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Abstract

Aside from the basic importance of metadata in documenting, the characteristics of data for reuse is the fundamental role
it plays in the functioning of digital libraries and data repositories. Metadata provides both the content of the search catalogs
and provides part of the basis for performing quality control on the source data. In this paper, we describe a method for a
scalable and decentralized system of interoperable digital libraries and data repositories. The description includes transportable
metadata format, a persistent naming convention for arbitrary digital objects and a protocol for the asynchronous distribution
of metadata. We also include a description of an operational data repository based on these methods. ©1999 Elsevier Science
B.V. All rights reserved.

1. Introduction

This paper reports a method for sharing metadata
between digital libraries and data repositories. It is
based on the notion of decentralized control with ar-
bitrary redundancy between nodes in a manner anal-
ogous to ’mirroring’. This work has been performed
in the development of a data repository for the publi-
cation of ecological data but with the specific inten-
tion of obtaining both generality and scalability in the
design. Our approach is based on three key develop-
ments which we will discuss in turn below. The first is
a transportable metadata format which we call BKM.
The second is a persistent naming convention for arbi-
trary digital objects (ADO) and the third is a protocol
for the asynchronous distribution of metadata.
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2. Methods

Our objective has been to develop techniques for
the controlled publication of digital scientific data. To
do this we are developing systems which combine the
functions of conventional libraries with digital library
and data repository technology. The system reported
here is designed for the publication of ADOs which,
for the present technology environment, are defined
as uniquely identifiable objects within a computer’s
file system. These may contain measurements, images,
sounds or any other digitally recorded data including
software and documents.

Our methods are based on the results from our
earlier work on the environmental data repository for
San Diego Bay [1] and track the emerging digital
library technology. Our design for the San Diego Bay
project was guided by the principal that our system
should be maximally portable, inexpensive and sim-
ple with the intention that it be replicable at the level
of the individual researcher. The resulting system is
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Fig. 1. Data flow interfaces supporting data publication.

workstation-based and is predicated on the Unix file
system for its archive. For the project reported here,
which we refer to as‘Caveat Emptor Ecological Data
(CEED)’ (http://ecodata.sdsc.edu), we are utilizing
high-performance storage systems and servers located
at the University of California, San Diego’s San Diego
Supercomputer Center (SDSC). The basic functional
organization of the data repository and its relationship
to digital library functions, data submitters and users
are shown in Fig. 1. This figure illustrates functional
interfaces in the operation of a data repository and
also illustrates the concept of data levels and quality
assurance/quality control (QA/QC) processing which
will be described in a separate paper. While still repli-
cable, this system is more complex but provides more
extensive services. Our long-term goal is to achieve
a family of client/server components which can in-
teroperate to provide a seamless ability to develop
and maintain individual and community collections
of scientific data.

2.1. Digital libraries and data repositories

This is a period of intense activity in the evolution
of libraries; involving librarians and computer scien-
tists in new collaborations. Not surprisingly, there is
considerable ambiguity in the conception of what fu-
ture libraries will be and how they will operate. In de-
veloping the overall design of the CEED we elected

to differentiate a digital library from a data reposi-
tory to clearly separate the role of curation, requir-
ing domain-specific expertise, from archival, requiring
computer resources and system administration exper-
tise. We did this because it seems that digital libraries
tend to emphasize metadata content while data repos-
itories tend to emphasize data content. A recent de-
scription of the function of digital libraries emphasizes
the distinction between the function of the library and
the objects contained within the library:

‘ . . . The primary purpose of digital libraries is to
enable the searching of electronic collections dis-
tributed across networks, rather than merely creat-
ing electronic repositories from digitized physical
materials[2].’
A data repository stores, maintains, and enables ac-

cess to digital objects, handles hardware, software,
protocols, interfaces, content synchronization and re-
lated system-level infrastructure. This is a complex
and expensive task primarily as the result of the rate
of technology change and the general unreliability of
computing and communication systems. In addition,
data repositories must provide formal and public data
management policy, support standards for interopera-
tion and support rights management and the protec-
tion of intellectual property. The searching capabil-
ity provided by digital libraries and the data manage-
ment services provided by data repositories are both
contingent on the existence of system and application
information. For the CEED implementation, applica-
tion metadata is that provided by the data submitter
while system metadata pertains to ADO naming, ac-
cess control and so forth. This information is all stored
in metadata.

2.2. Transportable metadata

Metadata ’standards’ are emerging throughout the
scientific community as well as in the larger popula-
tion of information managers and users. Some of the
most active and authoritative work relating to metadata
comes from the library community and is presently
exemplified by the Dublin Core [3] and the Resource
Description Framework (RDF) [4] efforts. Other ef-
forts relating to spatial data [5] also have a long his-
tory. It is illuminating to reflect on the growth of this
area before considering our approach.
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The Federal Geographic Data Committee (FGDC)
(http://www.fgdc.gov) was one of the first organi-
zations to advocate a metadata standard specifically
focused on geospatial data. This type of data is dom-
inated by remote sensing imagery and map data such
as digital elevation models (DEMs). Although widely
criticized as unwieldy and rigid, their proposal was a
milestone in providing a controlled list of metadata
parameters for community consideration. The FGDC
effort was driven by the proliferation of geographic
information systems (GIS) technology within federal
government agencies and the resultant need to fa-
cilitate data sharing between agencies. The standard
also provided guidance to GIS software developers.
Criticism of the FGDC standard stems from the large
number of parameters it defines1 and the fact that
extensions to it were not allowed. Consequently, it
was perceived by many as an overly complicated and
closed standard imposed by government mandate on
federal agencies and their contractors. Fortunately,
the policy on extensions has been relaxed [6] and
the concept of ’minimum metadata’ (a 56-parameter
subset) has emerged. These constructive changes are
leading to wider acceptance but the large number of
parameters continue to pose a daunting data entry
task for individual scientific researchers. In any case
the FGDC standard is widely considered definitive
for geospatial data and many metadata develop-
ers appropriately adopt some subset of the FGDC
parameters.

As part of an effort to preserve long-term ecologi-
cal data [7] a group of ecologists and computer scien-
tists (including one of us) collaborated in the develop-
ment of a metadata standard for non-geospatial data
[8]. This standard is designed for documenting data
resulting from ecological research and captures meta-
data missing from the FGDC standard yet important to
the ecological community. A key aspect of this stan-
dard is a three-tiered hierarchy for the acquisition of
metadata. The hierarchy explicitly provides for meta-
data acquisition based on the data provider’s purpose
in providing the data for use by others. That is to, (1)
provide data for use by an expert colleague; (2) enable
spatial, temporal and keyword (thematic) searches to
find the data; or (3) support auditing or peer-review of

1 60 pages; 3–9 parameters per page.

the data2 . This hierarchy enables the data provider to
determine how much or little effort to spend on meta-
data as a function of the intended reuse of the data. We
have found this approach to be more readily accepted
by individual researchers for whom the notion of data
publishing is a new, unfamiliar and often burdensome
task [9]. The same parameters were also organized
into five broad classes (I–V) according to the type
of information they contained (i.e., data set, research
origin, data set status and availability, data structure,
supplemental). The result was a two-way partition of
intended use versus type-of-information.

The first implementation of the ecological meta-
data standard described above was done as part of
the development of the web-site for publishing envi-
ronmental monitoring data from the San Diego Bay
(http://sdbay.sdsc.edu). Although more comfortable
for individual scientists, this standard has consid-
erable ambiguities which became clear during the
implementation and preliminary use. In particular,
some of the parameters initially considered to be part
of the minimum set of metadata (i.e., providing data
for use by expert colleague) were found to be unnec-
essary as part of the minimum set or more logically
part of another class. We also found that it was useful
to distinguish between the parameter name and the
label used to display the parameter within a URL.
However, despite great temptation to make unilateral
changes to the organization of the metadata during
the implementation, we maintained strict one-to-one
correspondence of the parameters in the paper and the
parameters in the HTML implementation as a means
of configuration management. We found this to be of
great help in establishing a review process with mem-
bers of the ecological community which we describe
below.

As a result of our experience with this initial imple-
mentation we came to a second metadata implementa-
tion which we dubbed BKM metadata format. We now
refer to the San Diego Bay version as BKM V1.0 and
the current version as BKM V2.x. The definition of
this format can be obtained from http://ceed.sdsc.edu.
From the start of the San Diego Bay implementation,
we decided that a copy of the metadata should be
packaged with its corresponding data in a tar file as

2 The full complement of parameters through the third level of
the hierarchy is 63.
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Fig. 2. RDF-compatible BKM structure with Dublin Core (DBC),
Non-geospatial metadata for ecology (ECO) packages and room
the growth. Acronyms indicate the package in the RDF sense.

part of an ADO. Therefore, an ADO always contains
at least two files: the data file and the metadata file.
For the metadata file to be maximally useful we also
decided that it should be formatted as a ’flat, ASCII
file’ with a published format and semantics to enable
it to be easily and unambiguously interpreted by a hu-
man using a conventional ASCII editor. These con-
ventions have the obvious additional benefit of being
well-suited to the construction of translators designed
to convert from BKM format to another target format.
As a result, the BKM format serves as a convenient
mechanism for the transport of metadata between dig-
ital libraries and data repositories in addition to help-
ing the data user make effective use of the data.

BKM V2.x format is in third-normal form [10] to
ensure the unique identification of every record in the
metadata file and the records are structured to be con-
sistent with the RDF scheme for formalizing, gen-
eralizing and sharing metadata. It is a transportable,
flat, ASCII, metadata file format with records struc-
tured into [name, value, label] triples. The triples are
organized into modules or packages identified by a
three-letter acronym coded into the name attribute of
the triple. This is done to the modular RDF scheme
and we encode RDF packages using the three-letter
code (e.g., DBC, ECO) at the beginning of each record.
This is shown conceptually as concatenated or stacked
sections within a BKM metadata file in Fig. 2 and ex-
emplified in Table 1. For example, ’dbc’ corresponds
to Dublin Core parameters, ’eco’ corresponds to eco-
logical parameters. This structure was designed to fa-
cilitate the sharing and transport of metadata by sim-
plifying machine-parsing while conforming to emerg-
ing standards and preserving the ability to read the file
contents directly in a conventional ASCII editor.

BKM parameter names accommodate a two-level
hierarchical structure with nodes and subnodes corre-
sponding to major metadata categories such as those
described in [8]. The parameter names are composed
of fields as well as sorting keys (i.e., pkgserial, classse-

rial) to organize the parameters within packages and
classes, respectively. The fields within the parameter
name are delimited by the underscore character (‘-’)
and the comma as shown in Table 1 while the name,
value and label attributes of the schema are delimited
by a semicolon. The semicolon was used to simplify
parsing under Java. Underscores separate fields of text
contained in the fully-qualified parameter name and
the comma separates fields used only in composing
the presentation view.

The fields coded within the parameter name are as
follows:
pkg dbc for Dublin Core, eco for ecological.
pkgserial sequence number within a package.
class A, B, C, D corresponding to the extent

of metadata. A is considered minimal.
classserial sequence number within the class.
node hierarchical node name.
noderpt repeat group number within the node.

For example, file 0, file 1.
subnode subordinate hierarchical node name.

Node value is repeated if no subordinate
node exists.

subnoderpt repeat group number within a subnode.
For example, variable 0, variable 1.

parameter metadata parameter name.
label presentation label.
default default parameter value.

Each parameter name is unique and its value is al-
lowed to be of arbitrary length. To accommodate this
feature the rows of the BKM files are also sequentially
ordered with sequence numbers contained in the pa-
rameter name to enable a parameter to be composed
of multiple BKM records. This is needed to support
repeating parameters such as those relating to a given
file when multiple data files are being combined into
a single ADO. This is also done to accommodate ar-
bitrarily long parameter values such as narrative text
using the limited length records of current operating
systems.

The BKM format is currently undergoing a review
as part of an Ecological Metadata Working Group
sponsored by the National Center for Ecological
Analysis (NCEAS; http://www.nceas.ucsb.edu) and
Synthesis and the San Diego Supercomputer Center
(SDSC; http://www.sdsc.edu). Other participants in
the group include the Long-term Ecological Research
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Table 1
BKM V2.2 file example with a parameter name is bold

Bkm metadataversion,‘V2.2’,‘Metadata Version’
# BKM Metadata Master Version 2.2 1998-06-30
# Format of entries in this file are:
pkg pkgserialclassclassserialnodenoderptsubnodesubnoderptparameter,‘defaultvalue’,‘label’
# dbc indicates Dublin Core parameters
# eco indicates Modifications from Michener et al., Ecological Applications, 2/97
# Some original eco parameters have been superseded by dbc parameters
#
# Send comments to hellyj@ucsd.edu
#
dbc 10000A 500 dataset0 dataset0 resourceidentifier;‘TBD’;‘Resource Identifier’
dbc 1000A 1000dataset0 dataset0 title;‘TBD’;‘Dataset Title’
dbc 2000A 2000dataset0 dataset0 creator;‘TBD’;‘Resource Author or Creator’
eco1000A 3000dataset0 dataset0 address1;‘TBD’;‘Author/Creator: Address (1)’
eco2000A 4000dataset0 dataset0 address2;‘TBD’;‘Author/Creator: Address (2)’
eco3000A 5000dataset0 dataset0 address3;‘TBD’;‘Author/Creator: Address (3)’
eco4000A 6000dataset0 dataset0 phone;‘TBD’;‘Author/Creator: Phone Number’
eco5000A 7000dataset0 dataset0 email;‘TBD’;‘Author/Creator: Email Address’
dbc 3000A 8000dataset0 dataset0 subject;‘TBD’;‘Subject Keywords’
dbc 8000A 8000dataset0 dataset0 resourcetype;‘TBD’;‘Resource Type’
dbc 6000A 9000dataset0 dataset0 contributor;‘TBD’;‘Other Contributor’

Network Office (LTER; http://www.lternet.edu as well
as representatives from the federal government and
ecological research stations. NCEAS is developing
an XML 3 version of the same set of metadata pa-
rameters and it is our intention to evolve toward both
implementations through a joint configuration man-
agement approach. This will result in both the as yet
hoped-for benefits of the XML representation as well
as the benefits and portability of the ’flat ASCII’ rep-
resentation. Likely future modifications will involve
the separation of FGDC parameters into a package
within BKM and the evaluation of Z39.50 package4 .

2.3. Uniquely identifying persistent digital objects

One of the most troublesome problems in develop-
ing and maintaining a data repository is the establish-

3 Extensible Markup Language (XML) is a language for pub-
lishing Standard Generalized Markup Language (SGML) on the
world-wide-web. The fugure of XML is not entirely certain so
these two approach (XML and ‘flat ASCII’), while complemen-
tary, are intentionally being independently maintained.

4 As stated http://lcweb.loc.gov/z3950/agency/, the Z39.50 stan-
dard, ‘Information Retrieval (Z39.50): Application Service Defini-
tion and Protocol Specification,’ is represented as both ANSI/NISO
Z39.50 and ISO 23950.

ment of a system of unique and persistent names for
the digital objects. There have been many schemes
proposed as solutions. One group has proposed the
notion of handles [11] and there have been others
with similarly novel names. Significant efforts cur-
rently underway focus on the creation of Universal
Resource Names (URNs) but current definitions do
not specify a particular implementation although there
are useful recommendations resulting from these ef-
forts (http://www.w3.org). Consequently, we are left
to determine the structure of our particular implemen-
tation of a URN but have attempted to accommodate
the recommendations in our approach.

We have established a system we think of and refer
to as accession numbers drawing on the card-catalogue
analogy. These accession numbers have a structure
that is illustrated in Fig. 3. It is useful to note that
this accession number structure is easily extensible to
a federation of data repositories as illustrated in Fig.
4 One interpretation of the Repository of Record and
Userid fields could be that of publisher and author. The
main features of this encoding is that an ordinary file
system sort will result in the ordering of all files based
on the subfields (repository, userid, original datetime,
version datetime) from left-to-right. Consequently, all
versions of the same ADO will be conveniently listed
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Fig. 3. Accession Number Structure. In this illustration the CEED
data repository name is coded as part of the persistent name. Note
that this convention can be augmented on the left to participate in
external associations of data. The date format is being modified
to accommodate the YYYYMMDD format.

Fig. 4. Metadata distribution using BKM.

together and all ADOs belonging to a given user will
likewise be grouped together.

2.4. Asynchronous distribution of metadata

The problem of ensuring the completeness of
a specific search for data is rife throughout the
world-wide-web at present. This is due to the lack
of a complete description of the search space largely
resulting from the volatility of URLs. The same prob-
lem is inherent in the publication of data through
digital library technology. Since the search-space is
defined by the universe of metadata, the ability to
form the union of relevant metadata within a domain
is essential to the completeness of a search. Clearly
there must be reliable method of sharing (i.e., pub-
lishing) metadata in a systematic and reliable way.
BKM format provides a general and simple means of
doing this as depicted in Fig. 4.

Fig. 4 illustrates the use of a BKM formatted file
as the mechanism for transport across data repository
and digital library sites enabling the synchronization
of metadata catalogues across a federation of inter-
operable sites. Each site can, for example, publish

Fig. 5. CEED system architecture depicting major functional com-
ponents and interfaces and the use of BKM files.

its entire metadata catalogue or parts of it for other
sites to retrieve on demand using conventional meth-
ods such as ftp or http. As a result of the structure
of the BKM format, each site can independently in-
terpret the BKM parameters into its particular imple-
mentation of a metadata catalogue. While we do not
encourage arbitrary and independent interpretation of
the parameters, this flexibility acknowledges the ex-
istence of important differences in the way in which
different disciplines use and construe the same infor-
mation contained in metadata.

3. Results

Using these concepts work has been completed on a
system for the controlled publication of ’Caveat Emp-
tor’ ecological data [12]. These are data which have
not been peer-reviewed but which are offered for use
by the data submitters to facilitate the research of oth-
ers and the progress of collaborative ecological sci-
ence. This site is the initial implementation of the
methods described in this paper. The architecture for
the system is shown in Fig. 5 The overall features of
this architecture include a web-based user interface
providing for user registration, search and retrieval
data contribution and contributor-based access con-
trol. A WWW browser is used for the user-interface.
A DBMS is used to maintain the metadata catalogue
which is built from contributor-generated metadata
first written to a BKM file which is packaged with the
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contributed data into the ADO named with the con-
vention described above. The BKM file is then used as
input to the DBMS used to maintain the metadata cat-
alogue. The storage resource broker (SRB) provides a
scalable, operating-system level interface to arbitrar-
ily decentralized storage systems including the HPSS
system for the initial system [13–15]. Conventional
internet services of email and HTTP and used in the
notification and download process for retrieval of data.
Access control is provided through the DBMS ser-
vices as well as the SRB. File-level control is provided
to enable individual data submitters to control access
to any given digital object they have published in the
repository.

One of the key features of this architecture is the
separation of the interactive functions (i.e., queries,
data selection, data submission) from the retrieval and
delivery of data to the requesting user. There are un-
predictable latencies in most, if not all, archival sys-
tems which must accommodate delays as large as those
required to manually load a new tape into a robotic
storage system. There are also the unpredictable fail-
ures of network components to contend with. By sep-
arating the delivery of data from the querying and
submission of data we provide the user with greater
reliability as well as avoiding the inconvenience of ty-
ing up a web-session waiting for inherent system la-
tencies. Once a retrieval is completed, the user is no-
tified by email that the data he or she requested is
available for downloading via ftp (or http) through a
selectable URL embedded in the email message itself.
We also maintain a log of users who have retrieved
any particular ADO so that they can be notified if a
new version of the ADO is published and to inform the
ADO provider of users who have copies of the ADO.
Data providers find this feature to be reassuring espe-
cially in relation to concerns about intellectual prop-
erty rights and attribution for the use of their data.

4. Summary and conclusions

We have described three key components to the con-
struction of a set of interoperable digital libraries and
data repositories: a transportable metadata format, a
persistent naming convention, and a simple method of
sharing metadata between. These results are derived
from approximately three years of work involving a

variety of experiments. From this we have distilled
a few key points which we list here. These should
be considered with an awareness that our implemen-
tation has been developed to specifically address the
needs of the individual scientist wanting to cooperate
in the sharing of research data. From this perspective
we clearly see the continuing need for a:
• user-selectable set of metadata parameters which

can be progressively completed based on the data
providers available time and motivation,

• persistent naming convention which is unique
within the data repository and clearly associates
any given digital object (ADO) with its provider as
well as related versions of the object,

• simple, implementation-independent implementa-
tion of structured metadata (e.g., BKM) which can
be directly read and interpreted by an individual
scientist,

• mechanism for bundling metadata with the ADO
in an archive file to ensure it is delivered with the
object when copied, and

• mechanism for non-interactive data retrieval and de-
livery to a user to accommodate the latencies inher-
ent in the archival storage system.
We encourage others who may develop such sys-

tems to consider these points in their development ef-
forts. For these methods to be useful it is essential
that a critical mass of user interest be crystallized in a
manner similar to that which produced the current sys-
tem of libraries and more recently the Internet and the
WWW. This will clearly take some considerable time
and experience with other approaches and the further
development of publishing tools such as XML as well
as policies regarding intellectual property which have
not even been discussed here. Clearly, this work repre-
sents only one approach which could serve as a basis
for conventions and perhaps standards. Other exper-
iments should be done. While our approach may or
may not be adopted by others, in a general way the
issues addressed in this work are fundamental to the
development of a robust means of controlled publica-
tion of digital scientific data.
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