ARCO: moving digital library storageto Grid Computing
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Abstract: Storagehasbeenextensiely studiedduringthe pastfew decadegFosteretal., 1997;Jo€ Guimaiges,2001).
However, theemepging trendson distributedcomputingbring new solutionsfor existentproblems.Grid com-
puting proposesa distributed approachfor datastoring. In this paper we introducea Grid-basedsystem
(ARCO) developedfor multimediastorageof large ammountsof data. The systemis being developedfor
BibliotecaNacional,the NationalLibrary of Portugal.Using Grid informationalsystemandresourcesnan-
agementwe proposea transparensystemwhere TeraBytesof dataare storedin a beavulf clusterbuilt of

commoditycomponentsvith backupsolutionanderrorrecoser mechanisms.

1 INTRODUCTION

The NationalLibrary of Portugal(BN - Biblioteca
Nacional)is a patrimoniallibrary. This presentspe-
cial motivationsto pursuesomegoalsat bothnational
andinternationalevels, relatedwith a wide rangeof
new technicalareaespeciallyconcerningwith digital
publishing; digitization; preseration of cultural ar-
tifacts; metadatacreation,processingand exchange;
servicedor resourcaliscorery, accesandinteroper
ability; etc. Eachof theseareashringsnew expecta-
tionsandrequirementgor new skills, which BN has
beenidentifying and developingduring recentyears
in trials andpilot initiatives. As aresult,valuableex-
pertisehasbeenbuilt, resultingin the actualinitiative
for the National Digital Library (BND - Biblioteca
NacionalDigital).

The BND is de ned to sene two main purposes.
The rst and mostimmediateis the developmentof
an operationaframework by which the BN will ad-
dressspeci ¢ problemsposedby the managemenbf
large collectionsof digital anddigitized items. As a
sideeffect, we expectto reachacritical masgin tech-
nology, knowledgeandcontents)afterwhich we will
beableto addressheotherareasn acomplementary
approach.

The actualmomentof the BND is not arymore
to be experimental presentingshort-termresults,but
to be stableand trustworthy. That requiresthinking

seriouslyin stablemodelsandlong-termsustainable
strat@iesfor the developmentsandcorvergencewith
the traditional library. Also, this hasto be donein
accordanceotonly with our generamission, but es-
pecially taking in accountthe limited resourceghat
BN will beableto reserefor it.

To provide us the expectednecessarye xibility, it
wasdecidedhatthetechnicalsolutionswill bebased
mainly on openand scalabletechnology to be built
andintegratedincrementally This will make it also
possibleto betterconsolidatehe resultswith thetra-
ditionallibrary's services.

The mainserviceghatthe BND is expectedto as-
surearethestoragesearchretrieval andpreseration
of digital resources.n this paperwe areaddressing
the problemof the storage.

2 PROPOSEDARCHITECTURE

The goal of ARCO systemis to provide andman-
aging a transparentayer for storing large amounts
of data. The high level requirementssuggestthat
all interactionswith lower or higherabstractionsay-
erswould be throughoutinterfaces. This interfaces
shouldbe publicandwell de ned in the SystemDef-
inition document.

Figure 1 depictsthe ARCO architecture.The left
gure representghe interaction of ARCO system
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Figural: ARCO highlevel view

with the operatingsystemthe network resourcesind
with Globusmiddlevare. ARCO usesseveralOSsys-
tem calls to accessthe local le system,usesnet-
work resourcedor integration purposesand Globus
for Grid Services(Bster 2001; OpenGrid Services
Infrastructure(OGSI), 2003). ARCO is build over
Globustoolkit 3.0 that supportsWebservicegFoster
etal.,2002).

Theright partof 1 containgheinternalcomponents
of ARCOsystem.In theupperevel we havetheinter
facelayerthatis responsibldothfor providinggraph-
ical interfacesfor storingdataandretrieving it. The
graphicalinterfacesareimplementedn HTML/PHP
but they could be implementedwith otherprogram-
ming languagesincethereis a low level layer with
commanddor thebasicfeaturesof the system.

3 SYSTEM COMPONENTS

The ARCO systemis divided in threeunits, GOD
(Digital Object Management);GG (Grid Manage-
ment) and Monitorization. Theseare the types of
operationghat usersareallowed to do, accordingto
their functions. In eachof theseunits exist sutlunits
accordingo thetype of tasksallowedto the users.

3.1 GOD

This sectioncanbe accessetboth by the systemad-
ministratorandotherusers.It hasseveral operations
regardingDigital Objects suchasStore(Storesanew
objectin thegrid), Remwe (Remo/esanexisting ob-
ject from the grid), Copy (Copiesan objectfrom the
grid to the working directory),Replace(Replacesan
existing objectwith a new one),Update(Updatesan
objectwith anewerversion)andRecorer (Recorersa
deletedobject). Whenremoving an object,the object
is not physicallyremoved. Instead,it is movedto a
differentlocation,allowing its recovery. Thephysical
removal is only allowedto the systemadministrator

3.2 GG

The systemmanagemenbperationsare available in
this unit. The systemadministratoris responsibldor
performingthesetasks,concerningo “Grid Nodes”,
“Volumes”,“Users” and“Groups”.

The Node Managementsukunit is wherethe grid
nodes'con gurationsaredone.The operationsvail-
able are Add Node (Add a new node to a vol-
ume), Remose Node(Remwee a node from a vol-
ume),EditNode(Editthe nodecon guration), List all
Objects(Listall objectspresentedn the node)or Lo-
cateanobject(Locateoneobjectin the system).This
kind of operationsare very useful becauset's very
easyto addor remove onenodefrom the systemand
if anodewith objectsis removedit's possibleto syn-
chronizethevolumeor usethevolumemirror asmas-
ter.

TheVolume Managementis wherethe operations
relatedto volumesare done. The role of operations
possibleare Add Volume(Adda new volumeto the
system), Remore Volume(Remae a volume from
the system),Edit Volume(Editvolumeinformation),
List Volumes(Listall volumes)and Synchronizévol-
ume(Synchronizesolume information with the vol-
umemirror). Herethereareseveralconsiderationso
have in mind. Onevolumecanonly have onemirror,
but whena mastewolumeis deletedor shutdavn the
mirror onewill passto masterautomatically It's not
possibleto removeavolumethathasnodesassociated
toit. Everytime thatoneobjectis insertedn onevol-
umeit is insertedautomaticallyin his mirror, if there
is one.

In the User Managementsukunit the usercando
several operationgelatedto the systems users. The
usermanagemenbperationsare Add User (Adds a
new userto the system),Remove User (Remoresa
user from the system), Edit User (Edits the users
data)andList Users(Lists all theusers).

In the Group Managementareathe usercando
severaloperationgelatedto the system§ groups.The
groupmanagemenbperationsare Add Group (Adds
anew groupto the system specifyingthegroup's ac-
cesspermissionon GOD, GG, andMonitorization),
Remaore Group(Remaresa groupfrom the system),
Edit Group(Editsthegroup'sdataandaccespermis-
sions)andList Groups(Lists all thegroups).It's not
possibleto remove a groupthat hasusersassociated
toit.

3.3 Monitorization

The Monitorization is doneover a grid node. It is
very usefulto analyzenodeperformancendbehaior
alongthetime andsetupthe neededalarms.

The main goal is to prevent systemfailures by
warningthe administratoandprovide informationto



the users,that can be usedto improve the storage
strateyy.

It presentsinformation of the actual stateof the
node (available space,usedspace,cpu temperature,
detectecerrors,systemlogs, etc.). It is alsopossible
to setupalarmvaluesanddesirableactionslik e warn-
ing the systemadministratoior do aloadbalancing.

4 LOW LEVEL OPERATIONS
4.1 OBJECT DESCRIPTION

Figure?2 is the generakystemstructureof the ARCO
system.The ARCO systemcanbeabstractedhto dif-
ferentlevel from severalviewing angles.

Firstly, the whole conceptof digital library canbe
broken down into volumes,grid nodes, le systems,
books. Secondly actionscanbe from groups,users,
and can be further divided as basic operations. Fi-
nally, operationscanbe taken to objectsin different
abstractiorlevel of ARCO system.

The ARCO systemprovideswebpagédnterfaceby
usingAPI functioncalls,aswell ascommandine in-
terface.

ARCO metadatacatalogues usedto provide de-
tails of object descriptionin differentlevel, 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 datainterface that uses
the commonmetadatanformation,the seconds the
function call control interface. The metadatesetin-
cludesinformationaboutuserandusergroupdescrip-
tion, digital library generaldescription volume stor
ageobjectdescription,grid nodesdescription,book
object description, and managemenbperation de-
scription.

The userobjecthas elds of userid, username,
passverd, andgroupid. Thedescriptionof groupob-
jectincludesgroupnameandgroupid. The permis-
siondescriptiorprovidesdetailedcontrolinformation
aboutusers,groups, and different operations. The
digital library virtual structureis describedn several
levels.

The full storageof the library canbe divided into
normal partandmirror part. The mirror storageis a
realtime backupof thenormalstoragen themeaning
of every operationto book object. The mirror mech-
anismdemand®very operatiornto thenormalstorage
in the book object level will alsotake place mean-
while to the mirror storage. The library storageob-
ject, normalor mirror, is composedf oneor several
volume objects. The volume object descriptionde-
pictsvolumeattributes,suchasvolumename mirror-

ing pointer andothermanagemeninformation. Ev-
ery volumeis composedly oneor several grid host
nodes.Eachnodecanonly belongto onevolume.
Thegrid nodeis notonly thecomponenbf thestor
agevolumefrom the view point of digital library ab-
straction,but alsoit is the basicunit of computing
grid environmentfor stagingoperations,aswell as
the basicunit of grid computationainformationand
resourcaliscoveringentity.
TheMDS(Fitzgeraldetal., 1997)in grid nodepro-
vides resourceinformation, such as every mounted
le system. The ARCO systemutilizes the MDS
computationakesourceinformation by queryingthe
LDAP senerdefaultport2135in every grid node.In
ARCO metadatacataloguethe grid nodedescription
includehostfull domainnameandip address.
Therearedifferentoperationsvhich canbe taken
to differentobjects. The smallestbasicobjectis the
digital object. The digital object descriptiongives
out the detailsof a book, for instance.The book ob-
ject descriptionincludesobjectid, status,book size,
lastoperationdate,bookname, le systemmounting
point wherebook locates full path,nodeip address,
usernamewho commandheoperation.

Figura2: Objectcomponenandoperations

4.2 OPERATION BASIS

In orderto provide stableanddifferentoperationgor
the ARCO systemseveraldatadescriptordhave been
usedto de ne objects.Thedatastructureof bk-listis
astructuretype. Therearemainly threepartsof elds
in the bk-list structure,the rst is information that
canbe queriedandgot from book objectdescription
table, the secondis informationthat can be queried

A digital objectcanbeabookor a®Im.



andgotfrom grid nodedescriptiortable,andthethird
is informationthat canbe queriedand got from vol-
umeobjectdescriptiortable. Thefunctionbk-list-init
doesajoint queryto severaltablesin thedatabaseget
asmary attributesasthe metadatacanprovide. The
function bk-list-print is for printing the bk-list struc-
ture.

In the god-stdlibh header le, we have de ned
sener host names, globus gass sener port for
url-copy, globus-personal-gatedeperport and login
name,ldap sener query port, ldap searchbase, le
systemmountingpointsin grid nodesgtc.

To describethe grid node,we usesv-list structure
type. Thelibrary storagecanbe composedf several
volumes.Therecanbeseveralgrid nodesn eachvol-
ume. Whena book s copiedinto the library storage
system,rstly accordingo thevolumeattributeof the
book, thereare several nodescanthe possibleplace
wherebookwill be copiedinto. And in eachof these
nodestherecanbe several le systemamounted.In
eachnode,some le systemsareonly usedfor oper
ation system,suchas swap area,systeminstallation
partition. The le systemthatcanbe usedon the li-
brarystoragewill namedn aspecialway, includinga
speciaimodethatwill berecognizec&ndbetakenasa
possiblecandidateor storingthe new book. Starting
from the volumeattribute of the new book, the func-
tion sv-list-init rstly querythe metadatalatabas¢o
get the nodesinformation belongto this volume, so
the sv-list structurehas elds to storethe total num-
berof availablenodesanda list of recorderfor each
of thegrid node. Thenfunction sv-list-init will try to
guery the node object descriptiontableto get some
detail information abouteachnode,suchasnodeip
addressNext step,the function sv-list-init will send
Idap queryto mdssener of eachgrid node,parsethe
queryresultandget detailednodeinformation, such
astotal numberof mounted le system, le system
name,free spacethenwe will furtherrecognizethe

le systemghatcanbe usedfor bookstorage, Il all
the detailed le systeminformation into eachnode
eld of sv-liststructure.

4.3 FUNCTIONS AND
OPERATIONS

In ARCO system,thereare mary operationswhich
canbe taken to an objectthat canbe in a different
abstractiorlevel. In generalthelibrary asanobject,
differentusersandusergroupshave differentpermis-
sionto take actionsonit. Thelibrary is composedy
volumes,someof which aremirroring backupof oth-
ers. In eachvolumethereare several nodes. Every
nodehasseveral le systemsanbeused.

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

updatean old bookthatis alreadyin the system.In
thisfunction,volumeattributecanbegotfrom bk-list,
thenby usingvolumeattribute, sv-list canbeinitial-
ized, andwe cangetthe proper le systemfor stor
ing thebook. Thebookwill betarredandtransferred
to remotenode, and then untarred. The procedure
of taring, transferringand untarringare stagedo the
grid systemas a job, sothe commandcan be send
from asener, andactualoperationcantake placebe-
tweenothertwo remotenodes. If the volumeof the
newv book hasa mirror volume, then the samepro-
cedurewill alsotake placeto the mirror volume for
realtime backup. After the work hasdone,bookiin-
formationwill insertinto thetableof bookobjectde-
scription. For the time being, the schedulingpolicy
of god-updatés "largestcapacity rst”, whichmeans
we always choosethe sener that haslargeststorage
capacity We canalsochangethe schedulingpolicy
by usingdifferentcalling parameters.

The function god-cpis alsoa low level operation,
which just simply copiesa book betweertwo remote
nodes.Therealizationof this functionis amuchsim-
pleversionof functiongod-updateThefunctiongod-
cpis usedfor copying abookbetweerdifferentwork-
ing areas.

Thefunctiongod-rmis for remove abookin avol-
ume. In this function, we rst nd which nodethe
booklocatesin, thenmove the bookto atempdelete
directory and updatethe book statusas deletedin
bookdescriptiortable.All of theproceduregaresub-
mitted asremotejobsto grid systemandtake placein
remotenodes.

Thefunctiongod-rcrecoversaremovedbookin a
remotenode. This function doesreverseoperationas
thefunctiongod-rm.

To every action,whenthe operationhas nished,
theoperatiorexecutioninformation(bookname size,
time costingin differentprocessiorstagegetc.) will be
recordedinto the job information statisticdatabase.
This is done by the statistic module, which collect
timebenchmarkn differentplacesof processiorand
updatethe statisticdatabase.

The modulefunc-job-submitandurl-copy provide
the programminginterface to the globus[5-3][5-4]
fundamentakervice. The url-copy providestwo dif-
ferentinterfacesfor remote le transferandcopy, re-
spectvely for globus version2.0 and globus version
2.2. The func-job-submitreceves globus-personal-
gateleeperport and login name, and job descrip-
tion rsl languagesentencesthe parametersin our
prototype, all the operationsthat take place on re-
motesener arecustomizedandsubmittedfrom local
sener. Thersl descriptionsentencele nes job de-
tails, suchasthe nameof executableparametersex-
ecutionernvironmentdemandstdoutandstderry etc.

Oneof the projectobjectivesis to provide the sys-
temwith scalability soatary time, therearethe pos-



sibility of addingin somenew senersinto thesystem
or shuttingdown andremoving somesenersfrom the
system.The functiongod-shutdan is a functionfor
physically take a nodeout off the system. Whena
nodeis to be shutdavn and taken out off the sys-
tem, all the bookslocatedin this node needto be
reloadedto other nodes,to guaranteghe datainte-
gration. Therearetwo casespneis the volumehasa
mirror, anotheris the volumedon't have ary mirror.
In the rst situation,booksin this nodecanbe copied
from themirror volume,sothennodecanbe shutdavn
atonce. In the secondcasewe need rstly to redis-
tribute all booksin this nodeto other nodesin the
samevolume. The realizationof the god-shutdan
utilizesthe god-updateandgod-cpbasicoperations.
The function god-synchis for checkthe datainte-
gration betweena volume andits mirror. It triesto
nd ary differencebetweerthetwo volumesandtake
properoperatiorto recover the storage.

5 EXPERIMENT AND RESULTS

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

Table 5-1 depictsthe performancestatistic result
with differentbooksize.

In our experiment,the largestbook is about660
MB. Thetablepresentsdn the rst columnis thebook
sizein Kbytes;thesecondcolumnis thetime usedfor
guery free space this time costis a constantvalue.
The free spacequeryhasdoneby sendldap queryto
Idapsenerportin eachsener. For thetime being,our
prototypehasarny onenodeactasbook input point,
it meansbookswill be copiedfrom this local sener
toward distributed multi-seners. The reasonabout
why we provide dynamicfree spacecapacityqueryis
for the ability of our prototypeexpandinginto multi-
senersinput, and copy toward multi-seners. From
thetrendin gure 3, we canclearlyknow thatthetime
costof tar procesds perfectlinear, correspondento
differentbooksize. Thetime costitemof url copy and
all, arenearlylinearrelationrelative to thebooksize.
In idealervironment,theurl copy time shouldbelin-
earrelationwith the book size. In our result, the url
copy time costingcoarsas introducedby the network
delay operatiorsystemglobussystemwork loadand
schedulingpolicy, etc. Thefeatureof time costof un-
tar is somethindik e a stepfunction, within a sphere
of booksize, it keepsstable outof thesphereijt steps
down or upaclass.

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
benchmarks in second

Figura3: Procesdenchmarks

6 RELATED WORK

Indiana University's Distributed StorageServices
Group (DSSG)(Unversity, 2000) has provided a
scalable,network accessible standards-basestor
age infrastructure. This is accomplishedvia the
Distributed ComputingEnvironmentDistributedFile
System(DCE DFS)to deliver a ubiquitouscommon
le systemto IU researcherand with the Massie
Data Storage Service (MDSS, basedon the High
PerformanceStorageSystemor HPSS)to storevast
amountsof archial or nearline dataon a hierar
chy of storagemedia. Theseare augmentedy the
Andrew File System (AFS) for remote collabora-
tion and datasharing. In Septembe2000, working
with IBM, IndianaUniversity institutedinto produc-
tion theworld's rst geographicallyistributed High
PerformancétorageSystem(HPSS) With hardware
and software componentglistributed acrosstwo In-
dianaUniversity campuseglocatedat Bloomington
and Indianapolis, some 50 miles apart), usersare
ableto reador write datalocally. In DCE DFS sys-
tem (Schroedert al., 1999), IBM 3590E Magstar
tapedrive andIBM H70 HPSSTapeMover areused



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 dataresidedon
hard disk is quicker than tapes. The distributed
senerclusterccomposedf cheapbrand-lessrdinary
performancecomputerwith large capacityof hard-
disk storageability becomepossiblefor our demand.
Theremainingcoretechnologypointis how to auto-
matically distribute datato geographicallydispersed
seners. The globus fundamentatoolkit givesus vi-
able solutions. Combinedwith globus job adminis-
trating and staginginterface,we have developedour
distributed storageprototypefor digital library data
storagesystem.

7 CONCLUSION

The rst phaseof ARCO systemimplementation
proved that the architectureis efcient for large
amountsof data. The managemenrframework alsois
becomingvery powerful for maintenanceperations.
Globus/Gridandcommoditycomponentaskey com-
ponentsassuredverygoodprice/ performanceom-
promise.

Neverthelessthe ARCO subsystemmeedto befur-
ther developedand enhanced. Future work will be
developedn theoptimizationof ARCO transferfunc-
tionsandstorageprocess.

The developmentof the BND presentsa unique
classof challengesThe ambitiousvision is bounded
by thelimited resourceshat BN canresene for this
purposewhichrequiregechnicakolutionswith great
e xibility, to bedevelopedin anincrementaprocess.
In this context it wasdecidedo give specialattention
to openandscalablegechnologyfor the servicesand
alsofor the storage.

The price of the storagetechnologyhasbeendrop-
pingin anamazingrate. However, the pricesof com-
plete commercialstoragesolutionsfor librarieshave
beennot following this trendin the samespeed.Top
market companiesstill price their productstoo high,
especiallywhenwe comparethemwith the pricesof
the original hardware componentsand the expected
softwaredevelopment.

Also, commercialcompanieshave beentoo slow
in adoptinginnovative emeging technologyfor dig-
ital libraries. After realizingthis, it was decidedto
build a new speci c framewnork for BND, basedon
opentechnologynew modelsfor partnershipsndal-
liancesandalsointernaldevelopments.

At the servicesandcontentdevel, the solutionde-
scribedin this papemwill becomplementeavith other

opensourcetechnologyand communitybasedsolu-
tions, suchasthe FEDORA(FEDORA,2003)frame-
work for middlevare servicesandthe METS format
(METS, 2003)for the structuraimetadata.
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