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1 Introduction

Imagine you're preparing an environmental impact statement for a proposed highway
in the Willamette Nationd Forest and you're paticularly interested in assessing the impact
on Douglas Fir trees, a species native to the aea  You're interested in information from
amilar projects conducted in a smilar environment  You may benefit from a wide range of
information incduding: exising environmentd impact daements, watershed assessments
scientific gudies and surveys, records of decison and so forth. Your task is a typicd
information gathering task.  We propose an enhanced architecture for metadata — Metadata™
— where metadata is represented as explicit objects and where explicit relaionships among
terms and properties are exploited to maximize search capabilities, minimize metadata entry
requirements, and support arich form of smilarity search.

One popular search mechanism based on techniques from information retrieva
retrieves documents by meatching seerch keywords or phrases with text found in eectronic
documents.  The documents must be dectronicdly accessble and processible.  Another
goproach from the knowledge acquistion community, focuses on making common
knowledge explicit usng an ontology [1]. By defining concepts (usudly cdled casss) in
teems of rdaed concepts, the ontology supports the inference of new knowledge about
concepts and related documents and thus serves as the gateway to accessing the documents.
The digitd library community presents a third popular gpproach to document management
and searching based on metadata fields ad vaues, as shown in Figure 1 The Dublin Core
[2] defines standard metadeta fidds. Traditiond metadata supports searches based on fidd-
vaue queies. Such an interface might alow you to choose the “Locaion” fied and enter a
vdue of “Willamette Nationd Foret” The query would then return those documents
explicitly associated with “Willamette Nationa Forest.”

2 Metadata™

Metadata™ is designed to hdp you find documents but it places few requirements on
the documents themsdves because Metadata™ attaches metadata to document proxy objects,
as represented by the document-shgped symbol in Hgure 2 The document can be in any
format and in any location. Searches return reevant document
proxies and esch proxy provides information about how to
retrieve the document, eg., usng a URL or a phone number of
someone to cdl. Having documents exist outside of the system
is an important advantage of the Metadata™ architecture. A
national forest agency may mantan its own web sarver with AUTHOR: Parley Pratt
online documents [3], while a research laboratory may have its
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Figure 1: Traditional Metadata



The key difference between Metadata™ and other gpproaches is that values from
traditiond metadata are represented as explict objects cdled terms. For example, in Figure 1
‘Parley Pratt’ is a string vaue that appears in one or more metadata records (once fa each
documert he authored). But in Metadata™, is a single object associated with
one or more document proxies as shown in Figure 2. Smilar to usng an index, you smply
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Figure 3: Terms, properties, document proxies, and the hierarchy of properties in Metadats**
[Term = rectangle; Document proxy = document icon; Property = solid line; Hierarchy of properties = dashed line]

ak the [Parley Pratt] object for dl of its associaions — which will take you to the relevant
documents.

Besides document proxies and terms, Metadata™ aso represents properties explictly
as objects. Properties are used to associate documents with terms, as with the LOCATION
propety in Figure 2, and to associae documents with other documents, as with the
CONTAINS SPECIES property in Figure 2

Metadata™ dso dlows terms to be associated with terms via properties, eg., using the
SPATIAL_CONTAINMENT property to associste |Willamette National Forest| with
McKenzie Ranger District]. As ancther example, Willamette National Forest iS
associated  with usng the CONTAINS_SPECIES property, indicating tha
Douglas Fir trees grow in the Willamette Nationa Forest.

The mog diginctive aspect of Metadata™ is the ability to explictly relate properties
usng propeties Metadata™ hierarchicaly relates properties. In Figure 2, CREATOR is a
more generd property than the EDITOR property and the AUTHOR property. Thus CREATOR
is placed higher in the hierarchy than EDITOR and AUTHOR.

Metadata™ separates and relates properties so that you can be precise in describing
the content of the document.

3 Searching

Metadata™ exploits the connections among mebdata terms and properties to perform
an extensve search based on a smple query. For example, a query that mentions a sngle
term can automaticdly find documents for associated terms.  Suppose your task is to find al
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find dl of the documents explicitly asociated with Willamette National Forest] and then
use the associated SPATIAL_CONTAINMENT propaty to find the [McKenzie Ranger
Districy term — and then find dl of the documents explicitly associated with [McKenzi¢]
[Ranger District].

Finding the same set of documents with traditiond metadata would be more complex.
One gpproach would be to issue a more complicated query that uses boolean operators to
combine results from smpler subqueries but this gpproach does not scde wdl; the
complexity of the query increeses linearly with the number of rdevant terms. A second
traditiond goproach is to reae each document with dl rdevant terms.  Associating eech
document with dl relevant terms increases the effat required to create metadata and new
terms would require that new metadata be associated with existing documents.

In addition to Smplifying traditiond seerches, Metadata’™ enables daborate similarity
searches  For the forester introduced above, how do you find smilar forests? Or how do you
find dudies that measure the impact of highways on forests? One agpproach would be to
perform complex data mining agorithms to find cooccurrences of vaues. Metadata™ alows
you to explicitly asociage terms — making it easier to compute similaity. As shown in
Fgure 2, the term is explicitly associaed with Willamette National|
usng the CONTAINS_SPECIES property (because Douglas Fir trees are native to the
forest). By navigaing the explicit associaions between terms, properties, and documents,
Metadata™ will hdp you to quickly and eesly find smilar forets — and documents about
thoseforests.

4  Formalization

The forma representation of Metadata™ is a five-tuple as illustrated in Figure 3. The
first three dements are finite sets of objects. The s&t D is a set of document proxies. The sets
T and P contain terms and properties respectively. The function ? represents the associations
between document proxies, properties, and terms.  The argument n may be ether a document
proxy or a term and the argument p is a propety. The result is a set containing al document
proxies and terms associated with n via the propety p. The function F represents the
hierarchicd rdaionship between properties The argument p is a property. The result is a st
of properties that are children of p in the hierarchy.

A formad Metadata™ query indudes the initid propaty to use when finding
documents and how many levels of the hierarchy to traverse to find related properties
Additiondly, the quey specifies the initid term, as wel as the propety to use to find
asociated terms. The sample query in Figure 4 will find dl documents associated with
Willamette National Forest| usng the LOCATION propety — as wel as documents
asociated with places within the forest usng the SPATIAL_CONTAINMENT property. The
query evduation shown in FHgure 4 uses two additiond functions, F* and ?°, tha are derived
from the forma mode definition. These functions are defined and explained in[5).




5 Related Work

Staab et al. [6] present semantic community web portas based on the Ontobroker [7]
sysem. Ther gpproach focuses on a sngle ontology
that represents the shared knowledge of the
community.  Concepts (terms in Metadata™ are
explictly represented in the ontology and documents [P {1}
are rdaed to concepts.  The ontology is defined in F  |" Pl P
Logic [8]. The query capabilities of the semantic "t1 To
potd indude predefined queriess an  ontology Di=?(t,p)
browser, and explidt F-Logic queries. Metadata™ De=Do E (Dt C D)
explicitly represents terms, documents, and properties
— and supports aty number of  user-defined
relationships between these objects Specificdly, the Figure 4: Sample Query Evaluation
relationships between properties do not seem to be supported in Ontdoroker.  Additiondly,
Metadata™ does not require that a termsfit into asingle ontology.

Ambite e d. [9 use an ontology-based agpproach where multiple domains ae
accommodated by mapping esch domain to an exising reference  Because Metadata™ uses
interrdlated objects, multiple domains are easly represented and terms can be relaed to other
terms within the same domain as well as to relevant terms from other domains. The Ambite
project does not explicitly represent properties — it contains a s&t of predefined rdations used
between terms.  Metadata™ dlows new properties to be easily crested and related to existing
properties.

Weingein [10] uses an ontology focused on bibliogrgphic concepts to generate and
search metadata from Machine Readable Catadoging (MARC) records.  Weingein's gpproach
uses a predefined ontology designed specificaly for bibliographic data  The concepts are
rdaed with a predefined set of reationships Metadata™ genericaly represents any domain
and dlows user-defined properties and rdationships.

Motta et d. [11] focus on carefully defining the ontology to meet the needs of the
usrs.  Indead of annotating documents with metadata, they populate the ontology with
documents.  While it is important to inteligently choose terms and properties, Metadata™
gives you more flexibility. Indead of focusng on desgning the ontology completdy and
correctly the first time, Metadata™ alows terms and properties to be crested and related as
you go dong. When a new term is created, it can be reated to exiging terms — diminating
the need to re-create metadata for existing documents in reference to the new term.

The Smple HTML Ontologicd Extensons (SHOE) project [17 dlows users to
annotate web pages with metadata based on one or more ontologies. SHOE uses metadata
that is sgored within web pages. The metadata is read by a crawling agent and used to answer
gueries. Because it is an extenson to HTML, it is focused primarily on HTML documents.
Metadata™ makes no stipulations about what type of documents can be used in the system.

Chung & d. [13] qoply sophidicaied daidicd dgorithms to infer reationships
between terms automaticaly extracted from an exiging domain. Ther focus is implementing
the dgorithms to effidently process very large domans Metadata™ is not designed to
automaticaly infer relationships between terms.  Some reationships between tems (i.e
Douglas Fir trees grow in Willamette Nationd Forest) are unlikdy to be inferred by detidticd
dgorithms.

The semantic networks modd [14] deveoped severd years ago is dmila to
Metadata®™. This modd used nodes and links to define naturd languages by linking words
and phrasss to capture semantic meaning.  Metadata’™ supports terms and  documents
associated by properties — as opposed to linked nodes  Additionally, Metadata’™ is designed
to capture semantic metadata— as opposed to capturing the semantics of natura language.

Po =F~( LOCATION,0)
To=2?"( Willamette NF, spatial cont,* )




6 Conclusion

By udng explicit objects Metadaa™ builds a framework within which meaningful
queries can be quickly and dfectively executed. Our prdiminary prototype is based on forest
information — as pat of a Digitd Government project [15 funded by the NSF — but the
architecture is goplicable to any domain. Our feedback from potentid end users indudes is

vay podtive and they look forward to additiond prototypes — and a deployable system.
Future work incudes extending the query language and designing an intuitive user interface
that exploits the Metadata™ architecture.  Instead of designing an agorithm to compute a
relevance score for a refrieved document, we intended to explicitly display to the user which
terms and relationships where considered when retrieving the document.
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