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Data glut affects
business, medicine, ?ﬁ How do we leverage
military, science ' data to make BETTER
| decisions???

Community



Data Usability Success Builds on the
Integration of Various User Domains and
Information Technology

Information Technoloqy

Scientists
oInformation Science Research
*Knowledge Management
*Data Exploitation

Information
Scientists



Data organization and information management for
archival and analysis

Data preparation (e.g., subsetting) for improved
data usability

Data Mining in real-time and for post run analysis

Interchange Technologies for improved data
exploitation

Semantics to transform data exploitation via
Intelligent automated processing

On-board processing to support timeliness of data
analysis and delivery and adaptive mission operations



Harnesses human analysis
capabilities

— Highly creative

Based on theory and
hypothesis formulation

— Physical basis is normally
used for algorithms

Drawing insights about the
underlying phenomena

Rapidly widening gap between
data collection capabilities and
the ability to analyze data

Potential of vast amounts of
data to be unused

Provides automation of the
analysis process

Can be used for dimensionality
reduction when manual
examination of data is impossible

Can have limitations

— May not utilize domain
knowledge

— May be difficult to prove
validity of the results

There may not be a physical
basis

Should be viewed as
complimentary tool and not a
replacement for scientific
analysis




End Users
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Specialists



Data

270,421 270,600 270 366 270,707 260 576
270 422 270 606 270 347 270 757 260 571
270 350 270,561 270 327 270,755 260 540
270,330 270,571 270,307 270,700 260 515
270,315 270 445 270 287 270 653 260 589
270,268 270,352 270 264 270,56 260 540
270,255 270,305 270 238 270,535 260,780
270,205 270 252 270 212 270 517 260 774
270,172 270,224 270,185 270 407 260,730
C"}"CIDHE Im a2 270,141 270 276 270,158 270 454 260 628

AT0. 14T 270287 2T0.133 270 467 262 697

.--="' Read data
Apply land filter
Compute Laplacian
Estimate wind speed

Set thresholds

act & display cyclones
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DILBERT

WiE HAVE A GIGANTIC
DATABASE FULL OF
CUSTOMER BEHAVIOR
INFORMATION.

EXCELLENT. WE CAN
USE NON-LINEAR
MATH AND DATA
MINING TECHNOLOGY
TO OPTIMIZE OUR

RETAIL CHANNELS!)

Il(l‘}‘oo © 2000 United Feature Syndicate, Inc.

gy Scott Adams

IF THAT'S THE
SAME THING AS
SPAM, WE'RE
HAVING A GOOD
MEETING HERE.




User Perspective and Data Perspective of
the Data Mining Process

\

Dataset
Specific
Algorithms

Analysis

Value Volume

Transformation

Preprocessing

ﬁ?n

N__

Domain
Specific
Algorithms

User Perspective Dataset | pata Perspective
v




EVALUATION
And KNOWLEDGE

PRESENTATION

A

DISCOVERY?

>

MINING SELECTION
And
[ TRANSFORMATION
CLEANING AN
And PREPROCESSING

INTEGRATION NG \)}




e Mining
— Feature extraction
— Finding anomalies in the data
— Understandability of the derived model
— Utilizing domain knowledge effectively

« Scientific Data Mining Environment
— Ease of use
— Automation of analysis process
— Adaptable to new science questions
— Plug In favorite analysis tools



Multiple Configurations
— Complete System (Client and Engine)
— Mining Engine (User provides its own client)
— Application Specific Mining Systems
— Operations Tool Kit
— Stand Alone Mining Algorithms

Distributed/Federated/Grid Mining

— Distributed services
— Distributed data
— Chaining using Interchange Technologies

On-board Mining
— Real time and distributed mining
— Processing environment constraints



Dilbert o | -~ . Scott Adams

- THE TECHNOLOGY DEMO ( IF IT HAD A USER

INTERFACE YOU
WOULD SEE SOME-

AND THEN YOUD
- BE SAYING, "1
GOTTA GET ME

THE SOFTWARE

ISN'T 100% -
| THING HERE... .
| TE SOME OF THAT.
\COMPLETE. HERE. ..AND SOME- wal c
2 - FTTTTTTT)E| TIMES HERE. , — (ANY ‘
QUESTIONS?

www.dlibertcom scottadems@sol.com
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Concept Hierarchy for Data Mining and Fusion

MULTILEVEL
MINING
CONCEPT
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Web Interfaces & Applications

Temperature Trends< ::

AMSU-A Images o
gA Cyclone Wlnds

Visualization & Exploration

LA\
AMSU Product | ADaM-based
Generation { Processing

In- Process
put | Subset//Grid/Format

ADaM Servers

Custom rocessmg

TMI Ingest and |
Product Generation
Data Ingest & Processing

i
AMSU-A| | SSM/I | | SSM/T2

Distributed Data Stores




Earth Science Example of Developing a
Knowledge Network:

Collaborative Research in Mesoscale Convective Systems

Information
about MCSs
detected

Generate end
products while
mining

Add algorithm
to detect MCSs

Pose question and
get answers from
the Knowledge
Repository (such as
coincidence search,
relationship testing)

Anyone can access
the knowledge base
" viathe web



DILBERT

By Scott Adams

THE DATA MINER

EUREKAI T

FOUND A
CORRELATION.

WL OEDarl DOMm soommrieme Braoi somm

LWHEN YOURE ON
VACATION, ALL
YOUR EMPLOYEES
TELECOHHUTE

qqp.u T 1088 UsHad Fasdurn Synaliceiy, o

AND 100% OF ALL
EXPENGE VOUCHERS
ARE SIGNED LWHEN
YOU'RE OUT SICK. J

WE HAVE
vO UCHERE?




Advanced

a Microwave Mlnlng Plan:
Sounding Unit | « Water cover mask to eliminate land
&MS&U-A) Data | ¢ Laplacian filter to compute temperature

gradients Further Analysis
» Science Algorithm to estimate wind speed
» Contiguous regions with wind speeds
above a desired threshold identified
» Additional test to eliminate false positives
 Maximum wind speed and location
produced

Calibration/
Limb Correction/
Converted to Tb

Knowledge -
NASA/GHCC AMSU-A Th(ch. 8)
B&_S_? ‘ Sep-15 00:07 UTC

Data Archive

<=
V

ADaM Mining
Environment
B B3]
" Result

Results are placed on the web, made available to
National Hurricane Center & Joint Typhoon Warning Center,
and stored for further analysis

http://pm—esip-msfc-nasa-gov/cyéiohé_-_m '



https://pm-esip.msfc.nasa.gov/cyclone

e Science Rationale: Man-made changes to land use cause changes in
weather patterns, especially cumulus clouds

e ADaM allows comparison of many different classification techniques based
on accuracy of detection and amount of time required to classify

e Best algorithm can be used to create cloud mask product

=
Original GLRL Association Rules GLCM

Expert Labeled Sobel Sobel + Laplacian Laplacian



Problem: Detecting

mesocyclone signatures in
Radar data

Science Rationale:
Improved accuracy and
reduced false alarm rate for
Indicators of tornadic activity

Technique: Developing an
algorithm based on wind
velocity shear signatures
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To advance the capacity for information extraction from models,
NASA/ARC, the Global Modeling and Assimilation Office at NASA/GSFC,
ITSC and Simpson Weather Associates are applying data mining
frameworks for the analysis and extraction of information from numerical
model output data generated or archived at the GMAO. The team is
conducting experiments focusing on the automated detection and mining
of atmospheric phenomena relationships within the model data.

Tropical Cyclone Identification

Sea Level Pressure

Global Map

Wind Vector
Overlay - Detail

* The heuristic procedure considered
all tropical ocean pixels and
accepted those that:

— Had surface pressure below a
certain threshold (990)

— Had vorticity above a certain
threshold (15)

« As an alternative to the heuristic
procedure, a clustering algorithm
was used to derive the signature of
the cyclones

— Using pressure, vorticity

— Using pressure, vorticity,
temperature, cloud total

— Using pressure, vorticity, cloud low



Text Pattern Recognition:
Used to search for text patterns in

bioscience data as well as other
N b text documents.
N » 6pia3
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Mining Engine Event/

Input  Analysis  Output Results: ~ Relationship

Modules Modules Modules MCSs Search
System
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Knowledge base
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EVE - Environment for On-board Processing

www.litsc.uah.edu/eve

Anomaly
detection

Data Mining

Autonomous
Decision
Making

Immediate
response

Direct satellite
to Earth
delivery of
results


http://www.itsc.uah.edu/eve/

Communications

#

Weather \
Satellite
Constellations '

—— \ e
— —
Ground Network \ Ground Network

e

Ground Network



1) The user creates  2) The Ground Station
a mining plan using  uploads the plan to
the EVE editor multiple on-board

r platforms %' — o
SO0, 3) On-board Platform 1

uses its sensor to watch
for lightning events

4) Platform 1 notifies
Platform 2 of the

event 5) Platf_orm 2 requests
; h"ﬁ“ subsetting web
0 v services from an

NSSTC server

- 6) The results are sent
back to Platform 1 for
display and further
processing

6/9/2008




Mining Environment:
When, Where, Who and Why?

Data Mining



[NOMADS & [ -4 Homeland

The NOAA Operational Model

L3 L L]
Archive and Distribution System - 3 i % =% S ecurlty

National Virtual
Ocean Data
System

A community-cantered a I t I I

resaurce for anyone

Interested In learning

mare about the Earth, SC e
Supported by the

Hational S¢ience Favndation

NATIOMAL VIRTUAL OBSERVATORY E 3 L
arth System Grld pee Ah
Bu:iaﬁng the National Virtual Collabaratc
for Earthquake Engineering Research

==11= National Biological

ﬁ NEES O rid - Information Infrastructure



https://www.chronos.org/
https://www.fgdc.gov/nsdi/nsdi.html
http://www.dpc.ucar.edu/vgee/index.htm
http://www.dhs.gov/dhspublic/index.jsp
http://www.geongrid.org/index.html
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YOUR USER REQUIRE- DO YOU REALIZE THAT

MENTS INCLUDE FOUR NO HUMAN WOULD BE

HUNDRED FEATURES. ABLE TO USE A PRODUCT
WITH THAT LEVEL OF
COMPLEXITY?

GOOD POINT.
I'D BETTER ADD
"EASY TO USE”
TO THE LIST.
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® Advanced Applications Development
e Data organization and management for archival and analysis
e Data Mining in real-time and for post run analysis
e Interchange Technologies for improved data exploitation

e Semantics to transform data exploitation via intelligent
automated processing

® |Infrastructure Development

* Grid technologies for seamless access to multiple
computational and data resources into a virtual computing
environment

® Cluster technologies for high speed parallel computation, for
multiple agent computations, and other applications

* High-performance networking for advanced applications
development and high performance connectivity

* Next generation technologies in videoconferencing and
electronic collaboration



Science Data
Characteristics

e Many different
formats, types and
structures (18 and
counting for
atmospheric science
alone!)

e Different states of
processing (raw,
calibrated, derived,
modeled or
Interpreted)

e Enormous volumes



The Problem The Solution

/ DATA DATA /
FORMAT 2 | {| FORMAT 3

FORMAT
CONVERTER

READER 2

\ APPLICATION / \

)

ESML
LIBRARY

APPLICATION

/

One approach: Enforce a standard data format, but...

e Difficult to implement and enforce

e Can’t anticipate all needs

e Some data can’t be modeled or is lost in translation

e (Converting legacy data is costly

A better approach: Interchange Technologies

e Earth Science Markup Language



It is a specialized markup language for Earth Science
metadata based on XML - NOT another data format.

It is @ machine-readable and -interpretable representation of
the structure, semantics and content of any data file,
regardless of data format

ESML description files contain external metadata that can be
generated by either data producer or data consumer (at
collection, data set, and/or granule level)

ESML provides the benefits of a standard, self-describing
data format (like HDF, HDF-EQOS, netCDF, geoTIFF, ...)
without the cost of data conversion

ESML is the basis for core Interchange Technology that
allows data/application interoperability

ESML complements and extends data catalogs such as
FGDC and GCMD by providing the use/access information
those directories lack.

http://esml_1tsc.uah.edu



https://esml.itsc.uah.edu/

ESML IN ACTION:

Ingest surface skin temperature data in Numerical Models

Reanalysis
GRIB files

ESML Library

NUMERICAL WEATHER
MODELS (MM5, ETA, RAMS)

N e TR .
5 3N XI5 cloudy

O WS M IP5 60 A5 60 M5 M0 M5 0 3N 80 W5 YT IS5 TG0 A5 N0 305 M0 MS 3G 5 3N 35 cldy

http://vortex.nsstc.uah.edu/~sud/web/default.ntm



* Philosophy
— Science of Being [Aristotole]

 Machine Learning/Al/Intelligent Systems

— “An Ontology is a FORMAL, EXPLICIT specification
of a SHARED conceptualization” [Gruber, 1993]

» EXxplicit — type of concept and constraints of use are explicitly
defined

* Formal — should be machine understandable
« Shared — captures consensual knowledge

e Ontology consists of concepts and their
relationships



To provide a vocabulary of terms for a domain instead of

relying on an external agreement — such as yellow page
services for:

— Data
« Search for data sets that contain “temperature”
— Services
« Search for mining capabililties
Meaning of terms is formally specified
— Definitions and relationships between various phenomena

Specify relationships between terms in multiple catalogs
— Semantic metadata for data sets



ESML File

Semantic Parser
(Inference Engine)

Core ESML Library

Smart Application / Service

Structural
Information

ESML

Schema

ad Ontologies

Semantic
Information

ESML Schema’s focus is on
providing structural data
interoperability between
data/application

However, ESML allows
embedding semantic terms for
data fields in the Description File
to provide a complete structural
and semantic description of the
data

Various science communities can
create their own ontologies (for
example, SWEET) and link them
with ESML Description Files for
their data

Application developers can add
semantic parsers on top of the
core ESML Library to build
“smart” applications or
services



_—_——
—-— o

_ - - Il .
- Physical Quantities ™
P -~
” |t~ Dry Bulb Temperature
Dew Point
Wet Bulb Temperature
Water Surface Temperature
Cloud Top Temperature
Data Categories Surface Skin Temperature
4/ Vertical Wind
Temperature Zonal Wind
Wwind . Meridional Wind
Pressure M appl ng Wind Speed
Water Vapor/Moisture Wind Direction
Clouds Geopotential Height
Precipitation Mean Sea Level Pressure
Terrain Altimeter Setting
Land Cover Absolute Vertical Vorticity
Soil Relative Vertical Vorticity
Surface Water Pressure Tendency
Sub-Surface Water Geopotential Height Tendency
Electrification Relative Humidity
Aerosols Absolute Humidity
Chemistry Specific Humidity
Fluxes Mixing Ratio
Radiation Heat Flux
Video/Photos Momentum Flux
Moisture Flux
Reflectivity
Radial Velocity
Spectrum Width
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Merged data
proauct for
on-demand
visualization

—

Cyclone Events

AMSU-A

Channel 01 | = - PO\

>

nowledge

AMSU-A data overlaid with MCS and Cyclone events,
merged with world boundaries from GLOBE.

A'V'SU'A] ITSC




Confronting - The Gulf Coast region

Climate Change in : :
e Gulf Chast —ee supports a diversity of

Sustaimmng Our

Region . Ecologlcal Heritage ecos y stems.

« These ecosystems are
at risk from human
pressures and climate
change.




Multiple Stresses of a Changing Climate

Multiple Stresses of a Changing Climate

Changing
Ecosystems

Increased
Evaporatio

1. !

N

N
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Wetland migration and losses

Processes Affecting Wetland Migration

Where the ability of
wetlands to grow
upward and migrate
Inland is compromised,
wetlands will be lost.




National Backbone

Satellite remote sensing
In situ sensing
reference & sentinel
station-network

e Link to global ocean
component
Data standards &

Regional Systems ) a exchange protocols

« Regional priorities ! ——— = =

» Effects of climate change
& effects of land-based
sources

« T Resolution
« T Variables




Serves national needs for:

Detecting and forecasting oceanic components
of climate variability

 Facilitating safe and efficient marine operations
e Ensuring national security
 Managing resources for sustainable use

* Preserving and restoring healthy marine
ecosystems

e Mitigating natural hazards
* Ensuring public health



e Southeastern Universities Research
Association (SURA) program to create an
Infrastructure for a distributed Integrated
Ocean Observing System (I00S) in the
southeastern region

— Provides a shared means for the acquisition
of observational data

— Enables modeling, analysis and delivery of
iInformation in real-time

« SCOOP will serve as a model for the
national effort in integrating ocean
observing systems



Assess and predict the coastal response to extreme
atmospheric events — focus on storm surge, flooding & waves

Modular modeling tools for regional issues (wave coupling,
sediment suspension, etc.)

Standardized interfaces for data and (coupled) model
iInteroperability

Ensemble prediction — forecasts based on many independent
models runs

Measure, understand and predict environmental conditions

Provide R&D support for operational agencies including
NOAA, the U.S. Navy, and others

Include outreach and education components that assure
relevance of their observing activities



« SCOOP can help us
understand:

— Ecological issues such
as the Louisiana
coastal zone land loss
problem

— Societal issues such
as hurricane threats
and damage
assessment




Ocean.US - National Office for Integrated and Sustained
Ocean Observations coordinates development of an
operational, integrated and sustained Ocean Observing
System (created by NOPP) http://www.ocean.us/

Integrated Ocean Observation System (I00S) a national
effort to create an Integrated Ocean Observing System
http://www.openioos.org/

National Oceanographic Partnership Program (NOPP) 15
federal agencies providing leadership and coordination of
national research and education programs
http://www.nopp.org/

National Federation of Regional Associations provide a
framework for orchestrating regional collaborations
http://www.usnfra.org/

NSF Ocean Research Interactive Observatory Networks
(ORION) an emerging network of science-driven ocean
observing systems http://www.orionprogram.org/default.ntml



http://www.ocean.us/
http://www.openioos.org/
http://www.nopp.org/
http://www.usnfra.org/
http://www.orionprogram.org/default.html

« Ocean.US Data Management and
Communications (DMAC) Plan provides the
framework for interoperability
http://dmac.ocean.us/dacsc/imp _plan.jsp

 Open Geographic Information Systems (GIS)
Consortium (OGC) an open consortium of
iIndustry, government, and academia developing
Interface specifications to support interoperabllity
http://www.openqis.org

« Marine Metadata Interoperability a community
effort to make marine metadata easier to find,
access and use http://www.marinemetadata.org/



http://dmac.ocean.us/dacsc/imp_plan.jsp
http://www.opengis.org/
http://www.marinemetadata.org/
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Feature: gom_sst_gm_feature

Attributes: oid 162656519
buoy_name EO1
buoy_id EO110
temperature_celcius 6.7410
dtime 2004-05-03 14:00:00-04
latitude 437131
longitude -B49.3555
sensor_depth 1
buoy_desc Central Maine Shelf
huoy_type Ghi_BUOY
data_type SEA_WATER_TEMPERATURE
quality 1]




Data Access — example dynamic transport, analysis and visualization technologies

Modeler /
Data Provider

FTP |[OPeNDAP| OGC

A

GeoSpatial
OneStop

XML

A 4

Metadata Query Services

SCOOP
Catalog

FTP

| FGDC
Clearinghouse

SOAP

U

User Interface

HTTP

Regional
Data Providers

Regional Association

Data Centers

Archive/Repository Data
Broker Translation
Services A':)A;;)I?sz;t?c:n
data || ¥
ESML
FTP
OPeNDAP | OGC
A
OGC WMS g 100s
> Interoperability
Demo

Users, Modeling Partners,
other Data Centers, etc.



 Funding provided by ONR, NOAA
« SCOOP Partners:

«Consortium for Oceanographic Research and Education

*Gulf of Maine Ocean Observation System (GoMOOS)
sLouisiana State University, Center for Computation & Technology
sLouisiana State University, Coastal Studies Institute

*Southeast Atlantic Coastal Ocean Observing System
(SEACOQS)

*Texas A&M University

sUniversity of Alabama in Huntsville

*University of Delaware (Mid-Atlantic Regional Association
(MARA)

University of Florida

University of Miami, Center for Southeastern Tropical Advanced
Remote Sensing

sUniversity of North Carolina

Virginia Institute of Marine Science



An Environmental
Monitoring and
Decision Support

System for
Mesoamerica




Mapeo y Monitoreo Del

CORREDOR BIOLOGICO MESOAMERICANO
Proyecto NASA / CCAD
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e L ess than 1% of Earth’s
landmass, but contains
7-8% of world’s plant and
animal species




The Maya Biosphere Reserve

MEXICO

'Huehuetenango

Luetzaltenango

\ Champerico
Puerto
Norih ™ Jacd™Blerto-
Pacific Ocean Quetzal

Mazatenango ®GUI\TEMU\

Zacapa,

HONDURAS

EL SALVADOR

1 Parques Nacionales
B Biotopos

Zona de Usos Multiples
] Zona de Amortiguamiento







Land Cover and Land Use Change

M i g 9;-—‘ >y

Conservation &
Preservation

Transportation
Infrastructure

Urban Growth
Planning

Human Impacts
on the Land R
Infrastructure P B A
and Utilities Peten, Guatemala (1986-1995)




Remote Sen

sing over Central America
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NASA/MSFC
(Mirror Site)

CATHALAC/Panama
(Regional Node)

National Node End-User
Communities

F -

PUBLIC INSTITUTIONS UNIVERSITIES & NON- PRIVATE SECTOR
* Geography/Mapping GOVERNMENTAL * Hydroelectric
* Climate/Meteorology/Hydrology * Research/Educational * Aviation
* Conservation e Other

* Biodiversity (Forest, Protected
Areas) e Other

* Agriculture
* Disaster Prevention

* Other




*Fire Detection

oL and Cover/Land Use
*Forest Monitoring
*Red Tides

*Climate Change
*Short Term Weather
*Drought Monitoring
sInter. Scientific Research
eCarbon Flux

*Hot Spot Monitoring
*Disaster Mitigation
eUrban Studies






SERVIR Lab in Panama at City of Knowledge
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SIAM-SERVIR Tha Contral America Manitaring and Vidualization Syatem

Hurricanes
Mesoamerica Today, Monday, | "

e Fully Operational
s by February 1,
e, | M 2005
e Four Main Sections

1. Mesoamerican
Data

2. Interactive Maps
3. Decision Support
4.Visualizations

I'n the News

L B

Latest MOOIS Tenra msge. WODIS Toma - Dec. §, D004 850, 1025, and
1M CoT
1200 4 1200 image, FT00 X I700 Emape




Interactive On-Line Maps

Mapping for the “Casual
User”

Web Map Server at
regional node

GeoMedia WebMap

Specialized Tools (UAH-
Space Time Toolkit)

Thematic Areas —
Biological, Protected
Areas, etc.

User Friendly Thematic
Queries

File Edit Wiew Favorites  Tools  Help
1 Qe - ©  [x] B & ) seerch S Fovortes %) R D‘ EIRE
ctiress ] hitps{146.229,234,94]ser P v Ben ik 7 @t
d

nnnnn
ERVIR Interactive Maps | & ——mcwm [ s [ e | —
AN p B

\ 5 s - < ¥ i
QAP REIEEEA SLaz(a8e

Pogmon Tk

7 o e e

Cheraen Tl e 110807 a3 | 0] e s

i N ;
Bmamed _ccococoponm L]

B He oo imes | 4 [imed Con]




Decision Support Tools

*Fires
— MODIS Rapid Response
— Web Fire Mapper (UMD)
— Fire Alerts (Pilot)

*Red Tides (Harmful Algae
Blooms)

Climate Change Scenarios

*Short Term Weather
Prediction (SPORT)

eLand Cover and Land Use
Change for Carbon
Management

*Floods
eOther




« NASA and COTS mtegrated by UAH
— World Wind - NASA
— Skyline — Skyline Software
e Users
— Decision Makers
— Media
— Educators
— Students




* NASA/MSFC

« CATHALAC

« USAID

« World Bank

« CCAD

 University of Alabama Huntsville

» University of Arkansas

e Science Systems and Applications Inc.
e Oak Ridge National Laboratory



An Environmental Monitoring and Decision

SERV' R Support System for Central America

Earth Observatories Central American Commission

for Environment and Environmental Monitoring &

Development Decision Support Products
» Emergency Responders W/D 4 Tige ;

. En\{lronmental Managers | fishing ind

 Political Leaders s

» Researchers, Educators

Electronic Transfer:-

SERVIR Node @ NSSTC

(NASA/MSFC and U. Alabama in Huntsville)

Product °Ingest Data
Generation ®* Subset Data Over C. Amer.
System * Mine Data for Events

» Generate Products

_é Web Server e Distribute Products

ir.nsstc. . i |
servir.nsstc.nasa.gov | A .ohive Products Rapid Response
ftp, e-mail, etc. ¢

Goals
RCUEd SERVIR Node in Panama |l . Rapid Response

University of Arkansas ) .
Y e Corridor Preservation

(World Bank Funding) . .
: - Species Preservation
* Geographic Info Systems - Sustained Development

» Decision Support Systems

: Data & ; » Better Living Conditions
s Algorithms  ISIERAVAIRREE TR [T * Environmental Data from p :

. _ : Policy Changes
SesssmssmmEEEEs Central American countries

Visualization
System




» Develop and document common/standard interfaces for
iInteroperability of data and services

» Design new data models for handling
» real-time/streaming input
e data fusion/integration
» Design and develop distributed standardized catalog capabilities

» Develop advanced resource allocation and load balancing
techniques

» Exploit the Grid for enhanced data mining functionality
* Develop more intelligent and intuitive user interfaces

* Develop ontologies of scientific data, processes and data mining
techniques for multiple domains

» Support language and system independent components
 Incorporate data mining into scientific curricula



Emergency
Response

"

&

Urban
'Environments
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