SYSTEM AND METHCOD FOR MANAG NG ENERGY CONSUMPTION I N A
COVPUTE ENVI RONMVENT RELATED APPLI CATI ONS [ 0001] The

wee@sasisonppl i cation is related to the foll O’W‘P@UUISEDS/OHOE
Pat ent Applications: App. No. 10/530,582, filed August

R STENR SRR T %@f;ﬁ%ﬁ%@%@% S GoNS MpzHoN IN A

No. 010-001 IB); | ed March 11,

2005 (Attorney Docket No. 010-001 1C); App. No.

10/ 530, 576, filed March 11, 2005 (Attorney Docket No.

010-0013); App. No. 11/718,867, filed May 8, 2007

(Attorney Docket No. 010- 0016); App. No. 10/589, 339,

filed August 11, 2006 (Attorney Docket No. 010-0019);

App. No. 10/530, 57BELATER ARPELHCATIONS05 (Attorney

Docket No. 010-0026); Qgp No. 10/530,580, filed March
[0001] The possnt(applicationys th@fol]@mgﬂj&j?atenp@pplmnons: App. No.

10/ 530, 575, filed February 4, 2008 (Attorney Docket
10/530682,(116d BQZ05t;1 1 AN06 (Matornkd/[Rotket886.,0 10-10a d A e N6l 0/530,581,

2006 (Attorney Docket No. 010-0041); App. No.

:
filed Aﬂ%u%? P1.0066 (Att&%@y ﬁ%két Nb. /ogglg@% 1{?* EA?I bNRY. 195H0e377NBled March 11,
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043); and . 12 :ed January’31
2005 6&9 eﬁgh@{ app! | cap fﬁ:)lr@b %ng]ig%ﬂg 25%%0 ot g%g EM oﬂl? E%OY)S (Attorney

Dock%&ﬁ 5B B5 Avpelverd e foodate . e GreEeRD oc’ket No. 010-

ication clains the benefit of U S. Provisiona
0016)A{)pp118@th06$895\i§9 Bledgumust3e, 2004 (aﬁertqamx Pogkpt Noo@k)- 0er9@ App. No.
content of which is incorporated herein by reference
10/530,478 tfde Marchet I 2BACKGROUNDDOEK ST Me. D N/BOZE)ONpp.. Nd-i 181 580,580, filed
of the Invention [0003] The present invention rel ates

Marcli 01,MB08GARGN3y DRTRH N OMY-00 VKR E 9641078806575, filed February 4, 2008
specifically to a system and net hod of managi ng ener gy

(Attofﬁ@? BIAERL N 01 t()hB(')'o), @sggoﬁpultlgﬁ%6r AR B YD @S (Attorney Docket
luster, grid n- demand cenf er . I'ntroduction

No. 010-0041); App. No. 11/279,007, filed April 7, 2006 (Attorney Docket No. 010-0043); and

App. No. 12/023,722, filed January 31, 2008 (Attorney Docket No. 010-0046) filed previously

to present application. The content of each of these applications is incorporated herein by

reference in its entirety.

PRIORITY CLAIM
[0002] The present application claims the benefit of U.S. Provisional Application No. 61/046,636,

tiled April 21, 2008, the content of which is incorporated herein by reference in its entirety.



[ 0004] Managi ng consunption of resources in a conpute

envi ronnent such as a grid, cluster farm or on-demand
W@ er0vasishs a conpl ex and chal | engi ng process ™ B i/tSs2008/071029

conmputing may be defined as coordi nated resource

sharing and prqhbl ' ' ]
mul ti-institut %W%ﬁ@%?ﬁﬁlgﬁw@ﬂ?%mm i ng
proj ects require much nore conputational power and
résour%@%éPﬂéﬁl%W§Pﬂ%Ie comput er may provide.
Net wor ked conputers wi th peripheral resources such as
[0003pTiha peasent incatipe raates fongmgingeiscomiiug eyarogingiisand more specifically
scientific devices and instrunments, etc. may need to
to a syse&ent and ohcthatl @d nandgiug chdrge dortsampaomp héthen @acdmsikce eimnment such as
term conpute resource generally refers to conputer
a clusRi QG RBSYnSdenil@dRENter. N€t WOr kK bandwi dth, and any of
t hese peripheral resources as well. A conpute farm may
conpri $&.qehdfal ity of conputers coordinated for such
pur poses ot andling Internet traffic. For exanple,

web search website Google(r ses.a conpute farm
10004 §Fagb e e S TP B L SPRUER T IR TR B HEDT Lk et ReBt. cluster
[0005] Grid/cluster resource managenent generally,
farm, geae-emard soreer py eesrlcypnd geplengipg REpceesy (i sRIpREIng may be
mat chi ng resources to applications, allocating those
defingdes suoclestedansbusahsbduhg agd protlenpsvilviog imdyrguiid multi-institutional
resources over time in order to run grid applications
collabdFratjoah sMab Bbipethd grofcb® requifeihechenvicrcdnpatitiods power and
efficiently as possible. Each project or job utilizes

resourReihbh 8 sRile &Rtpudlr hBSRBYEES NeRFbrkHSorhSuté¥ i@l dripheral resources

uni que. For exanple, "a job may utilize conputer
r I d; ai sk. I).e er. J
such BRSSO SR e T D AR grumens, et
particul ar .operatjng.system In additjon to the
may R o GriRrarRey Pubaint i Sbelrbedifho 1 5k piriatarespRse
or a request for resources, admnistrators also have
generglyf fefars for PRI DEPG9E50as, ncaaary isiwerktbandyviigh. @nd epe of these
resources available, the current status of the conpute
periplemliresonroen ts wold. Avainipabd farm esyuwoogsise aptlralély -of comaputers
conpeti ng needs of various users. One aspect of this

coordHaRAEESsuch pliiRs@ifliahdlitglInt @S iefid. BER ek &8plcf BE wtbisedrch website
A cl uster manager seeks to reserve a set o resour ces

bl { itPh QGRS trAFrcARd FtehePiRMEEET

cone SRRSO R ESERP by Bcpramhes
information on clusters and ids e found in ...

10005} By o Res s S dtig Y A5RY B8 it eet ifenitying
.Managenent, State of the Art and Future Trends , Jarek .

requirements, matching resources to applications, allocating those resources, and scheduling and
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monitoring grid resources over time in order to run grid applications or jobs submitted to the
compute environment as efficiently as possible. Each project or job utilizes a different set of
resources and thus is typically unique. For example, a job may utilize computer processors and
disk space, while another job may require a large amount of network bandwidth and a particular
operating system. In addition to the challenge of allocating resources for a particular job or a
request for resources, administrators also have difficulty obtaining a clear understanding of the

resources available, the current status of the compute environment and available resources, and
2



Nabr zyski, Jennifer M Schopf, and Jan Wegl arz, Kl uwer
Academ ¢ Publishers, 2004; and Beowul f C uster

W@9psisey with Linux , edited by WIIiam G OBpeT/Esdongo71029 ¢t
Lusk, and Thonmas Sterling, Mssachusetts Institute of

real-t%%?cg%%egﬁé?e%g8??@&(%%%%@; béllﬁ és %ﬂgt{ tgllfsl ?cg:rs]sd Fsrtﬁet e?bqety to reserve

i nt erchangeabl e, al t hough they have different
resourspn e eaeh- oftsluses masraenseeks toRsArva aget of respuress ép pradle ihe cluster to
as receiving a request for resources and the request
processsa jpb ace pmadsédqualipasfiseoudear way, the sane nmet hod may
al so apply to other conmpute environments such as a

[0006¢ l3éR@T hacRBrod8ARTHmERivh &h Distdts GRNBHdsEmiPbdToud &l SR
is generally defined as a collection of conpute nodes
0

publi@tig) i Sze%,dTé Grﬁcf@%m& mngggrﬁetﬁ,ﬁgte%rf i AR ?n@ Eufu"flec" Jf?ends, Jarek
I'n general7"a grid conprises a pturality of clusters
oG, S ST e PSOBTFLaSIRH PR Hos.

First, there are nyjcall multiple |ayers of grid and
Beowylf r 1 Ligu fqdéteé 05 Wieliren SreRp. Eripe [uds apd Thomas
group of clusters or a group of networked conputers.

Sterlifigh Mapedchnsatts dastivdtc af Ge¢haologyy2G03. f | exi bl e and may mean

a nunber of different configurations of conmputers. The
[0007] miis geheedllyoumdest@di terdir @il tHeaelnss gahardadlusgéraedintdrehangeable,

variety of configurations that are possible. Agrid
althouphh R dHBZeR QO hEHs & FoVbldh e, RiHéhal %rfdyis odfebd iRt RMreceiving a

schedul ers 104A, 104B and 104C. 'Each of these cluster
I r
ronueREAU RES OMPRLEA! Rl L SAREEHE Y ! QUAE Fothod may o
onnuni cates Wi.th a respective series of conpute
apply {6 U LR BRI AAUE! FunelsighaR TR dpampute farm. A

110, nodes 108D, 108E, 108F in cluster 112 and nodes
clusten pggenerplig Hefinglgs & gellegtipsral compyte nodep@panigedfor accomplishing a task

schedul ers (which may refer to either the cluster
or a s ot éals. einsgen 04, argridhempesour pleralinafjdngers @6 phawrein FIG. 1. Several

closer to the specific resources 108 and may not all ow
gener@rdhelll &@be ek btaiisen R ehiptieg to MELiaHse feCoulrb® ifi @$0d! FaSt, thbieare

grid | evel scheduler 102 typically does not own or

typicaglg%ﬁlﬁ s f(11 ltkfr%@l?edui@@ r&%ﬁﬁQngg@?@ral Somprises a group

bmtted Tromthe hig evel grid-schedul"er 102 to a

| ocal set of.resources wth e .perpi ssions than
of ctuyr g Ao LG i, 38 RERGRFPER B3l P0Gk ot and may
rocess nore

mean g?}rﬁmrbgﬂgf ({iffterllgt éoen%%ﬁga%gnsr oefs ceorrIYp%tteirg. nT ¢ introduction here is meant to be
general given the variety of configurations that are possible. A grid scheduler 102
communicates with a plurality of cluster schedulers 104A, 104B and 104C. Each of these
cluster schedulers communicates with a respective resource manager 106A, 106B or 106C.
Each resource manager communicates with a respective series of compute resources shown as
nodes 108A, 108B, 108C in cluster 110, nodes 108D, 108E, 108F in cluster 112 and nodes
108G, 108H, 1081 in cluster 114.

[0008] Local schedulers (which may refer to either the cluster schedulers 104 or the resource

managers 106) are closer to the specific resources 108 and may not allow grid schedulers 102
3



[ 0009] The het erogeneous nature of the shared conpute
resources al so causes a reduction in efficiency.

woRaohostsoziedi cat ed access to a resource, the §pCTUSIOBT10207PCT
schedul er 102 is challenged with the high degree of

vari ance and un dictapilit ca of th
directigissneits FRoutranT e ol ysclodly 1DZ oitbudoks ROt aepontrol he
anmong users and projects and each project varies from
actualirpsoustche T herpfpse. debs 4 Aeeisicd ansthe grghpl%ﬁ}l aeidschgdufesyl 02 to a local
Gid resources are used to inprove performance of an
set of agpplitceatvitbmobmidre phenis @ewuhaethaturer sroahichaws.elbishradiees efficiencies
di fferent perfornance goals ranging fromoptim zing

and cd@n@EthOFRRRESrck@F atPorShroedse nRRPHifeatli. on to getting
t he best systen1throughput or mnimzing response

[00092)'1"“? g?tlrc}a%%%c eleF %k]eéf tH@thaZécﬁgog%}?é/ re@o%%ﬁa&%ﬁc&%ﬁesearrseductlon in
t servi.ces such
efﬁmaiam Mo PO A e B a8 e ] SRR uPE RS ghattonged
i ncreases, the number of servers. and nodes used within

with the, Bigh slegien of vaiance aphvimedicbilibhinrtha sepacikg of the renghisss available
of servers increase in on demand centers, grids,

for use| ¥iseresowned asosifased dmonghescrrrnd projodts endedchipediegt viagesifrom the
by such servers also increases. Estinmates of the total

other.afaipdrfodmarteegdatd foi piwjecsedifiby Ged vaosrceart iseddoSmpesivd
the worl d have been made by conbi ni ng neasured data

perforac€8t A BpEiSatfn RORIredtRe Rvndr{endR3ts 19@9 Hlf?errent performance

servers Mﬁthln data on an installed base. Many of
goals aﬁ%ﬁ&pr eVI {@EZZ& ﬁ]l%t%refg% OP ?(?'readm g gﬁﬂl?cag&%% Sée?tﬂlgjtﬂg Best

inning.to.notice and are atte n dres
systerf Hagas LD B e e Py ?seﬁ ol Dl e glptey £ 0% in
el ectricity used for servers has doubl ed over the
perforgeneed from the years 2000 to 2005 both in the U S
and worl dw de. Most of this growh was the result of
[0010¢ Aswhdussfoftohelemant eentat ahé ssw dxtpertioracsseiuvke psaddafigral music
only a small part of that growh being attributed to

downloBés g1dovlidd dddnhvedp@dahtetiReteRPhotiintcreak®l the xamdkeof servers and
total power used by servers represented aboutO. 6

nodes%é&%ﬂhmqrvl\% TRkt Mll%onﬁhl%:{orlhfﬂe&s% %%Qﬁé’ﬂﬁhb&rbf s8v€RA%crease in on

However en cool |ng an auxiiliary I nf rastruct ure IS
t nunb

demanc{1 cenlfI ) rg[rldF sterg an QWS a{noou{lﬁ e(:fefc%rlcl{ u[sg bg Is%ch servers also
1ncrea-£gse ]%s(t)ltrnaaltes o%vﬁ tot ?gr?lggntlo e e(C)t(I)'ISCItyVI\Q!C ‘tl;]y Iserr]'\(f:ellrgI 9net e U § and the world
have been made by combining measured data and estimates of power used by the most popular
servers within data on an installed base. Many of recent estimates have been based on more
detailed data than previous estimates. Policy makers and businesses are beginning to notice and
are attempting to address these issues in the industry.

[0011] Aggregate clectricity used for servers has doubled over the period from the years 2000 to
2005 both in the U.S. and worldwide. Most of this growth was the result of growth of the

number of less expensive servers, with only a small part of that growth being attributed to the

growth in the power use per unit. For example, total power used by servers represented about
4



associ ated infrastructure, is equivalent to about five
1000 MW power plants for the U S. and 14 such plants
W0 o009t Bkso2wor | d. The total electricity bill £ OFPCT/US2008/071029
operatlng t hese servers and associ at ed |nfrastructure
out .2.7 billion ars for t

0.6 Pe?“‘?t Bﬁoﬁofﬁ\{\@ﬁsf Ul SROPYTAPtIoRdR b% PY Vel gt %09?188 38 &quhafY

in the art, is an inproved nmechani smto nanage power
infrastraefureripirichide ithalommbhcs gewsite d hsreent suiph Banameyngihat is

and grids or those that are simlarly configured.
compSabiviedaCfor THIEY1hidVENTH Ot PO 2] depdalidtin 0@, wheet mckades the

and advantages of the invention will be set forth in

associaftd ifRSeitRtd, Weqiitatdnt tOAdRMEYe 800D MW Pawtr Mhhth f(ﬁ&he U.S. and 14
obvi ous from'the description, or may be | earned by

such lﬂélﬁg Edrcfﬁe Rbrilihend YA %Léc&fhtgﬁ]lg gg%?%ﬁﬂﬁﬁ% tt i eégg%@ Bh @9&Sciated

e I nvention may pbe re nmeans

infrasfhoiitdn 23 WRTERE 2 GuRA ER AR Re %%ﬁlb%hf& the world.

f eat ures of the present i nvention becone nor e
Accodipgly, Vﬂ’&bb?r“é’ﬁ@edflfléli*ﬁ hds %WIHWngE‘é@B’fSWptﬂWa%HOW“
appended clainms, or may be | earned by the practice of
consufripéion fryeampuie elasg'roslgtenfsamlh ahdngtn andl @OASPr thpge that are similarly
invention relates to systens, nethods and
configg@¢out er - r eadabl e nedi a for managi ng the use and
consunption of conpute resources, reservations and/ or
jobs within a conpute environnent such as a grid or a
cluster to reduce power consunption One enbodi nent is

t he conpute envi §ONM obs
according to theﬁpr|n0|p e dlﬁ: ose E@§g€n [ 0014]

[OO]2IQ%dR{0%?Ff%£tu¥eQV ?ﬁ tahﬁa@lt%ggj ) t?% ?I‘f'veiﬁﬁgn WiERE §eqff01%9 }ﬁet%e d?scrlptlon

ornance conp

ects qf the | i.0 nabl e t he reductlo f
WhlchﬁsﬁOﬁ%f a0, é‘ﬁﬁ%}? ¥ ‘é‘;%%ﬁomﬁ%ﬁ HSSEHPYPT aY be iﬁ@ﬁf&& y practice of
server, etc.) pomer consunption mhlle mai nt ai ni ng
the inggritioar Thafeatuspyandeadvartpgesraflirciaventioadeyibe r@als@ﬁi\ﬂind @btained by
| evel agreenent (SLA)-basedcl uster performance. Al
meand @ftthé irtstremenie @ndtombinetiotshpastecupar iynmiiggkb é sutshohd appbrded claims.
enabled in a manner that is both flexible and

ThescC@ARIIRY Earurks NG PrBikt ihenBeh Kvill BecoRmbeeiBy apyshréd €rom the
wor kl oad [0015] O her achievenents according to the

follov&q{lgc‘ aésgﬁﬂﬁ@n M(péﬁpgﬁéjedrb%{lﬁl' Mor! rﬂé%’ HIRMES B&I gﬂe‘}ﬂactlce of the invention as
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set forth herein.

[0013] The invention relates to systems, methods and computer-readable media for managing
the use and consumption of compute resources, reservations and/or jobs within a compute
environment such as a grid or a cluster to reduce power consumption. One embodiment is the
compute environment itself that runs jobs according to the principle disclosed herein.

[0014] The present invention addresses the issue of power consumption in the high
performance computing context. Aspects of the invention enable the reduction of both direct
(compute nodes) and indirect (chiller, support server, etc.) power consumption while

maintaining either full cluster performance or adequate service level agreement (SLA)-based
5



extensive reporting and charting facilities to
adm ni strators and nanagers to all ow custonmers or
WeeiNBseT at ors to understand how t he conmput @™ PCT/US2008/071029

environments are being used and how power is being
consuned on rticul arized basis. .Furthe re, e

clusteg DU QTRHBFA o D IS SR 1BE BB sk BROGIISS B Giablatiin & manner
_power consunption. Chargeback nmechani sns are al so

that ischpalp flexiblegng Icpeplctds trapspgesing togbathh therome tuserh angthgevorkload
routed back to the decisions of both the end user and

[00153% Chlentuckicyerh@id &coitties ® the dis€losure praviddyhecompeheletpgoviding
that are disclosed herein. First, there are nechani sns

extendife APBHINGTand BAUKE EacHlitRh € adiRnidtGtdr@sddmhihgeRao @RBW Xbtomers or
of power and tenperature. Secondly, reporting

admili GRG0 itosmefs%ﬁl\fél;%o,v&; {IHE géfn@ﬁ% einoir&ﬁﬁér‘?sa 2 RAVRIse®MH how power is

t enper at ur e. systeminte ces wt power

being :(:7%]3521 eﬁeonta Iga?ﬁca:clugg}rgzlgﬁ i)gfigc u Segtggrees bltslglstte%]- etﬁgliﬂg§¥§1rong to be taken
intelligent policies are disclosed that provide for

to redpgreovgi | pawercgnammition) (hatspackdnediapismsate glgspanapled to allow cost
Enbodi nents of the invention include systens such as a

modekrg wnéormaginn itine wuiwdrbierch trdthadneasieneaf baso fitewad aiserteatl scheduler.
communi cates with resource managers and ot her

[0016] @bideiaid Rfir pAmanaddnganeis thvae dreativeddscd bosit it there are
particul ar nmethods that provide for inproved power

mech&RMRHIRhéRdr r&olicdRtaRe bARILIRAG ¢h AREBHIKNES RNE: LN R Perature.
such as a cluster grid or on-demand center that

Seconggg @oﬁ?@%%{aﬂisﬁ% éépoor{ éﬂg 8%@#?%%@#5?0%&9&%? %@cﬁt@‘glpg%ﬁggnNext, the
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mana store

co ter readabl e nmedi um that. control .computin
systerf @y Peesco i BaGE MHELERSTE BE 1SS SHEvdDs fiFBUBAO G ode on or off
consunpti on apcordinﬂfto the principles disclosed .
or enalq eslecp stee. Ewahpl istelligspianradiirs sehdigdaed tha grevigdg for the ability to
i ncl udes the Moab(r) branded products from C uster
contrdkpswear cesympnien. [ 0018] As di scussed above, there are
vari ous enbodi ments of the invention which nay be

[0017¢ BvitHodnentoyEue invehtiéh indda g sicH s biseRat fubiingfa Wwdétkload
i nvention shall be discussed in terns of the nethod

mana?ér?@g koRRMre 115 c&ﬁﬁfuﬁfcateg BeTRINCE ABYa bR dnABHRFBRRIGHES to cnable

on- denandenvi ronnent, by a server or servers
rating wor

o SREFRLARLEA 2R PSSR AL e
consuirnT)%itorrl,uaCltliigl? Bgrfgr%{angg QOtl’{‘ll())llltlnigne%Vle‘OI?l’?lgnp[ lehéhngs adcelgétgregrgdoor on-demand
center that operates according to the principles disclosed herein, as well as workload
management software stored on a computer readable medium that controls a computing device
or computing devices to enable improved power consumption according to the principles
disclosed herein. For example, workload management software includes the Moab® branded
products from Cluster Resources, Inc.

[0018] As discussed above, there are various embodiments of the invention which may be

covered. However, the fundamental functionality of the invention shall be discussed in terms of

the method embodiment. Of course, the method may be implemented in an on-demand
6



performthe various functions to inprove power
consunption in a high performance conputing

weeapnsseent . [ 0019] There are four prinary ¢HPEDIS08071029
associ ated with inproved power consunption in high

envir o oﬁh%ﬂs@?\feg gp‘?qli%e}rg ﬂg%ﬁ?%wg%éosagln??ﬂ%gg%%\ﬁé tgvlaltr:)el,J gr may be stored
consunption actions in the environnent. These are '

on a coFpIeT Ferdaplcmegiungihag storey isjryeaonsdoucqndiol meascomputing device to
wor kl oad manager running on a node that comruni cates

perform thie viahieuscionptidng te mrprioea pewtr) compumptamsin Ad2ghaperésmanaecomputing
state or states in a conpute environnent 300. This may

envirdd@ncdene i n any nunber of ways. Fundanmentally, the
concept involves nonitoring the power used by a

[001 922‘11%1%:6%&% Hur Eﬁﬁﬁt}{ é(;o?n | hefits GUIRIALER V@iﬂwnﬁségQMOVQe? iﬁ%puh&tion n

s tenpeérat us, the system , for e

. . mohitors 302 icular, nogde in.a cluster for .it )
high fRBRERatsS sannpirRTie S RifioR e Wtidls Dt Rlgiplfmenting one
information is utilized as di scussed belowin . )
or mOFenE@quiC@’éﬁWnPé’@Iniaéﬁl@ks 1p shecamirpnments  hestal § ghewpin FIG. 3. First, a
di stribution and tim ng of workload views by that
system P4 {scah as a moddoadNesnagearumihg @ 4 sodsdhdticgumauhigages with the
report 306 the resource state. This also involves the
compiagheirermhentmbnieis B e akdbimGe P sCdSit ARbinpatessmdironment 300.
tenperature for a particular resource. The reporting
This ASPECHodcNY Qh;?/ REmBEAAN AL N guﬁdﬁﬁleﬁﬁ'ﬂ?]} @k andcpf AWVIRLE ARnitoring the
in a particular way to enabl e hel pful reports of a
cticular. ' N ! .
powef LS U ALIARLMBMAS i D2binple ol BGHRSEL, Wy TRLE uffieplidre. Thus,
owe nagenent facilities 308 This. is useful.such
the sy PRI 300 R CORAD e R ra P2 & SRR RAIE Mt e i 0% igaponer
instructions to the various facilities that are )
consupyplign gewrell gs poiesipcruwagehishinfornasionsis pBliead asgligusied below in
on or off. Finally, another conponent 304 invol ves the
intelliget ipah¢issriot @nenbildemamige tha ggnbupml drcl tesing ©f eonktlpad views by that
t he power consunption 312, 310. The intelligent

particial h€dee Nt af ol ¥ @REpake td fepoAB06Ehd @Eouttd dflate. This also
wor kl oad managenent software 304 that receives

involVeS @esLs® if ﬁmeg%tdi RNer ,rc&?s%ﬁ{g‘ﬁ@ﬁ afidf %n\;[ﬁ?ﬁ&% fhf'8particular
recei pt and distributi of | obs 0 for consunption

conpute environment such as a cluster.qgrid. . .

%rae H&nénatsgerc’t II%VQ?\SGé Pr%ag}zrlﬁlg %F cr:r.lo[nbt8§8]1nfi3%*é1atldn in a particular

princip ed herein can pr a nunber of

way t@ ﬁ]@b&héﬁﬁ?}ﬂ %g%é gézf paracylar %ﬁWrG as shaqlv‘ti)edc?iscusse in more detail below.

Next, another component is an interface 312 to power management facilities 308. This is useful
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resoulicn g’h
Oﬁ'- e

such that workload management software 304 can provide instructions to the various facilities
that are involved in power management such as powering a node on or off. Finally, another
component 304 involves the mechanism to enable intelligent policies to control the power
consumption 312, 310. The intelligent policies preferably operate in connection with workload
management software 304 that receives requests for reservation of resources and manage the
receipt and distribution of jobs 310 for consumption in a compute environment such as a cluster

grid, on-demand center, server farm, etc.



conpute environment. For exanple, the principles can
maxi m ze server workload to boost performance per watt
Wb000831562 bot h traditional workl oad packi ng AHRICT/US2008/071029
virtualization technol ogi es. These principles take
ant.age, of . eve ortunity to consalidate worklo
100207 A S EPiRCBIDcisEieseth SBR i Bt Rutier SLer ey S sRBR o any
benefit is that the pr|n0|ples can automatically place
compytgcavis@ment.s Forgxgmplc theayrinsipley we pnardaize whivehwekioaddp poost
reduce power consunption by as nuch as 50% on those
perforpanve ps. wakhley syisg both caditevalnwdériioad paching eidevistealvarisn
conpletely off for even greater energy savings. In

techn@ld g’f&b eThé&s @ﬁﬁ&lf)leﬁ Ik o W&l t e R BIg Ao tyNia\8Bsolidate workload
wor kl oad to al | ow hot servers to cool down. This

from B P R oS e B8 e prineiples can
server at the cool, down .on.their

o B3 ee ekt aReY 8 Sls%pomoﬂgwwﬂtcsﬁ&elpfﬁi‘uce power
system can route workload to the nost energy efficient

Consu@@ﬁ% ¥ ap{ugh ph 0% s8] tRoSCHEEv CEat IS S YHEM S8R ST Wrn ssgddle servers
utilization and energy consunption statistics. The

complsiedy effifersaven gutaterwoerigl sadngso Ihheothosaspedicthgyvoskibadimenager 304
resources to hel p achieve the hi ghest possible

moveP@dbFkdo a0 aopeiot vatérs cooslidedn. AnstrhehahiemehublceratpeaBurc-aware
the systemto take advantage of off-peak hours by

worklgd QRBAHIGR! anY sBEFRSEBHIORG atv YROmYVeRTchicd s¥REK! 8Bty can cool
proceSS|ng during off- peak ours when energy costs are

e T o

nd wor kl oa | ocations.with t west ener gy

work G o e gt sTed T BB Bt B HE P e N GO T node

data transm ssion tines, service |level agreenents and
utilizagion apd FRRIEYH £QUSUEPHEN st)atlstmﬁotT he pyhen ef1 fougt werkoad to the most energy

principles disclosed herein is that the workl oad
efficienanagerceotpdrelit aahgevadioonighesg positihpebrprnccpasivest wasumed.

pl ace the user in charge and provi de advance tracki ng,
AnotH¥p Befdfit biizbilddithg syt foeale ddvagtagapabifipchit Bsurs Babhion@tically

one to manage and docunent an organi zation's energy

sched§fifd BWRP Mo@%&%@{ai‘ﬁ(ﬁ%{i%@ﬁ ggg%ﬁb@%séé?h?ﬁg WheEr ene-lr— costs are

sys em c ] e abi |
lower \gh]ker %%Hrm%{hagt)go:g ggu&aarn%% oralreot erg;ex&ﬁg { i&,%naﬁ?a{ﬁa?ﬁégworkload

manager 3}4\4’1 can send workload to locations with the lowest energy rates, taking into account
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start-time constraints, data transmission times, service level agreements and other factors.
Finally, another benefit of the principles disclosed herein is that the workload manager operating
according to these principles can place the user in charge and provide advance tracking, modern
training and reporting capabilities enabling one to manage and document an organization’s
energy efficiency and achieve green-computing objectives. The system can also potentially give
the user the ability to track carbon credits or other statistics for charge back and reporting

purposes.



[0021] In order to describe the manner in which the
above-recited and ot her advantages and features of the
WO paensisen can be obtained, a nore particul af™PCT/US2008/071029

description of the invention briefly described above

ther cof vt cARGLE NS RFERES df THIEBRANASES™" ™ °

aw ngs. Understandi ng that these draw ngs depi Gt
[002@51111 9@%. eaf B R ARATS Wi e Wefﬁ@lrw%&r?ghea agvagaees and
therefore to be considered to be imting of its , ,
featurgg@fplc invigatiomeaaritci abtaingd, b niyse gaticnlabéescapiapreadghainyeetion briefly
with additional specificity and detail through the use
describéd atverc aat eperieraighydrefonereg so speciftu anlibodiB@R22 fheFdoGwhich are
illustrates generally a grid scheduler, cluster

illustr8@h @t the@pperRidd dFRERALY. A8ndBRIAERKSthhithedcafrhwidgs Wblilt only typical
conmput e nodes within plurality of clusters; [0023]

emboﬁ'nfénts?ofitlllé fﬁ%rﬁg}n‘gﬁd%resﬁf&ttﬁé}%i%mqje%ﬂgide&&) Regd lillﬁ%tﬁ‘[%goj?f its scope,

ustrates t asi ¢ conponents for green conpu

the in%%g%ﬁ&iﬁ i deteribed AR LANSRC with gg@giﬁ%lsﬁ‘g,’é%gc'ﬁfyaa}ddo(ﬁetafﬂrtﬁr@ugh the
illustrates a nethod enbodi nent; [0027] FIG 5B

use ofithe peqopppRENg ABTHBES HEYHO enbodi ment; [0028] FIG 5C
illustrates yet another nethod enbodi nent of the

[0022] klent illostratengkenic iz ) grid Ghedlér| tluster sshedulgre gt whource managers
aspects of the disclosure. DETAILED DESCRI PTI ON OF THE

interab¢ERTh CHINp @O B0fes\aithio prurglithodchigtatss of the invention
are discussed in detail below Wile specific

UXB3!FRB??EH&@%%§@%@&%§mﬂb&ﬁﬁ§ﬁ§d, it should be understood
hat this is done for illustration purposes only. A

[ooz4gﬁ]é%1ﬁl§t'rét'eﬁ%te it hgmégr#e%%/safg} gx%'éﬁ Hhbiidecogni ze that
er” conponent's and configurations may bé used
it ho parting.fromthe spirit and.scqpe of the

WO%WE&@#F hlé‘ﬁt.ratf%)%)g“@]ﬂ“‘w %HP%F%%% %%mtoae ﬂ‘H’@amPCi“P% fo #athegr y

conponent of nonitoring a resource state 302 in terns
[0026bfﬁgd%éﬂhwﬁ@ﬁbéﬁaﬁhﬂ¢£ ingentf ort h, a nodul e uses

mul ti-resource nmanagenment capabilities and native
[0027] R1@r B dbstratas aradierr niohabdrhieetimatt; | east one or nore of

the follow ng pieces of information.Load "watts

[0028F @16 WE H IR htc pst@notheAmathol Bh®bHing@nbf Mk adviedtidA; and
managenent interface (IPM) or

[0029] FIG. 6 illustrates several aspects of the disclosure.
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DETAILED DESCRIPTION OF THE INVENTION
[0030] Various embodiments of the invention are discussed in detail below. While specific
implementations are discussed, it should be understood that this is done for illustration purposes
only. A person skilled in the relevant art will recognize that other components and
configurations may be used without parting from the spirit and scope of the invention.
[0031] With regards to the first primary component of monitoring a resource state 302 in terms
of power, temperature and so forth, a module uses multi-resource management capabilities and

native interfaces in order to collect at least one or more of the following pieces of information.
9



other low level interface is gathered Anot her pi ece
of information involves the |oad "CPU tenperature per
Waewe/13Mba the |PM or other |ow |evel int er tHpeT/UYmDs8/071029 PCT
another paraneter i nvol ves the load "watts consuned"
or_non-conpute intelli resour ces i ncl udin
Load pRps @sume b 19C s e pi ﬁ%ﬁilgrrtep AEEREN R KIPMD or
swi tches via the system network nmanagenent protoco
other [ogniomy! interfgedis gathsiod) dvnsthar piase phindormpes énviefves ihq loagd RCPU
the art will understand the standardi zed interfaces in
tempendtinelpet hedafatiathed Ml er pdter losw kedelandrfaoni Y draadthbyparameter involves
sof tware programred or included in a workl oad manager.

the 10ddO0B21s d¥aXImed’TBr KEERRBULE Int&IBPE idsOOrcE S HRMIGE Ghilddre storage
in ternms of power and power consunption and power

syster?g] ffﬁé %ér? Qmaiet‘\\@dri( s@iches Wﬁl@% n]@ﬁvdcl)lg ﬂgaélﬁ%%ent protocol

ow ng.” Various reports are capab e

(SNl\/@j e ﬁ re fjowb 9 eldgtgﬁa%e el;hé)seé 8&53?@?116%1'@]‘ nﬁ%rs‘ﬁag tklehséandardlzed
follomrng features er j.ob current m ni mum
interfyggs mach Mataky@ay be anEl%‘feéll ans RO pbaEmProgmmps or
(Eob power consunption over tinme; (3) per job cost in
includgdlin amorkload mayageur rency unit) due to kilowatt hour
(kwh) consuned; and (4) per job average tenperature of
[00323Nerf; @icasbnc s ol Fepo&ing@esaudty Sae it Reacotptephd pasec&@nsumption
as other parameters may be utilized to provide

and pbx@é@ﬁfmﬁlh@(;h w8l Esetgﬂ{pgﬁttfr@ iRRAWRS tHe(BR %,' Qfhrfdlls feports are
- job basis. his regard, a report can cone

capabpeaoctl%etn%sﬁ gla?erd b%gecﬁéjr{TEhQ 'n‘?otn'itgte% nfo%&tldah. %r g&gﬂﬂél%r ]tojo 9%301*‘[5 are

onsunp

t . af h| nf or | on e utilized by
gonergled phishdneiliit e ,foliznwnsé aérrrs?@ 1055 408 SHIEES- B iR
order to nmake intelligent decision with regards to how
averagey aBq) gl P oMsREOSBIPIAIL A2} PR IR PRIVRICOBFRIIRMAAE tigy (3) per job
consunption. For exanple, the report may provide
cost it doljras (o8 @nyg cafrerenendy dootedulophitdouf Ggrvh) kenjuotedyards@s per job
if the job were processed differently or at a

averagll fefn@ERRire bPeliddad reddfce. T LEUrRd, ehedp e @ichBRZ well@dlother
exi st, such as the |l owest overall cost or the | east

paranid&srs Hifa @9 h’[lﬁfedcte %R\n@e infSHatiER Rfith r%‘eﬂdé t%cﬂo%? cORtlutipBbR on a job-

Sugges Con [ g rati ons to optim zeé for "each
er atil (0] est e
by-job.ba g RS ghl}?lé | &% (g td rtncganecgn}e baﬁl‘g erlog Hsex of cgrgmﬂstrft?(%]%a]t a particular
Next, job tenplate reports may al so be provi ded. Jab
job, i t@ﬁ’ﬁq; g{ it PR ppgsmloﬁf psaed a certain amount of power. This information

may be utilized by a workload manager 304 to analyze various information in order to make
intelligent decision with regards to how to submit that job into the compute environment for
consumption. For example, the report may provide comparisons of energy consumption for the
job versus if the job were processed differently or at a different location. Where multiple
operational goals exist, such as the lowest overall cost or the least use of active cooling, the
report can include multiple suggested configurations to optimize for each operational goal as

well as a suggested optimal configuration blending each operational goal.
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information in the follow ng paraneters: (1) per job
current, mninmm nmaxi nrum average, and total power
weonwsussel on; (2) per job power consunption OVRCT/UBI008/071029
(3) per job cost in dollars (or other currency value)
KWH cons j,ob av e tenperature o
10033 ReSb e e %k““a?e[sog?srprwdﬁ S ﬁ%ﬁ@afgﬁmqr@myowowde
performance; (6) per job per node power consunption;
mforr%@n(ur}hqfélrloww p@éqmqi@fae(lgeer JRBEUTeR smingmpEe frayenum, average, and
application performance. This information froma job
total fosvep cartseampépor (@) parjop powed@naddptianonal tichet &i) Ipsr job cost in dollars
regardi ng performance for a particular application

(or otﬁ&@ﬁﬁ@@dyevam kd RSH Qﬁmsu‘ﬁﬂﬁr eh ipBejob s trape tedipRrai@eloPhllédated
and a nore detailed anal ysis of power consunption on a

L OO AIR rlemAR S8 rhy P PSRN

. er Y onsunpt i on

5 R A bRt PR aR Ty RO GgmEnce. This
[ 0034] Another reporting capablllty i hcl udes

infornagtiogdipm apot f@gw.latt%rep@ftéa% Rgviesrddpipgphistalsepgarding performance for
aranmeters such as user, groups, projects or accounts,

a partsh g gpdicetion(sefiwere mﬂﬂaﬁionqmmratmg sybtemeand @efo@@wldafnmore
SLA). These enable a different type of viewwth

detailecegaihydss dfpopenesnsamPEoMPh b @or hakadsiofora warecldntjpBl This
paraneter. This enables an adm nistrator or user to

1nford1é1f’oﬂta'1§oymﬁ§h@é utiIPRd WO iklpP&dnS R Wi i B oAYo f de?ﬁlbﬁdl Gdr@Er to improve

type of credential has power consunption that is

powexaé’o% &Q@o:ﬁ?&‘f@%‘ﬁ%ﬁ&% ’thebs%n%\ﬁlrcﬁé)?&ﬂ%&\il\ﬁﬁdejh In @i%g of

ers

(0034} %&ﬁﬁ? fepp st ARG Pﬁ{?SFEOG[?QQ%ﬂ%IlPﬂ%:\Fé 4B ligvolve such

total power consunption; (2) per credential power
parameiRSHEB AP HHETORIEHDS, PFRICCLY G acH@IN Ty CEERANION Acugssndiay quality of service
dollars (or other currency due to KWH consuned); and
(QOS(ati)l Spey). dhesteamiablala differeet tapeiptview vt wgartde tb pme::rwoussnption
[ 0035] Another type of report which can be generated
basedioRGl dielRatial paedactee Pril enablRl @b @dm@nGrdior dusérits idamEy that the
suggests, provides information and data with regards
WorleQd §L{?)%11H§@b§?g at‘ﬁ@ﬁ‘l%fj £ oPBre@ihtAl REY M%o&%ﬁi ion that is average,
Par anet er s 1 ncl ude: ) per node current, m ni num
aver age and

above avarag%,rﬂelow aver I%tlIIl (I)l oafl 1m% overnen? gbs amﬂféd%érzglgtgrs which can

ower con over
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be inc udedtil(l) a credential report include: (1) per credential current, minimum, maximum,
average and total power consumption; (2) per credential power consumption over time; (3) per
credential cost in dollars (or other currency due to KWH consumed); and (4) per credential
temperature of allocated resources.

[0035] Another type of report which can be generated includes a node report. A node report, as
its name suggests, provides information and data with regards to the use and consumption on a
per node basis. Parameters include: (1) per node current, minimum, maximum, average and
total power consumption; (2) per node power consumption over time; (3) per node cost due to

KWH consumed; and (4) per node current, minimum, maximum, and average temperature.
11



KWH consuned; and (4) per node current, m ninmm

maxi mum and average tenperature. [0036] Anot her report
wamiogh3sen be generated involves a partition feEDUS$2008/071029

Partition reports cover, on a per partition basis, at

he foll.omn r r I rti n .
003, RS LR S BBl PR ion reports
consunption; (2) per partition power consunption over
cover¢ Qmgper(mBYtitiparbagiar atileastihe deliwing paremcionr o neimsidion ayrent,
per partition current, mninmm mxinmm and average
mininmusnpessanume pvangk e(rﬁ)toqabpovparmhmmmioac () qkr patisaspower
non- green versus maxi mum power consunption over tine.

onsuﬁﬁbﬁ%ﬁ oP& AR 8Y Ser @aARoA cofif duk MRKIVOH chbRsudR:dp (9D \pefattition current,
th regards to partltlons that are created within a

mini LEmERY LA A o n{) ?&Pé Uk 09 3)@9 géﬁjtlﬁéﬂl acthQQ%?Jus ngn-green

h regards to t acing 't management
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lities east the

Vers“a‘i?%%“f‘%‘é‘ll Bo‘f’%rrcoﬁ}%l&“?th"%ﬁééfnﬁg qwﬁsg%EB%?teﬁs r‘i’n?aﬂ% Infgrtitog to be
envi ronment. Power nmanagenent facilities include the

providgdi with Vgtaréis ﬂb%}ltlgn%@ear% ﬁreatﬁg\n@ﬂmha fYaRuUts £RViEgyEnent for consuming
enabl e a sleep state such as a Linux sleep state.

worklgfdere may be other sleep states which may be enabl ed
to power down or reduce the power consunption for a

[00371 &ieh @pa@ie od therintedsahg aepdwrtmanagdindnt GUldiBli¢d, yt Ibast g following
used. For exanple, any facility that provides for a

actlonta 'ai%ea[\ﬁﬁ%l@ PorSfsB MU ERL theHBScFRWAC BYBPYE Ehﬂgod?ﬂb%%' Pb®er
but stil mal ntal Nns a synchronlzatlon st ate. Anot her

mana%ei%li f%ﬁﬂ?eg SR tL@%thPI % poov%lr ng@ a6 %o@%{‘ L hﬁé’e &P and enable a

resource In

faci es_ar ntrol ed as re
sleep Btﬁteéu%m il &Eﬁ%@@t@ jﬁ“efﬁla‘@f B S0BLA s e %{Pﬁh I B enabled to
prom sed | evel s of service according to an SLA as wel |
poweidowhgi ey thppowerfGopsunpiion; far ¢ pdasorgmopisieasource that is not
consunption for the conpute environment. [0038] At the
currerttlynteingf usethe Foi ¢xamplo finy heilpy és¢ ptovajep lforcaliibomatiorestete which turns
servers are beginning to provide some power managenment
down eaggtiind pdseibld hdepr Adeiihiny a et hidiigitioalstaye. A@dther power
exanpl e, servers may include their own managenent

mana én\fv?afcﬁlt li‘tﬁtlu(%k Itl@/‘ﬁ)ﬂ'itgg%fage b H%Bul‘ag klna TR Bower standb?l or sleep

rimarily” bas now e asp ct of

mode. ﬁgs%oqsigt{ageéﬁlgnt%%ﬁﬁles ar® rgrycroﬁil] E%s tgﬂree %/gekqea(f manager in order to

cap S or terva

canmuni cate w th bot h power
both maintain prorntised levels of serv1c?e according to an SLA as well as maximize the

efficiency in terms of power consumption for the compute environment.

[0038] At the time of the filing of the present application, newer servers are beginning to
provide some power management capabilities independently and internally. For example,
servers may include their own management software that allows them to turn off. This is
primarily based on local knowledge. An aspect of this disclosure relates to providing these
management capabilities or APIs externally so that they may communicate with both power
management facility 308 and a workload manager 304 and receive instructions for power

management purposes. In this regard, a system may be able to tap into and possibly even shut
12



managenent facility 308 and a wor kl oad manager 304 and
recei ve instructions for power managenent purposes. In
W hiog/13ksgmr d, a system may be able to tap i Nt BPEIUS2008/071029

possi bly even shutdown particular portions of nenory.
For. exanpl e, e syst may ins ruct a node to run.in

downgaﬂwﬁlﬁanﬁww EERGA I A GRYSITT MRy NHErEa gode fo run in a
gi gabytes of RAM the workl oad nmanager 304 may

low miegory tlete. Sopsaen thoybhtrit merdayo? eigebytas of RANG |the verktpadgnanager
one half gigabyte of RAM and stay in this hibernation

304 ney anseruicf a pdracwlar kddead résgrammsklf downltabgehalf gigelbyte of RAM and stay
the nenory consumes a fair anount of power, the

in thid KTBérAARIH Rtc MEADWOIIEST ik 3atl of REEGE ThERWRice the memory consumes a
consunption. I n another exanple, the managenent

fair arﬁ J{T%ggwﬁﬁﬂletiﬁlgztg%r té&n&:lﬂwﬁr"reﬁpgllltqgéfucépgf\gerodonsumptlon In
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proc S or tu partlc
anoth% e?ﬁ%%%go%%ﬁéﬁg%gti‘[’ 5@ ?'bq%ioglgger{ égg)’gk 3 eler(l 0?(131\1/8?Vidua1

interfaces, In aqther mords an power consum ng
ProCeysERS IR foparfigidayaeRises ehwr% tﬁ’ﬁ’éfﬁi dewgy hygd di“i’fFSe sPiacoyn
wi th a workl oad manager 304 that can nmanage and
periphsoals sush as DVRROMFTharaghiantepes aff interfaces uk athervets, ang power
wi th workl oad, jobs, job analysis, resource analysis
consuatigk Sonpodchiofithy cdrgpute Bhtitsnetnt map ok iecrfased withd woitkled manager
according to the principles disclosed herein. [0039]

304 tﬂanc;alddaﬁdge Rnd otttk @kd. | TigbrEBRS 811 vRdh &Hﬁécub%%h%kload jobs,
hi n the conpute enV|ronnent an aspect of

I
job an%ﬁfsb%g&g E %n?a n% ndasjgvfgth{ﬁ "Lap%%g%&gﬁ%%s e&l 51fld‘bgd'n?1%tﬂed according
ich a wo d manager 304 may ant|C|pate poweri ng
‘mthedgﬁﬁpgsﬁgﬁ Se%ﬁlﬁﬂmer|ng down portions or all of the
or spinning down DVD-ROVe and so on, as a job
[003 9}1 pirs a%@orb cgatralling $kas¢ Hrdigdual sesopecss W@glq the compute environment, an
anticipation for efficiently consum ng the resources
aspectwitthe distlosure mvthatoriinafribese Btatdshes dibfeesnt actjans thme ntay bemyailable on a
be made on a dynamic basis in which once prelimnmnary
predid@i®s ibadio ASwhicE a FesiRload ehandrds Boaehapegtifipatt polerie®swAR ode, or
changes wi thin the workl oad, the environnent, SLAs, or

powe@ﬂ’%age ngértlgﬁsr STEBE S thdRANR e01r ?ﬁﬁﬁﬂgf do%h BYH-ROWE and so on, as a job

nt deC|S|ons and ructions and/ or

arrlveg P¥ as a{: }elﬁégrgfg’tl%o¥ reec)elav I1n ant%chp(:)a‘rfl gnvf\?’er efﬁ%gl)llﬂ}ggoél?sém%ngﬁge resources

t he anount of M needed for a job. Wen the actu L. .
withinthe epygepment oF %H@t@yetrw Renadaehadynamie %F‘Sé%gl which

RAM is actually needed
once preliminary decisions are made and workload begins to be consumed, changes within the

workload, the environment, SLAs, or any other parameter may be identified and power
management decisions and instructions and/or predictions may be modified as well to improve
the efficiency. For example, the system may overestimate the amount of RAM needed for a job.
When the actual workload is processed, the system determines that less RAM is actually needed
and makes the appropriate adjustment and places more RAM into a hibernation state. The air
conditioning in an on demand center may fail causing the nodes to overheat. The workload

manager 304 then transfers the workload to other compute environments or make other changes
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and makes the appropriate adjustnent and pl aces nore
RAM into a hibernation state. The air conditioning in
wa@roodnsderrand center may fail causing the NOUERCT/5S2008/071029
over heat. The wor kl oad manager 304 then transfers the
wor kl oad, t o ot her conpute environnents or nmake other
to accgREYARBS RO ARRAUTIRG MRk BAT ROt $¥fehoated arca
cl ockspeed of processors in the overheated area.
Therefrierthe woekloadhmanagek b Ghetilivah Hgeimagion aheyt|sj cugignt state of the
i nformati on about a current state of the environnent
envircaneenivandkivodkdbaarualor its ksoklzdpd ashye flatneutorklohd teimplement energy
wor kl oad to inplenent energy saving decision such as

saving\h&ikidOsURAWS kv iR W1 p S erRIDWEI orhdwaRYp B parfithhaf reEQFEINRRIn the
within the conpute environnent. Nodes nmay be powered

cornpﬁitg WRviRnniht PREGS d}f%}; bﬂ%@&ﬁ% HO®n ?? tﬁﬁ GARHS iﬂ\i}o‘c‘fhatgdglteﬁsociated

current state an ge o e wor Kkl oad,

. urrent and future S 1 as, predigcted. [00

with tE{e ﬁlg}red]itt ﬁtg G Eﬂlg Oﬁégﬂ\g}%ﬁgﬁg\l\ﬁhg r\)VOﬁJélﬁgcg %881 %16(/%1[, and4 Rllture, as well as
.consunption in a conpute environnent 300, one exanple

predigiet hod i ncl udes receiving data about a current state
of the conpute environment 300. The received data, for

[0040¢ Ragpidmg thaperhmisnbefot mianagieg pewénmgnsungpirangnta compute environment
wor kl oad, current tenperature, current power

300, ohe R amplcinnihoCciuded regidiag datwatboar £curfen@stateaaliy/comee
or nmenory that is in a reduced power consunption node,

envirdHatbn® 900. OThdrec APV 8%, Fof SARTPM, RehyliRQuELAL 8 RlgaitiRd £ c@fent
the conpute environnment 300 may fall under this

Worklg%ir, ?gﬁ%@@;e%ﬁﬁéﬁﬁ]& Egrrﬁg)g%r @(ﬂl%{l%lﬁﬁiné W@%Eﬁp‘cg}%geg 1!11@{ arb¥h a standby
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urces |
envi ronnent . 300. The net hod next .incl udes, powering o
mode Gf TghIOTH R gD AGOLHTEE HEY S SORRITRAR RS £ &) Bifthagshy data
| east one resource in the conmpute environment 300
regardipg g corcRitiate etide vempagtcavEeRMN 200 &4y fall upggs this category. Next,
wor kl oad. Powering off at |east one resource may
the mé¢thod ahdy 78k aoirkigadathat s a&stremhecansaeingnewul@wiptimeompute
st andby node. The at | east one resource nmay be a node,

envirdMBaE $00. AT KOmb@odd n_s;anﬂ@mwdsipm@ﬁd% 80 of Offtod taklin; &dEdA ?bwer saving
aspect, the analysis further includes an analysis o

step fégg% itd QP ctrB&urd Sin R CRANRMO BNV RTINS &Y FHRIBRMNed data and

Wor kl oad managers 304 recel ve and establish a

f 10bs ¢ hat. kl oad -
anaty GG B SpkBRP o SRl e SR B BB e el R e e gt ome

wor kl oad t hat has not_yet consuned resources in the
node %m;@v&@ﬁ viepdmmeage- 3'51%/)3 at least one resource may ge a node, memory, a router,

bandwidth, and so forth. In another aspect, the analysis further includes an analysis of workload
that is to consume the compute environment 300. Workload managers 304 receive and establish
a queue of jobs that are to consume a workload. One aspect of this embodiment enables the
analysis of such workload that has not yet consumed resources in the compute environment 300
but is scheduled to consume resources.

[0041] In another method embodiment, a system 304 performs the steps of managing power
consumption in the compute environment 300 by receiving data regarding the current state of

the compute environment, and analyzing workload to be consumed in the compute environment
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but is scheduled to consune resources. [0041] In
anot her method enbodi ment, a system 304 performs the

W@ R®pA3sH2 nanagi ng power consunption in the CEPEUUS2008/071029
envi ronment 300 by receiving data regarding the

rrent state of the conpute environnment, an
300. iﬁ%wmareamw St s TORVSE GHRIRBEOR ﬁa\t%a%mgﬁfe@ on the current
envi ronnent 300. The system predi cts at | east one power
state andriaalyped warkdend;ang implementsyas pigdisted: 4h deast amedion e eeisemption
and anal yzed morkload and i npl ements the predicted at
saving ed®h 0 e oweare avirsumphti. dihepawiengoraatipton savidgation may be one of
conmpute environment. The power consunption saving

the foﬁ@bm«gn pIRXriRE dORE aGbdé, R weaih avivh gne Gidhng FIONT) s nning down a
node, pomerlng down nenory such as spi nni ng mn

disk, 1%w%ﬁg glé%mgééa%ﬁ% rpg&%r | VW ngdoafnpdrlgd‘f@ il or cplacmg a resource in

povver acl ng a resource 1 n
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2 low @gveps?omeﬁ{mﬁtigsu"? R )G sRIEHCBTEE 4R oRe IR sysom can

nput e envi ronnent 30Q and workl oad as the workl oad
also aE%Jﬁé%‘ili‘%OlFl@%tGﬁP@é%ant@H% ap¢ wptiterdanihe wRHERd conpumgRfesources in
dynam cal ly adjust the inplenmented and predicted at
the comgaist cryirenponei00cod siynpnicelly sdivitrigsindemearcbaykbpredinted at least
the anal ysis of the conpute environnent and workl oad.
one pENE @xamtnhvidy s actiondlabed @dihyahalngs bhe abmpe@hviot@ment and
power consunption saving action may include increasing

Worklgéd 08kd Sasipldot NRaRicHD ?radﬁfstlﬂé’% ra€ ha Gl p@@vepéﬁﬁﬁﬁﬁﬁtlékpsavmg
nodes froman inpl enented anount. Anot her exanple

actlongﬁ{%a{eﬂggllﬁn 11¥c§%a(§g1 otrldggrelflsnr?p%f‘vf\lg %Eg#bgrgéﬁ?oﬁx}eeﬁgdr c&/’d”vv% or C%ov&éesl’red up nodes
om ed a un .. [ 004 xt., th : :
from & Q{nlish S0 BBV AGol T EXTTGE AL QHBEA B ik ersfes ncreasing or
power consu [ For exanple, an idle pool
decreapifigatgetrapint ggmw¢rﬁ<§/ dpyiy Sromesy-turh pyRAYT, g ggplemented amount.

prediction facilities to determ ne when idle nodes
[0042{viNekt, e syetgui 30icbrovideuintadligane poliwiesktb cankrol Pover consumption. For
managenent facility also allows specification of which

examplod@sid ddolol pRahddeaicpafaeilitninddlvied Lglifn@vorlffedd progicast facilities to
wor kl oad response, the nmethod specifies of the nunber

deterrRine 'v&q{eﬁ 1({19?1 es%'ll%v\gé[lifedqg i JREE Wolk 16 &ITBT R ﬂlﬁlageﬁ@ﬁjt facility

pomere en no I's'targeted, targetin

also a[?,ﬂ\gse %paecifocafrjl Ao O Wfl é n&%&] v[}lll é)a?hcs at%ggilf e@le C)pon? f*‘or dgetant workload

em powers stan
respo%sgu Iégeltheqﬁigs%gggp%%l t%g gfl[uglllqlgtkﬂ? gthGIﬁ]g l;u&ﬁ tgxfal lbl6 Enoevgzed to remain idle
and péwhérgzi tu{o IW?l%n tng workload is targeted, targeting node allocation for a minimum
specified time frame. The system powers down in either an off or standby mode idle nodes
which fall outside of established bounds. The system 304 enables node transition throttling to
prevent power management thrashing (powering on and off a node, spinning up and then down a
hard drive, etc.) which may affect node mean time between failure (MTBF). The system 304

also enables transparent power management hiding node, power state and state transitions from

end users and workload.
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prevent power managenent thrashing (powering on and
of f a node, spinning up and then down a hard drive,
wee@onswi ch may affect node nean tine bet wedHPEBIUB200£071029
(MIBF). The system 304 al so enabl es transparent power
enment .hi di ng node wer, state and state
[0043%31# LY BRSNS A 2R DUHPAIGT RGO e ATTRghe system
intelligent policy is a QOS-based power managenent
04 alleyvs eyourpepeol sizhdo by dynamigoly asiyseriisbasedseoup per Q@8 baglklogand
to be dynam cally adjusted based on a per QOS backl og
respoasediniefpons eFdricrenplacinahis .cadeo sonex aoels @an bamahitanabmeower down
some nodes can be maintained i n power down node even

mode W EMweth quatdijehssoIengd &Gic @@o&ﬁ%dﬁ%@%ﬁ@ﬁ&/-\Boxﬁétﬁbostlng is
satisfied. Power costing is another intelligent policy

anothémieﬁgg%ﬂgﬁ kengbﬁgweﬁv e st 1‘&%&?‘? g%g%&ﬁ‘aﬁbl;vg‘é@\xﬁtts
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ased I nte arg|ng
J, user ons . |nclud n ne..of d
consuB%aeBasgﬂ ér}talinﬁg or oaéi %‘gn&(%s %]r lj&%‘u a%lgglgsume of day
managenent may be to illustrate a sinple aspect of

based@wehclaaé&lﬁeﬁtﬁ?g e OhREWI RAVGDasC MsnasRaraMag e to illustrate a
illustration of how QOS based power managenent nmay be

simpl¢ pypicetmdpress. coFputing ampthen praviding  nyire ﬂ@tegedoﬂlugtreéen of how QOS
conputing, the systemnay have a job and deternmne to

basedgowahmadagenttnsinay be ihpleneded. For exampldian a jfigdd tied bRgreen computing,
system may, inasnmuch as a job is in the queue and is

the syb@AMMay RavRtadbb and HEBIYinPIPEE Rt all And S8k ROnRHOW B8 thfi§ob. The
user Mﬁth t he absol ute maxi num response tine or

systet£ 3{ g“&t'él lfar%sasjlopl 1g%ﬂggﬁefuetat{? hsre}%g(gﬁtfoasgaﬁt ?]I%ﬁeﬂ'ig 9}0%69(9[0 seek to

€ 'Sys wer s

provi nOt hl H)Otgg g&%ﬁ&% g&%ﬁ’é‘}@ r s?)ﬁltésleggjgea g}q%bplgé)gsm{)le and if the
addltlonal |ntelllgence to determne, if ajobisin a

nodesqyiegeing fbe Wk jhondhesysteas Boweih damee T ibihg ﬁbsé@@ §ag pghinggargeted
at the particular tinme. For exanple, the system does

for a puoticuddrwmgs. Mathetht Q@ Oipowdreapabmmaghinanta teesystsmquodses additional
just because the resources are avail able. There may be

intellig@f@So Whtefgint Hea REHNR in ABHAGRINEREad9fto PRReGOWRAYhEr to process the job
envi ronment 300 wi | | i nprove by maltlng to run a job

at the ?Qﬂﬁuﬁ?ﬁﬁfec ALk AR e %fstetrﬂ 88cs noPAlwe: g?HBleeco e job within a few

ystem may have a SLA that a partlcu r type
ani zat i on uLres a r
secongnjglstnb 8?.1#gr e%re (0] 1‘86%5 aéer %\éaﬁllaglgt Iﬁlﬁl‘e ma Ul er Ce ge ﬁ%l‘g ltlhen%ower

time o 15 seconds The éﬁa g1can i nsur et hat the
management g th, gEgglpgﬁeéngg?@rget}t improve by waiting to run a job in a

particular amount of time. For example, the system may have a SLA that a particular type of
organization requires a response time of 30 minutes and another type of organization requires a
response time of 15 seconds. The system can insure that the various SLAs are satisfied and
power resources on and off but only to the extent of satisfying the respective SLAs. Therefore,
the system may have a job sitting in a queue for 20 minutes while nodes are also in a state of
being powered off. While the system could power the nodes on immediately and process the
workload, the system determines under the QOS power based management intelligence that, if

power consumption can be improved, the system will wait to process (in this example) jobs until
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power resources on and off but only to the extent of
satisfying the respective SLAs. Therefore, the system
woreaponsmse2 a job sitting in a queue for 20 m NiPEEUSHIS/671029

nodes are also in a state of being powered off. Wile
t he system coul d wer the nodes on | di ately and

the apprapEREITRn B HER MBS MRS R SRR HeUrcgh I URG The
QOS power based managenent intelligence that, if power '

systers § A Orytalsericesaye psiflerifermagion speh asyaoptgdgr that gegptd frent will arrive
process (in this exanple) jobs untilthe appropriate

in the tarquenf alndc dnlyerte erodeaneaty3 Weandowet @crogesaatiedt gensive job until then.
resources consuned. The system 304 nay al so receive

[0044?%1 sioligeriabh@f HRQOSHowkE BaRE rnihapd g ahtRabaydbCissibilities of

7-PCT

ront will arrive in the area of the conpute _
wns SOLERTER (200 181540 RoBLR SRS ALRORLChQUEn R whic

. based.nmana A there ma e possihbilities of
requlrg%ﬁﬁ Bl % loéﬁ%%‘i Eoraex&plg}(eo gnevﬁ%tﬁmaﬁésrg?y Prpwgie 6%‘?%’?01{ to a user
managenent threshold is net but which requires the
314 which igs pB R Lo¥ thatreayires apgspogzaivpe f 13 prroagsingihighhemystem may ask
provi de feedback to a user 314 which has an SLA that
for a vagignéa fsemahe Bepdastbe pirnesodf segingenorgs Tihis wibild of térgse be based on
system may ask for a variance fromthe SLA for the
analy§is16 Padeasodnesefthigorames gyvirohicat, wWadlot i theapiots ehdd®L A, perhaps
based on analysis of at |east one of the conpute
previ®RR WA MBALo 3l ThARis s&nhAS, HY S Em BHEmal-AngRRIRNBRFalog which
previous history and so forth. In this scenario, the
| ial. [ -
oS A e GRS S B Bralth G, ALAXOIGER it
hat these kinds of details would generall set .
would et G ore o8l i i S Bradetien 1806 Wharathe Y xSy jpctude a
~may include a typical response tine of 15 seconds, but )
typical fesponseting of koheeeiiis) it ¢f a parsrbihecshpld\od impioivsd ppY prosensumption
may be achieved by altering that response tine, then
may behaehiSv Al Ioyaaltdarmg|thed ecspansertene tisent tbe fEAanan odlideepagarodters to pre-
departures fromthe standard required response tine.

authofi20dh dépmtuhey frémtie) dtargiant rep@ikrddCiespomyoties a time of
day based power consunption. Here, the system 304

[0045?|A|nt9\’l§,r iﬂ%lﬁ%&ﬂt_ ggfy REHSAUL {iﬂlg ot ¢ Bl lpMW@lx&ﬁllé{llﬁEti(SIh ®Here, the

nost tine-crit wor kl oad during the npst expensive

o BV LSRR B SR oL Pl workons
i G R e A, Sy R o s
may identify a job or a queue of jobs and
costly periods. For example, if the most costly consumption period during a day is between 9:00
am and 12 noon, the intelligent scheduling policy may identify a job or a queue of jobs and
execute the most time critical workload during this time period because the time critical
workload must be processed and the trade-off is in the balance of processing the workload over
paying less money for power consumption. Then, other less critical workload may be processed
for example, during a lunch period from 12-1 pm or later in the middle of the night in which less

expensive power costs are available. Knowing that a charge rate associated with a particular

environment and actually being able to bill back users, which may be individual users or larger
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execute the nost tinme critical workload during this
time period because the tine critical worklopad nust be
weeweasser and the trade-off is in the bal ancEP@r/US2008/071029 T
processi ng the workl oad over paylng Iess nDney for
mer consu tlon Then, othengl |cal ag
systorfSeTh or (BERELISITHS PaYSRMS Wt fi R lﬁWéﬁheﬁ%Fq o the compute
from12-1 pn1or later in the n1dd|e of the night in
resousgps. cfpricagmplex hewencept pongerer costing adlows gompc o4 Bicse credits to be
Knowi ng that a charge rate associated with a
consuped tdircctlyabasedon thennatuge afithcandrkimhd.y Thed, tig sybicm 308 rhay provide a
back users, which may be individual users or

normd| @b&BieTHEbLIHELES wath dRIRANE BRAPEe rd¥BYrcBAVROreRaMpMNMht system
of credit that allows themto use the conpute

304 n{a?%ﬂH&fctﬁéravJ: e FXRH 'alv?romglgﬁt HeRARE R sg/fste rac}f)@eﬁéd {ﬂgt a particular
'ows sone of these credits to be consune Irectly
. on the wor Kl th em
use is g3 et SR ARG dar S ot RS srohS g 8?@118"&%6 User can
W th using the conpute resources._ For exanple, th
also bg ¢hyrgpd é@%hwaé PP ¢ameupedy Tlsaefore, e awavh qfélaﬁ@ﬁ%losure secks to
because the system has allocated that a particul ar use
modej the gost sguctorand ¢hadage eendgérror thantgh pefforeraads eampaing (HPC) cluster 300
processor second. In addition, the user can al so be
and thelpamnge dodtiap appreacciotakicplbnmods ansuwerd . endigehed oliege tidersfor that.
aspect of the disclosure seeks to nodel the cost

[00463 WndHcH [n%elﬁ crt ;ﬂ@h%ﬁ‘ﬁl@luﬁgﬁﬁeﬁfpeﬁﬁur@ BEschivakIBed HRIRA6E. Here, the
conputing ( cl'uster 300 and the power costing

systerf’il ﬁﬂ&\ggﬁg%eea?lgga%nc@w{es [{r(f)glg i‘é)?.llt%ew&?( oaaft(la 8?5{%?41gegﬁ<ﬂssmatlon and
thas g HodiF RO e BTEYE® S CETEat Qe rndee i isadhooniored

policies to distribute workl oad to bal ance heat

inforngptiogivigh Tesprda frutenmastyg dha gyeridebmaragse pa agfualyidisiiibpte workload
the data center or cluster. Here, utilizing the

to parfrorart modes withinatheraltustenthat 4tk rueygag ctml¢raa1lhemﬂlen abdasehattaberunning
wor kl oad manager can actually distribute workload to

hotterpdihtub,Ghé @fstohOetasiniilidinfly b&Rl ‘Gbwst&r wohkibadhasddwhtulgnatic
cool er rather than nodes that are running hotter.

learm%—% Hls?th&hlﬁe ﬁfsﬁfg‘ t%"’H] E@Ha‘t&@ BBliéé t8 $Htncd t‘l’l%vdlé‘t%%%nter heat

oad sed on a tic earnlng or ot her
dlStI‘lbdnE 1. Bgr ef‘xatn eé gf:rt%n %Rbrsrrfﬁ ‘ti?eglz& SE%C?P ce a% n‘%ﬂ bl?e a []o(% trnore gata
jObS may be |/ cifjc an require a | ot .
througl}w%%qﬁ&mn%wg t(pfacrie WK © FEPFOGeSHY S 3?95 some that

processor specific as well as sone that may qp

may rgigp uanide prdyigirieeraents o memempr YhusTdidrend jabs @né diffgregvorkload
and different workl oad

have different resource consumption profiles and thus, different power consumption profiles.

Another example is a heterogeneous compute environment including power efficient ultra-low
voltage (ULV) processors and standard processors. ULV processors can handle constant 100%
CPU utilization with very little heat generation where a standard CPU would generate
considerable heat under the same workload. The same job may incur different heat-related

characteristics depending on which hardware in the same location is processing the job.
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have different resource consunption profiles and thus,
di fferent power consunption profiles. Another exanple

WO 2009/1Bs22r ogeneous conput e envi ronnent incI%ﬁWﬂgUﬁﬁMﬁwnaw
efficient ultra-low voltage (ULV) processors and

ndar r rs. .pr n handl e . ..
There g abS eI005% ooy ST 03 AGTF Gt & A SOpE Eipagecisions based
generation where a standard CPU woul d generate
on knewledeeier eash & Phband ithpet eerseatioawharaeiestsad. The sane
job may incur different heat-related characteristics
[0047¢ Baendiyn theomonktiad madnagehiearaer aap sthbtyseerdd hecatch afoirsation to profile
processing the job. Therefore, the analysis by the

an apSIicati@MbBAt dusd tiskest Wdkldad aaaaisgyvee WHREfHabF Pewer consumption
deci si ons based on know edge of each CPU and its heat
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manager |earner capability would Use

i pformation to, profil.e an applicat, o articul.ar

can lopg 60e{h8rdta{[ﬁocregfea ggdegﬁ[amlaﬁ gzg%fv’igi 1twﬁg][ he@{;\éfg[ l&e? at%itggvg? J[he data center 300
consunption profile it has. Once the system 304 .

when geqcgpsiigiBat worklasdwdhe s7sters A9 At ASHMPRGMhpighe prgrall additional heat
system can |l ook to the data center to determ ne what

to the gartet is@aalg thdat Iwihid wine thasjent ¥4 dre détermingenhatiier 3ip0data center
when processing that workl oad. The system 304 can

300 isdefigy ol over idrdbnd thes axketled donguld Envarvamcheaitsil®of deauthorized
center is going to be. In this way, the system 304 can

tempd@hRrahfne mhalheh dheclaipdaemtias o§QQﬁoH§Lb?—‘%HQoE Par@N&H basis if

heat and thus take the conpute environnment outside of

there %gt cégfeP @ﬁ%ﬁ?&g L& PR AL &nf gf‘%;@hsg S, wes%gﬁoﬁ?? %tﬁtes may be of

mne on a no e or

basi.s .if there is a cooler physical part of the data .
cours SR anf Akl saslt 40 PravarbinNg baee £ aduaily e bf particular

course utilized and anal yzed such that the workl| oad
worklggthwibin angof gatrgelis| of ngkidea narecula chillenpiagooliv e kR 346 such that as

wi thin one of the racks or next to a particul ar
the regrhiréds en therengwohmerny ganédns@héd, shewotkiherd rasnaghe3 (HMesio balese the

in the environnent get consumed, the workl oad nmanager
resulti®i@4ecrapdtatied dBeasd Nehis Boflcbirbga bTRSVIAE VERUSIBE BasSener and

This is of course a cost saving because the designer
purch&Rd oPYE QB&?S& AlirbkiBerft 9169%5 cﬁ hﬁ{f‘%ior A h&e8S o0 bill @& ooling

to over purchase or over bill the cooling system

because.t he rkl oad managenen stem 304 is .
systert BB s Mok R AL OGTRTb o P PGl oo By gyt i rom
ever rggc&}%dﬁ&sga%gf@p&héﬁ%téa]%lpgrg%ee ‘B&% é]edmt r'seig ire]lgélg 8§gtgllolse blegeﬁt of the

~ herein that is a direct cost savings to those owning
princigled displosed hatgindhatiis a direct cost savings to those owning and operating such
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compute environments.

[0048] Next, another concept associated with the above job migration is that perhaps the system
cannot run a job at the current time. Perhaps the workload management software 304 may
determine not to run the job now and identify a location and a time in which the job can start so
as not to exceed the total temperature threshold, wattage threshold or BTU threshold that the
system is trying to maintain as a target. Thus, while temperature is primarily discussed above, a

wattage threshold and BTU threshold may also be the parameter against which decisions are
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conmput e environnments. [0048] Next, another concept
associated with the above job mgration is that

w@2haps9t he system cannot run a job at the CliPeENs2008/071029
ti me. Perhaps the workl oad managenent software 304 may

determine not to run t j,ob_now and identify a :
made GUTERBRS S csRhel Wrkaich MRl EHORmEN e gl Job
~ not to exceed the total tenperature threshold, wattage
migrafipip.eshol d or BTU threshold that the systemis trying
to mintain as a target. Thus, while tenperature is
[0049pin anerthdryasiehics ofiths dtchivaeegn atalagdnapelidyhmasbointhlaneht&Th)y the
threshold nmay al so be the paraneter agai nst which

workle&EinghQies 34 RIRKICh Vbt Migr &ttty bOeRpBGEITERR e@fmple of this aspect
wor kl oad in the conpute environnent as well as job
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this isrppnberkrF@GAampleuthic|jgb ori werkiaad naayl iog dayobpiofids andghuas thewest and
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most adsuee priodistibs ofyhp he@dendrated dyalgljeh mhhdayeizenlincorrect and thus
wor kl oad may not have a profile and thus the best and

modifi@Abn FCEHFAHe MRERHLA LF R j86 tJ DEeW RRhtGENBIBLeELARY, ahB@br aspect
j ob may have beén incorréct and thus nodifications

‘ , ¢ C , . I tion.

invo{ef ety 1erRE BhlchRoR o OBb 20 AT Uep QFRHY Rlized B o v
.generating a rklqad profile that may be then stored

date GUELR etk BF st of ofseuTon! B alitSomibRboR Ui ey have the
di stribution of workload for a later subnitted job

same phymilaaRiofitse the same or sinilar profile. [0050]
Furt hernore, another interface to power managenent

[00501 &oithé¢rmioes aBdthemmteranaivl veer womk gaacht Mamlaogs3 13 dahytanable a
also interface with heat nanagenent facilities such as

workl8hd maRa@dt BOPR N1 @ferfabé Withh@atufitage@d . fadiliti, such adais eehnditioning
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workllo%(g {ofhd nl% R STAlre ngg?‘? dVIVI%llcg H}aﬁgﬁr&%r fngrease Eli}/eini tierrrllé)eraYure according to
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certain parameters and thresholds, the system may instruct the air conditioning unit or chilling
facilities 316 to also increase in order to accommodate the anticipated or actual current increased
temperature. The system 304 may also instruct the air conditioning unit or chilling facilities to
direct cooling to particular portions of a building or server room by remotely controlling
ductwork or vents, for example, to direct more cool air to travel to the hottest nodes. In this
regard, very localized management of temperature may be coordinated through such control of
ductwork, fans, etc. by the system 304.

[0051] Another aspect of the disclosure with regards to temperature involves temperature based

responses. Here, the system would allow temperature thresholds to preclude the allocation of
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facilities 316 to also increase in order to
accommodate the anticipated or actual current
WO puwpaarse] t enperature. The system 304 may al'§pCT/US2008/071029
instruct the air conditioning unit or chilling
faciljties .to direct cooling to particular portjons.of . ..
eXcessjv Mi“k%tz’ ’ H@d%a“gé{lﬁléqf MYIHPBC f @Pﬂ? tﬁlgg]%qlgq 10; armcarly initiate
ductwork or vents, for exanple, to direct nore cool '
automgfad acionsgqetifipgionhe Al dpted SO YR Hessauterateh pefions gy dnvolve either
very |l ocalized managenent of tenperature may be
the cooporadénvabethentitsolfgh tisucinpeanire odntwl faatudteasvhich dramsplace in a data
etc. by the system 304. [0051] Anot her aspect of the

centertreohPote @vitbhmerite FartHsmidde, I IPEE Aok ScatHe ke provided to users
tenperature based responses. Here, the system would

o s S RN o BESL fs BESE e,
005 9l BTG TR Rl RO GELIY B e

the automated actions may involve either the conpute .
capabiy pysgpiicatWifh e Morkipad Ranagsrp et ablgiceorsoptthpmetrics utilized in
facilities which are in place in a data center or
deternsiomaverkinadiiy pronesned isfe pddismpsragyre 6 a owtms eThus, the workload
notifications may be provided to users or
mana@dd 1304 insdyrpdd c@ras atdefandirpardntesn oaf the xoedsid/thatwasat that the workload can
dangerous circunstances. [0052] An exanple of a

only Us€ MB&SahH 1By OA&@eh S ATRADSEr RN HaltitulbP &R0 ldNEmPEARKE K. In this
nmetric capability associated with the workl oad manager

regarcg{gtﬁglcglg%f? %tg%cﬁr&) er{eli]% ﬂﬁ%ﬁ% %ﬁ%g%ﬁeé%é%s%ﬁﬁ&ﬁﬂ@&l tH@workload
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rocesse ure as

. nmetric. Thus, the rkl oad manager 304 nmay place as a

into tfggoguiie ganaheear B A HEous Mo etk SR bfiafsoa operate on
wor kl oad can only use nodes that have a tenperature

the gqn@%metrh‘dwaﬁnwn{ ¢séahligh a thiedokb| therefpise thetcaneepxof tiizing
this regard, it beconmes a standard generic netric

tempegatfuer wettegetoriarBTIe thrsshold it theippaviousty tded gemaricl roetdcs priogides the
t he conpute environnent 300. A second aspect if a

capabilftie§ @€ m@etingAnd hadvidhg o t r@0RY, dhaka@ortBIEU Beddirésponse when
nmetric heating and establish a threshold. Therefore,

procedsitis \Qﬁrrﬂ&ﬁtin ¢ dhidutZdR@oh@pRer ature, wattage or a BTU

threshold into the previously used generic netrics

rovi;des the capabi | it] I Mprovi ng. an roviding a..
10053 ALy 08 PR ol R L B QYT pkcing
. pr.ocessi ng workl oad_in the conpute environment. [0053]
policyafdtrhefe AT BHYBRODFBFRG tuopBnige Wyl &égf@%eélﬁﬁlil tozgllow the
power based workl oad packi ng
maximum number of servers to be placed into an idle or standby mode and thus minimize total

power consumed. Here, the system may implement job migration (using virtual machine or
check restart based mechanisms) to improve packing of existing active workload. As an
example of a packing policy, assume that the system304 manages a 16 core machine in the
compute environment. It may make sense for the system to pack up that machine because the
difference between the machine that has a 1 core running and a machine that has 2 cores running
versus two machines that have 1 core running each is that there is a significant power savings in

packing them onto that one machine. So previously, system algorithms would spread the
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policy. Here, the systemallows job packing to

opti m ze workl oad pl acenent and to all ow the maxi num
WoNbasisef servers to be placed into an idl & BPCEHUSINIGYT1020 PCT

node and thus mnimze total power consuned Here, the

workIRAE iR S o (BRI BS £or fe g S B SHTIrEnet BT FYasy Bylvidual job.

packi ng of existing active workl oad. As an exanple of

Now, ghepsarevey speiFmcy)s iagsdaseopasavingeattiptesigty agaiibms Jherefore,
16 core machine in the conpute environnent. It may

while tiekeokéngendnapert 30d st stesinestto npaokize phet feaformaicdei menay also
because the difference between the nachine that has a

deternding Of tBefcUH A cH afd theasyblBMIBOARIHD @ balBRcing o £AE @6stlof PBvEY
versus two machines that have 1 core running each is

bébn %Eﬁﬁ&t eSmfitd bHB‘ﬂrﬁ%‘é@ﬂhpv%@%ént%@ﬂa& ﬂlréhs%"&i‘doﬂg Also

em o at 0 € macni ne 0 preV| ously, system

i.t hns d spre t hewgr kKl oad out s
incluiy $FTHiS 7 V’f‘?%%ﬁfwnﬁ%fé%gﬂlgg ﬁﬁ“ﬁm%r seryEiPRE egfl%?s and power
every i ndividual_ jobh. nproved system 304
manageReqny gRROTREHESS- J Q%efﬂje,df theuswﬁl@spaplfﬁ voiglogid 9gtq ¢ Hprgore machine,
Therefore, while the workl oad nmanager 304 stil
and ifdes$ystesn vsss pdghhpackingtrégqughmoit peatdes, inithe ¢raypudd srovironment 300
determne if there is a cost and the system 304 adds a
more batanel steratsduiescobé pofcrpd vefrand pRskdgtlQsr @gaigs sirotigtejob
m | d performance inprovenent of maximum distribution.

rn1gra?61§ oBhfiEdINIRd siftetiRiSs BORGEN or Bsd MRy BEEPSIANEbRE t1Rf other nodes

he power “consunption policies and power managenent

that o%@{l%é Hﬁ%&'hﬁ?e wlfi§ %fcﬁ&ﬁbutafi {1 ystem packs workl oad

ore nac € system uses a tight

al gorit t enables in the conput :

100545 B e X R b TCe e BisKBTCoPbBgioBe Htcjopd both run on
power ed of f and provi des | arger savings through job

the sapediode. thyuseBaRy Cxperjence B Vsgepredetipn A persrmapgplecawse of the sharing
| ess nodes and powers down the other nodes that

aspecto Grandosgputd ghviroheiest, tatrik jobadl anld gtbrB bretseparated bhéwp separate nodes,
[ 0054] Therefore, an exanple of the application of

then thi9infayGageaRtthd fowdr doakumptdnchy) 20k, BTRObdardi £4porithe then
same node, the user may experience a 3% degradati on of

deterrRfRES @ﬁgtﬁ@lc@lsbag %ﬁteotg hﬁt@?éﬁﬁﬁﬂaﬂ& Pﬁ%ﬁ@n Bf exchhge for power
compute envir job A jOb are
separated on two separate nodes, then this may

Sawn%%crease t he power consunption by 20% The bal anci ng

orith determ nes whether it is appropriate
[OOSSﬂ&{g?ét a%?tP ﬁ@ﬂ&g@nw&jwc%%c %ﬁf i*?relélxlé ARAYEr ?fg?mﬁ%%é? pactkmg policy.

Here, the system 304 allows automated learning of per-application performance on a node-by-

consu

-

node basis. This allows the correlation of application performance and power consumption to
identify the most effective application to node mapping for the workload. Here, the system also
uses mapping information to intelligently shift workload to optimal nodes. Automated learning
involves identifying for each application or workload how many certain numbers of units of
work are required to process that application. Each application will have some number of work
so as it runs on different types of hardware it will run at varying speeds. The system 304

basically measures per node performance or how well the application executes on this particular
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savi ngs. [0055] Next, another intelligent policy

di scl osed herein is a power effectiveness packing
wW@oIkEg1s9Her e, the system 304 all ows aut omat &P BESINSIEF1029

of per-application perfornance on a node-bynode basi s.

Th| all.ows th reI of 2 i cation erf manc

TeSOUgfidg BB?/\I%‘F S&%ﬁ@fﬁ?@ipews } ALY 'k‘ﬁ ¥R Pa ( efate
application to node mappi ng for the workl oad. Fbre

perfomn}aace PsROSYAr SPBUMPSES. REQYEAUSlY. PYstenndl4 rsimargy determined performance
intelligently shift workload to optinmal nodes.

simplAat oamebace bEanmik ofjtimoyv bl athsr Woldrtliowymagy pacesaghwidgets is the
application or workload how many certain nunbers of

systerH Bbltaf’eo aEconplikh pEscEQRMINGH, the syiaE 864 [doRaht the consumption of
appl i cation. Each appllcatlon wi |l have some nunber of

resou%@{ {fIﬂ%Penﬂ ahdl agﬁéqﬁvﬂﬂa@ %rf(%re%ﬁ}g Ié%@tg%}ﬁ%%&%gay Cgﬁnb&. Therefore,

run at varylng sp

res o r e or h .
the cof ST BEciin Bl B SR OERES p8ert Rt M sl o bersplgritom tha
the system 304 knows this information, the system can
analyzgs tbe%h tugn wepRdlinE as ekl £o PAARC@IS YR 2eBSD Asprcot the total cost
Previously, systens 304 primarily determ ned
of a ppigichiler joln ddus,ithpmpstadteativeeasiafbciont rroeasping of an aprdication is now
ot her words, how many processing wdgets is the system
based@ilppwicoplus cafpliwl tiher, Beedb, thialpcdtiva isfisityedp3@#Hms operated by
| ooks at the consunption of resources differently and

the wérklond HOWa PBRO4WhHOGTBICRRS systdnPwAk it mferlo@g& t& Qmﬁm@lbest node
Ther ef or e, the concept becones a unit of work and t

or anottlme? ﬁ#&%ﬁgﬁ@%g‘%ﬁé@&&i‘ﬁ&t%ﬁ?ﬁléﬁ gs%{lrc% lvﬁﬁﬁﬁ {ﬂ%r@of’x&ﬂle environment.

Zes urn aroun

[ et her to fiqure out t he tot cost of a
WO%E%I*P?@E s Bkl cofl HGF oBivattveiels e eridn,
processi ng of an appllcatlon i s now based on power
managgmeit + Heve, Besustampititigcs wiecaftoe ehargie informaetian toanigrate workload to
infinity algorithnms operated by the workl oad manager
a leasBOpenmye databéraertasedsyrspasmstent andiar tiand oftdaly dascdrmfergetrates. This is
obtain the best node or another different kind of best

showiFIm 4! Tefiid i@l tHe8FQbinGRaVbAldTCcE fEdtges QBRWE LA requirements, and
environment. [0056] Another intelligent policy to

the de®RTh B4t iRAMELY 1?1%%%& LRk o RY Bb¥EsheHaBERNRY kHanother and make

agenent Here, "t he systen1ut|I|zes wat t - centrlc

7-PCT

rnat on t.o m | oad t
1ntelhéen6% d%glls%gs e%ar t8 mlglél%lélg wor er SI osrteé(ﬁ I’l% jiata CFntFrem North

gg g@ed charge rates. Thls is shown in FlI . 1
Amel”ccﬁi4 Y RS IHRST RIS 108 ﬂPWﬁS/CO&éP%H%‘@ PIROPLiPRISS & ﬁn apalysis may

SLA requirenments, and
automatically be performed in which a data center in South America 404 may have less

expensive power consumption and capacity for taking on additional workload. In this regard,
the green management module can migrate workload from a data center in North America 402
to a data center in South America 404 for consumption. Other data centers 406, 408 can also of
course be networked and made available. The increased value of processing the job or the
workload in the South America facility will outweigh the delay and costs and resource
consumption in terms of bandwidth necessary to migrate the workload to the new on-demand

center.
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the delay in cost involved in mgrating workload from

one data center to another and nmake intelligent
Welewbasses with regards to mgrating workl oad PEDDS2008/071029

exanpl e, a data center in North America 402 may have

erature o ower consunption or cost iSs and an .
[005 72%“?%?@ APl R OHRE 1 |d§tat9§ntﬁre¥0r26tﬁ§£aﬁ%4aﬁ%?@qfs gperating and it
data center in South America 404 may have less
happeay prelrspapk upoheurs soRegiast angrthenh theaupradieing dhaiged akqug hagh. Not
addi tional workload. In this regard, the green
only isrEnadmmesttermbdrgigz € b fori the etvepavaeribiuo pethfipsahe asalasra taxed if they
center in North America 402 to a data center in South

use mOREhhc 80,000kl U atCRASYHAE dBNn th N84 celadd 16 S6the [FisdRBons, a special
408 can al so of course be networked and nade

tax rn%)r’ éﬂslu@m &aﬁsrehtﬁe LKeE ?ﬁ?ee. dTH’ fHfe, ﬁfe.v%rﬁff%)gg ?xlraiﬂtg%ér%jﬁﬂcgﬁmunicates

the workfoad I n e South Anerica w |

wito iR e R TR B o R A o SRR R Roren
wor kl oad to the new on-demand center.[0057] I.n anot her

Ameriga 404206 Soufa AR A RbaIsCeAdE Perfprrrdy WhHchehgicatdn dollars as
406 is operating and it happens to be peak use hours

well ais peitiaps pavderandsunimimn and éinpr dap debeilygedctoaletpenlinesvipthar ét is more
hi gh. Not only is this data center charging a lot for

efficidnii @cdoading ameof hude faeahaps ot bey taabigativnetht@y e migrdt@eie job to
use nore than 60,000 kilowatt hours that day in the

anothéladath &Rt € Eved thof ekt 2684t 14500 8ted FiBRBLkAnoltRX dAMRYnd the
ensue to charge the users nore. Therefore, the

Worklgg({, Ifﬂeos%g%ng?gﬁg%gmﬁﬁf} Pﬁ@’%ﬂ?g a&s ﬂ&shthterzﬁ ecg}{%:f g@g th England

a cen ers are connecte

rid located in North Anerica.402 or South ric .
may oisgtircs 1S ek 9l © A GBS POiched (s CHe PhEr: Bamelapd will be
~dollars as well as perhaps power consunption and tine )
duringaff higarsam dioyoslat jergsdirdroas nPeeughetasation is onghgether side of the world, it
efficient according any of these paraneters or any
may bedibimndll¢ ofntht hezheof varp eanlymathe nton@ng eid the pamet gnstadheaper during
center. Even though there are costs associated with

that tiffied Mt M §Rendadndmanide olBouRing adin Whtklcad ihd §stigwlyrly workload
actual ly outwei gh the costs. Thus, the data center 406

that isl bt Eé%?l)l?é%‘ilmq@ﬁﬁteﬂkﬁ% gﬂi %iéhta?soviﬁ{t}khég?g { ‘Bié?lt JABlrity or relatively as

| ocations which, at the sanme tine ay 1n Eng?and

. i 11 be duri off hours in_the other jurisdictions. .
high e, JRErelbteo B8 Pl Q0T BF i ik M PR S Rpymtion
it may be the niddle of the night or ry early in the

Bolds

envirqu}qqf,ﬁﬁabalm t q:]gse&)%ﬁtax gldjeﬁgetrloélﬁ éhdrﬁ Fof Rgerate according to the

desired models. In yet another aspect, workload can be moved based on weather conditions

7-PCT

such that predicted storms can be avoided or data centers in cooler areas can process the
workload to reduce the need for cooling energy.

[0058] Another benefit to this particular approach in terms of managing the consumption of
workload based on power consumption is that with a high cost of oil, there is often an enormous
cost in moving fuel from one place to another simply in order to run power plants. Therefore,

there may even be mechanisms to place data centers near the source of power such as near
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that time. Thus, the system can nanage outsourcing
certain morkload and particularly workload that is not

WO e®posEse2 t i me i ntensi ve and whi ch al so may NERCHES8/071029
hi gh security or relatively as high value. Therefore,

this type of workl.oad can ushed to a | awer
powerid aid vk te Hopns gost lohs 08 o K EEIaIZ; frogia gt such data
under various thresholds and operate according to the
centerg dei inigatpdweridoad. n yet anot her aspect, workl oad can be
noved based on weat her conditions such that predicted
[0059% Woittmeegerals tdtheavniapedf b nogtasion antosy girisdictasl ee nateehs some
can process the workload to reduce the need for

aspecB QP thEctBOE EdYbe praOaBH adiiubR Ehebzﬁ&ﬁf)d if Heﬁlgtﬂ}héhced in a particular
particul ar approach in terns of managi ng the

jurisdfcﬁeﬁ.uﬁplt %]X%Hlpﬁé LK 96?1@6 bgs %gNBE[h %%fca%?%%ttﬁé)&hté Senters in

COSt 0 ol | ere 1s often an

7-PCT

n rom n
other g%fﬁspﬁff? Hogs a%iimfl% fibfpguichiags B Ao RAE R PRSP be received
ven be nmechanisns to place data centers near. the
from féls @Fl@é ¥ CHYRSVIELICHALS t‘hTélﬁF sevieer plemisolrnr ek peak
mnimze the cost of such power and maxi m ze the use
consugiptisncheit avalabiiy érpréasssing gorklead, et $d osl. Spododdrmation can be
Wth regards to the concept of job mgration across
retrieyadrfr@tls6tcr oskloaembndgerst (388, 3R0NEIGSPech sammé wolldodderhmeger that
can be practiced as though the nethod if being

receweg Bfeldatlr aaa%exﬁ@frsgmv hay, prar Bl vt isqR F1GoL) 1ﬁ>g@5g}hﬁncauy distant
the data center 40 North America may view the

locatlgl%r.] tﬁl‘iﬁ,b% Wo %ﬁ%ﬁf érsasgcfctlit?c?vvm fdhﬂ c%ﬁte} E‘&J&!ﬂ Ijgéelllesstate

roma ormati on can

received fromt a.centers w

inforrmpgtion fordata c%qrs agﬁl Z\R/g dg?)lé pé%&nalypﬁ &an ?nggo%meg%alancmg the
consunption, their availability for processing

POWCHEIRITBRIENN, S0, i§dividiat est BuaneTatipb Pfdeth ond sarkipad to cach of the
retrieved fromsister workl oad managers (318, 322,

differésit @atapeniers amdsafertimoTkisoadondnal@manigdratsspaeted wath ddteecenter 402
data for data centers (320, 324, FIG 3, or DCs in

can thEtc@ore astdof) 89 gffpfiabdrithmelidsteanine v et OAS othEhda cénters
wor kl oad manager associated with data center 402 can

provﬂe@ G 1Y18st%tf@élgndg%f)ﬁl@ﬁﬂl@aﬁd‘{rongﬁﬁﬁ %ﬁcé&%}ere 496this regard,

l'ysi s~ canm be perfor anC|ng t he
assumD ?é’@ a(gl 8&2?} rﬁ\%%rl 1%?%% &1%? 40g ﬁent}gfd et%ﬁaé tl%ds ?Sqt!e e}];)e%n Eiue 4 ttﬁe of% peak hours
Whlchg\gglgg &)g%vg(i}:dt%g ghefag)rggt goggglgﬁl tﬁ@ Qfork r?lalrlreﬁg%? asesgmated with data
center 402 acts and outsources the workload to data center 406. Following the consumption of
the resources in data center 406, workload manager for the data center 402 then receives the
results in terms of data received from the data center 406. There can be various mechanisms by
which the state information for each of the data centers can be retrieved and utilized. In other
words, there can be a single workload manager or multiple workload managers that manage the
state information and implement the algorithms which appropriately distribute the workload and
if necessary make job migration decisions. Again, it is preferable that these decisions with

regard to where the workload is processed are preferably transparent to the user that submitted
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can therefore, based on its affinity algorithns,
determ ne which of the other data centers provides the
wore@b/18593 ci ency for mgrating and consuningA??Eﬂnmzmmm7un9

resources there. In this regard, assumng that a data
center in England 406 is jdentified as the cheapest

the wirloao Thie o1 153h deyRISHE B U e Py BIGU ISP R Igad to a local
cheapest cost of fuel, the workload nmanager associ ated

compyie eAVigenaené.drit grouginthe pekiciemandaenypur easiontbeeyegs rriieddata
to data center 406. Follow ng the consunption of the

centems gthowocldsad miglate s ankBtpesced@d,at abodatiom thr destead &onf the dhfaeenter
data center 402 then receives the results in terns of

whichdHgnd1§GetRMA the esietvigoriat RqeRh iR resd@fees. There can be
vari ous nechani snms by which the state information for

[00603%:;11%%0&1?1{1%}‘][%2?1% iﬁ@&ftl%ﬁz?lﬁtt%ﬁ tdoa)emreﬁltoﬂio?YﬁQagﬁg Ithee consumption of

er wWor ere can be a s

wor kl oad manager or nultiple k] oad nagers tha .
resoufft KB CRRET P b Rars AL AR IR Rfe ihBlved in the
.algorithms which appropriately distribute the workl oad

practiggof the meghads iy ShopRkEe mashad IgF IHdesTRORIEEINgG 3 Hast oRg PO er
it is preferable that these decisions with regard to
consuwipgipe pafagcias itk theadmpstepmytessent (502, gisteibetisgivprkload into the
transparent to the user that subm ttedthe workl oad.
compuib ¢ayirdrigent a€least i0pdrt Based oh élic &heust @tdgaonisiredparameter (504) and
submts workload to a | ocal conpute environnent, but
reporfid¥ RYUAR (56). pol i ci es and communi cation between various
data centers, the workload mgrates and i s processed
[0061£tAsaca£ %? %(Brgaatfea ':[hegé fﬁﬁ)?&tentf sre%pa{ lﬂﬁic%%p@ i Bl ?ﬁce}é\@bﬁgﬁcienﬂy
rigina erve or

t
recei e reservatl on or reques

resources. [0060] An_enbodi ment of the jpnvention :

managigg 2CaUPH(G e%%‘%’h%- G ‘ﬂ“éﬂ? th@h@a%ﬂé@ﬁ'ﬁ?‘iacﬂ‘?“{ﬁ% regarding
resources within a conmpute environnment. FIG 5A

powey ¢angemptigreands thEperaire cax kayyonitpyed gbrepertedyanddiofl thecempute
of the method. As shown, the nethod includes

enviranprint axd mgnyapoweast! tonecrpowere] aahsocpins omtheaoeapeteemvirnnment
the conpute environnent (502), distributing workl oad

includifi €odling fEMR4t3R 6eBY bé OsHTRINed ahd hasdedivia pafillodiangthgement
the at | east one nonitored paraneter (504) and

softwirg ROkt 'A%Qoﬂaﬁ%w, bl 0 dethddOdiriSnt€ B (ﬁ’%l(ﬁ@@ heelat ed
these represent several basic steps in the process of
f.ficientl nagi.n te. environment. Jlf is .

[oo62Fapaftiet e po g Bied et disGouist RISt tngalygs pjver limits and
power consunption and  tenperature can be nonitored and

caps. r}g’ﬁ%rﬂﬂ%ﬂmme% 9 aise d%ﬂnptm wattage limit or cap on a per user, group,

project, department, job, etc. basis. Thus, any parameter such as a credential and so forth can be
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particularized and assigned a power or temperature limit or cap. Another aspect involves power
prioritization. Here, the system can prioritize “green” workload during the most expensive time-
of-day periods. In this regard, the system analyzes the actual workload to determine the power
consumption that will likely be needed in order to process that workload. Here, if a particular
job or workload is anticipated not to utilize as much power as other workload, then the system
can prioritize that workload during the most expensive time of day periods. As an example of

prioritizing green workload, the system 304 can perform an analysis for the workload to identify
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envi ronment and many power and tenperature related
functions in the conmpute environnent including cooling

wo awolistshes 316 can be control |l ed and nanaged REBUS2008/071029
morkload nanagenent softmare 304. Accordingly,

mul 1 i th |nents are disclosed herein
that a peigisyfar SRR Pamouab?f TSGR Bt HhHkload can be
di scl osure herein involves power limts and ca ' '
proceyged duringdiegyast expeapispliers of dawr Haepy theralgasitian c\mg@ teive a particular
limt or cap on a per user, group, project,
workldapatiteeated 4fHhity bised ob agtiibutesT telesed t@arthe prwvarmhmmmmrfor that
as a credential and so forth can be particularized and
pmiwaﬁﬁh@ﬂﬁghdi power or tenperature limt or cap. Another
aspect invol ves power prlorltlzatlon Here, the system
[00632@?(} pﬁk ﬁfu’sﬁét%?at%cgﬁ %Qarn : éﬂ@dj I‘Hl{ﬁ WarthPIE ?ﬁethhod is for
xpensive tiIneo ay p I'n this T gard
em anal yzes t act u d
managh2 BEVEEME Pﬁ%mtahcgfn%?ﬁ rRoRS o Bkl et HEpiving data
to process that workload. Here, if a particular job or
about RsuRERATRLS 8f &AMRYtH SREEPIRAN {2 Ot N%tz@leégst?méﬁalpfé%éhe workload
as ot her workl oad, then the systemcan prioritize that
of thogppewtandlst cdusuintigs rdseungesin thx pamgity entiiommeonf (3ddyand modifies at least
periods. As an exanple of prioritizing green workload,
one relsbigres tsthe BodPdic canir@andnd basedwnahateysived Hak ahdehe analysis of the
wor kl oad to identifythat a particul ar workl oad w ||

WOI‘le§@(5q 41, OPh BB atRn 18 RAAGY tSethsy ARkuSpedh. V‘I‘ﬁrtﬁls Q@ﬁite&‘taﬂle
be processed during the nost expensive timnme of

resout'égg EJ thin}fie Q#rgﬁlv[sté %as e%%fnr iﬁ%tl ot% yygib\éfud tlpead’oqaltxpt%lt'é %EQurces such as

7-PCT

ased on a
related to.th consu tlon for that. particul ar
proceyBF A PoBEAHriese SBE<I47H 48 OF JHbYse o REPdG i gental
nmethod. In this exanple, the nethod is for managi ng
resoutgewwiich @ A GApdIfioNng Hnis, Eowplis. eantralpphenflowTedersiertricity
i ncl udes receiving data about a current state of a
providedrip tiieecneirenmomntraadtso (& 110) Thakefete, thehmnsgpg b€ modifging 2ekast one
t he workl oad of those currently consuning resources in

resoutcB én RPHipateAVIrbANER Rhcdbaesaiichmsdt Vagsusddonpeasits within the
one resource in the conpute environnment based on the

entire cgﬁﬁ'ufé vHGhRe AN ot &&n@@'d&d@u@ atl10Rt YR KL QR ﬁlﬁﬁéléompute

flcatlon i's related t energy consunptlon
conte urees

env1r0nrnen‘r[ an 1nﬁgelv?1 Btacmlgl a(t:2 'f'ea%t Crilgw? h ogv n%O\Yer s@?e %r uprowerlng on or off at

envi eres

such as processors, nenory dwi dth, disc space and
st 5 ROC b YPIY 68 AL e Do AR rommmbnt can T olve
increasing the air conditioning in order to maintain the temperature in the entire compute
environment or in a portion of the compute environment at a particular level. Modifying the
compute environment in this case can involve directing the air conditioning units or cooling
facilities to increase cooling in particular portions of the building or server room by remotely
controlling duct work or vents, for example, in order to direct cool air to the hottest nodes or to a

particular portion in the environment.
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resources such as air conditioning units, fans, ducts,
controls of air flow, wndows, electricity provided to

W hwoasnshr onnent and so forth. Therefore, the“BPONUSINS/071029
of nodifying at | east one resource in the conmpute

10064 S BRORES 0 e s s Besg e SRONPUT ey 1 egonsumed in

exanpl e, nndlfyln at | east one resource in the '

the coemmﬁ@renmﬁnmde%ter@a thd sieropfsogifarg g ahtcaptams tesghece is based on
node in a | ow power state or powering on or off at

the ret@ast dasnandtbdenalodof the ngrratt woekletd ambthe dstotr werkicadt he
conmput e environment can involve increasing the air

[0065¢ @A 30 ARisftftes BndMhdt@karhpleTRdthd Bérbddi@chie IRRE ahsl§Rtdnlmanages
the entire conpute environment or in a portion of the

powelcw (ﬁpﬁ’l'tflé) @ﬁv@on Lbffgc@lfvﬂgeavﬁlrren{\@?ﬂ feo¥'tﬂbgcompute

ute envir nrrent Int case can |1 nvo

7-PCT

e air c ditionin

envirqligfeFF 4200 Py EIBR e GRSt b Pt Blranmang (522) and
of the building or server room hy renntelg controlling

prediciing @t {ggstiong povemoglsumeﬁwrés@ar&a 8@“011 RassA @8thg grrgpnf gfate and analyzed
cool air to the hottest nodes or to a particul ar

worklpat toi berconsumdreingh coropute envifcdoea] (SPAL et Heeritbarloakssto future
further include analyzing future workload that will be

workleahthaniB dchadutedeo bo opusume fiv the@ompate canttonheitaind ndkes a prediction
step of nodifying the at | east one resource is based

of at l@z%t Bﬂ@péﬁ&%ﬂﬁgnﬂﬁﬁl%a@iﬂg abtiéh RREd ¥ it Qtfrréntﬂ @tafé‘»hrs e as the
| oad and the future workload. [0065]

analy%%%il #&Lfoﬁh 8o P0Q Eﬁ)‘fg v&ﬁéﬂ'm g&et &O 9bse q?(%j e@cﬁst tﬂd‘?gs scheduled to
ystem nmana ower c e co
enV|ronnent by receivi a cu e t f i

consugg HANE s m}hre&m%mm?%% i e 39‘5 -%E RisFlitsatimfcgsiye. I this case,
consuned in the conpute environnment (522) and

the at hgaslonetongT SensUBREEN sHBNDHNSR ceb HyQHstadBtiB@a therfstribution of the
action based on the current state and anal yzed

worklwed #icb alght o tfidient cbinslomedliage proecsorspat de @ped mrthentnn standard
(524). The algorithmlooks to future workload that is

proce$6he Fulr@ermicre el daRASLITESNd danttiGaledItRatiage BG\Huk€ BRI on power
and makes a prediction of at |east one power

consuﬁ@ﬁ%ﬁ' 'B‘Pfll)a@@d ﬁgi’eigﬁ%rﬁ&te! ®Qr Q@a%gg dq{ﬁo@vlﬂfg thit4l ﬁe%mntéfsﬁzte%vorkload is

as t Iyzed wor Kkl For "exanple, wt

d
sched%llgg tQ COHSH’E ¢ reéggrcle%mathe ﬁn\{l onrnent tﬁ' ?‘Yrsrgeﬁl% ca%nﬁmf‘roguce 1ncereased cooling

consu EhviTo
predicted to be highly heﬁé intensive. In this case,

into tharomputq enydonggat %&mﬂl DFEPTBHC SRV HNSRE pihghs sugh workload is

i nvol ve adjusting the distribution of the
to be processed. In this regard, it can save energy to pre-cool the environment rather than

waiting for nodes to increase their heat dissipation and then cooling them back down. Thus,
such actions both within the compute resources as well as the cooling facilities can be taken
based on the state of the compute environment and workload to be consumed in the compute
environment. Next, the method includes implementing the predicted at least one power
consumption saving action in the compute environment (526). Other steps can include
analyzing the compute environment and workload as the workload consumes resources in the

compute environment and dynamically adjust the implemented and predicted at least one power
28



wor kl oad such that efficient ultra-1low voltage
processors can be used rather than standard
WQe®easser s. Furthernore, additional actions’ Eeer/582008/071029

taken that are not purely based on pomer consunpti on

but. based on. t er at Far aqp know n t at a
CONSURREON SRR AGHPE Rol 8 a?%ly% hi@iﬂ Ster eAdBeS ccrease the

resources in the environment, the system can introduce
numbgrrRiinessErd dasel 1asgs RGN Ml erBeRtest @MU OF eFmIBAcassrorglecrease an

portion of the conmpute environnent where such workl oad
amountftpoweeedploemassmdry fkom himpleegated anicunt dfurth@usorenthe gystem can

to pre-cool the environnment rather than waiting for

also iMPEIRE of BedrlGE GASIEMERRH KtePSadalitlk SEHABE cOBlingTalcilii@ or can make
cool i ng them back down. Thus, such actions both within

I
i 8o YL LRGSRy ASpHEl oSl 1583 B opgemnd e
andsog) ute environnent and workl oad to be consuned in the
te environnment. Next, the nethod includes
i npl enenting the redlcted at | east one power
[00664 bnanpiiariaghect 445 W@teab@%}ndﬁcqw 1 AETEH RPN EECBAVNPIIERE in the
(526). OQther steps can include anal yzing the conpute
competaghyioenmeant, aaddnelyrkuadd gobsspledwsdkd cambunenssomesss in the compute
resources in the conpute environnment and dynam cally
envirc@cns hnd then pradice pewtecbnandptisredthet etdeat ones@he ginsied jobs is
power consunpti on savi ng action based on the anal ysis.

consufRg i MRIBMpeRtnvii6hBaHe F%allg'eﬁl% eRSKod MO INIRAKuATng the at least one
power ed down nodes froman inplemented anount or can

job in tﬂecgoqlﬁtﬁe Qﬁ\iudo%%{eﬁ?%ﬁh% aﬂ@a‘dﬁéne ov%?‘é@ﬁs%grtp%ﬁ"ga sl hdtion. As
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anount ernore

n al.so i.ncreas r decr.eas nented ste
noted GBS Hi A1 i0R TERG N JET G R UG BITCEH Tt e compute
nodi fications to job mgration steps or a transfer of
envirqpapdet pavch as athgiegeaipat @velyingenigitingenttapsigrhesvorkinat o new arcas
[0066] In another aspect, the system can receive a
of thecuvremhen onear othcxrmudmnaudrcesttemc& atlrer tchmpuempuirenments.
envi ronnent, and anal yze queued jobs schedul ed to

[0067¢ NG UTBIuk @S0 B&S/otHN60(NhoGaRPverab fdtur iR disdldsidrb end
predi ct power consunption when at |east one of the

dlscusgﬂ)%lé%fjfdrtﬂ%o{fé KRS WERRIoLA n{alﬂg & BOP Wiafa SR dt tof workload in

Finally, the nmet hod 1 nvol ves consun1ng e at | east

cluster ﬁ&6 j W%thm thls chus rr%rnpu o% &rbvsl raxgvﬁ%e %t%nsvl\lnmkgg ng%rtlaulabse? 8% resources

t'7 M savi T
within t@ﬁ.ﬁ&stﬁr 58@ %/16 ?l}pgg %‘?ﬁ‘a{] a%to{feo rnelarteesl tgtj oebdmgg%atgg]nefrom one portion of
the cluster 606 to another portion 612 of the cluster. Thus, using the principled disclosed above,
the workload manager 602 cither alone or in connection with other software or control modules
can receive at least one data point disclosed herein related to power consumption and provide
instructions and control to manage the location, timing and so forth of the consumption of
resources within the cluster 606. This portion of FIG. 6 simply illustrates how one job can be
physically migrated to another portion of the same cluster. Also shown in FIG. 6 is a cooling
facility 618 which generally represents air conditioning, ventilation or any other cooling or

temperature management mechanisms which can be employed in association with the cluster
29



environment as well as other actions involving

mgrating or transferring workload to new areas of the
we@eapnsseent or to other on-denand centers of ™ RCTES82008/071029

conput e environnments. [0067] FIG 6 illustrates a

606, BEE e oD B bl S5 Qb B R e s wen
manager 602 manages distribution of workload in

as Vlaéhfulsuﬁeﬁomobe chppteniorthe pihsr powrstcensumeption;fagiliBasolismesed akgve to
consuming a particular set of resources within the

achiewd ths peipoé3Gind Preccsssp dotlosekioareibed above rel ates to job
m gration fromone portion of the cluster 606 to

[006832040) 8§ hddckh @btc8 1Bowf, {)db@ Qahlds be Emi rht¥dSrontl ShO@uttBe606 to another
prlnC|pIed di scl osed above, the workl oad manager 602

clustef 562{]@1{ Qﬂﬁf@{heferﬂn 6PNARGE, 98 WiafsB sHSxQ?QnogPth\mﬁl%a@ manager 604

cont ro es can recei ve aft |east one ta polnt
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el,ated to power ..consunpti o

commblpbc\a}{losggth gzsfllﬁh\g?ﬁk gnéaﬁlgg%ro a8|wetll as gseparate, 1@?&%08 A cooling

| ocatign, timng and so forth of the consunption
facility &2 iy al e ShaHn ﬁm@lﬁ‘@tlelp Wétthéllussem 603 THIG et 118%8“#16@% example
6 sinply illustrates how one job can be physically

wherendagg paietd aroreagiveherth pegardsdn tafipariferesase aotl ue fath asalisrgssed above,
shown in FIG 6 is a cooling facility 618 which

and ifgeheskdll ys mep thes et Sysent cananigidte fobi 619, frote Blusteab0® @iister 608
any ot her cooling or tenperature managenent mechani sns

and cOMRLAR AR sABcQMUGY 8RisicP 6 @S SIAEe Aak R g 11W0tcBn§1ﬁ‘&atlon the costs of
cluster606. The workl oad manager 602 can al so

I |
mlgraﬁgggﬂgl ﬁ%gv%r %(J]?c?%!s%gtr%t\%&? lfn?%ef Ceht ée ‘X)voot (#§st9f§,ot% Irsglstern
o SRR B 0 RS RS B R

as has been noted above, jobs can also be nm grated

progrimgad gHe its Rigetidymsg e no'ch patsHEDtien sstiegs jBgEica Hie migration. The
consuned therein 614. Thus, FIG 6 al so shows anot her

particwer &dndemiratmnad &G 60dancdmourse batltergd bo tvouldi ierknpwamkd dade of skill in
manager 602 as well as a separate cluster 608. A

the ar€ O@ricR@nplRCihkict 3an ®2Q sirfl@InSan &I E M woiklcad MG ERatWah Manage both
cluster 608. FIG 6 therefore illustrates an exanple

clustePD &R Es PRI, PALPAG sBEEn 'ir?ﬁl%' ‘rje ly‘dttvg)lu'ic?g@ﬁ 1{ those of s(qull in the

tenperature costs and so fo h as scusse ove,
t,hr eshol i.S the system can
i A S P AN A o
r esour ces 614 IH ¢l uster 608. Here, into

Clustqr RSP ¥ersapt g1 AR kngendesoures r@%%?wﬁlﬁgwnagﬁ thofrtload

across a network link between the two clusters, the
commgpppen and implementation of workload onto the nodes within a respective cluster. Of

course, FIG. 6 can also apply to on-demand data centers, grids, or any commodity type multi-
node compute environment.

[0069] Generally, method embodiments of the present invention involve utilizing at least one
data point of the type discussed above, and based on one or more of those data points, making a
determination according to programmed algorithms whether to take a particular action in order
to improve the power consumption for a particular job, group, and so forth. Thus, from the

disclosure above, there can be multiple methods which can be claimed using the variety of
30



wor kl oad manager 602 can i nplenent such a mgration

if, according to the affinities programred into its
W@b@onstshns, the power consunmption savings jUSeET/UB08/071029

the mgration. The particular configuration of FIG 6

.can of course be alter as woul d_be. known to.those of
moniGRAcF IS EH QR b &hipralety ef e bpes o asRgy which can be

i nstance of a workload manager that can nmanage both
taken o gl werkloagdnde shistesrthe coodingdagibticss Hgwneigy minagemecentrol

but woul d be known by those of skill in the art is
capaboiek)] amddo fentlager s typically work with resource

managers such as TORQUE, from Cl uster Resources, or

[0070?_% st foeth abeaMA niBHOHIECrelaPRINPPREativib BV BRAGRSPoRed herein by
i nal conmuni cati on and inpl enmentation of workl oad

refereg G%%J@g{?@gﬁ%g%m&%%oﬁcép%dﬂ?&&éeﬁglegﬁy§a{nege a%pgric&)‘?é"guﬁieblended

apply to on-denan ata cen S,

. ri or _any,c di type nultinode c te,.

with 8 of P s 0RER ety P B R B htinclosyre. One
the present invention involve utiljzing at |east one

examp|g Of SH; ACIgINg HENERZY COBIeEVAQ derhalsygein Werylogd sespagsment and
one or nore of those data points, making a

particulet egnepiaticorpaagied heicimgetates o by admdigatadrgiye i t0AND,339 (Attorney
whet her to take a particular action in order to

Dockétny. 0V e-00he). pihieapptiomnsanngitdlenas imellige ard-stagihgof Hab in a compute
group, and so forth. Thus, fromthe disclosure above,

envirdddRhe TROcdMR ety bisbidlsed MRERPRSatY Gib1GERRt BRa 6udf R Ene” data pre-

using the variety ofnonitored or reported paraneters

‘ ‘ . £ di , ‘
staglngﬁlllégﬁblum gﬁlevl?srﬁ PRl cghl%ﬁ[{?%gla%% ? ﬁée % all'}*g]?ltg 'ro? Q?}heechamsm to
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can be taken on th
. copling facilities, the ener managenent contro
aChle%ea‘%éaoP Cro{qesss 1S i 8esEte 8 rd?‘ﬁ.St%WﬁTef%@ogee@ﬂf% 11 {5 g gompute
a nunmber of related applications have been
reserviaeibr HEPEPEE R eEtionispn pepae Bnwlaich THEOGSHOF gya group of processors are
conservation concepts di scl osed herein can be
reservagp por peafolmingribe bdremdettbnparhomofya Eheryitgonc oh defptstiging reservation is
di sclosed in the applications incorporated in this
disclogédsel stiiethe GdMpakaditréatdh i E Bpfopkdte hgufof &Ry igorder to
conservation techni ques in workl oad managenent and

o Rt RSB GO ATREL e LRSS g e b 1

. 010;0019) . This applicati di scl oses i.ntelligent
his i BRR g i  PR :REP B B RBC G e Hbhrces are ot

ts di dth [ late to iptelli t t
needeaﬁlagl(et pﬁa&a:sfs?ég-soi}g{eéerﬁg@ \ga{cﬁﬁgn ﬁwoﬂfe: or %xarhglg,nreceqsing the process

data from an analysis of a nuclear stockpile.

[0071] In addition to the stage-in reservation, the compute reservation and a stage-out
reservation, an aspect of the present disclosure can involve receiving information related to
power consumption and energy use for these various reservations. For example, a data stage-in
reservation can be established prior to a compute reservation which is timed to provide the data
in a just in time mode for use in computation. However, there can be modifications which can
be made to that data stage-in reservation in which power consumption can be minimized while

also maintaining adequate SLA performance on the particular job. For example, if the data pre-
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that optim zes the use of diverse conpute resources.
One exanpl e of a nechanismto achi eve dataegre st agi ng
WO govo3gener ate a data stagi ng reservation edfP¢BUSINS/071029
time to a conpute reservation. A conpute reservation
can be one in which a processor. or.
staging wire EuQfoUr WO sagey ggnqug}ptlﬁg rf HP‘iH‘?ﬁfge ‘?ﬁﬁgpr@oﬁﬁﬁﬁ%&@dﬁlhm a
portion of a reservation. A data staging reservation
relatlweéy largecinemed of povesran gpnarpte caensphed. Freewy Sxatipbn thadaghpre-staging
appropriate anmount of time in order to provide the
may noebessalighethtodbe(jligtuis timerbut theelh)a dao be Ipec-stagqaiute minutes in advance of
resources for processing the job. In this case, the

the colube feQFOMIIHEMdGRNWBEKISRISBAINASEMEMIal @HIKAE Ma§ Meiabk to maintain
since these resources are not needed until the data

I
ConfO?%%%%t?ﬁﬁge PRArERLA0 oEREC pORR: LIMEUNR iy Ry RIEREIR e comput
t ock ...1 007 addition to the stage-in
en““?%%%f@%??8ﬁ Iﬁ%gﬁ%% ﬁyél?”ﬁgrvation and a st age-out
eservyation, an aspect of the present disclosure can
[0072ﬂ R\h@qe@ge,ﬁ@ééﬁwﬁl@ nrwflé?wtlilaﬁraﬁlewflw Yasiahete! which are
consunption and energy use for these various
concervabley inawhioh the dpoimisstwisl goritkimsleanainshude dhei emergyrsenseavdtion affinities
can be established prior to a conpute reservation
and mak¢ efprogridte oeshgtOwphiavthdenvitoanmdat ia dricrao jakstthdsa adlditienal
node for use in conputation. However, there can be
paranf®RK Fl A& 10QRS eﬂ%‘ifo%ﬁleﬁﬁfﬂt@g‘ccﬁﬁtge Tth@retf(tl@t an@éﬁa@h A5A98ed With any of
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reservation in which power consunptlon can
mgﬁ”ﬁél’é*fﬁ%ﬂgfé%ﬁ% L -

wvail g el R B ffml%ﬁ@loﬁéﬁiﬁé“#a@ggﬁﬂa@%w clpllspla soswonents

a relatively |large amobunt of power and generate excess

with rpgagels to novesh eosREREPR and feangEtercsp akse g pAilystadysualbes gllers and so
established to be just in tinme but the data can be

forth, px thespaigrdoftany ofrtheutcesidng thad wenuadeodith teeacis nipwibekload management
reservati on and the workl oad nanagenent al gorithns nay

in anylsf tAdhplicetidmiindorpdtaeaNERIMbY pefttide. t he SLA agreenents
but save power and reduce the tenperature in the

[0073;]3 @Mhﬁne%é’ &Hﬁl”fﬁé‘% o?@%?ﬁle%es%nﬂﬁg%ﬂtioﬁ%ﬁ,@ o SRR mputer-

hIS 0072] There exanp e prOV| es an
many variations

el tr on m@

readablg %B Farr}hn% of faving %%mepu (93 exr%c%ta r§ttg[:tlonrslot1r iqata strgctures stored

i nc e the energy conservation af{ ities and
thereogp ;ﬂ%g FPRPECETraEe R ot B8RP Brshs tehcisngretcopsyed by &

t ake these additional o
general purpose or special purpose computer. By way of example, and not limitation, such
computer-readable media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage devices, or any other medium which
can be used to carry or store desired program code means in the form of computer-executable
instructions or data structures. When information is transferred or provided over a network or

another communications connection (either hardwired, wireless, or combination thereof) to a

computer, the computer properly views the connection as a computer-readable medium. Thus,
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paraneters related to the environnent into account.
Therefore, any data associated with any of the
wo paonpsent ed applications can be nmodified i N BCEHUSI00$H71029
nanner to take |nto account all of the avail able
consu n i nformation tionally, the .
any SO ERTSGA PONDBREGED %ﬁ%ﬂmgeweﬁﬁadqlee@a%@ tGPrpRiasions of the
consunption and tenperature can al so be adjusted, such
aboveas@O@lﬁrgl) odregnelndedswithia thascopaot the cemprisxtcagtblamedst t he
deci sions that are made wth regards to worKkl oad
[0074revage rerkecunbinystaktidliendplel foe akingis ihsacotiq@onad daa which cause a
herein by reference. [0073] Enbodi nents within the

gener® GORRsOfonbRRerPIRERIMurpIIY €6k p @8r, GARpclaBgur elpust@ssing device to
conmput erreadabl'e media for carrying or having

perfot%?ﬁrpéﬂaﬁ{ fuﬁ&%ll'gr%l%lﬁn SATSLdGE | @&%p&@r—&%&?talﬁ& [HELAHBS also include
stored thereon. “Such conputer-readable nmedi a can be

progm%%o%vl%é hable e!Je%Q & b& St%Ps iR ‘?mﬁ&%l%ﬁggﬁné%%o&f&%ﬂg&ﬁém&

rpose Oor Speci a rpo e conput er

Geneﬁ%iyd P ogaaélh mc’ogﬁlg? tng élldﬁﬂm tﬂ%tnml 0 njfoggéxﬁs ug hR%RCJfO Iﬁe rﬁ{_ ;Ijr e%?sd %ﬁ]‘g ta structures,

k k h

A R o A
can be used to carry or store desired program code

instrugapgsjosiatealafagimr ofes codmuesim exelss aiirescisamples Pofs program
or data structures. Wien information is transferred or

code peapy ifctedeavieg sapnetthomicthods dindoted hegomitini peatdutansequence of such
connection (either hardwired, w reless, or conbination

executaBle i@ tidrd 0B 2 GOEmud iita stril@ureORPLE@its POPS loy corr@PSnding acts for
t he connection as a conputer-readabl e nedium Thus, any

1mpleéé|&h1g(i9@ﬂ§1€ﬁérg@eéo§1b&[ RPPeEh Yreper med a conputer-r eadabl e
medi um Conbi nati ons of the above shoul d al so be

[0075 leﬁﬁb%dﬁ%g%ﬁ]nh@ art U811 § B&afindt %?ne? Q%Héhﬁ{en{seoq(éﬁeblln%ntion can be

Conmput er- executab e Instructions

nstructi ons and
practig i S o6ropk Fom N R o tePas SBE S ol o siem
nputer, or special ose processing deV|ce to

conﬁgyé%tfoaﬁﬁn&lué@gtpsisﬁnéﬂ@ﬁmpp@rﬁ Hrndgheld dewecs ondi-penggssor systems,

Conput er - execut abl e i nstructions al so i ncl ude program
micropdedsesbasedvr prograaxmahlt eohsbynce olepteraess netwosl BOsl-mainmosputers,

or network environnents. Generally, program nodul es
mainftahed eth€put@utdndese lily. dgnBetmeniojcat hiso be prapaceinh listdinded

data structures, etc. that performparticular tasks or

cornpht'ff@ SRBhmPRE Wh‘éfg 88k sARSp&rBftncdBY doday REPremote processmg devices that
Commput er - execut abl e i nstructions; associ ated dat

are hrfk%é l('é;) {rhgg Eglrlﬁlrawgreg ﬁl%gg, %vq}en&g lt‘nfsgj of 89 L %35 nagér?m%{re%%) tﬁough a
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communications network. In a distributed computing environment, program modules can be
located in both local and remote memory storage devices.

[0076] Although the above description may contain specific details, they should not be
construed as limiting the claims in any way. Accordingly, the appended claims and their legal

equivalents should only define the invention, rather than any specific examples given.
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code neans for executing steps of the nethods
di scl osed herein. The particul ar sequence of such
W@®enstsht e i nstructions or associated data STPUDUSI068071029

represents exanpl es of corresponding acts for
i mpl ementing the functions described in such steps.
[0075] Those of skill in the art will appreciate that
ot her enbodi nents of the invention can be practiced in
networ k conputing environnents with many types of
conmput er system configurations, including persona
conputers, hand-hel d devi €HsAIMAI ti - processor systens,
m croprocessor - based or programabl e consuner

I clairg! ectronics, network PCs, miniconputers, nainfrane
conmputers, and the |ike. Enbodi nents can al so be
practiced in distributed conputing environnents where
tasks are performed by | ocal and renote processing

devices . that are linked (either.by hardwired |lin

Lo P aRERe o P BB ot B in L orREY RbFSonpishb dhgmatod
caomruni cations network. In a distributed conputing

COMPRHYET onment, program nodul es can be |located in both
| ocal and renote nmenory storage devices. [0076]
Ar¢chpigghdathebabe verrdd statd pff 4 anmpmy cmorenaient; speci fi ¢
details, they should not be construed as limting the
ChadlymEing woddyadvyt is Aseaitdi svgbyminghesoappe itihd compu®nvironment;
and their |legal equivalents should only define the

and 1 nvention, rather than any specific exanples
given.CLAIMS | claim 1. A nethod of nanagi ng energy
c : [ I -
o ST Bl el RN e s gl TP s

onput e environment; analyzin rkl oad that .is

relatof i CEHEY SPISUBUI S B8 DR CEE G Byt the workload.
envi ronnent; and nodifying the use of at |east one
resource in the conpute environnent in a manner
related to energy consunption based on the received

2. ddhanatihdarfalapsi Is wikrdilhmoddyik eabtastdne Tesourve tchmgrieds placing at
claim1, wherein nodifying at | east one resource

least GiRMPHE HES 0W Sl EtGtarting mode.
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3. The method of claim 1, wherein the received data is at least one of temperature and

power consumption.

4. The method of claim 1, further comprising;:
analyzing future workload that will be consumed in a compute environment and wherein
the step of modifying at least one resource in the compute environment is based on the received

data and the analysis of the current workload and the future workload.

5. The method of claim 1, wherein the at least one resource is a node or memory.
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| east one node in a | ow power starting node. 3. The
nmet hod of claim 1, wherein the received data is at
wWo emsti3spe of tenperature and power consunpt - 8PCT/HS2008$1671029
met hod of claim11, further conprising: analyzing
ure mor d t hat be consunmed in a co
6 ofbf iﬁre%thméFegft@&ea?somalr?k%eﬁ b odigdilicy.
one resource in the conpute environnment is based on
the received data and the anal ysis of the current
wor kl oad and the future workload. 5. The net hod of
7.  clTae methodvdfetaginn, firéheatohpashg ondifymgohe e df at Rast@de resource by
or nenory. 6. The nmethod of claim1, wherein the at
powetiBBSH oOS¥E tHea WakCeerraloat®s to a cooling facility. 7.
The method of claim11, further conprising nodifying
the use of at |east one resource by powering on or off
the at least one resource. 8. A nethod of nanaging

power ., consunpti.on in a co ut e .envi r onpent t ho

S CBrET AR oo e e R e BT Ry rabyhgey B Rethod
envi ronnent; anal yzi ng workl oad to be consuned in the

compiyhut e envi ronnent; predicting at | east one power
consunption saving action based on the current state
amtenmeg y gwenheleic dadompuisecnyonsmeid i n t he conpute
environnent; and inplenenting a predicted at |east one
pawyziog netkipdd orbesavsungedaia tthocomputd Bie/ioanmet; e
environnent. 9. The nethod of claim8, wherein the

p 91/&&&1@ A8 KAROne PoRay écﬂﬁuﬁﬁﬁérpﬁwin% £06n Bhsed Bﬁvﬁﬁ‘é &bt state and
down a node, pomerlng down nenory,” spi nni ng down a

analy%'d%bdrk oﬁﬁv% bOGRufbPEK e Bgr%gut% n@n@ﬂrﬁ&ﬁ S§Qr. powering
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ard drive, and esource in a Io
wer of claim

consu
 OPbiReen "?ﬁeé}%i at g?ﬁ‘é‘i S nﬁ)avef ﬁ%nsalewﬁale éaVé?&/?‘%“&Hﬁ% fitc compute

~and workl oad as the workl oad consunes resources
environment.

9. The method of claim 8, wherein the power consumption saving action is one of:
powering down a node, powering down memory, spinning down a disk, lowering a clock speed
of a processor, powering down a hard drive, and placing a resource in a low power consumption

mode.

10. The method of claim 8, further comprising;:

analyzing the compute environment and workload as the workload consumes resources
in the compute environment; and

dynamically adjusting the implemented and predicted at least one power consumption

saving action based on the analysis.
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in the conpute environnment; and dynam cally adjusting

the i npl enented and predicted at | east one power
w@eeesussvi on savi ng action based on the anal y§P&T/132008/071029

The nmet hod of claim 10, wherein dynam cally adjusting

further co i.ses one of:. (1) increasin r decreasin
1. o Themsdhodct Cﬁfaw@ezyﬂmdméaﬁgalwémsaﬁg CEHURRTES oncof:
amount; or (2) increasing or decreasing an anount of
pOWEREEASHEIRT deeTRBsipS £ mMBPbaROf nepyceeredrverinedes diem an implgmented
met hod of managi ng power consunption in a conpute
amoutnur ronnent, the nmethod conprising: receiving a
current power consunption state of a conpute
e ih QAR or RORNYAL BE amdemes poAREddoRedHtmeryt fom an implemented
consune resources in the conpute environnent;
amouftf €di cting power consunption when at |east one of the
queued jobs is consunmed in the conpute environment;
and consuming the at |east one job in the conmpute
environment with at | east one power consunption saving
action. 13. The nethod of claim 12, wherein the at
12. | dauethgd of Botaging BRE NP BRPRORN 3 ORPHICHRVITRNYaR. the method
job mgration within the conpute environnment, job
compriigg:ati on to a second conpute environnent, adjusting a
cooling system and adjusting power consunption of at
| easivinecureS0power donsimptichogitba eonipiito RABidnmcd;, The
met hod of claim 12, wherein the at |east one power

CARAVARE Rdhed §VsNBh&ktddal chdudtcassdulec iR tHeloRPuktS@vRbnment;
a cooling facility associated with the conpute

ﬁ@%ﬁdﬁc@ﬂ%‘é&{vﬁer Jcénsuﬁb?ioﬁ%lﬁg%li feie}st.%n% io'fnt 4que Jrogé [li cr%lsurned in the

e cooli'ng facil i ncludes” pre-coo
resources in the conpute environnment prior to
compuis SRYHHFH8dat | east one job. 16. The method of claim
12, wherein the at | east one power consunption saving
aconsgmingthewtlepstiong ieh wdhacynewe auyirpnicas withat |cgsf.one power
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consumption saving action.

13. The method of claim 12, wherein the at least one power consumption saving action is
one of: job migration within the compute environment, job migration to a second compute
environment, adjusting a cooling system, and adjusting power consumption of at least one

resource in the compute environment.

14. The method of claim 12, wherein the at least one power consumption saving action

relates to modifying use of a cooling facility associated with the compute environment.

15. The method of claim 14, wherein modifying the cooling facility includes pre-cooling

resources in the compute environment prior to consuming the at least one job.
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16. The method of claim 12, wherein the at least one power consumption saving action is

modifying a data prestaging reservation.
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