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pur poses thereby allow ng users to take advantage of
the value of the information. Because technol ogy and
i nformati on handli ng needs and requirenents vary
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f%ra;gmeo{c hg@u%gdl ing systens to be general or
configured for a specific user or specific use such as

f pRARGLHA of thd ROSAFALON Processing, airline
reservations, enterprise data storage, or global 25
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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 vaniations 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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storage systens, and networking systens. As
enterprises have increased their reliance on

i nformati on handling systens, they have tended to
buil d datacenters to manage stored information with
the datacenters run by information technol ogy

prof essionals. A typical datacenter will have server
i nformati on handling systens to manage conmmuni cati on
with distributed 5 clients and plural storage devices
to store enterprise information. The storage devices
are typically hard disk drives interfaced by a
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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 uscrs. In other words, storage devices are running in the data center

with configured portions that store no information.
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areas of the storage devices. The configured but
unused capacity consunes power and cooling resources
of the data center without actually performng a
storage 30 function for end users. In other words,
storage devices are running in the data center wth
configured portions that store no information. -2
SUMVARY OF THE | NVENTI ON Therefore a need has arisen
for a system and net hod whi ch nmanages storage device
capacity usage. In accordance with the present
i nvention, a system and nethod are provided 5 which
sgsimAkvad YakeveRTidR di sadvant ages and probl ens
associated with previous nethods and systens for
managi ng storage device capacity usage. Unused
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t estgid iforrhatioh QLB @Ense0ME GRSgy@Nd a power nanager powers
down t he storage devices having only unused capacity.
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need to store the used capacit

c BRESFiTEPATT B ﬁ°“p%’cd@§@ S‘B?é%devtcﬁ rf theshrenpld |‘~°ofﬁ?°h@1 {The

p ernis@ditiva lpkogess e@peifdaginised sidanasgdcageity ds/idualitihaich

S Lt@ﬁié@&wqgé{hq}%ﬁ tradsRA (nDANE ca‘BEU1 t%&%ngoarﬁﬂl%g&f stifafe

wer e own t conserve ener
pgewces neeg to store tl?e used capacity. For cxgnyplc 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
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The present invention provides a nunber of inportant
techni cal advantages. 25 One exanple of an inportant
techni cal advantage is that storage device capacity
usage i s nmanaged to reduce the nunber of storage
devices running in a datacenter by consolidating
configured but unused capacity onto storage devices
that can be powered down. Powering down storage

devi ces reduces power consunption of a datacenter and
reduces the anmount cooling needed by the datacenter.
Poweri ng down 30 storage devices with unused capacity

h @ﬁncé’ﬁh@dt&?ée dkm%ay ggrag@ingsﬁpédets arp&%l:aﬂ&lapgﬁe as_tk:[J’e n%!:tp ce
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| nfor mat i on i n conf| gur ed st or age capacity. BRI EF

SER-RERERITIION @ RARED present invention may

be better understood and its numerous objects, 5
featurje1 andtadvant a%,es made a g)ar ent to those skilled
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bl ock.. di

‘% Ft}ureeag%gflﬁtes 1 e S W‘Trciﬁg‘ﬁ‘ﬁndl ing systens through
a stor 10. Figure 2 depicts a bl ock di agram
of st ﬁ%ﬁeep% 4 é‘e’ hEREGBAT BYrase devierdutrfagedtitin engi ne
t infermgtiso dandheg suswe thranbh stterggendeyi ces needed to
store information; Figure 3 depicts a flow di agram of
a prodése I dpiccariok didgbm nhstorade@evivds inflageSbys €d 0N
pk%@ldat&h%@&qo %Méquesnumgg'%f g‘tgra é&U gﬂ neccg:g % ?t s aflow
dkﬁggantof a process for nonitoring storage evi ces

Hfedet ermi ned buffer that triggers powering up

of a ut wn storage device. DETAILED DESCRI PTI ON
Cons ol 153 ‘%@“’fs AFIGY HAETBYPT £ PEssTsh fou Fappolideedsfarmatian ces

t erotc@gmsplurhigtoragcldeades;tshdse st orage devices al | ows
infornation handl i ng system datacenters to reduce
power F2fireCRBidI tio® diagm of 6 Yok d3g fok BBnitbuiAp fbraff dewitRr age
d fof Ia St%&etclﬁ%fﬁgd ﬂtg’fc?‘ Ithr tﬁgg@rs%h%gmg up oy a sthut down storage 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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of information. For purposes of this disclosure, an

i nformati on handling system may include any
instrumentality or aggregate of instrunentalities
operable to conpute, «classify, process, transmt,
receive, retrieve, originate, switch, store, display,
mani fest, detect, record, reproduce, handle, or
utilize any formof information, intelligence, or 25
data for business, scientific, control, or other

pur poses. For exanple, an information handling system
may be a personal conputer, a network storage device
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configured data partitions 11 of storage devices 10 and centralizes the unused areas 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
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devi ces 10 active and powered up, storage manager 14
distributes information for storage to each of
storage devices 10. The cross hatched areas across
storage devices 10 indicate used capacity within each
| ogi cal volunme 11. The portion of each |ogical volune
I 1 not covered by cross hatched areas are free to
store information. 25 Referring nowto Figure 2, a

bl ock di agram depi cts storage devices 10 nanaged by a
consol i dation engine 16 to reduce the nunber of
storage devices 10 needed to store infornmation.
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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

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
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mounting the first | ogical volume of the storage
devices. At step 24 a determnation is nade of

whet her the nmounted vol une has a recogni zed format,
such as NTFS, NFS, EXT3 or other recognized format.

If the format is not recogni zed, the process proceeds
to step 26 to nount the next volune. |If the format of
the nounted volume is 20 recogni zed, the process
continues to step 28 to identify areas of used
capacity and unused capacity of the nounted vol une.
At step 30, the used capacity is consolidated into
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storage devices for a predeterm ned buffer that
triggers powering up of a shut down storage device.
The process begins at step 44 by nounting the |ogica
volune. At step 46, a determination is made of the
anmount of remaining free buffer space. At step 48,
the determ ned anount of free buffer space is conpared
agai nst a 15 predeterm ned threshold buffer space to
determine if an adequate buffer is available for
storage of information. If the free buffer space is
greater than the predeterm ned threshold, the process
returns to step 44. If the free buffer space is |less
t MHATAS CLAIMES ISr mi ned t hreshol d, the process
continues to step 50 to power up one or nore of the
power ed dowsyst feageringenfot@sorns thetshdm admnpaisiegiuat e
buffe rpllg'gl sfo("a%_@ dARAE %ac‘h%to?age gk L)geb:lb?e to Akreﬁﬁﬁ&aﬁ&- free
|1 t f t he power ed

buffer space 1s allocated from areas of

down SYEPEEGEEEVTEER AN B gHS Herags devistit the HYRSFt i on
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for stori ngodapd QK80 Bne dr Hﬁreﬁ%%%{@ra%g BRfdesi@: pl ural
storage devices, each storage device operable to store
" nf or RGeS S g RN e T eReT A8 it

pl ural st opragpdledestiucényn thevme ot oeragteragerdn@eparaviopde abl e

to manage thBesSkRLR9Ha@fy. i Nformation on the storage
devi ces; a consolidation engine associated with the

storage manager, the consolidation engine operable to
consol ¥ dat EMUHHEBAL S'piEy hyerdnibasrrege devicesrampyisghap disk
stdoreage devices into one or nore of the storage

devi ces; and a power manager associated with the

storage MeRAdSLem LAG.RONEJBNager operable to shut
down the one Or nore storage devices having the

unuse oth%cioa?oaaaémg arrgg}fiist @,I:ther operable to monitor the storage devices to

maintain at least a predetermined buffer for storing information; and
the power manager is opcrable 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

paramcters.

5. The system of Claim 4 wherein the predetermined parameter

comprises information retrieval time of the stored information.

6. The system of Claim 4 wherein the performance manager further

comprises a tool to measure 1/0 performance at one or more storage devices.



2. The systemof Caim1l wherein the storage devices
conprise hard disk drives. 3. The systemof Caim1l
wherei n: the consolidation engine is further operable
to nonitor the storage devices to naintain at |east a
predeterm ned buffer for storing information; and the
power nmanager is operable to restart a shut down
storage device having unused capacity if less than
the predeterm ned buffer exists. 4. The system of
Caiml further conprising a perfornmance manager
interfaced with the consolidation engine, the
per f ormance manager operable to nanage consolidation
of stoyed irhf QLbmbE ORint pw@e@ammlsaoage AR CorflHs& a
prstomect:aergmanedk paranmeters. 5. The systemof Caim4
&7 o1 1e S Bt edet er mi ned paraneter conprises
|nforrrat| on retrieval time of the stored information.
6. The8.sysTerayaém Gf @him Ywhidi@h @i BiotaBEmpREd 05HR3&S RAID
manages further conprises a too] to neasure 1/0
performance at one or nore storage devices. -8 7. The
systemof Claim| wherein the storage nmanager
conpri%ses & method ferglering iafprmationdy IKural@tordfh devisys themegfod
Cleahprsingiwher ei n the st or age manager conpri ses a RAID
cont ro'den?¥ n areas CaC'::h s?ra a Or| n CLnf o I on I n
pl ur al rage devi ces° & &ick et Hod™C P‘fsg fiyese
|dent|fy| néfPefikas of each storage devi ce having used

and u %ﬁ@ddﬁh@ihaﬁxﬁlsedcbaﬁiﬂ@ fndo, at RN SR drddkioRge dNRe4 RS ed

CapaCISBXmllagnéon eso? g%ewoc@seh Qrgn ttll;]eeunsse rage devices; and
shutting

capaci
own t orage devrces i) Yhe unused
capacity. 10. The net hod of Caim9 further
conpr i ¥ ngTharthadef Chgn ¢ hethgtcomadsngdevi ces to detect a
pr edetRinitbmadhdetrie Hevies b8BT predetermined buffer of unused

capacity; and

starting a shut down storage device to store the information.

11. 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.

12. The method of Claim 9 wherein consolidating the unused capacity
further comprises:
consolidating used capacity of each storage device 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.

9.



capacity; and starting a shut down storage device to
store the information. 11. The method of Caim9
wherei n consolidating the unused capacity further
conprises: consolidating used capacity into contiguous
bl ocks of storage; and adding a buffer of unused
capacity into the contiguous bl ock of storage of used
capacity. 12. The nethod of Caim9 wherein
consolidating the unused capacity further conprises:
consol i dating used capacity of each storage device
into contiguous bl ocks of storage on each storage
devi ce; determ ning a nunber of storage devices needed
to stoge t [ I f_ storage for all  af
t he st (Ensre ag Zﬂﬁ %Ilgl\g/tlH {):deg&g%g th(rg'geﬁlé?eesr TIEg evtl?leg “CHRT Saﬁ%ﬂg‘
bIG¥®s of information to the determ ned nunber of
storage devices. -9 13. The nethod of Claim9 wherein
the st of agand@viheess mwhéﬁinh%s%r%'c &viccd EdnYifrRe a ;toAi'age
The nethod of Caim9 wherein the storage devices
conprise a storage area network. 15. The nethod of
Claim9 wherein the storage devices conprise a RAID
cont r ol3. er ThdBethdde Otairh R Otheefn tKd stirdge Qewdde E@hpise a RAID
cepsRitdati ng the unused capacity further conprises:
analyzing the information for one or nore performance
paranmeters; and transferring information stored in
the usEd cdparthsd af §laire & otheremgonsolidating thpemnbadrcamnice
pduréeedogipises:17. A system for nmanagi ng storage devices,

the Sy&%l‘?ﬂh&%‘&%mﬁktm ‘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 consolidate information stored on the
storage devices to less than all of the storage devices; and

a power manager operable to power down the storage devices that do not store

the information.

18. The system of Claim 17 wherein the consolidation engine consolidates
the information by:
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

-10-



a consol i dation engi ne operable to consolidate
informati on stored on the storage devices to |ess
than all of the storage devices; and a power nanager
operable to power down the storage devices that do not
store the information. 18. The systemof Caim 17
wherein the consolidati on engi ne consolidates the

i nformati on by: consolidating informati on stored on
each of the storage devices into a contiguous bl ock
on each of the storage devices; determ ning a nunber
of the storage devices having capacity to store the

C QBfab gLl o redRCASowRA Aot A ABSERIVibdNE rdshifis &8 el dOHQMS of
blﬁ§k§bé%ﬁgq%ugetern1ned nunber of storage devices.
197 FRE“DLEEHSf d ai m 17 wherein the consol i dation
engine is further operable to nonitor the storage
devi ce®. t o Tdetyeei caCpme tekiekdii e dobgt deites@fe HdRILSRA

- l@vGapacity and to restart a powered down storage
device in response to the detecting of the
predeterm ned buffer. 20. The system of Caim 17
wherein the storage devices are hard disk drivcs. -1
1
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