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GoalsGoals

•• Provide a context for understanding Provide a context for understanding 
informatics, informatics, cyberinfrastructurecyberinfrastructure, and how , and how 
ecology fits into that contextecology fits into that context

•• Explain what the SEEK project is and how it Explain what the SEEK project is and how it 
contributes to both ecology and informaticscontributes to both ecology and informatics

•• Put the topics that will be covered this week Put the topics that will be covered this week 
into this contextinto this context

•• Answer any general questions that you may Answer any general questions that you may 
have regarding any of the above!have regarding any of the above!



What is What is EcoinformaticsEcoinformatics??
Eco-Informatics?

Biodiversity and Ecosystem Informatics?

Old: Computational Science?

New: Cyberinfrastructure (CI)?

E-science (old: electronic science, new: enhanced science)

E-Ecology? E-Ek!

One letter shy of a Geek!

Relate to bioinformatics?



Some historySome history
•• First academic computing centers (1960s)First academic computing centers (1960s)
•• Early activities in computational science (largely Early activities in computational science (largely 

physics & chemistry) (1970s)physics & chemistry) (1970s)
–– numerical analysis via computernumerical analysis via computer

•• NSFNetNSFNet => Internet (1980s)=> Internet (1980s)
•• Computational biology and bioinformatics (late Computational biology and bioinformatics (late 

1980s 1980s -- 1990s)1990s)
–– Molecular and genetic biologyMolecular and genetic biology
–– Theoretic and mathematical computation Theoretic and mathematical computation vsvs

Artificial intelligence & heuristic studies (e.g. data Artificial intelligence & heuristic studies (e.g. data 
driven)driven)

–– Computational science Computational science vsvs informaticsinformatics
•• NSF National Partnership for Advanced NSF National Partnership for Advanced 

Computing Infrastructure (NPACI) (1990s)Computing Infrastructure (NPACI) (1990s)
–– Between supercomputing centers   => Between supercomputing centers   => TerascaleTerascale

computingcomputing
•• CISE Information Technology ResearchCISE Information Technology Research

–– Large block of funding set aside for technologies to Large block of funding set aside for technologies to 
enable domain science (~ 2000) enable domain science (~ 2000) 

•• CyberinfrastuctureCyberinfrastucture initiativeinitiative

NetworkingNetworking

ComputationComputation
IntensiveIntensive

DataData
IntensiveIntensive

KnowledgeKnowledge
IntensiveIntensive

DistributedDistributed
ComputingComputing



More recent historyMore recent history
•• Atkins report (2003) Atkins report (2003) ““Revolutionizing Science and Revolutionizing Science and 

Engineering Through Engineering Through CyberinfrastructureCyberinfrastructure”” -- NSF Blue NSF Blue 
Ribbon Advisory Panel Ribbon Advisory Panel 
–– CI = infrastructure based upon distributed computer, CI = infrastructure based upon distributed computer, 

information and communication technologyinformation and communication technology
–– Industrial economy => knowledge economyIndustrial economy => knowledge economy

•• Presidential report: Presidential report: ““Computational Science: Ensuring Computational Science: Ensuring 
AmericaAmerica’’s Competitivenesss Competitiveness”” (2005)(2005)
–– CS = the use of advanced computing capabilities to CS = the use of advanced computing capabilities to 

understand and solve complex problems understand and solve complex problems 
•• Office of Office of CyberinfrastructureCyberinfrastructure (2005)(2005)

–– CICI--Team = workforce developmentTeam = workforce development
–– CI for CI for EnvEnv Observatories = NEON (eco), OOI (ocean), Observatories = NEON (eco), OOI (ocean), 

CLEANER (CLEANER (envenv), COSMIC (climate)), COSMIC (climate)
–– High Performance Computing = High Performance Computing = petascalepetascale computingcomputing



Within ecologyWithin ecology
•• NRC report: NRC report: ““A Biologic Survey for the NationA Biologic Survey for the Nation”” (1993)(1993)

–– OrganismalOrganismal biology & biodiversitybiology & biodiversity
–– National Biological Information Infrastructure (NBII) => biologiNational Biological Information Infrastructure (NBII) => biologic information c information 

pipelinepipeline
•• PresidentPresident’’s Committee of Advisers on Science and Technology s Committee of Advisers on Science and Technology 

Panel report:  Panel report:  ““Teaming with LifeTeaming with Life”” (1998)(1998)
•• Partnership for Biodiversity Informatics (PBI) (1999)Partnership for Biodiversity Informatics (PBI) (1999)

–– LTER Network Office, NCEAS, NatLTER Network Office, NCEAS, Nat’’l History Museum at KU, San Diego l History Museum at KU, San Diego 
Supercomputer CenterSupercomputer Center

–– Knowledge Network for Knowledge Network for BiocomplexityBiocomplexity (KNB) project initiated (1999)(KNB) project initiated (1999)
•• NSF, USGS (NBII), NASA joint workshop on Biodiversity and NSF, USGS (NBII), NASA joint workshop on Biodiversity and 

Ecosystem Informatics (BDEI) (2000, 2001, 2004)Ecosystem Informatics (BDEI) (2000, 2001, 2004)
•• NBII NBII –– 10 nodes initiated (2001)10 nodes initiated (2001)
•• NSF solicitation for BDEI (2001)NSF solicitation for BDEI (2001)
•• PBI awarded $12M ITR research grant = SEEK project (2002)PBI awarded $12M ITR research grant = SEEK project (2002)

–– Distributed computing, dataDistributed computing, data--intensive and knowledge intensive intensive and knowledge intensive 
approachesapproaches

–– Mathematical modeling and computationMathematical modeling and computation--intensive implicit  intensive implicit  
•• NEON infrastructure & NEON infrastructure & cyberinfrastructurecyberinfrastructure



Why multi-scale distributed sensor-networking 
will transform ecology

Radioastronomy Computing

Internet

Single Telescopes Supercomputers
Field ecology

… because it has done so over and over again

NEON

Individual observations 

Michener, 2005Michener, 2005



Which way ecologists?Which way ecologists?

Business as usualBusiness as usual

Get on the broadGet on the broad--scale, scale, 
sensorsensor--driven bandwagondriven bandwagon

Move towards distributed, Move towards distributed, 
computationallycomputationally--

intensive, dataintensive, data--intensive, intensive, 
and knowledgeand knowledge--intensive intensive 

approachesapproaches



Translation to 
broad scale; data 
integration and/or 

modeling

Data 
Collection

Analysis

Publish For 
Other Scientists

Use By Non-Scientists
Business as usualBusiness as usual



Cycles of Research:  Cycles of Research:  
““A New ViewA New View””

Planning Problem Definition
(Research Objectives)

Analysis 
and 

modeling

Planning

Collection

Original
Observations

Archive 
of Data

Selection and
extraction

Secondary
Observations

Publication

Business as usualBusiness as usual

Michener, 2003Michener, 2003

Data ManagementData Management
WednesdayWednesday

Planning:Planning:
MondayMonday

Sensor observationsSensor observations
TuesdayTuesday Data Data 

discoverydiscovery
TuesdayTuesday

A & MA & M
ThursdayThursday

KnowledgeKnowledge--basedbased
SystemsSystems
FridayFriday



Internet Internet vsvs Distributed Computing?Distributed Computing?

•• Web => User goes to a URL Web => User goes to a URL 
and downloads what they and downloads what they 
needneed

•• Web application => User Web application => User 
goes to a URL and goes to a URL and 
launches an application launches an application 
at a remote site, then at a remote site, then 
downloads the resultsdownloads the results

•• Distributed computing => Distributed computing => 
Software at userSoftware at user’’s terminal s terminal 
finds the appropriate finds the appropriate 
resource, goes to that URL, resource, goes to that URL, 
gets/does what is needed gets/does what is needed 
and returns it to the and returns it to the 
terminal for continued terminal for continued 
processing, seamlessly, processing, seamlessly, 
hidden from userhidden from user



Some U.S. Field Some U.S. Field 
Station LocationsStation Locations

XXXXXX LTERLTER
OBFSOBFS



CyberinfrastructureCyberinfrastructure

Enhanced decision-making capabilities

Policy makers
Stakeholders

Public

Discipline
Specialist

Transdisciplinary
Relationships

Discipline
Specialist

Virtual organizations
Virtual interactions

Physical 
Infrastructure

Buildings
Equipment

Telecommunications

Distributed 
systems: data, 

tools, and 
knowledge

Human
Infrastructure

(Multidisciplinary)

Domain Scientists
Computer scientists

Engineers

Distributed
People

CI = infrastructure based upon distributed computer, CI = infrastructure based upon distributed computer, 
information and communication technologyinformation and communication technology



Computational ScienceComputational Science
CS = the use of advanced computing capabilities to CS = the use of advanced computing capabilities to 

understand and solve complex problemsunderstand and solve complex problems

Three pillars of science
1. Theory
2. Experimentation
3. Computational science: models of complex 

phenomena, analyze voluminous data

It is itself a discipline, also serves to advance all of science.

“The most scientifically important and economically promising research 
frontiers in the 21st century will be conquered by those most skilled with 

advanced computing technologies and computational science applications”

Presidential report: Presidential report: ““Computational Science: Computational Science: 
Ensuring AmericaEnsuring America’’s Competitivenesss Competitiveness”” (2005)(2005)



Computational ScienceComputational Science

“…balanced investment in both 
computational science itself and its 
applications across many domains.  
Research in high-end architecture, 
systems software…differs from 
research in the use of computational 
science to address challenging 
application problems.  Both kinds of 
research are important, but they 
require different expertise and 
generally are conducted by different 
people.  It is a mistake to confound 
the two.”

Presidential report: Presidential report: ““Computational Science: Computational Science: 
Ensuring AmericaEnsuring America’’s Competitivenesss Competitiveness”” (2005)(2005)



Computational ScienceComputational Science

Action

Knowledge

Information

DataSimulated Observed

Mining

Integration

Dissemination

Empirical
science,

data 
analysis & 
synthesis

Data Management & Discovery Tools

Data Acquisition

Knowledge Discovery & 
Dissemination (KDD) Tools

Theoretical 
science,

scenarios,
forecasting,
backcasting

Knowledge Assessment Tools

Scenario
Definition

Parameters

Simulation
Design

“Informatics”



EcoinformaticsEcoinformatics

Knowledge

Data

Information

Phenomena 

(observed or simulated)

•• Challenges in ecology & environmental sciencesChallenges in ecology & environmental sciences
–– Distributed data and resourcesDistributed data and resources
–– Very small => very large databasesVery small => very large databases
–– Heterogeneous dataHeterogeneous data
–– Poor metadataPoor metadata
–– Implicit semanticsImplicit semantics
–– GeoreferencingGeoreferencing
–– Taxonomic freedomTaxonomic freedom

••Distributed computingDistributed computing
••ComputeCompute--intensive approachesintensive approaches
••DataData--intensive approachesintensive approaches
••KnowledgeKnowledge--intensive approachesintensive approaches

••SEEK projectSEEK project



AgendaAgenda
•• What this week is NOT:What this week is NOT:

–– Software training (although we will do some of this)Software training (although we will do some of this)
•• What this week is:What this week is:

–– Preparation for engaging in computational sciencePreparation for engaging in computational science
–– Understanding the conceptual approaches of distributed Understanding the conceptual approaches of distributed 

computing, computecomputing, compute--intensive, dataintensive, data--intensive, and intensive, and 
knowledgeknowledge--intensive approachesintensive approaches

–– Explanation of the application of those approaches in SEEKExplanation of the application of those approaches in SEEK
–– Training on tools being developed within SEEKTraining on tools being developed within SEEK
–– Exposure to some ongoing applications in ecologyExposure to some ongoing applications in ecology

•• What we will cover:What we will cover:
–– Monday: Intro, research design in computational scienceMonday: Intro, research design in computational science
–– Tuesday: Data acquisition, especially GPS, embedded sensor Tuesday: Data acquisition, especially GPS, embedded sensor 

networks, grid technologies & distributed computingnetworks, grid technologies & distributed computing
–– Wednesday: Data managementWednesday: Data management
–– Thursday: Data analysis in Thursday: Data analysis in KeplerKepler
–– Friday: Data integration and synthesis (in Friday: Data integration and synthesis (in KeplerKepler))
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