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The NASA STI Program Office ... in Profile

Since its founding, NASA has been dedicated
to the advancement of aeronautics and space
science. The NASA Scientific and Technical
Information (STI) Program Office plays a key
part in helping NASA maintain this
important role.

The NASA STI Program Office is operated by
Langley Research Center, the lead center for
NASA'’s scientific and technical information.
The NASA STI Program Office provides
access to the NASA STI Database, the
largest collection of aeronautical and space
science STI in the world. The Program Office
is also NASA'’s institutional mechanism for
disseminating the results of its research and
development activities. These results are
published by NASA in the NASA STI Report
Series, which includes the following report

types:

TECHNICAL PUBLICATION. Reports of
completed research or a major significant
phase of research that present the results
of NASA programs and include extensive
data or theoretical analysis. Includes
compilations of significant scientific and
technical data and information deemed
to be of continuing reference value. NASA
counter-part of peer reviewed formal
professional papers, but having less
stringent limitations on manuscript
length and extent of graphic
presentations.

TECHNICAL MEMORANDUM.
Scientific and technical findings that are
preliminary or of specialized interest,
e.g., quick release reports, working
papers, and bibliographies that contain
minimal annotation. Does not contain
extensive analysis.

CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

CONFERENCE PUBLICATION.
Collected papers from scientific and
technical conferences, symposia,
seminars, or other meetings sponsored or
co-sponsored by NASA.

SPECIAL PUBLICATION. Scientific,
technical, or historical information from
NASA programs, projects, and missions,
often concerned with subjects having
substantial public interest.

TECHNICAL TRANSLATION. English-
language translations of foreign scientific
and technical material pertinent to
NASA’s mission.

Specialized services that help round out the
STI Program Office’s diverse offerings include
creating custom thesauri, building customized
databases, organizing and publishing
research results ... even providing videos.

For more information about the NASA STI
Program Office, see the following:

Access the NASA STI Program Home
Page at http://www.sti.nasa.gov

E-mail your question via the Internet to
help@sti.nasa.gov

Fax your question to the NASA Access
Help Desk at (301) 621-0134

Phone the NASA Access Help Desk at
(301) 621-0390

Write to:

NASA Access Help Desk

NASA Center for AeroSpace Information
7121 Standard Drive

Hanover, MD 21076-1320
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ABSTRACT

Buckets are an aggregative, intelligent construct for
publishing in digital libraries. The goal oésearchprojects
is to produceinformation. This information isoften
instantiated in severaforms, differentiated by semantic
types (report, software, video, datasets, etc.).
semantic typecan be furtherdifferentiated by syntactic
representations as welPostScript version, PDF version,
Word version, etc.). Although the information waeated
togetherand subtle relationshipgan exist betweenthem,
different semantic instantiationsare generally segregated
along currently obsoletenedia boundaries. Reports are
placed in report archives, softwargght go into asoftware
archive,but most of thedata andsupporting materials are
likely to be kept in informal personalchives ordiscarded
altogether. Buckets provide an archive-independent
container construct in whictall related semantic and
syntacticdatatypes and objectscan be logically grouped
together, archived, and manipulated as aingle object.
Furthermore, bucketare active archival objectsand can
communicate witheachother, people, oarbitrary network
services.

KEYWORDS: Digital library architectures, agents,
archiving, multi-format, bucket, container, package.

INTRODUCTION

Digital libraries (DLs) are animportant researchtopic in

many scientific communitiesind have alreadybecome an
integral part of theresearchprocess. Howeveraccess to
these DLs is not agasy as users wouliike. Digital

libraries are partitionedboth by the discipline theyerve
(computer science, aeronautigysics, etc.)and by the
format of their holdings (technical reports, vidsoftware,
etc.). There are two significant probleméh currentDLs.

First, interdisciplinary research isdifficult because the
collective knowledge of eachdiscipline is stored in
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manuscripts, software, data, etc. available in plaee [19].
With the increasing availability of all-digital storage and
transmission, maintaining the tight integration of the
original STI collection is now possible.

A giverOld Dominion University and NASA Langley Research

Center are developingNCSTRL+ to addressthe multi-
disciplineand multi-genre problems. NCSTRL+ isased
on the Networked Computer Science Technical Report
Library (NCSTRL) [5], which is a highlyuccessful digital
library offering access to ovet00 universitydepartments
andlaboratories sinc&994, and is implementedusing the
Dienst protocol [9]. During thedevelopmentstage,
NCSTRL+ includes selectedholdings from the NASA
Technical Report Server (NTRS) [14] and NCSTRL,
providing clusters of collections along the dimension of
disciplines such as aeronautispace sciencenathematics,
computer science, and physics, as well as clusters along the
dimension of publishing organizaticemd genre, such as
project reports, journal articles, theses, etc. TheaBphects
of NCSTRL+ are discussed in[15, 16]. Although
developedor NCSTRL+ andwith our modified version of
the Dienst protocol in mind, bucketsre protocol and
archive independent, needing only standard Wfide Web
(WWW) capability to function. Thispaper gives an
overview of buckeffunctionality, examines similar work,
and discusses current implementation and future plans.

OVERVIEW

Bucketsare object-orienteccontainer constructs imwhich
logically grouped items can be collected, stored, and
transported as a single unit. For example, a typessarch
project at NASA Langley Research Center produces
information tuples: raw data,reduceddata, manuscripts,
notes, software, images, video, etc. Normally, only the
report part ofthis information tuple is officiallypublished

and tracked. The report might reference on-line resources, or

incompatible DLs that are known only to the specialists ineven include &£D-ROM, but these itemare likely to be
the subject. The second significant problem is that althoughost or degrade over time. Some portions suchoftsvare,

scientific and technical information (STI)consists of
manuscripts, software, datasetgtc., the manuscript

can go into separate archives (i.e., COSMIC orLituegley
Software Server) but this leaves the researche-totegrate

receives the majority of attention, and the other componentshe information tuple by selectingieces frommultiple

are often discarded (Figure 1) [20]. Although non-
manuscript digital libraries such as tlseftware archive
Netlib [2] have been in use f@ome time, they stilplace

archives. Most often, the software and other items, such as
datasets aresimply discarded. After 10 years, the
manuscript is almost surely the only surviviagifact of

the burden of ST reintegration on the customer. A NASAthe information tuple.

studyfound that customerslesire tohavethe entire set of
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Figure 1: STI Lost in Project / Archival / Reuse Process

Large archives could havbuckets with manydifferent
functionalities.
known at this time. However, we can describgeaeralized
bucket as containing many formats of the satatitem

(PS, Word, Framemaker, etc.) but more importantly, it can

also contain collections ofelated non-traditional STI
materials (manuscripts, software, datasets, etc.JThus,
buckets allow the digital library to address the |atanding
problem of ignoringsoftwareand other supportivematerial
in favor of archiving only the manuscript [20] Ipyoviding
a common mechanism tdeep related STI products
together. A single bucketan havemultiple packages

between the repository and individual buckets. This could be

Not all bucket types or applications are most usefuwhen individualbucketsrequire custom terms

and conditions for access (security, payment, etc.). Figure 3
also illustrates a bucket gaining some repository
intelligence as it iextractedfrom the archive enroute to
becoming a standalone bucket. A high ldistl of bucket
requirements include:

e abucket is of arbitrary size

e abucket has a globally unique identifier

e a bucket contains 0 or more componentsjled
packages (no defined limit)

Packages can correspond to the semantics of the informatian
(manuscript, software, etc.), or can be more abstract entities
such as the metadata for the entire bucket, bucket terms ard
conditions, pointers to other buckets or packages, etc. A
single package can have severalements which are

a packagecontains 1 or more componentsalled
elements (no defined limit)

an element can be a file, or a “pointer” to another
both packageandelementscan beother bucketdi.e.,
buckets can be nested)

typically different file formats of the same information, .

such as the manuscripaickagehaving both PostScript and
PDF elements. Elementorrespond tothe syntax of a

package. Packages and elements are illustrated in Figure 2.

Bucket Requirements

All buckets have uniqueds, handles[7], associatedwith
them. Bucketsare intended to beither standalone objects
or to be placed in digital libraries. gtandalone bucket can
be accessible through norm&WW means without the aid
of a repository. Bucketsare intended to baseful even in
repositories thatre not knowledgeableabout buckets in
general, orpossibly just not about thepecific form of
buckets. Buckets shouldnot lose functionality when
removedfrom their repository. The envisionestenario is
that NCSTRL+ will eventually havenoderatenumbers of
(10s - 100s ofthousands) ofntelligent, custombuckets

a package can be a “pointer” to ramote bucket,

package, or element (remgiackage oelementaccess

requires “going through” the remote hosting bucket)

packagesand elementscan be “pointers” toarbitrary

network services, foreign keys to databases, etc .

* buckets can keep internialgs of actiongperformed on
them

¢ interactions withpackages oelementsare madeonly
through defined methods on a bucket

¢ buckets can initiate actions; they do not have to wait to
be acted on

¢ buckets can exist inside or out of a repository

Table 1 lists the required bucket methods; other methods can
be custom defined. Note that Tableliffers from protocols
such as the RepositoccessProtocol (RAP) [10]. RAP
defineswhat actions the Repositomynderstandsyhile we
define the actions that bucketsnderstand. Although the

instead of large numbers (millions) of homogenous bucketsywo arenot mutually exclusive, theurrentplan is to not

Figure 3 contrasts a traditionatchitecture ofhaving the
repository interface contain all the intelligence and
functionality with that of a buckearchitecture where the
repository intelligenceand functionality can be split

implement RAPfor NCSTRL+. Table 2lists the default
private methods for the bucket. We expect this lisgrmwv

as the public methodare refinedespecially as theurrent
terms and conditions model moves past its current hostname
and username/password capability.
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Bucket Tools to groups of buckets, and performing other archival

There are two main tools for bucket use. One isathibor management functions.

tool, which allows the author to construct a bucket with no

programming knowledge. Here, the author specifies the Bucket Implementation

metadata for the entire bucket, adds packages to bucket, ad@ir bucket prototypes are written in Perl 5, and make use of
elements to the packages, provides metadata for ththe fact that Dienst uses hypertext transfer protocol (HTTP)
packages, and selects applicable clusters. The author to@s a transport protocol. Like Dienst, bucket metadata is
gathers the various packages into a single component argiored in RFC-1807 format [12], and package and element
parses the packages based on rules defined at the authordormation is stored in newly defined optional and
site. Many of the options of the author tool will be set repeatable fields. Dienst has all of a document’s files
locally via the second bucket tool, theanagement tool  gathered into a single Unix directory. A bucket follows the
The management tool provides an interface to allow sitesame model and has all relevant files collected together using
managers to configure the default settings for all authors adirectories from file system semantics. Thus a Dienst
that site. The management tool also provides an interface tadministrator can cd into the appropriate directory and access
query and update buckets at a given repository. Additionalhe contents. However, access for regular users occurs
methods can be added to buckets residing in a repository biprough theWWW. The bucket is accessible ahgh a
invoking add_method on them and transmitting the new Common Gateway Interface (CGI) script that enforces terms
code. From this interface, the manager can halt the archivand conditions, and negotiates presentation to the WwWwW
and perform operations on it, including updating or addingclient.

packages to individual buckets, updating or adding methods

Table 1: Default Public Bucket Methods



Method Argument Currently Description

Implemented
metadata format Yes with no argument, returns the metadata in the default format; with an argument, derives and
returns the desired format
display -- Yes default method; bucket “unveils” itself to requester
id -- Yes returns the bucket's unique identifier (handle)
list_tc -- No describes the nature of the publicly visible terms and conditions
list. methods -- Yes list all public methods known by a bucket
list owners -- Yes list all principals that can modify the bucket
add_owner owner No add to the list of owners
delete_owner owner No delete from the list of owners
add_package package Yes adds a package to an existing bucket
delete_package package Yes deletes a package from an existing bucket
add_element element Yes adds an element to an existing package
delete_element  element Yes deletes an element from an existing package
get_package package No capability to get an entire package, including all elements
get_element element No get an element from a package in a bucket; currently direct URLs are used for element
extraction
add_method method Yes “teaches” a new method to an existing bucket
delete_method method Yes removes a method from a bucket
name

copy_bucket destination No export a copy of a bucket, original remains
move bucket destination No move the original bucket, no version remains

Table 2. Default Private Bucket Methods
Method Argument Currently Description

Implemented

tc method name Yes all public methods pass through this terms and conditions method
derive_metadata format No converts from the default metadata format to the desired format

The philosophy of Dienst is to nimize the dependency on NCSTRL+, the final step of examining thdirectories
HTTP. Except for the User Interface service, Dienst doesstructure is skipped, and tli&ectory’sindex.cgi file is
not make specific assumptions about the existence of HTTEhvoked. Thedefault methodfor an index.cgi is
or the Hypertext Markup Language (HTML). However, generally the display method, so the user should nbtite
Dienst does make very explicit assumptions about whatifference. However, atthat point the bucket, not Dienst,
constitutes a document and its related data formats. Builtetermines what the user sees.

into the protocol are the definitions of PostScript, ASCII

text, inline images, scanned images, etc. To add a new filRELATED WORK

format, such as the increasingly popular PDF, DienstThere has been a lot of research in ahea ofredefining the

configuration files have to be changed. If the protocol wasconcept of “document.” In this section we examine some of
resident only at one site, this would be acceptablethese projects and technologies that are similar to buckets.
However, Diensterversarerunning at nearlyl00 sites -
protocol additionsrequire a coordinatetbgistical effort to
synchronize versions and provide uniform capability.

Digital Objects

Buckets are most similar to the digital objects fisscribed
in the Kahn/Wilensky Framework [8hndits derivatives
We favor making Dienst leseowledgeableboutdynamic ~ Such as theWarwick Framework containerfl1] and the
topics such as file formatand making that the More recent FI¢X|bIe and Extensible Digital Object
responsibility of buckets (Figure 4). In NCSTRLBjenst ~ Repository Architecture (FEDORA)[4].  In FEDORA,
is used as an index, search, and retrieval protocol. When tHgigitalObjectsare containers, whicaggregaténe ormore
user selects an entry from teearchresults, Dienswould ~ DataStreams — DataStreamsare accessedthrough an
normally have the local User Interface serviceuse the Interface and an Interfacenay in turn beprotected by an
Describe  verb to peer into the contents of thecuments ~ Enforcer Table 3 is a continuation of Table 1 from [4],
directory (including the metadatafile), and Dienst itself ~ With the fourth column added to show the bucket

would control how the contents are presented to the user. Igauivalents of concepts fromthe Kahn/Wilensky
Framework, the Warwick Framework, and FEDORA.
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Table 3: Bucket Concepts Added to Table 1 from [4]

The Kahn/Wilensky map to the FEDORA which are implemented using the and the Bucket equivalent is...
Framework Concepts... classes... Extended Warwick Framework
concepts...

Data and Metadata DataStream Package Packages, Elements
Digital Object DigitalObject Container Bucket
Dissemination Interface Distributed Active Relationship get_package, get element
Terms and Conditions Enforcer Distributed Active Relationship tc
Repository Repository Container Repository, or standalone (URL)

FEDORA has notbeen completely implemented #itis
point, and it isunknown what repository or digitdibrary
protocol limitations will be present. Also, it is unknown if
FEDORA plans to allow DigitalObjects to be intelligent
agents, similar to th&ucket Matching Systemdescribed
below.

Multivalent Documents

Multivalent documents [17jppearsimilar to buckets at
first glance. However, the focus ofultivalent documents
is more on expressingnd managing the relationships of
differing “semantic layers” of a document, including
languagetranslations,derived metadata,annotations, etc.
There is not an explicit focus on the aggregatiosederal
existing data types into a single container.

Open Doc and OLE
OpenDoc [13]and OLE [1] aretwo similar technologies
that provide the capability fatompound documentsBoth

intelligence. OpenDoc and OLE documentsare more
suitable to be elements within a buckeather than a
possible bucket implementation.

Digibox

The DigiBox [18] technology is a container construct
designedior electronic commerce. Thgoal of DigiBox is
“to permit proprietors of digital information thave the
same typeand degree ofontrol present in thpaperworld
[18]. As such, the focus of the DigiBox capabilities are
heavily oriented toward cryptographic integrity of the
contents, and not so much on the less strindemands of
the currentaveragedigital library. Therealso appear to be
no hooks to make a DigiBox an intelligent agdbigiBox

is a commercial endeavor and is thus less suitable for the for
our NCSTRL+ prototype.

CURRENT AND FUTURE WORK
We are using the author tool to populate NCSTRL+ to gain

technologies can be summarized as viewing the document assight on how to improve its operation. Vslee starting

a loose confederation dfifferentembeddedlatatypes. The
focus on embeddeddocuments isless applicable to our
digital library requirementghan that of ageneric container

with bucketsauthored at OldDominion University and
NASA Langley Research Center and are choosingrtitiel
entries to be “full” buckets, with special emphasis on

mechanism with separate facilities for document storage anuckets relating to NSFprojects for ODU and for



windtunneland other experimentatiatafor NASA. Unitil
NCSTRL+ becomes afull production system, we are
primarily seeking rich functionality buckets thabntain
diverse sets of packages.

Alternate Implementations

We areplanning to also implement buckets using Lotus
Domino, a Web server integratedvith a Lotus Notes
databaseserver, in addition tothe current CGl and Perl
implementation. The bucket API defined inTables 1 &
2 will remainunchanged. Irexperimenting withDomino,
we also plan to investigate implementingCSTRL+
components without using Dienst. We plan @wolve
NCSTRL+ to support ageneralized publishing and
searching modehat can be implementedsing Dienst or
other DL protocols.

Bucket Matching System

The premise of the Bucket Matching SystéBMS) is that
the archivedobjects (buckets) shoulsandle agmany tasks
as possible, not humans. Toward this end, welasgning

Find similar works by different authors. The exact values
would have to beletermined byexperimentation, but it is
possible to envision a similarity ranking that stightly
lower being an indication of a similar work hgifferent
authors. For example, a similar work bydifferent author
would be: 70% < similarity < 90%.

Arbitrary selective dissemination of information (SDI)
services. When a user's profile ismatched, a notification
can besent immediately or a digest senteatery defined
time interval (i.e.,weekly). Thismethod can beaised to
track different versions of a report, not jusinter-genre
(technical reportvs. conference paper) ointer-institution
(the author moves to different university) issues. If
version 2.0 of a bucket comes out, it can “find" all previous
versions,and the appropriate actionsan be taken (i.e.,
create dully connectedgraph betweerthe bucketsdelete
previous buckets, etc.)

Metadata scrubbing. The issues of maintaining consistency
and quality of metadatainformation is an increasingly

the BMS as a communication mechanism for buckets tdmportantconcern indigital libraries [6]. Part of the BMS

exchange information among themselves. Thple-space"
communication of the.inda programming language [3] is
the model for BMS.

The following example illustrates a usage of tBMS.
Consider a technical report published by the department
which is also submitted to @onferenceThe reportappears
under the server maintained bythe department and
publishing authority which is: ncstrl.odu.cs. If the
conference paper is acceptedyill eventually bepublished
by the conferencesponsor, say the ACM. The publishing
authority would be ncstrl.acm. Although theconference
paperwill surely appear in a modifiedormat, thetech
report and the conference paper adearly relateddespite

coudalsoinclude a metadata scrubbrat, based onrules

and heuristicsdefined atthe scrubbercould automatically
make or suggestipdates to metadat&or example, the
scrubber could havall references td'Hampton Institute”
indicate the namechange to"Hampton University", or
handle arauthor’'s namechange (forexample, if someone
changestheir name upommarriage), or correct errorthat

may have been introduced, etc.

The BMScould be implemented omultiple workstations,
and would be primarily batch processing. Given that some
of the operationavould be computationally expensive, it
can bedonewith loose timeguarantees, perhaps ewdone

on stolen idle cycles (from "hallway clusters" of

being separated by publishing authority, date of publicationyyorkstations).

andrevisions. Twoseparateébut related objects nowexist,
and ardikely to continue to exist. How best treate the
desired linkage betwedhe objects? “ncstrl.acm” mayave
neither theresourcesnor the interest tospendthe time
searching out previous versions of a manuscript.
“nestrl.odu.cs” cannolink to the conferencebucket at the
creationtime of the ODU bucket, since theonference

CONCLUSIONS

Buckets provide anechanism for logically grouping the
various semantic data objects (manuscript, software,
datasets, etc.pnd the various syntacticrepresentations
(PostScript, PDF, etc.).The ability to keepall the data
objects together with their relationships intaelieves the

bucket did not exist at the time. It is unrealistic to suggestuser from having toreintegratethe original information

that therelevant partieswill go back tothe ncstrl.odu.cs
collection and createthe linkage correctly after several
months have passed.

The solution is to have both buckets publish timedétadata,
or some subset of it, in the BM8/hen amatch, ornear
match, is found, the buckets can either 1) automatitiaky

to eachother; or more likely 2) bring the possildiakage

to the attention of a person, who witirovide the final
approval for the linkage. There are a number of ways that
"match" can be foundbut most likely it will be similar
metadata within some definable threshold (e.g., 90%
similar). Other uses for the BMS could include:

tuple from manyseparatearchives. Bucketalso provide a
more convenient method fodescribing the output of
research projects, and provide a finer granularity for
controlling termsand conditions within anarchive. The
aggregative aspects of buckets hawdready been
implemented. The tools tmake buckets easy to use and
manageare being created. The Bucket Matching System
will allow buckets to be intelligent agentzndallow inter-
bucket communication as well as communication and action
&ith arbitrary network resources.
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