10

15

20

25

SYSTEM AND METHOD FOR MANAGING STORAGE DEVICE
CAPACITY USAGE BACKGROUND OF THE INVENTION Field of the
Invention The present invention relates in general to the field of
information handling system storage devices, and more particularly to a
system and method for managing 10storage device capacity usage.
Description of the Related Art As the value and use of information
continues to increase, individuals and businesses seek additional ways to
process and store information. One option available to users is information
handling systLins. An information handling system 15generally processes,
compiles, stores, and/or communicates information or data for business,
personal, orsQibek AUURGS SRR Y SICNINA LERR1Q (Ble, gvantage of
the value of the informaiigniBecalSs nd information handling
needs and requirements vary between different users or applications,
infoimation handling systems may also vary regarding what information is
handled, how the information is 20 handled, how much information is
pmcessed, stored, or communicated, and how quickly and efficiently the
INFABRUIGLOVRY REHFAEEESERANSIPd, or communicated. The variations in
information handling systems allow Tor infounation handling systems to be
ganamdancanfigurad for a specific user or specific use such as financial
transaction processing, airline reservations, enterprise data storage, or
global 25sepassinicatines rdnaddifior-dnformpation barding sysigms.may

el dxagielkALDARNE AR SAVRTE SOMPONERIR AL MY,
c%n(j%g%ergg 110 process, store, and communicate information an m%y

inctlu one or oréycorﬁp'uter systems, data storage systems, and
ngINQrkIng.SHSte! Siated ADS enterprises have increased their reliance on
information handling sy s, they have tended to build datacenters to
manage,Stared I ormalR With-ING CIREGIISES un by information,
teg&ncgl&qugr&gasggga Is. Attglcglcal datacenter Wrﬂ 'have server information
handling Systems 1o thanage commISEh ViR aisfibRggption

available t0 users is information handling systems. An information handling system

generally processes, compiles, stores, and/or communicates information or data for
business, personal, or other purposes thereby allowing users to take advantage of the
value of the information. Because technology and information handling needs and
requirements vary between different users or applications, information handling
Systems may also vary regarding what information is handled, how the information is
handled, how much information is processed, stored, or communicated, and how
quickly and efficiently the information may be processed, stored, or communicated.
The variations in information handling systems allow for information handling
systems to be general or configured for a specific user or specific use such as financial
transaction processing, airline reservations, enterprise data storage, or global
communications. In addition, information handling systems may include a variety of
hardware and software components that may be configured to process, store, and
communicate information and may include one or more computer systems, data

storage systems, and networking systems.
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5 clients and plural storage devices to store enterprise information. The
storage devices are typically hard disk drives interfaced by a management
device and network, such as a RAID configuration or a storage area
network (SAN). Centralized storage helps to secure information from both
physical disruptions, such as with backup power, and malicious attack,
such as by hackers. Two issues that tend to arise with a datacenter
10having centralized storage are power consumption by the information
handling systems and cooling of the information handling system.
Consolidating storage devices into a single resource pool helps to reduce
energy CoifalFRpEBHAdretsatidghsy reémeimy ihetottibnbmbercistanage
devzdseeadedttdsipportarsnienphige’ Soetaragesamandsht5Although
consRifiBling. YPraga-HavceshalRS IRedusa UNNSe SIQAge.GRRARILY In
ugonliguied-AeaR. e HigiAgs devwces il cach sHLipIcallfare at

P

manage communicatio istributed
le St some unused storage ca aC|ty Wltﬁlngcon?llgurecfareas nuse(f’

StoT Y CABALHY Rithf I COrfiGR P APYSE bR EHFERIRE. wWike At etnagrices
detRcERioaHy Bvidtsk frtseinieiioakitionsropvolaniesdoasedeonothesuch
expedtalineetisfetictoragenyesdme:nkak 20exanRit.{hit BIavisiening is
usedei-sameAGCRMErS IO RSN REHENLARATTONALYRIMMS. Of 8.4
storage deyice. The glients told that a requested amount of storage Is
available: however, the’storage device only configures a AR srife

re IS ST BT HE L SRR WBHER tRE RS iRBratHendiadliseusage of
they Hemfigifeep Brarefgbetofavehtothah diogaye ccapaosity ke the-genfigured
amotint appreaghesdiitc sagen-ah thiadte visiening helpsoiouradesmthe
castefaequiring.storags: by allowing the dalags, @B?{;é% glelay.the purchase

ofsgggrg%%g nga%gisces until configured storage begins to fill, however, thin

provisioning still leaves unused storage capacity in configured areas of the
storage ﬂl@’d&&? com&i&&%%%%‘&%del%%&‘é&”&?d R ggci?/ucosré g ower
arg;g %((:)iolln%lggos%ut{lcega(r)fat te data center V\ﬁﬁlou% ac ue‘fl‘lly per oﬁ%nlng a
storage 30MTKCHOR TR BHY (Ve s it iihpeiervitasate
rulRHING Y teserhtipEentaparith wtigenBerisdrions thasstere o capacity
infothirationiguSid MARNY @FulFHERdNVEE T Hobkes are Thededone aopred has
arsRides & sysiesm ks Bathed uhigh Banagses Siorage;deVviss capacity
u%@%pk:, thin provisioning is used in some datacenters to assign a client a partition or

volume of a storage device. The client is told that a requested amount of storage is

available; however, the storage device only configures a fraction of the requested

amount. The storage device then monitors the client’s usage of the configured storage

to add actual storage capacity when the configured amount approaches full usage,

Thin provisioning helps to reduce the cost of acquiring storage by allowing the

datacenter to delay the purchase of storage devices until configured storage begins to

fill, however, thin provisioning still leaves unused storage capacity in configured

areas of the storage devices. The configured but unused capacity consumes power

and cooling resources of the data center without actually performing a storage

function for end users. In other words, storage devices are running in the data center

with configured portions that store no information.

.
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In accordance with the present invention, a system and method are
provided 5which substantially reduce the disadvantages and problems
associated with previous methods and systems for managing storage
device capacity usage. 'Unused capacity is consolidated from plural
storage devices to less than all the storage devices, The storage devices
having unused capacity arc powered down until the capacity is needed to
store information, thus conserving energy. 10More specifically, a storage
manager manages storage of information at plural storage devices, such
asin a storage area network configuration or RAID configuration. A

=1t d & ENSENAMEMNith the storage manager automatically
consolldates used and unused capacity in the plural storage devices and
a power manager bow rssagl(s)c\:/g Otrhae storage %%"8 S lavm onlg/ ltmused
capacity. Tﬁwe 15 used capacity incitides some unuse& storage a8 auffer
to ‘é%lfé FARBFINA1IBH from interfaced |nformat|on handling systems, The
COﬂSO|Id?.'[I0n engine n}’onltors the buffer for a predetermined threshold
minimum StorAGE CapAy RE AT 8wt g er shetits Mpsiitred
dotHcstoraietidyiceuraie theiiaorees rebpihbldnt hsesoreablidhtioryious
procdssiconisolidatetuset @ngsumgsathcapagibitindivid uaty s eaehit2 0
stmgalakew%a%ﬁm%%@@%ef&m15&%%&@4&)%%&@ getermiped
nump%re gg\ﬁggg%g%n%%wgseg pa%ggt;[parsétoggvgpe os\’agn u%?P% d}X For exang‘

c%?l?y reconfigure

the consolidation process uses thin provisioning to periodi
StOPAGEARITERE Sy ffﬁ‘ét"%%?évﬁ@ §&itees that have only unused capacity
are powered dow conserve ener The present invention provides a
number of IMPORANT tachnical adh aﬁléréagf%ﬁoﬁaeg%%%fﬁfg‘%?"gﬁt plural

impiBTahitaesinfugh M&éqérﬂﬁéﬁﬁﬁ?’é@@%&ﬁé@‘b@p%ﬁg usage is
mapritttoreducesthidationtheinohstoragé devicesaupningrigea datacenter

byatenseidatingeouoiigitest bl wHiuseeGARAGIAONIRStags denges dhat
cap &%&%ﬁi@éﬂ plown: Lowsrd @%QQM&@E@! %%Q%&ﬁ%%&?%%%ea% g?{%y

copsy mptio CIg“glatacenter a d reduces kg}e amount cooling need

the éata Bnter Powerng down SO Ay Havie SRt aRtREs EaPBacity
ha@tﬁﬁfﬁ?ﬁéavf?ﬁﬁé&%ﬁw%f&ehm%ﬂé\%&ﬂﬁr@dﬁrm@fﬁ@%mag@sdwces
ma&y s fapidigdeestored toarebperationaltstatecas:tie oetd Gresesdo store
infoemationRsarcanfigured sioragr.capaslyirBR IEERESCRIBIION,OF

THERRAMINGS.Lg piReRRIERNAR A RS RF YRR AR SPad, and it
n“@%{é’e ewcéed%ds then transfers the used capacity to a determined number of storage

devices need to store the used capacity. For example, the consolidation process uses
thin provisioning to periodically reconfigure storage devices so that storage devices

that have only unused capacity are powered down to conserve energy.

The present invention provides a number of important technical advantages.
One example of an important technical advantage is that storage device capacity
usage is managed to reduce the number of storage devices running in a datacenter by
consolidating configured but unused capacity onto storage devices that can be
powered down. Powering down storage devices reduces power consumption of a
datacenter and reduces the amount cooling needed by the datacenter. Powering down

storage devices with unused capacity has minimal impact on datacenter operations

3-



5features and advantages made apparent to those skilled in the art by
referencing the accompanying drawings. The use of the same reference
number throughout the several figures designates a like or similar
element. Figure 1 depicts a block diagram of storage devices
interfaced with information handling systems through a storage manager;
10Figure 2 depicts a block diagram of storage devices managed by a
consolidation engine to reduce the number of storage devices needed to
store information; Figure 3 depicts a flow diagram of a process for
consolidating information stored on plural storage devices; and 15Figure 4
depiestys flowedidtyiesnofabpratsysfeprionitoring siotagedevitesdar a
predeterminethhuffetdhat dogarrsipawarngki-pf a shut down storage
device. DETAILED DESCRIPTION Consolidating information from
pl BRIEFOPAGE RIBUITONO KB KR AW o tiose storage devices allows
information handling system datacenters to reduce power 20 consumption
by reduc,ling the number of stora%e devices used to store a given amount
of informatior BB PiRH 8L B hPIRRL Hidprsatned sRd diforrmaiens Pipriting
syStetichiag afcatidecany dn senareririedfinporkilyg ie gt erobinstrumentalities
operaiipateiaodnites CIRSSiRE, IrBEeaSe HaNSBin e tRIMEFRIIRY i
originaden awdichsistars, disp gy manigst.detect, record, reproduce,
handle, or utilize any form of information, intelligence, or 25 data for
businessigeienidjsccanitel QEOLALSRURESES ERQLRXFMUDRIS, AN
iInfRERaLes: RANAHRY SUSIE M- Mgy L&.2.pEaNal computer, a network

storage device, or any other suitable device ané;may vary in size, shape,

10 performange, fungtianalivbianeRAcs: stm%i@@{mg&&%%@ﬁ{‘g system

may. | random access memor AM), one or more processing
re%ﬁ%%%gﬁé%génse a centra ﬁr%ucnés%%ﬁ(g;tﬁﬁ%g?83&50?65%\%\%5%30r
softWEFE8htrol logic, ROM, and/or other types of nonvolatile memory.
Additiong! %1%? onetntsfPf tl"ée inforrrf1ation handling sgste_m may include
one or more diskdrves, 5 he oF Acr e RSN ETCPERE FMedrifiRating
wiff PER BT REF Y §tAte8s 4 igrsiaa¢ various input and output (1/0) devices,
such as a keyboard, a mouse, and a video display. The information

> handling’ SSRGS S0 iR YReBIiidhs Basierapepse devisansmit

20

25

coffim BFfitatiorRs b bufiedhativesen oos awars sormponesitsage device.

DETAILED DESCRIPTION

Consolidating information from plural storage devices to less than all of those
storage devices allows information handling system datacenters to reduce power
consumption by reducing the number of storage devices used to store a given amount
of information. For purposes of this disclosure, an information handling system may
include any instrumentality or aggregate of instrumentalities operable to compute,
classify, process, transmit, receive, retrieve, originate, switch, store, display, manifest,
detect, record, reproduce, handle, or utilize any form of information, intelligence, or
data for business, scientific, control, or other purposes. For example, an information
handling system may be a personal computer, a network storage device, or any other

suitable device and may vary in size, shape, performance, functionality, and price.
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Referring now to Figure 1, a block diagram depicts storage devices 10 10
interfaced with information handling systems 12 through a storage
manager 14. For example, storage manager 14 is a storage area network
controller that communicates information through a Fibre channel network
with storage devices 10. As another example, storage manager 14 is a
RAID or JBOD controller that coordinates communication of information
with storage devices 10 through a daisy chain 15architecture. Storage
devices 10 are, for example, broken into logical volumes 11 within hard
disk drives or other types of permanent storage devices, Information
hahe g eyatemeding fo seperopahentagste asssiarimerd Al ithostorage
devices dBstrpwditeuacd vefrievecintorimaiienity cuigicameinarkatestace. In
oRerebeslime mgét@i@gp Q%P&ﬁel%rﬁé’@o@%ﬂ%&%@ 1RNRVE 10GHER A1
%rggl%gg %Oq olu es 11 as ned 20 for use %lnformatlon h%( IJn

1 € one,or more
active

sy stems edle |cted(m |gl§1eS S with ail storage devices
aﬁaeﬁaw&%aew%msg@rﬁ%@‘éﬂ&%m Bﬁ‘t‘ié’éau‘r%&%ﬁéf’i’%ﬁ%i’é?&@% to

eaphviohstorayeldevitessosuThes erondtratchaereasdacross dtotagdhe
devicesdd inditaiesysed papacitynwithin eachdegicalcvohsmasicld wkhenit

puiaR.ef.eacR gical MQ'UEH@uli‘mﬂR»@&Q%%@MtErOSS hatched areas are
free to store information. 25Referring now to Figure 2, a block diagram

depicts steage sevieas e managediby-acansalidation anaing 46 to
reduce he %?&&9&&&%9&%%% %Qtn%%gﬁg 0.store ] 'nJO frnﬂffmeo

COI’]SOHda'[IOI'] en%me 16 searches for unused areas in con ure data

paritions TPBESErATEIE A S Tera AT R i e A Hﬁé&%‘éﬁ‘???f one
or ?ﬁﬁ?@%ﬁ‘%ﬁ”&@é%ﬁ&é@a’_{w O eBiissltagofreaging 16 etiifies
steragel38deygcesnifethadtihakatndy lriBedncapacity; copdivaednanager
18 shidtsidamn ahammaagatg@Mi@g@&Olmtibth@o%@r@ggwggiw is

nemﬁgcwes@@gg% gmagﬁr 44 fm@a% ised capacity; depicted by F'X

nstora devices 1 Fig ure2 IS pow re own and up

Wlt%%e?rma Hagsrt Tv‘?/’;{’ﬁr t&’f"fﬁafc?a?ffB?\nFStlﬁ%?ﬁ?ﬂ?Sﬁ%aﬁHﬂH@ag%tems
1@%6“%%?3&??%&%@5@%@%%%W@aaﬁmm@m pieragradiativies i
steretindenhatiteys Tiferpotiverdcuph storagekderices. 10 continbieiiieehave

samefierspate dedisaieddydhe aigadn eachulagicalyaline L fhatis
N9bEi05R iAiGhel. RREWEYEL & alaglek patlien pf sialage dewices d0 A

d.to store mformatlon s’indicated by the lar er ortlon eacsh fo |cal

uvr}?gs :ﬂf %ﬁ%}{“’. émcr Seﬁea gﬁ séor?:gg 'managcr 14 dis rlbutes mformation for

stordgc to each of storage devices 10. The cross hatched arcas across storage devices
10 indicate used capacity within each logical volume 11. The portion of each logical

volume 11 not covered by cross hatched areas are free to store information.

Referring now to Figure 2, a block diagram depicts storage devices 10
managed by a consolidation engine 16 to reduce the number of storage devices 10
needed to store information. Consolidation engine 16 searches for unused areas in
configured.data partitions 11 of storage devices 10 and centralizes the unused arcas in
one or more of storage devices 10. Once consolidation engine 16 identifies storage
devices 10 that have only unused capacity, a power manager 18 shuts down those
storage devices 10 until the storage capacity is needed by storage manager 14. The

unused capacity, depicted by six powered down storage devices 10 in Figure 2, is

-5



example, thin provisioning techniques are applied to power down unused
storage devices so that energy consumption is reduced. A performance
manager 20 monitors one or more performance parameters, such as I/0O
performance, and modifies the 10 consolidation of used capacity to
maintain the desired parameters, such as data retrieval rates. For
example, performance manager 20 may direct consolidation engine 16 to
store infoimation with an additional storage device so that enough storage
capacity is available to satisfy performance parameters. Referring now to
Figure 3, a flow diagram depicts a process for consolidating 15information
StBYEEEhIpITr APty ByeetisyirBeeTHE preas s bssing atiziepapby
moandting sthehissilegital woldmetobttigsidnage deviges. it stepddahlc
detewminatinndsomage spdwhethe Etmggmw&@d VHMENasAd RER0RIZed

fogm% 1C|‘} -EE%ENE §dc§?( ogIca vo H?r?er {?%ngsl%gtdcjg [ att hlf the
format'i |s not recognlzed the process proceeds to step GSto mount the

> né’)?t‘”\%‘ffrrﬁé‘""‘ﬁ‘?ﬁ%"fBPﬁ%ﬁ%‘Fﬂ%%"r%"diﬁ%té‘b%ﬁ?ﬁéo §“§6?&@6‘§?ﬁ‘2@0ﬁsthe
proéisssEbntisursTor st 28 stidentfl valeas Uf hedd capaeippandor
unusescapaityBfdiezmonmiaek ual upptic Alosiepe3 Gy themisedseanacity is
consRligdaseghd @Hérg?@5@&9&!%@Q%&@Eét%%ﬁmm%@&%@&'%%Hﬁ'ﬂ%ed
ca(pa0|t¥?|nto can m%uous balogterS ucg colnéol|(rifatednaéfr:eﬂa}1 (ar}teg%)us
blocks 0 storéﬁge may e altered to conforh fo a&mlnlstrator set minimum

10 RRBHEHST eheaéﬂwm%’é%ﬁﬁ Abfedesiffd DB ARRABHT RS HRAID
leveticatsetgs- FXr g auifte pfrfmusess erpzasity dsrad dad-todivelsehitiguous
blecksofcus et eapaaity:or ehiosh tekmiexpansignetstoweddnfarmation.

The.amaeuntal huffenaet asideda,bandie.sbostigrm. L xpansion needs may

be set by administrator to accommodate various circumstances. At step
34 a deterenination is made ptwmmegrmoaepmw@ie@geopﬁe%mhm if
5 %Q%%Q&%%%E%W Ulﬁatxost%@ge 48,10:80:M9 IH”QJQ% %‘ ol é'p”}% Once

all of the ind I\gj i’:\ glca vol ugnes are mounted and have used ca aCIt

cORSBHTSES TS P S S RS N e R e 3 o &R ééetﬂ%’f‘é%oﬁés a

déf@ﬁ%ﬂﬁ&t?@ﬁ%%é@@%ﬁw@m}mé? &Faeey featedud: provide Stbrage

capatiyfoithecusedchpanity Hitk shonttermthedfienidetehminedsat steps

30pare-a2ane therstasagardevicosiair configriadtor siotsothessedme is
20 C%@&gmz@@%% széssrmn%&f%rm%ﬁ%oté’%gu Rf e, yped cARACHY I,

transferred tq t e num er of storage devices |%ent|f|ed In step 536 _so that

unused ca acn ¢ mounted vol Hme At step 30, the d.l% él pcggaﬁ/ty As[ Sﬁsﬁlﬁteﬁﬁ e

theremai Pora evices have only'unus
into oontlguous bl ocks of storage, thus also isolating unused capacity into contiguous

blocks. The consolidated area of contiguous blocks of storage may be altered to
conform to administrator set minimum parameters, such as for I/O performance and
25 reliability, like a RAID level. At step 32, a buffer of unused capacity is added to the
contiguous blocks of used capacity for short term expansion of stored information.
The amount of buffer set aside to handle short term expansion needs may be set by
administrator to accommodate various circumstances. At step 34, a determination is
made of whether more volumes are present and, if so, the process returns to step 26 to

30 mount the next volume.

Once all of the individual logical volumes are mounted and have used capacity

consolidated, the process continues from step 34 to step 36. At step 36, a

-6
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storage devices having only unused capacity are powered down to reduce
energy consumption. At step 42, the process enters a sleep phase for a
predetermined time period and restarts at step 22 so that the storage
devices are periodically and automatically analyzed to consolidate unused
capacity and thus conserve energy. 10Referring now to Figure 4, a flow
diagram depicts a process for monitoring storage devices for a
predetermined buffer that triggers powering up of a shut down storage
device. The process begins at step 44 by mounting the logical volume. At
step 46, a determination is made of the amount of remaining free buffer
spiftEMAREmE 2B HY e ferrtitied Airsurcdidtrearbufferiepageapscity for
compatce daagainstasibpredateiminechinesholdh Bffenspaeaittdesenmine

if ap adesuataduttarisavaiahle fosstaraag ofdnfermation. Ihthefrae.n
bug;%(eslgg e is greater than mgtgredetgzrmifn?d threshold, th ﬁré)ce S

capa 18 transfgrre e nurnber of storage devices rdentified 11 8t
returns to step 44 [t the free buffer space is less than the pre etermined

thrdsold! e ProeEEs LotHiGESd 8tE S B YO FOEF LR oné BPmbrdor
the'pesscratdwnnstotige el iees sy treatcaisad doprate hiffecoitfice
spaceuisZioavaiabied Atstepd, difees huftes spaedis alarated ftomareas

of the, Povered Ve Stor 30B AR rage deAlioghthe: pigsaNt invention

hag Resn.deperibed i defall i should e understond that various,

0 COn ate unused capa an
changes, SU%S'[I'[L},'[IOHS anc? aslteratlons caﬁ Beyma e hereto wit

departing from 1he.spl rﬁéﬁﬂ?a@&%@ BIaE%%inrh‘éf{EIL%rDb%%e%F@?QoQXOEQ%
Qended claims. MCSLLP WHAT TS CLAIMED |S: I.A system for

25a
SRR TAYGTERAA HRAL5THBH, BT aecr Povern up of wsht dov

storage device. The process begins at step 44 by mounting the logical volume, At
step 46, a determination is made of the amount of remaining free buffer space. At
step 48, the determined amount of free buffer space is compared against a
predetermined threshold buffer space to determine if an adequate buffer is available
for storage of information. If the free buffer space is greater than the predetermined
threshold, the process returns to step 44. If the free buffer space is less than the
predetermined threshold, the process continues to step 50 to power up one or more of
the powered down storage devices so that an adequate buffer of free space is
available. At step 52, free buffer space is allocated from areas of the powered down

storage device.

Although the present invention has been described in detail, it should be
understood that various changes, substitutions and alterations can be made hereto
without departing from the spirit and scope of the invention as defined by the

appended claims.
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plural storage devices, each storage device operable to store information;
a storage manager interfaced with the plural storage devices, the storage
manager operable to manage the storage of information on the storage MCSLLP
devices; a consolidation engine associated with the storage manager,
the consolidation engine operable to automatically consolidate unused
storage capacity of the plural storage devices into one or more of the
WAL 13\ GdAIMER Bier operable to monitor a buffer for a
predetermined threshold minimum storage capacity; and a power
manager associated with the storage manager, the power manager
operablt to coflsBRiETe A8 BYSHUBRY éW H ey BaE 6P mbTs 8B rage

devicesphauingopsty WnHsesl s1erag6 saPaGHY e HRE YRS R E R hation:

wherein the storage devices comprise hard disk drives. 3. The system

of clainfl WHAEESinManagee dBissBIgdtisRtBntinerinaktistaragerastices, the storage
MARIREBEEIBIagS HAVIGE IO MANYAN AlsaskRRGHeiewRined hufferfor

storing information; and the power managg%r is operable to restart a

shut dofvAoSRSAGEBR\RBEIRGARY tRtidet Ehhtitjres strragerethe consolidation
Riageiespinaddbuiien Rxitically fodddf NS LIAMBIIABECity of the plural

comprising.a performance manager interfaced with the consolidation

SYHeE, B FSBIRCR HRE Qe B EiRIBRS gkt durbsi@RgElstto monitor

steigetittarmatasienascamplishornm B MmeresRiadelermingd pajameters.
5. The system of claim 4 wherein the predetermined parameter comprises

informadidi? etridvataate rafdatidradihibitnsigsrge manggerhdhsy grvveipmanager

cpimistomberaiRdie préfgimansamanaRRYRNBheAMBIIRe SRR Rvices having

measure 1/0O Performanc_e at one or more storage devices.
only unused sforage capacity.

C)

e\ NS S Y

2. The system of claim 1 wherein the storage devices comprise hard disk

drives.

3. The system of claim 1 wherein:

the consolidation engine is further operable to monitor the storage devices to
maintain at least a predetermined buffer for storing information; and

the power manager is operable to restart a shut down storage device having

unused capacity if less than the predetermined buffer exists.

4. The system of claim 1 further comprising a performance manager
interfaced with the consolidation engine, the performance manager operable to manage
consolidation of stored information to accomplish one or more predetermined

parameters.

5. The system of claim 4 wherein the predetermined parameter comprises

information retrieval time of the stored information.



7. The system of claim 1 wherein the storage manager comprises a
storage area network. 8. The system of claim | wherein the storage
manager comprises a RAID controller. 9. A method for storing
information in plural storage devices; the method comprising: identifying
areas of each storage device having used and unused storage capacity;
automatically consolidating the unused capacity into at least one of the
storagefdevicemekiterngh Bl for whsreidetéieninedarnesheldnanager further

TR HOSB0R FARAGHY RN g huHiRAnhnG: SIRRRGS HENCRS having

only unused capacity to conserve energy. 10. The method of claim 9
further comprising: monitoring the storage devices to detect a

predeteyminedriapifgsehliprsaghsaPRais A SIaing %ﬁﬂé&&{%fﬁp&ses a storage

storage device to store the infotation. 11. The method of claim
WHFErBH S ksolidating the unused capacity further comprises:
consolidating used capacity into contiguous blocks of storage; and

adding a buffer of unused capacity into the contiguous block of storage of
used Ce{gpacity.The system of claim”] wherein the storage manager comprises a RAID

controller.

9. A method for storing information in plural storage devices, the method
comprising:

identifying areas of each storage device having used and unused storage capacity;

automatically consolidating the unused capacity into at least one of the storage
devices;

monitoring a buffer for a predetermined threshold minimum storage capacity;
and

shutting down the storage devices having only unused capacity to conserve

energy.

10. The method of claim 9 further comprising:
monitoring the storage devices to detect a predetermined buffer of unused
capacity; and

starting a shut down storage device to store the information.

I1. The method of claim 9 wherein consolidating the unused capacity further
comprises:

consolidating used capacity into contiguous blocks of storage; and

adding a buffer of unused capacity into the contiguous block of storage of used

capacity.
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12. The method of claim 9 wherein consolidating the unused capacity

further comprises: consolidating used capacity of each storage device MCSLLP
into contiguous blocks of storage on each storage device; determining

a number of storage devices needed to store the contiguous blocks of

storage for all of the storage devices; and transferring the contiguous

blocks of information to the determined number of storage devices.

13. Thel hethothefessiedorfiraiaid theersrsgasedidivideecbmprisishanacity further
diskshiieas. 14. The method of claim 9 wherein he storage devices

comprise a storage area network. 15. The method of claim 9 wherein
the storfJEUERERE Msriprrisd iR RiDeaghiiage deviee imieegemtisbeusf blocks of

Glain:9 wherginweensolidaiiag the unused capacity Further comprises:

analyzing the information for one or more performance parameters; and

transfe g IR LBARS S Harew et eapratefotacioiiihg tomtiguous blocks

RESRHNRNGR HAFTRISISage ddvich;SyRiem for managing storage devices,
the system comprising: a consolidation engine operable to

automatiRaiy e Hifasratisniiiorks ot ormE dtdm g dlelgemings! number of
lessathadeait@f the storage devices and further operable to monitor a

buffer for a predetermined threshold minimum storage capacity; and a
power manager operable to conserve energy by powering down the

storage] devicashiatedQaQstarmtiveviniormatiensiorage 48vilBe QYR ard disk
claim 17 wherein the consolidation engine consolidates the information by:
dBH&8tidating information stored on each of the storage devices into a
contiguous block on each of the storage devices;

14. The method of claim 9 wherein the storage devices comprise a storage

area network.

15. The method of claim 9 wherein the storage devices comprise a RAID
controller.

16. The method of claim 9 wherein consolidating the unused capacity further
comprises:

analyzing the information for one or more performance parameters; and
transferring information stored in the used capacity to according to the

performance parameters.

17. A system for managing storage devices, the system comprising:

a consolidation engine operable to automatically consolidate information stored
on the storage devices to less than all of the storage devices and further operable to
monitor a buffer for a predetermined threshold minimum storage capacity; and

a power manager operable to conserve energy by powering down the storage

devices that do not store the information.
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determining a number of the storage devices having capacity to store the

contiguous blocks; and transferring the contiguous blocks to the MCSLLP
determined number of storage devices. 19. The system of claim 17

wherein the consolidation engine is further operable to monitor the storage

devices to detect a predetermined buffer of unused capacity and to restart

a powered down storage device in response to the detecting of the
predetebthinedIbgfferstero. Thelaistdh whergimthy osmsedidathen stogaae consolidates

qggiﬁggrﬁ{ﬁilaﬁrg}gisk drives.

consolidating information stored on each of the storage devices into a
contiguous block on each of the storage devices;

determining a number of the storage devices having capacity to store the
contiguous blocks; and

transferring the contiguous blocks to the determined number of storage devices.

19.  The system of claim 17 wherein the consolidation engine is further
operable to monitor the storage devices to detect a predetermined buffer of unused
capacity and fo restart a powered down storage device in response to the detecting of the

predetermined buffer.

20. The system of claim 17 wherein the storage devices are hard disk drives.
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