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• Complexity

• Challenges demanding and urgent
• Conserving scarce resources


• Human intellectual effort

• Willingness to collaborate

• Energy / GHG emissions
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Trani, PhD Viva, 14-05-19

“Collaboration is the key to cancer research” 

 To fight the disease effectively, researchers from across 
the scientific spectrum and beyond must join forces. 

Science and collaborations
“Black Hole Image Makes History; NASA 
Telescopes Coordinated Observations” 

A black hole and its shadow have been captured in 
an image for the first time, a historic feat by an 
international network of radio telescopes called the 
Event Horizon Telescope. 

#TogetherScienceCan

“Science is powerful” 

Science can solve some of the world’s most complex problems, but only 
when the best ideas are brought together.

2018, Neal Savage

Illustration by Oli Winward 

 4Acknowledge Luca Trani, KNMI & EPOS

http://science.nasa.gov
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	I	3

L.	Schubert	and	K.	G.	Jeffery,	New	Software	Engineering	requirements	in	Clouds	and	large-scale	
systems,	IEEE	Cloud	Computing	2	(1)	48–58,	2015.
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CMDC quartet plays well

• Concepts 
• what a communication is about

• precise terminology

• precise properties

• precise relationships


• Representations

• how they are communicated


• Populations

• the instances in play

�9
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Clarifying the concepts in use

�10Acknowledge Luca Trani, KNMI & EPOS
Luca	Trani,	Malcolm	Atkinson,	Daniele	Bailo,	Rossana	Paciello	and	Rosa	Filgueira,	Establishing	Core	Concepts	for	Information-Powered	Collaborations,	FGCS	vol.	89,	421-437,	2018.
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CMDC quartet plays well
• Data 

• primary, intermediate, evidential

• from human input, instruments, observations, simulations and analyses

• often standardised imperfectly

• every possible diversity


• Organisation and structure

• data models, metadata, storage systems, databases, document, latent 

• optimised encodings


• Populations

• many, many instances growing in diversity, number and size
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• Collections 
• users create, build, manage and use them

• software works with them


• Representation

• sets, bags, tuples, trees, sequences, time series, … 

• optimised encodings, scientific databases


• Populations

• many instances growing in diversity, number & size

CMDC quartet plays well
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• for VREs, tools & GUIs
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The three DARE technology pillars

DARE Knowledge Base
DKB

Workflows as a Service
WaaS

Protected Pervasive Persistent 
Provenance

P4

Researchers Research 
developers

Production context
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Provenance Tools 

MVV - Monitoring and Validation 

Focussed analysis: contextual monitoring, 
diagnostics and validation. 
Provides metadata and indication on the 
production of materialised data, dependency 
navigation, results management and discovery

BDV — Bulk Dependencies Visualiser 

Comprehensive analysis: user driven 
perspectives on single executions of scientific 
computations or involving many runs and users. 
It highlights resources and data exploitation 
patterns
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