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What is arXiv?

� http://arXiv.org/

� aka‘Los Alamose-printarchive’, formerly ‘xxx’.

(‘e-prints’ maybeunpublishedworks,pre-printsor publishedworks.)

� Unrefereedauthorself-archiving.

� No-feeretrieval by usersworldwide.



Background

Aug 1991 Physicse-print archive started:hep-th archive with email in-
terface.

1992 ftp interfaceadded.hep-ph andhep-lat addedlocally;alg-
geom, astro-ph andcond-mat addedremotely.

Dec1993 Webinterfaceadded.

Nov 1994 Dataat someremotearchives(usingthe samesoftware)moved
to mainsite,theremotesitesbecomemirrors.

Jun1995 AutomaticPostScriptgenerationfrom TEX source.

Apr 1996 PDFgenerationadded.

Jun1996 Webuploadfacility added.

from 1996 Worldwidemirror network grows.

from 1999 arXiv involvedin theOAI.



The present

� Coversphysics,math,computerscience,andnon-linearsystems.

� Servesover 70,000usersin over 100countries.

� Estimated13million downloadsin 2000.

� Over 30,000new submissionsin 2000,over 150,000e-printstotal (ap-
proximatelylineargrowth in submissionrate, � 3500extraeachyear).

��� 99%of submissionsentirelyautomated.

� Submissionvia web(68%),email(27%)andftp (5%).

� Somejournalsnow acceptandarXiv identifiersinsteadof requiringdi-
rectsubmission(e.g.APS:Phys.Rev. D, Elsevier: Phys.Lett. B).

� LosAlamossitefundedby DOEandNSF;mirror sitesfundedlocally.



arXiv software

The software running arXiv comprisesof the order of 30,000lines of Perl
running underLinux with numerousother programs(TEX, ghostscript,tar,
gnuzip,...).

� Softwarehasevolvedover past9 years.

� Currentlytidying andrewriting Perlcodein modularfashion.

� Insufficient resourcesfor completeoff-line rewrite.

� Pressureto changeunderlyingdatabaseandidentifierstructure.



Involvementof arXiv in the OAI

The meetingheld in SantaFe in 1999, from which OAI hasemerged, was
organizedby Paul Ginsparg (arXiv), Rick LuceandHerbertVandeSompel.
arXiv hascontinuedto beactively involvedin bothmanagementandtechnical
development.

The subsetDienstprotocol resultingfrom the SantaFe meetingwas imple-
mentedat arXiv by 15

���
February2000.

Initial focusof theOAI wase-printarchive interoperability. While thescope
of OAI hasexpandedconsiderably, thee-printcommunityhasledtheprotocol
development.

Thee-printcommunityis, sofar, theonly communityto havedefinedcommu-
nity specificformatsfor usein the OAI (seethedescription sectionof the
Identify verbincludedin theprotocolspecificationasanexample).



OAI protocol v1.0 implementation

� arXiv is a data provider

� Conceptsin protocol: identifiers,datestamps,sets,deletedrecords,and
metadataformats.

� The verbs: Identify, ListSets,ListMetadataFormats,GetRecord,ListI-
dentifiers,ListRecords

� Flow control

� Cost



Identifiers

InternalarXiv identifiershave theform:

arch-ive/YYMMNNN
arch-ive.SC/YYMMNNN

OAI protocolrestrictsidentifiersto follow the URI syntax. Appendix2 de-
scribestheoai-identifier typewhichweuse.In practicethismeanswe
prependoai:arXiv: to our internalidentifiers.

hep-th/9901001 oai:arXiv:hep-th/9901001
quant-ph/9912010 oai:arXiv:quant-ph/9912010
math.SG/0001001 oai:arXiv:math.SG/0001001
cs.SE/0101002 oai:arXiv:cs.SE/0101002



Datestamps

arXiv keepslogsof thedateof:

� submissionof differentrevisions,and

� datesof cross-listings.

However, no logs have beenkept of by-handadministratormodificationsor
theadditionof journal-references.

For OAI, we needadatestampthatreflectsany changein themetadata.

� Usethefile modificationdateextractedfrom thefile modificationtime.

� Needto build indexesto supportListIdentifiersandListRecords
requests.

� Indexesmustbeupdateddaily to avoid missingupdates.



Sets

The OAI protocol characterizessetsas “an optional constructfor grouping
itemsin a repositoryfor thepurposeof selective harvestingof records”,and
they maybearrangedin zero or more hierarchies.

Note:

� OAI data providers don’t have to implementsets.

� Evenwhenharvestingfrom data providers that implementsets,service
providers don’t have to usesets(i.e. they never specifyasetSpec).



Sets(cont’d.)

arXiv hasatwo- or three-level (dependingonsubjectarea)groupinghierarchy
basedon thesubjectof thee-print.Thethreelevelsare:

group Therearefour groups:physics,math,cs,nlin

archive The physicsgrouphasmany archives (e.g. hep-th, astro-ph,
cond-mat andevenphysics). Groupandarchive maybeidentified
for thethreeothergroups.

subject-classSomearchiveshavesubject-classesandindividuale-printsmay
belongto oneor moresubject-class.

arXiv declaresfour setswhichcorrespondto thefour groupslistedabove.



Deletedrecords

arXiv doesnot allow e-printsto be removed oncesubmitted.We do permit
authorsto submita withdrawal noticeasa new revision. Our OAI interface
exportsmetadatafor the withdrawal noticein the samewasasfor any other
e-print.

Therearealsoavery smallnumberof e-printsthathave beendeleted.

� Currently9 deletede-printsin arXiv.

� ReturntheOAI status="deleted" attribute.

� Implementedusinga lookuptable.



Metadata formats

Wedisseminatemetadatafor e-printsin thefollowing formats:

oai dc Dublin Coreencodedin XML.

oai rfc1807 RFC1807encodedin XML.

arXiv Test-bedfor new internalXML metadataformat.

arXivOld XML encodedversionof currentinternalmetadataformat.

Many mappingsareobvious,e.g.Title � Dublin Core‘title’, andAbstract�
Dublin Core‘description’.



Identify verb

e.g.http://arXiv.org/oai1?verb=Identify

Trivial to implement,simplywritesanumberof configurationvariablesout in
anXML record.arXiv returnstwo description containers:

oai-identifier Declaresour useof the OAI identifier schemedefined
by oai-identifier.xsd, andgivesasampleidentifier
oai:arXiv:quant-ph/9901001 .

eprints As wearepartof thee-printscommunity, weincludeadescription
containerthatfollows theeprints.xsd schema.



ListSetsverb

Again,verystraightforwardto implement.Thecodesimplyextractsthegroup
names(long andshort)from configurationvariablesandwritesoutasXML:

<set>
<setSpec>nlin</setSpec>
<setName>Nonlinear Sciences</setName>
</set>
<set>
<setSpec>math</setSpec>
<setName>Mathematics</setName>
</set>
...
<set>
<setSpec>cs</setSpec>
<setName>Computer Science</setName>
</set>

Smallnumberof sets� noneedto implementthepartialresponseandaccep-
tanceof aresumptionToken.



GetRecordverb

The majority of the effort involved in implementingthe GetRecordverb is
in performingthemetadataformatconversionandmappingfrom our internal
formatto theformatrequested.Fourcasesto consider:

1. Item doesnotexist � no<record> containerreturned.

2. Itemis ‘deleted’ � <record status="deleted">containerwith
<header> block returned.

3. Itemexistsbut cannotbedisseminatedin therequestedmetadataformat
� <record> containerwith <header> but no<metadata> block
returned.

4. Item exists andcanbe disseminatedin the requestedmetadataformat
� <record> containerwith <header> and<metadata> blocks
returned.

Chosenot to implement<about>.



ListIdentifiers verb

This verb is essentiallya searchby datestamp,the optionalfrom andun-
til parametersspecifyingthedatestamprange,andtheoptionalsetSpec
parameterlimiting thearchivessearched.

� Don’t wantto returnall 150,000identifiersat once.

� Implementpartialresponse,supplyresumptionToken asnecessary.

Wechoose to build resumptionToken from thefrom, until andset-
Spec parametersfor new request.



ListRecordsverb

Essentiallyacombinationof theListIdentifiersandGetRecordverbs:

� Implementsearchby datestampandsetusingListIdentifierscode.

� ImplementmetadatadisseminationusingGetRecordcode.



Flow Control

ThemainarXiv site,http://arXiv.org/, is heavily usedandhasvari-
ousautomatedscriptsto prevent badly written andnon-conforming(i.e. not
obeying /robots.txt) robotsfrom loadingthe server to the point where
thereis denial-of-serviceto otherusers.arXiv is particularlyvulnerablebe-
causeof the fact thatmostpapersarestoredasTEX sourceandprocessedto
producePostScriptor PDF on demand(with a large cache).Flow control is
thusessentialto avoid legitimateOAI service providers gettingblocked.

� Implementedwith HTTP 503andresumptionToken.

� Minimum delaybetweenrequestsfrom any givensite,elseRetry-After.

� Successfullyavoidscompliantharvestersfrom gettingblocked
(e.g.arc).



Implementation cost

‘Santa Feconvention’, OAI DienstSubset,December1999 � 2-3weeksef-
fort which includedtime to understandDienst,writing utility routines
suchasan XML writing library (now available in standardlibraries),
codinga searchby date,andcodingconversionof our metadatato R-
FC1807.

OAI v0.2,October 2000 � 2 dayswhich includedwriting TEX � UTF-8con-
versioncodefor thespecialcharacterswhich arecurrentlymostlyTEX
encodedin ourmetadata.Also includedrewriting parsingcodefor sim-
plified syntax.

OAI v1.0,January 2001 Many smallchangesduringprotocoldevelopment,
mostof which involvedsimplificationsin thecode!

Themajority of theeffort necessaryto createa new implementationis likely
to be in routinesto implementmetadataformat conversion;a searchto find
recordsby datestamp;andperhapsflow controlthroughpartialresponsesand
Retry-Afterreturns.



What happensnow?

� Widespreadadoptionof OAI protocolby e-printandothercommunities.

� Developmentof enhancedmetadatasetspecificto e-printcommunity.

	 �

� GenericOAI toolsusingDublin Coremetadata.

� E-print specifictoolsusingcommunityspecificmetadataset.

	 �

� Betterenvironmentfor research.

� Increasedvisibility for work submittedto arXiv.





That’s all folks...


