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Abstract

We presentHSAN - a hybrid storage area network,
which usesbothin-band(like NFS[13]) and out-of-band
virtualization (like SANFS [10]) accessmodels. HSAN
useshybrid serves that can serveas both metadataand
NAS serves to intelligently decidethe accessmodelper
eachrequest basedon the characteristics of requested
data. Thisis in contrast to existing efforts that meely
provide concurentsupportfor bothmodelsanddo not ex-
ploit modelappropriatenesdor requestediata. TheHSAN
hybrid modelis implementedusing low overheadcacde-
admissiorandcadce-replacemenschemesandaimsto im-
prove overall responsdimesfor a wide variety of work-
loads. Preliminary analysisof the hybrid modelindicates
performancemprovementver bothmodels.

1. Intr oduction

Currently there are two prevalent accessmodels for
StorageArea Networks (SANSs). In an out-of-bandvirtu-
alization model (henceforthcalled direct accessmodel),
clients access le metadatafrom dedicated metadata
seners (MDS) and accesdatadirectly from the storage
controllers. This is in contrastto an in-bandNAS access
model,in which clientsaccesslatathroughanintermedi-
ateNAS sener. Both accessnodelshave their advantages
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anddisadwantagesWe now brie y comparehesetwo ap-
proache®n afew characteristicbelow:

Scalability: Directaccessnodelis morescalablehan
the NAS model. Even with centralizedMDS, the
direct accessmodel can sene a greaternumber of
clients, sincethe hostsaccesdatadirectly, without
anintermediatesenerin the datapath. The metadata
transactionaremuchshorterandmetadataachingat
theclientfurtherimprovesscalability

Caching: The NAS modelof accesgprovidesa great
opportunityto exploit accesdocality acrossmultiple
clients. The NAS senerstypically maintaincacheof
objectsbeingactively accesse¢hot objects).This ad-
ditional cachinglayer betweenthe storagecontroller
cacheand client cachecan signi cantly reducere-
sponsegimes. In a directaccesamodel, only caches
available are client cacheand the storagecontroller
cache.While it canbe arguedthat storagecontroller
cachecansufce for hotobjects for workloadswhere
a single controlleris being hit for mary hot objects,
the controller cachemight end up swappingout the
desiredobjects. In addition,it causesadditionalload
on the controllers. The client cachefails to exploit
similar accesseby differentclients.

Workload Specic: It canbe easily seenthat both
of thesemodelsare better suited for certain kinds
of workloads. For example, for accessing les
with heary readsharingacrosamultiple clients,NAS
modelwill performbetter Also, for smallsized les
the costsof establishingwo connectiongto metadata
senerandstoragemalkesthedirectaccessnodelrel-
atively expensve. On the otherhand,for large les



with little sharingacrossmultiple clients, the direct
accesanodel is fasterbecauseof zero hopsduring
dataaccess.

Infrastructur e: Currently mostdirectaccessnodels
utilize FibreChannelSANs,which aremuchmoreex-

pensve thanIP basedNAS solutions. However, with

the adwventof iISCSI, this costdifferenceis no longer
anissue.

As canbeseenpothof thesamodelshavetheirstrengths
andweaknessedn this paperwe provide a hybrid frame-
work called HSAN, that can provide the bene ts of both
approacheandthus,offer a singlebettersolutionfor ava-
riety of workloads. The aim of HSAN is to reduceclient
responsdimes by selectingan accessnodelmostappro-
priate for the desiredobjects. The unique characteristic
of the designis to allow a choice betweenthe two ap-
proachesat the granularity of a single datarequest. We
implementthis intelligencethrough cache-admissioand
cache-replacemengolicies at the hybrid seners. These
policieshave low-overheadandmaostly utilize information
alreadyexisting atthe MDS or NAS seners. In this paper
wewill discusentralizedlirectaccessnodels(with ded-
icatedMDS), thoughit will be easyto extendtheproposed
solutionsto decentralizeépproachefl].

It is important to recognizethe difference between
HSAN andotherexisting systemshat supportboth mod-
els[6] with asimilar hybrid sener setup.[6] only provides
legag/ supportfor NFS/CIFSfor in-bandNAS clientsand
doesnotuseary datacharacteristico choosehemostap-
propriatemodelfor a request. As we showv in Section-3,
anintelligentchoicefor the appropriatenodelcanoutper
form bothmodelsindividually by reducingclientresponse
times.

It is alsoimportantto note that our solution requires
hybrid seners that can act as both metadataand NAS
seners[g. Thiswill eitherrequireMDS to understandhe
NAS protocols(initiativeslike Parallel NFS [4]) or NAS
senersto be ableto sene only metadataaswell. We be-
lieve this to be a small changefor the prospectie bene-
ts. Therestof the paperis organizedasfollows. We de-
scribeour proposediesignin Section-2andprovide abrief
analysisin Section-3.In Section-4we discussherelated
work, including cachingwork in otherrelatedareaslike
database3Ne nally concludein Section-5with anoteon
futurework.

2. Design

While it is possibleto approachthe designfrom both
NAS aswell asdirectaccessnodelswe choosdo describe
it throughmodi cations to the direct accessdesign. This
choicegives us underlyinginfrastructuresupportof host

connectvity to storage.To put it differently, we describe
HSAN by addingcachinganddataaccessupportat MDS
of thedirectaccesslesigr.

The primary motivation of HSAN is to reducethe re-
sponsetimes seenby the clients. Using our design,the
MDS will alsomaintainadatacacheandin caseof acache
hit, the MDS immediatelysendghe datain responseo the
metadataequestthus, saving the costsand delaysof (a)
parsingthe metadatat the client, (b) connectingo appro-
priate storagecontrollersand(c) retrieving the data. This
modi ed MDS is calledthe hybrid server(HS). In caseof
acachemiss,the only penaltyis to checkfor the existence
of the dataobjectin the cache which is an O(1) operation
underour proposedscheme.In addition,the maintenance
of statisticsrequiredfor makinga decisionon the modeof
accesss cheapanddoesnot add considerableverheads.
Note that oncethe client hasacquiredmetadatdor a de-
sired object, all subsequenaccessegfor example, using
cachednetadatagremadedirectlyto thestoragecontroller
andthus, the direct accesamodelis used. As we discuss
later, this conditioncanpotentiallybe relaxed to save I/O
operations.

As mentionecdearlier we implementour hybrid scheme
to decidethemodelof accesshroughcache-admissioand
cache-replacemepblicies. Cacheadmissiorpolicy deter
minesthe conditionsnecessaryor anobjectto ful ll, be-
fore it canbe admittedinto a cache. Cache replacement
policies determinethe selectionof the object (typically
calledthevictimobject)whichis replacedvhenmorespace
is requiredfor anincomingobject. Our schemeworks as
follows. We modify the metadatanformationfor eachob-
jectto alsocontainapointerto thedataobjectin thecache
In casethedatais notin thecachethepointeris setto null.
Whena clientrequestdor metadataf a certainobject,the
HS rst checksf therequestediataobjectis in the cache.
In caseof the cachehit, the datais directly senedto the
client. In caseof a miss,the HS checksif the requested
objectcan passthe cache-admissiotestand can replace
anexisting dataobjectin the cache(or therealreadyexists
enoughspacein the cache). If yes, it is accessedia the
NAS model- HS makingtheaccesso storageandforward-
ing datato theclient. If it fails onthe cacheadmissiortest
or cannotreplaceary existing cachedobjectbasedon the
cachereplacemenpolicy, it is accessedsingthedirectac-
cesanodel,with theHS only providing the metadatdo the
clientandthe client makinganaccesgo the storage . Thus
usingsucha schemethe problemof dynamicallydeciding
theaccessnodelreducego thedesignof cacheadmission
andcachereplacemenpolicies. Thework o w is presented
in Figure-1.

1For the otherdirection, we requirehostto storageconnectiity and
NAS senersto beableto sene only metadataswell



Figure 1. Worko w

2.1. DecisionFactors

The main challengein the designof suchpolicies is
identifying the factorsthat shouldin uence the decision
of whetheran objectshouldbe cachedor not. In addition,
the evaluationof thesefactorsshouldnot be expensve to
preventthe cachingoverhead$rom becomingprohibitive.
For our storagescenariowe believe the following factors
to becritical in suchdecision-making:

1. Rate of Access(l ): If an objectis accessednore
frequently thereis greaterincentive of keepingthe
objectin the cache. Frequentaccessewill resultin
more cachehits andimprovedresponsdimes. How-
ever, aswe describdater, thismetricneedgo be mea-
suredin conjunctionwith thedatasharingandlocking
mechanism# orderto obtainagoodestimatefor our
cachingpolicy.

2. Cost of Obtaining Object (c): An objectthatis ex-
pensve to obtainfrom storage(for example,because
of beingon a slower or a heavily loadedstoragecon-
troller) hasa greateiincentive to becachedIn caseof
cachehitsfor suchobjectstheresponsd¢ime improve-
mentwill besigni cant.

3. Sizeof the Object (s): Thesizeof objectsalsoplaysa
critical componentAn objectthatis smallerin sizeis
morevaluableto be cachedsinceit takeslessercache
spaceandalso,in caseof a cachehit, providesmax-
imum responsgime improvementratioscomparedo
directaccessnodels.

4. Load on HS: Sincea HS is alsousedfor metadata
transactionsit is importantto preventqueuingdelays
attheHS dueto variousl/O operationsThus,a heas-
ily loadedHS shouldperformlessl/O operationgpro-
motedirectaccess).

The rst threeparameterareusedto de ne avaluefor
eachdataobject. A greatervalueindicatesa greatelincen-
tive to cachethe object(which in turn means}o accesst
via the NAS model).

ValueG; =1; ¢ §,wherea 1

The fourth parameteload on HS) canbe usedto setup
theadmissiorthresholddescribedater.

TheValuemetricwill favor objectsthatare(a) accessed
morefrequently (b) expensve to obtainin caseof cache-
missand (c) smallerin size. The parametel canbe set
dependingupon the amountof favor desiredfor smaller
objects(especiallyin orderto favor metadataat the HS).
We discusghisissueof interactionbetweerdataandmeta-
dataobjectslater It is importantto note that the rate of
accesss therateof requestdor themetadatattheHS and
not the rate of accesst the storage. This is becauseob-
jects,which are beingaccessediirectly from storage(us-
ing cachedmetadata)have lesserincentvesto be cached
atthe HS, asthey arealreadybeingaccessedsingthefast
directaccessnodel.

2.2. Parameter Evaluation

As mentioneckarlier theevaluationof theseparameters
needdo bealow overheadperation.To achieve thisgoal,
we usethe following way of computingeach:

s: Sizeof the objectis alreadyavailableatthe MDS
andthus,is no addedoverhead.

| i: We evaluatetherateof acces@asamoving average
of thelastK inter-arrival timesof requesto O;, where
K is aparametedeterminingheamountof historyto
beconsidered(typically setto 10). Preciselyl ; is de-
ned asl j = % wheret is thecurrenttime andtg is
thetime of thelastK'h referenceo O;. Sinceall meta-
datarequestzomeat the HS, this parameteranalso
beefciently computedandstoredasanadditionalat-
tributeto theobjectmetadata.

¢i: We measurehe costof obtainingthedatafrom the
storagecontrollerby meansof averageaccesgimes.
Sincein the direct accesamodel, the clients directly
accesstoragethis parametehasto beobtainedrom
the clients. We achieve this in the following manner
For every objectaccessefrom the storagecontroller,
theclientmaintaingts averageacces¢ime andwhen-
everit requestslock or metadatdor thatobjectfrom



theHS, it shareghis statisticwith theMDS. TheMDS
averageshis accessime acrossall clients.

2.2.1. DataSharing Thecalculationschemeadescribed
till now doesnottake into accounthekind of locksheldon
thedataobjects.Thelocking mechanismsanhave poten-
tial impacton objectvalues.For example,considera case,
whenan objectis accessedery frequently but alwaysin
an exclusive mode. All the attemptsto accesshe object
while it is beingheldin anexclusive lock will not be sat-
is ed. Cachingsuchanobjecthasno incentive dueto the
inability to sere otherclientswith thatobject. Therefore,
we modify thel evaluationin the following manner All
accessattemptsthat would not have beensatis ed even if
the objectwasin the cache(e.g. oneclient holdsanexclu-
sive lock) are not countedtowardsits rate of access.This
schemeautomaticallyprefersobjectwhich aremoreread-
sharedandthus,provide the maximumbene tsof caching.

2.3. CacheAdmission-Control

As mentioned before, an object is consideredfor
caching(and thus, accessingvia NAS model) only if it
passeshe cacheadmissiortest(CAT). The motivationfor
having sucha testis to ensurethat the objectis valued
enoughto dedicateHS resourcedor 1/0 operations.One
simplepolicy is to admitan objectwhosevalueis greater
thanthe minimumvalueof thecachedbjects.

However, this policy is insufcient. For example,con-
sider the workload scenarioin which only a few objects
in the cacheare beingaccessedrequentlyandthe restof
the objectsarerarely beingaccessedhoughnot beingre-
placedbecauseof low or no contentionof cachespace.
Thus, the minimum value of the objectsin the cachewill
decreaswith timeandcanpotentiallybeaverysmallnum-
ber. In sucha scenariowe preferto avoid bringingin new
objectswith low values(lessworkloadfor HS). We modify
thepolicy asfollows:

CAT: Value Ojncoming maxp min Value O

wherep is a thresholdparameterwhich dynamicallyad-
justsbasedthe workload seensofar. This is achieved by
setting:p=avgN  min Value O; i.e. p is computed
periodically asthe averageminimum value of cachedob-
jectsoverthelastN intenals. N determinethe amountof
history to be taken into accountand canbe statically set.
The computationperiod canbe setin termsof numberof

2|t is possibleto useclient-speci ¢ parametersnsteadof averaging
acrossall clients. For example,the value of O; canbe de ned as: S;
l'ij cj s wherelj andc areparametergor Client-j. In this case|
canalsobe computedby theclients

transactionst the HS. For example, it is computedafter
every 1000metadatdransactions.

In addition, p canbe extendedto incorporateload on
HS. For example,for a heavily loadedHS, a factorb can
be addedto the thresholdvalue, which raisesthe bar for
accessingdata using NAS model, reducingfurther load
andqueuingdelaysat HS. Thetrigger point of increasing
thethresholdvalueis recognizabléy looking at client re-
sponsdimesrecevedasthe c; parameter

2.4. CacheReplacementPolicy

Oncean incoming object, Oincoming Passeghe cache-
admissiortest,we try to evaluateif thereis enoughspace
in the cacheto accommodat¢he object. In case thereis
not enoughspacewe try to evict existing objectsthrough
cachereplacemenpolicy. We usethefollowing algorithm:

1. Arrangeall cacheobjectsin a list in the increasing
valueorder Let thesortedlist be O O» On .

2. Let m be the minimal prex, such that
sizeOy +sizeO, + +sizeOn  Size Oincoming

3. If Value Oy Value Oincoming,  then evict
01 O Om else No replacement done and
Oincomingis notcached.

Step-3ensureghatwe do not replaceary highervalue
object at the expenseof a lower value object. The else
clausewould in turn meanthat the objectis accessedia
the direct accesamodel. The cache-admissioand cache
replacemenpolicies canbe ef ciently implementedby a
low overheadoriority queue(heap)[3, 7].

2.5. Data Writes and CacheConsistency

For any cachingsolution,it isimportantto have ef cient
mechanism®f maintainingcacheconsisteng. Clearly, in
caseof objectsbeing accessedh the direct model, there
is no needfor ary cachingconsisteng mechanismsince
the datanever entersthe metadatasener cache.For NAS
accessnodels,i.e. accessingacheddatafor writes, there
area numberof optionsbasedon the type of consisteng
desiredandits tradeofs with performancegenalties.

Below we describea numberof optionsfor achieving
strongandweakconsisteng:

1. NDIR: No-Dirty-Immediate-Replace Wheneer an
objectis requiredto be accessetbr writes (exclusive
modeaccess)the HS senesthe initial metadatare-
questandtheninvalidateshe objectin theHS cache,
thussettingit upfor immediatereplacementFor later
accessesheobjectis treatedsimilarto any new object
beingaccessedn this designthereis neverary dirty



datain the cacheandstrong consisteng is achiesed.
This is an efcient mechanismsince an object be-
ing held in an exclusve mannercannotbe sharedat
the cachearyway, thoughit evicts anobjectfrom the
cachefor every write accesdo it.

. NDNR: No-Dirty-Never-Replace When a cached
objectis accessedor writes, the HS marksthe ob-

jectasbeingirreplaceabldtemporarilyincreasingts

valueto ¥). Eachclient write at the HS is immedi-
ately written throughto the disk, thus never keeping
ary dirty datain the cache.This achiezesstrong con-
sisteng, thoughwith the overheadof loadingHS for

I/O operationswith eachwrite. In addition,it canpo-

tentiallyleadto thecachebeingoccupiedby lessvalu-

ableobjects,just dueto write locks on them(though
the objectwasoriginally consideredraluableenough
to becachedandaccessedtia the NAS model).

. NDCR: No-Dirty-Can-Replace In this scheme,a
cachedbbjectbeingaccessedbr awrite is not biased
againsteplacemenandcanbereplacedasusual.For

aslong asthe objectis presenin the cachetheclient
sendswritesto the HS which areimmediatelywritten

throughto the disk (strong consisteng). If the value
of theobjectmakesit acandidatdor replacementhe
client is noti ed (by piggybackingon protocolmes-
sages}o performthe remainingwrites directly to the
disk (with disk blockinformationfor thewrites). This

schemeprevents ary value bias of the cacheasin

NDNR andresultsin only highly valuedobjectin the
cache. However, it signi cantly increaseghe com-
plexity of the protocolandalsorequiresclientsto es-
tablishnew dataconnectiongwith the storage)mid-

way duringthe writes.

. DNR: Dirty-Never-Replace This schemeuseslazy
writes at the HS for a weakcacheconsisteng mech-
anism. The objectbeingaccessedor writesis never
replacedbiasingthe valueto ¥) andtheclientwrites
arelazily written onto storageby the HS. During the
time period of databeing written in the HS cache,
but not re ectedto the storage(dirty data),the writes
can be storedonto NVRAM for increasedreliabil-

ity. This schememprovesthe performancef NDNR

by reducingthe I/O overheadsssociatedvith writes,
thoughincreaseshecompleity of recoveryin caseof

failuresand/orrunstherisk of lost writes.

. DCR: Dirty-Can-Replace Another form of weak
consisteng schemas to allow the dirty cachedbject
to be replacedf anothemmore valuableobjectneeds
to be cached.In caseof suchareplacementthe dirty
datais rst writtento disk. Also, similarto theNDCR
schemethis schemeinvolvesa noti cation message

to the client to continuerestof the writes directly to
thestorage.

To summarize Figure-2lists all the schemesandtheir
basiccharacteristicsglongwith bene tsanddravbacksin-
volved.

2.6. Memory Model

It has beenargued that the MDS are meantto pro-
vide only metadatanformationandare ne tunedfor such
workloadcharacteristicglarge numberof small requests).
Data cachingat MDS competesfor main memory with
the metadataobjects, thus, in uencing the core task of
the MDS. We proposeollowing threeapproachethatcan
counterthis andary one of them can be useddepending
upontheworkloadcharacteristics:

1. Partitioned Memory Model: In this model, there
are statically assigneddistinct spacesfor metadata
cachinganddatacachingwith no overlapbetweerthe
two. This ensureghat the data-cachingcomponent
doesnot effect the regular metadataecaching. This is
dependenbntheavailability of enoughmemoryatthe
HS. Sucha modelis bestfor workloadsin which the
sizeof the cachednetadataloesnot uctuate much.

2. Shared Memory Model with strict priority to
Metadata: This modelusesa sharedspacebetween
metadataand data. However, metadateobjectsare
given strict priority over dataobjects. Thus, a data
objectcannever replacea metadatabbject(similar to
settingmetadataobjectvaluesto ¥) and a metadata
objectalwaysreplacesthe leastvalueddataobjects.
Amongstmetadatabjectstheregularcachereplace-
mentpoliciescanbeused.This modelis bestusedfor
workloadsin which metadataachesizecanvary sig-
ni cantly andmetadatgerformancas critical to the
application.

3. Shared Memory Model with appropriate a: There
canbe scenarioswhenit is reasonablé¢o swap out
metadataobjects, which are rarely accessedin or-
derto cachevalueddata objects In sucha scenario,
we canusethe sharedmemorymodel and appropri-
ately seta value of a in the value function depend-
ing uponthe priority givento smallerobjects.Notice
thata addsvalueto all small objectsandnot neces-
sarily the metadataobjects. If it is not desired,we
canmodify the value parametefor metadataobjects
to(p lic ), thus,giving aheadstartof p, wherep
istheadmissiorthresholdparametediscusse@arliet



Name | Consistency Bene ts Potential Drawbacks
NDIR Strong ImplementatiorSimplicity Evicting a valuableobject
NDNR Strong ImplementatiorSimplicity Enforcedkeepingof alessvaluableobject
NDCR Strong UnbiasedCaching New Connectiorrequiredduring a write
DNR Weak Betterperformancelessl/O) ImplementatiorCompleity
DCR Weak Lessl/O andunbiasectaching| Variousdimension®f addedcomplexity
Figure 2. Cache Consistenc y Schemes
3. Analysis gt ynas t +NC 1 g ynas t

In this section,we presenta preliminaryanalysisof the
hybrid model as comparedto the NAS and direct access
models.As partof our initial analysiswe have usedsim-
ple modelsto describecertainempiricalbehaior. For ex-
ample,we usea linear modelto determinequeuedelays
at seners basedon the numberof clients they are serv-
ing; thoughwe usedifferentparametergor metadataand
I/O operations.Thus, it is importantto emphasizehatthe
modelis not designedto predict accuratelythe response
times,ratherto comparatively analyzethethreemodels.

Let gbethetime for sendinga data/metadateequest.
Sincethe characteristico®f metadataesponsgfrom

MDS/HS)aresimilar (shortmessagesyye assumehe
responséo therequesto begaswell.

Lett bethetime to sendarequesto storageandre-
trieve the datafor a particular le. Thus,thiswill be
thetime for ahostto getdatafrom storagefor adirect
accessnodelandalsofor a NAS (andHS) sener to
accesslatafrom storagen NAS (andhybrid) model.

Lett be the time to senda requestand obtain the
datafrom sener's memory e.g. from NAS/HS sener
cache.

Lety bethedelayatthe NAS/MDS/HSsenerdueto
contentionwith othersimultaneousccessesWe set
y to beallinearfunctionof numberof connectionst
the sener, thoughthe slopeof the linear function is
muchlower for metadataconnection@scomparedo
dataconnections.

Below we give a short example of how the analysis
wouldwork for accessin@ single le with spaceavailable
in the caches Assumethe le is accessety C clientsand
eachclient accesse# N timesandonly readsareissued.
We do not considerclient-data-cachinginceit is the same
for all models. However, metadatacan be cachedin the
directandhybrid model.

For NAS mode] only the rst of the N C accesses
resultsin /0O with thestorage All subsequerdaccesseare
senedfrom the cacheof the NAS sener. Therefore total
responsdime for NAS modelis:

The rst termincludes- datarequest+ fetching data
from storage+ delayat NAS sener + forwardingcontent
to client (oncefetched,it is sened from the memory)-
for the rst requestto that dataobject. The secondterm
includes for the subsequentN C 1 requests- data
request+ delay + servingfrom cache. So total response
timeis givenby:

RTnasst NCg t  ynas

For directaccessnodel, the rst accesof eachclient
resultsin metadataequest(g), metadataespons€g) and
I/O fetch (t). Every subsequenaccessrom eachclient
only requiresthe l/O fetch (t) becausenetadatas cached
- againconsideringno datacachingat client or controllers
(which is the samescenariofor NAS model). Thus, the
totalresponsdimeis givenby:

C ogtgtyprtt +N 1Ct
RToir=C 29 ypir Nt

The hybrid model would determinethe value of the
object, and if it consideredvalued enough, it will be
cachedatthe HS. The HS would alsoreturnthe metadata
to the client which is cachedat the clients and usedfor
subsequerdccessesAlso Y ny, is thesumof delaysdueto
concurrentmetadataand datatransactions.The response
time would be givenby?:

gHt+ypyptt +C 1 gtypwtt + N 1Ct

Eventhoughat rst glancethe analysislooks in favor
of NAS model, it is importantto notethaty nas is much
higherdueto I/O costsin thatmodel.In additiontheabove
workloadis an all-readworkload. However, it alsoindi-

categhatfor a hybridmodel,it mightnotbealwaysagood

3assumingnegligible additional cost for including metadatain re-
sponse



stratgyy to obtaindatafrom thestoragevhenit is presentn
theHS cache We planto explorethis extensionin future.

3.1. Results

Using the abore model, we evaluatedthe performance
of theNAS, directaccesandhybrid models for anumber
of workload and client load scenarios. We useda 1000

le datawith le sizesdistributedby aPoissordistribution
with meanof 100KB. Accesseso the les werebasedna
Zipf'slawwithitsa 05. Thet valueswerealsoassumed
to be Poissondistributedwith meanof 100ms. The NAS
cachewas implementedas an LRU cache. Also the HS
cachewasimplementedisinga partitionedmemorymodel.
Also the hybrid model usedthe NDIR schemefor cache
consisteng.

Figure-3plotsthe averageresponsdimesfor the three
modelswith varying numberof clients (R-W ratio of 0.8
andNAS cachesize= Hybrid datacachesize= 10MB). As
canbeseenwith increasinghumberof clients,the queuing
delaysat NAS senersincreasesigni cantly andthus,the
overall responsdimesincrease. For direct accesamodel
also,thequeuingdelaysincrease¢houghata muchsmaller
rate(metadatdransactions)The hybrid modelpresentan
interestinganalysis. For the rst jump in the numberof
clients, the responsdime decreaseslightly. This is due
to aninitial increasen datalocality at hybrid cacheacross
multiple clients. Sincethereare lesserl/O datatransac-
tions at the hybrid sener the queuingdelayswith increas-
ing numberof clientsarenot ableto offsetthis. However,
with latertransactionsthe delaysbecomedominant.

Figure-4plotsthe modelswith increasingeadpercent-
agein theworkload(1000clients).As expectedbothNAS
and hybrid modelsperform betterdue to the cachingef-
fects. ThehybridmodelusedtheNDIR schemeThedirect
modelis not in uenced by varying read-writeratio, since
every accesss madedirecly atthecontroller

Figure-5plotsthe modelswith varyingcachesizeatthe
hybrid cachewith the NAS cache x edat 10MB. We per
formedthis analysissinceit is possiblethatthe sizeof hy-
brid cacheavailablefor datacachingis smallerthanthatin
a NAS model,dueto memoryrequirementsor metadata
caching. As expected,the hybrid model performsbetter
with biggercachesandoutperformdNAS modelevenwith
asmallercachesize.

It is encouragingo note that the hybrid modelis able
to outperformboth the other modelsdue to its ability to
male intelligentchoicesperrequest We continueto eval-
uatethemodelsfor othercriteriaandwith realbenchmarks.
Overall,we believe thatthe systemwill scalewell with the
increasein dataandtrafc. The overheadsnvolve only
storingadditionalinformationin le metadatdaccesdre-
guenciesaandresponsédimes)which canbeamortizedover

numerougequestsand needto perform1/O only periodi-
cally.

4. RelatedWork

There hasbeensigni cant work on datamanagement
for le systemsin storageareanetworks[2, 11]. To the
bestof our knowledge,thereis no prior work describing
anintelligent SAN with both co-existing in-bandandout-
of-band accessmodelsand ability to switch modelsper
eachrequest. The work that comesclosestto oursis the
solutionpresentedy Panasag6]. They alsouseHybrid
Senerscalled, DirectorBladegTM) that supportbothin-
bandNAS andout-of-banddirectaccessnodels.However,
theNAS accessnodelsupportis only to provide interfaces
to legag clients and the decisionto use either modelis
madeirrespectve of requestediata.

Object-base®torageSystemgseminalwork [5]) have
beenproposedo allow for moreintelligent processingt
the storagedevices. Our solution,in contrastis at a higher
level thanatthe storagesystemevel andcomplementshis
work by addingon anotherlayer of intelligent above the
proposedsolutions.

In general cachinghasbeenanimportantperformance
enhancingmechanismwith applicationto a wide range
of problems. While a numberof cachingalgorithmslike
LRU, [8, 9] aretargetedtowardssimplicity of implementa-
tion, morecomplex algorithmshave alsobeenextensiely
usedin a variety of scenarios like database$§l4], web
caching[3, 7, 159 etc. All of theseapproachesgollow a
similar principle of cost-avare caching. Our cachingpol-
icy is similarto [14] anotherxisting algorithm,thoughwe
differin cacheadmissiorandthe parameteevaluation.Es-
pecially, our policy is closely alignedto the datasharing
mechanismswhereasother works do not focus on such
mechanisms.

5. Conclusionsand Futur e Work

In this paper we have presented hybrid accessnodel
for StorageArea Networks. To the bestof our knowledge,
thisis a rst attemptat designingntelligent SANsthatex-
ploitsstrength®f bothin-bandNAS andout-of-bandlirect
accessnodelsthrougha uni ed solution. An important
characteristiof our designis theability to choosebetween
the accesamodelsat a perrequestgranularity using low-
overheaccacheadmissiorandcachereplacemenpolicies.
Ourinitial analysisindicatesthatthe hybrid modeloutper
forms both NAS anddirectaccessnodelsfor a variety of
workloads. In future, we would like to evaluatethe hy-
brid modelon realbenchmark@ndalsodesignextensions
to the model. In addition,we are alsoinvestigatingvari-
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