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ABSTRACT

Geoscience studies produce data from various observasgper-
iments, and simulations at an enormous rate. With prolifema
of applications and data formats, the geoscience researama-
nity faces many challenges in effectively managing andisbae-
sources and in efficiently integrating and analyzing thenddn
this paper, we discuss how this challenge is being addrdsged

1. INTRODUCTION

Many scientific discoveries today are a result of collatiorst be-
tween researchers sharing data and resources. But the ekten
such collaborations is often limited to researchers waykirithin
close proximity. By allowing scientists to share data aradsdser-
vices) over the Web we can enable interactions between arlarg
group of researchers working on a common porblem. Unfortu-

the GEON Portal, a Web based distributed resource managemennately, scientific applications face unique problems that reot

system that provides integrated access to data and tootediee
for knowledge discovery in the geosciences. Unlike previdata
management efforts that were either data-driven or apjdita
driven, the GEON Portal provides facilities for efficientasimg,
discovery and integration of both data and services thaigese
science data. We identify the challenges involved in mamgagi
geonscientific resources and provide solutions that exyleisyn-
tactic, semantic, temporal and spatial metadata assdaiate the
resources. One of our goals is is to provide some insightthto
challenges involved in providing a comprehensive scientlfita
management solution based on our experiences with getificien
data.

Categories and Subject Descriptors

H.3.3 [Information Search and Retrieval]: Query formulation,
Search process; H.3.®pline Information Systems]: Web-based
services
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readily addressed by existing data management tools. fSpeci
cally, information sources often do not share a common teshi
ogy, have a variety of data representation formats and nesmegt
architectures and exhibit complex relationships betwesa dnd
tools used to analyze the data.

The GEOscience Network (GEON) [1] is focussed on solving the
above problems in the realm of geosciences. The goal of GEON
is to respond to the pressing need in the geosciences tdinkter
and share multi-disciplinary datasets to understand thgptex dy-
namics of Earth systems. Creating a infrastructure to rategan-
alyze, and model geoscientific data poses many challengetodu
the extreme heterogeneity of geoscience data formatsgst@nd
computing systems and, most importantly, the ubiquity e
ing conventions, terminologies, and ontological framewsacross
disciplines. Specifically, effective research in the realfrgeo-
sciences requires combining the information from a varétyub-
disciplines. For example, concerns about climate changeine
an integrated understanding of stratigraphy, sea-le\aigébs, fos-
sil record, isotopes and tectonics [26]. Hence a scientisking on
climate change must have access to data from a number ofiicien
processes. A single scientist or group would be unable tectalll
the necessary information due to the size of data involvedreM
over, collecting, processing and storing geoscientifia datostly
since methods of raw data capture such as photogrammetrgtee
sensing etc; is very expensive. Thus, the expenses involveal-
lecting necessary information can become a barrier in theafia
scientists exploring new directions of research.



In this paper, we discuss how this challenge is being adeldelsg
the development of the GEON Portal [2]. GEON Portal is ditin
from other efforts in scientific data management such astdes
scribed in [14, 9, 28] due to the:

the data to be stored in proprietary formats. Therefore latisa
involving a GIS system would introduce the additional oeexth of
converting the data into a proprietary format before it castmared.
Moreover, in [3] it is shown that GIS systems themselves ate n
compatible with each other and there is growing need forighog

1. Resource registration strategyOur solution requires data a framework for integrating them.

and service providers to register their resources with tre p
tal. Instead of explicitly mapping resources to each otker a
is done in mediation systems, we implicitly map the sources
to common metadata framework by describing each resource
using the 4tuple [Metadata descriptions, Ontology map-
pings, Spatial extent, Temporal exterifhe 4tuple converts ~ Sample Query: Plot the gravity measurements near Rocky Moun-
each resource into a point in a 4D space and thereby en-tains where the geologic age is Jurassic. O
ables efficient discovery of resources using queries formu-
lated over the 4D space. The ontology mappings become
useful in overcoming heterogeneity in local schemas.

We use the sample query given below to further motivate tlegl ne
for and challenges involved in building a data managememé-
work for geosciences.

The first step in answering the query above is to identify the
datasets of interest. Clearly, we need datasets contagmangty
measurements regions around Rocky Mountains and also their
geologic age Also required are maps of the region comprising
Rocky Mountains. In fact, each state near the Rocky Mountain
Range has its own geologic map that provides informatiouaéo
portion of the range. It is obvious that the geologist woubd ine
able to gather all the necessary data by performing expatsaand

so must rely on such data being shared by other researchess. H
ever, merely publishing the datasets on the Web would noelge h
ful since the geologist would then be faced with the task ehtd
fying relevant datasets from among the hundreds of sourtéseo
Web — a task that would involve repetitive query formulatieith
minimal guarantee of finding the best resources. Thus, agsus
data management system that allavesy publishingand efficient
discoveryof resources is needed to help the geoscientists. The pop-
ular keyword search techniques allow efficient searchirmpafces
but require the contents to be searchable (for keywords) nzumy

of the formats used to store geoscience data such as maggsma
etc do not have searchable content making retrieving susttes
impossible by using content based search. The same is aésfotr
tools. GEON mitigates this problem by providing a comprehen
sive resource retrieval framework that associates additiaser-
given metadata to each resource. The metadata is représense

2. Novel architecture The framework we have developed con-
tains capabilities of both data warehousédata providers
can store their datasets within the GEON network) addta
mediationsystem (users can design views spanning multiple
distributed databases). Furthermore, by supporting tiateg
tion of both data and services, our framework provides the
unique capability to perform both data and applicationetriv
integration.

The GEON Portal is publicly accessible and currently corgtai
more than400 registered data sources, 600 servieesl 20 on-
tologies At present there are ov&60 registered usersf the por-
tal, a significant number given that the data and tools pexviare
restricted to geosciences and several components are eadgr
stages of development.

Organization: In Section 2, we provide the motivation behind
this effort, and introduc&EON Porta) a distributed geoscientific
data, services and tools management framework that we dde bu
ing in Section 3. Section 3.1 describes the syntactic ancasem
tic resource registration model supported by our portalsdRece
registration is necessary for providing efficient resoudiseovery [Metadata descriptions, Ontology mappings, Spatial etxt&am-

and integration services under the portal. Section 3.2r®sc  poral extent] By formulating queries over the metadata, a user can
GEONSearchthe resource discovery component that allows users then retrieve any resource that is registered under GEON.

to find resources by searching over associated ontologyeptsic
spatial and temporal extents apart from the standard IR-kgy-
word search. Section 3.3 describBsoMed an ontology aware
mediator that is being developed as part of the portal toleriab
tegration of structured databases registered with thalpdinally,
we summarize our contributions in Section 4.

Identifying relevant data sources is only the first step ilviag
our example query. The next step is to extract relevant inéer
tion from the sources. However, sources often do not conforen
common format making data extraction a difficult processatn,
many of the US state geologic maps are available in diffefiant
mats and served in different projections. Moreover, sonesgjen-
tific sources refer tgeologic ageby a single attribute calleleriod,
while others refer to it a&eaUnit_A, TimeUnit, Age,or by a set

2. MOTIVATION

In order to answer new challenges facing the geoscience comm

nity, scientists are collaborating across discplines 3risly data
and tools. Scientists not only share their applications datd in
the raw form, but also those processed using products susti-as
entific workflows [11]. At first blush, one may argue that a [lolss
solution would be to use a Geographic Information Systemv-Ho
ever, a number of GIS systems are available that have veilasim
architecture and functionality and for performance reasequire

of attributes(Era, System, Series, Period)part from the schema
differences, the actual values referencgeplogic agemay reflect
different levels of detail irgeologic agedescriptions. For example,
some states may use tefuarternarywhile others would refer to
its subdivisiondHoloceneand Pleistocene In such circumstances,
asking forPeriod=Jurassicwould return incomplete or empty re-
sults from some sources, and may even fail if the attriPetéodis
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Figure 1: GEON Knowledge Discovery Framework

not present in the schema or if a superclass or subclasigassic

is used to represedurassic Thus, the geoscientists querying the
sources would have to resolve problems posed by heterdgémei
schema and data semantics before they can extract necedgeary
mation from the sources. Therefore, a second challengeeafo
geoscience data management system is that of providinganmi
interface over the sources. Obviously this requires résglthe
schemati@andsemantic heterogeneigmong the sources. The task
of providing a common interface over sources has been thesfoc
of research done in the context of data mediation (inteynagys-
tems [10, 5, 16, 12, 13]. Data integration systems combinépre.
data sources such that they appear as a single (virtualggristed
source projecting a single global schema. In doing so, éldhithe
user from various heterogeneities arising from differsnicedata
source types, data models and query capabilities amoneretiff
sources. Therefore, a system managing geoscience datarmmust
corporate aquery mediation systethat provides a uniform inter-
face over the sources. GEON resolves the schematic heteroge
ity problem providing a mediation syste@®eoMedthat mitigates
schematic differences between known commerical data fsrina
using corresponding APIs. To solve the semantic heterdiyeise

are being adopted by the CUAHSI Hydrologic Information 8yst
project (see http://www.cuahsi.org/his/) to setup a porielow
we summarize the essential features a geoscience data enagig
system should have:

e User controlled mechanism for publishing data and tools.

Provision to account for changes in content of a published
dataset.

Rich search capabilities for efficient resource discovery.

e Enable seamless querying over multiple databases.

Support remote invocation of tools for processing data.

Fault tolerant and secure.

Research at GEON has focussed on responding to above neshtion
challenges and has resulted in development of the GEONIRorta
an infrastructure that supports discovery and integraifatata and
tools.

sue, GEON makes use of user-given mappings from schemas t03 GEON PORTAL FRAMEWORK

ontologies that are part of the metadata 4tuple collecteithglue-
source registration.

Even though we are primarily motivated by the need in geo-
sciences, the challenges faced and the solutions devetopgakr-
vasive over scientific data in general. In fact, solutiongetteped

The GEON Portal is being developed to enable geoscientislist
cover new knowledge by bringing together data from variaus s
disciplines of geoscience. In accordance with the GEONcpoli
of reuse over rewrite (reinventwe designed the portal based on
the GridSphere portal framewdtkSecure signon capabilities were

Available at http://www.gridsphere.org/gridspheredgphere



added by using GAMA - a credential management solution built
for web portals. The top half of Figure 1 borrowed from [6] is
a flow representing the sequence of computational taskévado

in deriving knowledge from data. The lower half of Figure t de

hosted resource currently accesible through the GEON Irotte
Paleobiology Database (PBDBat is hosted at University of Cal-
ifornia Santa Barbara and maintained by a internationl jgiafipa-
leobiological researchers. Another category of resouticaesare

picts how we support the same in GEON. A scientist can select registered as remotely hosted resourced/égb services

the datasets (and tools) of interest from the GEON Networkssy
ing the resource discovery compon&EONSearchThe selected
resources are then stored in a personlized workbench dsiyed

All resource registrations, irrespective of the model yseduire
the user to provide four types of meta information nanssigtac-

GEON from where the scientist can then integrate the resources tic Metadata, Ontology mappings, Spatial extant Temporal ex-

by placing them in théntegration cart For structured databases a
uniform query interface is provided by the media@eoMed The
Map Integration[20] component uses mapping services to allow
users to integrate (overlap) maps. The new datasets gedexht
ter integration is made available under MyGEON as a new resou
created by the scientist. This new dataset containing ledyd ex-
tracted from multiple reources can in turn be made publiebila
able by the scientist if desired. The GEONSearch, MyGEON, Ge

tent The syntactic metadata captured by GEON is a subset of the
ADN metadata framewoPk The remaining metadata is optional
but providing these when available will help in improvingoerce
discovery and integration.

At GEON we must deal with two types of data source hetero-
geneities:syntacticandsemantic Syntactical heterogeneity arises
when the underlying technology supporting data sourcderdif

oMed and Map Integration systems are components of the GEON (€.9. web based interface, differing commercial databdisgdiles

Portal and can be accessed publicly over the Web. For egadlin
personalized workspace for each user, we require intelesters
to register to the system.

A key inital step in the discovery process above is availigbdf
the datasets. Only datasets that have been registereceVGEON
Portal are available to the scientists from the portal. THEEOS
Portal supports two models of data storagecal hostingandre-
mote hosting

Local hosting: In this model, a copy of the dataset being regis-
tered is stored in the GEON repository. All subsequent egfees

to the dataset from within the portal refer to the registezeply.

No format transformation is done during this process. Thislen

of registration is useful in alleviating the problems ofalatanage-
ment that a scientist would face. The GEON repository ctssis

a Storage Request Broker (SRR aPostgreSQL databa$¢hat
contains the GEON system catalog. The SRB is a middleware sys
tem that brings efficient archival storge capabilities tod»E- an
essential capability for local hosting. A locally hostedadzt must
have one of the following formatsASCII (simple text files), Excel
datasheets, ESRI Shapefiles, GMT Raster data, GeoTIFHd@¥to
(OWL files), PDF, NetCDF files and Tools (executables)

Remote hosting: Some resources registered via the portal may not
be amenable to centralized storage particularly if theyelmom-

etc). This kind of heterogeneity is hidden from the users &y u
ing correspondingAPls Semantic heterogeneity may be due to
differences in source ontologies and nomenclature or wdaab
used. TheSemantic Resource Registratimodule of GEON portal
provides a mechanism for resolving the semantic heteratyeme
allowing data providers to map the source schemas (attsbual-
ues) to concepts and instances of an ontology. All sourc@peth
to a common ontology will then appear semantically homogese
to the components of the portal.

In the following, we describe the resource registration,GBE
Search and GeoMed components of the portal. We describe the
current implementations and list several new areas of relsege

are undertaking based on feedback we received from the.users

3.1 Resource Registration

The resource registration component of the GEON Portalistans
of two subcomponents - (1) Syntactic registration and (2h&e
tic registration. In the following, we elaborate upon themd ghen
present details about current implementation of the negien sys-
tem.

Syntactic Registration: The process of describing the physical
schema of the sources alongwith the access methods andgsgroce
ing capabilities of the underlying database engine is daj@tactic
registration. For locally hosted data, this involves ontgviding

plex schemas, are large in size and may be updated often. Relhe metadata. The access methods and capabilities areeddxnid
lational databases are an example of such datasets. Sirste mo the portal based on the format. For remotely hosted data, la UR

commercial database implementations can be accessedelgmot
GEON Portal allows such resources to be registered by oty pr
viding a remote connection URI and access rights. Only a cbpy

that points to the resource must be provided alongwith gliired
metadata. If the resource is a database then GEON Portabwill
tract the schemas of the tables within the database. Theteegyl

repository. At query time, the portal establishes a conoedb
the resource using the URI and extracts the necessary ¢ayten
namically by forwarding the user query. An example of a regtyot

’Details about GAMA available at
devel.sdsc.edu/gama
8 Available at http://www.npaci.edu/DICE/SRB/CurrentSBRBB.htm

4Available at http://www.postgresgl.org/.

are http://grid-

by the registering user.

Semantic Registration: The process of describing mappings from
source schema to an ontology is called Semantic Regigiratio
There is no restriction on the number of ontologies to which a

SAvailable at http://paleodb.org/cgi-bin/bridge.pl
SDetails at http://www.dlese.org/Metadata/adn-item/



resource can be mapped. Moreover, we allow partial mapping
i.e. only parts of the source schema may to concepts in the on-
tology. Mappings even if partial are useful in resource alisc
ery. Given that the users registering sources are mosty likel

be domain scientists, we cannot expect them to provide forma
mappings. We therefore provide an easy-to-use interfaceégp-
ping the sources to the ontology. The internal represemtaif

the mappings is done using tl@ntological Database Annotation
Language (ODALJ19] a language with syntax close to OWL de-
signed for generating partial mappings from database sghem
ontologies represented using OWL. ODAL differs from OWL and
its variants due its explicit support for databases. Thepimgys
represented by ODAL can be formally represented by using the
mapping signatures : Schema — Ontology described in [4].

While, the semantic registration is usually done from seuocon-
tology, under GEON, we also wish to allow mappings between
sources. The motivation there is to allow users to providg-hi
level information about semantic similarity of the contefitwo
sources when available. Specifically, if the same user istexing
multiple sources to a single ontology, then he may be abledo p
vide information about whether the sources ageivalentor if a
source is a specialization (subset) of another sourcegoonéent).
Such mappings will help in optimizing queries issued overdh-
tology.

Import
NASA: Semantic Web for Earth Science

Tmport
NASA: Semantic Web for Earth Science

l
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Figure2: High Level Architecture of Planetary Ontology [27]
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Current Implementation: The GEON Portal currently supports
three levels of data registration, from most generic to rapstific.
They are

1. Resource Registrationtn this mode the resource is regis-
tered with the GEON repository by providing the ADN meta-
data but is not associated with any ontology. While the task
is simple, the lack of semantic metadata makes discovering
and integrating such resources difficult.

. Item Level RegistrationThis level of registration allows the
datasets to be registered with one or more ontologies and

higher level concepts within the ontology. However, the un-
derlying schema is not mapped to the ontology.

. Item Detail Level Registration:This is the most detailed
mode of data registration in which both attributes in the
source schema and the values binding those attributes can
be mapped to ontology concepts, thus allowing the resource
to be queried using concepts instead of actual values. This
mode of registration is most suitable for datasets builiopn t
of relational databases. However, GEON also enables item
detail level registration for Excel spreadsheets and maps i
ESRI Shapefile format by internally mapping such datasets
to PostreSQL tables. Registering data sources at the item
detail level helps resolve the problem of semantic hetero-
geneity. For example, in [18], semantic heterogeneitygssu
among data from 8 state geology maps in Rocky Mountains
is overcome by registering the maps at item detail level.

In addition to data registration, GEON also supports omjpl@eg-
istration and thus gives users the flexibility to creatertbain on-
tology and associate their data with it. This approach mae®N

a central repository for geoscience ontologies, in additmgeo-
science data. A separate initiative to provide a single lyide-
cepted geoscience ontology is also being supported unde&NGE
Figure 2 provides a high level architecture of the Planetary
tology [27] being developed as part of GEON. As depicteds thi
new ontology will be made up of several ontologies (both texis
ing and new) for various sub-disciplines. Specifically, itl w-
clude concepts foPlanetary Materials (elements, isotopes, rocks
and minerals), Planetary Structure, Planetary Locatiotarietary
Phenomenon, Physical Properties, Geologic Time and Gegéma
Once developed, the ontology will be made available thraigh
GOEN Portal and users can then provide mappings to this new on
tology which will be comprehensive and if required will be-ex
tended to incoporate new ontologies. By moving to a single on
tology we can avoid issues involved in reconciling differes in
concept defintions arising due to multiple overlapping gies.

The datasets hosted by GEON are all generated as a result of a
scientific inquiry such as measurement of seismic actigtydy

of geochemistry, mineralogy and igneous rock samples etenG
that many of the datasets will be hosted locally by GEON, GEON
can be considered as a virtual scientific database that @ tose
accession objects representing results of scientific iggéin ac-
cessioning system like GEON must provide the datasets vebies
identifiers that can be included as references in publicatiesult-

ing from new scientific inquiries that use such datasets. S B®-
vides each registered resource with a uniGON IDthat is based

on theUUID standard definécby OSF. However, the requirement
for stable object identifiers can conflict with the tendentgaien-
tific data to evolve over time. In fact, based on feedback we ha
received from users, we have identified following reseaashks for
improving data management under GEON:

Task 1: Version Support and ProvenancA-resource registered
under the portal may be modified at a later date. While poatal f

"Definition available at http://www.ietf.org/rfc/rfc4128t
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Figure 3: Basic and Advanced GEONSear ch Interface

cilitates updating of registered data, it is not practicateplace
existing content as it may have been used already in othen-sci
tific tasks. Therefore, GEON repository must support moesnth
one version and each must be uniquely identified. Since obnte
changes to remotely hosted data cannot be controlled by GEON
we are currently working on providing version support facdtly
hosted data. An immediate result of supporting versiorseisieed
for provenance managemenEven though much research in the
realm of propagating provenance information has been dbaes
are no systems that can be used off-the-shelf. Morevoer, GEO
faces unique challenges in that we wish to provide provemamc
formation for a variety of data, tools and also processesctrabe
performed over the GEON Portal.

Task 2: Automatic Change Detection/Reporting user may want
to see how much affect (improvement) the new version of aatinp
dataset would have on the query/process she is interest8dine-
times the new version might contain data that is not relet@ttie
process for which the user is using the dataset and so wotld no
want to replace the dataset. But the user updating the irgiaset
would not be aware of all possible uses of the dataset andftrer
is unlikely to provide information that would be satisfagtdo all
users of the dataset. For example, if a scientist only wanpdat
gravity points in Davis, the fact that a new version of thevigya
dataset contains samples from Sacramento is not usefut ke

The GEON network together with the registered datasets ean b
seen as a intranet where as already motivated there is a aeed f
supporting efficient resource discovery. Informationiesal (IR)

is the science of searching for information in documentarae

ing for documents themselves, searching for metadata wdeeh
scribe documents, or searching within databases, whetlational
stand-alone databases or hypertext networked databadeasthe
Internet or intranets, for text, sound, images or data. rated
information retrieval systems, popularly known as searuirees
have been built to extract information by formulating qesrre-
lated either to the objects or their metadata. However,gbeurces
registered to GEON have a variety of formats with many of them
not suitable for content based search as is supported bghsear
gines. Therefore, we designed GEONSearch, the retriegahen
for the GEON Portal to supports spatial, temporal, and gorce
based search apart from the traditional IR-style keywoedcie

Current Implementation: GEONSearch provides two search
modes for extracting data from the GEON Portdasic Search
and Advanced SearchFigure 3 shows the two modes provided
under GEONSearch with Basic Search in the smaller pane on
the right. The current implementaion of GEONSearch only pro
vides the search capabilities over the metadata assodiéttethe
dataset. This decision is based primarily on the fact thaterd
search is not feasible or not cost-effective over most of rie

so she may not wish to use that dataset. Depending on the typesources currently registered in GEON. In the Basic Searctiemo

of dataset being updated, the change detection may be sonple
complex and will require further research.

3.2 Resource Discovery using GEONSearch

users can issue keyword queries overKlegwords, Title and De-
scription associated with each registered resource. The datasets
whose metadata match the user query are returned in deayeasi
order of relevance where relevance is judged using trawditicec-

tor space models.



~SOL Query Statement

GeOMed SELECT X1.* , ¥2.the geom
- ) FROM GRAVITY TABLE X1,
|y | uz states X2
N ' i
f WHERE contains(X2. the_geon,
Data Mapper HalkePoint (XL, LATDD, X1.LONDD) )
DataSource n PU— Ontologies
. | Set SQL Statement |
_. le» | SchemaRegistration gl
Yoms e
Y ~Select Tables and Columns
A Map Schema to — —_—
o Ontology [ rm———— [3 5chemas [ <ab=
Dataszour..e 4-—>._7 Catalogs 2 & eon Dlad
i E Tables [Jmea
P H [C16 BENCHMARK_TABLE [ perimieter
- - 188 B5_TABLE [ us_statesd
Query Engine MetaData Miner 1B GRAVITYMETER_TABLE ;
| [Jus_state 1
Cost & Semantics [l cRavIT TeRLE [Dpoly_
DataSource Taakl 88 METADATA_TRELE Doabe
= based Optimization 168 ORGANIZATION_TABLE i
1 Learn Oparator Cost C]E Fuan_tasie = [ subelass_
v L
e T ’ [CIE 40E_LOGFILES Dmg’-”"k
> ]88 SDE_LOGRLLE_DATA D rngs.pol
= — i Execute = i ]88 USERPROFILE_TABLE [ statespt20
Revirite Query Plan Mine SpatialiTemporal : 18 UssTares_TaBE [ statespn_t
Cowerage and Overlap gy public Ostate
| = [ Tables [] state:_fips
L. [ l> - [Z] us_states [F]the_geom
Query Answers Conditions
(%2the_geom ¥ [contains ™ [ MakePaink(xl LATOD, X1 L0 % 8
add_] | spatial relation .
iset Conditions

Figure4: GeoMed Architectureand Query Interface

The Advanced Search mode allows users to search over thie onto when searching over spatial and temporal extents of theiress.

ogy mappings and spatial and temporal extents associateatto
resource. Also users can issue keyword queries over a yartic
type of resource. To find resources using spatial informagiaser
must provide a bounding box of region that might cover thdiapa
extent of a registered resource. A GUI is provided to helpaide-
termine a bounding box (see left panel of larger pane in Ei@yr
Similarly users can provide a range of time to extract ressaithat
may be extents within the range. Users can also look for tbjec
that were semantically registered to GEON by selecting a&un
available in registered ontologies and specifying thetimiathat
the resource should have with the concept sudieagnstances of,
is related to, mentions, uses efthe relations are fixed by GEON
and are same as those available for item level and itemkdkmtal
registration.

The problem also appears for concept based search provided b
GEONSearch since the current framework would only retum th
datasets that are mapped using a user specified relatios.eVen

in the presence of advanced search capabilities, users eay h
to formulate multiple queries to find relevant data. A systeat

can recommend datasets and tools that are similar to thosf wh
are retrieved by user query would greatly help users. Thé sim
lar resources may not satisfy the user query but actuallhded-
source the user inteded to look for when formulating the yuer
Thus, by providing similar resources we may be able to reduce
the time users spend in extracting resources. Hence, weoare f
cussing on providing similar results apart from the relévames
currently given by GEONSearch. The similarity estimatidt ke
done using background knowledge available from GEON ontolo
gies, dataset-to-ontology mappings, past usage infoomatc. We

The GEONSearch system has been well received by users. Whileplan to leverage our experiences with supporting simjlagéarch

many users are satisfied with the available techniques, $awve
requested a more powerful system. An ongoing task [23] isteem
towards a system that not only retrieves answers satistyiqgery
but can also suggest related answers that may not satiséyitfie
nal query completely.

Task 3: Recommender Systefaffective retrieval of datasets from
GEONSearch will require users to construct keyword quetias
clearly identifies their need - a task that is often difficuemr for
experts.
would miss to provide datasets that are relevant to the useyq

over autonomous databases [22] to help support similagigych
in GEONSearch.

3.3 Integrating databases using GeoMed
Integrating the databases registered under GEON is chaligas
they are registered mostly as remotely hosted sources mtiem
autonomous. Moreover depending on the underlying datadrase
gine (DB2, PostgreSQL, Oracle, SQL Server) they may have dif
fering formats and processing capabilities. Moreoveradedm
different sources may have differing semantics, e.g. databe

By focussing on exact keyword matches GEONSearchdefined under different geospatial models. Thus, effedtitegra-

tion in this scenario warrants resolving both the syntaatid se-

but whose metadata do not match with the query. For example, mantic heterogeneity among the sources. As explainedeeanli

if users search foCalifornia, they will not find relevant docu-
ments mentioning onlsan Diego Similar problems could arise

Section 3.1, by registering at item detail level both typéset-
erogeneities can be resolved. The mediation system we halte b



as part of GEONGeoMedrelies on the sources beitigware of”

the integration and providing item detail level regiswatif they
want the resource to be effectively integrated. There acepre-
dominant techniques to map the database (local) schema theh
global schema [7]. In thglobal-as-view (GAVjnodel, the global
schema is defined as a view over local schemas. In contrast, in
thelocal-as-view (LAV)nodel, a global schema is defined first by
modeling the application domain. Then the source schemds an
their data objects are defined as views over the global scheana
query evaluation, the rules have toibeertedor folded[17, 12].

Fixing a unique global schema that would limit the potertiyales

of queries users can pose over the system. Moreover, sublemac
may not be acceptable to the users. A likely solution themis t
use anontologythat is widely accepted in the geographic domain
as theglobal schema The user queries can be posed on the on-
tology, which the mediator can translate to queries overlthe
cal schemas. In recent years, this approach has been adnpted
several researchers to overcome the heterogeneity prabldis-
tributed processing environments [8, 15, 25, 21]. Hencey\G=l
also uses ontologies to resolve the schema heterogeneltjepr.

In essence, thentologybecomes th@lobal schemand the se-
mantic mappings given by the data provider (user regigiettie
database) become the rules necessary for rewriting a quettyeo
ontology to a query on the underlying source.

Current Implementation: The GeoMed system as illustrated in
the left half of Figure 4 consists of four main componen3ata
Mapper, Ontologies Query EngineandMetadata Miner The Data
Mapper provides tools for syntactic and semantic regisinaif the
databases. Data Mapper is part of the resource registraticiule.
The schema information and mapping rules are stored iC#ta-
logs Mapping the source schemas to ontologies provides us with
a mechanism to easily overcome the schema heterogendisies t
will arise when multiple sources are registered to GeoMeukr§)
rewriting will be done by theQuery Engine The rewritten query
will be optimized by the Query Engine before it is executeffi- E
cient query optimization necessitates access to a numistats-
tics like selectivity of the query, cardinality of the soarcesponse
time of the source given the query, response time of a soarrce f
given spatial operations etc. Given a source, the numbemasilile
queries on the source is exponential in the number of at&rsoand
their binding values. Since, much of the statistics reglioe opti-
mization are query specific, we cannot assume these to blptov
by the data provider. Moreover, the statistics will changeradime

as additional data is added to the source thereby requigriggic
updatesData Minerwill learn and update the various statistics re-
quired for optimizing the query plans. The statistics wiabe
stored in theCatalogs

We support two types of data integration under GeoMed depgnd

whether the user of the system reconciles the schema diffese
The techniques are:

e User driven integrationin this model, the user is allowed to

to access the databases etc are still hidden from the user. Th
right half of Figure 4 shows the query interface that support
such integration. The query language supported is SQL since
it is the common language supported by all commercial re-
lational databases. In database parlance, we can equate thi
mode to supporting formulation of join queries over a feder-
ated database. No ontology mappings are used in this case
and so the user must do resolve the schema heterogeniety if
any. Obviously this mode is targeted for users who are com-
fortable with issuing SQL queries.

Ontology driven integration: As the name suggests, this
model allows users to formulate queries over the ontology.
These queries will in turn be pushed down to the databases
that map to the ontology. The system is currently under
development as there are several challenges involved, pri-
mary among them being the lack of a single ontology for
GEON. Other challenges include, the need for an easy to use
qguerying model given the large size of the ontology, efficien
source selection in the presence of overlapping sources and
collecting statistics for supporting cost-based optiriizra

Based on our observations about the content distributidiazfsets
and their usage we have identified the following challenge:

Task 4: Accounting for Content Overlap Mutliple sources reg-
istered under GEON Portal provide overlapping content.lit@gl
all sources relevant to a would be time consuming and cosity d
the potential number of duplicates. Irrespective of thegration
model used, itis necessary to identify the best subset o€esthat
can answer a query. Source specific metadata such as cowfrage
each source and the degree to which it overlaps with othecesu
is required to identify the best subset order for answetiegjuery.
Such statistics are not usually available given the autausma-
ture of the sources. We intend to leverage our experiencel{@4
in mining source statistics over autonomous Web sourceglive s
this problem.

4. CONCLUDING REMARKS

This paper summarizes some lessons learned in buildingances
management system, the GEON Portal, that addresses \effacti
tegration of multi-disciplinary data and tools in geoscies com-
munity. GEON Portal allows both local and remote hostingathad
and tools, provides easy interface to markup resourceg usin
tologies and spatiotemporal metadata, provides efficiesdurce
discovery through GEONSearch and a semantics aware mediato
GEOMed for integrating databases. The portal isolates sleesu
from the complexity of using distributed heterogeneousueses.
It does so by providing interactive assistance to assodai@sets
to ontologies, and then to formulate integrated queriesat@au-
tomatically mapped to the underlying databases.

We described several ongoing research tasks that weretakeler
based on feedback received from registered users of thal pda
the best of our knowledge, there is no scientific data managem

select the databases she wishes to integrate and thereby desystem similar to GEON Portal although the need for sucheayst

cide the global view that she wishes to have. Details of how

is becoming critical in other domains. The challenges wedac



are not limited to geosciences and therefore our solutianshe
easily used to satisfy resource management needs in othetiic
domains.

[13] S. Kambhampati, U. Nambiar, Z. Nie, and S. Vaddi. Havasu
A Multi-Objective, Adaptive Query Processing Framework
for Web Data Integratiol’ASU CSE TR-02-002\pril, 2002.

[14] Z. Lacorix, O. Boucelma, and M. Essid. The Biological

ACKNOWLEDGEMENTS Integration System/IDM, 2003.

We thank GEON team members - particularly, Dogan Seber,a@shr
Memon, Ghulam Memon and Choonhan Youn of San Diego Super-
computer Center; for helping us understand various fadetleo

[15] L. Lakshmanan and R. Missaoui. On Semantic Query
Optimization in Deductive Databasd€DE, 1992.

GEON portal.

5. REFERENCES
[1] GEON - Cyberinfrastructure for Geosciences.
http://www.geongrid.org

[2] GEONGtrid Portal.
https://portal.geongrid.org:8443/gridsphere/gridsph

[3] O. Boucelma. Experiences in Building a Geographic
Integration SystemIWeh 2004.

[4] S. Bowers and B. Ludaescher. A Calculus for Propagating
Semantic Annotations through Scientific Workflow Queries.
EDBT'06 Post-Conference Workshop on Query Languages

and Query Processin@006.

[5] S. Chawathe, H. Garcia-Molina, J. Hammer, K. Ireland,
Y. Papakonstantinou, J. Ullman, and J. Widom. The

TSIMMIS project: Integration of Heterogeneous Informatio
SourcesIn Proceedings of the 100th Anniversary Meeting,

Information Processing Society of Japan, Tokyo, Japan
pages 7-18, October 1994.

[6] U. Fayyad, G. Piatetsky-Shapiro, P. Smyth, and

R. Uthurusamy, editorAdvances in Knowledge Discovery

and Data Mining AAAI/MIT Press, 1996.

[7] D. Florescu, A. Levy, and A. Mendelzon. Database
Techniques for the World-Wide Web: A Surve$iGMOD
Record, 27(3)September 1998.

[8] J. Grant, J. Gryz, J. Minker, and L. Raschid. Semanticrue

Optimization for Object Databasd€DE, November 1997.

[9] L. Haas, B. Eckman, P. Kodali, E. Lin, J. Rice, and
P. Schwarz. DiscoveryLiniBioinformatics: Managing
Scientific Data2003.

[10] L. Haas, D. Kossmann, E. Wimmers, and J. Yang.
Optimizing Queries Across Diverse Data Sourdas.
proceedings of VLDBL997.

[11] E. Jaeger, I. Altintas, J. Zhang, B. Ludaescher,
D. Pennington, and W. Michener. A Scientific Workflow

Approach to Distributed Geospatial Data Processing using

Web ServicesSSDBM 2005.

[12] S. Kambhampati, E. Lambrecht, U. Nambiar, Z. Nie, and
G. Senthil. Optimizing Recursive Information Gathering
Plans in EMERACJournal of Intelligent Information
Systems, Volume 22, IssueMarch 2004.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

A. Levy, A. Rajaraman, and J. Ordille. Querying
Heterogeneous Information Sources Using Source
Descriptionsln proceedings of VLDB, Bombay, IndiE996.

A. Levy, A. Rajaraman, and J. Ordille. Querying
Heterogeneous Information Sources using Source
DescriptionsIn proceedings of VLDB, Bombay, India.
pages 251-262, 1996.

K. Lin and B. Ludaescher. A System for Semantic
Integration of Geologic Maps via OntologidsSRI User
Conference2004.

K. Lin, B. Ludaescher, and C. Baru. Ontological databas
annotation language. Technical report, San Diego
Supercomputer Center, 2005.

G. Memon, A. Memon, K. Lin, I. Zaslavsky, and C. Baru.
Generating composite thematic maps from
semantically-different collections of shapefiles and map
servicesESR| 2005.

E. Mena, V. Kashyap, A. Sheth, and A. lllarramendi.
OBSERVER: An approach for query processing in global
information processing systems based on interoperation
across pre-existing ontologigSonference on Cooperative
Information Systems, 41: 14-25996.

U. Nambiar and S. Kambhampati. Answering Imprecise
Queries over Autonomous Web Databa$€®E, 2006.

U. Nambiar, B. Ludaescher, G. Memon, and D. Seber.
GEONSearch: From Searching to Recommending.
Geolnformatics2006.

Z. Nie, U. Nambiar, S. Vaddi, and S. Kambhampati. Mining
Coverage Statistics for Websource Selection in a Mediator.
In proceedings of CIKM, McLean, VirginidNlovember 2002.

N. Paton, R. Stevens, P. Baker, C. Goble, S. Bechhafier, a
A. Brass. Query processing in TAMBIS bioinformatics
source integration syster8tatistical and Scientific Database
Management1999.

A. Sinha, editorGEOINFORMATICS: Data to Knowledge
The Geological Society of America, 2006.

A. Sinha, K. Lin, R. Raskin, and C. Barnes.
Cyberinfrastructure for the geosciences: ontology based
discovery and integratioiGeolnformatics2006.

R. Tuchinda, S. Thakkar, Y. Gil, and E. Deelman. Artemis
Integrating Scientific Data on the Grithnovative
Applications of Artificial Intelligence2004.



