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Abstract

Wedescribearealimplementationof asoftwarecomponentthatmanagescaching
of filesfrom atertiarystoragemanagementsystemto a largediskcachedevelopedfor
usein the areaof High Energy Physics(HEP) analysis.This component,calledthe
CacheManager, is apartof aStorageAccessCoordinationSystem(STACS),andis re-
sponsiblefor theinteractionwith amassstoragesystemthatmanagestherobotictapes
(weusedHPSS).TheCacheManagerperformsseveralfunctions,includingmanaging
thequeueof file transferrequests,reorderingrequeststo minimizetapemounts,mon-
itoring the progressof file transfers,handlingtransientfailuresof the massstorage
systemandthenetwork,measuringend-to-endfile transferperformance,andprovid-
ing timeestimatesfor multi-file requests.Thesefunctionsaredescribedin detail,and
illustratedwith performancegraphsof real-timerunsof thesystem.

1 Introduction

Like somany otherscientificdisciplines,HEPexperimentsproducehugeamountsof data
that, given the usualbudgetconstraints,needto be storedin robotic tapesystems.For
instance,theSTAR experimentatBrookhavenNationalLaboratorythatwill startcollecting
databy mid 2000,will generate300TB of dataover thecourseof threeyears.Storingsuch
amountsof datain disksis certainlyunreasonableandalsoa wasteof financialresources
sincemostof the datawill not be usedoften, yet they needto be archived. In practice
all thedatawill bestoredin tapesandtheamountof availabledisk spacewill amountto
a few percentof the total spaceneededto storeall the data. Given the fact that retrieval
of datafrom tapesis muchslower thanfrom disk, theneedfor smartcachemanagement
�
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systems,thatcoordinateboththe retrieval of datafrom tapesandtheuseof the restricted
disk cache,is real[3, 2, 1]. With this goalin mind we developedSTACS(StorageAccess
CoordinationSystem)[4] tobeusedby theSTAR experiment.STACSwasdesignedto take
advantageof thefact thattheparticlecollisions,recordedby theSTAR measuringdevices,
areindependentof eachother, andthereforetheprocessingof eachcollision’s datacanbe
donein any order. This providesthe ability to choosethe orderof cachingof datafrom
tapeto disk cache,so asto optimizethe useof the cacheby multiple users.In addition,
sincewe know aheadof time all thefiles neededfor processingfor all theuserscurrently
in thesystem,wecanordertheschedulingof file transfersto minimizethenumberof tape
mounts.

This paperis organizedas follows. In section2, we start by briefly describingthe
applicationdomainof High Energy Physicsandhow the particularneedsof that domain
influencedthe designof STACS. We briefly discussthe architectureof STACS, andde-
scribetheprocessof executingqueries.In section3, we describein detail thecomponent
responsiblefor interactingwith thesystemthatmanagesthetapes(we usedHPSS),called
theCacheManager. In thispaper, weemphasizemany of its features,includingthesupport
of arequestqueue,thereorderingof file transfersto minimizetapemount,andthehandling
of errorsandsystemfailures.Weconcludein section4.

2 The STACS Architecture

We describein this sectionthe componentsof STACS, and the reasonsfor the modular
architectureof the system.First, we needto describebriefly the applicationdomain,the
kind of queriesappliedto thesystem,andwhatis expectedfrom theapplication’spoint of
view.

2.1 HEP Application Domain

In theHEPSTAR experiment,gold nucleiarecollidedagainsteachotherinsideanaccel-
eratorandthe resultsof suchcollisionsarerecordedby a very complex setof measuring
devices.Eachcollision is calledaneventandthedataassociatedwith eachevent is in the
orderof 1-10MB. It is expectedthat theexperimentwill generate����� sucheventsover 3
years. The raw datarecordedby the measuringdevicesarerecordedon tapes.They are
organizedin files,eachabout1 GB in size.Thedatathenundergoa“reconstruction”phase
whereeachevent is analyzedto determinewhat particleswereproducedand to extract
summarypropertiesfor eachevent(suchasthetotal energy of theevent,momentum,and
numberof particlesof eachtype). Thenumberof summaryelementsextractedperevent
canbequitelarge(100-200).

The amountof datageneratedafter the reconstructionphaserangesfrom about10%
of the raw datato aboutthe samesizeasthe raw data,which amountsto about30 - 300
TBs peryear. Most of thetime only thereconstructeddatais neededfor analysis,but the
raw datamuststill beavailable.It is againstthesummarydatathatthephysicistsrun their
queriessearchingfor qualifying eventsthat satisfy thosequeries. All queriesare range
queries(for example,5 GeV 	 energy 	 7 GeV, or 10 	 numberof pions 	 20). For each



query, STACShasto determinewhich files containthereconstructeddata(or theraw data
if they arerequested),andto scheduletheir cachingfrom tapefor processing.

Given thefact that thedifferentevents(collisions)areindependentof eachother, it is
irrelevant for the physicistswhetherthey receive the qualifying eventsin the order they
weregeneratedor any otherorder, aslong asthey receive all qualifying events.So,what
the physicistsneedis a away to maptheir queriesto the qualifying eventsstoredin the
tapesystemand to efficiently retrieve thoseeventsfrom tapeto their local disk so that
they canrun their analysisprograms.STACSwasdesignedwith this in mind. It is typical
thatphysicistsform collaborations,where10-100usersstudythesameregion of thedata.
Therefore,thereis goodlikelihood thatqueriesof differentuserswill overlapin thefiles
that they need. STACS is designedto maximizethe useof files oncethey arecachedto
disk,by striving to makeeachfile availableto all applicationprogramsthatneedit.

2.2 STACS

The STACS architectureconsistsof four modulesthat can run in a distributedenviron-
ment: a QueryEstimator(QE) module,a QueryMonitor (QM) module,a File Catalog
(FC) moduleanda CacheManager(CM) module. All the communicationbetweenthe
differentmodulesis handledthroughCORBA [5]. Thearchitectureof thesystemis shown
in Figure1. Thepurposeof this paperis to describein detail thecapabilitiesprovidedby
the CM. However, to put this in context we describebriefly the functionof eachmodule
next.

The physicistsinteractwith STACS by issuinga querythat is passedto the QE. The
QE utilizesa specializedindex (calleda bit-slicedindex) to determinefor eachqueryall
the eventsthat qualify for the queryand also the files wheretheseeventsreside. This
index wasdescribedin [4]. The QE canalsoprovide time estimatesbeforeexecutinga
queryonhow long it will taketo getall theneededfiles from thetapesystemto local disk.
The estimatetakesinto accountthe files that arecurrentlyin the disk cache. If the user
finds the time estimatereasonablethena requestto executethe query is issuedand the
relevant informationaboutfiles andeventsis passedto the QM. The job of theQM is to
handlesuchrequestsfor file cachingfor all theusersthatareusingthesystemconcurrently.
Sincethe usersdon’t careaboutthe order they receive the qualifying eventsthe QM is
free to schedulethe cachingof files in the way that it finds mostefficient (for instance,
by requestingfirst the files that most userswant). The QM usesa fairly sophisticated
cachingpolicy moduleto determinewhich files shouldresidein cacheat any time. The
QM markseachfile requestedby oneor morequerieswith a dynamicweightproportional
to the numberof queriesthat still needthat file. The cachingpolicy usesthis weight to
maximizetheusageof thecacheby queries.Any files thathappento bein cacheandcan
beusedby anapplicationarepassedto theapplicationassoonasit is readyto acceptthe
data(i.e. whenit is not busyprocessingthepreviousdata).Filesareremovedfrom cache
only whenspaceis necessary. Thefiles with the lowestweightareremovedfirst. A more
detaileddescriptionof thecachingpolicy is alsogivenin [4].

After theQM determineswhichfiles to cache,it passesthefile requeststo theCM one
at a time. The CM is the modulethat interfaceswith the massstoragesystem,which in
the caseof STAR is HPSS.It is the job of the CM to makesurethat the files requested



Figure1: TheSTACSarchitecture.

by theQM areproperlytransferredto local disk. Whena requestreachestheCM a file is
identifiedby afile id (fid), a logicalname.To beableto transferthefile from HPSSto local
disk theCM needsto convert thefile logicalnameinto arealphysicalname.Thismapping
canbeobtainedby consultingtheFC,whichprovidesamappingof anfid into bothaHPSS
file nameanda local disk file name(thefull pathof thefile). It alsoincludesinformation
aboutthefile sizeandthetapeid (tid) of thetapewherethefile resides.

To visualizetheoperationof STACS,weincludehereagraphof arealrunof thesystem
processingmultiple files (Figure2) for a singlequery. Thex-axis representstime. Each
jaggedverticalline representsthehistoryof a singlefile. It startsat thebottomat thetime
it wasrequested,to thetime it wascachedto HPSScache,to thetime is wasmovedto the
sharedcache,to thetime it waspassedto therequestingquery, andterminates(at thetop)
after the applicationfinishedprocessingall the eventsit needsfrom that file. As canbe
seen,initially a requestfor two files wasmade(oneto process,andoneto pre-fetch),and
only afterthefirst file wasprocessedtheapplicationmadearequestto cacheanotherfile.

3 The Cache Manager

The CM performsmainly two functions: it transfersfiles from the massstoragesystem
(HPSS)to local cacheandpurgesfiles from local cache.Both actionsareinitiatedby the
QM. The transferof files requiresa constantmonitoring. The CM performsa variety of



Figure2: Trackingof files requestedby aquery.

differentactionstowardsthatend. It measuresvariousquantities,suchasthetransferrate
of eachfile, it keepstrackof theamountof cachein use,and(whenever a transferfails) it
detectsthetypeof failureby parsingthePFTPoutputlookingfor errors.

3.1 File Transfers

TheCM transfersfilesfrom themassstoragesystem(HPSS)to localcacheusingtheparal-
lel file transferprotocol(PFTP).TheCM ismultithreadedandcanhandlemany file requests
at thesametime(in fact,thereis adifferentthreadfor eachPFTPrequest).Sincethenum-
ber of PFTPsthat HPSScanhandleconcurrentlyis limited (by the memoryavailableto
HPSS)theCM needsto makesurethatit doesn’t swampHPSSwith too many concurrent
PFTPs.This is a requiredfeaturebecausetheHPSSsystemis a resourcesharedby many
usersandassuchall usershave to makesurethey don’t usemorethantheir share.And
even thoughthe HPSSsystemadministratorcanblock PFTPrequestsfrom any user, the
systemwill work betterif theusersstaywithin their PFTPquotas.TheCM handlesthis
for all its usersby queuingthefile requeststhatit receivesfrom theQM andneverserving
morethanthe numberof PFTPsallocatedto it. Thus,STACS andin particularthe CM,
performsthefunctionof servingits usersin a fair fashion,by not allowing any singleuser
to flood thesystemwith too many file cachingrequests.In STACSthenumberof allowed
PFTPscanbechangeddynamicallyby thesystemadministrator, while thecachemanager
is running.If this limit is reduced,it simplystopsissuingPFTPsuntil thenumberof PFTPs
in progressreachesthenew limit.



3.2 Queue Management

SincetheCM builds up a queueof file requeststhatcannotbeservedwhile thenumberof
PFTPrequestsis at its maximum,opportunitiesarisefor reschedulingtheorderof requests
in the queueso that files from the sametapeareaskedtogetheroneafter another. The
ideais that thetransferratefrom HPSSto local cachewill increaseif thenumberof tape
mountsis minimized. This is particularlyimportantif thenumberof tapedrivesis small
andthe networkbandwidthbetweenHPSSandlocal cacheis large. The goal is to have
anaggregatedtransferrateashigh aspossibleandthatcanbeachievedby minimizing the
“idle” transferperiodsduring tapemounts.Obviously this gainobtainedby rescheduling
thequeuedrequestscomesat a cost,thecostof bypassingolderrequestsin thequeueand
insteadservingyoungerrequestsjust becausethey happento be from a more“popular”
tape.We leave theresponsibilityof decidinghow muchreschedulingto do to theSTACS
administratorandthatcanbedoneby dynamicallychanginga “file clusteringparameter”
thatcharacterizestheclusteringof requestedfilesaccordingto thetapethey residein. Thus,
choosingtheparameterto be,say, 5 meansthatif afile from sometapewasjust transferred
to localcache,thenonaverage4 morefiles from thesametapewill berequested(thisonly
holdstruein aninfinite queue,but it’ s a goodapproximation).Choosingtheparameterto
be1 meansthatno reschedulingwill bedoneandthefiles in thequeueareservedin afirst
comefirst serve order. Figures3 and4 show theorderthefiles wererequestedversusthe
tapethey residein for two runsof thesamesetof queries.The“file clusteringparameter”s
usedwere1 and10 respectively. Theimportantthing to noticeis thatin figure3 thereis a
constantchangingof tapes.

3.3 Query Estimates

Oneof themostinteresting,andalsothemostdifficult to implement,featuresof theCM
is thecapabilityof estimatinghow long thefiles neededfor a querywill taketo transferto
localcache.EventhoughtheusersgetthetimeestimatethroughtheQE,therealestimates
aredoneby theCM andpassedto theQE.Theestimatesaredoneby checkingwhichsubset
of thesetof filesneededfor aqueryarein cache(call that 
 ), whicharealreadyscheduled
to be cached,andarein the CM queue(call that � ) andwhich still have to berequested
(call that � ). TheCM canusethecurrenttransferrateto estimatehow longthefilesneeded
will taketo transfer. If thecurrenttransferratehappensto bezero,eitherbecauseno files
arebeingtransferredor becausethenetworkis temporarilydown, thena defaulttransfer
rate is used. We describein Section3.5 how the actualtransferratesareobtainedover
time. So far, we usedthe maximumtransferratesobtainedwhenthe systemis heavily
loadedasthedefaulttransferratevalues.In thefuture,we planto tunethedefaulttransfer
ratedynamically, averagingthemaximumtransferratesfor the last24 hours(or whatever
defaultperiodis preferred).

To getabestcaseestimate,assumingthisquerygetstoppriority, weneedonly to divide
thesumof sizesof files not in cacheby thetransferrate �� , i.e. �������������������������� where
������� and ����� � arethesumof sizesof files in set � andset � respectively.

However, wealsowantto getarealisticestimate.Weachievethisasfollows. For the 

files thatarein cacheweassumethey continueto beavailableto theapplicationsincethey
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Figure3: File requestorderin theabsenceof file clustering.Filesarerequestedon a first
comefirst serve basis.Eachpoint in thex-axiscorrespondsto anew file request.

will bemarkedasneeded.For the � files in theCM queue,wehave two casesto consider.
If theset � is emptythenwe don’t needto considerthesetof files in thequeuethatcome
afterall thefiles in set � . Call thesetof remainingfiles in thequeue�"! (we only needto
considerthefiles in thequeuefrom thefirst file to thelastfile in � ). Thentheestimateis
�����"!#���$%� . If on theotherhandtheset � is not emptythenwe needto takeinto account
that all thefiles in the queueneedto be processedbeforeany files in the set � . We call
thesetof files in thequeue . Let thenthenumberof queriesin thesystembe & . For our
estimate,we assumethateachof thequerieswill beserved in a roundrobin fashion,and
that thereis no file overlapbetweenthequeries.Thenfor the � files we need&'����� ������ ,
assumingthatall fileshave similarsizes.Sothetotal timeestimateis �(&'����� ���)���(*�������� .

Of coursetheseestimatesareonly reasonablygoodif the systemdoesn’t run out of
cachespace(in which casethe file transfershave to stopuntil somefiles canbe purged)
andif thenumberof queriesstaysthesameduringtheperiodthatthequeryin questionis
beingprocessed.Figures6 and5 show a comparisonbetweentheestimatedtime andthe
realtime for thesamesetof twentyqueriesrunfrom thesameinitial state(nofiles initially
cached),with thedifferencethat in onecasethe queriescome5 minutesapartandin the
othercasethey come20minutesapart.In theserunstheprocessingtimeperevent(thetime
spentprocessinganeventby theapplication)waschosenvery smallsothattheamountof
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Figure4: File requestorderwith a file clusteringparameterof 10 files per tape.As many
as10successive requestsfrom thesametapearemadeif they arefoundin thequeue.

time theQM holdsa file in cacheis negligible whencomparedwith thetransfertime. The
queriesweredesignedto completein about20minuteseach.Figure5 showstheestimates
whenthesamesetof queriesarrive20minutesapart.This timeis enoughto transferall the
files neededby thequerybeforethenew querycomesin. As a consequencetheestimates
arevery accurate.They arebiasedtowardsshortertransfertimesbecausetheCM usedthe
defaulttransferrateto calculatethetransfertimes,andthedefaulttransferratewaschosen
asthemaximumtransferratethat thenetworksupports.Thatdefaultis not sustainedfor
longerperiodsandhencetheshortertimeestimates.

Ontheotherhand,in figure6 thequeriesarrived5minutesapart.In addition,wedidnot
takeinto accountthenumberof queriesthatwerein thesystemwhena new querystarted.
Sincetherewasnot enoughtime to finish a querybeforea new queryarrives(we chose
the queriesso that they requestapproximatelythe samenumberof files every time), the
requestsfor filespileupin theCM. Thisexplainswhysuccessivetimeestimatesgrow larger
andlarger; the requestsfor files pile up fasterthantheCM canserve them. We canalso
seethat theestimateswerevery poorandfell shortof the real transfertimes,becausethe
estimatedid notaccountfor thenumberof queriesin thesystem.Thisgaveustheinsightto
takethenumberof queriesinto account,a featurethatis now beingimplemented.Wenote
thatevenso, thefact remainsthatwhenanestimateis donetheCM knows nothingabout
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Figure5: Comparisonbetweenestimatedtime andrealtransfertime whenthequeriesrun
alonein thesystem.

thequeriesthatwill comein thefuture.Becauseof theroundrobinpolicy wecurrentlyuse,
suchquerieswill requestsomefilesbeforeall thefilesfor previousquerieswererequested.
Nevertheless,ourestimatesareprettyaccuratesincethey arebasedona measuredtransfer
rate,thefiles in cachefor thatquery, thenumberof files in thequeue,theactualsizesof
files, andthe currentload on the system,measuredas the numberof concurrentqueries
beingprocessed.

3.4 Handling PFTP Errors

Themostimportantfunctionalityof theCM is thehandlingof transfererrors.Sometimes
thePFTPtransferfails, eitherbecauseHPSSmisbehavesor breaksdown, or becausethe
networkis down or evenbecausetherequestedfile doesn’t exist in HPSS.Soto makesure
thatthefile wassuccessfullytransferredto local disk theCM startsby checkingthePFTP
outputlooking for thestring“bytestransferred”(thisstringalsoappearsat theendof a ftp
transfer). If thatstring is not found theCM parsesthePFTPoutputlooking for possible
errormessages,anddependingon the resultdifferentpathsaretaken.For instance,if the
file doesn’t exist onHPSStheCM just reportsthefact to theQM. If on theotherhand,the
transfererrorwasdueto someHPSSerror(say, anI/O error)theCM removesthepartially
transferredfile from disk,waitsafew minutes,andthentriesagainto transferthesamefile.
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Figure6: Comparisonbetweenestimatedtimeandrealtransfertimewhenthereis sharing
of resourcesbetweenqueries.

This functionalityof the CM is very importantbecauseit insulatesthe restof the system
andtheuser’sapplicationfrom HPSSandnetworktransientfailures.All theuserperceives
is that thefile maytakelongerto cacheor that it doesn’t exist. This situationis shown in
Figure2. It shows two gapsin thefile transfers,onelongandoneshorter. This wasdueto
anHPSSserver failure thatwasthenrestored.TheCM checkedHPSSperiodicallytill it
recoveredandthenproceededwith file transfers.

Thepossibleerrorsor reasonsthatcausea PFTPto fail arethefollowing:

+ File not foundin HPSS.This is anirrecoverableerror. TheCM givesupandinforms
theQM.

+ Limit PFTPsreached.This happensif otherusersusemorethantheir shareof allo-
catedPFTPs.Whenthishappensit is impossibleto login to HPSS.TheCM handles
thisby re-queuingthefile requestandtrying againlater.

+ HPSSerror. Somearerecoverable(like anI/O errororadevicebusyerror),othersare
not(anonexistingfile, or awrongreadpermission).TheCM handlestherecoverable
errorsby trying againup to 10 times. This is a defaultnumberthatcanbechanged
dynamically. The assumptionis that if a transferfails 10 timesthensomethingis
really wrong with the file. Anotherapproach,which we did not implement,is to



Figure7: ThisgraphshowsseveralquantitiesthatSTACScandisplaydynamicallyandthat
characterizetheoverall statusof thesystem.

have a timeoutmechanismwhereno morePFTPretrials would be doneoncethe
timeoutlimit wasreached.

3.5 Measurements

TheCM keepstrackof variousquantitiesthat characterizeits statusat any time. Oneof
those,andprobablythe trickiest oneto measure,is the transferratebetweenHPSSand
local cache.Whena PFTPis launchedtherequestedfile transfermaynot startright away.
This is particularlytrueif thefile happensto beon tapeinsteadof beingin theHPSSown
cache.In thatcasethetapehasto bemountedbeforethetransfercanreallystart.This fact
is notknown to theCM. After thetransferoccurstheCM canfind outhow muchtimewas
really usedin transferringthefile andhow muchtime wasusedin mountingthe tapeand
seekingto the right placeon tape,but that informationcomestoo late to beof any usein
estimatingtheinstantaneoustransferrate.TheCM cangiveveryaccuratemeasurementsof
theinstantaneoustransferrateby following adifferentapproach:it periodically(say, every
15 secondsor whenever a file transferends)checksthelocal sizeof all thefiles currently
beingtransferred.By measuringthetotalnumberof bytestransferredbetweennow andthe
previousmeasurementandtheamountof timeelapsed,it cangiveanaccuratevaluefor the
transferrate. To smoothout quick fluctuations,it givesa moving averageof the transfer
ratemeasuredover thelast,say, 10 measurements.

OtherquantitiestheCM keepstrackof arethenumberof PFTPspending,theamount
of cacheusedby thefiles in localcache,andtheamountof cachereservedfor therequests
currentlyin thequeue.In additionto thesemeasurementsby theCM, theQM keepstrackof
informationrelatedto thestatusof queries.Specifically, it keepsalsotrackof thenumberof
querieswaiting to beservedor beingserved,andalsotheamountof cacheactively being
used,i.e., cacheusedby files that arebeingcurrentlyprocessedby somequery. In this



context, a queryis consideredasbeingservedif it is currentlyprocessingafile, or if it has
a file in localcacheto process.

All thesequantitiescanbedisplayeddynamicallywhenthesystemrunsandcanbeused
by theSTACSadministratorto tunethepoliciesof thesystemto overcomebottlenecks.For
example,oneof the parametersthatcanbe setdynamicallyis how muchpre-fetchingto
performon behalfof eachquery. If thereis a lot of availabledisk cache,andthe PFTP
queueis small, onecanincreasethe numberof pre-fetches,so that querieshave at least
oneadditionalfile in cacheassoonasthey finish processinga file. An exampleof such
measurementsdisplayedfor a particularrunareshown in Figure7.

Another reasonfor keepingtrack of thesemeasurementsperformance,is to observe
whetherthe systemresourcesare“balanced”,i.e. usedwell for a typical querymix. In
particular, it is importantto understandwherethe bottlenecksare,andif someresources
(tapedrives,diskcache,andnetworkresources)areunderutilized.Accordingly, thiscanbe
usedasaguidefor addingtheright kind of resourcesto thesystemto achievebettersystem
performance.

3.6 Recovery from Crashes

One of the very important,even if rarely used,featuresof the CM is the capability to
recover from crashesandreturnto its statebeforethecrash.By crashwemeanarealcrash
of theCM, which althoughveryunlikely (we have run theCM for weekswithouta glitch)
cannotbe put aside,but alsothe situationwherethe machinewherethe CM runsneeds
to berebooted.Giventhefact thata setof queriescantakedaysto processit’ s of utmost
importancethat thesystemcanreturnto its statebeforea crashwithout the usershaving
to relaunchall thequeriesagain.TheCM doesthis by loggingto a “recovery” file thelist
of requeststhatwerenot servedyet. Oncea new requestarrives,informationaboutit (file
id andqueryid) is loggedto a file, andafter a requestis served(a file is transferred)the
associatedinformationis removed from thesamefile. If theCM happensto crashor the
systemwhereit runsneedsto beshutdown, theCM caneasilyreturnto its previousstate
by readingthe “recovery” file, andcheckingif thefiles werecorrectlytransferredandare
currentlyin cache.For any files not correctlytransferredor not transferredat all, theCM
relaunchestheloggedrequests.

4 Conclusions

Wedescribedin thispapera realimplementationof a storageaccessqueuingandmonitor-
ing systemto beusedin high energy physicsapplications.Thesystemis practicallyready
to bedeployedandhasbeenin atestingphasefor thelastfew months.Thesystemhasbeen
testedagainsta 1.6 TB federateddatabaseof syntheticdatastoredin 170tapes.We have
demonstratedthevalueof sucha systemin insulatingtheuser’s applicationfrom thede-
tails of interactingwith a massstoragesystem.Specifically, thesystemenablestheuserto
submitaqueryof whatis needed,andthesystemfindsall thefilesthatneedto bereadfrom
tape,schedulestheir cachingsothatfiles canbesharedby multipleusers,minimizestape
mounts,handlestransienterrorsof themassstoragesystemandthenetwork,andmonitors
performance.Sucha systemis particularlyvaluablefor long runningtasks(many hours)



of 100’sof files,whererestartinga job becauseof a failure is notapracticaloption.Future
plansincludetheapplicationof thesystemin distributedmulti-sitegrid infrastructure.In
this setup,therecanbe multiple sitesthathave massstoragesystems,andeachsite may
have ashareddiskcachefor its localusers.We envision theCacheManager’s functionsto
beassociatedwith eachstorageresourcein thesystem.An open(anddifficult) problemis
how to coordinatethesedistributedresourcemanagersin orderto supportmultipleusersat
varioussitesin themostefficientway. Wealsoplanto applythis technologyto application
areasotherthanhighenergy physics.
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