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Data-Intensive Research

e Data-Intensive =

* the use of data needs careful consideration

e at some phase in the data to knowledge path

» acquisition, fransport, storage, preparation, analysis,
presentation, archiving, disposal

* the challenge may come from
P scale, complexity, noise, heterogeneity, sensitivity, ... 38 -
» usually a combination of the above

* Most researchers have of

 relatively small amounts of data by today’s
standards

e but they may still face many challenges as they
seek to discover evidence for their research
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Thanks to Andrew Bell for next six slides
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EFFORT - Exploring Failure Forecasting in Real Time

Visualization & analysis

}

Model development
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Time, days

Forecasting

Observatories Archiving Forecast evaluation
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Real-time forecast testing

A vision for EFFORT

« Development of data standards

e Data, model, and methodology sharing

Expenmental Deep sea labs Observatories

labs
 Development of data access and citation
protocols

e Real-time prospective model testing

Visualization &
analysis

« Commonalties between requirements for
rock-physics and volcano monitoring

NATURAL
ENVIRONMENT
, AT IR AR RESEARCH COUNCIL
Model Forecastmg Forecast
development evaluation
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An informatics infrastructure for volcanology

e Develop data and procedural standards

e Real-time testing of analysis and
forecasting methods

e Share state-of-the-art methods

e Provide facilities for less-well resourced
researchers and observatories

e Link with existing initiatives, e.g. GVM,
VHub

. ed
mention
ovodat

and W

INGV O.E. operations centre
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An informatics infrastructure for rock physics

e Data from independent facilities hosted
at universities & research institutes

o Few existing data, model, or analysis
standards

e Growing motivation for data and resource
sharing
- Model testing
- State-of-the-art analysis
- Data archiving and curation

Triaxial deformation rig, UCL
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Deep-sea experimental lab - CREEP I

Internet Radi
Line 39 Mbps

LNS Test Site Laboratory
at the port of Catania

ENVIRONMENT
RESEARCH COUNCIL
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Model development and testing

Synthetic data to test model performance...
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Diverse Organisational Time Scales

rarely
change

Next paper
Project
PhD Methods

&
Research Group Technology

Research Infrastructure (EPOS)

Research Institution

Solid-Earth Sciences inevitably

change

A Roadmap for Earth Science in Europe - 29 August 2013

Thursday, 29 August 13



Diverse Horizons

Coder of a function
PhD advisor’s advice at start

Experienced PhD student awareness

of

Research GrOUp alternative

views

Library or Service

Research Infrastructure (EPOS)

Global alliances & federations

open

. . &
Solid-Earth Sciences comprehensive
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Diverse Political Pressures

minimal

Personal career
Research group
nstitution’s reputation care

for needs of

~unding body’s goals others

National profile
Continental (EU) profile
Health of Solid-Earth Sciences universal

altruism
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Diverse Community Coherence

independent
novelty

New topics
Established topics

consistency

New domains of

requirements
Established domains and
working
practices

Globally standardised domains

Completely standardised sub-domains

A few topics within Solid-Earth Sciences complete
adoption
of common

standards
A Roadmap for Earth Science in Europe - 29 August 2013 18
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Diverse Power to Influence

transient
effects

Individual

Project

long-term

G rou p effects
on

Solid-
Earth
Science

Thought leader

Specific Solid-Earth-Science Service

Major SES Data Archive & Service Centre
Global Federation of the above persistent

pervasive
impact
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Diverse Data Scale

domain
complexity
low cost

Fits on personal machine

Runs as one job on local resource

complexity,

Multiple runs on local resource skills

required

Multiple parallel runs on DCI 2

resources

Needs recovery to complete reliably
Needs stream processing
Multi-scale = needs HPC domain + IT

complexity
high costs
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Diverse Computing Languages

limited

Users of portals

Editors of scripts ability

to

Proficient in a language adopt,
adapt

Proficient in several languages and

create

Author of reusable code computational

methods

Author of reusable libraries

Author of multi-lingual systems bounded
only by

resources
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Diverse Computing Languages

limited
* Users of portals

e Editors of scripts ability

to
Java « JavaScript adopt,

Perl * R(e.g. Rcurl) - adapt
« AN

and
Python « C# create

PHP * C/C++ [multiple libraries) computational
MatLab methods

e Author of reusable libraries

e Author of multi-lingual systems bounded
only by
resources
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Diverse Computing Technology

low power
easy use

Own machine & S/W

Local computing service

how

Single Distributed Computing Infrastructure much

Multiple Distributed Computing Infrastructures you

can

+ Different File Systems get
done

+ Different formats & taxonomies
+ Multiple visible middleware, workflows systems, ...
+ Multiple protocols & regimes massive

Advanced & HPC systems

power
hard to use
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Diverse EPOS Dimensions

 Cross Product
— all of the above
he disciplines

ne pillars

he |levels

— adaption to external forces
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Diversity is Essential

 |nevitable & See above

e Source of Innovation
— ideas
— exploration
— experiments
— risk taking
— competition

e Can we measure this?
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Diversity Is Expensive

e Cost of Understanding
— and learn to use / trust different services

— to build relationships with different users

* Propagation of complexity

— each sub-system / sub-domain interfaces with
many parts

— maintenance treadmill!

e Can we measure this?
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Integration is Essential

* To achieve research goals
— crossing boundaries

— moving boundaries

— trust and community building

* To achieve economic viability
— reducing the breadth and detail to master

— increasing researcher productivity
— increasing Solid-Earth Service Provider productivity

e Can we measure this?
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Integration is Expensive

 Agreeing targets
— Science-led debate on what to choose
— Outreach & Education to persuade community
— Commitment to change

 Changing practices

— Giving up hard-won working practices
— Translating to new models

— Giving up established positions and roles

 Can we invest enough in this?

— Do we understand its cost?
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EPOS-Peacemaker Options 1

e Clarity about incentives
— Quantify and make gains explicit
* Assessment of integrated costs
— What will be given up by whom
— What will have to change
— How, when and whom for scientists
* |s it the Nature of Solid-Earth Science?
— View as a continuous future evolution?

— Part of education and culture?
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EPOS-Peacemaker Options 2

e Partition trouble makers
— Technical, organisational and social boundaries
— Hiding rate of change & complexity
— Delegate partitions where possible
 Boundary-crossing Information Services
— Catalogues, registries, taxonomies, standards
— Common conceptual and technical frameworks
e Remove unnecessary trouble

— Quickly push out unhelpful diversity
— Limit current integration to urgent agreed goals
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Diversity v Integration

* Diversity will always dominate
— human, organisational

— propagation of change takes time

— the Nature of Science at boundaries
* |Integration needs to earn its place
— Clarity about benefits v cost

* Integration is incremental, fractal & diverse
— Structure and campaigns may help

— But itis “in the field” battles over details that win
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Diversity v Integration

e Partitioning and autonomy essential
— but with a few agreed cross-cutting standards

 Federation of autonomous parts

— agreed interworking models
— hidden internal complexity

— integrating information for the federation

* Delegation of large clumps of D v | complexity

— with boundaries well developed
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Take a very long view

The phenomena are complex
The science is complex
The community of researchers is diverse

The information systems you need are
challenging

The forces for change have tectonic
continuity

The era of rapid digital change will be
extended
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Take a very long view

The phenomena are complex
The Science iS Complex Wiley Series on P allcl chlbu!chompul ng

The community of researchers is diverse The DATA Bononzo

The information systems you need are
challenging

The forces for change have tectonic
continuity

The era of rapid digital change will be
extended
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Thank you & Questions
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