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Science in a nutshell

Knowledge/Hypothesis/Theory
How we explain

“

Examination

Experimentation
Simulation

Data
What we observe

Data and information link to a conceptual model of reality.
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& Encoded

Knowledge vodel
Representation

An approach for encoding a conceptual model
*For the purpose of automated, intelligent reasoning ,




IEEIC Types of Encoding

Expressiveness Reasoning
Capability

Natural Semantic
language Networks

Ontologies

All encodings are necessarily imprecise and inaccurate, because
the only completely precise and accurate representation of reality
IS reality itself.

The “best” encoding depends on the objective of the user...
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Concept models form
the basis for other
models in informatics

Data Model => Database design
(Wednesday)

Ontology design
(Friday)

Process Flow Diagrams

Conceptual
Scientific Workflow
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Benefits

Learning:
e Making your own world view explicit
e Understanding others’ perspectives

e Highlights common misconceptions
- E.g. Is the realized niche necessarily more restricted than the

fundamental niche?
Scientific discourse:
e Key decision points

- E.g. Can a biotic property contribute to definition of the
fundamental niche?

e Dimensionality
- State space, functional interactions
— Spatial interactions? Geography
— Temporal interactions? Evolution




Ontological
Commitment...
= Scientific Agreement

Concept

Ontologies:
Commit to a model (definition) of a domain
*Explicitly state assumptions concerning the model
Have a wide scope (are general)




SIC Ontological Diversity...
= Scientific Disciplinary
Context

Ontologies make different perspectives explicit'
s



ﬁ Ontological Clash...
K - Scientific Debate!

Ontologies can help clarify issues that go
beyond terminological and perspective
differences and make those issues explicit




In general

The more explicit you can be about the conceptual framework
that your data and analyses are linked to, the better

Informal methods (publications, diagrams) work for exchange of
information with a small community of colleagues

Formal methods are required for automation

The effort involved in constructing formal knowledge bases for
automation have additional uses in education and dialogue




Ontological
i g

Commitment...
Ont_ology:
use concepts from rver
(explicitly or impliciM \

Informal Informal
Conceptual Conceptual
Model:

Model:
stream

Design
Artifact

Schema: STR Schema: STRM Schema: TRB Schema:ABC | < Metadata

tributary

o O S T S R e

An ontology can then be used as a standard that
supports exchange and integration of
heterogeneous data sources and applications
Shawn Bowers, 2005




Observation Ontologies

— 74

context Observation

AtmProperty

property ObservableProperty HydroProperty

entity \ GeoProperty
mass

EcoProperty

TemporalContext <—

context

SpatialContext

_ ObservableEntity
xsd:string

location biomass

. EcoEntity (e.g. species taxonomy, vegetation classes
GeoCoordPoint y (6.9. 5P A )

GeoEntity (e.g. rock classification)
| HydroEntity (e.g. water body classification)
LatLonPoint UTMPoint

AtmEntity (e.g. cloud classification, climate zones)

latDeg lonDeg UTM egion

UTMy \ zone

xsd:float xsd:float xsd:float xsd:float xsd:int xsd:int

Some ontologies could be common to multiple 7
disciplines; others will be discipline specific )/



=EK Observation Ontologies

w Units
hasContext Observation —hasProperty
TemporalContext < ObservableProperty ——
4 .
’ hasCont hasEntity \
hasValue Mass
SpatialContext l | ObservableEntity 4 Biomass
xsd:string *
EcoEntity _
SoilWaterContent
A
Species GeoEntity
Schema:BMASS /
SOILMST

able to be linked to ontologles from other d|SC|pI|nes enabllng o
cross-disciplinary sharing of resources



Language of

Ontoloaies
Expressiv

OWL Full
OWL DL
OWL Lite

Time
RDF Schema

RDF = Resource Description Framework
RDF OWL = Web Ontology Language

Standard languages are emerging that exploit Extensible Markup
Language (XML). Different formal languages provide different benefits
in terms of expressiveness and reasoning capabilities.

The “best” ontology language depends on the objectives of the user? \a

L



Ontology
Development

Interdisciplinary effort between:

e Domain scientists who have the
knowledge,

e Knowledge engineers who formally
express that knowledge, and

= Computer scientists who reason
across the knowledge from various
systems 2%




Informatics and
the Research Cycle

Data-intensive
Data mining
Bio-inspired algs.
Exp. Data Analysis
Visualization

Knowledge-
intensive

Human cognition
Ontologies
Sem. mediation

Inductive, Descriptive

Statistics
Mental Research Collect Conduct Share
Model Design Data Analyses Results

Deductive, Prescriptive
Mechanistic

Data Compute-

Management intensive
Data models Parallel processing

Metadata High throughput
W Grid technologie

«Automation => replication —
«Access to distributed resources Scientific Workflow

*Reusability & sharing
«***_inked with knowledge-intensive approaches***




EEK Scientific Workflows
odel the way scientists work with their data
now

- Mentally coordinate export and import of data
among software systems

e \Workflows emphasize data flow
e Metadata-driven data ingestion

e Qutput generation includes creating
appropriate metadata

Raw Data
X, ¥ Z

i, 8, &
2l Dataset Data Analysis Analysis Output
Metadata Ingestion Cleaning Step 1 Step 2 Generation
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aE
1
) F13
1+

Query EcoGrid Archive output to EcoGrid / e .
to find data with workflow metadata



— Not linear
- Involve multiple data sets
— Involve multiple analytical steps

q’ 1
Ingestion
Data
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Ingestion Integration el Visualize

Data ‘ :
*ﬁ-

a = B B & ¥ S

Mesadata

Heterogensous Data Integration
Data Ingestion and Analysis

Visualization




Automated Workflows

\

e Scripts Single platform

e Visual modeling " Single environment
environment ,

e \Workflows:
— Cross-platform
— Cross-environment
— Distributed data & analyses




Productivity Example
Mental Model =1 (D &

Conceptual Workflow

Climate Predict

Abstract Workflow

Executable Workflow

G Concept “Viewl”  Excel
“View2”: VBScri
Data Step
- Analysis Step
Transformation
Step

GIS

R Script GA R




Scientists design their

K
research at the
conceptual workflow level

«Often done on the fly over the period of time the
research is being conducted

For automated approaches, this must be well
thought out from the beginning

‘HOWEVER, because of the automation it is easy
to modify the analysis and rerun it many times, so
you are not locked into the original design




Benefits

*Reusable analysis steps, pipelines, and workflows
*Formal documentation of methods

(output in report format)
*Reproducibility of methods
*Visual creation and communication of methods
*Versioning
* Automated data typing and transformation




Nested workflows

SW,
A
Semantically-integrated
|
Field
Search for Data  TSH—IAS,

relevant data \
and analyses

Y

(Query) Ground __— AS Sy —lAs Jjas sy —]as

Sensors
Signal
Processing

Pipeline

Imagery Image
Processing
Pipeline
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Eric Workflow

Occurrence
Data
Binary, Categorical Test sample
EcoGrid orNumeric Model quality
/ \ [*Al Eies parameters
DataBase > > Ml a2 — 34 >
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EcoGrid Physical Sample sample  pata (orother) validation
D<— Query Transformation Data Calculation™'® €t
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DataBase rule set
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Integrated ‘ | I
¢ > >
layers @ Prediction map =
@4— Map User
Environmental Generation
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EcoGrid Layer Scaling v
D<_ Query Integration
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Weather station

Test sample

temperature
. data Model quality
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Exercilse

Divide into groups of 4 (or so) with similar research interests
Pick a research topic to collaborate on

Brainstorm various mental models around that topic
Construct a conceptual workflow diagram for an analysis that
could be conducted

Discuss how it could be reused for other related or unrelated
analyses
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