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Transition in data-powered research

▪Technical challenges dominated  
           so we ignored human issues  

▪The power of today’s technology 
▪Plus our immense wealth of data 
▪Plus the complexity of pressing global challenges  

           means we must change our behaviour

2



Transition in data-powered research

▪Technical challenges dominated  
           so we ignored human issues  

▪The power of today’s technology 
▪Plus our immense wealth of data 
▪Plus the complexity of pressing global challenges  

           means we must change our behaviour

2

In	the	past

From	now	on



Transition in data-powered research

▪Technical challenges dominated  
           so we ignored human issues  

▪The power of today’s technology 
▪Plus our immense wealth of data 
▪Plus the complexity of pressing global challenges  

           means we must change our behaviour

2
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to	empower	others	to	change	theirs



Story line

▪Emergence of the data bonanza 
▪ Introducing human  
▪concerns 
▪governance 
▪ judgement 

▪Balancing automation with control 
▪ lingua franca 
▪persistent pervasive honouring of intentions 
▪ respecting all forms of diversity 

▪Balancing stability with agility
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50 years ago

Edsger	Dijkstra



Download considered harmful
• Prevalent today


• FAIR pushes download


• Evidence of value?


• Researchers own devices


• Provenance unsupported
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Download considered harmful
• Prevalent today


• FAIR pushes download


• Evidence of value?


• Researchers own devices


• Provenance unsupported

Evidence led policy

not

policy led evidence
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not	
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Scientist

Research developer

Data engineer

Systems engineer

Pooling 
expertise  

across 
disciplines

Data scientist

Software engineer

Instrument engineer

Deep	engagement	via	
Agile	Task	Forces	

not	

working		on	own	
technology



Scientist

Research developer

Data engineer

Systems engineer

Pooling 
expertise  

across 
disciplines

Data scientist

Software engineer

Instrument engineer

Mapping	and	automation	to	
sustain	intent	and	reduce	
repetitive	tasks	and	errors	

not	
removing	human	ability	to	
understand,	control	and	take	

responsibility	
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Gravitational wave detection

Pulsars	discovered	50	years	ago	now	
observed	as	spiralling	pair

Ack:	Ewa	Deelman
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Computational models, Networks, VREs, 
Stores, Scientific databases, Ethical rules, 
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Building	collaboration	

without	

losing	human	talent

Complexity	
harnessed	via	Integrated	

understandable	controllable	
abstractions	



Tripos: Flexible Federation Framework (F3)
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Universe of Discourse 
Management
UoDman

Workflows as a Service
WaaS

Pervasive Persistent Provenance
P3

researchers
management,

systems & 
operations innovators critics governance



Roles: one dimension of human variety
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researchers
management,

systems & 
operations innovators critics governance

• 95%	professionals	95%	time	+	students	+	citizen	scientists	
• Want	to	keep	running	their	well-developed	research	methods	with	their	improvements	
• Would	like	to	do	more	with	less	effort	and	faster	if	possible	
• Would	like	more	certainty	about	the	reliability	and	value	of	their	work	
• Worried	that	imposed	changes	or	collaborators	will	disrupt	their	campaigns	
• Willing	to	be	helpful	and	learn	new	things	as	long	as	it	doesn’t	disrupt	their	work	
• 1000s	in	research	campaigns;	100s	of	specialisms	&	10s	of	disciplines
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researchers
management,

systems & 
operations innovators critics governance

• Small	numbers	of	mainly	experienced	professionals	some	with	specialist	skills	
• Want	to	keep	running	their	well-developed	operational	methods	with	their	improvements	
• Would	like	to	do	more	with	less	effort	and	faster	and	cheaper	if	possible	
• Would	like	more	certainty	about	the	reliability	and	value	of	their	work	
• Worried	that	things	may	go	wrong	while	they	are	in	charge	
• Have	to	handle	emergencies	and	maintain	long-term	stability	and	gain	from	trends	
• Support	all	roles	in	the	community	and	report	to	stakeholders	and	governance
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researchers
management,

systems & 
operations innovators critics governance

• 5%	of	community;	research	leaders	to	students;	specialists	in	particular	aspects	
• Want	to	solve	major	challenges	and	advanced	the	state	of	the	art	
• Want	to	deliver	new	capabilities	and	exploit	new	opportunities	
• Want	to	repair	known	weaknesses	in	the	infrastructure,	practices	or	research	
• Want	to	explore	freely	and	not	suffer	if	they	don’t	succeed	
• Some	have	to	contribute	in	emergencies	and	sustain	a	long-term	strategy	
• Expect	review	of	their	successes	leading	to	credit,	blame	and	impact
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researchers
management,

systems & 
operations innovators critics governance

• External	and	internal	colleagues,	with	any	role	and	viewpoint:	collaborator,	rival,	sceptic	
• Valid	review	of	scientific	quality	and	method	
• Threat	to	reputation,	career	and	community’s	sustainability	
• May	expose	weaknesses	in	the	organisation,	infrastructure,	practices	or	approach		
• and	weaknesses	in	any	individual	entity	or	collection	of	entities	
• While	science	should	be	open	there	are	contexts	that	need	protection	from	unfair	criticism	
• Long-term	and	in-depth	study	will	need	resources	and	(partially	automated)	support



Roles: one dimension of human variety
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researchers
management,

systems & 
operations innovators critics governance

• One	or	more	bodies	drawn	up	from	representative	stakeholders	with	access	to	experts	
• Establishing	the	moral,	ethical,	and	academic	ethos	and	agreed	ways	of	achieving	it	
• Selecting	who	to	trust	and	what	to	trust	them	with;	assigning	and	monitoring	responsibilities	
• Meeting	the	legal	and	regulatory	requirements	in	each	jurisdiction	where	the	federation	operates	
• Recognising	the	policies	of	funders,	users	and	their	stakeholders	and	participant	organisations	
• Negotiating	agreements	where	these	clash	
• Propagating	the	resulting	‘rules’	with	clarity	to	all	humans	and	systems	with	automated	support	
• Conducting	investigations	for	appeals	and	to	assess	their	success



Lingua Franca spanning roles: human & machine
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Universe of Discourse 
Management
UoDman

researchers
management,

systems & 
operations innovators critics governance

Finding, discussing, 
describing & annotating 
entities. Building & using 
sets of entities. Ingest & 

export

Describing, discussing, 
offering and managing 

resources. Incident 
support. Optimisation

Finding and linking with 
current entities, 

extending these & 
describing whats new

Finding and 
understanding existing 

entities. Annotating with 
their findings

Recognising and 
understanding their 

remit. Formulating and 
communicating their 

decisions

RDF, DCAT, EPOS-DCAT-AP, SHACL, C4I metadata …
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Universe of Discourse 
Management
UoDman

researchers
management,

systems & 
operations innovators critics governance

Finding, discussing, 
describing & annotating 
entities. Building & using 
sets of entities. Ingest & 

export

Describing, discussing, 
offering and managing 

resources. Incident 
support. Optimisation

Finding and linking with 
current entities, 

extending these & 
describing whats new

Finding and 
understanding existing 

entities. Annotating with 
their findings

Recognising and 
understanding their 

remit. Formulating and 
communicating their 

decisions

RDF, DCAT, EPOS-DCAT-AP, SHACL, C4I metadata …

Implementation	builds	on	existing	
conceptual	bundles	and	technologies	but	not	

today’s	topic
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Short	project	with	unfettered	innovation	
still	with	supporting	work	environment

Short	project	with	unfettered	innovation



Support social structure

Background Universe of Discourse

Earth’s
environmentsolid-Earthseismology

anthropogenic
seismicity

natural
hazards

extreme
weather seismic volcanic ash cloud

… …



Diversity of working practices
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Workflows as a Service
WaaS

researchers
management,

systems & 
operations innovators critics governance

Launching & steering 
workflows. Authoring, 
revising wfs. Retaining 

work patterns

Conducting routine 
management operations, 

developing new 
procedures, optimising 

Authoring new methods 
performing new 

processes. Testing, 
optimising & training

Running analyses to 
assess quality, 

consistency, correctness  
and find errors

Specifying rules, 
responsibilities and 

authorisations. Run wfs 
to assess effectiveness

WMS, SciDBs, dispel4py, Exareme, GEF. mappings, …
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researchers
management,

systems & 
operations innovators critics governance

Launching & steering 
workflows. Authoring, 
revising wfs. Retaining 

work patterns

Conducting routine 
management operations, 

developing new 
procedures, optimising 

Authoring new methods 
performing new 

processes. Testing, 
optimising & training

Running analyses to 
assess quality, 

consistency, correctness  
and find errors

Specifying rules, 
responsibilities and 

authorisations. Run wfs 
to assess effectiveness

WMS, SciDBs, dispel4py, Exareme, GEF. mappings, …

Controls for production + freedom for innovation
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Managing 
change to 
limit 
disruption 
with 
protection 
and 
incremental 
adoption

29
Background Universe of Discourse
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Variations through time
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Pervasive Persistent Provenance
P3

researchers
management,

systems & 
operations innovators critics governance

Finding, discussing, 
describing, reviewing 
understanding runs 

Organising programmes 
of work

Observing and managing 
workloads. Organising 
routine work. Resource 
usage and provisioning

Identifying opportunities. 
Diagnostics and analyses 
of runs. Validation. Input 

to optimisation

Detecting potential 
deficiencies. Exploring 
and analysing these. 
Evidence for reports

Spotting potential issues. 
Investigating reports. 

Assessing the 
compliance with 

governance

RDF, PROV, ProvONE, S-ProvFlow, …
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methods

• You can’t dodge complexity our world is 

complex

• But sustain manageable niches and 

eliminate technology intrusion 
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• Mirror human structures
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• Nurture innovation while retaining 

established practices

• Invest in sustaining collaborations and 

methods

• You can’t dodge complexity our world is 

complex

• But sustain manageable niches and 

eliminate technology intrusion 

Encourage	innovation	and	
adoption	of	advances	

do	not	

impose	change	or	
uniformity
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Extreme
knowledge,
skills, networks,
expertise,
sophistication
understanding

Extreme
cognition,
communication,
imagination,
invention,
innovation
collaboration

Extreme variety:
motivation,
switching modes
of behaviour,
commitment and
drive

Nature of human
collaborations respected
and encouraged



Thank you!
Your questions please
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