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Discovery Science

Computer-Aided Discovery

* What does feature X imply?

“Pragmatics” Discovery and Insight Generation * How does it fit into the theoretical context?
* Does it contradict or confirm established models?

¢ “This is feature X”

“Semantics” Data Exploration, Analysis, Mining . Classification

“Syntax”

DEF] * Numbers correctly encode actual measurements

Signals

Real-World Phenomena
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A Research Agenda for Knowledge-Rich Intelligent Systems

Knowledge Maps

* Representing scientific data and metadata
« Capturing scientific processes, hypotheses, and theories

* Interoperation of diverse types of scientific knowledge
» Automated extraction of scientific knowledge

(Model-Driven Sensing )

« Self-guided platforms for
extreme environments

« Optimizing data collection
based on modeling needs

» Adaptive sampling and
automated detection of
interesting events

« Crowdsourcing data
collection for costly

\_ observations

J

qrusted Information Threa@
* Integrating data from many
individual investigators
» Threading data with models
workflows, software, papers
» Automated data analysis
and scientific discovery
 Tracking provenance and
assessing trust
Integrating data from the

\_ literature

J

Sensing in
Remote
Inhospitable
Locations

From
Local to ~
Regional N
to Global ¢

ﬂl‘heory—Guided Learning A

* Geoscience knowledge
incorporated into machine
learning algorithms

» Combining machine
learning with simulation

* Modeling extreme events

* Causal discovery/inference

\ . Interpretive models )
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High-
Dimensional
Multi-Scale N

¢
Data

“Forecast sea level change in
polar ice shelves
» Understand sea level rise by
collecting information about
feedbacks between ocean
circulation and wind patterns
« Quantify rates of change with

data from transition zones
under the ice shelves from

untethered sensors

* Rapidly analyze and detect
difficult to capture events or

\. complex patterns /

/Unlock deep Earth time

* Understand the signals and
structural relationships that
explain geophysical
processes

«» Trace events from early
planet formation using
integrated field observations
of Earth processes

* Gain insight through
integrating georeferenced

data from different

\ disciplines /

/Predict critical atmospheric\

and geospace events

* Characterize complex
physical processes mixing
turbulence, dispersion,
diffusion, non-stationarity

* Provide early warning for
geohazardous events like
hurricanes and droughts

+ Characterize uncertainty

about physical system
behavior

Integrative Workspaces

« Interactive exploration of
data, models, and context

» Automated generation of
targeted visualizations
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Comprehensive

Understanding 9

of Interacting O

Processes

/Detect ocean-land- N

atmosphere-ice interactions

« Identify global drivers in
ocean biochemical and
physical processes to
understand change

« Explore couplings of
separate models,
phenomena, regions, events

« Synthesize wholistic
models of the Earth system,
e.g., carbon, climate, etc.
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Motivating Geosciences Challenges
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Thanks!
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