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There were three academlcs on
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A Geographer, a Geologist and a
Mathematician...
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“Like the physical infrastructure of roads, bridges,
power grids, telephone lines, and water systems that
support modern society, "cyberinfrastructure" refers
to the distributed computer, information and
communication technologies combined with the
personnel and integrating components that provide a
long-term platform to empower the modern scientific

research endeavor.”

"National Science Foundation Releases New Report from Blue-Ribbon
Advisory Panel on Cyberinfrastructure,"



The Geosciences Network (GEON): -
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- WWWw.geongrid.or

GE®N

Featured Scilence Activity

About GEON
Calendar Synthetic Seismogram Computational Tool Now Available
Moo thor Ona of GFOW foods, SYNSERS (Spathalic Sarmogram Compatation Fool), i pow available
Db b hnts for raresrch and aducationsl studies. The tool is ured vothin the GEDN retweart anvircnmant

Fe
and anabiar urars & simalata raglonal Falsmic Facords fn 20 or 30 amvirenmants, SVNSERS " )b“d-:l
i hoilk ar 5 rerpice grfeantad sprtap and B socsrrer RIS DT bo obbain cbrarrsd
warelorms, modal buliders b0 conshuds 20770 meodals, arnd nationz) suparcomputar cankers for compwations

Anmnual Reports

Sclence
Workshops
Publications

Gbhout the GEOMN Portal : Resources for Geoscientists

The GEON Forfal i bhe apkry point for sccarcing online rarpurcar cuch ar Jdete and toofrs. Diffarant ractions oo bhe portal
(= k.z. portiats) pravide diffarant functionalty such a5 sasrch, myGCEON, and accass & tools and applicatisns, Rasouwrcas

Resources sraidable st the Portsl includa:
Data
Tools .
Education @ - -
Swrnmes Dnstbube - s =i |

Courses

Data

Data can ba shared,

Contact L=

Waeb Services Knowledge

wab sarvicas can ba

Tools
Toals can ba registarad.

published, snd integrabed scoessed, and

with othar data ak tha
Paortal

downloadad for usa

ragizberad and invaksad
using a standard
authentication sysbam

Representation
Cantrolled vecabularies,
himrarchies, and more
comple= ralationships

[a.k.s. ontologi=s]
among sdentific tarms
can be registerad and
accassad

Enter the GEOMN Paortal

Heve to the GEDN Portal? click hers!
Aacant avants: CSFG 2006 Gesiofersratics H008 Belfing CF Warksbop

& GECNgrid, arg, all rights reserved,
@ For further information abowt GEON navs and updatas, plaase e-mail info@®geongrid org.
For comments/questions about the geongrid.org webzite, please &-mail webmaster@geangrid.omg
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THE GEOSCIENCES NETWORK

| Seaich site

Wiew webcast Archives

MNews

GCEDON's Dubreach Extends bo
Fall AGU Fasting

Seyeral GEOM PIz and graduste
students presented their
project-related wark &t the
200& Fall AGU Meesting, held in
San Franceco Dec 11-1Tth

GEDHN Mode to be Deployed by
thesapmalke Bay
Enwironmental Observatory
Metmorc (CBEQ)

A tearm of environmeantal
researdhers, hydrologists and
computar scientisks fram
several universides across the
country recantly recaived a
Arpmar HEF award.

LEDON Co-PI Fe-alacted to
TEEE -Commputer Socieby Boascd
of Gowermors

Ann Q. Gates (Co-PI, UTEP)
was re-elected for a second
tarm.
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‘Higher-Order CI Services -

1. Data Integration

— Defining “views” across multiple sources

Multiple database schemas, e.g. in GEON PAST (Paleogeography
and AMOCO database), Chronos (Paleostrat, Neptune,
Paleobiology), Geochemisry (Navdat, PetDB, ...)

Multiple maps and map layers

2. Visualization
— Simulation of earthquake dynamics

— Visualizing knowledge structures and visual search for
useful resources

3. Analysis and Workflows
— lconic representation of databases and tools

— Abillity to link together tools and data to specify
computations



1. Data Integration

Automated schema integration
using ontologies...



. 'ONE MOTIVATING EXAMPLE - Map

construction and semantic conflict

|x|]a® 2| 9

[# North
[ Badger Group
[ Badger Group-sc
[ Badger Group-si
I Baker Brook hasalt
I Basalt member
[ Betts Cove Camplex
[ Betts Cove Camplex-b
[ Betts Cave Camplex-ig
[ Betts Cove Camplex-y
[ Big Hill Basalt
[ Bob Head pluton
(1 Breccia member
I Brighton gabbro
[ Buchans Group
] Buchans Group-g
I Buchans Fiver Formation
I Buchans River Formation-r
[ Buchans Fiver Formation-tt
[ Buchans Fiver Formation-s
I Buchans Fiver Formation-s
I Buchans Fiver Formation+b
I Buchans Fiver Formation-vd
[ Buchans Fiver Formation-t
[ Buchans River Formation-.. . - /
1 Burlington granodiorite |

= 7 7
Natth : Hall Hill- Mansfield Cave Cam| 1030750 |23.3x228(mi)




- ‘ontologies -

¥
- -

GEON: Multiple, different geological

& -

- Genetic classification
Harnfels i i
Nonpianar Cataclasite Igneous Sedimentary Metamorphic
[Nonplanar | [ ERE
— Concration
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Stromatolite

Flow bandad rhyolita
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Genetic classification
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Mele
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I Chert
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Dolomitie mudatone
Digterita
Felite
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Foid gabbo
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i

Kai Lin, SDSC
Boyan Brodaric, GSC

I OPE A I 1 A LT




-
L

~ Integration v
IGNEOUS ROCK
DATABASE SCHEMA - Simplified

|EnclavelD

RockType More ""llﬂ

LINKTO THE DATABASE
ONTOLOGY SYSTEM
This field can be linked to

the | tables cormp a
the ontology system, such as
the British Geological Survey's

Rock Classification System.

nemistry

-

ia shared schema

minisoID

nera

exturelD more ..,

Tables Describing Methods

Tables that describe the rmethods used to extract

the Geochemical data contained in this schema will become
an integral part of this database system. These will include
Mineral Chemistry Methods, Mineral Isotope and Cheamical
Age Methods, Bulk Rock Geochemistry Methods, and Bulk
Rock Isotope Methods. For example, the Mineral Chemistry
Methods table will include values such as Electran
Microprobe, ICPMS, lon Probe, Multiple Methods and others.
A value from these tables will be linked to each record ina
Isotope or Whole Rock Geochemistry table.

D
Method_Name
Method_Abbreviation
Methed_Description

miniso_Sample_ID
\ Rock_Type

Reference Key
Author(s)
Article Title

‘—HTechnigue

Pluton_Name

Mineral

rRETCrChnce
Sr_Concentration(ppm)
Rb_Concentration{ppm)

More ... ],

NG

ISOTOPES

Virginia Tech &IGEON




Slide 11

AKS1 We have constructed a pluton schema that is strongly field based. Many of the databases within this schema are searchable . It is

important to emphasize that multiple schemas ( as long as attributes are clearly organized) can be integrated through GEON.
A. K. Sinha, 10/24/2003



Rock Taxohomy -

£X] Seismology Ontology
Fil= Edit Format Collaborate  Tools  Window  Help

Geological taxonomy e " =/
converted to an ontology ——
Gathered from experts .,‘

during a specially convened

workshop —_— - —

Formalizes relationships — O ——an7

between concepts — e =\
Randy Keller (UTEP), e -

Bertram Ludaescher, Kai Lin, = |
Dogan Seber (SDSC), et al ) .
[ 1 | o

web Page: htkp:/f65.212.115.153:8001 fservletfSEReadResourceServlet?rid=10797 280330 Wisw




Geologic Map Integration in the Portal

i
2 GEONgrid Portal - Microsoft Internet Explorer E@E| '

File

Edit Wew Favorites Tools Help

- " — N ] { N 3

GBack v O ML) _|\J 7 ! Search . Favorites @MEd'a 6:‘* M E M A Interactive Geologic Map - Microsoft Internet Explorer, = @|
L]
y

File Edit ‘iew Favorites Tools  Hel
gy ot e reis teme b

Address @ http://geon0l . sdsc.edu: 82582 fgridspheref gridsphere?action=appList &rid=oedregiJavascript=enabled

- 5 = n I y N
GBack > Iﬂ E () | ! Search . Favorites @Medla &;‘! =

Address @ hitp: f{geonil . sdsc, edu: 8585/ cgi-bin/mapservimap_web_imagepath=/home/Kin/programs/apache/htdocs) + a Go

I;_id Portal

Interactive Geologic Map

Welcormne GEOMgrid: "Genlngic Age:
-Cenozoic
enc ] led M tic d GEOMEODT GEC y ns GEOMdrcs Genesis:
- : - - -lgneous w
& Geology mapping integration
. . . R Composition:
Ontology-enabled Data Registration and Integratioy e
—ranc
Applications ontgfogies | Datasets A
f ,,-,.q«;_r Texture:
Home ADD“C@HOD List —Cryptogranular v
Fahric:
Name
N —Gneissic ¥
Classes ceologicAge, Genesis, Composition, Textu? abric
Arizona Geology Map, Colorado Geology Map, Monid
East Geology Mapy New Mexico Geology Map, Nevada
Datasets ceology Map, Utah Geology Map, Wyoming Geology Map,
Montana West Geology Map, Idaho Geology Map, Mid- ‘4 ZoomIn © Zoom Out O Pan O || Browse @ I O || Reset |
Atfantic Geology Map, Washington Geology Map,
&) 0 nternet
2:] Dione 40 Internet

« After registering datasets, and their ontologies, mappings can be
constructed between the datasets via the ontologies—semantic
mediation

Kai Lin, SDSC




2. Visualization

Visualizing simulations, data,
knowledge...



quake Modeling using HPC

M -{d GEON Seismic Analysis Tool IBIEE
File Yiewers

File Viewer Events/Stations Analysis

Read Event and Station Files| | Zoom to Eounding Buxl Zoom: T L 1

| Create Map Viewer .. | | Create Seismograph Viewer ... |

| GSAT [ main

1wtDispatchThread

:chThread_ Saxra.0 -
M -4 Simulation Parameters (=1

c.edua: /e
Grid Dimension ) 2D @ 3D -

Grid Depth 200.0 . L]
Distance Resolution 4. 100 .
Time Resolution .25 5= 2%
Mumber of Time Steps j={s]s] |
Sediment P Velocity 45 |
Crust P Velocity 5.5 I
Mantle P Velocity 5.1 -

Source Type | Fault -

Source Frequency 0.5
Source Amplitude 1.0E27
+ Fault Strike 0.0
Fault Dip 0.0
Fault Rake 0.0
Ok || Cancel |

4
I Map [Status
L

Hl.cuu T LT geondema

>4 Seismograph Viewer [=][o ]
File Yiewers Data

| Create Map Viewer ... Zoom: ! -k 1

P i R e O e R T e T

Seismograph Time: 22496788 Yalue at crosshair position:




‘Earthquake scenarios
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) ConceptVISTA
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Onto ogles by themselves are not

“enough

 Top down knowledge (ontology) only gets you so
far...

— EXperiences, use-cases (situations surrounding the use of
resources), Social networks, etc. also carry meaning

« Current ontologies are static resources...
— Our understanding is dynamic & continually evolving...

 What happens to all the millions of geographical
resources that predate ontologies?
— The cost of retro-fitting ontologies is prohibitive.

e We DO NOT all understand the world in the
same way

— We do not share the same ontologies




~.Adding in people, places,

publications, organizations, ...

ConceptVISTA - My Documentsh-=(PSU) onceptVISTA\Ontologies\GEOM\seon_personnel_+_institutions
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ConceptVISTA - C:\My Documents\-—(PSU

L

L
.

.and tools for navigation - .-

Project Edit Ontology Style Tools Window Help
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-Meaning_is carried in formal descriptions

(s'eman_tios)L but also‘in how things are used and

made (pragmatics): .
scope Semantics 3
Concept
representatl n
meta level

(Brachman, 1979) g
{ Lake 3 A ‘Concept

top level on?olo% representation’
Guaring, 1994 1998) <>

domain, task

=
application concept
o _ /\
data level Lake Erie ‘Lake Erie’ ‘0x486... “01001..."
object symbol
Pragmatics? Syntactics information .string binary
) (name) numbers

Brodaric and Gahegan. 2005



Looklng Deeper Map construction and

semantlc conflict
g[x|x|x|™ 2] o

¥ North
[ Badger Group
[ Badger Group-sc
[ Badger Group-si
I Biaker Brook basalt
I Basalt member
[ Betts Cove Camplex
[ Betts Cove Camplex-b
[ Betts Cave Camplex-ig
[ Betts Cove Camplex-y
[ Big Hill Basalt
[ Bob Head pluton
] Breccia member
I Brighton gabbro

:
N

Distance MMD (me
:
(
\
Distance MMD (mean)

O T 1 T T 1 T 1
1 23 456 7 8 910112131415 1 2 3 45 6 7 8 9 10 11 12 13 14 15

Time (weeks) Time (weeks)




-~ “Knowledge soup” — sowa, 2002 -




L

A knowledge portal .
(Nexus: of knowledge structures: Whitehead, 1923)

HERO Project

Bill's workspace

» Population densit
» Anderson Level I land cover categories
» Water system sensitivity

Create a new concept...

Concepts
Files
e Spring Creek Watershed
Tatks . boundary
. J . + Centre County Census 2000
- A SE3
+ Vulnerability assessment - L s « HERO meeting minutes 2002-
. @ 12-09
Start a new task... s
my Add a new file...

Places 'fw J Tools
-

e State College, PA ’ 4 d e Scatterplot matrix
» Spring Creek watershed = Parallel coordinate plot
+ 2D Map

Record a new place...
Add a new toal...

Groups

« HEROIME
+ Vulnerability vworking group

Create a3 new group...

@ 2003 HERD and The Pennsyluar

Codex: Bill Pike (PSU, PNNL): GEON researcher

B Local inkranet

N
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“Gravitational anomaly concept map

(GEON: Randy Keller)
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Data D bution .
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Brodaric & G

region concepts

prototype properties

=] Bwy Corow Compipe .

il 8 - ol e Cisn 2]

clustering

phegan, 2007

classification

\
I

cluster
(properties) | | (objects)

class
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3. Analysis and Workflows

Creating, sharing and preserving
experiments in GeoVISTA Studio...



~“Example: GeoVISTA Studio
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Heterogeneous components-wired

together in the Studio Design Box

!E':g}j SEEEEER o 3 %

miSimplefileChooser ShapeFileataReader

EhapeFiIEPriE[:tinn GeoMap

jEﬁT= & [ EﬂJ i&

(] jiF 18

|
g_‘fg_

DatasetF nrApszW'|apper
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| '.'Identify Relevant Resources

Categories

Swing

GeoViz

Java3D

SOM

SpatialDM

GeoTools

Domains of Origin

Basic GUI components from
the javax.swing package.

General components for
geographical visualization.

3D visualization components
based on Java3D technology.

Pattern clustering and
classification tools based on
self-organization map.

Specialized data analysis and
information visualization tools
tailored for spatial data mining

Geospatial data handling tools
based on OpenGIS standards
and the GeoTools API.

Sample JavaBeans Components

| e
22 S MG
L@k Q0 sl
P me O PN
e BRI

[ E E o, ‘-E
E ‘ 7 E
B &

| == -

0K | (¥ =—[_I7] Iahe!‘ - J'ﬂ._...l
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SR
R i

How does Studio V\'/o_rk"?‘ -

Studio employs JavaBean technology to construct tools. The JavaBean
specification defines a set of standardized Application Programming
Interfaces (APIs) for the Java platform.

From this, the builder Geog|| Al 2D || 3D |[coordinator| = |3rd party
automatically beans beans|beans|beans| bean beans

constructs a syntactic JavaBeans APls
description of the

functionalities and i/o w
methods of any bean.
Will run on any

platform with JVM / Java 2 Platform APIs
JBean API

Studio engine (JBeansStudio)

Java virtual Java virtual Java virtual
machine machine machine

UNIX Windows Mac

Architecture: application builder



WHICH;TOOLS GO WHERE? Methods

accordmg to the roles they play

Databases Statistics Al Visualization
Finding Association Local pattern Neural Exploratory
rules analysis and networks, visualization
global decision trees Visual data
inferential tests mining
Reporting Rule lists Significance Likelihood A stimulus within
and power estimation, the visual domain
information
gain
Representing | Schema Fitted Conceptual Shared between
update, statistical graphs, meta the scene and the
metadata models, local models observer
or global
Validating Weak Significance Learning Human subjects
significance tests followed by testing.
testing verification
Optimizing Reducing Data reduction | Stochastic Hierarchical and
computational | and stratified search, gradient | adaptive methods,
complexity sampling ascent methods | grand tours
strategies




I\/Iovmg between activities: a
dlscovery path

Exploration:
EXPLORING,
DISCOVERING
Presentation: m Synthesis:
COMMUNICATING, LEARNING,
CONSENSUS- CATEGORIZING Category,
relation

Evaluation:
EXPLAINING,
TESTING,

Analysis:
GENERALIZING,
MODELING

Results



Activities; tools and inferenc

Databases,
Digital
libraries,

P =3 .

g |

Exploration:
EXPLORING,
DISCOVERING

Scatterplot, grand tour,
projection pursuit,

parallel coordinate plot,
iconographic displays

Self organizing map,
k-means, clustering,
geographical analysis
machine, data mining,
concept learning.

clearinghouses

Presentation: Synthesis:

Statistical
testing, M-C
simulation

Uncertainty
visualization

Statistical
modeling,

Scene
composition,
information fusion,
visual overlay

COMMUNICATING LEARNING,
X CONSENSUS-
g Category,
2 BUI-BINE relation —
(B‘, Interactive visual
. : classification,
Maps, navigable % Explanation lel dinat
rlds, charts O | confidence O
worfas, ’ Evaluation: Analysis: plot, separability
IMMErsive EXPLAINING, GENERALIZING, plots, graphs of
visualizations < TESTING, MODELING c relationships
re) GENERALIZIN O
@ : =

machine learning,
maximum.
likelihood, decision
trees, regression &
correlation analysis




Dlscovery Actlvmes Tools Representatlon

forms and Reasonlng

Activity

Visualization

Representation

Computation Reasoning
Object Collection
PCP, . o
Scatterplot, SOM, k-means, Attribute Description
: iconographic clustering Abductive
Exploration con
P displays methods, GAM Description Dataset
machine
Interactive visual learning, max.
ST classification, likelihood, Concept Taxonomy Inductive
3 PCP decision tree
Scene Statistical Rule Theory
: composition, analysis Deductive
Analysis .
y visual overlay Occurrence Model
Uncertainty Statistical .
Explanation visualization testing, M-C Inference Explanation Model-based
P simulation
Maps, charts, Web mapping, Narrative Story
: reports, etc. digital libraries, Rhetorical
Presentation collaboratories Symbol Map

(Gahegan & Brodaric, 2002)
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Example: An emergent disease,

" “possibly vector-borné
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- Exploring anticipated infection
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Ing symptoms against CDC
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g Summary hl‘\/l'an-y Cl -Challehgés .

e Technical...
 Conceptual...

e Sociological...What needs to change?
— Self-sustaining cyberinfrastructure?

— Participation and adoption by science
communities (opportunities, risk, resistance)?

— Recognition of different forms of science
contribution...



Questions?
Suggestions?









“Inspiration

“*Knowledge keeps no better than fish”
-- Alfred North Whitehead

“You cannot put your foot in the same stream
twice”
-- Heraclitus

“*You can know the name of a bird in all the
languages of the world, but when you're
finished, you'll know absolutely nothing
whatever about the bird... So let's look at the
bird and see what it's doing -- that's what
counts.”

-- Richard Feynman



	Visualization, analytics and spatial decision support in the Geosciences Network (GEON)
	There were three academics on a train…
	Cyberinfrastructure (CI)
	The Geosciences Network (GEON): www.geongrid.org 
	Cyberinfrastructure: The GEON Network
	Higher-Order CI Services
	1.  Data Integration
	ONE MOTIVATING EXAMPLE: Map construction and semantic conflict
	GEON:  Multiple, different geological ontologies
	Integration via shared schema
	Rock Taxonomy
	Geologic Map Integration in the Portal
	2.  Visualization
	3D Earthquake Modeling using HPC
	Earthquake scenarios
	Finding what you need: �Searching the GEON Resource Catalog
	GEON: Thematic Areas (AGI topic map)
	Ontologies by themselves are not enough
	Adding in people, places, publications, organizations, …
	…and tools for navigation
	Meaning is carried in formal descriptions (semantics) but also in how things are used and made (pragmatics)
	Looking Deeper: Map construction and semantic conflict
	“Knowledge soup” – Sowa, 2002
	A knowledge portal� (Nexus of knowledge structures: Whitehead, 1923)
	Gravitational anomaly concept map (GEON: Randy Keller)
	Knowledge does not exist in isolation: Connecting Concepts to Data 
	Compare possible categories
	3.  Analysis and Workflows
	Example: GeoVISTA Studio
	Heterogeneous components wired together in the Studio Design Box
	Identify Relevant Resources
	How does Studio work?
	WHICH TOOLS GO WHERE? Methods according to the roles they play
	Moving between activities: a ‘discovery’ path
	Activities, tools and inference
	Example: An emergent disease, possibly vector-borne
	Is it West Nile Virus?
	Exploring anticipated infection patterns
	Matching symptoms against CDC documents
	Searching for alternative explanations
	Analyzing likely impacts
	Summary: Many CI challenges
	End
	Inspiration

