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Abstract

We presentHSAN - a hybrid storage area network,
which usesboth in-band(like NFS[13]) and out-of-band
virtualization (like SANFS [10]) accessmodels. HSAN
useshybrid servers that can serveas both metadataand
NAS servers to intelligently decidethe accessmodelper
eachrequest, basedon the characteristicsof requested
data. This is in contrast to existing efforts that merely
provideconcurrentsupportfor bothmodelsanddonot ex-
ploit modelappropriatenessfor requesteddata.TheHSAN
hybrid model is implementedusing low overheadcache-
admissionandcache-replacementschemesandaimsto im-
prove overall responsetimesfor a wide variety of work-
loads. Preliminary analysisof thehybrid modelindicates
performanceimprovementsoverbothmodels.

1. Intr oduction

Currently, there are two prevalent accessmodels for
StorageArea Networks (SANs). In an out-of-bandvirtu-
alization model (henceforthcalled direct accessmodel),
clients access�le metadata from dedicated metadata
servers (MDS) and accessdatadirectly from the storage
controllers. This is in contrastto an in-bandNAS access
model,in which clientsaccessdatathroughan intermedi-
ateNAS server. Both accessmodelshave their advantages
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anddisadvantages.We now brie�y comparethesetwo ap-
proachesona few characteristicsbelow:

� Scalability: Directaccessmodelis morescalablethan
the NAS model. Even with centralizedMDS, the
direct accessmodel can serve a greaternumberof
clients, sincethe hostsaccessdatadirectly, without
anintermediateserver in thedatapath.Themetadata
transactionsaremuchshorterandmetadatacachingat
theclient furtherimprovesscalability.

� Caching: TheNAS modelof accessprovidesa great
opportunityto exploit accesslocality acrossmultiple
clients.TheNAS serverstypically maintaincachesof
objectsbeingactively accessed(hotobjects).Thisad-
ditional cachinglayer betweenthe storagecontroller
cacheand client cachecan signi�cantly reducere-
sponsetimes. In a direct accessmodel,only caches
available are client cacheand the storagecontroller
cache.While it canbe arguedthat storagecontroller
cachecansuf�ce for hotobjects,for workloadswhere
a singlecontroller is beinghit for many hot objects,
the controller cachemight end up swappingout the
desiredobjects.In addition,it causesadditionalload
on the controllers. The client cachefails to exploit
similaraccessesby differentclients.

� Workload Speci�c: It can be easily seenthat both
of thesemodelsare better suited for certain kinds
of workloads. For example, for accessing�les
with heavy readsharingacrossmultiple clients,NAS
modelwill performbetter. Also, for small sized�les
thecostsof establishingtwo connections(to metadata
serverandstorage)makesthedirectaccessmodelrel-
atively expensive. On the otherhand,for large �les



with little sharingacrossmultiple clients, the direct
accessmodel is fasterbecauseof zero hops during
dataaccess.

� Infrastructur e: Currently, mostdirectaccessmodels
utilize FibreChannelSANs,whicharemuchmoreex-
pensive thanIP basedNAS solutions.However, with
theadventof iSCSI, this costdifferenceis no longer
anissue.

As canbeseen,bothof thesemodelshavetheirstrengths
andweaknesses.In this paper, we providea hybrid frame-
work calledHSAN, that canprovide the bene�ts of both
approachesandthus,offer a singlebettersolutionfor a va-
riety of workloads. The aim of HSAN is to reduceclient
responsetimesby selectingan accessmodelmostappro-
priate for the desiredobjects. The uniquecharacteristic
of the designis to allow a choice betweenthe two ap-
proachesat the granularityof a single datarequest. We
implementthis intelligencethroughcache-admissionand
cache-replacementpolicies at the hybrid servers. These
policieshave low-overheadandmostlyutilize information
alreadyexistingat theMDS or NAS servers.In this paper,
wewill discusscentralizeddirectaccessmodels(with ded-
icatedMDS), thoughit will beeasyto extendtheproposed
solutionsto decentralizedapproaches[1].

It is important to recognizethe difference between
HSAN andotherexisting systemsthat supportboth mod-
els[6] with asimilarhybridserversetup.[6] only provides
legacy supportfor NFS/CIFSfor in-bandNAS clientsand
doesnotuseany datacharacteristicsto choosethemostap-
propriatemodel for a request.As we show in Section-3,
anintelligentchoicefor theappropriatemodelcanoutper-
form bothmodelsindividually by reducingclient response
times.

It is also important to note that our solution requires
hybrid servers that can act as both metadataand NAS
servers[6]. This will eitherrequireMDS to understandthe
NAS protocols(initiatives like Parallel NFS [4]) or NAS
serversto be ableto serve only metadataaswell. We be-
lieve this to be a small changefor the prospective bene-
�ts. Therestof thepaperis organizedasfollows. We de-
scribeourproposeddesignin Section-2andprovideabrief
analysisin Section-3.In Section-4,we discusstherelated
work, including cachingwork in other relatedareaslike
databases.We �nally concludein Section-5with a noteon
futurework.

2. Design

While it is possibleto approachthe designfrom both
NAS aswell asdirectaccessmodels,wechooseto describe
it throughmodi�cations to the direct accessdesign. This
choicegives us underlyinginfrastructuresupportof host

connectivity to storage.To put it differently, we describe
HSAN by addingcachinganddataaccesssupportat MDS
of thedirectaccessdesign1.

The primary motivation of HSAN is to reducethe re-
sponsetimes seenby the clients. Using our design,the
MDS will alsomaintainadatacacheandin caseof acache
hit, theMDS immediatelysendsthedatain responseto the
metadatarequest,thus,saving the costsanddelaysof (a)
parsingthemetadataat theclient, (b) connectingto appro-
priatestoragecontrollersand(c) retrieving the data. This
modi�ed MDS is calledthehybrid server(HS). In caseof
a cachemiss,theonly penaltyis to checkfor theexistence
of thedataobjectin thecache,which is anO(1) operation
underour proposedscheme.In addition,themaintenance
of statisticsrequiredfor makinga decisionon themodeof
accessis cheapanddoesnot addconsiderableoverheads.
Note that oncethe client hasacquiredmetadatafor a de-
sired object, all subsequentaccesses(for example,using
cachedmetadata)aremadedirectlyto thestoragecontroller
andthus, the direct accessmodel is used. As we discuss
later, this conditioncanpotentiallybe relaxed to save I/O
operations.

As mentionedearlier, we implementour hybrid scheme
to decidethemodelof accessthroughcache-admissionand
cache-replacementpolicies.Cacheadmissionpolicy deter-
minestheconditionsnecessaryfor anobjectto ful�ll, be-
fore it canbe admittedinto a cache. Cache replacement
policies determinethe selectionof the object (typically
calledthevictimobject)whichis replacedwhenmorespace
is requiredfor an incomingobject. Our schemeworks as
follows. We modify themetadatainformationfor eachob-
jectto alsocontainapointerto thedataobjectin thecache.
In casethedatais not in thecache,thepointeris setto null.
Whena client requestsfor metadataof acertainobject,the
HS �rst checksif therequesteddataobjectis in thecache.
In caseof the cachehit, the datais directly served to the
client. In caseof a miss, the HS checksif the requested
object can passthe cache-admissiontest andcan replace
anexistingdataobjectin thecache(or therealreadyexists
enoughspacein the cache). If yes, it is accessedvia the
NAS model- HSmakingtheaccessto storageandforward-
ing datato theclient. If it fails on thecacheadmissiontest
or cannotreplaceany existing cachedobjectbasedon the
cachereplacementpolicy, it is accessedusingthedirectac-
cessmodel,with theHSonly providing themetadatato the
client andtheclient makinganaccessto thestorage.Thus
usingsucha scheme,theproblemof dynamicallydeciding
theaccessmodelreducesto thedesignof cacheadmission
andcachereplacementpolicies.Thework�o w is presented
in Figure-1.

1For the otherdirection,we requirehost to storageconnectivity and
NAS serversto beableto serve only metadataaswell
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Figure 1. Work�o w

2.1. DecisionFactors

The main challengein the designof suchpolicies is
identifying the factorsthat should in�uence the decision
of whetheranobjectshouldbecachedor not. In addition,
the evaluationof thesefactorsshouldnot be expensive to
preventthecachingoverheadsfrom becomingprohibitive.
For our storagescenario,we believe the following factors
to becritical in suchdecision-making:

1. Rate of Access(l ): If an object is accessedmore
frequently, there is greaterincentive of keepingthe
object in the cache. Frequentaccesseswill result in
morecachehits andimprovedresponsetimes. How-
ever, aswedescribelater, thismetricneedsto bemea-
suredin conjunctionwith thedatasharingandlocking
mechanismsin orderto obtainagoodestimatefor our
cachingpolicy.

2. Cost of Obtaining Object (c): An object that is ex-
pensive to obtainfrom storage(for example,because
of beingon a slower or a heavily loadedstoragecon-
troller) hasagreaterincentiveto becached.In caseof
cachehits for suchobjectstheresponsetime improve-
mentwill besigni�cant.

3. Sizeof the Object (s): Thesizeof objectsalsoplaysa
critical component.An objectthatis smallerin sizeis
morevaluableto becached,sinceit takeslessercache
spaceandalso,in caseof a cachehit, providesmax-
imum responsetime improvementratioscomparedto
directaccessmodels.

4. Load on HS: Sincea HS is also usedfor metadata
transactions,it is importantto preventqueuingdelays
at theHSdueto variousI/O operations.Thus,aheav-
ily loadedHSshouldperformlessI/O operations(pro-
motedirectaccess).

The�rst threeparametersareusedto de�ne a valuefor
eachdataobject.A greatervalueindicatesa greaterincen-
tive to cachetheobject(which in turn means,to accessit
via theNAS model).

Value
X

Oi Y

= l i Z

ci [

sa
i , wherea \ 1

The fourth parameter(load on HS) canbe usedto setup
theadmissionthresholddescribedlater.

TheValuemetricwill favor objectsthatare(a)accessed
morefrequently, (b) expensive to obtainin caseof cache-
missand(c) smallerin size. The parametera canbe set
dependingupon the amountof favor desiredfor smaller
objects(especiallyin order to favor metadataat the HS).
Wediscussthis issueof interactionbetweendataandmeta-
dataobjectslater. It is importantto note that the rateof
accessis therateof requestsfor themetadataat theHSand
not the rateof accessat the storage.This is becauseob-
jects,which arebeingaccesseddirectly from storage(us-
ing cachedmetadata),have lesserincentivesto be cached
at theHS,asthey arealreadybeingaccessedusingthefast
directaccessmodel.

2.2. Parameter Evaluation

As mentionedearlier, theevaluationof theseparameters
needsto bea low overheadoperation.To achievethisgoal,
weusethefollowing wayof computingeach:

� si : Sizeof theobjectis alreadyavailableat theMDS
andthus,is noaddedoverhead.

� l i: Weevaluatetherateof accessasamovingaverage
of thelastK inter-arrival timesof requestto Oi , where
K is aparameterdeterminingtheamountof historyto
beconsidered,(typically setto 10). Precisely, l i is de-
�ned asl i = K

t ] tK
, wheret is thecurrenttimeandtK is

thetimeof thelastKth referenceto Oi . Sinceall meta-
datarequestscomeat theHS, this parametercanalso
beef�ciently computedandstoredasanadditionalat-
tributeto theobjectmetadata.

� ci : Wemeasurethecostof obtainingthedatafrom the
storagecontrollerby meansof averageaccesstimes.
Sincein the direct accessmodel, the clientsdirectly
accessstorage,thisparameterhasto beobtainedfrom
theclients. We achieve this in the following manner.
For everyobjectaccessedfrom thestoragecontroller,
theclientmaintainsits averageaccesstimeandwhen-
everit requestsa lock or metadatafor thatobjectfrom



theHS,it sharesthisstatisticwith theMDS.TheMDS
averagesthis accesstime acrossall clients2.

2.2.1. Data Sharing Thecalculationschemedescribed
till now doesnottakeinto accountthekind of locksheldon
thedataobjects.Thelocking mechanismscanhave poten-
tial impacton objectvalues.For example,considera case,
whenan object is accessedvery frequently, but alwaysin
an exclusive mode. All the attemptsto accessthe object
while it is beingheld in an exclusive lock will not be sat-
is�ed. Cachingsuchanobjecthasno incentive dueto the
inability to serve otherclientswith thatobject. Therefore,
we modify the l evaluationin the following manner. All
accessattemptsthat would not have beensatis�ed even if
theobjectwasin thecache(e.g.oneclient holdsanexclu-
sive lock) arenot countedtowardsits rateof access.This
schemeautomaticallyprefersobjectwhich aremoreread-
sharedandthus,providethemaximumbene�tsof caching.

2.3. CacheAdmission­Control

As mentioned before, an object is consideredfor
caching(and thus, accessingvia NAS model) only if it
passesthecacheadmissiontest(CAT). Themotivationfor
having sucha test is to ensurethat the object is valued
enoughto dedicateHS resourcesfor I/O operations.One
simplepolicy is to admitan objectwhosevalueis greater
thantheminimumvalueof thecachedobjects.

CAT: Value
X

OincomingY_^

min
X

Value
X

Oi Y@Y

However, this policy is insuf�cient. For example,con-
sider the workload scenarioin which only a few objects
in the cachearebeingaccessedfrequentlyandthe restof
theobjectsarerarelybeingaccessed,thoughnot beingre-
placedbecauseof low or no contentionof cachespace.
Thus,the minimum valueof the objectsin the cachewill
decreasewith timeandcanpotentiallybeaverysmallnum-
ber. In sucha scenario,we preferto avoid bringingin new
objectswith low values(lessworkloadfor HS).Wemodify
thepolicy asfollows:

CAT: Value
X

OincomingY_^

max
X

p ` min
X

Value
X

Oi Y@Y

wherep is a thresholdparameter, which dynamicallyad-
justsbasedthe workloadseenso far. This is achievedby
setting:p = avg

X

N
Yba

min
X

Value
X

Oi Y@Ydc

i.e. p is computed
periodicallyasthe averageminimum valueof cachedob-
jectsover thelastN intervals.N determinestheamountof
history to be taken into accountandcanbe staticallyset.
The computationperiodcanbe set in termsof numberof

2It is possibleto useclient-speci�c parametersinsteadof averaging
acrossall clients. For example, the value of Oi can be de�ned as: Sj
l i j e

ci j f

sa
i wherel i j andci j areparametersfor Client-j. In this case,l

canalsobecomputedby theclients

transactionsat the HS. For example,it is computedafter
every1000metadatatransactions.

In addition, p can be 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. The triggerpoint of increasing
thethresholdvalueis recognizableby looking at client re-
sponsetimesreceivedastheci parameter.

2.4. CacheReplacementPolicy

Oncean incomingobject,Oincoming, passesthe cache-
admissiontest,we try to evaluateif thereis enoughspace
in the cacheto accommodatethe object. In case,thereis
not enoughspace,we try to evict existing objectsthrough
cachereplacementpolicy. Weusethefollowing algorithm:

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

a

O1 ` O2 `Sg@g@gh` On c

.

2. Let m be the minimal pre�x, such that
size

X

O1 Y

+size
X

O2 Y

+ g@gSg +size
X

Om Y

\ size
X

OincomingY

3. If Value
X

Om Yji

Value
X

OincomingY

, then evict
O1 ` O2 `@gSg@gh` Om else No replacement done and
Oincoming is not cached.

Step-3ensuresthatwe do not replaceany highervalue
object at the expenseof a lower value object. The else
clausewould in turn meanthat the object is accessedvia
the direct accessmodel. The cache-admissionandcache
replacementpoliciescanbe ef�ciently implementedby a
low overheadpriority queue(heap)[3, 7].

2.5. Data Writes and CacheConsistency

For any cachingsolution,it is importantto haveef�cient
mechanismsof maintainingcacheconsistency. Clearly, in
caseof objectsbeing accessedin the direct model, there
is no needfor any cachingconsistency mechanism,since
thedatanever entersthemetadataserver cache.For NAS
accessmodels,i.e. accessingcacheddatafor writes, there
area numberof optionsbasedon the type of consistency
desiredandits tradeoffs with performancepenalties.

Below we describea numberof optionsfor achieving
strongandweakconsistency:

1. NDIR: No-Dirty-Immediate-Replacek Whenever an
objectis requiredto beaccessedfor writes(exclusive
modeaccess),the HS serves the initial metadatare-
quest,andtheninvalidatestheobjectin theHS cache,
thussettingit upfor immediatereplacement.For later
accesses,theobjectis treatedsimilartoany new object
beingaccessed.In thisdesign,thereis neverany dirty



datain thecacheandstrong consistency is achieved.
This is an ef�cient mechanism,sincean object be-
ing held in an exclusive mannercannotbe sharedat
thecacheanyway, thoughit evicts anobjectfrom the
cachefor everywrite accessto it.

2. NDNR: No-Dirty-Never-Replace k When a cached
object is accessedfor writes, the HS marksthe ob-
ject asbeingirreplaceable(temporarilyincreasingits
value to ¥ ). Eachclient write at the HS is immedi-
ately written throughto the disk, thusnever keeping
any dirty datain thecache.This achievesstrongcon-
sistency, thoughwith theoverheadof loadingHS for
I/O operationswith eachwrite. In addition,it canpo-
tentiallyleadto thecachebeingoccupiedby lessvalu-
ableobjects,just dueto write locks on them(though
theobjectwasoriginally consideredvaluableenough
to becachedandaccessedvia theNAS model).

3. NDCR: No-Dirty-Can-Replacek In this scheme,a
cachedobjectbeingaccessedfor a write is not biased
againstreplacementandcanbereplacedasusual.For
aslong astheobjectis presentin thecache,theclient
sendswritesto theHS whichareimmediatelywritten
throughto thedisk (strong consistency). If thevalue
of theobjectmakesit acandidatefor replacement,the
client is noti�ed (by piggybackingon protocolmes-
sages)to performtheremainingwritesdirectly to the
disk(with diskblock informationfor thewrites).This
schemeprevents any value bias of the cacheas in
NDNR andresultsin only highly valuedobjectin the
cache. However, it signi�cantly increasesthe com-
plexity of theprotocolandalsorequiresclientsto es-
tablishnew dataconnections(with the storage)mid-
wayduringthewrites.

4. DNR: Dirty-Never-Replacek This schemeuseslazy
writesat theHS for a weakcacheconsistency mech-
anism. The objectbeingaccessedfor writes is never
replaced(biasingthevalueto ¥ ) andtheclient writes
arelazily written ontostorageby theHS. During the
time period of databeing written in the HS cache,
but not re�ected to thestorage(dirty data),thewrites
can be storedonto NVRAM for increasedreliabil-
ity. This schemeimprovestheperformanceof NDNR
by reducingtheI/O overheadsassociatedwith writes,
thoughincreasesthecomplexity of recoveryin caseof
failuresand/orrunstherisk of lost writes.

5. DCR: Dirty-Can-Replacek Another form of weak
consistency schemeis to allow thedirty cachedobject
to be replacedif anothermorevaluableobjectneeds
to becached.In caseof sucha replacement,thedirty
datais �rst writtento disk. Also, similar to theNDCR
scheme,this schemeinvolvesa noti�cation message

to the client to continuerestof the writes directly to
thestorage.

To summarize,Figure-2lists all the schemesandtheir
basiccharacteristics,alongwith bene�tsanddrawbacksin-
volved.

2.6. Memory Model

It has been argued that the MDS are meant to pro-
videonly metadatainformationandare�ne tunedfor such
workloadcharacteristics(largenumberof small requests).
Data cachingat MDS competesfor main memory with
the metadataobjects, thus, in�uencing the core task of
theMDS. We proposefollowing threeapproachesthatcan
counterthis andany oneof themcanbe useddepending
upontheworkloadcharacteristics:

1. Partitioned Memory Model: In this model, there
are statically assigneddistinct spacesfor metadata
cachinganddatacachingwith nooverlapbetweenthe
two. This ensuresthat the data-cachingcomponent
doesnot effect the regularmetadatacaching.This is
dependentontheavailability of enoughmemoryatthe
HS. Sucha modelis bestfor workloadsin which the
sizeof thecachedmetadatadoesnot �uctuate much.

2. Shared Memory Model with strict priority to
Metadata: This modelusesa sharedspacebetween
metadataand data. However, metadataobjectsare
given strict priority over dataobjects. Thus, a data
objectcannever replacea metadataobject(similar to
settingmetadataobject valuesto ¥ ) anda metadata
objectalways replacesthe leastvalueddataobjects.
Amongstmetadataobjects,theregularcachereplace-
mentpoliciescanbeused.Thismodelis bestusedfor
workloadsin whichmetadatacachesizecanvarysig-
ni�cantly andmetadataperformanceis critical to the
application.

3. Shared Memory Model with appropriate a: There
can be scenarios,when it is reasonableto swap out
metadataobjects,which are rarely accessed,in or-
der to cachevalueddata objects. In sucha scenario,
we canusethe sharedmemorymodelandappropri-
ately seta valueof a in the value function depend-
ing uponthepriority givento smallerobjects.Notice
that a addsvalueto all small objectsandnot neces-
sarily the metadataobjects. If it is not desired,we
canmodify the valueparameterfor metadataobjects
to (p l l ici [

sa
i ), thus,giving aheadstartof p, wherep

is theadmissionthresholdparameterdiscussedearlier.



Name Consistency Bene�ts Potential Drawbacks
NDIR Strong ImplementationSimplicity Evictinga valuableobject
NDNR Strong ImplementationSimplicity Enforcedkeepingof a lessvaluableobject
NDCR Strong UnbiasedCaching New Connectionrequiredduringa write
DNR Weak Betterperformance(lessI/O) ImplementationComplexity
DCR Weak LessI/O andunbiasedcaching Variousdimensionsof addedcomplexity

Figure 2. Cache Consistenc y Schemes

3. Analysis

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

� Let gbethetime for sendinga data/metadatarequest.
Sincethe characteristicsof metadataresponse(from
MDS/HS)aresimilar(shortmessages),weassumethe
responseto therequestto begaswell.

� Let t be the time to senda requestto storageandre-
trieve thedatafor a particular�le. Thus,this will be
thetimefor ahostto getdatafrom storagefor adirect
accessmodelandalsofor a NAS (andHS) server to
accessdatafrom storagein NAS (andhybrid)model.

� Let t m be the time to senda requestand obtain the
datafrom server'smemory, e.g. from NAS/HSserver
cache.

� Let y bethedelayat theNAS/MDS/HSserverdueto
contentionwith othersimultaneousaccesses.We set
y to bea linearfunctionof numberof connectionsat
the server, thoughthe slopeof the linear function is
muchlower for metadataconnectionsascomparedto
dataconnections.

Below we give a short example of how the analysis
wouldwork for accessinga single�le with spaceavailable
in thecaches.Assumethe�le is accessedby C clientsand
eachclient accessesit N timesandonly readsareissued.
We donot considerclient-data-cachingsinceit is thesame
for all models. However, metadatacan be cachedin the
directandhybridmodel.

For NAS model, only the �rst of the N
Z

C accesses
resultsin I/O with thestorage.All subsequentaccessesare
servedfrom thecacheof theNAS server. Therefore,total
responsetime for NAS modelis:

X

g l t l y NAS l t m

Y

+
X

N
Z

C k 1
Y

X

g l y NAS l t m

Y

The �rst term includes- datarequest+ fetching data
from storage+ delayat NAS server + forwardingcontent
to client (once fetched,it is served from the memory) -
for the �rst requestto that dataobject. The secondterm
includes for the subsequentN

Z

C k 1 requests- data
request+ delay+ servingfrom cache. So total response
time is givenby:

RTNAS=t l NC
X

g l t mhl y NASY

For direct accessmodel, the �rst accessof eachclient
resultsin metadatarequest(g), metadataresponse(g) and
I/O fetch (t ). Every subsequentaccessfrom eachclient
only requirestheI/O fetch(t ) becausemetadatais cached
- againconsideringno datacachingat client or controllers
(which is the samescenariofor NAS model). Thus, the
total responsetime is givenby:

C
Z

X

g+g+y Dir +t
Y

+
X

N k 1
Y

C
X

t
Y

RTDir =C
X

2g l y Dir l Nt
Y

The hybrid model would determinethe value of the
object, and if it consideredvalued enough, it will be
cachedat theHS. TheHS would alsoreturnthemetadata
to the client which is cachedat the clients and usedfor
subsequentaccesses.Also y Hyb is thesumof delaysdueto
concurrentmetadataanddatatransactions.The response
timewouldbegivenby3:

X

g+t +y Hyb+t m

Y

+
X

C k 1
Y

X

g+y Hyb+t m

Y

+
X

N k 1
Y

C
X

t
Y

RTHyb=C
X

g l y Hyb l t m

Y

+t
X

1 l

X

N k 1
Y

C
Y

Even thoughat �rst glancethe analysislooks in favor
of NAS model, it is importantto notethat y NAS is much
higherdueto I/O costsin thatmodel.In additiontheabove
workload is an all-readworkload. However, it also indi-
catesthatfor ahybridmodel,it mightnotbealwaysagood

3assumingnegligible additional cost for including metadatain re-
sponse



strategy to obtaindatafrom thestoragewhenit is presentin
theHS cache.We planto explorethis extensionin future.

3.1. Results

Using the above model,we evaluatedthe performance
of theNAS, directaccessandhybridmodels,for a number
of workload and client load scenarios. We useda 1000
�le datawith �le sizesdistributedby aPoissondistribution
with meanof 100KB. Accessesto the�les werebasedona
Zipf 'slaw with its a n 0 g 5. Thet valueswerealsoassumed
to be Poissondistributedwith meanof 100ms. The NAS
cachewas implementedas an LRU cache. Also the HS
cachewasimplementedusingapartitionedmemorymodel.
Also the hybrid model usedthe NDIR schemefor cache
consistency.

Figure-3plots the averageresponsetimesfor the three
modelswith varying numberof clients (R-W ratio of 0.8
andNAS cachesize= Hybrid datacachesize= 10MB). As
canbeseenwith increasingnumberof clients,thequeuing
delaysat NAS serversincreasesigni�cantly andthus,the
overall responsetimes increase.For direct accessmodel
also,thequeuingdelaysincreasethoughata muchsmaller
rate(metadatatransactions).Thehybridmodelpresentsan
interestinganalysis. For the �rst jump in the numberof
clients, the responsetime decreasesslightly. This is due
to aninitial increasein datalocality at hybrid cacheacross
multiple clients. Sincethereare lesserI/O datatransac-
tionsat thehybrid server thequeuingdelayswith increas-
ing numberof clientsarenot ableto offsetthis. However,
with latertransactions,thedelaysbecomedominant.

Figure-4plotsthemodelswith increasingreadpercent-
agein theworkload(1000clients).As expected,bothNAS
and hybrid modelsperform betterdue to the cachingef-
fects.ThehybridmodelusedtheNDIR scheme.Thedirect
modelis not in�uenced by varying read-writeratio, since
everyaccessis madedireclyat thecontroller.

Figure-5plotsthemodelswith varyingcachesizeat the
hybrid cachewith theNAS cache�x edat 10MB. We per-
formedthis analysissinceit is possiblethat thesizeof hy-
brid cacheavailablefor datacachingis smallerthanthatin
a NAS model,due to memoryrequirementsfor metadata
caching. As expected,the hybrid model performsbetter
with biggercachesandoutperformsNAS modelevenwith
asmallercachesize.

It is encouragingto note that the hybrid model is able
to outperformboth the other modelsdue to its ability to
make intelligentchoicesper-request. We continueto eval-
uatethemodelsfor othercriteriaandwith realbenchmarks.
Overall,we believethatthesystemwill scalewell with the
increasein dataand traf�c. The overheadsinvolve only
storingadditionalinformationin �le metadata(accessfre-
quenciesandresponsetimes)whichcanbeamortizedover

numerousrequestsandneedto performI/O only periodi-
cally.

4. RelatedWork

Therehasbeensigni�cant work on datamanagement
for �le systemsin storageareanetworks [2, 11]. To the
bestof our knowledge,thereis no prior work describing
an intelligentSAN with bothco-existing in-bandandout-
of-bandaccessmodelsand ability to switch modelsper
eachrequest.The work that comesclosestto ours is the
solutionpresentedby Panasas[6]. They alsouseHybrid
Serverscalled,DirectorBlades(TM) that supportboth in-
bandNAS andout-of-banddirectaccessmodels.However,
theNAS accessmodelsupportis only to provideinterfaces
to legacy clients and the decisionto useeither model is
madeirrespectiveof requesteddata.

Object-basedStorageSystems(seminalwork [5]) have
beenproposedto allow for moreintelligent processingat
thestoragedevices.Our solution,in contrastis at a higher
level thanat thestoragesystemlevel andcomplementsthis
work by addingon anotherlayer of intelligent above the
proposedsolutions.

In general,cachinghasbeenan importantperformance
enhancingmechanismwith application to a wide range
of problems. While a numberof cachingalgorithmslike
LRU, [8, 9] aretargetedtowardssimplicity of implementa-
tion, morecomplex algorithmshave alsobeenextensively
usedin a variety of scenarios- like databases[14], web
caching[3, 7, 15] etc. All of theseapproachesfollow a
similar principle of cost-awarecaching.Our cachingpol-
icy is similar to [14] anotherexistingalgorithm,thoughwe
differ in cacheadmissionandtheparameterevaluation.Es-
pecially, our policy is closelyalignedto the datasharing
mechanisms,whereasother works do not focus on such
mechanisms.

5. Conclusionsand Future Work

In this paper, we have presenteda hybrid accessmodel
for StorageAreaNetworks. To thebestof our knowledge,
this is a �rst attemptat designingintelligentSANsthatex-
ploitsstrengthsof bothin-bandNAS andout-of-banddirect
accessmodelsthrougha uni�ed solution. An important
characteristicof ourdesignis theability to choosebetween
the accessmodelsat a per-requestgranularityusing low-
overheadcacheadmissionandcachereplacementpolicies.
Our initial analysisindicatesthat thehybrid modeloutper-
formsbothNAS anddirect accessmodelsfor a varietyof
workloads. In future, we would like to evaluatethe hy-
brid modelon realbenchmarksandalsodesignextensions
to the model. In addition,we arealso investigatingvari-



 80
 90

 100
 110
 120
 130
 140
 150
 160

 0  50  100  150  200

A
ve

ra
ge

 R
es

po
ns

e 
T

im
es

Number of Clients

NAS
Direct

Hybrid

Figure 3. Varying Number of
Clients

 80
 90

 100
 110
 120
 130
 140
 150
 160

 0  0.2  0.4  0.6  0.8  1

A
ve

ra
ge

 R
es

po
ns

e 
T

im
es

Percentage of Reads

NAS
Direct

Hybrid

Figure 4. Varying Read­Write
Ratio

 80
 90

 100
 110
 120
 130
 140
 150
 160

 0  2000  4000  6000  8000  10000

A
ve

ra
ge

 R
es

po
ns

e 
T

im
es

 (
m

s)

Hybrid Cache Size

NAS
Direct

Hybrid

Figure 5. Varying Hybrid
Cache Size

ousco-operativecachingarchitectures[12] thatcanfurther
improvetheoverallperformanceof thesystem.
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