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Abstract. Modern scholarshipincreasinglyrelies on
sophisticated computerized analyses of copyrighted
works. Technologicalaccesscontrol schemeghat pre-
vent novel computerizedanalysesf works prevent fair
useandimpedescholarshipandarethereforecounterto
thegoalsof copyright law.

Introduction. Scholarshipwould be impededif
scholarslost the ability to usecomputerprograms
of their own devising to analyzethe full digitized
versionsof copyrightedworks. We provide specific
examplesof scholarlyprojectsthatrely on this abil-
ity. Theexamplesapplyto worksthatarein theform
of text documentsmusicalscoresaudio,video,and
computemprograms.

Thesefactsjustify a finding that scholarshipis
impededby the anti-circumwention prohibitionsin
the Digital Millennium Copyright Act, with respect
to worksin the form of text, musicalscoresaudio,
video,andcomputeprograms.

*This is a responseo the Copyright Office’s requestfor
comments[CO99] on what classesof works should be ex-
emptedfrom the Digital Millennium Copyright Act’s prohibi-
tion on circum\enting technologicaimeasureshat control ac-
cesgo copyrightedworks.

TThe views expressedn this documentrethoseof the au-
thors,not necessarilyhoseof PrincetonUniversity Affiliation
is listedonly to identify theauthors.

Simple search of books. Supposethat Alice, a
scholarwho owns a roomful of books, wants to
searchall of the books looking for referencego
FrancisBacon,accumulating list of citations. Al-
ice may emplg/ an assistanto skim throughthe
booksandcollectthisinformation. Similarly, if Al-
ice ownsa collectionof copyrightedbookson digi-
tal media,shemaywantto performsimilar searches
electronically Whethera humanassistanor a com-
puter programsearcheshe booksis legally imma-
terial; emplgying a computerprogramto searchthe
booksis fair use.

Computersoffer mary practical advantagesfor
searchapplicationsit mightbeprohibitively expen-
sive to searcha large collectionby hand,but doing
the samesearchon aninexpensve computemight
provide aninstantresult. Thusmanualsearchesan-
not substitutefor computerizedearches.

Laws that prohibit scholarsfrom using comput-
erized“assistants™artificially impedethe progress
of scholarshipandscience.If the digital works are
technicallyprotectedn suchaway thatthey canbe
viewedonthescreerbut notelectronicallysearched,
thenthe technicalprotectioninterfereswith nonin-
fringing uses.

In this scenariothe publishermay meetAlice’s
needsby providing a generictext searchfacility.
Alice could searchfor the words“FrancisBacon”,



or perhaps'‘Bacon” and sort throughthe resultsof
the searchmanually Althougha genericpublisher
provided searchfacility can satisfy Alice, we will
seebelav thatsucha facility failsto meettheneeds
of mary otherscholars.

Thematic search of musical scores. Supposéhat
Bob, a scholarwho owns a collection of musical
scoreswantsto searchthecollectionlooking for the

occurrencef aparticularmusicaltheme.Copyright

law permitsBaob to do this; whethera humanas-
sistantor a computemprogramperformsthis search
is legally immaterial. Technicalprotectionson dig-

ital works that prevent computerizedsearchegon

privatelyownedcopies)interferewith noninfringing
usesof copyrightedworks.

Searchegf this type have mary researchusesin
musicology Indeed entireresearcltenterssuchas
the Centerfor ComputerAssistedResearchn the
Humanities(at StanfordUniversity), focuson tech-
nological searchand analysisof music. Thereis a
greatdealof active researcton how to encodenusi-
cal scoredor computerizednalysisandhow to per
form the analyses. (Selfridge-Fields book [SF97
summarizesesearchn thisareaandprovidesmary
citationsto theresearcHiterature.)

Musicologyresearcherperformseveral kinds of
operationson musical scores. They translatethe
scoresinto differentelectronicformatsto facilitate
analysis. They develop novel searchand analysis
criteriato represenabstractonceptsuchas“musi-
calthemes”. They developnovel searchtechniques
to efficiently find certainpatternsn encodednusi-
calscores.

Theseactvities all require the ability to write
computerprogramsthat analyzea scoredirectly.
Unlessthe publisherof an electronicmusicalscore
providesscholarswith the ability to write computer
programghatdirectly accesshescore scholarswill
losetheability to performthesekindsof analyses.

Notethatgenericpublisherprovided searcHacil-
ities cannotpossibly meetthis need. Researchers
are constantly developing nev and better search
methodologiesConfiningscholargo ary particular
searchfacility will impederesearcton nev search
methods.

Thematic search of a musical work. Suppose
that Claire,a scholarwho owns a collectionof mu-
sicalrecordingsyantsto searchthecollectionlook-
ing for a particularmusicaltheme. Like Alice and
Bob, Claire hasthe right undercopyright law to do
this, using eithera humanassistanbr a computer
program.

Claire finds herself facing a more difficult re-
searchproblemthanBob faces.Effective searching
throughaudio recordingsof musicis a very diffi-
cult researctproblemthat hasseensteadybut slow
progressover the last twenty years,for examplein
theresearclon “structuredaudio” [V GS9§. Active
researchgroupsin this areaneedaccesdo a wide
variety of recordednusicalworksin orderto proto-
type, test,andimprove their technology Like Bob,
Claireneeddo write computemprogramghataccess
theoriginalwork directly.

Video. Supposethat David, a public-healthre-
searchewho ownsa collectionof recordedmovies,
wantsto searchthecollectionlooking for depictions
of cigarettesand relatedparaphernalia.David has
theright undercopyright law to dothis.

The algorithmsfor doing this automaticallyare
not yet mature,but an active and robust discipline
of “video contentanalysis"[SZ99] or “object-based
videocoding”[PCK*99] is seekingto provide tools
for this kind of query Researclin theseareaspro-
gressedby devising computerprogramsthat take
video contentas input. The researchwould be
severely inhibited if scientistscannotget accesgo
theactualvideocontentof theworksthey purchase,
but are limited by restrictive interface mechanisms
to on-screerviewing or specifickindsof searches.

Innovative Text Searches and Analysis Modern
scholarsof Shalespeareanalyzethe frequeng of
word usagein the different plays. Shalespeards
known to have actedthe role of the ghostin Ham-
let. DonaldFosterof VassarCollege usedstatistical
computationgo noticethat specificwordsthat the
ghostspeaksappeamorefrequentlyin thenext play
thatShalespearavrote— it's asif they wereon his
mindwhile writing thenext play. In eachplay, there
seemdo be onerole whosewordsappeamorefre-
guentlyin all rolesof thenext play [Dol91].



This particularkind of statisticalanalysiscould
not beforeseerby a publisherof thetexts of Shale-

speares plays. Almost ary genericsearch-engine

interfacewould be too limited to calculatethe spe-
cific correlationsnecessaryor this analysis.To ef-
ficiently performa computerizedestof this theory
that Shalespearectedin all his own plays,the full

text of theplaysmustbereadabldy acomputeipro-
gramof thescholars own devising.

Innovative Analysis of Computer Programs
The samekind of analysisthat Foster applied to
Shalespeareanbe appliedto computerprograms.
A large computerprogramis typically written by
mary programmersgachcontrikutingapart. An au-
tomaticanalysisof the programmight correlatethis
datawith the engineeringoracticesusedto develop
the program.Suchdatacould be usefulin develop-
ing codesof engineeringoractice. Technicalmech-
anismsthatrestrictaccesgo the computersoftware
inhibit scholarlyresearclonthe program.
Computeprogramsareusuallyprotectechot just
by copyright law, but by licenses.Thelicensecon-
tractsmay prohibit the kind of analysiswe have de-
scribed. We do not wish to addresghe legitimacgy
of suchconstructs.However, the law of copyright
would naturallyconsidersuchanalysisto be a non-
infringing use andthereforeheregulationsof copy-
right shouldnot sanctiortechnicalprotectionmech-
anismghatinterferewith thisuse.

Conclusion. Technical protection mechanisms
that prevent computerprogramsrom accessinghe
underlying content of copyrighted materials will
hinderlegitimatenoninfringinguseghatarevital to
scholarshipandscience specificallyin the domains
of naturallanguagetext (suchas books), musical
scoresmusicalperformanceptheraudio material,
videoandmovies,andcomputerprograms.
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