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EXECUTIVE SUMMARY

The exponentia growth in the creation and dissemination of digital objects by authors,
corporations, academicians, governments, and even librarians, archivists and museum curators,
has emphasized the gpeed and ease of short-term dissemination with littleregard for the long-term
preservation of digital information. Digital information is inherently more fragile than traditional
technol ogies such as paper or microfilm. It is more easily corrupted or altered, without
recognition. Digital storage mediahave shorter life spans and require accesstechnologies that are
changing at an ever increasing pace. Because of these technological advances, the time framein
which we consider archiving becomes much shorter. Groups or individuals who did not
previously consider themselves to be archivists are now being drawn into the role, either because
of the infrastructure and intellectual property issuesinvolved or because user expectations
demandit.

This has raised the awareness of the issues surrounding digita archiving and preservation among
information managers, librarians, publishers, and archivists. 1CSTI, being a community which
represerts mary of these information industries, hasbeeninvolvedin thisissue for severd years.
Based on the most recent efforts by the ICSTI Electronic Publications Archive Working Group,
this study was undertaken to provide information on the state-of-the-art and practice in digital
electronic archiving.

Purpose, Scope and M ethodology

In this project, “digital electronic archiving (DEA)” is defined as the long-term dorage,
preservation and accessto information that was “born digitd” (created and disseminated primarily
in eectronic form) or for which the digital verson isconsidered to be the primary archive. [This
does not include thedigtization of materid from another medium (such as digitization of paper or
microfiche) unlessthe digital becomes primary.] Based on the analyss during this project, thereis
no common agreement on the definition of long-term preservation; the time frame is long enough
to be concerned about changes in technology and changes in the user community. Depending on
the particular technologies and subject disciplines involved, this time span may vary from 2-10
years.

The purpose of this study isto identify the stat e-of-the-art and practicerelated to DEA
policies, models, and best practices, with an emphasis on the mod “ cutting edge’
approaches. The study emphasi zes those areas of nost concernand interest to ICSTI members
and those research areas previoudy identified by ICSTI as necessary to move the digital archiving
discussion forward. Primary attention is given to operationa and prototype projectsinvolving
scientific and technical information  Thestudy isinternaional in scope. It includesa vaiety of
data types goplicable to scientific and technical information, including data text, images, audio,
video and multimedia, and a variety of object types, such as electronic journals and monographs,
satellite imagery, biological sequence data, and patents.



The study methodology involved an initial survey of the ICSTI and CENDI members (see
Appendix A-1for afull copy), aswell asaliterature review and contacts with experts, to identify
the mog “cutting edge” projects. The highlighted projeds cover six countries (U.S. (9), UK (2),
Canada (1), Audtralia (1), Sweden (1) and Finland (1)). Four organizations are considered to be
international in scope, because their funding sources and scope are not bound to a particular
country. The projects come from anumber of sectors including government scientific and
technical programs national archives, national libraries publishers, and researchinditutes.
Information about other projectsis included where applicable.

After the initial questionnaire, follow-on discussion questions (see Appendix A-2) were developed
and aimed at identifying emerging models for the relationship between the various entitiesin the
information chain (users, intermediaries, primary publishers, secondary publishers, online vendors,
and others) asthey relate to archiving; the metadata information that is being gathered; how the
archive will be maintained and accessed; an estimate of the coststo beincurred for start-up and
maintenance; and outstanding issues and possible best practices. While technologies for storage
and retrieval may be mentioned in the report, technology is of secondary interest to the
understanding of policy and practice.

General State of the Art/Practice

The issue of archiving digital objects brings together severd normally diverse communities --
archivids, records managers, librarians, daa center managers, and data producers. Thereis so
much activity among various groups that it isdifficult to encapsulate the gereral date of DEA.
However, there are afew genera models that can be highlighted as emerging. The models have
geneds in one of the diverse communities, but may have applicability to others.

It isnoteworthy that many of the mgor projectsin digita archiving are of a cultural or higoric
nature. While the emphasisin this study has been on scientific and technica projects, the
humanities-rd ated projects have provided the basis for much of the current thinking inthisarea.
They have been used peripherally inthis study for what they offer to sdence and technology, or
for the scientific and technical information componerts that many have.

Identified Organizational Models

The highlighted projects were analyzed for commonalities that would identify organizational
models for DEA. The approach taken is an organizational one, loosely based on the previous
work sponsored by the Arts and Humanities Data Service (AHDS) (Beagrie and Greenstein,
1999). Four mgor organi zational models -- Data Cente's, Institutional Archives Third Party
Repostories, and Legal Depostories -- were identified. Anadditional conceptual modd for
interoperable archivesisal 0 described. These models are based on differences in theinformation
flow, the management of the life cycle functiors of the archive (creation, management,
preservation, and access), responsibility and ownership of the data, and the economic model.



The most mature archival model is that of the data center. Three subcategories of data centers
were identified based on the degree of homogeneity and centralization. Centralized data centers,
such as the National Digital Archive for Datasets (UK), have numerous contributors, but a central
repository and adminidration. This model allows for easier integration of the data and more
congstent adherenceto standards. However, there may be little backup for the centrd repository,
particularly if funding is cut. It is also difficult to include new daa producers with varying data
models, standards and primary audiences. Federated data centers, like the NASA Distributed
Active Archive Centers (DAACy operate in a didributed, but closely guarded environment with
common standards and practices, and a single user interface. There is redundancy in the
federation’s ability to respond to user needs. With looser standards, more partners may be
involved more easily. Cooperative data centers do not currently exist, but there is a prototype
under development between the San Diego Supercomputer Center, the U.S. Naional Center for
Environmenta Anaysis and Synthesis, and the Long Term Ecological Research Network. The
am isminima metadataand sysem standards, acknowledging the diversity of datatypes, modds
and structures in ecol ogical science.

On the whole, the data centers are also the simplest organizational model. The intellectual
property rights are generally clear, because the owner isthe funding agency. The economic model
allows free access by the funding agency and, since mary of these are government sponsored or
internationally developed data banks, the public also has free access. Additiona charges may be
levied for extraordinary services or for accessfor commercial purposes. However, it isunclear
how well the practices of these data centers, which have large volumesof relatively smple data,
would migrate to other communities and object types.

Ingtitutional archives are generdly a department or branch of an ingtitution that collects and
preserves the intellectud capital for that institution. Theseinstitutions caninclude publishers, daa
producers, societies, cultura organizations, government agencies, academic ingtitutions and
industries of varioustypes. Ingtitutiona archives generally have some leve of ownership of the
information. Oftenaccessis limited to members of the organization, to subscribers, or to partnes
in aparticular project or venture. Many corporations and ingitutions archive only what is
required by regulation, fearing legd ramifications if certain information is retained. However,
there are organizations such as pharmaceutical, chemical and petroleum companies, where interna
scientific and technical information iscritical to the perpetuation of research and devel opment.
Ingitutional archives may also increase asthe knowledge management technol ogies comeded to
intranets reach awider marke.

Third party repositories are the third modd. They tend to derive from the journal publishing
industry, rather than government data centers or ingitutional records needs. They can be divided
into two types: Publication Service Providers and Repository Management Agents.

Publication Service Providers serve other roles in the information chain. In additionto ther
primary role as vendors, electronic publishers, or jobbers, they may aso provide digital archiving
asaserviceto their clients, which are primarily learned societies and publishers. Thisisthe most



complex organizational modd for archiving, because there are numerous roles being played by the
participants. Often the economic model for the archiving is nat clear, because it isbundled with
the other services that the publication service is providing. Examples of Publication Service
Providers who a so provide archiving services include ingenta, Ltd. and HighWire Press.

Repository Management Agents are an emerging model in DEA. These organizationsact as
trusted third party repositories, but do not serve any other function inthe value-added chain.
They provide a safety net by continuing to provide access to the digital object should the puldisher
or producer of the oljed determine that it can no longer archive thematerid or if it goes out of
business. Examplesinclude JSTOR and OCLC's Electronic Jour nals Project. Both projects have
substantial numbers of journas available. The mgority of JISTOR' s current titles are in the
humanities and social sciences. However, they have recently begun a project on a Science
Cluster, which will include AAAS s Science and the publicaions of the National Academiesof
Science (US). In both cases the charges are borne by the user or library. JSTOR’s pricing model
is based on ayearly subscription to the ISTOR service, with rates differing by size of irstitution.
OCLC' smodd isbased on the library’s subscription to the eectronic journa directly through the
publisher, through ajobber, or in some cases through OCLC. Theagreement requireslinked
accessto the publisher’sarchive or depost of a digitd copy with OCLC. OCLC is currently
working on the long-term business and pricing model for this service.

The fourth model is that of the Legal Depository. There are generally two types of legal
depositories: national depositories and national libraries. The netional depository (or archive) has
tended to document the business of gover nment, which includes administr ative documents. The
national libraries are generally charged with maintaining the culture, history and intellectual output
of the country by collecting what is published within that country. Both national libraries and
national depositories have sought to handle digital material. Aspart of digital gover nment
Initiatives, archives such as the UK Public Records Office and the U.S. National Archive and
Records Adminigtration have extensive eectronic projects. Inthe UK, the PRO has separated the
responsibility for archiving digital datasets from the archiving of digital office records.

Some national libraries have sought to extend their mandate to digital information. In many cases,
they are doing this without the benefit of legislation. The PANDORA Project of the National
Library of Australia has the most extensive guidelines for the selection of Web-based
“Austrdiana”. TheNationd Library of Canada s Electronic Collection incorporates electronic
book s and journds published in Canadain its regular workflow, based on the results of the
Electronic Publications Preservation Project pilot study. The Nationa Library of Sweden isusing
robots to harvest all relevant domain names and Web servers, archiving the content without
review. Projects are also underway at the National Library of Finland. The Networked European
Depository Libraries (NEDLIB) project is funded by the European Union to investigat e the
procedures standardsand infrastructure needed to support a multinational library network for
digital archiving.

Though not an operational modd, the interoper able archive moded described in the recently



drafted Reference Model for an Open Archival Information System (OAIS) (Consultative
Committee for Space Data Sygems 1999) provides insight into thefuture of a hierarchy of
archiva organizations and heterogeneous ar chives, and isworth evauation in this context. This
reference model provides teemsof reference, conceptual data models, and functional modd sfor
open archives that can interoperate. The models are based on packets of information, including
the data object itself, descriptive metadata, representational information which hdps to interpret
the bits in the data object (e.g., the ASCII table), and specific information needed for preserving
the object. Based on the exchange of these packets, and the standardization and crosswalks
among the metadata formats used to present the information, objects can move from one archive
to another, and archives can be searched smultaneously. Many experts, including the CEDARS
project in the UK, are investigating whether this data-centered model could be generalized across
other data types.

Life Cycle Managersand Their Roles

The results of the sudy were dso andyzed for the changesin theroles of the traditiond players in
the information disseminaion chain. The roles andyzed include creator (author), publisher,
secondary publisher, library and consortia, funding source, and user.

The analysisfound that creators and users are not very involvedin the digital archiving process.
However, thisis changing as organizations are requiring metadata creation with digital objects,
and as software isdeveoped to make the creation of such metadata (and even its austomatic
extraction) easier.

Publishers are involved in digital archiving in a number of ways. The most vocal are the learned
society publisherswho congder this to bepart of the misson for their discipline or organization.
However, the economics and long-term viability of such preservation (as the content of the
sygem grows) is urclear.

Few secondary pullishers have expressed an interest in digital archiving according to an informal
study conducted by the Nationd Federation of Abstracting and Information Services. However,
mary of these services have along history of migrating and mantainng archival oollections of
bibliographic records in adiscipline. Third party repositories, particularly OCLC, and nationd
libraries (the National Library of Australia) have designed systemsto take advantage of the
bibliographi c records as thecatd og record tha provides access to the full archival object.

Libraries, particularly consortia, have been instrumental in raising digital electronic archiving
issues. Asthey seek to provide accessto electronic journals, which no longer provide a
condgent physcd copy that canbe owned and preserved, libraries have devel oped guiddinesfor
license agreemerts which include statemerts regarding digital €lectronic archiving. Licenses
generdly provide for atrusted third party or thelibrary itsdf to receive and archive an dectronic
copy immediately or when it is no longer availald e from the publisher.



Funding is akey driver in the evolution of archive models. Funding is provided by government
organizations, national and international science initiatives, private foundations, research
institutes, and museums.  Funding organ zaions in many quarte's have espoused theneed for
archiving digita information. Unfortunatdy, in many cases, particularly a the government levd,
there have been mandates without supportive funding. In many cases, guidelines have been
developed, but they are not detailed enoughto provide real guidance on issues of long-term
preservation, media migration, and planning for the related costs in program and project budgets.

Best Practices

The evaluation of the research results was organized by again looking at the best practices by the
information life cycle for archiving material acrossthe various models. Thelife cycle functions
are creation, acquisition/collection development, cataloging and identification, storage,
preservation and access.

Practices used when a digital object is created ultimately impad the ease with which the object
can be digitally archived and preserved. The preservation and archiving process is made more
efficient when attention ispaid to issues of consistency, format, and standardizationin the very
beginning of the information life cycle. Institutions are beginning to require a more limited number
of formats for some objects created under their auspices.

All groupsinvolved acknowledgethat creation of good metadata at the source of datacreationis
where the long-term archiving and preservation mug start. As standards groupsand vendors
incorporate Extensible Mark-up Language (XML) and RDF (Resource Description Framework)
architectures intheir word processing and database products, creating metadata when the digital
object is created will be more efficient and more rgpidly adopted. However, work remains to
identify the specific metadata e ement s needed for long-term preservation, particularly for non-
textud data typeslikesimages, video and multimedia Othersin theinformation creation chain
for formal materials, e.g., pubishers fundng sources, learned socidies, etc. can play alarge part
in promoting such attention on the part of creaors and the devd opment of relevant preservation
standards.

Cataloging and identification issues are often interr elated with decisions about what to archive and
how long it will likely be retained. The metadatato be collected, and the degree to which a
standard will be used, depends on the type of organization doing the archiving, the resources
available, the type of materia to be used, and the requirements of funding organizations. The
most common formats are MARC and Dublin Core. Only the traditional publishers appear to be
using the Digitd Objed Idertifier. Othe stakeholdershave developed thar own identificaion
schemes.

The nationd libraries are taking the lead in the development of guiddinesrelated to the
acquisition and collection of digital objectsin archives. The PANDORA project has extensve
guidelines for a variety of Web-based (primarily textual) material, including ephemera. 1ssues



addressed in the guidelines include determining what should be archived, determining the extent
or the boundaries of the digital work, and archiving relaed links.

Storage issues center around hardwar e/software migration. New releases of software can be
expected every 2-3 years. Migration to new media and hardware occur less frequently, but can be
expected at least once every 10 years. The general response from those queried about these
issuesisthat they have no firm plans for migration, but will plan to stay up to date with current
technologies by migrating the content to each new technology. The issues of cost have the biggest
concern here, and there is now a sense of having to deal with it as best we can as the technologies
change. All the respondents followed industry best practices related to refreshing the media,
back-up, recovery and remote sorage for disasger recovery.

Presarvation is the aspect of archival management that preserves the content aswell asthe look
andfed of the digitd objed. In caseswhere thearchiving istaking place while changes or
updaes may still be occurring to the object, such as with datasets or electronic journals, attertion
is being given to refreshing the site contents. The National Library of Australia allocates a
gathering schedule to each “publication” in its automatic harvesting program. Obvioudy, the
burden of refreshing the contents increases as the number of sources stored in the archive
increases.

Most organizations lack formal retention policies, because they are relatively new to digital
information and storage costs continueto decrease & a faster rae than theincresse in the size of
mog archives. The mog comnon answer isthat the organizationwill archive “everything” for
“dl time’. Other than legd depositories, thereislittle recognition of the need for mor e definitive
policies in the future based on the value of the information to potential users, the resources
availale on the part of the archiving organization, and the desires of the funding agency. Those
who recognize the need for such policies also acknowledge that we do not have acrysd bal,
and, therefore, it is difficult to determine precisaly what will be of value in the future. When the
burden getstoo great, particularly for commercid ingtitutions, it may be necessary for public
institutions to intervene and provide a backup archiving service for objects that are no longer of
sufficient commercial value to warrant inclusion in the commercial organization’s archive.

Preservation has d 0 involved the decision of whether to transform the incom ng information into
anew, more standardized format, or to retain the native format. While the answer to this depends
to some extent on the user community being served by the archive, and the degree to which the
transformed format mat ches the native format, there appearsto be atendency to transform to the
newed related format, for example from the current varsion of TIFF format to the next.

However, in some cases where legal responsibilities intercede, the original is always retained,
along with the transformed format for access.

Regardless of the decision about transformation versus native format, preserving the “look and
fed” of the ojed remains anissue. If the digitd informaionistrandormed, the question is how
much does this impact the“look and feel”? If the informationisretained in native forma, how



will the “look and fedl” be provided when the technology changesin the future. Migrationisthe
most common arswer to this issue, realizing that the*look and feel” may not always be retained.
An aternativeis an emulation strategy. Emulation involves reconstructing the behavior of the
hardware and software in the future environment in order to recresate the “look and fedl” of the
original digital ojed initsold environment. Thiswill involve cooperation on the part of
hardware and oftware vendors to provide access (or perhgos restricted registries) to proprietary
infor mation about the hardware and software. However, to-date there have been no large-scae
pilot projects that would indicate that the emulation approach is practical or scalable.

Firally, the life cyde of archived material requires access or the ahility to reuse the informetion.
Currently, all projects reviewed have or are planning Web-based interfaces to their achives.
Addtional interfaces areavailable for certain specialized information, such as the datasets
avalable from the data centa's. However, digitd archivigs are looking beyond the Web to
another as yet unknown interface, and they consider the interface to be another technology that
can change rapidly.

Depending on the intellectua property and licensing issues, the access to the objects may be
restricted. Archives that store copyrighted materials, proprietary information, or restricted

gover nment information must also deal with security and authentication issues. Processes being
investigated or put into place may include digital signatures and certificates, in addition to the
more traditional IP address and user name/password log on procedures. The ability to download
and reuse the information also differs depending on the ar chive, the license agreements with the
rights holders, thetype of user and his relationship to the archive or rights holder, and the amount
and type of materia being downloaded. Because of the ease with which digital materia can be
altered, eithe knowingly or unknowingly, mechanismssuch as watermarks or encryption are
viewed as key tools in the process of digital preservation.

Best practices are a9 beginning to emerge for different format and object types. Image archives
are particularly concer ned with the type of metadat a information needed for preservation and
access to these images, including changes in resolution and compression techniques. The
Research Library Group, the Digitd Library Federation, and the U.S. National I nformation
Standards Organization, partnered with a variety of European organizations, are involved in
developing such guiddines and metadata € ements which will be available for review in the next
few months.

All theissuesrelated to the various data types, and more, are bundled into the issues surrounding
the archiving of multimediaworks. Since efficient archiving, access, reuse and preservation differ
based on data type, multimedia, which combi nes various data types, cannot be dedt with by a
sangle agpproach. In addition to the archiving of a series of objectsthat make up the multimedia
objed, it isimportant to be able to bring the ool lective multimediaobjed back together again.
Projects in this area are underway within the US Departmert of Defense and the US National
Library of Medicine. A standard file format for multimedia is be ng developed by Microsoft.



Costs/Resour ces

Although cost is recognized as a basic driver in DEA, it was also themog difficult aspect on
which to gather information. Insome cases, a lack of response was because of the proprietary
nature of thisinformation. However, in most cases, the respondents indicated that they just didn’t
know how much the archive was costing or would cost in the future. For publishers and
producers, the cost of archiving isstill tied up in thecost of marufecture. This is also true of
publications serviceswhere the archiving is considered an added benefit to the puldisherswho are
served. Until several large archiveshave gone through a |east oneor two migrations or
emulation developments, it will not be possible to separate the cost for the archives from the cost
of doing business.

Anecdotal information is availalde from several nationd library or institutional projectsthat are
archiving Web sites eledronic journals and othe digital publications fromthe Interret.
However, the information is generaly presented in terms of the number of full or part-time staff
being devoted to the effort at this time, with no indication of hardware/software or other
infrastructure costs now or in the future.

In addition to questions of start-up and ongoing oper ation, there is a serious issue of the long
term financial commitment to archives. Increasing recognition by scientific authors and funding
sources is key to the success and sustainability of anarchive. Several experts interviewed
suggested that an endowment model might be needed. Thiswould set aside a portion of the
payment for the use (whether storage or access) of the archive for its perpetual care.

Conclusions

Based on the analysis of the organizational models, the changing roles of traditional stakeholders,
and best practices in digital life cyde managemert, general conclugons can be made in the areas
of most interest to | CSTI. These include policies, organizational models, and economic models.

The policy issues of mgjor concern seem to be the intellectud property issues, and with them the
related security and authentication concerns. To greater or lesser degrees, al stakeholdersin the
archiving and preservation chain are concerned about intellectud property. For many of the data
centers, the issue is put in public versuscommercial use terms andisrefleded in thetypes of
access and services provided and the charges placed on them. For publishers and producers,
intellectud property concernsare reflected inthe kinds of bus ness arrangements used to pronmote
their archives. Intellectual property concerns have led some organizations to consider institutional
archives where the information remains under their control. Others, lacking the resources to do
this, but still concerned about their intellectud assets, are contracting with publication services or
trusted third-party repositories. Part of these contracts requires security and authentication on the
part of the archive, as well as specific procedures for granting and continuing access. Libraries
consortiaand users areincreasingly atunedto intellectud property issues and their concernsfor
fair use in adigital environment are often reflected in the license agreaments that are sigred.



Five organizational moddsfor digital achiving have been identified. Aggregation on the part of
repogtories, publication services and legd archivesis likely to continue as sakeholders sruggle
with how to mak e the infor mation accessible with common interfaces, in the midst of cost and
intellectual property concerns. Based on the numbers and types of organizations involved, the
need to integrate across format and oljed types in the sciences, increased emphasson
multimedia, and ever-changing technologies, the organizationa mode for archivesin the
foreseeabl e future appears to be aloose network of archives covering special disciplines,
geographic areas, or object types. Using network technologies and inter oper able standards, the
future model will likely be a network of disparate but interoperable archives. Individual
communities are likely to develop standards and common practices. Interoperability ina
heterogeneous environment is likely to be required. The Open Archive Information System
(OAIS) reference model, described earlier, appears poised to promote this interoperability beyond
the realm of data-centered archives.

Smilarly, it islikey that there will be avariety of economic models for digital archiving. Thiswill
impact not only the way the archives are managed and who manages them, but the value (and the
cos) involved in retaining older materids. Some archives will be commercidly viable, otherswill
not. Some will need to charge for services, while others will not. When archives are
governmentally appropriated, there is inareasing recognition of along term mairtenance
commitment, but there does not seem to yet be sufficient definitive action and funding to support
this recognition.

With alarge number of models and increased interest in the future of digital information, many
stakeholdersare getting into the archiving business. There ae many organ zationsthat gopea to
congder this areasonable avenue for business growth. With the large infrastructure and varying
skills needed to perform digital archiving satisfactorily, we may be seeing the rise of a new
industry. Smaller publishers in particular may continue to look for avenues by which they can
contribute to one or more archives, without undertaking the infrastr ucture development
themselves.

Multiple economic and organization models are likely to persist in the DEA environment. Asthe
report of the ICSTI Electronic Publications Archive Working Group suggeded, a hierarchy of
archiving organizationsmay be needed to overcome the economic and intellectual property issues
that continueto aboundinthe dgita environment.

It appearsthe discipline specific, aswdl as national and global archives, will be built incrementaly
on the basis of pilot projectsthat lead the way and evolve into acomplex network of content
infrastructure. T he issue has been recognized and the bandwagon is growing. In summarizing
best practice areas, we see building block s for future developments. The trick will be the
coordination of these archives to reduce the expense of unnecessary redundancy, to tie the system
together in an integrated fashion for the user, to ensure long-term funding for these archives, and
to mechanismsto protect the rights of both copyright holders and users.
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Recommended Next Steps

Based onthe survey and analysis conducted during thisproject, the following actions are
recommended for consideration.

ICSTI
1. Many models are evolving and taking hold. Each stakeholder will be affected and

the activities should be monitored for more specific and ongoing relevanceto ICSTI
member groups.

Hold discussons on impacts of the various models (both organizational and
economic) for classes of ICSTI manbers Monitor projects sdected by membersto
be modelsfor their part of theindustry, and provide opportunitiesfor interaction
between these projects and appropriate communitieswithin ICSTI.

Projectsthat include the specific sakeholder group or the portion of the information life cycle
function in which a particular organization is interested should be monitored with specific reports
back to ICSTI members interested in these particular areas. In addition to project monitoring,
opportunities should be provided for interaction between the project managers of the selected
projectsand | CSTI members. Thenext annual meeting, or a gpecial meeting cosponsored with
ICSU, UNESCO or some other organization, would provide a forum for the discussion of these
specific projects. It might also be valuable to hold the session concurrent with a mgor meeting
where these projects might already be represented.

1 Interpret the draft Open Archive Information System (OAIS) Reference Model for
the ICSTI Communities

Since heterogeneity and acomplex network seem to be evolving, the OAI S Reference M odd is
one worth further group exploration. It stands as a possible framework for data interchange
needed across the various functions of an archive (regardless of the playersinvolved), and across
archives. However, the current reference moded isill very data-centered. | CST 1 should
convene asmdl group or groups of stakeholdersto interpret the reference mode for the different
communities -- primary publishers, secondary publishers, and libraries. During this processit
should be possible to determine if the reference model has utility for avariety of stakeholders and
avaiety of datatypes. The CEDARS project in the UK has expressed an interest in working
together with ICSTI on thisreview. Thisfollow-on project should be done in the context of the
I SO review of the draft reference model and should consider interoperahility, standards common
practices and economic models that will have to coexist. The benefit to 1SO and the Consultative
Committee on Space Data Systemsisthat they will obtain areview by an expert community,
outside the data community. The benefit to ICSTI isthat it may find a model that can be used
across its menbers and to inform the community at large.

11



1 Develop a Digital Electronic Archive Registry Emphasizing Digital Publications

The Electronic Archive Registry, recommended by the | CSTI Electronic Publications Archive
Working Group, may act as a transitional mechanism between the current distributed,
unintegrated archiving projects for electronic publications and the fully networ ked environment
envisoned by the OAIS. The Working Group envisioned thisregistry as afinding aid for the
location of where, by whom, in what format, and what parts of a publication are electronicaly
archived. The data elemerts required for such aregstry and the procedureswhereby the regigry
is created, maintained and accessed must be developed. The Working Group suggested that the
registry could be added to the ISSN system. The concept should also consider the work of other
groups such as the Digital Object Identifier (DOI) Foundation and the nationd
libraries/bibliographies.

1 Monitor and report on the key projectsrelated to the cost and or ganizational issues
of digital archiving

Thisreview hasidentified that there are still significant unanswered cost and economic questions
related to long-term digital achiving. Some of these questions ae related to the speed of
technological change, while others are ingtitutional. However, there are severd significant
projects under way that have been briefly identified in thisreport. They should continue to be
monitored and progress onthem reported to the ICSTI community. Recommendations for
projectsto be monitored include NEDLIB, the objective of whichis the networking of depository
librariesand the development of digital depository format standards for publishers, CEDARS,
whichislooking at the networking of UK archives; and Cornell Univesity’s Digital Library 2-
Initiative which will address cost and organizational issues. Relationships should be established
with these projectsin order to learn about their progressand be able to report onthe outcomes to
the ICSTI ligtserv.

2. As appropriate, work at individual organization levelsto promote digital archiving
practices:

Recommend to ICST1 organizationsthat digital standardsfor metadata and object
identification that are under consideration be reviewed with a particular eyeto their
ability tosupport long term preservation and access.

In particular, work to ensure that the concept of archives and preservation is developed and used
within existing and forming standards for metadata and identifier.

1 Provide testbed material for projects when possible.
A significant way for ICSTI members to become involved and to learn more about the challenges

and best practices in this areais to provide material for digital archiving testbeds. Thisis already
being doneby Elsevier, Kluwer and Springer in the NEDLIB project. There may be simlar
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opportunities with other projects, including CEDARS and the Cornell University DLI-2 projects.

1 Promote multilateral projects, to promote the development of best industry practices
in digital archiving

Promote round-table sessions at a follow-on ICSTI meeting that would bring together |CSTI
members working on similar issues related to digital archiving s that resources, lessons learned,
and pilot projects could be shared. Of particular importance would be discussons and pil ot
projects related to business models for digital archiving and intellectual property issues
(particuarly between nationd librariesand pubishers).

Both ICSTI and CENDI

1 Make | CSTI/CENDI’sinterest in thisarea known so the or ganizations stay involved
with the forefront of activities and continue to keep the debate visible with
customer s, suppliers, and funding sour ces.

1 Present a paper at the World Science Conference

As suggested by the ICSTI Executive Board and planned in the proposal, the results of this study
will be presented by Dr. David Russon at the World Science Conference in July 1999.

1 Develop a Statement of Concern regardingdigital elecronic ar chiving

As many survey participants mentioned, the current projects indigital electronic archiving are
often being done without adequat e commitment and funding. Thereisconcern that funding will
not be sustained, and is not consstent with mandatesto collect and preserve dectronic
information. As suggested by the ICSTI Working Group, ICSTI and CENDI should produce a
Stat ement of Concern, either jointly or consecutively, that raises the issues of eectronic archiving
and continued preservation and access to these archives with stakeholders, policy makers and
funding sources. Many of the stakeholder groups are represented by members of ICSTI and
CENDI, and therefore, it should be in aunique position to “work through” this difficult task. As
the ICSTI Digitd Electronic Working Group indicated in its report, the saement should not only
identify the need for and benefitsto be gained by eectronic archiving and continuing access, but it
should identify guiddines for what congitutes an electronic archive and sufficient access. It
should emphasi ze the need to support verbal commitments to digital archiving with proper
programming and funding. The Statement of Concern should also identify further activitiesin
which ICST | and others can participate to ensure that the statement is put into action.

1 Publish an article on the results of thel CSTI/CENDI study

While the report to the World Science Conference will provide some level of vishility for the
efforts of ICSTI and CENDI aswell asfor the next steps necessary to move digita archiving
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forward, thiswill not reach all stakeholder audiences. It is suggested that an article be prepared
from the study and published inarelevart journal. The investigators have dready been
approached by the editor of the Journal of Electronic Publishing for suchan article.

1 Develop a topical area on either the open ICST1 or CENDI Web site that highlights
digital dectronic archiving. (Thiscould dso be done asa joint effort.)

The topic of archiving was highlighted in the report from the June 1997 meeting and in a
subsequent issue of the ICSTI Forum. Those documents, a summary of this report and other
possible information gleaned from ICSTI menmbers should be included as a special theme on the
Website. (There are many good stes tha already address thisissue and there is no need to
replicate them. However, links from a specific ICSTI or CENDI pageto these other sites may be
of valueto I CST | and CENDI membersand othersinterested in thissubject.) CENDI could

consider highlighting this area as a special adjunct to the broader STI Manager part of its Web
Site.

This survey has enphasized that DEA issues require collaboration and coordination among a
variety of stakeholders. There are numerous projects underway at many levels. The ICST1 and
CENDI members can benefit from staying informed of ongoing activities. They aso have

experience and practicd needsthat can helpto informand move the state of DEA implementation
forward.
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I ntroduction

Aswe move intothe electronic era of digital dbjectsitisimpatant toknow that there are
new barbarians at the gate and that we are moving into an era where much o what we
know taday, much of what is coded and written eledronically, will be lcst forever. We are,
to my mind, living in the midst of digital Dark Ages; consquently, much as manks of times
past, it fallsto librarians and archiviststo hold to the tradition which reveres history and
the published heritage of our times. - Terry K uny, XIST/Consultant, National Library of
Canada

Several information scientists, historians, and philosophers have begun to speak of our time asthe
digital dark ages. Similar to the period before the printing press, where asmal group (monks and
scribes) preserved what they could of the cultura heritage, which was lost through the
imperfections of the oral tradition, we are facing similar losses of our heritage, not just cultural
and historical, but scientific and technical. However, unlike the 15th Century where the savior
was technology in the form of the printing press, the losses of the 20th century and those that will
persist into the 21st are being caused by a technology, used without consideration for the future.

The technology or series of technologies that have created such fragile information are personal
computers, electronic pulishing software, and, mog of dl the Intemet. The exponertid growth
of the use of these technologies by authors, corporations, academicians, governmerts, and even
librarians, archivists and museum curators, has emphasized the gpeed and ease of short-term
dissemination with little regard for the long-term preservation of digita information.

There areseverd aspects of digital information that make its archiving different from paper.
Digital information itself is considered by many to be more fragile than traditional technologies
such as paper or microform. While there are problems like acid paper that affect paper archives,
and changes in microfilm techniques and reader equipment that impact the use of microforms,
there are new and dfferent challenges when the meterial exists only in electronic form. It is more
easily corrupted or altered. Digital media, such as CD-ROMs, may have a shorter than expected
life-span. Digita information is more susceptible to changesin the technologies of access and
retrieval. In some cases, the information is so closely linked to the software or other technology
that it cannot be used outside these proprietary environments. (Kuny, 1998).

Because of these technological advances, the time frame in which we consider archiving becomes
much smaller. T he time between manufacture and archiving is shrinking. Groups or people who
did not previously consider themselves to be archivists are now being drawn into the role, either
because of the infrastructure and intellectual property issuesinvolved or because the expectations
of users groups demand it. “...we have rarely had a preservation imperative arise so quickly after
original manufacture, especially on such alargescde, as we do with digital materials. Rdaive to
the other materiasthat tend to find their way into museums, archives or libraries, we will not have
the bendit of atradition of care and maintenance tha will guide our actionswhen it comes to
digital works” (Mesder, 1998)
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Because of the fragility of digital media, the lack of atraditionof sewardship, and the speed with
which eéectronic publishing has grown worldwide, archivists, publishers, and librarians have
become increasingly concerned about the archiving and preservation of digital information. Since
many of these communitiesare represented within ICSTI, it is not surprising that ICSTI1 has been
involvedin this issue for severd years.* At the December 1998 meeting in London, the ICSTI
Board approved a study of the state-of-the-art and practice of digital electronic archiving, asa
follow-on to a paper presented at the meeting by the Electronic Publications Archive Working
Group (ICSTI, 1998). Based on common interest inthistopic, CENDI, a U.S. interagency
working group of scientific and technical information managersinthe federal government,
approved co-sponsorship of this study in February 1999.

IAfter the 1996 UNESCO/ICSU Meeti ng on Eledronic Publishing, ICSTI was approached by ICSU to
investigate the tapic of electronic/digital archiving. In response ICSTI madethis the topc of the 1997 Annual
Meeting in Philadelphia. The technical sessions were centered around this topic, and presented many projeds that
were going on world-wide by various groups within the information community — learned societies, authors,
commerdal publishers, A& srvices, librarians, €c.

By holding this session, ICSTI identified several areas where additional research was needed. A working group
was proposed to continue research, to gather information and to forward recommendations to appr opriate bodies.

In 1998, the Electronic Publications Archive Working Group was formed. The Working Group met during 1998,
and thereport waspresented at the Winter Meding. Thegroup addressed the research areasidentified in the June
1997 symposium and identified severd possibilities far ICSTI invdvement. “Possihilities discussed by the
Working Group included helping to spread the word through a Statement of Concern; gathering infor mati on on
what plans publishers, libraries, éc. have madeto date regarding el ectronic archives; planning and hdping to start
a"regstry' of publications with information onif, how and where they are archived; and finally to join with others
in a session on the aubject at a majar scientific meeting in 1999.”

The Worki ng Group acknowledged that other groups have continued to work on digital electroni ¢ archivi ng issues
sincethe 1997 symposum. They felt it wasimportant to put any additional ICSTI activitiesin the mast current
context possible. The report suggeststhat an effort be made to gather infarmation about what ather groups, both
inside and outside | CST], are doing or planning to dorelated to electronic archiving. This information would
provide input to other possible follow-on taskssuggested by the report — the registry and the Statement of Concern,
and would al so contribute to the working knowl edge of ICSTI members and other s concer ned wi th the transi tion
from print toelectronic puldishing.

A proposal submitted by Information Internaiond Assciates Inc. of Oak Ridge Tennessee (11a) to survey the
state of the art and recommend areas of further involvement by ICSTI and its member arganizations was originally
presented at the ICSTI Winter Meeting in London, and wasrefined based on discusdons with the ICSTI Digital
Archiving Advisary Grouwp. It addressed two of the areas o focus for ICSTI’s next activitieswith regard todigital
archives; gatheringinformation on operational digital archivesand identifying thar characerigicsand
experiences.

At the sametime ICSTI was considering theproposal to undertake this study, a U.S. based group of federal

i entific and technicd informati on managersknown as CENDI was considering s milar issues. In Febr uary,
CENDI joined ICSTI in co-sponsorship of this study.
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What is Digital Electronic Archiving?

[An archive] consists of an organization of pegple and systems, that has accepted the respansibility to
preserveinformation and makeit avail able for one or more designated communities. - Reference M odd for
an Open Archival Information System, | SO Consultative Committee for Space Data Systems

During the course of the survey, it became evident tha the term " archiving” itself hastakenon
many overtones that color peopl€e' s perceptions when thisterm isused. In some cases collections
of materia were called archives regardless of whether or not the organization had considered long
term storage and preservation. The simple use of the noun “archive” does not result in an
organization being attentive to the archiving of the collection, or taking an archivist role. NASA
has gone as far as caling its centers “active archives’ which provide the underlying notion that the
data was collected for active use and hasthe function of mairtaining the information for this use —
hence an “archive.”

“Digital archiving” or “digital preservation”, terms which tend to beused synonymously, refer to
the long-term storage, preservation and access to digital information. In this project, “digital
electronic archiving (DEA)” is used to narrow the scopeto focus on information that was “born
digital” (created and disseminated primarily in electronic form) as opposed to projects that digitize
material from another medium (such as digitization of paper or microfiche). Based onthe andyss
during this project, long-term preservation has no specific time limit; it islong enough to be
concerned about changes in technology and changes in the user community. (Depending on the
environment, this may be only atime span of 2-10 years.)

Pur pose and Soope of the Study

The problem exids at every level, from small busnesstogreat archival institutes tothe ordinary househdd.
You can’t smply cram all thisinformation in a box and stick it in the attic, because the attic is already
jammed, as are the basement and all the closets. - Joel Achenbach, “The Too-Much- nformation Age’,
Washington Post, March 12, 1999

Given the breadth of the digital archiving challenge, it was necessary to narrow the scope of the
study to emphasize those areas of most concern and interest to |CSTI members and those
research areas previoudy idertified as of value to moving the digital archiving discussion forward.
Therefore, the purpose of this study is to identify the state-of-the-art and practice related to DEA
policies, models, and best practices, with an emphasison “ cutting edge” approaches For
the purposes of this study DEA is defined as the long-term preservation of information published
(“born digital”) or communicated initially inelectronic form (and perhaps in print as well). It does
not include projects that simply convert legacy print informaioninto electronic form for
preservation and archiving. However, DEA may apply if the resulting ectronic versonis
considered to be the primary or sole archive.

The study focuses on scientific and technical information. However, it acknowledges that
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there are some projects of mixed origin, particularly within the depository and national libraries,
and tha work in the humanities and socid sciences can be used to informthisdiscussion.

Because the chdlenge of DEA extends beyond anyone country’s borders, the study is
international in scope. The call for projects was sert out wor ldwide.

The study includes awide variety of data types applicable to scientific and technical information,
including numeric data, text images audio, video and multimedia. It also includes avariety of
document types, including electronic journals, monographs such astechnical reports, ecological
and envirormental datasets, satellite imagery, biological sequence data and patents.

Projects were selected based on the use of emerging models for the relationship between the
various entities in the information chain (users intermediaies primary publishers seconday
publishers, online vendors, and others) asthey relaeto archiving; the metadata information that is
being gat hered; how the archive will be maintained and accessed; an estimate of the coststo be
incurred for art-up and maintenance; and outstanding issues and possible best practices. While
technologies for storage and retrieval may be mertioned in the report, technology is of secondary
interest to the understanding of policy and practice.

The primary audience for this report is thel CSTI and CENDI memberships, with a secondary
focus on a presentation to be given to the World Scientific Conference. It is expected that the
results will also be of interest to a broader audience and that the findings should be usable by
ICSTI to determinewhat role it might play in further efforts regarding digital electronic archiving.
The report will dso be shared with those who paticipated in the study.

Data Colledion and Analysis

This project invol ved extend ve data collection including areview of the literature, corntactswith
experts and two questionnaires. T he methodology is described below. Because of the extensive
information available related to DEA, it was necessary to highlight severd key projects. The
selection of these projects is also described.

M ethodology

The data collection occurred in two phases. Thefirst phase sought to cast abroad net and
identify projects that might be relevant to DEA. The second phase included more detailed follow-
up on the projects that looked most promising. In each phase, information was gathered through
surveys of thelCSTI and CENDI members, literature searches, and contacts with experts.

In the first phase, an intial survey (see Appendix A-1) was sent vialistserv to ICSTI and CENDI
members. The survey wasintended to identify possible DEA projects both within the member
organizations and those known to members within their subject disciplines or geographic regons
Of the 55 ICST | and CENDI members, 18 responded. The survey was also sent to other listservs
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including NFAIS, Dig-Lib, ASIS-L, ASLIB, IFLA, and ARL, and to key members of the Society
for Scholarly Pullishing which does not have alistsarv.

Anintial literature search was also conducted of both traditional published literature and Web
resources. T herewas much information available on the Web regarding digital archiving, but it
gave few spedfics. Many of the documents, as with the traditional published literature,
emphasized theissues and chdlenges of digita archiving, rather than documenting actua systems
experience. However, the literature search provided several valuable bibliographiesin digital
archiving and electronic publishing, and helped to identify additional experts and projeds.

Contacts were also made with numerous information organizations. These included national and
international library organizations (International Federation of Library Associations, ASLIB,
Association of Research Libraries, Council on Library and Information Resources, the Research
Library Group, the Coalition for Networked Information, the Federd Library and I nformation
Center Committee, the Online Computer Library Center, and the Corporation for National
Research Initiatives), publishing and database producer organizations (National Federaion of
Abstracting and Information Services, Society for Scholarly Publishing, Association of American
Publishers), national libraries (British Likrary, the U.S. national libraries of Agriculture, Medicine,
and Education, and the Library of Congress), electronic records management and archive
organizations (Archimuse, National Archives and Records Adminidration, UK Public Record
Office) and digital libraries (Digital Library Federation, Los Alamos National Laboratory’s
“Library Without Walls’, and the California Digital Library).

In addition, the Principd Investigator attended three conferences. A meeting of the U.S.
Depatment of Agriculture Digitd Publications Preservation Steering Committeewas atended on
February 19, 1999. Thismeseting provided insightsinto the issues from the point of view of
operations staff in one area of the scientific discipline. In addition, the Principal Investigator was
asked to give a presentation on the effort being undertaken by ICSTI and CENDI. The second
meeting was aU.S. Nationa Science Foundation Workshop on Data Archival and Information
Preservation held inWashington, D.C. onMarch 26-27, 1999. The Principal | nvestigator
participated inthe general sessions, and in specific discussions about the requirements for digital
archives ard policy issues surrounding archives. She also described the ICSTI/CENDI dfort
when the discussion turned to the question of model projects and best practices. Finaly, the
Principal Invedigator attended the wrap-up sessions of a NISO/CLIR/RLG Technical Metadata
Elements for Image Files Workshop, held in Washington, D.C. on April 19, 1999.

Since thisfieldisrelatively new, and, often operators are not researche's and writers, it isnot
surprising that the mgjority of the information came from persona contacts and word of mouth.
(A list of contributors and additiona contacts is presented in Appendix D-1 and D-2.) Fromthe
literature searches and other expert contacts, an additional 16 projeds were identified for initial
review.

Based onthe intial review of the 35 candidate projects 19 projects were sdected for more
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detailed review. Follow-up discussions were conducted viae-mail or in person for 15 of the
selected projects. The discussion outlineis provided in Appendix A-2. Infour cases, the
organizations did not respond to e-mail and telephone request s for information, but sufficient
information was found via their Web-sitesand additional literature.

Highlighted Pr g ects

The purpose of theinitia survey wasto identify operationa and prototype projectsthat could be
considered noteworthy, innovative, or cutting edge. It wasimportant to “weed” through the
responses to identify those projeds whichshould ke highlighted. The criteria for selection
included:

adherence to the | CSTI/CENDI definition of digital eectronic archiving, i.e., that the
original was published in digital formor that the digital archive will be the sole or primary
archive and that the purpose of the archive islong term preservation and reuse
innovation and “ cutting edge” approaches in areas such as metadata standards, storage
technologies, intellecual property rights management, cost/resour ce models, policy
developmert, etc.

degree to which the sysemisoperable

inclusion of scientific and technical information

datatype; snce ICSTI/CENDI wereintereded in a variety of data typesapplicable to
science and technology an effort was made to ensure cover age of mgor dataand
document types in the sciences

Thefollowing tabl e highlights the 19 sdected projectsby key characterigics. More conplete
descriptions are contained in Appendix C. The mgority of theinformation concerning possible
models, best practices and costs was devel oped from these projects which were considered to best
med the criteriafor “modd” projects outlined above. However, additional projects that were not
reviewed in as much detail are used throughout the report to show trends and comparisonsin
particular areas.
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Highlighted Project

Brief Description

Special DEA
Characteristics

American Astrophysical Sodety
(US)

Learned society archiving its own
journasand also linkingto a
larger i nter national system of
astronomy literature.

Collaborates with other astronomy
sodeties and govenment

organi zations to maintain complee
linked access tothe astronomical
liter atur e, includi ng an ar chive of
core literature for the last 150
years. Found money for major
system migration will likely be
covered by current operating cogs
rather than special escrow fund.

American Ingtitute of Physics (US)

A learned society in physics which
archives theelectronic journals and
supplementary mateial.

Extendvelicensing agreement
information for cugomers.
Providesarchiving as a service to
member sccieties who puldish.

Atmospheric Radi ation
Measurement Program (US)

Data center that storesdata and
metadata generated by this DOE
program which measures sunlight,
meteorology, clouds, temperature,
water vapor, €etc.

Large volume of dataingest (6-8
GB per day) and use (1-2 GB per
day).

Carbon Dioxide Information
Analysis Center (CDIAC)
(International)

A subject-specific World Data
Center that monitors carbon
dioxide levels.

Meets the ariteriafor a World Data
Center. Requires agreement for
perpetual care of datasets.

Distributed Object Computation
Testbed (US)

This pilot project at the San Diego
Supeacomputer Cente and
numerous other locationsis
sponsored by DARPA and the US
Patent and Trademark Office.

The Distributed Object
Computation Testbed (DOCT) has
created atestbed system for
handling compl ex

documents an geographically
distributed dataarchives and
computing platforms. The
technologiesshould apply

to the infor mati on needs the US
PTO and othe U.S. federal
agencies. Technologies include
replicated archives redundant
communicaion paths and
advanced database technologies to
access haerogeneous databases in
a secure environment.
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DITT (Defense Infor mati on
Technology Testbed) (US)

A prged of the U.S. DaD. Effort
funded by the National Technology
Alliance.

Archiving multimedia oljects
includi ng video from Unmanned
Aerial Vehides still imagery,
transcribed text, and audio voice-
oves by pilots. Original material
received from Joint Analysis
Center in the UK and information
is stored and presaved at Ft.
Leavenwarth, Kansas, USin a
multimedia data warehouse system.

ElecronicPublications
Preservation Project/Electronic
Journal Cdlection (Canada)

EPPP was a pilot project to
preserve dectronic jaurnals
publishedin Canada. The
Electroni ¢ Journal Col lecti on now
incorporates them in the normal
workflow.

Incorporated preservation of Web
documentsinto regular flow of
deposited material. Addressed
intellectual property and document
extent issues. Recently published
guidelines.

Environmental Infor mati on
Management System (EIMS) U.S.
Environmental Protection Agency
(Us)

The EIMS system is providing an
EPA-wi de information
management envi ronment centered
around distributed databases.

Developing a structure in which
archived datasets can be
automatically ingested into Oracle
databases for integration and reuse
with othe databases, using tools as
they evolve.

EVA -the aoquigtion and
archiving of electronic nework
publications (Finland)

A joint project of libraries,
publishersand expert
organizations led by the Helsinki
Univ. Library-Finnish National
Library and funded by the Finnish
Ministry of Education.

Harveging and archiving digital
information relevant to Finland.
Connections tointernational and
regional standards. Emphasi zes
added value through links and
inter active e-journals. Published
collection guidelines.

HighWire Press(International)

Stanford Univ. Library program to
support small learned sccieties in
electronic publishing.

Provides archive along with other
electronic publishing services.

JSTOR (International)

Third party repositary originally
funded by the Mdlon Founddion.
Now a non-profit organization.

“Fina resting place.” Often
required by library consortia as
trusted third party depository.
Well-devel oped, tiered cost
structure for access. Archiveis
built bath from current eledronic
submissions and scanning of paper
backfile.
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Kulturaw3 Royal Library, National
Library o Sweden (KB) (Sweden)

Royal Library, Nationd Library of
Sweden project to test methods for
collecting, preserving and
accessing Swedish electronic
materials, including periodicals,
static documents and dynamic
document with links.

The approach is tomake the
capturi ng as automatic as possibl e.
Robots have been tested which
collect publications based on the
.Se extension, location of the Web
server in Swelen even though it
has a .com extension, and foreign
produced pages with a Swedish
connection, eg., trand ations of
Swedish literature. Material would
be mllected and downlcaded to the
KB server routi nely without review
or selection. For eledronic
periodicals, a method similar to
that of PANDORA is usal to
monitor and harvest evay isaue.
Also testing hierarchical storage
architectures, off-line archive
storage methods and metadata
requirements. At least two runs of
the robot have been done. Policy
that requires depost of electronic
journals.

Long Term Ecologica Research
Network (LTER) (US)

Federated centersfor emlogical
information.

Working on a heterogeneous
network approach with the
National Center for Eoological
Analysis and Synthesis (NCEAS)
and the San Diego Super computer
Cente.

NASA Di stri buted A ctive Ar chive
Centers (US)

Federation of expert centers for
global changeinformation

Matureinfragructure for archiving
datasets and providi ng customer
support, information productsand
tools.

Nati onal Digita Archive of
Datasets (UK)

Centralized data center for
depositing government datasets
within the UK Public Recards
Office. PRO has separ ated
responsibil ity for datasets from
“officedocuments”.

Working on gandards for
documentation to be supplied with
datasets.

Natural Environment Resear ch
Council (UK)

Data cente for environmental
science in the UK.

150+ year histary for some of its
data collecti on centers. Federated
data centers with extensive data
management guidelines.
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OCLC Electronic Journals Project
(International)

Online bibliographic utility, which
provides a variety of servicesto

libraries including copy cataloging,

serials cataloging, search util ities,
etc.

Provides e-journal archiving as a
serviceto member libraries and
makesthem available via the
OCLCnetwork. Alsoproviding
links between local likrary journal
holdings and thefull text, so that
the article levd bibliographic data
is retrieved through an OPAC
seardh.

OhioLINK Electronic Journal
Center (US)

Library consartia of various library
typesin the state of Ohio.

Agreamentswith publishers
require e ectronic resources to be
archived by the EJC.

Preserving and Aaessing
Networked Documentary
Resources in Australia
(PANDORA) (Auwstralia)

National Library o Australia
project to archive Intern et-based
Australiana, including Web sites,
electronic jour nals, etc.

System for automatic harvesting of
Interng with a “gathering
schedule” Guidd ines for sdlection
of all types of dectronic objects,
including ephemera.

The highlighted projects cover six countries (U.S. (9), UK (2), Canada (1), Australia (1), Sweden
(1) and Finland (1)). Four organizations are consdered to beinternational in scope, because their
funding sources and scope are not bound to aparticular country. T he projectscomefroma
number of sectors including government scientific and technical programs, national archives,
national libraries, learned society and commercia publishers and other research ingtitutes. The
major object types in the sciences are also included — electronic journals, technical reports,
numeric data and patents. The mgjor datatypes are dso included -- text, data, images, video and

multimedia

General State of the Art/Practice

The issue of archiving digital objects brings together severd normally diverse communities --
archivids, records managers, librarians, daa center managers, and data producers. Thereis so
much activity among various groups that it isdifficult to encapsulate the general sate of DEA.
There are numerous groupsworking onthe issues, for example library organizations (Coundl on
Library and Information Resources and the Internationd Federation of Library Associations),
archivigs (Society of American Archivists and Archimuse), and numeric data collectors
(Consultative Committee for Space Data Sysems). Funding has been provided by the European
Commisson (the Committee on Tdematics and Telecommunications, through the DLM),
governments and government agencies (Defense Technical |nformation Center, National Library
of Medicine, U.S. Department of Agriculture), public archives (the U.S. Nationa Archives and
Records Administration and the UK Public Records Office), depository libraries (the National
Library of Australia, the National Library of Canada, the U.S. Library of Congress, the British
Library), private grants (Mellon Foundation, Long Now Foundation), the U.S. National Science
Foundation (the U.S. Digital Library-1 and 2 research initiatives and a recent National Science
Foundation Workshop on Digitd Preservation), and individual organizations (Getty Information
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Institute, the Arts and Humanities Daa Service, and the Research Library Group).

Within the traditional archivesand records management organizations there has been much
interest. While many of these activities focus on administrative and gover nment documents and
dat asets, they dso include documents and datasets resulting from government funding of scientific
and technical research. The Society of American Archivists hasissued a stat ement on the
preservation of digitized reproductions

(www. archivists.or g/lgovernance/resolutions/ digitize.html). A joint statement concerning

el ectronic records managemert has beenissued by the public records archives of theUS,
Audtrdia, the UK and Canada (www.pro.gov.uk/recordsmanagement/eros/ercollab.htm). The
UK, Australia and the European Union have significant electronic records intiatives underway. It
is significant that the governments with extremdy adive electronic records initiatives, such as
Austraia the UK, and various Nordic countries, also have some of the most advanced activities
in nore traditional library aress.

There are several major groups tha have done significant background research in the area of

DEA inrdation to digita libraries. These include the Research Library Group, the Arts and
Humanities Data Service, and the UK Online Library Network (particularly the e-Library
Programme). While the RL G hasmembers who are sdentific and technical librarians, the mgjority
areinthe artsand literature. The AHDS isresponsible for much of the effort in the arts and
humanities for higher education in the UK. While the focus of this project is not on the arts and
humanities, many of the reports and white papers sponsored by these groups can inform the
discussion of digitd archiving for other disciplines. Therefore, these documents are used heavily
in this review and the results and ideas are extrapolated to the scientific and technical arena.

The date of DEA is interesting in tha the “cutting edge” projects may not beinthe physcd or
socid sciences, but in the humanities. There are numerous projectsthat have astheir bass
literature, art, and cultural heritage. The latter is a particular motivator for governments who feel
that they are losing a generation of culture, because it is pubished on the Web and then
disappears. There are several major projectsin this area including SCRAN (Scottish Cultural
Resources Access Network) and the AMICO Project (Research Library Group, and the San
Diego Supeacomputer Center). Some of these projects address the mogt complex type of
electronic archiving -- that of multimedia objects.

Identified Organizational Models

The highlighted projects were analyzed for commonalities that would identify operational models
for DEA. The approach taken isan organizationd one, emphasizing the role of the archive center
in theinformation chain. The analysisisloosely based on the previous work sponsored by the
Arts and Humanities Data Service (AHDS) (Beagrie and Greenstein, 1999.), which provides a
framework for digital archiving based on the information life cycle -- creation, management,
dissemination and storage. Rather than the six organizational structures (data banks, digitizers,
institutional archives academic archives legal deposit libraries, and funding agencies) identified
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by AHDS, we have idertified five mgjor models (daa centers, institutional archives, third party
repogtories, publicaion serviceprovidersand legal depositories). These nodels are based on
differencesin the information flow, responsibility and owner ship of the data, and the economic
mode. 1n each case, the distinct characterigtics of the organizational model are described, aong
with important information concerning intellectual property and economic issues.

Data Centers

Thedatacenter model isthe most maturewithin the saentific community. Someof these data
centershave exiged in one form or another sincethe 1960's. The role of the data center isto
goreand locae uponrequest the datathat the creator or producer providesto them. Generally,
the operational archives of this type in the sdences collect numeric data with text limited to
documentaionfiles Thedata deposited with the center may be created by the center itself or
deposited by otherswho are partnersin the particular mission, but the acquisition and col lection
policies aredetermined by the sponsor. Inaddition marny data centers provide services to a
particular user community as ameans of disseminating the information more broadly, and also, in
some cases, raising revenue to support the activity. Use of the information is often key to the
centers’ missions, and so the data centers are often involved in the development of summary
produds from a 9ngledataset or theintegration of multi ple datasets, the creation and distribution
of software for use with archived data, and customer service to their particular user groups.

Many of these centers support large-scale, global data collection programsin the Earth and
environmentd sciences, including dimaology, meteorology, and gobal change Significant data
centers also exist in molecular biology, geneticsand biochemidry. These data centers often
categorize themselves as active archives, meaning that the data is continually reused and added
to. The benefit of the archive is in its continuous reuse, modification, and integration. The size
and longevity of the archive are its two biggest assds.

Three subcategories of data centers have been identified in this study -- centralized, federated and
cooperative. These categories are based on the degree to which the archival storage and
managemernt responsibility is distributed across one or more sites.

The Centralized Data Center

The centrdized data center acquires digital oljeds from other sourceswithinitsdiscipline or
region, taking over sole responghility for their preservation. The acquisitions may be based on a
network of &filiated organizations but the archive itself is centralized.

The UK Nationd Digital Archive of Datasets (NDAD) is an example of a centralized approach.
Under contract to the Public Records Office (PRO), the University of London Computer Center
and the Library of the University of London have developed an accessible archive of government
datasets. The PRO continues its respondbility for seleding what should be held in along term
archive, then it isthe responghility of the NDAD to get the dataset into its system, to catalog it to
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standard, to transform it as necessary, and to preserve it. In some cases, the NDAD also provides
the software needed to use the dataset. While many of the datasets are administrative in nature,
there are sveral that deal with environmental monitoring or hydrology data.

NDA D hasasingle infragtructure which supports the archiving services of various forms (Ashley,
Personad communication. 1999). Inarecent aticlein the NDAD Newdetter, Kevin Aghley,
Project Manager, emphad zes the importance of an integrated archive. He pointsto the fact that
by having scientific datasetsthat span multiple locations, the whole (which isill growing) is
greater than the sum of the individual parts. Thisisaso true of the CDIAC, where datasets have
been integrated that uniquely cover natural events for over 20 years.

Another example of a centralized archive approach is that of the World Data Centers (of which
CDIAC isone). To becomeapproved asaWDG an agreement is made to acquire and collect
data on atechnical area, make it available for active research, and than maintain it in anarchive.
If acenter should go out of busness, part of itsresponsibilitiesareto ensurethe data is
transferred to another inditution for preservation

The benefits of a Centralized Data Center:

. increased control on the part of one archiving organization
. easier adherence to archival standards
. eader integraionof data from various datases

The challengesof a Centralized Data Center:

. funding is generaly tied to amgor sponsor who drives policy and visibility of the
preservation of material. To the extent the mission is active research thereis a
question of what will happen to the older data.

. may |leave some key information out of the loop for usersbecausethe producer or
owner camot meet the requiremerts for central depostion

. possibly more difficult for the central organizationto react to changes in hardware
and softwaretechnologies and the needs of the user community

. requires transfer of data or redundant storage by two organizations, which may

result in issues of vaidity and owner ship

Federated Data Centers

The federated data center model consists of a series of distributed organizations that take
responsibility for a particuar areaof expertise. That areamay be built on subject, geography, or
organizational misson. Each node in the network has responsibility for a defined portion of the
science, but overal policies for preservation and access are established at a central management
level. They “collectivdy provide a physically digributed but logically integrated database.
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The most prominent example of this model is the federation of NASA’s EOSDI S Distributed
Active Archive Centers (DAACSs). The eight DAACs support the Earth Observing System
(EOS), which has resporsibility for thelong-term global change research program designed to
improve understanding of the Earth's interrelated processes involving the atmosphere, oceans,
land surfaces, and polar regions. These data centers are hosted by geographically digersed
ingtitutions including government installations, suchas NASA’s Langley Research Center and
NASA’s Goddard Space Flight Center, academic institutions such as the University of Colorado
a Boulder, and by contractor operated Stes such asthe Oak Ridge National Laboratory.

Each center processes, archives, and dstributes EOS (Earth Observing System) and other NASA
Earth Science datain anarrow area of the discipline (land processes, upper a mosphere, snow and
ice, biogenochemical dynamics, hydrologic cycle, etc.). Each data center provides services
tailored to the specific needs of itsindividual discipline and user communities. Together they
provide over 900 data sets and coordinated services (access, redaction and summarization,
anaytica tools, customer service) to support interdisciplinary Earth science research.

(ivenova.gd c.nasa.gov/daac/)

Access to the entire system is provided through the Earth Science Search and Order System
hosted at the Goddard Space Hight Center, usng Goddard' sIM S Web Gateway. Users are able
to seachfor and order from any of the DAA Csthrough asingle search. ThelM S provides both
Web and graphical user interfaces to accommodate avariety of user computing environments
ranging from desktop PCs to sophisticated graphical workstations.

The Naturad Environment Research Council (NERC) data centersin the UK are organized in a
similar fashion. The seven centers arehoused at universties and research institutions, based on
their expertise and infrastructure cgoahilities. The infrastructure developed by NERC supports
not only the archiving of the digitd daa, but its active access. This must be inplace in order for
an organization to be consdered a data center in the NERC federation. The integration of the
distributed databases is achieved through common dataformats and awell-defined daa
management policy tha is shared acrossthe federation (www.nerc.ac.uk/environmental-data/). In
additionto the active life cycle management for new datasets, NERC continues to incorporate
legacy datasets into its colledion. George Darwall, head of the NERC regrets that the regimen of
life cycle management was not in place for the 150+ years for which some of the organizations
involved have been collecting data. (Darwadl, Personal communication. 1999)

The Long Term Ecological Research (LT ER) Network fostersthe synergy of infor mation systems
and scientific research toward the goal of promoting ecological science

(www.Iternet.edu/ documents/Report s/Data-management-committee/1995-DM -
committee-report/im_1995 report.ntm). The LTER sitescollect and archive ecological data.
Some sites also archive related textual material such as proposals, theses, papers and research
summaries. The LTER Data Catalog contains over 2,000 entries (www.lternet.edu/DTOC). The
LTER sites are developing a Networked Information System, a “distributed, LTER-wide
information system using a modular approach, while maintaining and building on present
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functiorality.” (Porter, Personal communication, 1999.) The sites have arelatively high degree of
autonomy. For example, the migration for hardware and softwareisthe responshility of each site
and at any given time, one or more stes areundergoing sgnificant upgrades However, thedata
managers meet regularly and share best practices and common concerns.

The economic model for federated data centers generally indudesa comhination of earmark
funding viacontract or grant from asponsoring agency or organization, and fee for service. Both
the NASA DAACs and NERC charge for the datasets depending on the use to which they will be
put. Much of the DAAC datais government produced, and, therefore, the charge is solely for the
formatting and distribution, not for the original collection of the information. In the UK, NERC
aimsto provide “inexpensive access’ to those researcher who will advance the knowledge of the
field but not for commercial gain, and who will publish their reaults in the open literature. Daa
may be supplied to these users either free of charge, at a nominal handling fee, or at a discounted
rate. Revenue from the commercia use of NERC' s datais used to offset the cost of the
collection and long term data management of thearchive.

The question arises how well this model holds for other datatypes? While these centers archive
terabytes of numeric datawhether from ground or remote sensing instruments, the data isfairly
homogeneous and sinple binay or ASCII data streams.

The benefits of the Federated moddl include:

. integrated databases that canwork together to support the mission

. backup for the provision of cusomer servicesthat spanthe centers

. provison of gecial toolsand services by discipline or user community
. power to create policies

The challenges of such amodel include:

. funding may till betied to amajor integrating sponsor who drives policy and
visibility of the preservation of material

. the integration of distributed databases is difficult to maintain, particularly asnew
software and data management approaches appear, since it requires consersus
across multiple archives

. it may be difficult to add new centers of expertise asthe communities and
disciplires change
. it may be difficult to devd op data structures, interfaces and information

management policiesthat are scalableto all scientific and technical disciplines and
object types (both NERC and DAACsfocus on rdatively small areas of the total of
science; and on asingle format type)

. it may be difficult to use this model for archives where the desigrated user
communities are numerous and very fragmented, because one of the main godsis
to provide standardization for a ecific user conmunity
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. ensuring funding for the coordineation efort that must dill go on to ensure
compaetihility across thefederation

Cooperative Data Centers

The challenge of maintaining integration across federated datacenters has led to theidea of
developing alooser feder ation of center s based not on homogeneity, but on heter ogeneity. In a
recent technical report on the issues surrounding the archiving of Earth science data, Bruce
Barkstrom of the Atmospheric Sciences Divison at NASA Langley Research Center, argues the
federated DAAC model cannot be maintained into the future and that the ability to search across
heterogeneous databases, including legacy databases, is criticd to accessin the future (Barkstrom,
1998). Mr. Barkstrom promotes the idea of cooperative data centers. This approach epouses
that the current data centers will evolve into heterogeneous data centers that exchange data.
Barkstrom, who acknowledges that this level of cooperationwill take along time to implemert,
states tha “thisvision suggests afuture that cortains individual datacertersthat cooperae to
provide services that are more hel pful than any could providealone Thisvidon doesnot require
a single homogeneous approach.” 1ssues such as thelong-term archival requirements, the data
structures for archival holdings, and the user views of thedata will differ by discipline and by user.
This cdls for extreme flexibility, whil e requiring extersive documentaion and adherence to
standardsin such documentaion. It isnoteworthy that the standardsfor documentation
submitted along with datasets is a current project of the UK National Digital Archive of Datasets.

The cooperative centa approachisat theheart of a budding consortium of ecological data
producers. This approach “recognizes the highly distributed nature of ecologicd data as well as
its extr eme heterogeneity in structure and content.” (Jones, Personad communication, 1999) This
project will federate infor mation sources through a distributed data network including the L ong
Term Ecologica Research (LTER) Network, various field stations and laboratories, the National
Center for Ecological Analysis and Syrthesis (NCEAS) at the University of California at San
Diego and the San Diego Supercomputer Center (SDSC). This national network isin thedesign
and early prototype sage, but it will involve theuse of highly gructured metadata in XML to
facilitate integration, access, and exchange of ecological data. Most of the work to date has been
done at the individua participating institutions-- LTER (the information system), NCEAS
(structured metadata), and SDSC (a distributed heterogeneous data system called the Storage
Request Broker). Several proposdshave been submitted to increase the funding and the pace of
thisproject.

The proposed benefits of a cooperative data center model include:

. increased flexibility and autononmy among the participants

. easier incorporation of new centers becausethey do not need to meet such
stringent guidelines for incorporaion

. may mor e adequatdy address the heterogeneity of content and datatypes in certain
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disciplines such as ecology

. may alow broader areas within and across disciplines to be networked, based on a
core standard with extensibility for what is unique about each discipline
. since multiple organizations are assumed to be involved, there may be a broader

and more stable funding base - if one organization drops out the others carry on

The challenges of the proposed cooperative data center approach include:

. reaching theminmal standard for interoperability — achieving the badance

. developing standards for the documentation that is required to adequately describe
the datasets and arny required software

. integraing thetoolsand content while not confusing the user community

. ensuring funding for the coordination efort that must gill go on to ensure
interopeahility

The economics of the data center modd isfarly smple. The owner or producer of the
information funds the data center or network of data centersto store and make the data accessble
to the user community. In most cases, there is some community (whether the employees of a
particular or ganization, members of asociety, or the general public) who have accessto the
archivein an online environment for no cost. Other user groups may be charged for accessin
order to recover some of the costs of the archive. Charges may also be levied for specia services,
such ascugomized datasets and formats, or for commercial uses of the data. Unfortunately, data
centers are gererally supported by soecific programsor projects. While this provides a focus for
the data collection, user community interaction and creation of added-value information products,
it also makes the cernter dependent on short-term rathe than long-term funding.

The I nstitutional Archive

Institutional archives are departments or branches of an ingtitution that collect and preserve the
intellectual capital for that institution. These ingtitutions include publishers, data producers,
societies, cultural organi zaions, government agencies, academic institutions and industries of
various types. The role of the publisher as archivist is covered in more detdl inthe section on
Life Cycle Managers and Their Roles -- Publishers.

While in many ingtitutions, thistype of corporate archiveis moreinterested in preserving the
higory of theinditution, induding changesin ownership, directorship, business practices, etc.,
many of these organizations are also involved in scientific and technical information. The
expressions of this research may differ depending on the type of organization.

The “cutting edge’ research in science and technology from academic ingtitutions may take the

form of datasets, software or other objects. The results may be expressed in conference papers,
laboratory notes, contract/grant reports, preprints, or forma monograph or journal article
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presentations. Faculty members are also beginning to develop their own Web sites, which may
include theresultsof their research, inadditional to biographicd informaion. Theresultsof
student’ swork may be presented in theseforms as well, but also in theses and dissertations.

Particularly prevalent among universities are examplesof digital disertationsand theses. In
addition to the individual universties, there is a federation of universties --- the Networked
Digtal Library of Theses and Dissertations (NDLTD). The individual theses and dissertation
servers from other universities that are linked in this federation continue to grow, with many
univergtiesin Europe joining. Driven by the advances indistributed information processing, we
see the push here, aswith federat ed data centers, toward aloose federation based on commonly
accepted standards. Joining requires the installation of certain server software and text
submission in PDF. Much time has been spent on the social and organizationd aspects of theses
and dissertation deposit, but there isno forma plan for digital archiving, other than routine
backup and recovery procedures. (Fox, Personal communication. 1999) It isnot arequirement
for NDLTD partnership that there be a plan for long term preservation. This has served as a
model for similar projects at the Royal Institute of Technology in Sweden and some Audralian
universities are investigating a digributed archive of researchtheses modeled on this approach

There are many examples of institutional archives within indugry, and athough there are very few
that focus on digita information, thisisthe most rapidly growing area, particularly with the
impetus from “knowledge management” trends. In arecent NSF Workshop on Digital
Preservation it was noted that the major impetus for formal electronic archives within an
organization (or moving from paper to electronic) is mandate or regulation (Busch, Personnel
communication, 1999). Thisis particularly true within the pharmaceutical industry where digital
archiving is arequired follow-on to electronic submission to the U.S. Food and Drug
Adminigtration. Smith Kline, for example, hasa sgnificant program in this area, which mug, in
the short term, cope with a variety of word processing, database and modeling formats. (Brunone
and Roberts, Personal communication, 1999). Other scientific industries with similar needs
indude the chemical and petroleum industries.

It appears that industry archives are likely to grow inthe future, particularly if the benefits of
knowl edge management sysgems develop asenvisoned. In comedionwith intranet devd opment,
many companies are purchasing software to support knowledge management and consider the
informationwhich is now being saved to be part of along-termarchive tha will support decision
making in the future. While the current emphasis may be on the document management and
integration of disparate information sources across the enterprise, as the corpus of material builds,
it is likely that more atention will bepaid to digital eledronic archiving isues in this sector.
However, juxtaposed with the benefits of digital preservation by industry is the concern anong
the corporate legal community that preserving this information may reault in unwelcome legal
actions and outcomes in the future.

There was insufficient time in this study to pursue extensive examples of DEA within the
proprietary environments of sciertific-related industries. However, it islikely that examples exist
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that would inform the discussions about the preservaion of particular data types and uses or
archival information by various user groups.

The benefits of an Ingitutional Archive include:

. provides a repository of cutting edge research

. can be based on aformal organization structur e where rewar ds and incentives can be
applied to digital archiving

. the archiveis organizationally closer to the originetor of the information which may meke
communication on format, migration and reuse easier

. the archiveis organizationally closer to the funding source of the information which may

give the archive more lobbying ability
The challenges of an Institutional Archive include:

. in many institutions the incentives are not in place, based on the culture that recognizes
only formd printed publications or near-term information expl oitation

. depending on the type of ingtitution, the digital archive as an overhead item may be
considered expendald e when budget cuts are necessary

. depending onthe sze and primary business of the institution, it may be ill equippedto
handle any activities beyond the smple storage of the initial DEA submission, leaving the
data preserved but inaccessble

Third Party Repositories

An newly emeaging archival model isthe Third Party Repository. Thisis an organization other
than the originator or institution that owns the object (publisher or other institution archive) that
archives and presaves objects from one or maore originators or owners. Two types of third party
repositories have been identified: repository management agents and puldication service
providers.

Repository Management Agents

Repository Management Agents serve as trusted third party repositories, but do not serve any
other function in the value-added chain. They are acting as agents for the learned societies, the
publishers, or thecreators. Thisnew “organization” provides a safeguard for the other points in
the system by providing accessto the digital work should the publisher or producer of the
information determine that they can no longer archive the material or if they go out of business.

This is thetype of service provided by ISTOR. JSTOR focuses onjournd literature, both current
electronic versions and paper backfile conversion. The project was originally funded by the
Mellon Foundation, but is now incorporated as a not-for profit organization. Phase | of the
JSTOR Project scamed and archived 117 journds in 15 humanities and socid science disciplines.
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Phase 11, which was recently announced, is a general science cluster beginning with agreements
withthe American Associationfor the Advancement of Science (AAAS) and the Proceedings of
the National Academy of Sciencesto archive their electronic journals and convert back issues
from paper. Thiswill include over 100 years of sciertific literature from AAAS and PNAS issues
dating from 1915. (It is interesting to note that AAAS, as a publisher, isalso working with
multiple repositories. Inaddition to JSTOR, AAAS is didributing its eledronic version, Science
Online, on its own Web site and through the HighWire system.) Elizabeth Bennett, head of the
JSTOR’s Princeton Production Fecility acknowledges that archiving scientific literature is
different from the humanitiesin terms of the complexity of layout and the amount of color and

graphics.

OCLC's Eledronic Journals Project also providesthird-party archiving. OCL C takes a publishers
dataand makesit avalable to member librariesthat have asubscription to the dectronic journd,
ether directly with the publisher or through ajobber. OCLC currently has over 2200 journds
from46 pubishers, of which 1500 are mounted. What differentiates the OCL C servicefrom
similar services provided by jobbers is that OCLC iscommitted to archiving the journals forever.
The publisher must agreeto send acopy of the gppropriate dectronic issuesin PDFto OCLC if it
can no longer provide access or if it goes out of business. In most cases, the puldishers provide
the dectronic copies immediately, because OCLC as an online utility is better equipped to handle
the network resource issues, such as multiple simultaneous users. (Hearty, Personal
communication. 1999.) However, there are still some publishersthat have their own online
systems and for which a pointer is provided in the bibliographic data that links to the publisher’s
onlire system OCLC retans a database indicating the year to which the library has subscribed to
each particular journal, so that access is given only to those issues for whichthe library has
subscribed. Users pay asmall access fee. As usea's come increasingly to OCL C for “one stop
access”, OCL Cisreviewing its business models and fee structure for thisservice. The
recommendations will be shared with the OCLC User Courcil and Board later this year.

Another notable third-party agent is The Internet Archive (www.archive.org) created by Internet
guru, Brewster Kahle (www.sciam.com/0397issue/0397kahlehtml). The Internet Archive takes
snapshots of theWeb and preserves dl Web pages, newsgroups ftp sites, gophers etc. that are
publically accessible or that have not beentagged as “ off limits” through a registration form that
dlowsownersto indicate that they do not want to beincluded inthe archive. The collection is
over 12 terabytes and contains 5 separate sngpshots of the Web. The Internet Archiveisnow in
the process of gat hering resour ces through its commercial entity caled Alexa Corp., to make the
archive accessible to the public via a simple Web interface. They expect to have the interface
developed within ayear or so. (Mack, Persona communication. 1999.) While Dr. Kahle's
approach has received much press and discusson within the community, thisapproach requires
signficart resources and it is unclear what to do with the snapshot once you have it. However, a
copy of one of the snapshots has been ordered by the US Library of Congress for research
pUrposes.

The examples of third-party repositories that have been implemented to-date have a user-oriented
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economic model. The third-party recaves the archive from the producer, but inthe case of
OCLC and JSTOR, the expenseis paid by the user or library. Inthe case of JSTOR, thereisa
multi-tiered pricing schedule based on the size of the institution. The pricing is also divided into
an annual fee for the maintenance of the archive and a one time start-up fee. This provides
spedfied users at the subscribing institutions access to any iteminthe archive for the subscription
period. It should also be noted that neither of these operational systemsare comnercid in nature
Both OCL C and JSTOR are incorporated as not-for-profit organizations. There is no example yet
of a truly commercid digital eectronic third-party archive. This may indicate that theindustry is
not mature enough or that commercial entities do not envision sufficient profits from a business
that provides archived digital materials.

The biological sequence data bank isan unusud type of third party repostory archive, because it
is a public/private collaboration for which no fees are charged. It reflects the efforts of an entire
scientific community. As the sequences to be printed in paper copy becamemore complex, there
was amove on several fronts, particularly among the biomedical publishers, to have the sequences
deposited and to simply print an identification number that would provide accessto the sequence
information. Many organizations including the national libraries, |earned societies and biol ogical
publishers supported the requirement that sequences must be depaosited with a data bank prior to
acceptanceof ajournd aticle for publication. Throughthis institutional requirement the data
bank s related to protein, nucleotide and gene sequences have expanded and become vauable
resources particularly for computer manipulation. While some of these dat a banks have

intellectud property issuesassodated with them (the Online Mendelian I nheritance inMan from
John'sHopkinsUniv.), some of the largest (GenBank and the Protein Sequence Data Bank) arein
the public domain. Fees are not charged for depositing, searching or downloading the
information. Ther e are some members of private industry that take periodic copies of the
GenBank datato load in-house, in order to ensure privacy relating to the kind of searching that is
being done on the data bank. (Benson, Personal communication. 1999.)

The benefits of a Repository Management Agent are:

. sharing of resources and costs for amaller publisherdproducers

. may be necessary in order for apublisher to meet alibrary’s requirement for dectronic
archiving of alicensed electronic resource

. organization is focused on archiving issues

. if repository isfocused on a particular data type it can provide specific tools for that type

The challenges of a Repository Managemert Agent are:
. ensuring that the third party can be trusted

. tailoring the s orage and access when the repository isworking for multiple
publishers/produce's

35



Publication Service Providers

These organi zations provide publishers with a variety of services including design, development,
distribution and marketing of electronic journals. These publishing services may also be jobbers,
brokers, agents, or network providers. They are involved in these traditiona aspects of the
scientific information chain, and have enhanced these services by providing avenuesfor ectronic
journal archivesto be created. The benefit from this approach isthat these or ganizations
(EBSCO, Blackwell, Dawson, Ovid, Swets) act as“E-Journal Consolidators” (Okerson, 1999.)
providing access to multiple journals as asingle collection. However, few of them have
acknowledged that they will take on the responsibility of long-term archives.

An exceptionisHighWire Press(intl.nighwire.org/) , oneof the larges of these publication
service providers turned archives with 110 journals online as of March 1999. HighWireis simlar
to JSTOR, but it has publishing responsibilities for many of the journals that it archives, and has
focusad on journals in science, technology and medicine. The mgjority of its partnersare
scientific societies. Stanford U niver sty founded HighWire as a department within Stanford in
1995 over concern that these societies would not be able to transition to the technologies needed
for more advanced scientific communication in anetworked world. HighWire hastherole of
“partner, agent of change, and advisor.”

Under the guidance of the devel opment teams which include scientids, librarians and publishers,
HighWire's gpproach to online publishing of scholarly journasisnot just to mount electronic
images of printed pages, but rather to add links among authors, articlesand citations. HighWire
has also developed advanced search cgpabilities, provided high-resolution images and multimedia
as gopropriae, and works toward a more interactive dectronic journd senvironment.

Unlike, JSTOR, HighWiredoesnot appear to have asmuch interest in providing acomplete
backfile archive of a particular journal title. 1t does not do extensive scanning of backfile
materids The span of issues available via HighWire depends on the particular journd. Several of
them have electronic versions dating back to the early 1970's. The two services appear to be
complementary in that J-ST OR focuses on the older material and HighWire focuses on providing
innovative services into the future. For example, Science on HighWire datesto 1995, while
Science on JSTOR is planned to include all 100+ years whenthe paper issues are scanned.

Another example of apublication service provider that also provides archiving services is
ADONIS (www.adonis.nl/) . This organization, which started as a collaboration among several
publishers to test the provision of electronic journals on CD-ROM, is now owned by Blackwell.
They provide an archive for over 60 scientific, technical and medical publishers.

Providers of preprint server systems may also act as long term archives. Preprint servers are

systems including storage, access and presentation interfaces, that provide access to pre-
publication materials. In the case of certain preprint servers, these have expanded to include
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materid past the prepublication stage of the life cyde. These systems support thereview (peer or
informal comment process), bibliographic access and subsequent ar chiving for preservation.
Preprint servers may be organized around the discipline or the institution.

The most famous preprint server isPaul Ginsbarg's Preprint Server at the Los Alamos National
Laboratory. This project beganwith the narrow discipline of High Energy Physics and then
expanded into other areas including math and computer science. This preprint server is also
becoming a vendor or archive repository service by serving as a host for other organizations
archives. The Assodationfor Computing Machinery (ACM) has announced not only thet its
scholarly journas will be available through the preprint server, but that the LANL system will
support the archiving of the history of computer science. (Arms, Personal communication, 1999).

The relationships between Publication Service Providers and other archiving ertities can be very
complex. For example ingenta, Ltd., an eledronic publishing service in the UK that provides
online journals and dat abases to a consortium of academic libraries in the UK, createsthe
electronic journal files for small or medium sized publishers. Inan agreement between ingenta
and OCLC, these filesare then provided to OCLC for archiving purposes
(www.ingenta.com/Tfedocs/press/oclc.html ). The arrangement for archiving is made between
the publishing services agent (ingenta) and the third party repository (OCLC), rather than directly
between the publisher and the third party.

The economics in the Publication Service Provider model is also the most complex. The business
relationships are heavily dependent on the size of the community being served, the commercial
value of the current and archive information, and other business relationships that may exist
between the entities. For example, in aparticular instance the publication service provider may be
gaining sufficient revenues from the pubdisher or producer of the digitd work that the archiving of
the information is included without cost. 1n other cases, there may be no supportive reverue
stream and the publisher must pay for the archiving service. In some cases, there will be sufficient
revenues to be gained from users of the archive on an ongoing basis that the revenue is ather
solely provided to the archive or shared with the publisher.

The benefits of Publication Services as archives are:
. publi cation servicesunderdand the particular producer/aeator market they support
. may be less expend ve asrevenues from other publication services may be used to

subsidize the cost of archiving

The challenges of Publication Services as archives are:

. ensuring proper focus on the Publication Service on the long term preservation and
archiving issues when their main busness may be in other services

. ensuring the longevity of the publication service

. managing the variety of intellectual property issues involved ina more complex business
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model

L egal Depositories

There are generaly two types of legal depositories, national archives and national libraries. These
institutionsgenerally differ inthe type of material that is collected and the purpose for that
collection. The responsibility of the national depository (or archive) isto document the business
of govemment, which includesadminigrative documents Thelibraries aregenerally charged with
maintaining the culture, higory and intellectud output of the country by collecting what is
published within that country either in general or in a specific discipline (agriculture, medicine,
etc.). While these types of legal depositories may be housed in the same organization, there are
differencesthat are of interest to the archive question.

National Libraries

In addition to the publishers there isa significant interes in electronic preservation on thepart of
national libraries. The national libraries are mandated to acquire, catalog, preserve and provide
continuing access to the published material fromtheir country or in support of a particular
national interest such as agriculture or medicine. Many nationa libraries are beginning to extend
their mandate into digital works.

One of the most significant projectsis underway in Austraia. PANDORA (Preserving and
Accessing Neworked Documentary Resources in Australia) isa project of the Natioral Library of
Audralia. Astheintial grant goplicationstates “..the overall god of this project is to develop
and implement procedures for the capture, archiving and provision of long term access to online
electronic A ustralian publications selected for national preservation. It will cover the full range of
material s published onlinein Australia - including serials, newspapers and books, scholarly papers
and theses, as wdl as unique online formats like * homepages'. The PANDORA project hopes to
provide access to future generations to an archive that represents the state of Australian online
publishing from its earliest day - the incunabula period of online information - up to its most
current manifestation.”

Wendy Smith, who headed the project in its early phases, notesthat “The hardest thing, at the
moment, isensuring that the version of any publication captured into the ar chive faithfully
represents the online edition (www.na.gov.au/nlastaffpaper/wsmith3.html). This has involved a
careful andysis of each publication selected for archiving in order to undergand bothits
publishing schedule and the way the information is arranged on the ste. All publications currently
being archived have been assessed and a‘ gathering schedule’ determined. Thisdeterm nes how
frequently the online publication will be captured and a copy transferred to the archive.

Monitoring and selection of publications for the archive began in early 1996. During the first

year, three publications of the initial twenty selected for the ar chive disappeared from the Web.
An emergency rescue operation wasundertaken for one of these publications, when a notice was
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posted that the stewould closein afew days. The other two vanished without aforward link and
without informing the Library, eventhough the publisher had agreed to the archiving of the site.
This represerts aloss of around 15% of the intial material. This percent may be higher than usual
dueto ingtability in early Australian Web publishing, and it is expected that overal the loss will be
less. However, the datistics point to the fact that a fully operationa PANDORA ar chive will
remedy this situation through timely capture of all relevant publications.

Asof February 1999, the PANDORA a chive has collected over 1,000 Audrdian electronic
journals, magazines, wetwzines, e-mail fanzines, etc. They are accessible from the National
Library's Web Server.

The Library is currently considering a national model for the preservation of online information.
The volume of material produced in Audraliais such tha it is unlikely that any dngleinstitution
will ever be able to preserve everything. Universities, state libraries and national research

organ zations may teke responsibility for thar own stes. The Library is also talking to sate
libraries about taking responshility for state-based information such as state and local council
publications.

Currently, the Library isaso focusing on the PADI (Preserving Accessto Digita Information)
Project (www.nla.gov.au/dnc/tf2001/padi/padi.html). “PADI aimsto provide mechan sms that
will helpto enaure that informationindigital formismanaged with appropriae consideration for
preservation and future access. It focuses on providing tools, education and collaborative
projectsthat encouragethe presarvaion of digitd information.” PADI has developed a Web site
with significant links to ot her preservation projects, particularly among nationd libraries. The
NLA believesthat the outreach and training provided through the PADI activities will reduce the
complexity and perhaps the resources needed to continue the PANDORA archive.

A prototype project smilar to PANDORA was conducted at the National Library of Canada. The
Electronic Publications Pilot Project (EPPP) was conducted from June 1994 to July 1995. Itsaim
was to “identify and understand all the challenges associaed with acquiring, catal oguing,
preserving and providing access to Canadian electronic publications’
(collection.nlc-bnc.cale-coll-elereport.htm) . For the pilot project, the EPPP team used a smdll
number of Canadian dedronic journals and other representative pubications freely availalde on
the Intemet. Based onthe report, the resultsof thisand other electronic publication pilot projects
have been mairstreamed into the regular operations of the NLC. TheNL C Hedronic Colledion
incorporates formaly published Canadian online books and journals
(collection.nc-bnc.cale-coll-e/index-e.htm). These publications are being acquired, catalogued,
and per manently stored at the NL C. Public accessis provided on the | nter net through the Web.
Catal ogue records for Electronic Collectiontitles, including the Uniform Resource Locators
(URLYS), are available from the NLC’ s online public access caalog.

National Archives
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The U.S. National Archives and Records Administration (NARA) has an Eledronic Records
Center whichis responsible for the archiving, preservation and access to U.S. government records
that exist only in electronic form. Generally, this certer is not concerned with el ectronic copies of
information that have aready been deposited in paper. According to the center’s Web site, “The
records hdd by the Center for Electronic Records are witnesses themsel ves to the evol ution of
computer technology - our earliest records were created as early as World War |1 and reflect
punchcard technology in use since the 1880s. However, most of the electronic records at NARA
date from the 1960s, and number over 30,000 files. The scope of the holdings is quite diverse - as
diverse as the activities and interests of the Federal Government itself.”
(www.nara.gov/naralelectronic/) NARA provides guidance to U.S. federal records managers
through its publication “Managing Electronic Records, National Archivesand Records
Administration Instructional Guide Series’
(gopher://gopher.nara.gov/00/managers/federal/publi cat/d ecrecs).

NARA has a0 funded a project at the San Diego Supercomputer Center (www.npaci.edu/DICE
/naral) to develop thearchitecture for a persistent electronic archive. Using Usenet messages a
corpus of word processing documents, and a ries of data collections, SDSC is prototyping an
architecture that will handle heterogeneous data types in collections. It uses metadata and a
container architecture to store digital objects separ ately and recreate the collection based on the
metadata. Aspects of thisproject include ingestion of large data collections, the metadata needed
to recreate collections, the managing of heterogeneous data collections, the architecture for laying
out the collections on storage media, interface desgnisaues, and performance and cost measures
The prototype system is managing approximetely 1 million records, but the project calls for an
architecture that is scalable to 40 million records.

While NARA has responsihility for federal records of all kinds, the Federal Depository Library
Program (FDLP) is more limited in scope. This program ensures tha U.S. federally funded
research publications are made available to the public through deposit of materials by agencies at
gpproximately 1,400 federd depostory libraries, most of which are housed at large academic
research libraries. The mandate for the FDLP process isthrough Title 44 of the U.S. Federa
Code, andis supported by the government printing procedures that require agencies to procure
certain print services from the Government Printing Office and natification to GPO of eectronic
publicaions.. The FDLP hasrecently published a plan for transitioning to electronic information
whichincludes sciertific and technical information. The FDLP planfocuses on a didributed
archive that relies on flexibility and a network of par tner ships including government agencies and
the FDL P member libraries. Generadly, the archive versons of the gover nment information will be
held either at the originating agency or at the Government Printing Office, with network access
availabde from the FDLP sites.

Under the FDLP Electronic Transition Plan, approximately 20 libraries have begun a prototype
with the Nationd Technica | nformation Service. (Finch, Personal communication. 1999.) Inthis
prototype, NTIS will make avail able via the Internet the full text of government technical reports
at no cost. For thepilot, the bibliographic database must be searched at the main library.
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However, giventhe order number, the usa can print or download thefull text anywhere on
campus. This prototype will provide information to NT IS about cost recovery and to the FDLP
about the use and adminidration of these materials in a di gributed environment.

The economics of legal depositories vary from country to country. However, in generd, the
magjor funding for digital eectronic archiving comes from the budget appropriations for the
national deposgtory or library. Whether or not additional revenues or off ses can be oltained from
customers depends on the informetion policy rulesof the particular country. The depostories are
exempted from the payment of licenses or fees for the depositing of the data.

It should also be noted that operational DEA systemsat legal depositories are generally expected
to be paid for from the exigting budgets of the depostories. IntheU.S,, legidation passedin
1998 requires a substantial move toward electronic government with a subsequent impact on the
NARA, with no additional funds earmarked for the handling of suchrecords at the agency levels.
In the UK, the Public Records Office devel oped a mgjor el ectronic depository project because of
the cost of increased warehouse space for paper archives. (Tombs, 1999.) The U.S. National
Agricutural Library has undertaken a mgor development project on archiving electronic U.S.
Department of Agriculture publications (Uhlir, 1998). However, the current conceptual
development of the infrastructure and systems to support this must be handled within the current
budget (Andre, Personal communication. 1999.) The National Library of Australia also noted
that the work on archiving digita Audtraianafrom the Internet is being done within current
budgets (Phllips, Persond commuricaion. 1999). Aswill be noted under the discusson of
economics, lack of funding allocations lead to a bagc limitation in dealing effectively with DEA
chdlenges. It is a credit to the foresight of leaderswho are making the invegmernt based on
professonal commitment. The economic solutions will need to befound.

Inthe current Stuation, there are few mandates for depostion of electronic materialsin
depostories (particularly the deposting of eectronic publications). Therefore, librariesin
particular areincurring the cost of acquisition by contacting the producer s or harvesting the
Internet for possble archivable materials. Itisunlikey that the libraries can maintain this effort, if
mandates are not put in place to eliminate their information gathering costs.

The benefits of alLega Depository are:

. mandates and regulations can require that material be made available

. may be able to require more standardization

. funding may be more readily provided for the depository than for the original program that
creaed the electronic information

. legal and inditutional infrastructures are already in place

The challenges of a Legal Depository are:

. many depositories have long histories of paper-based ar chives, which may create problems
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when trying to upgrade guidelines and systems to support electronic records

. national depostories, unless specificaly desgned for asingle datatype or subject, will
have to handle a largevariety of datatypes and subjects
. ongoing national depositories will have to integrate paper ar chives and electronic archives,

assuming that it is unlikely that all paper archives will be converted to digital
. funding has generally been inadequate to support current paper archive activities, let done
the electronic input

. ensuring compliance
. issues of thedepositing of digital information have not been worked out in most countries
. there are significant concerns about the security of intelectud property rights by owners if

legd deposgtion isextended to digital worksthat are then made availabde on anetwork

Interoper able Archives: Open Archival |nformation System M odel

The need for increased heterogeneity among archives hasled the Consultative Committeefor
Space Data Systens of 1SO to develop an Open Archival Information System (OAIS) architecture
(ftp://nssdc. gsfc.nasa gov/publ/ sfdu/isoas/ int07/CCSD C-650.0-W-4.pdf.) Thegod of this
architecture isto provide aframework inwhich a variety of archives can be developed. It
Identifies the characteristics of an archive that mug be met in order to preserve and provide
0ongoing access.

The key components of the archive include a series of object-oriented metadata packets that
provide the information necessary to ingest, manage, and reuse the archived information. The
conceptual data model begins with an Information Package, a conceptual containe including two
types of information, Content | nformation and Preservation Description Information. The
Content Information includes the actual digital object (i.e., the bits) and the associated
Representation | nformation needed to under stand the bits. Descriptive I nformationis held
outside the Information Package and cortains metadaa necessary for discovery of the resource.
The Preservation Description Information portion of the Information Package includes
information that is needed to undergand the Content Information for long-term preservation. It
includes Provenance, which describesthe source and history of the Content Information; Context,
which describes how the Content Information relaes to other Content Information; Reference,
which provides one or moreidentifiers by which the Content | nformation can be uniquely
identified (e.g., an ISBN, Digital Object Identifier, URN, etc.); and Fixity, a wrapper which
protects the object against undocumerted alteration (e.g., a checksum). In addition to the
Information Pack age data model, the OAIS describes modes for Submission Packets, the
information needed when an I niformeation Package is submitted by a producer to the archive (or
fromone archive to another). Asthe obed moves from ore archive to another, the Submission
Packets are cumulated into an Archival Information Package for preservation. At the access end,
aDissemination Information Pack age has been defined which provides necessary Packaging
Information to alow the user to distinguish the package from others without “opening” the
contents of the Information Package itsdf.
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In addition to the conceptua model, the OAI S Reference Modd describes the responsibilities and
interactions among the entities involved in the archiving process -- producer, archive,
management, and consumer. |t also includes detailed functional models for the primary activities
performed in archiving, such as ingest, archival storage, dat a management, administration and
access

While the goal of the CCSDS was interoperability of space communication information, they
really developed the model with a broader view inmind. After the fact, mary on the committee
believe that this reference model can be used to develop similar archives for other data types.
(Sawyer, Persond communication. 1999.)

The OAIS referencemodel is being used as the basis for the infrastructure architecture under
development by the CED ARS Project (www.leeds.ac.uk/cedars). The CEDARS project deals
with more traditiond electronic library materials, but they are designing their network of archives
as OAlIScompliant archives While the project is still initsded gn stage and there are no results
to report, CEDARS s “grappling with dements of an implementation - particularly for fitting
published material for which there are both rights negotiations and access control mechanisms
[necessary].” Insome casesthe “opermness’ of the OAISmodel isbothitsstrengthandits
weakness. (Russell, Personal communication, 1999.)

The OAIS may be agenerdizable reference modd. T he concepts behind the modd have pardlels
in other communities Through such an architecture, it may be possible to not only provide search
systems that operate across heterogeneous dat abase structure more easily, but across
heterogeneous data types -- numeric, text, video, image and even multimedia. The architecture is
presented in an object-oriented fashion which trangtions well to XML and RDF applications.
However, thelanguage of the current white paper definitdy places the model within the data
community. Inorder to make it morewidely usalde, it will be necessary to interpret the model for
various archival communities and stakehol ders.

Life Cycle Playersand Their Roles
In discussing the various models we touched on many of the stakeholdersin the information life
cycle. The following sectionstake a different view of developments and focus on the changing

directions and roles of the players themselves.

Creators/Producers

To date there has been little involvement on the part of the creat or/producer in the archiving
process. Inthe PANDORA, NERC, DAAC and NDAD archives, the creator producers may be
minimally involved in the ar chiving process by providing easier accessto their materias, by
providng documentation, and by signing agreements allowing for various degrees of access.
PANDORA indicated that while most of their materials are obtained through harvesting robots,
there are cases where a creator/producer “pushes’ the material to the archive viaftp or CD-ROM.
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However, despite limited involvement to date on the part of creators, it is with the creator that
archiving must start inorder to be successul and efficient. Compliance onthe pat of the creator
is particularly important in situations such as depositories and corporate archives where either
through regulation, coercion or rewards creators producedigital objects to certain standards.
These gandards while they may still be de facto, provide some semhblance of order in the chaos.
They reduce the number of possibilities that the archive must deal with.

Publishers

Many of the large publishersare creating their own archives based on the provision of their
products in electronic form, as counterparts to their print products. Several years ago, publishers
began to realizethat if the archiva version of their efforts were stored in such away that it could
be reused, there would be additional bendfit and revenue to be gained fromthe repository.

For the publisher this has meant attention to not only the technical details of controlling an e-
journal, but the intellectua property issuesaswell. Itisimportant for publishersto consider the
copyright agreements that they have with authors, to ensure that they have the right to continued
reuse and to migrating the contert to new plaformsand formats. (Meyers& Beebe, 1998.)

Two of the most notable publishers who have taken on archiving responsibilities directly are the
American Institute of Physics (AlP) and the American Chemical Society (ACS). Both of these
are learned, professiona societies that are charged by their member s with preservation of the
knowledge produced intheir respective fields. They also have long histories as secondary
publishers, accustomed to the online environment and the necessity of archiving secondary
information for reuse and periodic reloading.

AIP currently archives all journals available via its Online Journal Publishing Service (OJPS). In
addition, the supplementary materials are archived in the EPAPS (Eledronic Physics Auxiliary
Publication Service). In addition to archiving its own publications, AIP will provide archiving as a
service to member societies for which AIP provides publishing support, but the cost of such a
service hasnot yet been determined (Ingoldshy, Personal communication, 1999).

AIP ismost notable for its well developed Archiving and Usage Policy
(http://www.aip.org/journal s/archive/index.html). Policiescovered in the document, which was
developed by atask group of AIP publications staff, librarians and users, include access rights of
current subsaribers, lapsed subscribers and non-subscribers downoading, and the availallity of
physical copies of the archiveand the cost for these copies. The policy also identifies to the user
AlP's approach commitment to archiving and its approach to technology migration, refreshing of
media, and retractions and corrections. In the latter case, the original aticles are not altered, but
annnotations are made to text explaining the retraction or correction to the article The AIP has
planned for oneor more secondary archive sites, which will provide backup and may be used to
spread the access across multiple geographic locations. In addition, the primary archive is never
used for its online searching service, but is archived to enaure that its contents are not altered.
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ACS has 26 journals available via ACS Web Editions (www. pubs.acs.org). While most of the
journals are those without advertisements due to concerns over the presentation of the
advertisements in an orline environment, Chemica and Engineering News, whichincludes
advertisement, was recently made available via Web Editions. With the exception of newer
journd titles, all archives include material back to January 1996. The ACSiscommitted to
archiving itsjournalsinto the future, but it isn't clear whether the back issuesthat exist only in
paper will be scanned and included in this archive (Garson, Persond communication, 1999).

There are unique agpects to the learned societies tha make them stand apart as models for digital
archiving. The AIP noted that itsuse of the word “ archiva journd” to characterizeitsjournalsin
physics and related subjects, refers to “the longganding requirement by scholars for a body of
literature that reliably records all published and established knowledge’ (Scott, Personal
communication. 1999.) The electronic archive is seen as an extension of this objectivein the
electronic era. Unlike commercia pulishers, the society publishers believe that they have a
mandate from their menbership to preserve their publications and continue to provide access,
regardless of whether the econonics are bereficial.

As an extenson of the learned society commitment to preservethe intellectud efforts in its
discipline, the American Astrophyd cal Society collaboraes with other astronomical societies to
make available a worldwide body of astronomical literature. Each producer maintains its own
archive, and links are made and retained between items through referencesin the full text, cited
references, and through links to billiographic databases inthe astronomical sciences In this case,
AAS, idertified the possible negative economic impact of thislevel of archiving and established an
escrow account that would take a small amount from current income to migrate to a new system
and SGML structure every five years. However, AAS now believesthat thiswill not be
necessary, and that these costs for maintenance of access and of the working journal are covered
well enough under current operations. (Boyce, Personal communication. 1999.)

Commercia publishers, on the other hand, may be mor e driven by the economic benefits of the
archive for reuse. It is not clear how the economics impact the role of the commercial publisher,
since no commercial puldishersresponded to the survey even thoughthey were contacted. It
should be noted that the NEDLIB, networked depository library project funded by the European
Union, has gponsorship from Kluwer, Elsevier and Springer. These organizations have also been
indudedin mgjor digital library projects such as the Los Alamos National Laboratory’s “Library
Without Walls® and the OhioLINK consortium. Many commercia scientific, technical and
medicd publisher sunder the auspices of the STM Publishers group recently held a workshop in
Washington, D.C. on April 22-23 on electronic publishing, including DEA issues
(209.41.0.61/stm/index.html).

Secondary Services

Aninformal survey conducted by the National Federation of Abstracting and Informaion Services
(NFAIS) in July 1998 indicated that there was littleinterest in thistopic among the NFAIS
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menmbership of largdy seconday pullishers (Kaser, Personal communication, 1999). However,
this may be more a matter of perspective than redity. Secondary services, particularly in the
sciences, have historically considered the longevity of their services as akey asset.

Secondary services have historically beeninvolved in paper archiving in anindirect, but often
critical way. For some typesof literature, particularly the journal article level, secondary services
have served astheinitia catalog for discovering that the item exists and may be of interest to the
user. Secondary services connected to government agencies and learned societies have had a
direct connection to the archive, by providing the location and ordering information for the actual
document in thearchive. Other commercial and not-for-profit secondary services have had looser
connections to the archives through arrangements with large journal archives at research libraries
which can serve as document delivery sources for the contentsof the secondary catal og.

Thistraditional role of the secondary service may be reinvented in the electronic archive
environment. For example, the National Library of Australia has recently begun efforts to engage
secondary services inthe provision of metadata that is appropriate for use by the PANDORA
catalogs. Provision of metadata that canbe harvested and connected to the Australiana tha ison
the Web, with conversion or enhancemert to full MARC catal oging would reduce the intense
resource requirement s faced by NLA as they proceed with PANDORA.

There has also been some suggestion that the secondary publisher could fill the nichefor DEA in
certain disciplines (Kdly, 1997). Firg, the secondary publisherstend to be organized by
discipline, aggregating the works of multiple publishers. Unlike primary publishers, they have
tended to expand out to non-textual material with many now cataloging Web sites, CD-ROMs
and other digital objects.

They may also providethe more extengvefinding aids that are necessary to bring together a
network of archives across disciplines and for interdisciplinary purposes, because they provide
more extensive acoess points than simple Tables of Content. The secondary armsof publishers
such as Elevier, the American Chamical Sodety and the Ameican Institute of Physicsare
becoming increasngly interrelated with the primary arms. Inasingle publisher environment, they
are providing the metadata support that PANDORA envisions. OCLC'’s Electronic Journal
Service is already lirking the bibliographic databases available through its ECO and FirstSearch
systemsto the archived electronic journals. As archives of thisnature grow, it is likely tha
support for the archive provided by the secondary services will also grow.

Librariesand Library Consortia

Much of the concern about thearchiving of digital information has come from the library
community in relation to the burgeoning development of electronic journals either with our
without print counterparts. Unlike the print model, where a subscription purchased the physcal
itemwhich the library could archive, the initial electronic journals dd not consider archiving at all.
Librarians, interested in providing electronic resources for the ease of use of their constituents,
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suddenly found themselves paying the same, or more, for the online eectronic version with no
owner ship of tangible goods and no guarantee of access should they be unable to subscribe in the
future or should the publisher or the journal ceaseto exist. Since scholarship and thelibrary role
considers this a mgor responsibility, a number of initiatives were begun.

This situation, along with attempts to reduce the burden of one-off agreements between
publishers and libraries, has led to model licenses that begin to address DEA issues. The model
licenses and guidelines from the Association of Research Libraries
(www.arl.org/scomm/licensing/principleshtml), the International Codition of Library Consortia
(ICOLC) (www.library.yale.edu/consortia/statement.html) , and the UK Universities and
Publishers (www.ukoln.ac.uk/servicedelib/papers/pallicence/Paji sc21.html) provide standard
language related to the archiving of the material received electronically. The ICOLC guidelines
suggest that an archiva copy shall be provided to the library. The J SC agreement with the
Publishers Association inthe UK requiresthat the publisher provide for the ar chiving ether itself
or through athird-party repository. In most cases, accessto these archivesis limited to the
members of the organization or to those who can access the archive from a specific geographical
location/site.

OhioLink isaconsortiaof various types of libraries within Ohio (www.ohiolink.edu) . OhioLink
was an early advocate of el ectronic dissem nationand sought to provide accessto a vaiey of
electronic journals. The Electronic Journd Center (EJC) is OhioL INK’s self-operated, multi-
publisher, aggregated collection of electronic journals. After analyss of the options, OhioLINK
determined that its own site would give them “the best combination of performance, functiondity,
and integration with other resources and the archive.” (Sarville, Personal communication, 1999.)
Typicaly, the complete electronic journal collection of a puldisher islicensed. OhoLINK
currently has the collections of Elsevier Science, Academic Press, and Project M use |oaded.
Upcoming loads will indude the American Physicd Society (APS), Kluwer, Wiley and Springer.
OhioLINK receives (CD-ROM or ftp) and loads bibliographic, table of contents, article abstracts,
and articlefull text datafrom the publishers. (For APS, they will be loading only the bibliographic
record and then linking to the full text onthe APS site.) The archive is avail able onlire to
students, faculty and staff at Ohio higher educationinstitutions. There is no cost to users for
accessor downloading of articles However, if a user wants to print an article the local library
may have a small per page printing fee. There are other exanples of libraries that require that
they be dlowed to mantain copies for archival purposesas part of their agreementswith
publishers (University of Michigan, Royal Institute of Technology Library in Sweden).

However, it isunlikely that all mgjor libraries, let alone medium-sized libraries, will be able to take
the gpproach of OhioLINK. Theeconomics of librariesand library consortia are different from
other models. Because the digita library concept is based on access rat her than ownership, and
librariesgenerally do not havethe resources to support large data centers the resporsibility for
the archiving of digital objeds inthismodel islikely to fdl outside the digital library organization.
Even within the large digital library organizations, the library function is often separate from the
data center, where the organization’ scurrent data may be stored, and also from the archive which
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may be hosting relevant organizational e ectronic records.

The digital library seeks to bring these all together, but the stewardship and ownership are
elsawhere. Therole of most librarieswill beto advocate and where necessary require tha DEA
issues becovered in licenses and contracts. They may d 0 seek new relationships with third party
and ingitutional archivesto achieve thisgoa. There will continue to be power in consortia and
ever changing digital library organizations. “...to redlize digital economies of scale can and
amost certainly will result in digital libraries that effectively manage their collections by alocating
funaional responghbilities for their operation largely outside their organization, in ways that are
quite different from how we are presently accustomed to seeing them. Indeed, if we look closdy
at the research university, we can see that the political, economic, and other conditions that shape
the use of digital information inthis community of our common interest are giving rise, before our
eyes to new and distinctive kinds of libray organizations.” (Waters, 1998).

Funding Agencies

No funding agencies were interviewed for this report. However, many experts interviewed
indicated that succesgul archives are dependent on both initial and continuing support from
funding sources. The most continuous archives inthe data and print arenas have had funded
mandates. This is still critical inthe new environment.

The officials from some of the more established data centers, when asked about the cost issue and
what could be done to improve the effectiveness of DEA, indicated that programs conducting
research must also fund the appropriate data management. One of the products of suchresearch
should be the data project. Among many programs where data management is key, there has been
thought given by the information managersto preservation of the data beyond the length of the
program. One program has committed to manage the data for the length of the program, but
offiad guidance has not been given It is now in the sixth of seven yearsof data collection, with
another 6-7 years expected after that. T he Management Team estimates that there will be active
analysis on the data for at leas another 10 years after collection ceases, and ongoing reuse may
extend well beyond that. There has been discussion on how to get money to cover data oncethe
program is completed, but there is no commitment yet from funding sources to do so. Much
depends on governmental appropriations, which is often aroller coaster process. The one long
term solution, that of a data endow ment runs quite contrary to the short term cycles of many
governments. Thisis discussed further under the Economics section.

Users

To date, there appearsto be little involvement on the part of the end user in the archiving process
other than to support the use and, sometimes the funding, of the archives. Thisis particularly true
in the case of the data archives which are not acting as national depositories. Their continued
funding depends on the testimonies of the users, and a high degree of customer serviceisa
strategy to keep the archive visible, usable, and funded.
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Best Practices by Life CycleFunction

Although DEA is new and the field iscompex and changing, as a result of the review of

oper ational and prototype DEA projects, we have identified a number of best practice areas and
some examples of active approaches. The section should be of interest for both the operational
areas that have emerged, as well as the active current examples of ways to address these areas.
The best practices are organized by the applicable stage in the life cycle management -- creation,
acquisition/collection development, cataloging and identification, storage, preservation and long-
term access.

Creation

All groups involved acknowledge that creaioniswhere thelong-termarchiving and preservaion
must start. First, consideration to the long-term value of the information on the part of the
creator may be a good indication of the vdueplaced onit by peoplewithinthe ssmediscipine or
area of research in the future. The US Department of Agriculture s Digita Publications
Preservation Steering Committee has discussed the concept of having the creator provide a
preservation indicator inthe document. Thiswould not take the place of formal retention
schedules, but it would provide an indication of the long-term value that the creator, asa
practidng researcher, attachesto the document’ s contents.

Secondly, the preservation and archiving process is made nore efficient when attertionispaid to
issuesof corsistency, formet, standardization and metiadata desaription in the very beginning of
the information life cycle. The Oak Ridge National Laboraory (Tennessee, USA) recently
announced guidelines for the creation of digital documents. Limits are placed not only on the
software that can be used, but on the format and layout of the documents.

Othersin the information creation chain for formal published materials, such as publishers,
funding sources, learned societies, etc. can play alarge part in promoting such attention on the
part of the creators. Governments and institutions are beginning to require a more limited nunber
of formats and attached metadata for objects created under their auspices. As standards groups
and vendors move to the incorporation of Extensibde Mark-up Language (XML) and RDF
(Resource Decription Framework) architectures in their word processing and database products
the creation of metadata as part of the origination of the object will beeasier. However, work
remains to identify the gecific data elementsneeded for long-term preservation asopposed to
discovery, particularly for non-textual data types likes images, video and multimedia.

Acquisition and Collection Development

The most extensive acquisition and collection polides have been developed by the national
libraries invol ved in digital archiving. Thisisprimarily becausethere continues inmog cases, to
be questions about legal deposit of digital materias, and guidelines are helpful to establish the
boundaries. AstheNL C notesinitsrecently published collection guidelines, “The man difficulty
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in extending legal depasit to network publishing is that 1egal depasit isa relatively indiscriminate
acquisition mechanism that aims at comprehensiveness. In the network environment, any
individual with access to the Internet can be a pubisher and the network publishing process does
not always provide the initial screening and selection at the manuscript stage on which libraries
have traditionally relied in the print environment. I n addition, because electronic publishing is
innovative and changing in nature, legal deposit legislation should remain open-ended enough to
incorporate a wide range of existing and potential electronic materials and should gipulate as few
restrictions as possible. Selection policies are therefore needed to enaure the coll edtion of
publications of lasting cultura and research value.” (www.nlc-bnc.cal pubsirm/eneppg.htm)

Similarly, even though the goal of the PANDORA project is the preservation of Australian
Internet publishing, it isimpossible to archive everything. Therefore, the NLA hasformulaed
Guidelines for the Selection of Online Australian Publications Intended for Preservation by the
National Library of Australia (www.nla.gov/au/scoap/guidelines.html). These guidelines are key
to successful networking of the gate librariesinto the Nationa Collection of Augtrdian Electronic
Publications.

Scholarly publications of national significance and those of current and long term research value
are archived comprehensively. Other items are archived on a seledtive basis “to provide a broad
cultural snapshot of how Australians are using the Internet to disseminate information, express
opinions, lobby, and publish their crestivework.” In al cases, NLA, in the absence of digitd
deposit legidation, seeks permission from the copyright owner before copying the resource for the
archive. (Phillips, Parsonal communication, 1999).

The major document types archived by PANDORA include:

1 Monographs - fixed content as in a traditional print publication cumulative or evolving,
whose contents change over time

Serials
- regular serials - issues appear sequentially in traditional print publication patterns,
andfit the definition of 'serial’ for cataloguing purposes and for assignment of
International Standard Serial Numbers (ISSN)

-evolving serids, whose contents change over time

Home pages

Epheamera (the Guidelines include an entire appendix dedicated to the selection of
ephemera)

The specific criteriafor selection include:
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adgnificant proportion of Austraian content or be on a subject of socid, political,
culturd, religious, scientific or economic significance and relevance to Australia and be
written by an Australian author

the sole version of awork, or, if the work has multiple versions such as print or microform
in addition to the online, the online has significart additional information or value.

Authority and long term resear ch value (Support or sponsorship by an officia funding
body would be one factor only, which might influence a decisionin favor of sledion.)

1 Topical isaues as determined by the Collection Development Manager

Although, content is the pre-eminent factor determining selection, selection is also based on
the ability of the archive to successfuly handle the digital objed technically. Sometimes there are
pages that depend on programs that reside on the publisher’ s server, such as pages that are
created “on-the-fly.” PANDORA has not successfully archived these types of pages to-date.
(Phillips, Parsonal communication, 1999.)

The Royd Library, National Library of Sweden takes an entirely different approach to collection
development (kulturaw3, kb.se/ html/projectdescription.ntml). Instead of evaluating and selecting
material, the Kulturaw3 approach is to run arobot periodically to capture sites from the .se
domainand fromknownWeb servers that are located in Sweden even though they have .com
extensions. 1 n addition, some materia isobtained from foreign sites with material about Sweden,
such astrave information or trandations of Swedish literature. The Swedish opinionisthat itis
impossible to know now what will be of value in the future, so they are not making value
judgements. However, they have set priorities for periodicals, static documents, and dynamic
documents suchas HTML pages. Conferences, usenet groups, ftp archives, and databases are
conddeed lower priority. Inthe most recent reported run of the robot inlate 1997, the robot
found 9.5 million URLs from 26,000 Web sites. Of these, about two-thirds were found based on
the .se extension.

The EVA Project at theFimish National Library uses techniquessimilar to those usedin Sweden.
However, the guidelines from EV A identify issues to be considered when harvesting using robots.
In order not to overload the servers being harvested, particularly the public networks, EVA has
established time limits. Timelimits are set to about 60 seconds between visits to asingle Web
server and 1 month between capturing and recapturing asingle URL. Developers at EVA
consider this approach to be “very rough and not flexible enough for archiving purposes’
(Helsinki University Library and Center for Scientific Computing in Finland, No Date.), preferring
that the time limits be more configurable at the server and preferrably at the individual URL
levels. In practice this means that the scheduler must be a database application which can be
modified by the librarian.

For data centers, dataset content is determined by expert reviewers, some internal and some based
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on externd peer advisory groups. T hese centers are very mature in terms of their content
evauation functions. When resources are not sufficient to cover maintenance of all datasets, then
this peer review determines what shall continue to be preserved.

Determining Extent

Connected to selection is the issue of extent. What is the extent, the boundaries, of the digital
work? How high or low within the work do you archive? For publishers and repository agens
thisisnot a question, because the extent is determined by the originator. However, thisisnot the
casefor the national libraries and depositories. They must establish guiddinesfor extent. Asthe
NLA Guidelines state, “if a publication has a number of internal or external links, the boundaries
of the puldication need to be decided. [For PANDORA| Internal linksonly are archived. Both
higher and lower links on the site are explored to establish which components form atitle that
stands on its own for the purposes of preservation and cataloguing. [For PANDORA,] preference
isgiven to breaking down large sitesinto component titles and selecting those which meet the
guiddines. However, sometimes the components of larger publications or Stesdo not stand well
on their own but together do form avauable source of information. In this casg, if it fitsthe
guidelines, the site should be selected for archiving as an entity.” The Web harvester used by
PANDORA is“programmed’ to select only those URLsthat are inthe samedirectory or in
subdirectories of the URL that isprovided. Smilar guidelines are used by the EVA projectin
Finland.

Archiving Related Links

An interesting issueraised by the hypertext linking of digital objects, is the quegion of what
should be archived? Is the object the single source itemor its related hypertext links? What
about adocument that is made up of a series of links, connected by a Table of Contents page?
What about citations and references that are links? Thisissue has been addressed by projectsin a
variety of ways.

Most organizations archive the links, but not the text of the lirked cites. AlP archives the links
(URLs or other identifiers) but not the text or content of any of those lirks, unless the linked item
happens to be in itspublications archive or in the supplemental material which it also archives.
Similarly, DOE OSTI does not intentionally archive any links beyond the extent of the digital
object identified. However, the document may be linked to another document if that document is
another DOE document inthe OSTI archive.

In adlightly different approach, the National Library of Australia has chosen to archive the linked
item, only if it is on the same server as the source item it is archiving, believing that thereis less
likelihood that the hypertext-linked item will disgopear, unlessthe original source does as well.
Similarly, the Electronic Publications Preservation Project determined that “ After the difficulties
involvedin tracking down hypertext links and acquiring the linked ol ects were consdered, a
hypertext electronic publication was defined as consisting only of linked objects stored on one
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Internet domain. The previous issue of the same periodical, accessed through a hypertext link,
would be consdered a part of the origina publication. Another publication accessed through a
hypertext link woud not be considered part of the original publication, becauseit is impossible for
the NLC to maintain or preservethe integrity of links to other publications or Interng domains.”
The EPPP proposed that the hypertext links only to the first level be archived. At OhioLink’s
Electronic Journal Center, lirks to other resources are only supplied once the full datais loaded
locdly. Thelinked content is not archived, but exists only “on the fly” when the user selectsthe
link. The viability of the links is not tested during the loading process. The Internet Archive of
Brewster Kahe, is of course archiving dl links(unless they are to “ off limits’ sites), because its
aim isto archive the ertire Internet.

Theinternational systemfor astronomical literature, onthe other hand, maintains dl links to both
documents and supporting materidsin other formats, based on extensive collabor ation among the
various astronomical societies, researchers, universities, and government agencies. (Boyce,
Personal communication. 1999.) Each organization archives its own publications, but links are
mairtained not only from references in the full text and dted referencesof the articles, but
between and among the mgjor international astronomical databases.

Cataloging and | dentification

Both cataloging and identification allow the archiving organization to manage the collection.
Cataloging inthe form of metadata provides supportsorgani zation, access and adminigration
information. Identification provides a unique key for finding the object itself and linking that
object to other related objects. Cataoging and identification practices are often related towhat is
being archived and theresourcesavailabl e for managing the archive

Metadata

Some form of metadatais used for all archives Metadata exists for description, reuse,
administration, and preservation of the archived object. The level at which metadatais goplied
depends on the type of data and the future purposesto whichit may be put. Datasetsare
generally catdoged a the file or collection level. Journd articles are catdoged individually,
sometimes with no concer n about metadata for the issue level. Homepages provide a particularly
difficult problem for determining the level at which metadata should be applied. Generdly, the
metadaais applied to whatever isconsidered to be the full extent of theresource.

In general, the metadata files are stored separate from the archives themselves. Likraries may
store the metadatain their online public access catalogs. Publishers may store the metadatain a
bibliographic database. However, in some instances, such as electronic journals with SGML
headers, the information may be stored in the archive itself and extracted for the catalog. Inthe
case of distributed archives, the metadata may be stored centrally with the electronic resources
distributed. Depending on the search tools used, the met adata may be stored as embedded tags in
the online resource.
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A variety of metadataformats are used, depending on the data type, discipline and cataloging
resources availeble and approaches used. MARC cataloging is used by the natioral libraries, with
some fields unable to befilled and others, such as the 856 taking on new meaning, as it contains
the URL or the Digital Object Identifier. MARC isused by NLA, NLC and the EV A project.
NLA a9 usesa Dublin Corelike format in cases where this supports receiving metadatafrom
the publisher, eliminating the library cataloging. Inthe U.S., the IAW DoD Standard 5015.2 and
the Nationa | mage Mapping Agency Core Video Metadata Profile serve asthe basis for the
multimedia metadata for the DITT Project.

The attributes and the metadata content considered of interest when describing a particular object
vary based on datatype, origin future use, and discipline. For exanple, attributes of the NASA
DAAC metadata include the instrument generating the data, the date and time, other existing
conditions, quality factors, etc. Part of the Defense Information Technology Testbed Project has
involved idertifying core and unique elemerts.

Discussions surrounding the interoperability of archives, both within and across disciplines, focus
on the need to be ableto cross-wdk the various metadata formats. This is key to the ahility to
network heterogeneous data types and disciplines. The OAI S Reference M odd congidersthis
issue by encapsul ating specific metadatain a consigent datamodel. The LTER has devel oped
mechanisms for “fitting” its networ k-specific metadata information into the broader scheme of the
Federal Geogragphic Data Committee and other emeging dandards rd ated to the discipline of
ecology and related sciences.

The creation of metadata differs substantially depending on the type and volume of the original
data object. For data centers, much of the data is“created” by the measurement or monitoring
instrumernts themselves, and the metadata is supplied along with the data stream. This may
include location, instrument type, and other quality indicators concerning the context of the
measurement. In some cases, this may be supplemented by information provided by the original
researcher. For smaller datasets and many “publications’ much of the metadata continuesto be
created “by hand”.

However, across the DEA stakeholdersthereis continuing interest in automatic generation of
metadata, since thisis often congdered to be a major impediment to archiving more digital
electronic information. A project is underway at theU.S. EPA to derive metadata & the data
element level from legacy daa collections (Shepanek, Personal communication. 1999.). TheDITT
Project is a0 investigating fully automated metadata generation.

Ensuring Persistence through I dentification
For those ar chives that do not copy the digital materia immediately into the archive, the
movement of materid from serve to server or from directory structure to directory structure on

the network, necessitating a change in the URL, is problematic. The use of the exact server asthe
location identifier both for the source work and any linked works results in leck of persistence
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over time. Whileitis not the intent of this report to describe al the research and projectsinthis
area, thisis an area of concern for archives.

Despite possible probl ems, most archives continueto use the URL when referencing the location
for the digitd object. I1nthe caseof libraries, thisis often entered as the content of the 856 fidd in
astandard M ARC cataog record. The OCLC archive uses PURLSs (purl.oclc.org/), persistent
identifiers to which the changeable URL is mapped. ACS usesthe Digital Object Identifier, and
aso maintains the original Manuscript Number assigned to the item at the beginning of the
publication process

A more extensive idertification systemis used by the AAS. Name relution is used rather than
storing the URLS. In addition, the AAS uses astronomy s standard idertifier, called a“Bibcode”,
which has beenin use for fifteen years (Boyce, Persond communicaion. 1999.) In the Spring of
1999, AAS will add PubRef numbers (a linkage mechansms originally devel oped by the National
Library of Medicine), and othe idertifiers can also be added as needed to maintain links.

The Digital Object Identifier (www.doi.org/) is a scheme for persistent identification of a digital
object. The DOI Foundation has developed the standardized structure, based on the “handle’
technology developed by CNRI. To support the resolution of these DOI’ s to the actual server
location of theitem, there needsto be aDOI resolver database. Effortsare now underway within
the Foundation to identify the elements that should be present in the database, including those that
will beneeded for long-termintellectud rights management. (www.doi.org/policy.html) A core
set of elements have been defined, with extensons posside for specific gerres, such as journal
articles. A draft paper on how DOI’s can be used as reference linksis also available. Because
many of the members of the DOI Foundation are commercial publishers, there is a focuson rights
management issues in their efforts. However, since this is also a key factor affecting digital
electronic archiving, there is much to learn from the demonstration projects planned by the DOI
and projects such as NEDLIB which are using the DOI. Attention should aso be paid in the
development of the metadata that accompanies theDOI and other schemes to d ements needed to
alow recreation of the “look and feel” and ensure format access.

Storage

Storage practices relate to the plans for migrating from current hardware and software
environments to newer environments, the refreshing of media, and backup and recovery.

Hardware/Software Migration

One of the issues that makes digital archiving nore urgent than the archiving of traditional
formats such as paper is the speed with whichtechnologies arechanging. New releases of
databases, goreadsheets, and wordprocessors can be expected at |east every two-three years with
patches and minor updates more often While software vendors generdly provide migration
strategies or upward compatibility for some generationsof their products, this may not be true
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beyond one or two generations. Thisis not guaranteed to work for all data types and becomes
particularly questionable if the information product has used sophisticat ed feat ures of the
software. Thereis generaly no backward compatibility, and if it is possibe, thereis certainly loss
of integrity of the produd.

In addition to software, the hardware landscepe is changing dmog asrapidly. Storage media
have changed, with legacy information perhaps lost forever on older magnetic tapes. Block sizes,
tape sizes, tape drive mechanisms and operating systems have changed over time. The movement
is particularly evident in the consumer market where 8-track tapes, gave way to audio cassettes,
and then CD’sand DVDs. Thereisno easy way to migrate; a digital master is gererally required
to replicate the quality of the original work.

The most common solution to this problem at this point ismigration. This involveskeeping up
with the software and migrating to new har dware frequently. Thisisexpensive and thereis
always concern about the lossof data or problems with the quality when a transfer ismade.
Check algorithms are extremdy important when this goproach is used. Data centers have been
acutely awvareof thisissuefor yearswith some opting for ASCI| as a more universd format.

All the archivesqueried in the survey were considering the migration issue However, most of
them had not been in existence long enough to face this problem. A common answer was that
they would move to the most appropriate technology when needed.

Among those who had congdered migration, the migration from one storage media to another
was most commonly discussed. Most organizations that responded to the question about the
periodidty of media migration, indicated a 3-5 year cyde. The most rigorous media migration
practices are inplace at the data centers. The ARM Center plans to migrate to new technologies
every 4-5 years. During each migration, the data is copied to the new technology. Each
migration will require 6-12 months. “Thisis amajor effort and may become nearly continuous as
the size increases” (McCord, Personal communication. 1999.)

Plans are less rigorous for the migrationto new hardware and oftware. While the cyclefor
technol ogical change may be longer, the impact is much greater than media migration. One certer
manager indicated that basic technologies could not be expected to last longer than a decade
(Darwell, Personal communication. 1999). In order to guard against major hardware/oftware
migration issues, the organi zations try to procure manstream conmercid equipmert. For
example, both the American Chemical Society and the U.S. EPA have purchased Oracle, not only
for its data management capabilities, but because of the company’ s longevity and ability to impact
standardsdevelopment. Unfortunately, this levd of standardization, and ease of migration, isnot
asreadily obtained among specialized fidds, such as dimatology and meteorology, where specific
systerms components are required to interface to instrumentation and to handle thevolume of data
to be stored and manipulated.

An dternative to migration that is being explored is called the Digital Rosetta Stone
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(info.wgbh.org/upf/dides/index.html). This callsfor the encapsulation of the software with the
product upon archiving. It uses metadata that specifies how to recreate the format. For example,
a TIFF image might be typed as such and then metedata information provided that indicates how
to reconstruct what a TIFF image is at the engineering --- bits and bytes -- level. An dternative
to encapsulating this with every instance of the datatypeisto create a registry that can be
referenced more generdly. This registry would uniguely idertify the hardware and software
environments and provide information on how to recreate the environment in order to preserve
the use of the digital object. (Heminger & Robertson, 1998) (tuvok.au.af.mil/ au/ database/
research/ ay1996/&fit_lal rober_sh.htm)) T his approach has been greatly expanded in arecent
report to the CLIR from Jeffrey Rothenberg
(www.clir.org/pubs/reports/rothenberg/contents.itml).

However, at this point, thereisno system in place to provide the extensive document ation and
emulation software required for this approach to be operable, particularly to dlow anarchive to
deal with the variety of older technologiesin place. However, advancesin this areaare being
watched by several of the archives, including NLA.

The gstuation for the foreseeable fut ure will be migration, with emulation coming into play asit is
supported by hardware and software manufacturers. The best practice at this point is to keep up
with the changes in hardware and software and to plan migrations. However, asthe ARM
Archive a ORNL noted, the migration will become amost a continuous process as the size of the
archives growsto terabytes(McCord, Personal communication. 1999).

Refreshing the Media

In addition to the large-scale migrations due to hardware and software changes, digital archives
must address the issue of media refresnment. Because no medium exists that does not deteriorate,
it is necessary to copy the contents from the physica medium to anew physical medium. Many
archives do this on aroutine basis as part of their back up and recovery procedures, with most
backup copies bang put on new physical mediumrather than rewriting ove old media.

Backup and Recovery

Most archivesindicated that industry sandard backup and recovery procedures are used for their
achival data Thisincludes periodic backupsto magnetic tape or opticd disk. A copy is
generdly hdd on-gte for near-termrecovery with long-term off-gte storagefor disaster recovery.
As AlP noted, an offsite copy of the whole archive would provide arecovery chamel inthe case
of loss of or damage to the prime archive. ACS dso noted the importance of these routine
procedures. All projects contacted performed routine backup and recovery procedures, with most
mentioning that backup tapes are stored a remote sites. The NASA Goddard Space Hight

Center DAAC noted that it does not currently have complete recovery of dl itsdatasetsbut this is
being addressed (Sawyer, Personal communication. 1999).
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It isinteresting to note that the tradition to back up electronic media and have off-site disaster
support is helpful to the overall goals of archiving electronic media. This hasno real direct
paralel in the print world.

Pr eser vation

Preservation is theaspect of archival management that preserves the content aswell asthe look
and fed of the digita object. It also includes decisonsrelated to retention and disposition.

Refreshing the Site Contents

In cases where the archiving is taking place while changes or updates may still occur to the digital
object as with the archiving of electronic journals, there is a need to consider refreshing the site
contents. Thisis particularly true of the national depositories. For example, NLA allocates a
gathering schedule to each “publication” in its automatic harvesting program. The optionsinclude
on-off, weekly, monthly, quarterly, haf yearly, every nine months, or annudly. The sdectionis
dependent on the degree of change expected and the overdl stability of the site. Obvioudy, the
burden of refreshing the contents increases as the number of sources stored in the archive
increases However, in the NLA procedures, there is no retention of previous versions of the dte,
once the successful downloading of the new site contents has been verified. Thisimplies that
interim versons have no higoric value. The caseisdifferent for some data centers, where old
datasets are preserved in version forms.

Retention

Retention is a mgjor issue for al archives, whether paper or electronic. Even archives that never
discard anything have retention policies to this affect. The national archives have formalized
retention schedules which are used to determine the deposit of information from the relevant
agencies as wdl as wha is retained by the archive itself.

The retention policies are generaly imposed by the sponsor. The DAACs are particularly bound
by the retention policies imposed by NASA. However, they do not have NARA-likeretertion
guidelines. For the CDIAC, retention is based on best efforts and the judgements of center
scientists on an individual dataset basis, rather than by schedules that address types of objects.

A study of the impact of eectronic publishing on small society publishers by the UK Online
Library Network’s (UKOLN) E-Library Programme identifies another issue for publishers. The
publishing and access mechanics of electronic publishing may reult in amove to “ by the drirnk”
access and payment. However, many of the articles currently published will have little current
readership and perhaps even lessreadership as part of an archive. Unfortunately, it is amost
impossble to determine a this point (even with acrygal bal) whether within that set of items
with low commercia viability resides the semnal article. (Consider the case of Medelev’' s seminal
article on genetics, which was not considered semind urtil almost a century after it was written.
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For the public good and the benefit of the future of science, there needs to be a mechanismthat
addresses the retention concerns not only interms of today’ s quality and commercial viability, but
inwha might be of value in the future Thisis nat new for the digitd environment, but its
dimensions are increased by the ease and variety of elecronic publishing. The UKOLN study
suggedsts that while mark et forces may prevail for eectronic publishing, there may need to be
public intervention to “ensure the archiving of all articles which are published, to enable continued
access when commercia provision isno longer profitable.” (Fishwick, Edwar ds and Blagden,
1998).

Standards, Transformations vs. Native Formats

One of the paradoxes of the networked environment isthat in an environment that is so dynamic
and open to change, there is a greater and greater emphasis on gandards. Those who have been
archiving for along period of time have indicated that while they started out with alarge number
of formats --- primarily textua -- the number of current formats has decreased over time. The
market forces have reduced the number of major players dragtically. DOE began its project with a
limited number of acceptabl e input formats, because the number of native formats were so large.
In the political environment of that time, it was difficult to gain support for the sandardization of
word process ng packages. However, documents are currently recaved inonly a few formats.
Text isreceived in SGML (and its relaivesHTML and XML), PDF (Normal and Image),
WordPerfect and Word. Images are received in TIFF Group 4 and PDF Image.

Consolidation has occurred in the number of spreadsheet and database formats to a lesser extent.
However, there iseven lessconsistency in the modeling, simulation and ecific purpose software
areas; much of thissoftware continues to be specific to the project.

However, with the network environment has come an increased desire to integrate, interact and
interoperate. Therefore, the emphasis in these areas gopeas to beon the devel opment of
standardsfor interoperahility and data exchange, redizing that perhagps the market forceswill not
play as large arole here as with more general purpose formats. There are significant efforts under
way, particularly within the Internet Engineering Task Force (IETF) and other groupsto provide
overarching interoperability for theWeb. Thisis also true at the discipline levd, with efforts
under way particularly within the geospatial community. Even though GIS has a limited number
of vendors, these vendors have been working together on open GIS standards.

Publishers provide several examples of datatransformation. AAS and ACS transform the
incoming files from LaTex, Word, or WordPerfect to an SGML tagged ASCII file. AAS believes
that this transformation, and reinventing the publications process to “think electronic first” as
saved money. “The eectronic master copy, if donewell, isableto serve asthe robugt electronic
archival copy. Such awell-tagged copy can be updated periodically, at very little cost, to take
advantage of advances in both technology and standards. The content remains unchanged,

but the public dectronic verson can be updated to remain compatible with the advancesin
browsersand other access technology.” (Boyce, 1997.)
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The data community also provides some examples of data transformation. For example, the
NASA DAACSs trandorm incoming information into sandard CDF format. NDAD transforms
the native format into one of its own devising, since they could not find an existing standard that
dedlt with dl their metadata needs. However, the bit-wise copies are retained, so that someone
can replicate what the center has done. (Ashley, Personal communication. 1999.) These
transformed formats are considered to be the archival versions.

Preserving the Look and Feel

There are several approaches used to save the*look and feel” of the journal article. The majority
of the projects reviewed use either image files (TIFF), PDF, or HTML. TIFF isthe most
prevalent for those organizations that are involved inany way with the conversion of paper
backfiles. For example, JSTOR processes everything from paper into TI FF and then OCR’sthe
TIFF image. The OCR, because it cannot achieve 100% accuracy is used only for searching. The
TIFF imageisthe actuad delivery method that the user sees. However, thisdoes not allow the
links from these journal s to other material on the Web to be mantained asactual links.

HTML/SGML is used by many large publishers, following years of converting publication systems
from proprietary formatsto SGML. (AAS hasa richly encoded SGML format that isused asthe
archival format from which numerous other formats and products are made. However, XML may
be considered in the future. (Boyce, Personal communication. 1999.)) HTML is often provided
by downgrading the SGML version that is actualy stored by the publisher. PDF versions can also
be provided via conversion routines

For purely electronic documents, PDF is most prevalert. This provides areplica of the Postscript
format of the journal, but is reliant upon proprietary encoding technologies. PDF is used in cases
where the publication processislessformal, for example with gray literature, theses and
dissertations. The Royd Institute of Sweden L ibrary transfor ms dissertations that are received in
formats other than PDF to PDF and HTML (Forsberg, Personal communication, 1999). Itisalso
prevalent as a dstributionformat among more formal publications.

Several years ago there was a major concern about the use of PDF for long-term storage, because
itisaproprietary format. However, there appearsto be little concern within the publishing
community at thistime. The main impetusis less likely to be its acceptability as an archival

format asthat it retainsthe look and fed of the original, can be produced and read easily by
freewar e products, and has avariety of tools available at modest coststhat alow for full text
searching. Hypertext links are also maintained, which isnot true of TIFFimages. While PDF is
increasingly accepted, concerns remain for long-term preservation, particularly within the national
archives and libraries. Even though DOE OSTI accepts and disseminatesin PDF format, it
continues to work with the U.S. National Archivesand Records Administration on the acceptance
of PDF &s a national government depository formet (Langford, Personal communication. 1999.).

Access
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All of the previous archival life cycle functions are performed for the purpose of ensuring
continuous access to the material in the archive. Successful practices must consider changes
access mechanisms and rights management requirements.

Access M echanisms

All projects reviewed had or are planning Web-based interfaces to the data. The Web interfaces
may not be accessing the data directly in the case of SGML and ASCII archives. In some cases,
the accessis provided to databasesthat can be searched or to HTML filesthat can be more easly
displayed with current browsers. Additional interfacesare available for certain specialized
information. For example, there are GUI interfaces availalle for the NASA DAAC datasets. In
some cases, specific oftware which must be downloaded first is used to access the data.

Many respondents consider the access and display mechanisms as another source of changein the
digital environment. Today it isthe Web, but there is no way of knowing what it might be
tomorrow. One futuristic example isthe use of multi-sense virtual reality. 1n some cases, it may
be possiblein the future to enhance the quality of presentation of items fromthe digital archive.
NLM’s Profiles in Science product creates an electronic archive of the photographs, text, videos,
etc. that are provided by donors to this project. This dectronic archive is used to create new
accessversions as the access mechanismschange. Howeve, the orignds are always retained.
“The evolution of technology has shown that whatever levd of detail is captured in the conversion
process, it will eventualy become insufficient. New har dware and software will makeit posshle
to capture and display at higher quality over time. It is dways desirable to capture and recapture
using the orignd item (McCray, Personal communication. 1999.).

Intellectual Propety and Rights Management

One of the largest access issues involves rights management. What rights does the archive have?
What rightsdo various user groups have? What rights have been retained by the owner? While
many of the nationa libraries and other depositories consder the archiving to be in line with the
legal depository requirements, the deposit legislation has not yet been extended to include
electronic materials. Therefore, they are seeking licend ng agreementswith publishers prior to
performing thearchiving function. Some national libraries (NLC, NLA) are seeking agreaments
with the rights owners prior to the archiving of the material. Other libraries have so automated
their process that this is not done (Fnand, Sweden). Third party archives with theexception of
the Kahle's Internet Archive, generally, seek permission or have permission transferred to them by
the rights owner. The Interret Archive, however, will seek to copy everything on the Irnternet.
However, dtestha are restricted by password, | P address or more sophisticated mechanisms will
not be included. It will dso not include sites that have spedfically requested not to be included.

In addition to the impad of intellectual property on archival collection developmert, there are

format implications. For example, an interesting intellectual property issue for the NLC was that
of format preservation. Even with the dectronic journas (45 all together) that they focused onin
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the pilot study, there were avariaty of formats from ASCI I to PDF to word processng formas
and tagged SGML. Thereisthe mgor issue of what to do about this, especidly asit relatesto the
long term preservaion and access. “According to the Copyright Ad, the NLC only infringes on
the author'sright of integrity if it distorts, mutilat es or otherwise modifiesthework, or if it
associates the work with aproduct, service, cause or indtitution, to the preudice of the author's
honour or reputation. After much discussion, it was decided that converting an eectronic
publication to a standard format to preservethe quality of the original and to ensure long-term
accessdoes not infringe on the author'sright of integrity.”

Security and version control are a0 issues that have been discussed in relation to digital
preservation. Brewster Kahle raises many interesting questions concerning privacy and “stolen
information,” particularly snce the Internet Archive policy isto archive dl sites that arelinked to
one another in ore long chain. (Kahle, 1997.) Smilarly, there is concern among image archivists
that images can betampered with without detection Particularly in cases where conservaion
issues are at stake, it isimportant to have metadata to manage encryption, watermarks, digital
signatures, etc. that can survive despite changes inthe format and media on which the digital item
is dored.

Practices Related to Specific Formats and Data Types

In addition to the best practices related to specific life cycle functions, best practices have been
identified for certain formats and data types, including text, images, and multimedia.

Character Setsfor Numeric and Textual I nformation

The homogeneity of the data archives among the NASA DAACsmeans that the bagc information
could be kept in ASCII which has been generadly accepted as an archiving standard for text and
numeric data, with proper structural encoding and documentation. One of the publishing
community sinitial goals with the Standard Generalized Markup Language (SGML) was to use
ASCII asthe standard format — a format which can easily be migrated to different platforms,
different database structures, and different software with the SGML DTD providing thekey to
understanding the encoding used for page representation. The next likely enhancement in
character encoding will be Unicode which extends ASCII to handle all languages and special
characters. Sincethelowest level of Unicodeis standard ASCII, it will migrate very easlly. The
encoding doneto handle spedal characters could betranderred, but with proper documertation
this may not be necessary depending on the way in which the archive is used.

Resolution and Compression Considerations for | mages

Some of the most extensive work related to images has been done within the Nationd Digital
Library Project at the U.S. Library of Congress Beginning in the early 1990's, the American
Memory Project has digitized over 30 higorical collections including digitized documents,
photographs, sound, moving pictures and text. While most of them are related to American
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government, higory, aulture and the humanities there arelessonsto be learned from some of
these efforts.

In October 1998, the Library of Congress Manuscript Digitization Demonstration Project final
report was rd eased (memory.loc.gov/ammenypictel/index.html). The project made thediginction
between “ preservaion-qudity” and “ access-quality images’. Preservation quality are designed to
withstand the test of time and to be of a high enough quality that it can take advantage of new
image search, display and storage technologies. * This project is ded cated to the devel opmert of
gpecifications for imagesthat, if longevity can be promised, will

serve the goals of preservation, i.e., will serve as reasonable substitutesin the event that the
original item islost or deteriorates.” Access-quality image specifications acknowledge that under
the current situation, there is generally insufficient band-width to transfer the high-quality (highest
resolution) images “ Such images woud be lower in either atial resolution ("dotsper inch') or
tonal resolution ("hitsper pixel") or both, and derived, if possble from the preservation-quality
images. Lower-resolution images--whose digital files should be smaller in extent (bytes)--can be
more easily handled in computer systems. The project sought to identify images that, although less
fathful to the original than preservation-quality images offer high legibility and good service to
researchers.”

TheLoC committee discussionsindicated tha there may be differencesinthe acceptable quality
between manuscripts (which were the focus of LoC’ sresearch) and other types of images, such as
picturesin monographs or journdswhich are gererally halftone and require high quality for
replication.

A major issue related to images is the progression of compression routines. While improved
routines are necessary to keep the szes of the large preservation-qudity image databasesin
check, these compression routines themselves can create difficult migration paths. Several
respondents indicated that they considered the changesin compression algorithmsto be more
detrimental to preservation activities than technology migration.

A recent NISO/RLG/CLIR workshop on M etadata for Image Preservation addressed not only
issues related to resolution and compression, but the whole range of image description and
metadata d ements needed to undergand the image technicdly. There was significant discusson
of issues rd aed to preservaion, particularly the movement of an image from one collection to
another, on its way to longer-term permanence, and how to verify the autherticity of the image
over time. The metadata bang devel oped is intended to bridge theresolution and compresson
Issues over time. Asdraft eements, guiddines, and white papers are developed, they will be
made available on the work groups Web site (www.niso.org/images.html).

Object Archiving for Multimedia

All theissuesrelated to the various data types, and more, are bundled into the issues surrounding
the archiving of multimediaworks. Since efficient archiving, access, reuse and preservation differ
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based on data type, multimedia, which combines various data types, cannot be dedt with by a
single appr oach.

The Defense Information Technology Testbed (DI TT) Project between the U.S. DoD and the
Joint Anaysis Center, UK isdeveloping along-term ar chive of multimedia objects in support of
military operations and to feed training and lessons learned systens. (Borkowski, Personal
communication, 1999.) Multimedia is particularly important in the U.S. military’s distance
learning efforts, aswell asitssrategic “Army After Next.” T he prototype was demondgrated in
Bosnia. The multimedia archive will be used to create training and doctrinal materials under the
Advanced Distance Learning Initiative. Another long term goal is to preserve imagery that lead
up to important battle decisions. T his prototype isa*“proof of concept” for full-life management
of multimedia records within the operational environment and as a first step toward a virtual
researchlibrary for Unmanned Aerial Vehide (UAV) video in particuar and multimediaimagery
in generd. The prototype showed that these components could be collected, linked, sear ched and
managed as “one record.”

UAV records include MPEG, JPEG, audio, text and metadata components. VHSvideo is
recorded by reconnai ssance UAV's. From the command post, aremote pil ot narrates the mission
inaudio. Thevideo isconverted to digital MPEG and audio isdigitized (wav). The video and
audio are encrypted and transmitted real-time to the JAC in Molesworth, England. Therethe
audiofileis automaticaly transcribed to text, metadata is generated, amosaic file (a JPEG file
that summariesthe overdl track) isautomaticaly generated, and the mission profilefileis
extracted from operator entered mission data. On a 30-day schedule, the magnetic tapes
contaning this information are sent to R. Leaverworth, Kansas, USwhere they are loaded into
the MAAS system, a multimedia data warehouse. The MAAS can be searched for specific video
clips, images, ec. DaD is also experimerting with the use of the Retrievd Ware search engine for
retrieval of video data based on content-based querying.

In addition to the isaues of archiving each object that makes up the multimediacollection in away
that is most appropriate for each dataand object type, it is necessary to bring the collective
multimediaobject back together for reuse. The San Diego Supercomputer Center using a
“container” architecture, with a hierarchical storage architecture and a special Resource Broker
Sydem to dore and retrieve metadata and objeds in colledions. Each levd of the collection
hierarchy has appropriate metadata required for preservation, reuse, and reassembly of the
collection. The metadata alows the system to reconstruct the organization of the collection based
on the individual disparate dbjects This structure has been used in pilot projectswith paent data
for the US Paent and Trademark Office and with various adminigrative information formats from
the U.S. Naioral Archivesand Records Adminigration. SDSC is also involved in pilot projects
with ecological data (withNCEAS and LTER) and art images (theRLG AMICO project).

The mgor complexity with multimedia is not only the combination of various data types and their

interaction, but the fact that much of the “look and fed” of multimediais dependent on the
software under which it runs. It is often difficult to separate multimedia from its software and
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hardware environments Multimedia’ srelianceon hardware and software environments
empheasi zes the proklem of how to reconstruct these* systems’ inthe future. Jeffrey Rothenberg
of the Rand Corporaion has espoused the development of emulation cgpahilities that can replicate
the “behavior” of the syssem. By storing and ar chiving complete definitions of the hardware and
software’ s behavior, a specific piece of software running on a Pentium could be replicated in the
future. The proprietay nature of much of these definitions is anissue. The possibility of
requiring deposition of these definitions in asoftware/hardware registry/depository has been
discussed.

An dternative approach which may support the archiving of multimediain the futureisthe
Advanced Authoring Facility whichis a Microsoft-backed industry initiative to specify an
extengble, plaform-independent multimedia file format (www.microsoft.com/aaf/). Industry
participantsinclude Adobe, Avid, and Pinnacle. While the main purposefor the current work is
to support aut horing interchange by A AF-compliant multimedia content creation tools, this has
ramifications for preservation, particularly whenit is integrated with efforts such as the Universal
Preservation Format (info.wgbh.org/upf/).

Practices Related to Specific Object (Document) Types

There are aso specific practices related to certain objects or documert types, such as biological
sequence data, software and dat asets.

Biological Sequence Data

Biological sequencedata banks have some unique aspects that must be taken into account when
dedling with digitd archiving. While these data bank s have only gigabytes of data, rather than the
terabytes archived at data centers such as the NASA DAACS, the data has a more encoded
sructure. Thisresultsinthe need for extensive vaidation routines to ensure the qudity of the
information when it is submitted by the researcher and asthe information is migrated. (Benson,
Personal communication. 1999.) NCBI has approximately 30 Ph.D.swho act as quality assurance
spedaligs, reviewing the information manually, even after it has passed through avariety of
vdidation dgorithms. T he ongoing nature of research into the DN A sequences also resultsin
corrections and additions to a particular sequence record. A history of changes must be
maintained. All changesare controlled by NCBI, with gpproval by the sequence owner.

In addition, theneed for vdidation, searching and reporting means tha a daabase is importarnt to
the continuing use of these data banks as active archives. The Protein Data Bank, formerly
maintained by the Brookhaven Nationa Laboratory, is now being transtioned to the
Collaboratory for Structured Bioinformatics a non-profit consortia (Rutgers University, the San
Diego Supercomputer Center, and the Nationd | ngtitute for Standards and T echnology). It is
undergoing amajor database and sysem migration (Fagan, Personal communication. 1999.) For
archiva purposes, the sequence datawas dways held in smple ASCII files. Unfortunatdy, this
limited its ability to be searched quickly. Inthe new data structure, the old fileswill be
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ma ntained, but they will also be provided in a gructured Oracle database. The GenBank data
bank mantained by the National Center for Biotechnology Information at the U.S. National
Library of Medicine has encountered similar isaues related to the long-term preservation of DNA
sequences. ASCII is used as the preservation and distribution format; a Sybase database provides
the structure for searching, reporting and maintenance. (Benson, Persond communication. 1999.)

Documentation for Software and Datasts

While no goecific projectswereidentified in thisareg, it is of increasing concern to both
technologists and scientids in certaindisciplines. As the use of computers and computer
generated research results grows, many resuts cannot be verified or reproduced without access to
the proper software, much of which may be homegrown. This has led to projects to better
document software, particularly for data generation and analysis. Part of the NDAD project
involvesguiddines for the documentation of datasets, models and supporting software

The software industry itself has created software library repositories for preservation and reuse.
Microsoft is developing vast libraries of software objectsthat can be reused and recombined to
make the most of the intellectual capital invesments. The commercial oftware industry may be a
group to which the sciences can look for best practices involving the archiving of software.

Cost/Resour ces

Although cost is recognized as a basic driver in DEA, it was also themog difficult aspect on
which to gather information. Insome cases, a lack of response was because of the proprietary
nature of thisinformation. However, in most cases, the respondentsindicated that they just didn’t
know how much the archive was costing or would cost in the future. For publishers and
producers, the cost of archiving wasstill tied up in the cost of marufecture. This is also true of
publications serviceswhere the archiving is considered an added benefit to the publisherswho are
served. Until several large archiveshave gone through a least one or two migrations or
emulation developments, it will not be possible to separate the cost for the archives from the cost
of doing business

In the case where material such as electronic journads and Web stes are being archived that would
otherwise have been acquired, it is possible to determine the cost. However, organizations such
as OhoLINK oonsider thisinformationto be proprietary. In thiscase there isnot only acost for
infrastructure, but a cost that compensates the publisher for the breadth and scope of the license
agreements, as well as acknowledging that broader licenses mean fewer licensesand lessoverhead
in paperwork and adminidration.

In cases where the library must play amore activerall in the archiving process, thereissome
anecdotal information beginning to be avalable. 1t should be noted that these effortsarerdatively
small to-date and, therefore, there has been limited consideration of the cost of new systems, disk
storage, or of migrating acrossthese technologies in thefuture. The mgor resource enmphasis to-
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date hasbeen in the area of acquigtion, collection development and intellectud property rights
management. As part of itspilot project, the Nationd Library of Canada estimated that it would
have to reassign the equivalent of two full-time acquisitions personrel to handlean estimated
workload of 500 to 1,000 new electronic publications per year. Since the number of electronic
publication titles per year is expected to grow, the EPPP report called for the NLC to provide
systemssupport that would help to streamlire the process. At the National Library of Australia,
there is no spedfic archiving budget for the PANDORA, but there are five staff menbers
currently assgned to the project (Phillips, Personal communication. 1999.). At STIC (Taiwan),
the limited operation is taking approximately 10% of a staff person’s time (Flannery and Shuyu,
Personal communication. 1999). This is estimated to increase to 50% when al journals in Taiwan
areincluded in the archive.

For publisherswho have goneto electronic production, it is difficult to separate the cost for the
archiving from the cost of regular production. However, several of the publishers which serve
learned societies, most notably AIP, are moving in the direction of providing archiving services
for member societies that published their own journals. The cost model for this has not yet been
determined, but it seemsthat thiswould need to beidentified & some point in order to quantify
the benefit of the service being provided. (Ingoldsby, Personal communication, 1999). AlIP aso
provides physica copies of itsarchive to usersat a minima cost of $25-50 per issue. This
includes the abstract and al supplementary infor mation.

AIP noted that “the challenges are seen as coming from the inexor able growth of the
journd-publishing endeavor. Cogdsinterms of both funds and staff time will rise year by year,
and the annual charge will change from representing asmall fraction of the total publishing cost to
rivaling the costs of publishing the current volumes. Although AlP has been fairly successful in
recent yearsin minimizing journal growth (to control subscription prices), thereisafedling
among many publishers that online journals can be allowed to grow amog without limit.
Archiving costs will be affected accordingly.” (Scott, Personal communication, 1999)

The data centersreviewed that were most viable had operating budgets of $1M and averaged well
over $2M. However, these arein narrow areas of science but with large disk storage demands.
The director of the ORNL DAAC estimates that depending on the quantity of data and the
infrastructure in place, it would reguire approximately $2M in start-up costsfor an archive, with
ongoing costs of approximately $25M. The LTER sites do not have specific information
management budgets, but the Network director indicated that approximately 15% of eachsites
research grant funds (varying from) goes to information management. The proportion is higher
for the Nework Office. (Porter, Personal communication, 1999).

Comparing the cog of archives across data typeshasmany pitfdls. However, it issignificant to
notice the dramaticincrease in the cost with the increased complexity of multimedia. The start-up
costsfor DoD’ spilot project is $23M over three years To date the project has cost $22M to
develop detail ed specificationsand install an unclassfied video archival suite. The ongoing coss
are projected to be $300,000 per year. (Borkowski, Personal communication. 1999.)
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In addition to questions of start-up and ongoing oper ation, thereis a serious issue of the long
term financial commitment to archives. According to one data center director increasing
recognition by scientific authors and funding sources is key to the success and sustainahility of an
archive. If a$2M data center goes forever it would need a $20M endowment or continuing
appropriationscommitment. The possihility of an endowment modd wasalso raised by difford
Lynch of CNI at arecent NSF workshop on this topic. (Lynch, Personal communication, 1999.)

Conclusions

Based on the analysis of the organizational models, the changing roles of traditional stakeholders,
and beg practices in digitd life cycle management, general observations ae made in theareas of
most interest to | CSTI. These include policies, organizational models, and economic models.

Policies

To greater or lesser degrees, all stakeholdes inthe archiving and preservation chain are

concer ned about intdlectud property. For many of the data centers, theissueis put in public
versus commercia use terms, and is reflected in the types of access and services provided and the
charges placed on them. For publishersand producers, intellectual property concerns are
reflected in the kindsof business arrangements used to promote their archives. Intellectual
property concerns have led some organizationsto consider ingtitutiona archives, wherethe
information remains under their control. Others, lacking the resourcesto do this, but ill
concerned about their intellectual assets, are contracting with publication services or trusted third-
party repositories. Part of these contracts requires security and aut hentication on the part of the
archive, aswdll as specific procedures for granting and continuing access. Libraries, consortia
and usersareincressingly attuned to intdlectud property issues and their concernsfor far use in
adigital environment are often reflected in the license agreements that are signed.

An aeadoslyrelated to policies surround ng intellectud property isthat of legal deposit of
electronic publications. While lacking the legidation, many national libraries consder the
collection and preservation of these pullicationsto be part of their mandae. While continuing to
raise avareness of the need for resol ution of the legal depasit issues, national libraries in both
operational and pilot projects (most notably Canada, Finland, Sweden and Australia) are getting
rights holders permissions to collect and preserve these electronic publications. However, these
issues arenot resolved, and despite guidelines there are still many quegions about what a
particular national library should collect from an international publishing environment such as the
Internet. I n recently published guidelines, NLC “recognizesthat there are inherent problemsin
applying a Canadian law like legal deposit in an international communi cations mediumthat does
not necessarily recognizejurisdictional borders. For example, what would define a pubisher as
"Canadian” or anetwork site as"Canadian” given the ease with which networked sites can be
mirrored and networked publications can be copied (i.e., many resources at a Canadian site may
not be Canadianin origin) and given the volatility of network addresses (i.e., a document hosted
at a Canadian Site can be eadly transferred to non-Canadian sites which are outside the
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jurisdiction of Canadian laws).” (www .nlc-bnc.ca/pubs/irm/eneppg.htm) The same could be sad
for any nationd library depostory.

Organizational M oddls

There arealarge number of DEA projects, at various gages of implementation and operation.
The most robust of these are in the area of numeric data, using the data center model. These
centers are moving into increasingly digributed systems, where there can be increased
heterogeneity in system and data architectures. The inplementations in the nonnumeric data areas
are not asmature. These archivestend to be more scattered with avariety of stakeholders doing
prototypes and implementations of systems

The simplest archives to achieve are those created by the publishers or large data producers
themselves. The reason is that the publishers have more control over the formats and standards
used. The producer and publisher can reduce the vaiety of incoming formats which eliminates
much of the confusion related to multiple migration paths. Evenif emuation is selected instead of
migration, the fewer the number of software and hardware environments that must be emulated
the easier.

However, from the standpoint of access and use, archiving by a single publisher does not provide
the user with the “view of the world” that is needed or wanted. The sciertific and technical
information needed by the user may not reside in that publisher’sor producer’sarchive. The
subject may betoo broad or too narrow. The user may beinterested in atopicthat is

interd sciplinary and spans across multiple publisher niches.

There areseverd ways to provide more corsolidation, & least in the text publishingarea. Third
party repostory agents may continue or expand their efforts across disciplines. However, it is
unlikely that they will be alde to physicdly archiveeverything that could potentidly be of value.
Concerns are often raised about the cost of access, particularly for individual users, the overhead
of such organizations, and the commercid nature of these efforts If the informationisnot
commercially viable, will these third-party organ zations continueto retanit?

A single consolidated, globd repository does not answer many of the concerns about the
administration and under sanding of the archive’s contents. It isdoubtful that one ar chive will fit
al, at least in the near-term. Archivesare likely to be organized around sulject disciplines, since
expertsinthediscipline are mogt likely to know the vadue of what must be selected, how it should
be cataloged and how to make it accessible to various user communities. However, thereisa
sensein which the format or datatype aso comesinto play. One cannot assume that an archive
of numeric datacan handle highly structured text equaly well. In the short term, archives will
continue to specialize both by discipline and by data type.

However, this will likely change as mor e scientific and technica information is made available in
multimediaformats. Over the long term, more authoring tools, metadata creation tools, storage,
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and accesstools will be developed to better accommodate multimedia. The various parts of a
complex document or of a multimedia work can be archived objects into smaller archives, that are
built for the purpose of the particular datatype. Asthetechnology support for multimedia
storage improves, there may be less emphasis on data type and nore on the content and subject.

With alarge number of models and increased interest in the future of digital information, many
stak eholder s are getting into some aspect of the archiving business. There are many organizations
that appear to consider this a reasonable avenue for business growth, if not direct revenue
generation, whether in support of electronic publishers or by providing the safety net that libraries,
particularly consortia, are requiring for their electronic subscription investment. With the large
infrastructure and varying skills needed to perform digita archiving satisfactorily, we may be
seeing the rise of a new industry. Smaller publishers may continue to look for avenues by which
they can contribute to ore or more archives However, for the third parties, publicaion
production services, or even librariesthat choose to archive digital material, it is often secondary
to the provison of other services. The organization must be willing to “make the investment in
infrastructure and have a purpose beyond archiving as a judification for doing this.” (Sanville,
Personal communication, 1999.)

In the meantime, isthere a clear direction toward astandard model or set of models for DEA?
What model isbeg? Isa standard model posshleor desrable, giventhe fact that there is not a
single archiving modedl in the paper world? With the exception of the numeric data centers, the
archives are not large enough to provide evidence of what standards areemerging. The data
centers are moving toward increased heterogeneity and ever |ooser federations. Theother DEA
organizations are already very heterogeneous in their approaches. Therefore, the organizational
model for archivesin the foreseeable future appears to be aloose network of archives covering
specia disciplines, geographic aress, or object types. Using network technologies and

interoper able standar ds, the future modd will likely be anetwork of digparate but interoper able
archives. I ndividuad communities are likely to develop standar ds and common practices; it is
unlikely in this distributed environment that the same standards and common practices will suffice
for all. Interoperability in a heterogeneous environment islikely to be the requirement.

The Open Archive Informaion System (OAIS) reference model, described earlier, appears poised
to promote this interoperability beyond the realm of data centric archives. An OAIS that is robust
enough to support the commonalities among the disciplines, data types and user commurities, yet
flexible enough to support the differences, isthe mog likely model to succeed.

Economic Models

Similarly, itislikely that there will be avariety of economic modelsfor digital archiving. The
economics vary from discipline to discipline. Some disciplines are more likely to reuse archival
information for alonger period of time than other disciplines. Thiswill impact not only the way
the archives are managed and who archivesthem, but the vaue (and the cost) involved in
retaining older materids. Some archiveswill be commercidly viable, but otherswill not. Some
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will need to chargefor services, while otherswill not. When archives are governmentdly
appropriated, there is increasing recognition of along term maintenance commitment, but there
may not be sufficient definitive action and funding to support this recognition.

In addition to funding, the infrastr ucture, including coordination needed to make thiswork on a
globd scae, isthekey issue to be addressed. A UK Public Records Office project hasrecently
begun investigating the model of a coordinated network of archives. (A similar approach isbeing
discussed by the Conference of European National Libraries (CENL) through a project called the
Networked European Depostory Libraries (NEDLIB). Funded by the EU with project leadership
at the National Library of the Netherlands, this project is in the early stages of defining how these
librarieswould interoperate, retainng their autonomy and primary emphasis on the publications of
their individual countries, yet providing improved access to al who need it. The NEDLIB project
isggnificart in that commercid publishers Elsevier, Springer and Kluwer, are acting as goonsors
for the project.

Multiple M odelsin a Networ ked Environment

Asthe report of the ICSTI Eledronic Publications Archive Working Group suggested, a
hierarchy of archiving models with variant or ganizational and economic structure may bethe
initial DEA model (ICSTI, 1998). Even in the current projects, it is possible to see multiple,
integrated modelsat work, that recognizea life cyde withinthe archiving functionitself. For
example, the central DOE site provides a catalog and coordinating function. Many of the DOE
laboratories have ther own achives which are also madeavailable via thelnternet. The OSTI
site provides the “glue” for this network. The central site also provides backup for the distributed
archives, when they decide it is no longer feasibleto retain the itemon the local archive.

Similarly, the U.S. National Archives and Records Administration (NARA) and other U.S.
government accessactivities such as the Nationd Technical Information Service FedWorld system
and the U.S. Gover nment Printing Office Access system, provide access to the eectronic ar chive
of DOE through the I nformationBridge product. NARA stands asthefind archive depasitory,
should the DOE OSTI program be discontinued. In alessformaized fashion, but equaly
digtributed, severd publishers, including AAAS, are contributing their content to multiple
archives, with variant modds, in addition to archiving their own electronic journals.

It appear s the discipline specific, nationd and global archives will be built incrementally on the
basis of pilot projectsthat lead the way and evolve into a complex network of content
infrastructure. T he issue has been recognized and the bandwagon is growing. In summarizing
best practice areas, we see building block s for future developments. The trick will be the
coordination of these archives to reduce the expense of unnecessary redundancy and to tiethe
sygem together in an integrated fashion for the user.

Recommendead Next Steps

Based onthe survey and analysis conducted during thisproject, the following actions are
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recommended for consideration.
ICSTI
1 Many models are evolving and taking hold. Each stakeholder will be affected and

the activities should be monitored for mor e specific and ongoing relevanceto ICSTI
member groups.

Hold discussons on impacts of the various models (both organizational and
economic) for classes of ICSTI menbers Monitor projects sdected by membersto
be modelsfor their part of theindustry, and provide opportunitiesfor interaction
between these projects and appropriate communitieswithin ICSTI.

Projectsthat include the pecific sakeholder group or the portion of the information life cycle
function in which a particular organization is interested should be monitored with specific reports
back to ICSTI members interested in these particular areas. In addition to project monitoring,
opportunities should be provided for interaction between the project managers of the seleded
projectsand |CSTI members. Thenext annual meeting, or a gpecial meeting cosponsored with
ICSU, UNESCO or some other organization, would provide aforum for the discussion of these
specific projects. 1t might aso be valuable to hold the session concurrent with a mgor meeting
where these projects might already be represented.

1 Interpret the draft Open Archive Information System (OAIS) Reference M odél for
the ICSTI Communities

Since heterogeneity and acomplex network seem to be evolving, the OAI S Reference M odd is
one worth further group exploration. It stands as a possible framework for data interchange
needed across the various functions of an archive (regardless of the players involved), and across
archives. However, the current reference modd isgill very datacentered. | CST1 should
convene asmal group or groups of stakeholdersto interpret the reference model for the different
communities -- primary publishers, secondary publishers, and libraries. During this processit
should be possible to determine if the reference model has utility for avariety of stakeholders and
avariety of datatypes. The CEDARS project in the UK has expressed an interest in working
together with ICSTI on thisreview. Thisfollow-on project should be done in the context of the

I SO review of the draft reference model and should consider interoperahility, standards common
practices and economic models that will have to coexist. The benefit to 1SO and the Consultative
Committee on Space Daa Systemsisthat they will obtain areview by an expert community,
outside the data community. The benefit to ICSTI isthat it may find a model that can be used
across its members and to inform the commurnity at large.

1 Develop a Digita Electronic Archive Registry Emphasizing Digital Publications

The Electronic Archive Registry, recommended by the | CSTI Electronic Publications Archive
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Working Group, may act as a transitional mechansm between the current distributed,

unintegr ated archiving projectsfor eectronic publications and the fully networ ked environment
envisoned by the OAIS. The Working Group envisioned thisregistry as afinding aid for the
location of where, by whom, in what format, and what parts of a publication are electronicaly
archived. The data elemerts required for such aregstry and the procedureswhereby the regigry
is created, maintained and accessed must be developed. The Working Group suggested that the
registry could be added to the ISSN system. The concept should also consider the work of other
groups such as the Digital Object Identifier (DOI) Foundation and the nationa
libraries/bibliographies.

1 Monitor and report on the key projectsrelated to the cost and or ganizational issues
of digital archiving

Thisreview hasidentified that there are still significant unanswered cost and economic questions
related to long-term digital achiving. Some of these questions ae related to the speed of
technological change, while others areingtitutional. However, there are severa significant
projects under way that have been briefly identified in thisreport. They should continue to be
monitored and progress onthemreported to the ICSTI community. Recommendations for
projectsto be monitored include NEDLIB, the objective of whichis the networking of depository
librariesand the devel opment of digital depository format standards for publishers; CEDARS,
whichislooking at the networking of UK archives; and Cornell Univasity’s Digital Library 2-
Initiative which will address cost and organizational issues. Relationships should be established
with these projectsin order to learn about their progressand be able to report onthe outcomes to
the ICSTI listserv.

2. As appropriate, work at individual organization levelsto promote digital archiving
practices:

Recommend to ICST1 organizationsthat digital standards for metadata and object
identification that are under consider ation be reviewed with a particular eyeto their
ability tosupport long term preservation and acces.

In particular, work to ensure that the concept of archives and preservation is developed and used
within existing and forming standards for metadata and identifier.

1 Provide testbed material for projects when possible.

A significant way for ICSTI members to become involved and to learn more about the challenges
and best practices in this areais to provide material for digital archiving testbeds. This s already
being doneby Elsevier, Kluwer and Springer in the NEDLIB project. There may be similar
opportunities with other projects, including CEDARS and the Cornell University DLI-2 projects.

1 Promote multilateral projects, to promote the development of best industry practices
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in digital archiving

Promote round-table sessions at a follow-on ICSTI meeting that would bring together ICSTI
members working on similar issues related to digital archiving s that resources, lessons learned,
and pilot projects could be shared. Of particular importance would be discussons and pil ot
projects related to business models for digital archiving and irtellectual property issues
(particuarly between nationd librariesand publishers).

Both ICSTI and CENDI

1. Make ICSTI/CENDI’sinterest in thisarea known so the organizations stay involved
with the forefront of activities and continue to keep the debate visible with
customer s, suppliers, and funding sour ces.

1 Present a paper at the World Science Conference

As suggested by the ICSTI Executive Board and planned in the proposal, the results of this study
will be presented by Dr. David Russon at the World Science Conference in July 1999.

1 Develop a Statement of Concern regardingdigital elecronic ar chiving

As many survey participants mentioned, the current projects indigital electronic archiving are
often being done wit hout adequat e commitment and funding. Thereis concern that funding will
not be sugtained, and is not consstent with mandatesto collect and preserve dectronic
information. As suggested by the ICSTI Working Group, ICSTI and CENDI should produce a
Stat ement of Concern, either jointly or consecutively, that raises the issues of eectronic archiving
and continued preservation and access to these archives with stakeholders, policy makers and
funding sources. Many of the stakeholder groups ar e represented by members of ICSTI and
CENDI, and therefore, it should be in aunique position to “work through” this difficult task. As
the ICSTI Digitd Electronic Working Group indicated initsreport, the saement should not only
identify the need for and benefitsto be gained by eectronic archiving and continuing access, but it
should identify guiddines for what congitutes an elecronic archive and sufficient access. It
should emphasize the need to support verbal commitments to digital archiving with proper
programming and funding. The Statement of Concern should also identify further activitiesin
which ICST | and others can participate to ensure that the statement is put into action.

1 Publish an article on the results of thel CSTI/CENDI study

While the report to the World Science Conference will provide some level of vighility for the
effortsof ICSTI and CENDI aswell asfor the next steps necessary to move digita archiving
forward, thiswill not reach all stakeholder audiences. It is suggested that an article be prepared
from the study and published inarelevant journal. The investigators have dready been
approached by the editor of the Journal of Electronic Publishing for suchan article.
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1 Develgp atopical area on either the open ICST1 or CENDI Web site that highlights
digital dectronic archiving. (Thiscould dso be done asajoint effort.)

The topic of archiving was highlighted in the report from the June 1997 meeting and in a
subsequent issue of the ICSTI Forum. Those documents, a summary of this report and other
possible information gleaned from ICSTI members should be included as a specia theme on the
Website. (There are many good stes tha already address thisissue and there is no nead to
replicate them. However, links from a specific ICSTI or CENDI page to these other sites may be
of valueto I CST1 and CENDI membersand othersinterested in thissubject.) CENDI could

consider highlighting this area as a special adjunct to the broader STI Manager part of its Web
site.

This survey has emphasized that DEA issues require collaboration and coordination among a
variety of stakeholders. There are numerous projects underway at many levels. The ICSTI and
CENDI members can benefit from staying informed of ongoing activities. They aso have

experience and pradicd needsthat can help to informand move the state of DEA implementation
forward.

Though we need to act, the compressed cycle between the manufacture of
digital artifacts and the almost immedi ate imper ative to preserve these same
artifacts should not lead preservation decisions based on expedience. ...we
should at least consider how futuregenerationswill come to place a value on
a particular piece or collection. And by generations| do not mean a couple of
gener ations measur ed by the computer/videoindustry, but for generations
measured in human terms - Paul Messier, Conservator, Boston Museum of
Art
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