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What is arXiv?

e http://arXiv.org/
e aka‘Los Alamose-printarchive’, formerly ‘xxx'.

(‘e-prints’ may be unpublishedvorks, pre-printsor publishedworks.)
o Unrefereedauthorself-archving.

o No-feeretrieval by usersworldwide.



Background

Aug 1991 Physicse-printarchive started:hep- t h archive with emailin-
terface.

1992 ftp interfaceadded hep- ph andhep- | at addedocally; al g-
geom ast r o- ph andcond- mat addedremotely

Dec1993 Webinterfaceadded.

Nov 1994 Dataat someremotearchves (usingthe samesoftware) moved
to mainsite,theremotesitesbecomeanirrors.

Jun1995 AutomaticPostScripgeneratiorfrom TeX source.
Apr 1996 PDFgeneratioradded.
Jun1996 Webuploadfacility added.

from 1996 Worldwide mirror network grows.

from 1999 arXiv involvedin the OAl.



The present

Coversphysicsmath,computerscienceandnon-linearsystems.
Senesover 70,000usersin over 100countries.
Estimatedl3 million downloadsin 2000.

Over 30,000new submissionsn 2000,over 150,000e-printstotal (ap-
proximatelylineargrowth in submissiomrate,~3500extra eachyear).

>99% of submissionentirelyautomated.
Submissiorvia web (68%),email (27%)andftp (5%).

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

Los Alamossite fundedby DOE andNSF; 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,...).

o Softwarehasevolvedover past9 years.
e Currentlytidying andrewriting Perlcodein modularfashion.
o Insuficientresourcegor completeoff-line rewrite.

e Pressuré¢o changeunderlyingdatabas@ndidentifierstructure.



Involvementof arXiv in the OAI

The meetingheld in SantaFe in 1999, from which OAl hasemeged, was
organizedby Paul Ginspag (arXiv), Rick Luce andHerbertVande Sompel.
arXiv hascontinuedo beactiely involvedin bothmanagemerdandtechnical
development.

The subsetDienst protocol resultingfrom the SantaFe meetingwas imple-
mentedat arXiv by 15" February2000.

Initial focusof the OAl wase-printarchve interoperability While the scope
of OAI hasexpandectonsiderablythee-printcommunityhasled the protocol
development.

Thee-printcommunityis, sofar, theonly communityto have definedcommu-
nity specificformatsfor usein the OAIl (seethedescri pti on sectionof the
Identify verbincludedin the protocolspecificatiorasanexample.



OAIl protocolv1.0implementation

e arXiv is adata provider

e Conceptdn protocol: identifiers,datestampssets,deletedrecordsand
metadatdormats.

e Theverbs: Identify, ListSets,ListMetadatabrmats,GetRecordListl-
dentifiers ListRecords

e Flow control

e Cost



Identifiers

InternalarXiv identifiershave theform:

arch-i vel/ YYMVNNN
arch-ive. SC YYMWN\NN

OAI protocolrestrictsidentifiersto follow the URI syntax. Appendix2 de-
scribegheoai -i denti fi er typewhichwe use.In practicethismeansve
prependoai : ar Xi v: toourinternalidentifiers.

hep-th/ 9901001 oai
quant - ph/ 9912010 oai
mat h. SG 0001001 oai

cs. SE/ 0101002 oai

car Xi v: hep-t h/ 9901001
;ar Xi v: quant - ph/ 9912010
car Xi v: mat h. SG 0001001
sarXiv:cs. SE/ 0101002



Datestamps

arXiv keepdogsof thedateof:

e submissiorof differentrevisions,and

o datesof cross-listings.

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

For OAl, we needadatestamphatreflectsany changan the metadata.

= Usethefile modificationdateextractedfrom thefile modificationtime.

= Needto build indexesto supportListldentifiersandListRecords
requests.

= Indexesmustbe updateddaily to avoid missingupdates.



Sets

The OAI protocol characterizesetsas “an optional constructfor grouping
itemsin arepositoryfor the purposeof selectve hanestingof records”,and
they maybearrangedn zero or more hierarchies.

Note:

e OAI data providers don't have to implementsets.

o Evenwhenhanestingfrom data providers thatimplementsets,service
providers don't have to usesets(i.e. they never specifyaset Spec).



Sets(cont'd.)

arXiv hasatwo- or three-level (dependingn subjectarea)groupinghierarchy
basednthesubjectof the e-print. Thethreelevelsare:

group Therearefour groups:physicsmath,cs,nlin

archive The physicsgrouphasmary archives(e.g. hep-t h, ast r o- ph,
cond- mat andevenphysi cs). Groupandarchve maybeidentified
for thethreeothergroups.

subject-class Somearchveshave subject-classesndindividual e-printsmay
belongto oneor moresubject-class.

arXiv declaregour setswhich correspondo thefour groupslistedabove.



Deletedrecords

arXiv doesnot allow e-printsto be removed oncesubmitted. We do permit
authorsto submita withdrawal noticeasa new revision. Our OAl interface
exports metadatdor the withdraval noticein the samewasasfor ary other
e-print.

Therearealsoavery smallnumberof e-printsthathave beendeleted.
e Currently9 deletede-printsin arXiv.
e Returnthe OAl st at us="del et ed" attribute.

e Implementedisingalookuptable.



Metadata formats

We disseminatenetadatdor e-printsin thefollowing formats:

oai _.dc Dublin Coreencodedn XML.
oai _rf c1807 RFC1807encodedn XML.
ar Xi v Test-bedor new internal XML metadatdormat.

ar Xi v d XML encodedrersionof currentinternalmetadatdormat.

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



Identify verb

e.g.http://arXiv.org/oai 1?verb=ldentify

Trivial to implementsimply writesa numberof configurationvariablesoutin
an XML record.arXiv returnstwo descri pti on containers:

oai -identi fier Declaresouruseof the OAl identifier schemedefined
byoai -identifier. xsd,andgivesasampleidentifier
oai : ar Xi v: quant - ph/ 9901001.

epri nts Aswearepartof thee-printscommunity we includeadescription
containerthatfollows theepri nt s. xsd schema.



ListSetsverb

Again,very straightforvardto implement.Thecodesimply extractsthegroup
nameglong andshort)from configurationvariablesandwritesoutasXML.:

<set >

<set Spec>nl i n</ set Spec>

<set Narme>Nonl i near Sci ences</ set Nanme>
</set>

<set >

<set Spec>nmat h</ set Spec>

<set Name>Mat hemat i cs</ set Nane>
</set>

<set >

<set Spec>cs</ set Spec>

<set Name>Conput er Sci ence</ set Name>
</set>

Smallnumberof sets=- no needto implementthe partialrespons@andaccep-
tanceof ar esunpt i onToken.



GetRecordverb

The majority of the effort involved in implementingthe GetRecordverb is
in performingthe metadatdormatcornversionandmappingfrom our internal
formatto theformatrequestediFour casego consider:

1. Itemdoesnotexist — no<r ecor d> containemreturned.

2. ltemis‘deleted’— <r ecord st at us="del et ed" >containewith
<header > blockreturned.

3. Itemexistsbut cannotbedisseminateth therequestednetadatdormat
— <r ecor d> containemwith <header > but no<met adat a> block
returned.

4. ltem exists and canbe disseminatedn the requestednetadatedormat
— <r ecor d> containerwith <header > and<net adat a> blocks
returned.

Chosenotto implement<about >.



Listldentifiers verb

This verbis essentiallya searchby datestampthe optionalf r omandun-
ti | parameterspecifyingthe datestampange,andthe optionalset Spec
parametelimiting thearchivessearched.

e Don't wantto returnall 150,000identifiersatonce.

= Implementpartialresponsesupplyr esunpt i onToken asnecessary

We choose to build r esunpt i onToken fromthef romunti | andset -
Spec parameterfor new request.



ListRecordsverb

Essentiallya combinationof the ListldentifiersandGetRecorderbs:

e Implementsearchby datestam@ndsetusingListldentifierscode.

¢ ImplementmetadatalisseminatiorusingGetRecorctode.



Flow Control

ThemainarXiv site,ht t p: // ar Xi v. or g/ , is heaily usedandhasvari-
ousautomatedscriptsto prevent badly written and non-conforming(i.e. not
obeying / r obot s. t xt ) robotsfrom loadingthe sener to the point where
thereis denial-of-servicdo otherusers.arXiv is particularlyvulnerablebe-
causeof the factthat mostpapersare storedas TeX sourceand processedo
producePostScriptor PDF on demand(with a large cache).Flow controlis
thusessentiato avoid legitimate OAl service providers gettingblocked.

e Implementedvith HTTP 503andr esunpt i onToken.

e Minimum delaybetweerrequestgrom ary givensite,elseRetry-After

e Successfullyavoids complianthanesterdrom gettingblocked
(e.g.arc).



Implementation cost

‘Santa Fe convention’, OAl Dienst Subset,December1999 ~2-3weeksef-
fort which includedtime to understandienst, writing utility routines
suchasan XML writing library (now availablein standardibraries),

codinga searchby date,and coding corversionof our metadatao R-
FC1807.

OAl v0.2,0ctober 2000 =2 dayswhichincludedwriting TEX—UTF-8 con-
versioncodefor the specialcharactersvhich arecurrentlymostly TeX

encodedn our metadataAlso includedrewriting parsingcodefor sim-
plified syntax.

OAI v1.0,January 2001 Many smallchangesluring protocoldevelopment,
mostof which involved simplificationsin the code!

The majority of the effort necessaryo createa newv implementatioris likely
to be in routinesto implementmetadatgormat corversion; a searchto find

recordsby datestampandperhapslow controlthroughpartialresponseand
Retry-Afterreturns.



What happensnow?

o Widespreaddoptionof OAI protocolby e-printandothercommunities.
¢ Developmeniof enhancednetadataetspecificto e-printcommunity

—

GenericOAl toolsusingDublin Coremetadata.

E-print specifictools usingcommunityspecificmetadataet.
==

Betterenvironmentfor research.

Increasedisibility for work submittedto arXiv.






That's all folks...



