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. TECHNICAL FIELD

[0002] The present disclosure relates to data block migration.

DESCRIPTION OF RELATED ART

[0003] Maintaining vast amounts of data is resource intensive not just in terms of the
physical hardware costs but also in terms of system administration and infrastructure
costs. Some mechanisms provide compression of data to save resources. For example.
some file formats such as the Portable Document Format (PDF) are compressed. Some
other utilities allow compression on an individual file level in a relatively inefficient

manner.

[0004] Data deduplication refers to the ability of a system to eliminate data duplication
across files to increase storage, transmission, and/or processing efficiency. A storage
system which incorporates deduplication technology involves storing a single instance
of a data segment that is common across multiple files. In some examples, data sent to
a storage system is segmented in fixed or variable sized segments. Each segment is
provided with a segment identifier (ID), such as a digital signature or a hash of the
actual data. Once the segment ID is generated, it can be used to determine if the data
segment already exists in the system. If the data segment does exist, it need not be

stored again.
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[ 0004] Data deduplication refers to the ability of a systemto elimnate
data duplication across files to increase storage, transm ssion, and/or
processing efficiency. A storage system which incorporates deduplication
technol ogy involves storing a single instance of a data segnent that is
common across nultiple files. In sone exanples. data sent to a storage
systemis $&@htht edny govextanadimplemientatienss date dbleukg meayt ieed Eabh nsiggrednt i s

provi ded with se nt jdentifier (1.D), .such as a djgital sigpature or a
haoh of t hetoed SERGET, HEREk fenirimbs, o) BheBted dllOblits HDRIMES ool
t o det er m Weniequéily, ahattanBagrenproalded fod ympeol Bigslatarblddkenigiasivem | f the data
segnent does exist, it need not be stored again. 1 [0005] In many
conventional inplenmentations. data bl ocks may need to be migrated around a
cluster. However, nmechanisns for mgrating data bl ocks are limted.
Consequently, nmechanisns are provided for inproving data block mgration.
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0006] The di scl osure may best be
understood by reference to the followi ng description taken in conjunction
wi th the accompanying drawi ngs, which illustrate particul ar enbodi nents of
the present invention. [0007] Figure 1 illustrates a particular exanple of
a systemthat can use the techniques and nechani sns of the present

i nvention.



[0008] Figure 2 illustrates one exanple of a |ocker. [0009] Figure 3A

i | lust'rates one exanple of adding a node. [0010] Figure 3B illsutrates one
exanpl e of perform ng data access. [0011] Figure 4A illustrates a
particul ar exanple of a filemap. [0012] Figure 4B illustrates a particul ar
exanple of a datastore suitcase. [0013] Figure 5 illustrates a particular
exanpl e of a deduplication dictionary. [0014] Figure 6Aillustrates a

particul ar B%ﬁﬁmh%c‘kflpﬁoﬁidﬁﬁ?ﬂ@ﬁvﬁ«? ngl e data segnent. [0015] Figure 6B
illustrates a particular exanple of a file having multiple data segnents

and conponents. _ ) o
[0006] The disclosure may best be understood by reference to the following description

taken in conjunction with the accompanying drawings, which illustrate particular

embodiments of the present invention.

[0007] Figure 1 illustrates a particular example of a system that can use the techniques

and mechanisms of the present invention.

[0008] Figure 2 illustrates one example of a locker.

[0009] Figure 3A illustrates one example of adding a node.

[0010]‘ Figure 3B illsutrates one example of performing data access.

[0011] Figure 4A illustrates a particular example of a filemap.

[0012] Figure 4B illustrates a particular example of a datastore suitcase.

[0013] Figure 5 illustrates a particular example of a deduplication dictionary.

[0014] Figure 6A illustrates a particular example of a file having a single data segment.

[0015] Figure 6B illustrates a particular example of a file having multiple data

segments and components.

[0016] Figure 7 illustrates a particular example of a computer system.



[0016] Figure 7 illustrates a particular exanple of a conputer system
DESCRI'PTI ON OF PARTI CULAR EMBCODI MENTS [0017] Reference will now be nade in
detail to sone specific exanples of the invention including the best nodes
contenpl ated by the inventors for carrying out the invention. Exanples of
t hese specific enbodinents are illustrated in the acconpanyi ng draw ngs.
While the invention is described in conjunction with these specific '
enbodi ment PEFGRIFTION @RPARGKIEAFEMBPRIMENTS s not intended. to linmit the
invention to the described enbodi ments. On the contrary, it is intended to
cover al t erpgf7) esoreR NIl GaW BNmadeNid 8441 (& BHeSsREIfITBYxaRPIds NG Hded
within the spirit and scope of the invention as defined by the appended

cl ai ns. [ 0OnBNtimyinclidingrhe best irodeeedirigraplesd Bn dhemdrenders serscapyingalt ficesent

i nvention w : g%g]{ J > f 'EPME it
shoul d be \rlll%%éggpfhat t léesqﬁg%éﬁﬁfﬁqeg@g%g{r} 81)I(lrrjtl;,?(r:] aarrl‘?glt‘r#gtr%oqﬁ El?ae %r ese‘(}rﬁl lrrIfgnventi on
apply to a drawings.y Bhildi thé eineenttiodaisadesontsdr irc teenjumaiondivitly thesei speicdins t o
data bl ocks. .In.the follqw ng descripti.on, n r pus,. specific details are
set forcn mtshigtsh ot BReABRT R e PR OIGIRE B R Elsh,

i nvention. deadribed Wnatsodanand| eOenthedionmatys iofist enpede s€ ndovemn akerhatbves,may be

i mpl enented wi.thout sone ar all of these specific details. |In other

ot ances. MO BT ConLuEnt a5y 5 RUTEMHBR BESRTHBALIDREAT Tl det ai |
in order nghvdnPok B&SRESEY ite¥ %g},ggdjagin{she present invention. [0019] Various
t echni ques and nechani sns of F e present invention wll sonetines be

described in singular formfor clarity. However, it should be noted that
some enbodivers]Fot BLdmisle, hthdchpilg@esi dndrmédhamismoObf ehetedend Mventdh will de pl e
instanti ati ons_of _a nechani sm un] ess noted ot herw se. a system

For exanpl e,
uses a proc¥setid imthg comextef gatgplocthtiéryayer Hohenld Pe npied fiat 1h_615%_g%‘ﬁb‘iseci at ed
that a syst@mkRRalSRs Mtht bR MVRRESSYpsy 1 VaBiclySITRI KBS dital dohitrndche scope
of the present invention unless otherwi se noted. "Furthernore, the,
techni ques iapldding vpastionsio dntatteckpr dadhe fallovéng flesariptiont nyweebs fessiffescr i be
a connecti op PRINECD: b &LLde} §5- rln‘}idéfaoh’l'o%ugﬁ’ dﬁg&@gnéiﬁé‘tof%ggg&gﬁt“ on
between two entities does not necessarily neafi a direct, - uninpede
connect i on, inestian.v arHagtcylaof exatripler eerbbdiniess ofythe emetet hatandem mine Hewo
entities. For, exanple, a processqr be cennected . to nenory, but it wll
be appr eci APRIERHIRE Sy Parts o5 ATt ResSPaHEC EBHTr P T RgePes e
bet ween t hekrddC PEREYs apdtati®@EDhgve GoNDeeleRtdribed ainCaaaieCini ordefioRs Ot

necessarily nean a direct, uni npeded connection unless otherw se noted.
unnecessarlly obscure the prese t iInvention.

[0019] Various techniques and mechanisms of the present invention will sometimes be
described in singular form for clarity. However, it should be noted that some
embodiments include multiple iterations of a technique or multiple instantiations of a
mechanism unless noted otherwise. For example, a system uses a processor in a variety
of contexts. However, it will be appreciated that a system can use multiple processors
while remaining within the scope of the present invention unless otherwise noted.
Furthermore, the techhiques and mechanisms of the present invention will sometimes
describe a connection between two entities. It should be noted that a connection
between two entities does not necessarily mean a direct, unimpeded connection, as a
variety of other entities may reside between the two entities. For example, a processor

may be connected to memory, but it will be appfeciated that a variety of bridges and



[ 0020] Overview [0021] Techni ques and mechani snms are provided for mgrating
data bl ocks around a cluster during node addition and node del etion.

M gration requires no downtinme, as a newy added node is i mredi ately
operational while the data bl ocks are bei ng noved. Bl ocknmap files and
deduplication dictionaries need not be updated. [0022] Exanple Enbodi nents
[ 0023] Mai rbatrsllengmayreesidg bewgyeert tha psovessbr mgl meamadyoCopsegqoaslyl mgornact@a anount s

of data can hav& signi ficant $os S.. Thﬁs({s COSt S in%qu not onl,y power and
cool i ng cosPE BUPCSEbHR HPEhREPeet SOPRSA HA RIS A 4r dwar e cost s
as well. [0024] Sonme efforts have been made to reduce the footprint of data

mai nt ai ned [quqﬁiqe servers and reduce the associated network traffic. A
I Fi

. VLIVIEW . . P . . P
variety of i'es conpress files on an individual basis prior to witing

data to file servers. Conpression algorithnms are well devel oped and w dely

avai | abl e. m ' [ e 1 e ta or
specific t}}pes (;I% W‘F%g.%%ﬁ%b%gﬁso%g}f%‘%% é?rrrs%%%g{l%tﬁ Eétg%grgo%s \%g)ruﬁgtay of
manner s, buflusmaryricpnypdeesidition aad godd ddierpnandigyaien dequires oo detvetime.rss asour ce

sequences in data that can be. ped to shorter cod rds, In man

] et atieSG S S0, Sy Tt Posatinal DU e s CoF Y 418 bRBE Pk quent

| ong sour ceBls&ianHpTl&Sandldedutivhiamedictivnhiestnded Bdi®e upsdtepossi bl e code words.

[ 0025] Data deduplication reduces storage footprints by reduci ng the anount
of redundant data. Deduplication nmay involve identifying variable or fixed
Si zed segngn0X] EAampledimighdirpentar i ous enbodi nents, each segnent of data is
processed using a hash al gorithmsuch as M5 or SHA-1. This process
generates a unique ID. hash, or reference for each segnent. That is, if
only a few [0923 Mafitamirgp canegitg, aranpmetieg) taad/oo proaewingHangg edchouon|of dataanged

ti d. . I nst dedupl i cat i : hes f
at chi ng seqnantosentrg A JBetop e hPnb ahMa LB EREbnces (o

identify nesdysuinigaisesHnes) aesvorkbirdaddibfand herdwage ddsg asmklthi ng sequences
agai n.

[0024] Some efforts have been made to reduce the footprint of data maintained by file
servers and reduce the associated network traffic. A variety of utilities compress files
on an individual basis prior to writing data to file servers. Compression algorithms are
well developed and widely available. Some compression algorithms target specific
types of data or specific types of files. Compression algorithms operate in a variety of
manners, but many compression algorithms analyze data to determine source sequences
in data that can be mapped to shorter code words. In many implementations, the most
frequent source sequences or the most frequent long source sequences are replaced with

the shortest possible code words.

[0025] Data deduplication reduces storage footprints by reducing the amount of
redundant data. Deduplication may involve identifying variable or fixed sized
segments. According to various embodiments, each segment of data is processed using
a hash algorithm such as MD5 or SHA-1. This process generates a unique ID, hash, or
reference for each segment. That is, if only a few bytes of a document or presentation
are changed, only changed portions are saved. In some instances, a deduplication

system searches for matching sequences using a fixed or sliding window and uses



[0026] In a data deduplication system the backup server working in
conjuriction with a backup agent identifies candidate files for backup,
creates a backup stream and sends the data to the deduplication system A
typical target systemin a deduplication systemw || deduplicate data as
data segnents are received. A block that has a duplicate already stored on
the dedupliGalholl SYILEM WaldnilOleqBiRE e of LKA ROBRRNiNEMENREes OF her
i nformation SUCh as references “and erence counts may nee e updat ed.
Sone i npl ermgmbat i ons all ow the candidate data to be directly noved to the
deduplication system w t hout using backup software by exposing a NAS drive
that a user can mani pul ate to backup and archive files. [0027] In an active
file systedﬁﬁﬁﬁémgdwaﬁeﬁeﬁdmﬁmSb@ﬂadﬁeba@wpﬁewmveuk@@ﬁhn@ﬂwyﬁpemmbperation
It is ofte ir . I t cl uster
in the 1 acarbipad Sabfer Syl hBaRifhih. SRhRA3 BEGD SFBH Dl o0fns
enbodi nent she éacto the dedupheaioangstelat Asymce targettsgasm ihm dadtqjlmsmcmrsylgtam a
- suitcase ID Cl D. An entifies the node and t | oc

it astor e Stlldsupiceofarh SEre FREH GBarTS  Pitort IIGFAFS 1 1 GLBRBE w t hi n
t he cl ust eralredd30s2dibd A@&Qrdiunyglch@on/@rsteﬁmmexﬁmm%mrﬁe&,torédl@oaihechawqm.s and
nmechani sms of the present invention allow for nmapping of nog)s to an SCI D

in light o195 JRIOHRRHOR M i de g es: B eRieee AP MY REEH BPeCHARGRd whi l e
l'im ting orgo@oi;dhReheftalichsC M NBe tdhdRBIE et & RMARHIREM Red €RC IfheSCI D
need not be scanned to update each bl ockmap to nodify the SCID. The

t echni ques dsflunlisatiqsr wsem witheus ising bagleup soewapphy exposing anyA8| drye dhas @

envi ronnent, & can be rebal anced across the
nodes mhene3§$£gn%g%u%§g§%%% %éﬁggﬁﬁglﬁﬁ%arly, data can be redistributed
froma node when that node schedul ed for renoval while copying only data
fromthe n 9n BE 2GRN Q0294 Y, R??Q Jd Qg have a
nunber of grggzvﬁvt])arclzgsaét nyggn&as%pl ng esm?egﬁgé%:%%gje%p S%PMO cal cul ate
and may req@ergomuites ofien gesgells sobe able It@mloriweiamlpipqzmgarcbunddht ohistenay

requi re | nahe KEY Se RS Eifch AR URCRSHRE, IBARLNG LHOR! daFRAROSSAT MY
require extra cop dat’a bet ween exi St I'ng menber eéw node is
added. V\herblmltdna;g amd dau\stmeckemtase & bwibustes das alsusd:aee ,IDa)r|31§9 eAhi SGIBnt

olution na re ata to the new node al on g data
From node. SHerHRL Ui nos Al AHIPHE A o AErafiGe R pee R rlp €8 SRHTIBUs

enbodinentSdaﬁﬁymﬁkgbaﬁ@manmﬂwenmnﬁﬂd data is only copied to the new node.

[ 0030] According to various enbodi nents, a node nunber can be obtained from
a SCID using a function such as #define

get _t he_nodeor8)maesddingnd Rericei ghhtsdirkenys, \ths aédinigaes ate rr&rchzays[ms sCitkk_ %0

MAX_CLUSTER_SI ZE function all ows nt| t he, node
t hat hol ds H"?fé“‘da{’eé'“Oﬂgﬁ‘g‘gé‘i’rﬁaaﬂpﬁ‘g\/%fﬂoflﬁ%toéﬂb%ﬂp ﬁ'ﬁét oleee ‘Eﬂé?‘h@f‘df unction
can be changgéoMhiNoge hf ﬁb%ﬁyémathQ&hﬂgwg@ﬂﬁﬁ@heGraﬁh&nKaM§cbbﬁﬂﬁehNeS may
contain a node nunber so t s can be all ocat ed |ndependently on each

K
node wi t howRarticglamgmbedifieny. %ﬁé’o\ﬁéﬁﬁ Red nAbbescanpsd t9andate fagh blogkman Went s,
exi sting, r di.f f er ent
nodes durlﬁg\(y(ﬁf)}n Se a d|??85&%&1ngg{F%hﬁéﬁﬁgﬁkgnﬁgggmfégaggh%pu)AJ
arbitrary aaustaned efvigamantowith bey pwopbasdf pden ddath carobe rebelanérd avews thede t o
rebal ance tIQ) @e%egc raoﬁse%v lkﬂ?j? L#ﬁ%&egi i 3983&Jta Férlglgjerr%dlstr%hf)%ro?‘n mflll (E | -tenant
on demand iMfrasttuctyre. e Vvir I nes Thnc §|ng Vit ta
machi nes C(Whearlhﬁmdjdﬂg;clhdduledrf’bu&dmdvﬁhgfﬁﬂe topvingl&dy dhfaSfrom Qe nadediolftO ar e
running on a multiple processor core shared server platform 141. According
to various 8WBH@|nents virtual imge A 101 is running a server operating
system a database server, as well as one or nore custom applications.

Vi rtual nd 105 are cl ones ,of V|rt i 1. According to
var | ous. entOTRItY EXAHRE faph P Cehar e Fupi PR, M gBERE ng
system a dahaiaseans®rdififcultdo vadulaebiveinay 3dire huaeuOprotdE® dytiss. OThe
applications. Virfual inmage 109 is ? clone of virtual inmage. B 107. In

parti cul ar BHBSH MBRIQS maY apire et KeyscRmiraaiien whsnevey e miping fagena 101.
Users 113, chRses ahd mhi fequir® eQ@i‘&ﬂﬁﬁrﬁ’doftdataVBeﬁ\Rééﬂlexlsﬂ'ﬁ%ﬁ]eﬁib@smn]aq;%w Users
119 and 121 are connected to virtual i mage A cl one 5. Users 123. 125, and
127 are connected to virtual image B 107. Users 129 and 131 are connected
to virtual inmage B clone 109. 6



[0032] A conpute cloud service provider allows a user to create new

i nst ances of virtual i mages on demand. These new instances may be clones of
exiting virtual nmachine inmages. An object optim zation system provi des
application program interfaces (APIs) which can be used to instantly clone
afile. When the APl is used, a new stub is put in the user nanespace and a
bl ock map frbh€islad&d. OWfich a({(ﬂ%ﬂlev& Rod®ab i 164 ndlie EITRE L r@@%ﬁkwﬁi’ﬁl&’u&n‘ l'e

mai ntained 1n an object optim zation systemis représented by a bl ock map
file that mepyrreguerstoopping dabjietencvavddalong withrcopyingdatafremlode k tovagslef i | e

| ncl udes tl}e of Ifr%?nt Eoo%ng t? o3¢ 10f A%?ocrglngb&)e&aho E%ﬁllgoc?l eflt)é dfnthgcpl? <@ k map
file then p0|n certarn offse hin & data sw case cor |ngto
vari ous entimcntienidata m&ﬂycdqhatdothmvtmbcks will be pointing to fewer data
sui tcases, hence resulting in nultiple files sharing the sane data bl ocks.

[ 0034] According to various enbodi nents, the block map file maintains all

of the sand0@¥f Feterdangdtol cemus embpdinensr 8 re@de tiuaber cai balobfaired' fsonblaock map,
so no user fil.e data nedbec artl uIar odi i.f. \the
cloned 111 St wHehRR riet” A e sl A ME S o EIRE B R st bens
when a deduptidcat edlefdrtagf | ﬁlMlMAKgCL[JGGYEﬁ]_SlZEg}JWn&ppnhg gictiad glfovane
exanpl e of an optim.zed file structure. Accor to.vari enbodi nent s,

an optim z&K¥A° ‘iﬁé'f‘énﬁg'%‘o@%ihat 'Wx@‘r%‘ jdtayj/}qeo f%r@vaflgusﬁ?qﬁ’ﬁg?%f res,
where the daiRids"Mbtic ERAPR icRarzediviblel fedMkehat deli® sGeRRdof TRPKEYY zati on
i's, which og |mzat|on actions to apply to the stream and how to mark data

as havi ng HBeewsebiss mely £epfainEanedeinymbpisy Hpkkexs sadbe glipcied inderanggntly on

embodi ment Seacrpasamgutdamn rﬁca%lhgrb%@lwéen e IHog&er Ir?-gg-mcﬂ_ 19€ ehB6diRENg21 can
be a directory. a volume, a partition, or an interface to persistent object

st or age. Webih:tmﬂ kiwatnekd okiebe @Mmempct ralicatscatiablackssio siifferend nodescbmingianer s or
Structures SUeludfo il WGARG, Ahen b ok [ doBe U AR GG ALY GRSGARL COUl ¢

be a file. nI0 ect orage or ma use

*vi ewabl e naopep o e’éﬁﬂnodwbmlmha&“mﬂdbitqofebalsn@bhé didtescrasklhe dagar ding to
various enbodi nents, stub files 211 correspond to virtual imge A 213 and
virtual imge B 215. Virtual imge A 213 is associated with extended

attri but e i[A63] Faguron Boivsi mohuidi-tngmf iohedenand dnsirmhad. orMokipler vimsaladat a.
Virtual imge,B 215 i assoc at w th extended attribute inf Lon 219
Vel uai ng. Anrbes i V) B rseradle e Fstbapties a8 Var 1 ous
enbodi ment sLo7pphd MV atk ﬂl&hﬁ\glcﬁl fraiuitigle pecteksor @odeotlied s2RrEr pBIttbfnk laap files
261 incl ude Offdzn%@ | engt h, apd Iocat{?&n identifiers for locatin

appr opri at eS8t gYPER %efinho MEE A dmagh A J94ds ?‘T‘Em"mef‘i%r’aﬂg‘ﬁ%k nmap
files may rylybteﬂn Laatfam%e SaVE, dadvall 386 MoretuRosaippli&tiohe SiHubCidfges Each
|

bl ockmap file als
103 and 103 are clones of virtual image A 101. According to various embodiments,
virtual image B 107 is running a server operating system, a database server, a web
server, and/or one or more custom applications. Virtual image 109 is a clone of virtual
.image B 107. In particular embodiments, a user 111 is connected to a virtual image A
101. Users 113, 115, and 117 are connected to virtual image A clone 103. Users 119
and 121 are connected to virtual image A clone 105. Users 123, 125, and 127 are

connected to virtual image B 107. Users 129 and 131 are connected to virtual image B

clone 109.

[0032] A compute cloud service provider allows a user to create new instances of
virtual images on demand. These new instances may be clones of exiting virtual

machine images. An object optimization system provides application program



correspondi ng extended attribute information 231 and 241 corresponding to
direct'ory handle virtual imge A 233 and directory handle virtual inage B
243. [0037] Figure 3Aillustrates one exanple of a technique for adding a
node to a cluster. Although the technique will be described in the context
of node addition, it should be recognized that various techniques can al so
apply to nogierfAR@IPNRs) RhicAREh bk @&dd @NnstAMtly39dne Afidaheh MRBARNE IsES a
detected. According to various enbodi nents, a nulticluster system may
det er m ne tiwtstybdp putdn thgruseroresspace antbablork mae &l ipploned. ot her s remai n
sparsely used. In other exanples, a system may detect that additional nodes
are needed based on storage usage. |n other exanples, a node may be added
or del et ed (B34 IfipeRisular gAYPodBICBEshicKey| Bl Brintited PnyhrhiseleoPpizaiys o
request {0 adtnds ROMRcI bLE Btk tnap i A reprBl2HS olTR6I &R DERPAMal AT | 0T Ng

addi tional Storage arrays or storage devices online in a storage cluster.
[0038] At 3% blegksimappiile incdydss theeoffsets @ndisiaeh. of|eactpelijedtc bkl erenpodibledkt s, a

mappi ng f unet | Rid til%n }r)(%}/l\{sitg tae&ng%n g sz% wlltHinpaa Ei(lgl %Hiltc%rse.emc):g(gridl g% Sarid l}e
mul tiple keys may be'suitcase i1dentrfiers and/ or correspon& to paﬂflcular
bl ockmap f ichdedinAteohtinpdldod may fited swillntixopbintny &, feiee damppittiged, hagdei on

provides that the keys identify agr correspond to particular nodes. The
nmappi ng f u_r{?:st“iltHW_l ke g%@\ﬁi‘a{%‘eﬁ“e\ﬁﬁmeéiatﬁg’ﬁoe@g%ti ng the multiple keys. At
309, data is copied fromnodes to a new node to rebal ance data across the
data stora Luster. According,to various, epbodinents, .bl files need
ot be. scarfuf SkEHinedf S Hhrbdme gl RRIER Bl Magam A SR et
renoval , oroffyediahd tbiicpoihtersparlid cridindl ferb dibickepSso hd oGk Migpddta hesl remai n
unchanged.

[ 0039] Figure 3B illustrat one anple of a.technique for
per formi ng b&afpaleﬁ-cébg@lwlireﬁim@&t'ae% e F'G_H?de ﬁ'ﬁ@iﬁr mpdifidghy thejhepavier _
accessed. ThgheShMOad Wh hapiche SRONSSeduplidatdd filk ahodiff®pe of an optim zed file
and includes extended attribute information such as netadata. According to

vari ous enbodi nents, the stub file provides a suitcase identifier (SC D).

I n particul[go3Rmras DeNtSkatcs Re SHihFlaSE ah dptilided ile SPatirk] eSccardide. 1 n
particul ar enbodi nents, extended attribute jnformation and netadata can be
accessed | NMEAFAEBPIITRNtS, AR SPUBYZIERN Systegais taid bsre ithwillsige Ehdatar i ed by

the SCI D i spdehRtMngd theAatohflitedh iV @nift foRMRAM tHPE\:to%e o@oﬂﬁgﬁat&ﬂed fied
by the SCIDis determned. In particul ar enbodi nents, the node nunber is

i denti fi ed ibywhiel eprgniggficaractiprsdierapplyitadha fiewampehd kovoto mak &G B kaving he max
st 2 DD CHTPLE S0P BBl O LomER SO0
get _t he_nodeoredimbelockar@dil t Ade dakel( 22X cdad be)a dickwry. @ votwhee. arpagition, @cdind %
MAX_CL USTEF\:m%Irfche t]o persistent object storage. Within that locker 221, optimized data is stored

in containers or structures such as suitcase 271. In a file system, each suitcase 271

could be a file. In block or object storage, other formats may be used. A user viewable

namespace 201 includes multiple stub files 211. According to various embodiments,

stub files 211 correspond to virtual image A 213 and virtual image B 215. Virtual

image A 213 is associated with extended attribute information 217 including file size

data and/or other metadata. Virtual image B 215 is associated with extended attribute

information 219 including file size data and/or other metadata.

[0036] According to various embodiments, optimized data is maintained in a locker
221. Block map files 261 include offset, length, and location identifiers for locating
appropriate data segments in a datastore suitcase 271. Multiple block map files may

point to the same data segments in a data store suitcase. Each blockmap file also has



[0041] At 357, the user accesses the blockniap file. The bl ockmap file

i ncludes offset, length, and location information identifying data segnents
in a data store suitcase. According to various enbodi nents, the bl ockmap
file need not be accessed, scanned, or updated upon data mgration. At 359,
the data store suitcase in the appropriate node is accessed. At 361,

met adat a i rncotregpodding ek@hdedsatiriboasiafonmytidie2 Dibil DHdcor”bpondihg tdaliRctsggnent s
in the datgstgre.sujtcase y he.obtained. The data_segnents may be

refl at ed aﬂ'&’}‘glrﬁ "H@@Llﬁﬂgéfsg%aé‘gd%@o‘iyd‘aﬁ F;Xi%l}l‘“&ﬁ%ﬁt%“% zed data. [0042]

Figure 4A illustrates one exanple of a block map file or filemap and Figure

4B il lustr .correspondi ng datastore sujtcase created after optim zing
A tile X APPEHARERF P8 ol PRE FHATILE BF 7 CERmisaor fafiss Hes & i ihame. 407
fields. AcCARKHURE theOtedidu@Usille¥RedrIRRM S the@RGRxSEHBRABLJAiN0A, NesHoulsewmp f or

file Xis 8Kin size. In particular enbodi nents, each data segnent has an
i ndex of f dJefRENiZehifiah¥irius teshiiduss<an pise apRIpEe AodraBmeval e Eedificaign. eklanpl e,

0.1 corresppids ¢uQ iﬁl‘ﬁialtaﬁlééi@ dL:l@cth.aQs@cgﬁﬁﬁttémaﬁods%ﬁﬁnenw ialrﬁ%laclﬁster

corresponds to suitcase |ID 2 and databas€ index 3. The segnents

cor r espondi sygtemomay fdstermineKkthatg partigie N@ics srd heavdliydesedl rviglei obarseremding whi | e
the data t i,ndi '8 i in the
filemap beﬁh%gl&gg%ﬁqggg{ﬁgﬁ%aﬁ%& %o tegt} gé??aﬁgﬁ?ﬂ%gé&#ﬁ%rgﬁl gi?%ﬁggeﬁ%&any
file. [0043as¢d gursewraPgs ushgausin athes exaneplesamplde miy he dddedsérodedetsdlietv@ase
corresponding to the filemap file X 401. Acgording to various enbodi nents,
dat astore st é‘g%yﬁ%WW&‘i“ﬁHgédﬁtﬂ lmﬁlésicepo?‘fi’gﬁ’ gﬁ%“”ﬁ“d‘&t p‘i)t”?n?%r'f. The

i ndex secti@eeivaic! Wdeimgi Mdbdemag T3rreghahd 10Tbkinging Aahionandodad arrhgf 6 ence
counts 457. The data section includes indices 453, data 461, and last file
ref er ences Y@8ge JVicst IHG iR & SI9EEF 6l¥senbodi nent's, arranging a data table
451 in this manner allows a systemto performa bulk read of the index

portion to abtai fset .data to allow parallel reads of |arge ampunts of
data in the[%_ﬁé@aﬂsg(%t i“BHt.‘fﬂe ﬁ‘ébwf Sepeait: Y RagiopleF ieaﬁ’gg'é??ﬂtﬁdgr@?ﬁpgzg _
datastore sfuhéthase dwdhnémal sefes 14 Baseulaf E@s&dimmﬁ,eﬂhsnﬁ@tiﬁ@u@ys Rayrge Whi ch
map to the data segnents of the filemap file X 401. In the index portion,

i ndex 1 coriU&s35eridfmuigersoandar £orasnend detpagigular Rlaskmap dides. r efAgcerdingdtoonce.

I ndex 2 coryegpondivddintedsdahe hippld $Gictdat foRdbasnh el k&E elaenagdoonce.

I ndex 3 cor raelspondi ngl to_tsélat a iﬂ) of f setc-ldatlgmc %gs atli))een r %er encad once. In
t he data potorieenendi tedpxtiqulpmopdedes That mapping)durstie freaye e eremoitten | whik 401
whi ch was | 0 acr r ence .0 he ta A |Lndex 2 includes data B
and a ref er%ﬁgcréhﬁ?)%ﬁ%gltﬁlﬁ%}g\/\h&cﬁ)g\hg?tal'gsc? SHte % f%’fnag%é%é)%? &f ré‘?weﬂgéeje %’n t he
dat a B. | ndehkalahceniataugassscht alae andga clustter ércarding tbi YaeioXs 4Mbodikients, was

| ast to place.a reference on the data C 045 ccor di vari oys
erbodi ment SICHATGHE? FEHGAG' P SCErREY TGSt hanaseti i cadi s SySRE AT e
dictionary ddditisaeenional, embiifigattbap!Th pakRubALAbSEHSRA! HodkhfipAésHenfam t he

| ocation of the data segnent. Wien nunerous snall data segnents exist in a

system the"$h¥8edi a dictionary can beconme inefficiently |arge.
Furthernore, when nultiple optim zers nodes are working on the sanme data

set they w h create their own dictjonary, This approach can |lead to
subopt i nal d?h%;fﬁgﬁ%‘ﬁa?‘ o UgaiESeons T’iaf@he %?jée‘i’?ékﬂu?\ fePeh OPEH’éydﬁ‘%lé??Ff'sfi ed a
redundant dgen da@ AR cRUIALB53EE ORE MOGULadcBssBPt THELuBWRE Co@éspbhdshBGause the
dictionary i's not shared between the two nodes. Thus, the second node

stores the YBH igaguoagtRsinizelilang indidsarxsedgdaibutstnfpimmiion fiachestt i r e
dictionary elfla PEARRSED!(E. Wribls ArdeBBHIAE, TREIAD! A AR NPElIRGLSM T of
coal escing updates from mul ti pl e nodes. However, suc chani’shs ¢an be
conpl i cat eddemidfiea¥&Delly parigalet epbedimentartbe suifcd@4i@tnt@en spgifental nodea wor k
partitioni pl a n . nt 1D, or hash value ranges
for vari ousn[g d 'Qgggrg(rérgﬁ? 55)].%e hﬁggg%% %grgw%\:/alﬁ%gg%?rnearé%smeﬁ%ga 8" al?effer ent
nodes Wi t hiaectshel ininusiiaely id 4 uer sadeai B3praadésshagoda spadifieddggheBCIDME ch has

a hash val ug whic s t.o another node, it will_ contact the other node
ot owne. tRETRe RS AT TREGATLS ch g T AR e SO 5 g
dat astore. dedddhidedFil@ysrEicHlar drhbbslirhée $hemde inh®erdis Gddn@Ned bR acc@Shigned t o
different segnent |ID or hash ranges. Although hash ranges are described, it
shoul d be recogni zed that the dictionary index can be hash ranges,
reference val ues, or other types ofgkeys. According to various enbodi nents.

t he hash values are SHA 1 hash values. In particul ar enbodi nents,
dictionary 501 is used by a first node and i ncludes hash ranges



from Ox0000 0000 -0000 0000 - Ox0000 0000 FFFF ‘FFFF. Dictionary 551 is used
by a second node and i ncludes hash ranges from Ox0000 0001 0000 0000 -
OX0000 0001 FFFF FFFF. Hash values 511 within the range for dictionary 501
are represented by synbols a, b, and ¢ for sinplicity. Hash val ues 561
within the range for dictionary 551 are represented by synbols i, j, and k
for simpl i Ghdok-ushigGhE HioBflo!s? ASERY I PRR TR 5120 SBASHANLE b

di ctionary 501 1s mapped to a particular storage Ilocatl on 521 'such as

| ocat i on 528de B@Bber dy olfded fEzrnlan REID usiag aduricrionl surhiao tewrfyll®Bihgi s mapped to a
particul ar storage |ocation 571 such as |ocation 573, 575, and 577. [0048]
Havi ng nunmerous smal| segnents increases the |ikelihood that duplicates

wi |l be foufe#o0] Mdelneezet_theapedegnyrobasy fsem_thenscid(seignent s decr eases t he
efficiency of using the dictionary itself as well as the efficiency of

usi ng associated filemaps and datastore suitcases. [0049] Figure 6A

il lustrates one exanptié tafnode puiaylc sitdai'aMAX CUSEER oYdEAg t o vari ous
enbodi ments, container files such as ZIP files, archives, productivity
suite docunents such as .docx, .xlsx, etc., include nmultiple objects of

di fferent t§ftd AtNGA-the Heespsrssses theddockman file TheBlackmandilsiinalrdss pEsst £ | es
typically qenhgiDtan@OBERoR iffoPRAIR RicRyRG! Sata kOPRALs ACE Aot Gt Qit¥AR] OUS
enbodi nents, it is recognized that ceftain types of non-container files do
not benef i tAdcprgmenQNanguacyeesimpnts.sthy bloskman die nagdmot he aesiessed.gicannige, il e
itself. For A fal | o : ' ] do not
have many soégﬁgdrﬁﬁs@qoﬁ 'Egg%gm%ﬁ.t ﬁ\tg? %éﬁy&%?%gtgﬁ’n%‘ﬂ%s?w thF |taF l](;alfgp Ifléé‘lf)ﬁgcgquent ly,
sel ecting gsredcksssdgreddhk moadasuiphhe ditestery priscassman bt bbrinedt AtGohshaguent |y,
t he segrrentsebnqéjnrtld%rtilea tf grr a”ui mage {)i Itg TRy @ec}he bountdari €S f " the file
itself. For %xarﬁ) e AORLSRC AT RET MFAr 2 BHICT ncTUGES FIPFAS B4 B6° aletc&/pe t hat
does not bewmeébt Hecbmprasiddrue 86 Ptoadbmissign®pdmizeddata.Fi | e types that do not
benefit fromfiner grain segnmentation include imge files such as .jpg.
.png, .gif. .and .bnp files. Consequently, file 603 is provided with a

si ngl e segrfetn2] Fddhure M Silusghes segesanipld of Mlockt map &tk orfilehep stediiphreadt | on

dictionary.. . Providing a si.ngle |arge segnent enconpassin eptire file
can o so mlEgls e adePaRtiBy ot SRR TR rL T PPETGIRE  AEChr BITERR o

vari ous enifmeixnantiscludas! dfispd 4035 BAEL A0S 280 GOMRARTI fR@dsMA dcofig; bivlagisuof t he
sane type are conpressed at the sarrF time, In particular enbodi nents, only
segment s h&VORgineeRsa cptopsenisat dnmis tilspap der filg & & 8K inowasy el BYtigding a

singl e cCoNRLARAInRMAC MLt skimé H8CRAURLZLH! thidtar SPREsRLd 28RcONMPLeSSOr'S
may be applied to particul ar segnents associated with the sanme file type.

[0051] Fi guiRawsatl¢ Indser s assxanele i haprespertds o stessil Pl andidagaabievingey

mul tiple diSRgRRAL 8 30PlRGlds B QPR 16! Wil FadhsONRRLNS! Thi Sedlifs does
benefit fromnore inte gent segnentation. According to various

enbodi ment sorrsggnading &t oftretsdin 8Ke appkloalireedide it litcasgdDtd whildtht datakdbtsn ng

[ f | tipl t [ | ' t ext, .
Segnont at| QR Estbd: PrftEmontiad e SRS A2l RYEh o AR AP SBBHARTY cat i on

whi | e | npr e¥gment et pesicuslydletn tifeamyd by ast frd of sel ecting a single
segnent size or using a sliding segnent window, file 653 is delayered to
extract file conponents. For exanple, a .docx file may include text,

i mges, as [043] Faairo#Batiumans anaekarhplk @ .a dacistoex arighe, corebpnBing torglye | ncl ude

conmponent s /55. nd, 663,. Conpanent 655 nay be a conpon . that does
ot benet 1 (HpRE AT G EORIEEBHPE i ALY SRESTS IS FALIEHAE onl y
segment 657%n e bartibl ;an APANOHiIADITIR Hllek RedvAERcladS Malces dsDrmR 661,
By contrast. conmponent 663 is act ualrf’lé% an enbedded container file 663 that
i ncl udes notTseiys cad darafereaaercomineyi (The damsadiontingpdas indiepsdAd «datfon but
al so i ncl udgs, AL CATBRBENS3. 6 A3coriRE (S¥ AR @mbI&hRNROR MBIt de
text. Accordi ng_t_o various enbodi nents, "the segrrent size fortext may be a
predet er mi riakle 4§z this raangghallavs agwstemriaprdorst 2 bulk readyfrthd indéaporéattndi nent s,
text is se i e | ..Si . s
Consequent ﬁ)%?a?%glf[?%& ﬁ%ﬂg/toa@fég ?aﬁ%feﬁ%ggi&%%%? @gg&%gj%esag mgggd%%%létm?% provi ded
w th segnment boundaries aligned with the object boundaries 675.
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[0052] A variety of devices and applications can inplenent particular

- exanpl'es of network efficient deduplication. Figure 7 illustrates one
exanpl e of a conputer system According to particul ar exanple enbodi nents,
a system 700 suitable for inplenmenting particul ar enbodi nents of the
present invention includes a processor 701, a nmenory 703, an interface 711,
and a bus T0®4{ ecgording t&Cridus gnbolihientsaddtasnge swittase 47 dnclodes tigke offset,

appropriate software or. fir re h rocessor_, 701 is responsible for such
heks such TSI S BT HIICRE B\IL SEBSFETTYS YRt NTRBAGaVTed Bn al 50
be used in jpde’GRrifh, MdBX @Q%&Pénd]@to@atd i oRéll datzOR hhPbd2h ¥SBRAQNM of@d- The
conplete inplenentation can al so be done in custom hardware. The interface

711 i s typiledaxl I cewespredipe do data g rdfsandnts Bcbasykeed gefgrepeeckencs. olnderata
segnents o P Lcular i f ice
supports | nEeRORBRRR s FRLINE A C RARRL ToT el URE B B kP

i nt er faces,inde8LI iintheles alowsA andkemefeienge iontde Xadek whashdwahdast kdkelac§ @053] I n

addition, various very, high-speed inter s_may be prowvi. ch.as fast
tnernet i Hesrpaeet el 8 IR Ron B0 dPCR R BY-roRaly BAIER 4BL Shicss
i nt er f aces.wR@Bt tnplecd acsencEbbithd ddte Bf dads Zindiutiésadakd R and eetereatd tp, t hese

i nterfaces i nhcl ude ports approprdate fo 0 nication with the
appropri at éﬂﬁéﬁ? .Wﬁﬁhggﬁ%“ctﬁg%‘?a%fwnm té‘l’ @%mm ude an i ndependent
processor and, in sone instances. volatile RAM The independent processors
may contr ol co ni cations intensiye tasks as packe Lt ching, nedia
control andoﬁ?&;%@i Hig to ["%%ﬁ]em,&(%meﬂfénéetdbcuﬁﬁarr%’ i'sc%lfeé'r#é%&gﬁ\é\gf‘%’ﬁéﬁﬁ’ di nent s,
the systemsy@émusHg dietanayy €0Bed o sdeatify dlglidataddiape@ge@mahdipbintied iens and
mai nt ai ned a |.ocal side cache. Jhe programinstructions may control the
oper ati on dP°HAN BhEIEAANTERYRY eYPhehBYBrrobhEm A} daih FegmeplsI SXEshin HRSIE.or

exanpl e. Thge BBOBE Y RétioBOdah B2 cSRY i&lfﬁ:&ed@g 1628f IKQhethdr@ Wiearfulkipe ved
nmet adat a and batch requested netadata. [0055] Because such infornation and

progr am i nSPHIEFORIeRwyE Berkingmppykeisaes daplsentay Wil eady stcatestheie oo ds
descri bed *hg&f%h ThE a §£§&manllyawtsh9 e ﬁE(ﬁf?liEa‘?ioB%ﬂx%Ql st J0RE e
readabl e nedia that 1 nclude programinstructions, state intormation, etc.
for perf or rhamgalveady adestibgbs edingdagt dats sagntzatblt@rse¢and nb@isploeget@fvare of

machi ne- reapgbl e glidg .include hard gi

sks. .floppy .di sks, .magnetjc fape,
optical nmedt SEHERTS SRR RON T sREd Re b tﬁgg%gfsoﬁﬁﬁ%iﬂ&ea C?r‘bdd?%c}esuch as
optical di skses thetsahar dhivbsentbaviacas drigiial aé@napestadih} \the oitirt Glictaaty0 St or e
and perform program instructions, sych as read-onl. nory devi ces (ROV)
and pr ogr antetlt B PE I 3rRshiYE ST sBeang PO e e elesc B8 P am
i nstructi ongorh RGlitisle nbadsh HEREHEN SuhOdEshasid®b cas bBIofiBGatedMdadierelyl er, and
files containing higher |evel code that may be executed by the conputer

usi ng an i MERPPEHManFpo56] Al t hough many of the conponents and processes
are described above in the singular for convenience, it will be appreciated
by one of skill in the art that nultiple conponents, and repeated processes
can al so bd 0P/ &nErayFty A Tk ﬁ@‘ﬂtl%ﬂgﬁfgﬁ@g cat b¢ pplis daseflon;sagrasttilEn.

or hash value ranges for various data segments. Ranges of hash values are assigned to
different nodes within the cluster. If a node is processing a data segment which has a
hash value which maps to another node, it will contact the other node that owns the

range to find out if the data segments already exist in a datastore.

[0047] Figure S illustrates multiple dictionaries assigned to different segment ID or
hash ranges. Although hash ranges are described, it should be recognized that the
dictionary index can be hash ranges, reference values, or other types of keys.
According to various embodiments, the hash values are SHA1 hash values. In

particular embodiments, dictionary 501 is used by a first node and includes hash ranges

11



[0057] While the invention has been particularly shown and described wth
reference to specific enbodinents thereof, it will be understood by those
skilled in the art that changes in the formand details of the disclosed
enbodi mrents nmay be nmade wi thout departing fromthe spirit or scope of the
invention. It is therefore intended that the invention be interpreted to
i ncl ude al lfrona6x(@00 060 6009 (l@ﬂﬂli—\l)&D%i)t(ﬁ)Of)fﬁFFfF&?IFF. DittonarytIse i usse bgpi rit and

scope of the pres nt CLAI_MS is claimed is: 1. A

met hod, corpidinegs a'i“le ﬁ@% shy ranggs fom %f%)%ha@%g H@@O"ﬁ%’e— PXBAQ0000 ¢ 5
storage cl USTFerEFFF. HashGRRRE 311 RGthik Ak W4 ltbb’dx@fioﬂheyvsdﬂeh’r% r@;&@&ﬁteatkﬁd wth a
mappi ng functlon the mappi ng_function | entlfﬁ‘gng@a particul ar node

cor r espondishgb olo agb. 9nd ¢ fferimpligigy Hash value trangefordietinman] Wlal i ty of
exi sting nofesedQehfle QEWABAE i 9, R0 ABF SidAlGyacr 08kl dAbandlor age

cluster.
embodiments, each hash value in dictionary 501 is mapped to a particular storage

location 521 such as location 523, 525, or 527. Each hash value in dictionary 551 is

mapped to a particular storage location 571 such as location 573, 575, and 577.

[0048] Having numerous small segments increases the likelihood that duplicates will
be found. However, having numerous small segments decreases the efficiency of using
the dictionary itself as well as the efficiency of using associated filemaps and datastore

suitcases.

[0049] Figure 6A illustrates one example of a non-container file. According to various
embodiments, container files such as ZIP files, archives, productivity suite documents
such as .docx, xlsx, etc., include multiple objects of different types. Non-container

files such as images and simple text files typically do not contain disparate objects.

[0050] According to various embodiments, it is recognized that certain types of non-
container files do not benefit from having a segment size smaller than the size of the
file itself. For example, many image files such as Jpg and .tiff files do not have many
segments in common with other .jpg and .tiff files. Consequently, selecting small
segments for such file types is inefficient. Consequently, the segment boundaries for
an image file may be the boundaries for the file itself. For example, noncontainer data
601 includes file 603 of a type that does not benefit from finer grain segmentation. File
types that do not benefit from finer grain segmentation include image files such as .jpg,
.png, .gif, .and .bmp files. Consequently, file 603 is provided with a single segment
605. A single segment is maintained in the deduplication dictionary. Providing a
single large segment encompassing an entire file can also make compression of the
segment more efficient. According to various embodiments, multiple segments
encompassing multiple files of the same type are compressed at the same time. In

particular embodiments, only segments having data from the same type of file are

12



2. The method of claim1, wherein each of the plurality of new keys

i ncl udes a node nunber. 3. The method of claim1l. wherein the
plurality of new keys correspond to a plurality of blockmap files.

4. The method of claim3, wherein each bl ockmap file includes offset,

| ength, and location identifiers for identifying segnents in a plurality of
sui t cases. compressedSusinghe sikglh cdmpfesypmican@xt. vx/he'rselienognlimdpthatr siecializedf

bl ockmap f|| N ddi ng. t he Wn 6. The
met hod of ¢ Ie“fresﬁrsa%%rgg%rﬁe%% B ﬁ ucruarsgl n% SgaSSOCl eae‘%”ta{r?'ee S%lmeﬁ reRs ty of
suitcase identifiers (scids). 7. The rret hod of claim®6, wherein the

CoED: 10 | UGS RERNTS NSRS PLLA 08 ISP vy ot g
MAX_CLUSTERbBEEE Pata 651 includes a container file that does benefit from more intelligent
segmentation. According to various embodiments, segmentation can be performed
intelligently while allowing compression of multiple segments using a single
compression context. Segmentation can be implemented in an intelligent manner for
deduplication while improving compression efficiency. Instead of se'lecting a single
segment size or using a sliding segment window, file 653 is delayered to extract file
components. For example, a .docx file may include text, images, as well as other
container files. For example, file 653 may include components 655, 659, and 663.
Component 655 may be a component that does not benefit from finer grain
segmentation and consequently includes only segment 657. Similarly, component 659
also includes a single segment 661. By contrast, component 663 is actually an
embedded container file 663 that includes not only data that does benefit from
additional segmentation but also includes another component 673. For example, data
665 may include text. According to various embodiments. the segment size for text
may be a predetermined size or a dynamic or tunable size. In particular embodiments,
text is separated into equal sized segments 667, 669, and 671. Consequently, data may
also include a non-text object 673 that is provided with segment boundaries aligned

with the object boundaries 675.

[0052] A variety of devices and applications can implement particular examples of
network efficient deduplication. Figure 7 illustrates one example of a computer system.
According to particular example embodiments, a system 700 suitable for implementing
particular embodiments of the present invention includes a processor 701, a memory
703, an interface 711, and a bus 715 (e.g., a PCI bus). When acting under the control of
appropriate software or firmware, the processor 701 is responsible for such tasks such
as optimization. Various specially configured devices can also be used in place of a
processor 701 or in addition to processor 701. The complete implementation can also
be done in custom hardware. The interface 711 is typically configured to send and

receive data packets or data segments over a network. Particular examples of interfaces

13



8.. The nethod of claim1 ,wherein the new node is a storage devi ce.

9. The method of claim 1. wherein the new node is a storage array.

10. The method of claiml1l. wherein a plurality of segnents are copied onto
a suitcase maintained at the new node. 11. The method of claiml,

B bel no GEERBeadpror el e 5 RAsct Gy EARR Eanhtelf gadts Bl aRlen T o

conf i gur ed BSL heeRLSoRer AAWRSI{at®, aflidhalikew node from a data storage
cluster; a processor configured to generate a plurality of new keys
associated with a mapping function, the mapping function identifying a
particul ar [oesh I@Qﬂdiﬁ&rﬂ&ﬁdbﬁgvér@ hghpgietd tntbrfdcek emay Hehgopidet eshars fastr t her

oL LT e SO (LT e ML oS S RSPIRSL, b 7o
interfaces, FDDI interfaces and the like. Generally, these interfaces may include ports
appropriate for communication with the appropriate media. In some cases, they may
also include an independent processor and, in some instances, volatile RAM. The
independent processors may control such communications intensive tasks as packet

switching, media control and management.

[0054] According to particular example embodiments, the system 700 uses memory
703 to store data and program instructions and maintained a local side cache. The
program instructions may control the operation of an operating system and/or one or
more applications, for example. The memory or memories may also be configured to

store received metadata and batch requested metadata.

[0055] Because such information and program instructions may be employed to
implement the systems/methods described herein, the present invention relates to
tangible, machine readable media that include program instructions, state information,
etc. for performing various operations described herein. Examples of machine-readable
media include hard disks, floppy disks, magnetic tape. optical media such as CD-ROM
disks and DVDs; magneto-optical media such as optical disks, and hardware devices
that are specially configured to store and perform program instructions, such as read-
only memory devices (ROM) and programmable read-only memory devices (PROMs).
Examples of program instructions include both machine code, such as produced by a
compiler, and files containing higher level code that may be executed by the computer

using an interpreter.

[0056] Although many of the components and processes are described above in the
singular for convenience, it will be appreciated by one of skill in the art that multiple
components and repeated processes can also be used to practice the techniques of the

present invention.
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13. The systemof claim 12, wherein each of the plurality of new keys

i ncl udes a node nunber. 14. The systemof claim 12, wherein the
plurality of new keys correspond to a plurality of bl ockmap files.

15. The system of claim 14, wherein each bl ockmap file includes offset,

l ength, and location identifiers for identifying segnments in a plurality of
sui t cases. [0057] Whileghe ifhentppdiaeheeofpagicalarty shiownyndrdeparibedavitireferghéetp of

bl ockmap files. chan af t 7. The
system of &P rﬁ ilggoé} gE{eQﬁer?cﬁd it Y\llleB(T ﬂﬁ(ﬁjerﬁgoé IS'@ tlE%\év sﬂqgg “é tlrl) a?tat zli]tt y of
sui t case i damiges irethe foraiadd details of the dlﬁloséd mbhd:dm,emsonay bsimade withowi vi ng a
request to add .a wnode:fromadt storage cl.uste enerating a
plurality SEPHUNR KaysthsSRBLioLsepent’the éf‘vﬁﬁtb% gf if lﬁli‘ﬁ“fff”é?n‘mef‘ﬂ%j ﬁﬁ ﬁ'l
function i dgwhiibybdBitcdprd@d td Buiudé alN O5IRAIGRY 4SO EichE tha fA1 Widiih kieUhar key;

spirit and scope of the present invention.



copying data fromthe plurality of existing nodes to the new node to

rebal ance data across the data storage cluster. 19. The net hod of
claim 18, wherein each of the plurality of new keys includes a node nunber.
20. The nethod of claim 18, wherein the plurality of new keys correspond to
a plurality of blockmap files.

CLAIMS

What is claimed is:

1. A method, comprising:

receiving a request to add a new node from a data storage cluster;

generating a plurality of new keys associated with a mapping function, the
mapping function identifying a particular node corresponding to a particular key;

copying data from the plurality of existing nodes to the new node to rebalance
data across the data storage cluster.

2. The method of claim 1, wherein each of the plurality of new keys includes a
node number. '

3. The method of claim 1, wherein the plurality of new keys correspond to a
plurality of blockmap files.

4. The method of claim 3, wherein each blockmap file inciudes offset, length,
and location identifiers for identifying segments in a plurality of suitcases.

5. The method of claim 3, wherein the plurality of blockmap files remain
unchanged after adding the new node.

6. The method of claim 1, wherein the plurality of new keys are a plurality of
suitcase identifiers (scids).

7. The method of claim 6, wherein the mapping function comprises the
following:

#define get_the node number_from_the scid(_scid )
scid_to_node_array[ _scid_ % MAX_ CLUSTER_SIZE ]

8. The method of claim 1 ,wherein the new node is a storage device.

9. The method of claim 1. wherein the new node is a storage array.

10. The method of claim 1. wherein a plurality of segments are copied onto a
suitcase maintained at the new node.

11. The method of claim I, wherein the mapping function can be changed
while the plurality of new keys are being generated.

12. A system, comprising:

an interface configured to receive a request to add a new node from a data

storage cluster;
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a processor configured to generate a plurality of new keys associated with a
mapping function, the mapping function identifying a particular node corresponding to
a particular key, the processor further configured to copy data from the plurality of
existing nodes to the new node to rebalance data across the data storage cluster.

13. The system of claim 12, wherein each of the plurality of new keys includes
a node number.

14. The system of claim 12, wherein the plurality of new keys correspond to a
plurality of blockmap files.

15. The system of claim 14, wherein each blockmap file includes offset, length,
and location identifiers for identifying segments in a plurality of suitcases.

16. The system of claim 14, wherein the plurality of blockmap files remain
unchanged after adding the new node.

17. The system of claim 12, wherein the plurality of new keys are a plurality of
suitcase identifiers (scids).

18. A method, comprising:

receiving a request to add a new node from a data storage cluster;

generating a plurality of new keys associated with a mapping function, the
mapping function identifying a particular node corresponding to a particular key;

copying data from the plurality of existing nodes to the new node to rebalance
data across the data storage cluster.

19. The method of claim 18, wherein each of the plurality of new keys includes
a node number.

20. The method of claim 18, wherein the plurality of new keys correspond to a

plurality of blockmap files.
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