initial parameters have been established, cluster management 130
attempts to execute job 150 on HPC server 102 in steps 635 through 665.

At decisional step 635, cluster management engine 130 determjnes if £ 230
Thetfe FbI51E TBRRASGSRIRENE hoaddbiandoRie e &él%ﬂ%&%éb‘%ﬂa & 955°
is BainghibapamaeRrPalteady: kesiablishedidiithers arepriisenonghthere are

nodes 115, then cluster man ment engine, 130.determjnes_the.earliest .
e EAE L B9 b OB T AR o) AL el s
the26QBA06 6638 CTIESR005 0420 32dE31Then stin<tae. niamald dnandapiginkthat

130 adds job 1 job. gueu 1 is. aval i
e RN BB iy Tl LS S STRE Mhctine
fasersb pybrersites s, avaMattiahirencdkisidSmawiehentetighdoggtpns, or first

v AyRamically pefermioes dbe optmumsiRssiA3R Jresn syairble MedRErmined
115 at step 650. It will be'understood that 5 the optimum subset 230 may

sulpset AR Aomcth e SHRP Ay BB GPRREE T flerRleHioliding S alifomanagent
enfifNe 1 SRoghsehiablen drstdd opbly sicalfer justuailagations; erlberid subset 230.
available nodesni)l , At Ste@P 655, cluster mgnz\a,@%m glngi%é%tﬁgls %ES of
AGHERI AR T OB 36 ¥ TR ASSIBERE SR AT a1 TlUEfer DI85t &
noGte[l 660, vlisttnodaniagsmemrehgind8ediliocalbsthel'selontedubods’( has
beé'ril' %fg%ﬁ %%tlﬁro?ﬂé!:%%gl %ﬁ?cle%% a%%&%%{ gl’?%m&(?ﬁcﬁ%:]%%% [i:tgool% at step 663

em ent,’c uster management ngine 1 ma_y C € status of
usingdbs diBdtedisnaat hoeks st B9 ohrarramaisis ostaavad ralisc 4 and aag other

suﬁﬁ‘xﬁé%%%@l&%% begn é'ﬁ@'pﬁﬂgf' tely-allaratedsclusieh ieprRIe At &NGINenay

130 executes job 150 at step 665 using}c%he allocated space based on the 60
COfBRIHFAIN SlePRITETIRRIGSSBISP S ntP A BHR&FebuitisI EXFTRIfm TS 1
mARWRAHOPLRIS e ustes BRanageruanpengine 130 may 15

communicate_or oth§rwise re]fent job resultsaI%G%tog e user, ngrr d {call

exampte; FesUits 15 OM%FEeI S g BrESE TS (5 the user A Bur™
balPBLRIGURE: Tl islasfloveehart dhistiating arcesdmslevitietiederd@donent of the
prgye?lg rcﬂls%ﬁu%re. At a high level, method 700 describes determining available space in
virtual cluster 220, determining the optimum job 1350 that is compatible with the space,
and executing the determined job 150 in the available space. The following description
will focus on the operation of cluster management module 130 in performing this method.
But, as with the previous flowchart, system 100 contemplates using any appropriate
combination and arrangement of logical elements implementing some or all of the
described functionality.

Method 700 begins at step 705, where cluster management engine 130 sorts job
quene 525. In the illustrated embodiment, cluster management engine 130 sorts the queue
525 based on the priority of jobs 150 stored in the queue 525. But it will be understood
that cluster management engine 130 may sort queue 525 using any suitable characteristic
such that the appropriate or optimal job 150 will be executed. Next, at step 710, cluster

management engine 130 determines the number of available nodes 115 in one of the
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back-filling 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 20 virtual cluster 220,

determining the optimum job 150 that is compatible with the space, and
WOHLHAY e determined job 150 in the available space. ThRGHNSaH12031

description will focus on the operation of cluster management module 130

in performing this method. But, as with the previous flowchart, system

100 contemplates using any appropridte combination and arrangement of

logical elements implementing some or all of the 25 described

functionality. Method 700 begins at step 705, where cluster management

Vit irtesiesn $ts (SbCY TS BT RAMSHRSH SuEts BB AR Al SRRt eine the

nfieRageRenbengbiesl B sarsithel queus -a72Rasethor hevariaitiedters 220,
ored in the queue 525. it will be_unders that cluster.

jobs 150 s
AR B B ATB e B0 B MRS E B D gred Job queue
526havagtetistic:S thanabetivait thesappldp katemaicafimialcmhiks Ghwilbiénum shape
executed. Next. at step 710..cluster agement engine 130 determines .
o P e O St ieRsion
of BTS00 05008 2881 mPakdi i Ghsttersap2gerOhteugde bifistetermines if it can

baRAN395 TRNLENY %b%é%ﬁ%{éa&rﬁlépcﬂ@{@ FYBG '3_%,?5' 4L Rl.gvalkable

nodes 115 in grid or in any one or more of virtual clusters 220. At
step‘F19e2ritel Mendgenterientimne esrsbraaarit oBeismimemis et are
endRBIOENS D35 NBXLIClYsiBE RANAGEIMEe NS eNaiNBe3Bre¥naaaicaliiilable nodes
determines the optimum shape %&or otherhggénhensionﬁ offijﬁlected jgb 5 g
113 565 & 37P0 R Qe A SRRt AL SR e SRS GHER RSB 1 8D 12 o
thededeamethfd tSorucingtatymapagement@ngine 186 detaplinetifid eamagement
backfilljob 150 in.the appropriate virtual. cl r220.in steps 725 thrqug
e gl R S e e e N s ek e dpter
mahganan: eogimeghs hocedetibta i abidb foothey sidbbtaddob it Sacttktdyeter 220.

Ata&!@pe'?%fgaﬁi@”ﬁﬁl&l et &%ﬂléﬁ@@%&@ﬁé@&g%@lHﬁtgﬁocated nodes 115.

management engine I30 dynamically allocates nodes 115 for the selected

Onebiasd sy ARgrapisraiiater kg verEapesanpiencdasteyS for selected job

150)2ih3H @MISEE rBNHRANEA0 MaNLIBR) thestechnicuesi e 35Uhe s HHaWBE queue
6. Next, at step 735, cluster management engine 13(i rec%lglulates the il
S2RUTh P of B ANIGE RBEEE iﬁ%ﬁﬁ:ﬁ"cﬁﬁ%?e? 0.1 aYHteF 7 TP hat while

illusigatad) eme hicen ging < 30axpantas ¢abidb030maliondiztnadesd Limdlsrminate
th %?cz%fioig 31 J%%raa%eﬁez%%% R3I86 oL et uere f1gk enough nodes 115
FIGURE 8 1s a flowchart illustrating an example method 800 for dynamically
managing failure of a node 115 in grid 110 in accordance with one embodiment of the
present disclosure. At a high level, method 800 describes determining that node 115
failed, automatically performing job recovery and management, and replacing the failed
pode 115 with a secondary node 115. The following description will focus on the
operation of cluster management module 130 in performing this method. But, as with the
previous flowcharts, system 100 contemplates using any appropriate combipation and
arrangement of logical elements implementing some or all of the described functionality.
Method 800 begins at step 8§05, where cluster management engine 130 determines
that node 115 has failed. As described above, cluster management engine 130 may

determine that node 115 has failed using any suitable technique. For example, cluster

management engine 130 may pull nodes 115 (or agents 132) at various times and may
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150), then cluster management engine 130 selects the next job 150 in the

sorted job queue 525 at step 745 and processing returns 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
WiR FBEHBRE P00 at any appropriate time. 20 FIGURE 8 is a flq\%dHai005/012031

illustrating an example method 800 for dynamically managing failure of a

node 115 in grid 110 in accordance with one embodiment of the present

disclosure. At a high level, method 8@8 describes determining that node

115 failed, automatically performing job recovery and management, and

replacing the failed node 115 with a secondary node 115. The foIIowm%e1 ;

1

detrarynp i dafgdddsien e baspb rpeariist @tk fdranaipages e mrtiu
m&%@ﬁ%ﬁ%%ﬁ&m@z@ﬁmﬁfé BUods WEhIRE cRipviRuS HowaRarSeat” and the

ystem 100 contemplates using any apprhs)rlate combination and

lacl 4 BineHEBRTGE CP e B it 3 e OF3h GHeftep 810, cluster
méleserad dipiekormligenidetsan-ealdlegids at stéplOGrwherecisied. In one

a ement en ne 130 d termln that npde 115 has fail
e‘@esé?%%dz oslé%lc e Rhak 13'5r§nent en’élrge (%h ma@ifog é{;\r?#él
lish6a dS Febtallely usitfgiady: SUtatsentechyriopeat Er:gl@(hiﬁn]@pdmnes ifa

1
o R O L/ Re e AU 28 el o 27

asprsgietl 181 RaB ok dd Ber RiperFtie IRrds of 45 rdsisoiRed TRSYPNBRIeTE TBO¢RssIng

en@HOUIRHEX GBI ARRRL A3 XIBINGAR NAGRMAYEORIBHNENAE to an
"heartbeat" and the lack of this "heartbeat" may indicate node 115 failure.

dﬂ’é@&?%%e%@%&@eﬁ%’é’&e%{ﬂ%% PETermoves B ffffey suitable
pro@dsidd 5 framendrivial flbsteo 226 datene/BethbaEinERbRIUSISS then the cluster

ma ement en ma e tus of. no e 1 5.in virt list
R ST Ba (5 A R AR B T T o0 & step
S?.@etéi‘mma step §OB, IH0sisrassorgatechinatiyitailédinkdle jobbidtdecElomatropriate

nodiRP 455l Jﬁége é&’@rlgﬁ%: %%%ﬁgg&i%@gga %gtcg e BY 968 85Gand

ends. As descri ove ing en rmana ement

orepsing] 3oheaprannitaidashragierior e sokgdid aer@’fa@Fn#ﬁBtr%iBr cluster

m%&@éﬂéﬁ? %t%@"&@@il@ﬁ{@é?%t ﬂ@%slﬂé MMl@fhﬁQSu'f%@l%xamPle
processmg there is a job 150 associated with the failed node 115

RIS N OngiFe TSDgcte b Stmadfbdes prigial T 522
fragsagistadavith the/jalanls0 abatephs83ob MexthahstemBdtedchistell appropriate

no@e%n?%eg]e-ﬂioca E eﬂ;lfen c ilzlé O%&n%%e%‘e&” %p r{g Figgta‘ftempts to re-execute the
job 150 using available nodes 115 in steps 835 through 850.

At step 833, 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 subset 230 of nodes 115 in virtual cluster 220, at step 840, based on the retrieved
policy 524 and the job parameters. Once the subset 230 of nodes 115 has been
determined, then cluster management engine 130 dynamically allocates the subset 230 of
nodes 115 at step 845. For example, cluster management engine 130 may change the
status of nodes 115 in virtual list 522 from “unallocated” to “allocated”. It will be
understood that this subset of nodes 115 may be different from the original subset of nodes
that job 150 was executing on. For example, cluster management engine 130 may
determine that a different subset of nodes is optimal because of the node failure that

prompted this execution. In another example, cluster management engine 130 may have
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nodes 115. For example, cluster management engine 130 may execute a

kill job command 15 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
WahYitRe14%6°may change the status of nodes 115 in virtual li P85 %i12031

"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 20 jo%ﬁlSO using available nodes 115

insteps 835 through 850. At step 835, cluster management engine 130

retrieves policy 524 and parameters for the killed job 150, at step 835,
et A GBS Aol | 30T SR RS R A g%ﬁf@rﬂ%fdjé and the
ned3&Nden 08ie & Tibstmnttalialilsies ArOidtsShap 840 30asente ththalvetielatset
licy 524 and the job parameters, Once the subset 230 of no 115 has.
2 R R e o PR e S A S e e Jo
158llcatp8ibe subset 230 of nodes 115 at step 845. For example, cluster

man3gementanging 139 May,Ahengs e sials 8baggss TR iRty

list 5 located" to "allocated”. It will'be understood that this

methpdet@POnd@8s aab FRAy bl diliererfviiem G oriirmialss cbdns sayssuitable
tedRAIAD P PAMBHAXE GHERDAA - Jrt-aXaPIR cEliiRE Y)aRAGe BTNt QRGING: this

130°'may 30 determine that a different subset of nodes is optimal because
flogrehratn B rikir @ 1% PROMIPIERH s BXKeL BN BB Bxaffie?s shown.
Meldsier mansgementengne Laehady hatte MGHQO5/AE8068wer steps, and/or
di CT/US2005/012031 26 d[ﬁt%rmined that a se%ondary node 115 was

1 Eré’f%ﬁfgptgo Sr(égqg%gst ¥ e Hode T4 e “new subset 230 is

substsiiitialish hisildistbothee dlgk jobes plreeid8l 10RCBL e aditdatedisuipsents and

2 n rmined ajed, r e |
R R o
methedppaysrgrisetfotibesiiseliedaretbermplaf\coridinals tboebaoodesagption of
xR dNeRhRIdi B ML 0 G coRISMP 3t S sing-ARY S \WiaNguieChiigide Bhnges,

erforming these and other tasks. Accordingly, many of the steps in this
sugema@ﬁ»m%@%ﬁw@fma%éfemta%%w APPEREEAT et ARG e
ofshwincidoereover, system 100 may use methods with additional steps,
fewer steps, and/or 10 different steps, so long as the methods remain
appropriate. Although this disclosure has been described in terms of
certain embodiments and
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generally associated methods, alterations and permutations of these

embodiments and methods will be apparent to those skilled in the art.

Accordingly, the above description of example embodiments does not

define or constrain this disclosure. Other changes, 15 substitutions, and

WL r44RA98%8e also possible without departing from the spirit BHE23p13#31

this disclosure. WO 2005/106663 PCT/US2005/012031 27 WHAT IS

CLAIMED IS: 1. A method for job management in an HPC environment

comprising: determining an unallocatéd subset from a plurality of HPC

nodes each of the unallocated HPC nodes comprising an integrated

HPC job from a job queue; and executing the

S ‘ ' east a portion of the unallocated subset of nodes. 2.

The miethod Afrittiod [QrwﬁetmnmmmMQ ahéiﬂg@nmbmmmmse@msmg

selectifgAfing HP CaR o0 b leb AP BARMPRPHBEUAS, cach of the
jnguélgﬁ]prlsmg cf) a

selecte Imensions not greater thanh a topo ogyo ‘the
wﬁn@@@tﬂﬂ%b@éesEOWWh@ﬁl@E@I@M@UWhereln selecting the HPC

job frogt Qn%’fé"jo@?x%%ﬁi PHQHR: gamprises: 15 sorting the job
gueue based on job priority; ectlng a first HPC job from the sorted job

queue@?&fé’f&wﬁhﬁgsaﬁﬁq@ﬁgah%étfﬁ%w@%ww the vepsysbFubset of
ibg=ynallocated subset; and in response to the dimensions of the first

HPC job being greater than the topology 20 of the unallocated subset,
selecting a second HPC job from the sorted job queue. 4. The method of

Claim 2 Whefhb’nﬂe&ld&méﬁkﬁmslobﬂmdﬁﬁeﬁ&ﬁ&dhﬂ@@@ed}mﬁmdecﬁng

meters.a asso poli '
éﬁﬁe met F?"?f’f“ al?ngzdlfurt e"?sgomp Ising- d atglr?agrﬁ%céaet/a d':é’él%?r/]rb““’lé‘%o%mmms
spapedtarthie tnallognedisubsdicbeisddubadeast in part, on the

~dimensions of the HPC job; and wherein executing the selected job

comprises executing the selected job using the
3. The method of Claim 2, wherein selecting the HPC job from the job queve

based on priority comprises:

sorting the job queus based on job prioxity;

selecting a first HPC job from the sorted job queus;

determining dimensions of the first HPC job with the topology of the unallocated
subset; and |

in response to the dimensions of the first HPC job being greater than the topology
of the unallocated subset, selecting a second HPC job from the sorted job queue.

4. The method of Claim 2, wherein the dimensions of the first HPC job are

based, at least in part, on one or more job parameters and an associated policy.

5. The method of Claim 2, further comprising:
dynamically allocating a job spare from the unallocated subset based, at least in
part, on the dimensions of the HPC job; and

wherein executing the selected job comprises executing the selected job using the

* dynamically ailocated job spare.
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dynamically allocated job spare. WO 2005/106663 PCTIUS2005/012031
28 6. The method of Claim 1, the plurality of HPC nodes comprising a first
plurality and the method further comprising: determining that dimensions
of the selected job are greater than a topology of the first plurality; 5
W0 Y%At or more HPC nodes from a second plurality, eg&T’iﬁﬁH%ﬂmmﬂ
second HPC nodes comprising an integrated fabric; and adding the
selected second HPE nodes to the unallocated subset to satisfy the
dimensions of the selected job. 10 7. THe method of Claim 6, father
comprising returning the second HPC nodes to the second plurality. 8.
The method. gf Claim 1, further comprising; determining that a second
HPC Jo thet WG BRB8 g G CertnB St A 15050 Sray e Tt
phodis has tedlediaddintthesaposidgsubset to the unallocated subset; and
adding the failed jo the J tyare for | '
o A B o I e R R TR ot
firgsrphargditrality of HPC nodes, each of the unallocated HPC nodes
compyging andniegrated falFic, Selatlan iR rom 2ok QuetiesABta HpC
execute the selected job using at least a portion of the unallocated subset
ngflproprsaprizing on ¥iesededabEGrathim 9, wherein the software operable

to selgghithe HP GclieR CemprisasRDwase apetahiginsatecineeHRCigley the
from the job gueye based on priority, the selected job comprising

diprRHEsRE M5egie4tditRan a topology of the unallocated subset. WO
2005/106663 PCT/US2005/012031 29 11. The software of Claim 10,

wa

- wherejn the “%ﬁ&&%?@i%ﬁ? %?'ele“%%%@é 6?§§¢;9n%f;%mﬁ%gi%eqy§%sd HPC

based on priority comprises so
nodes to the second plurality.

8. The method of Claim 1, fiwther comprising;

determining that a second HPC job that was executing on a second subset in the
plurality of HPC nodes has failed;

adding the second subset to the unallocated subset; and

adding the failed job to the job queue.

9. Software for job management in an HPC environment operable to:

determine an unallocated subset from a plurality of HPC nodes, each of the
unallocated HPC nodes comyprising an integrated fabric;

select an HPC job from a job queue; and

execute the selected job using at least a poriion of the unallocated subset of nodes.

10.  The software of Claim 9, wherein the software operable to select the HPC
job comprises software operable to select the HPC job from the job queue based on
priority, the selected job comprising dimensions not greater than a topology of the

unallocated subset,
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sort the job queue based on job priority; select a first HPC job from the
sorted job queue; 5 determine dimensions of the first HPC job with the
topology of the unallocated subset; and in response to the dimensions of
\t{; zf(I)I;]S,I HPC job being greater than the topology of the unallocated
Tbe8YEf&t a second HPC job from the sorted job queue. TETHBS2f#012031
software of Claim 10, wherein the dimensions of the first HPC job are
based, at least in part, on one or more job parameters and an.associated
policy. 13. The software of Claim 10, fafther operable to: dynamically
allocate a job spare from the unallocated subset based, at least in part,

15 on the dimensions of t PC. job;.and whereip the software operabl
to oxehite (1P ORI 0 Lot S Al e O R S g dne FIPC
jskelecte thigbhugirgahesdynamically atlopates jofiveparerctzbld he software
of Cla&B}t%ly]Wiﬂ%ﬂ@%a%%@?o@ﬁ%%% mprising a first 20 plurality and
the softwarefurther operable to: determine that dimensions of the

selectidefbls Gret Freatwbtam deossledipbitiectirst plurality; select one or
more RC nedas{nASeEand pldrally. é%%‘:@iﬁ{ the £ecend 3P e NRIRS atea

comprising an integrated fabric; and 25 add the selected second HPC
SHBWELHS the unallocated subset to satisfy the dimensions of the selected

job ; 16 i’%@a?@é:;t:@iai% qﬁxﬁja&?erﬁﬁffwéfmﬁz@mﬁ 5536%\%?@;%%&3& h8nS@EQBkblogy
nQQes seco urality. ) .
R0 5h 95118 SR LB SARE GPEI S FHAR B able to

determine that a second HPC job that was executing on a second subset

in the ; plurality of HPC ngf has failed: add the secand subset.to t .
unallo%%ted lg%{ 38%"5?{3 g%gl%ﬁ‘eé Tail eeéﬁlonb %%Hjéﬁ% 10(Iz%ﬁé)ue.el .SAE%CJO}) are
bggesderhlfosobparhragarnentisrafpbRCenidre andent soriatisipgliicy.

13, The software of Claim 10, further operable to:
dynamically allocate a job spare from the unallocated subset based, at least in part,
on the dimensions of the HPC job; and
~wherein the software operable to execute the selected job comprises software

operable to execute the selected job using the dynamically allocated job spare.

14, The software of Claim 9, the plurality of HPC nodes comprising a first
plurality and the software further operable to:

determine that dimensions of the selected job are greater than a topology of the
first plurality;

select one or more HPC nodes from a second plurality, each of the second HPC
nodes comprising an integrated fabric; and

add the selected second HPC nodes to the unallocated subéet to satisfy the

dimensions of the selected job.

15.  The software of Claim 14, further comprising returning the second HPC
nodes to the second plurality.
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a plurality of HPC nodes, each node including an integrated fabric; and a
management node operable to: 10 determine an unallocated subset from
the plurality of HPC nodes; select an HPC job from a job queue; and
execute the selected jobusing-at least a portion of the unallocated subset
B HYGEE%6P8 18. The system of Claim 17, wherein the manafeetoprieiats1
operable to select the HPC job comprises the management node

operable to select the HPC job from the job queue based on priority, the
selected job comprising dimensions ABt greater than a topology of the
unallocated subset. 20 19. The system of Claim 18, wherein the
management node operable to select the HP%ejob from the job queue

basedPon prisrisp EBmpASELE FePRETPIo

ode operable to: sort the
job quesehrsedion jekvpdiGIity; dlabhn finst $tRGtoh om shewsdrsatspolin the
queue§25 determine dritgleg_sions of the first HPC job with the topology of
Py AT St R IS WS 5 e in response to the dimensions of the first
HP Cajibtheirgogieatertharhthettpoitulsubftteadthallocated subset, select

a se%ﬁgthél??ﬁeé%l}ao{)r?méh%ﬁ (i&gjob queue. 30 20. The system of Claim

18, wherein imensions of the first HPC job are based, at least in
part, on one or more job parameters and an associated policy. WO

2005(306663 £GHAS2A0543A203 e 1n%h: [TPe sveiterehClaimridag:
further operab?é to: dynamically allocate a job spare fro unallocated
Subse bR, AP PR TS S P B g

whergig Wg@&@@@%ﬁ@ﬁ&@perable to execute the selected job
comprises the 5 management node, operable, to execute djob
cing the oSG IR S B e R ale

spare. e system of Claim 17,
the pluralitysefectRE Hipdgshabonpeaigibgractiisstaplurality and the

management node urth e{:t%ﬁ%gpll?]ﬁgat least a portion of the unallocated subset of

nodes.

18.  The system of Claim 17, wherein the management node operable to select
the HPC job comprises the management node operable to select the HPC job from the job
queue based on priority, the selected job comprising dimensions not greater than a

topology of the unallocated subset.

19.  The system of Claim 18, wherein the management node operable to select
the HPC job from the job queue based on priority comprises thé management node
operable to:

sort the job queue based on job priority;

select a first HPC job from the sorted job queuve;

determine dimensions of the first HPC job with the topology of the unallocated
subset; and

in response to the dimensions of the first HPC job being greater than the topology
of the wnallocated subset, select a second HPC job from the sorted job quene.

20. The system of Claim 18, wherein the dimensions of the first HPC job are

based, at least in part, on one or more job parameters and an associated policy.



10 determine that dimensions of the selected job are greater than a
topology of th_e first plurality; select one or more HPC nodes from a
second plurality, each of the second HPC nodes comprising an integrated

\@kgg%s é%% 6g\dd the selected second HPC nodes to the unallggg}ﬁg?%%?r%& 1

e 15 dimensions of the selected job. 23. The system 0
22, the management node further operable to return the second HPC
nodes to the second plurality. 20 24. '{he system of Claim 17, the
management node further operable ?o: determine that a second HPC job
that was executing on a second subset in the plurality of HPC nodes has

falled a0 112 Serenc s 18 aMaeRiRd ubset and add the

failedjob to the?o lauoeue.
dynamically allocate a job spare from the unallocated subset based, at least in part,

om the dimensions of the HPC job; and
wherein the management node operable to exccute the selected job comprises the
5  management node operable to execute the seiected job using the dynamically allocated job

spare.

22.  The system of Claim 17, the plﬁraﬁty of HPC nodes comprising a first
plurality and the management node further operable to:
10 determine that dimensions of the selected job are greater than a topology of the
first plurality;
select one or more HPC nodes from 2 second plurality, each of the second HPC

nodes comprising an integrated fabric; and
add the selected second HPC nodes to the unallocated subset to satisfy the

15  dimensions of the selected job.

23.  The system of Claim 22, the management node further operable to return
the second HPC nodes to the second plurality.

20 24.  The system of Claim 17, the management node further operable to:
determine that a second HPC job that was executing on a second subset in the
plurality of HPC nodes has failed;
add the second subset to the unallocated subset; and

add the failed job to the job queue.



