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Abstract: Storagehasbeenextensively studiedduringthepastfew decades(Fosteret al., 1997;Jośe Guimar̃aes,2001).
However, theemerging trendsondistributedcomputingbringnew solutionsfor existentproblems.Grid com-
puting proposesa distributed approachfor datastoring. In this paper, we introducea Grid-basedsystem
(ARCO) developedfor multimediastorageof large ammountsof data. The systemis beingdevelopedfor
BibliotecaNacional,theNationalLibrary of Portugal.UsingGrid informationalsystemandresourcesman-
agement,we proposea transparentsystemwhereTeraBytesof dataarestoredin a beowulf clusterbuilt of
commoditycomponentswith backupsolutionanderrorrecover mechanisms.

1 INTR ODUCTION

TheNationalLibrary of Portugal(BN - Biblioteca
Nacional)is a patrimoniallibrary. This presentsspe-
cial motivationsto pursuesomegoalsatbothnational
andinternationallevels, relatedwith a wide rangeof
new technicalareaespeciallyconcerningwith digital
publishing; digitization; preservation of cultural ar-
tifacts;metadatacreation,processingandexchange;
servicesfor resourcediscovery, accessandinteroper-
ability; etc. Eachof theseareasbringsnew expecta-
tionsandrequirementsfor new skills, which BN has
beenidentifying anddevelopingduring recentyears
in trials andpilot initiatives.As a result,valuableex-
pertisehasbeenbuilt, resultingin theactualinitiative
for the National Digital Library (BND - Biblioteca
NacionalDigital).

The BND is de�ned to serve two main purposes.
The �rst andmost immediateis the developmentof
an operationalframework by which the BN will ad-
dressspeci�c problemsposedby themanagementof
large collectionsof digital anddigitized items. As a
sideeffect,weexpectto reachacritical mass(in tech-
nology, knowledgeandcontents)afterwhich we will
beableto addresstheotherareasin acomplementary
approach.

The actual momentof the BND is not anymore
to beexperimental,presentingshort-termresults,but
to be stableand trustworthy. That requiresthinking

seriouslyin stablemodelsandlong-termsustainable
strategiesfor thedevelopmentsandconvergencewith
the traditional library. Also, this hasto be donein
accordancenotonly with ourgeneralmission,but es-
pecially taking in accountthe limited resourcesthat
BN will beableto reservefor it.

To provide us theexpectednecessary�e xibility , it
wasdecidedthatthetechnicalsolutionswill bebased
mainly on openandscalabletechnology, to be built
and integratedincrementally. This will make it also
possibleto betterconsolidatetheresultswith thetra-
ditional library'sservices.

Themainservicesthat theBND is expectedto as-
surearethestorage,search,retrieval andpreservation
of digital resources.In this paperwe areaddressing
theproblemof thestorage.

2 PROPOSEDARCHITECTURE

Thegoalof ARCO systemis to provide andman-
aging a transparentlayer for storing large amounts
of data. The high level requirementssuggestthat
all interactionswith lower or higherabstractionslay-
ers would be throughoutinterfaces. This interfaces
shouldbepublic andwell de�ned in theSystemDef-
inition document.

Figure1 depictsthe ARCO architecture.The left
�gure representsthe interaction of ARCO system
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Figura1: ARCOhigh level view

with theoperatingsystem,thenetwork resourcesand
with Globusmiddleware.ARCOusesseveralOSsys-
tem calls to accessthe local �le system,usesnet-
work resourcesfor integrationpurposesandGlobus
for Grid Services(Foster, 2001; OpenGrid Services
Infrastructure(OGSI), 2003). ARCO is build over
Globus toolkit 3.0 that supportsWebservices(Foster
et al., 2002).

Therightpartof 1 containstheinternalcomponents
of ARCOsystem.In theupperlevelwehavetheinter-
facelayerthatis responsiblebothfor providinggraph-
ical interfacesfor storingdataandretrieving it. The
graphicalinterfacesareimplementedin HTML/PHP
but they could be implementedwith otherprogram-
ming languagesincethereis a low level layer with
commandsfor thebasicfeaturesof thesystem.

3 SYSTEM COMPONENTS

The ARCO systemis divided in threeunits,GOD
(Digital Object Management);GG (Grid Manage-
ment) and Monitorization. Theseare the types of
operationsthatusersareallowed to do, accordingto
their functions. In eachof theseunits exist subunits
accordingto thetypeof tasksallowedto theusers.

3.1 GOD

This sectioncanbe accessedboth by the systemad-
ministratorandotherusers.It hasseveraloperations
regardingDigital Objects,suchasStore(Storesanew
objectin thegrid), Remove(Removesanexistingob-
ject from thegrid), Copy (Copiesanobjectfrom the
grid to theworking directory),Replace(Replacesan
existing objectwith a new one),Update(Updatesan
objectwith anewerversion)andRecover(Recoversa
deletedobject).Whenremoving anobject,theobject
is not physicallyremoved. Instead,it is moved to a
differentlocation,allowing its recovery. Thephysical
removal is only allowedto thesystemadministrator.

3.2 GG

The systemmanagementoperationsareavailable in
this unit. Thesystemadministratoris responsiblefor
performingthesetasks,concerningto “Grid Nodes”,
“Volumes”,“Users” and“Groups”.

TheNodeManagementsubunit is wherethegrid
nodes'con�gurationsaredone.Theoperationsavail-
able are Add Node (Add a new node to a vol-
ume), Remove Node(Remove a node from a vol-
ume),EditNode(Editthenodecon�guration),List all
Objects(Listall objectspresentedin thenode)or Lo-
cateanobject(Locateoneobjectin thesystem).This
kind of operationsare very useful becauseit' s very
easyto addor removeonenodefrom thesystem,and
if a nodewith objectsis removedit' s possibleto syn-
chronizethevolumeor usethevolumemirror asmas-
ter.

TheVolumeManagementis wheretheoperations
relatedto volumesaredone. The role of operations
possibleare Add Volume(Adda new volume to the
system), Remove Volume(Remove a volume from
the system),Edit Volume(Editvolumeinformation),
List Volumes(Listall volumes)andSynchronizeVol-
ume(Synchronizevolume information with the vol-
umemirror). Herethereareseveralconsiderationsto
have in mind. Onevolumecanonly have onemirror,
but whena mastervolumeis deletedor shutdown the
mirror onewill passto masterautomatically. It' s not
possibleto removeavolumethathasnodesassociated
to it. Everytimethatoneobjectis insertedin onevol-
umeit is insertedautomaticallyin his mirror, if there
is one.

In theUser Managementsubunit theusercando
several operationsrelatedto the system's users.The
usermanagementoperationsare Add User (Adds a
new userto the system),Remove User (Removesa
user from the system),Edit User (Edits the user's
data)andList Users(Listsall theusers).

In the Group Managementareathe usercan do
severaloperationsrelatedto thesystem'sgroups.The
groupmanagementoperationsareAdd Group(Adds
a new groupto thesystem,specifyingthegroup'sac-
cesspermissionson GOD, GG, andMonitorization),
Remove Group(Removesa groupfrom thesystem),
Edit Group(Editsthegroup'sdataandaccesspermis-
sions)andList Groups(Lists all thegroups).It' s not
possibleto remove a groupthat hasusersassociated
to it.

3.3 Monitorization

The Monitorization is doneover a grid node. It is
veryusefulto analyzenodeperformanceandbehavior
alongthetime andsetuptheneededalarms.

The main goal is to prevent systemfailures by
warningtheadministratorandprovide informationto
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the users,that can be usedto improve the storage
strategy.

It presentsinformation of the actual stateof the
node(availablespace,usedspace,cpu temperature,
detectederrors,systemlogs,etc.). It is alsopossible
to setupalarmvaluesanddesirableactionslikewarn-
ing thesystemadministratoror doa loadbalancing.

4 LOW LEVEL OPERATIONS

4.1 OBJECT DESCRIPTION

Figure2 is thegeneralsystemstructureof theARCO
system.TheARCOsystemcanbeabstractedinto dif-
ferentlevel from severalviewing angles.

Firstly, thewholeconceptof digital library canbe
broken down into volumes,grid nodes,�le systems,
books. Secondly, actionscanbe from groups,users,
and can be further divided as basicoperations. Fi-
nally, operationscanbe taken to objectsin different
abstractionlevel of ARCOsystem.

TheARCO systemprovideswebpageinterfaceby
usingAPI functioncalls,aswell ascommandline in-
terface.

ARCO metadatacatalogueis usedto provide de-
tails of object descriptionin different level, opera-
tion description,and systemcon�gures information
description.

There are two interfacesbetweenthe high level
webpagetoolkit and the low level function call re-
alization. The �rst is the data interface that uses
thecommonmetadatainformation,thesecondis the
function call control interface. The metadataset in-
cludesinformationaboutuserandusergroupdescrip-
tion, digital library generaldescription,volumestor-
ageobjectdescription,grid nodesdescription,book
object description, and managementoperationde-
scription.

The userobject has�elds of user id, username,
password,andgroupid. Thedescriptionof groupob-
ject includesgroupnameandgroupid. Thepermis-
siondescriptionprovidesdetailedcontrolinformation
about users,groups,and different operations. The
digital library virtual structureis describedin several
levels.

The full storageof the library canbe divided into
normalpart andmirror part. The mirror storageis a
realtimebackupof thenormalstoragein themeaning
of every operationto bookobject. Themirror mech-
anismdemandseveryoperationto thenormalstorage
in the book object level will also take placemean-
while to the mirror storage.The library storageob-
ject, normalor mirror, is composedof oneor several
volume objects. The volume object descriptionde-
pictsvolumeattributes,suchasvolumename,mirror-

ing pointer, andothermanagementinformation. Ev-
ery volumeis composedby oneor several grid host
nodes.Eachnodecanonly belongto onevolume.

Thegrid nodeis notonly thecomponentof thestor-
agevolumefrom theview point of digital library ab-
straction,but also it is the basicunit of computing
grid environment for stagingoperations,as well as
thebasicunit of grid computationalinformationand
resourcediscoveringentity.

TheMDS(Fitzgeraldetal., 1997)in grid nodepro-
vides resourceinformation, suchas every mounted
�le system. The ARCO systemutilizes the MDS
computationalresourceinformationby queryingthe
LDAP serverdefault port 2135in everygrid node.In
ARCO metadatacatalogue,thegrid nodedescription
includehostfull domainnameandip address.

Therearedifferentoperationswhich canbe taken
to differentobjects. The smallestbasicobject is the
digital object1. The digital object descriptiongives
out thedetailsof a book, for instance.Thebookob-
ject descriptionincludesobjectid, status,book size,
lastoperationdate,bookname,�le systemmounting
point wherebook locates,full path,nodeip address,
usernamewhocommandtheoperation.

Figura2: Objectcomponentandoperations

4.2 OPERATION BASIS

In orderto providestableanddifferentoperationsfor
theARCOsystem,severaldatadescriptorshavebeen
usedto de�ne objects.Thedatastructureof bk-list is
astructuretype.Therearemainly threepartsof �elds
in the bk-list structure,the �rst is information that
canbe queriedandgot from bookobjectdescription
table, the secondis information that canbe queried

1A digital objectcanbea bookor a®lm.
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andgotfrom grid nodedescriptiontable,andthethird
is informationthat canbe queriedandgot from vol-
umeobjectdescriptiontable.Thefunctionbk-list-init
doesajoint queryto severaltablesin thedatabase,get
asmany attributesasthe metadatacanprovide. The
function bk-list-print is for printing thebk-list struc-
ture.

In the god-stdlib.h header�le, we have de�ned
server host names, globus gass server port for
url-copy, globus-personal-gatekeeperport and login
name,ldap server query port, ldap searchbase,�le
systemmountingpointsin grid nodes,etc.

To describethegrid node,we usesv-list structure
type. Thelibrary storagecanbecomposedof several
volumes.Therecanbeseveralgrid nodesin eachvol-
ume. Whena book is copiedinto the library storage
system,�rstly accordingto thevolumeattributeof the
book, thereareseveral nodescanthe possibleplace
wherebookwill becopiedinto. And in eachof these
nodes,therecanbe several �le systemsmounted.In
eachnode,some�le systemsareonly usedfor oper-
ation system,suchasswap area,systeminstallation
partition. The �le systemthat canbe usedon the li-
brarystoragewill namedin aspecialway, includinga
specialmodethatwill berecognizedandbetakenasa
possiblecandidatefor storingthenew book. Starting
from thevolumeattributeof thenew book,the func-
tion sv-list-init �rstly querythemetadatadatabaseto
get the nodesinformationbelongto this volume,so
the sv-list structurehas�elds to storethe total num-
berof availablenodes,anda list of recorderfor each
of thegrid node.Thenfunctionsv-list-init will try to
query the nodeobject descriptiontable to get some
detail informationabouteachnode,suchasnodeip
address.Next step,the functionsv-list-init will send
ldapqueryto mdsserverof eachgrid node,parsethe
queryresultandget detailednodeinformation,such
as total numberof mounted�le system,�le system
name,free space,thenwe will further recognizethe
�le systemsthatcanbeusedfor bookstorage,�ll all
the detailed�le systeminformation into eachnode
�eld of sv-list structure.

4.3 FUNCTIONS AND
OPERATIONS

In ARCO system,therearemany operations,which
can be taken to an object that can be in a different
abstractionlevel. In general,the library asanobject,
differentusersandusergroupshavedifferentpermis-
sionto take actionson it. Thelibrary is composedby
volumes,someof whicharemirroringbackupof oth-
ers. In eachvolumethereareseveral nodes. Every
nodehasseveral�le systemscanbeused.

The function god-updateis a low level operation,
which copy a new book to a proper �le systemor

updatean old book that is alreadyin the system. In
thisfunction,volumeattributecanbegotfrom bk-list,
thenby usingvolumeattribute,sv-list canbe initial-
ized, andwe canget the proper�le systemfor stor-
ing thebook. Thebookwill betarredandtransferred
to remotenode, and then untarred. The procedure
of taring, transferringanduntarringarestagedto the
grid systemas a job, so the commandcan be send
from a server, andactualoperationcantake placebe-
tweenothertwo remotenodes.If the volumeof the
new book hasa mirror volume, then the samepro-
cedurewill alsotake placeto the mirror volumefor
real time backup.After thework hasdone,book in-
formationwill insertinto thetableof bookobjectde-
scription. For the time being, the schedulingpolicy
of god-updateis ”largestcapacity�rst”, whichmeans
we alwayschoosethe server that haslargeststorage
capacity. We canalsochangethe schedulingpolicy
by usingdifferentcallingparameters.

The function god-cpis alsoa low level operation,
which just simply copiesa bookbetweentwo remote
nodes.Therealizationof this functionis amuchsim-
pleversionof functiongod-update.Thefunctiongod-
cpis usedfor copyingabookbetweendifferentwork-
ing areas.

Thefunctiongod-rmis for removeabookin a vol-
ume. In this function, we �rst �nd which nodethe
booklocatesin, thenmove thebookto a tempdelete
directory, and updatethe book statusas deletedin
bookdescriptiontable.All of theproceduresaresub-
mittedasremotejobsto grid systemandtakeplacein
remotenodes.

Thefunctiongod-rcrecoversa removedbook in a
remotenode.This functiondoesreverseoperationas
thefunctiongod-rm.

To every action,when the operationhas�nished,
theoperationexecutioninformation(bookname,size,
timecostingin differentprocessionstage,etc.)will be
recordedinto the job information statisticdatabase.
This is doneby the statisticmodule, which collect
timebenchmarksin differentplacesof processionand
updatethestatisticdatabase.

Themodulefunc-job-submitandurl-copy provide
the programminginterface to the globus[5-3][5-4]
fundamentalservice.Theurl-copy providestwo dif-
ferentinterfacesfor remote�le transferandcopy, re-
spectively for globus version2.0 andglobus version
2.2. The func-job-submitreceives globus-personal-
gatekeeperport and login name, and job descrip-
tion rsl languagesentenceasthe parameters.In our
prototype,all the operationsthat take place on re-
moteserver arecustomizedandsubmittedfrom local
server. The rsl descriptionsentencede�nes job de-
tails, suchasthenameof executable,parameters,ex-
ecutionenvironmentdemand,stdoutandstderr, etc.

Oneof theprojectobjectivesis to provide thesys-
temwith scalability, soat any time, therearethepos-
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sibility of addingin somenew serversinto thesystem
or shuttingdown andremovingsomeserversfrom the
system.Thefunctiongod-shutdown is a functionfor
physically take a nodeout off the system. When a
node is to be shutdown and taken out off the sys-
tem, all the books locatedin this node needto be
reloadedto other nodes,to guaranteethe datainte-
gration.Therearetwo cases,oneis thevolumehasa
mirror, anotheris the volumedon't have any mirror.
In the�rst situation,booksin this nodecanbecopied
from themirror volume,sothenodecanbeshutdown
at once. In the secondcasewe need�rstly to redis-
tribute all books in this nodeto other nodesin the
samevolume. The realizationof the god-shutdown
utilizesthegod-updateandgod-cpbasicoperations.

The functiongod-synchis for checkthedatainte-
grationbetweena volumeand its mirror. It tries to
�nd any differencebetweenthetwo volumesandtake
properoperationto recover thestorage.

5 EXPERIMENT AND RESULTS

In this phaseof the prototypethe work has not
evolved into network and processingoptimization.
Nevertheless,it is interestingto presentsomebench-
markswith processphases.This benchmarkswere
alsousedto verify Grid applicabilityusingTrezentos-
Oliveiramodel(TrezentosandOliveira,2003).

Table 5-1 depictsthe performancestatistic result
with differentbooksize.

In our experiment,the largestbook is about660
MB. Thetablepresentsin the�rst columnis thebook
sizein Kbytes;thesecondcolumnis thetimeusedfor
query free space,this time cost is a constantvalue.
Thefreespacequeryhasdoneby sendldapqueryto
ldapserverport in eachserver. For thetimebeing,our
prototypehasany onenodeact asbook input point,
it meansbookswill be copiedfrom this local server
toward distributed multi-servers. The reasonabout
why weprovidedynamicfreespacecapacityqueryis
for theability of our prototypeexpandinginto multi-
servers input, andcopy toward multi-servers. From
thetrendin �gure 3,wecanclearlyknow thatthetime
costof tar processis perfectlinear, correspondentto
differentbooksize.Thetimecostitemof url copy and
all, arenearlylinearrelationrelative to thebooksize.
In idealenvironment,theurl copy timeshouldbelin-
earrelationwith thebook size. In our result,theurl
copy timecostingcoarseis introducedby thenetwork
delay, operationsystem,globussystemwork loadand
schedulingpolicy, etc.Thefeatureof timecostof un-
tar is somethinglike a stepfunction,within a sphere
of booksize,it keepsstable,outof thesphere,it steps
down or upa class.

Table 5-1 Book Size and ProcessBenchmark

Bk Size(kb) FSQuery Tar Url CP All
132 4 0 0 4
132 2 0 0 2
6156 3 1 6 10
8652 3 2 15 20
79360 3 16 96 115
101272 2 20 102 124
126676 2 25 112 139
131564 4 28 138 170
192000 2 41 296 339
295952 2 62 244 308
447652 2 92 736 830
660372 2 137 830 969

Note: unit of book size is in Kbytes, unit of
benchmarkis in second

Figura3: Processbenchmarks

6 RELATED WORK

IndianaUniversity's Distributed StorageServices
Group (DSSG)(University, 2000) has provided a
scalable,network accessible,standards-basedstor-
age infrastructure. This is accomplishedvia the
DistributedComputingEnvironmentDistributedFile
System(DCE DFS) to deliver a ubiquitouscommon
�le systemto IU researchersand with the Massive
Data StorageService (MDSS, basedon the High
PerformanceStorageSystemor HPSS)to storevast
amountsof archival or near line data on a hierar-
chy of storagemedia. Theseare augmentedby the
Andrew File System(AFS) for remote collabora-
tion anddatasharing. In September2000,working
with IBM, IndianaUniversity institutedinto produc-
tion theworld's �rst geographicallydistributedHigh
PerformanceStorageSystem(HPSS).With hardware
and softwarecomponentsdistributedacrosstwo In-
dianaUniversity campuses(locatedat Bloomington
and Indianapolis,some 50 miles apart), usersare
ableto reador write datalocally. In DCE DFS sys-
tem (Schroederet al., 1999) , IBM 3590EMagstar
tapedrive andIBM H70 HPSSTapeMover areused
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to provide very large amountof storagecapacityin
types(total capacityof thetapelibrary is nearly1500
tapes).

However, with the rapidly progressin hardware,
now the 100 Giga-byteshard-diskbecomerelatively
cheaper, and the retrieving time of data residedon
hard disk is quicker than tapes. The distributed
serverclusterscomposedof cheapbrand-lessordinary
performancecomputerwith large capacityof hard-
disk storageability becomepossiblefor our demand.
Theremainingcoretechnologypoint is how to auto-
matically distribute datato geographicallydispersed
servers. The globus fundamentaltoolkit givesus vi-
ablesolutions. Combinedwith globus job adminis-
trating andstaginginterface,we have developedour
distributed storageprototypefor digital library data
storagesystem.

7 CONCLUSION

The �rst phaseof ARCO systemimplementation
proved that the architectureis ef�cient for large
amountsof data.Themanagementframework alsois
becomingvery powerful for maintenanceoperations.
Globus/Gridandcommoditycomponentsaskey com-
ponentsassuredaverygoodprice/ performancecom-
promise.

Nevertheless,theARCOsubsystemneedto befur-
ther developedand enhanced.Futurework will be
developedin theoptimizationof ARCOtransferfunc-
tionsandstorageprocess.

The developmentof the BND presentsa unique
classof challenges.Theambitiousvision is bounded
by the limited resourcesthatBN canreserve for this
purpose,whichrequirestechnicalsolutionswith great
�e xibility , to bedevelopedin anincrementalprocess.
In this context it wasdecidedto givespecialattention
to openandscalabletechnology, for theservicesand
alsofor thestorage.

Thepriceof thestoragetechnologyhasbeendrop-
ping in anamazingrate.However, thepricesof com-
pletecommercialstoragesolutionsfor librarieshave
beennot following this trendin thesamespeed.Top
market companiesstill price their productstoo high,
especiallywhenwe comparethemwith thepricesof
the original hardware componentsand the expected
softwaredevelopment.

Also, commercialcompanieshave beentoo slow
in adoptinginnovative emerging technologyfor dig-
ital libraries. After realizing this, it was decidedto
build a new speci�c framework for BND, basedon
opentechnology, new modelsfor partnershipsandal-
liances,andalsointernaldevelopments.

At theservicesandcontentslevel, thesolutionde-
scribedin thispaperwill becomplementedwith other

opensourcetechnologyandcommunitybasedsolu-
tions,suchastheFEDORA(FEDORA,2003)frame-
work for middlewareservicesandthe METS format
(METS,2003)for thestructuralmetadata.
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