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• Earthquake	 Simulation:	 Synthetic	 Seismograms	 for	
public	and	custom	Earth	models	and	Earthquakes	via	the	
execution	 of	 HPC	 simulation	 codes	 called	 solvers	
(SPECFEM3D	-	SPECFEMGLOBE)	

• Raw	data	acquisition	&	Misfit:	The	synthetic	data	may	be	
compared	 with	 real	 observations	 stored	 in	 distributed	
archives	(FDSN),	adopting	Data	Intensive	methods
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21 June 2013 -  M 5.2 LUCCA

AMATRICE Mw 6.0 24/08/2016
OUTPUT 
seismograms, plots, 3D Geometry, 

Videos, KMZ packages, meshes and 
models > 10 GB


HPC Resources @ Fraunhofer SCAI 

VR Products 
3D Geometry for CAVE Visualisation 
experimented at LRZ 
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User Perspective

Earthquake	Simulation



Misfit	AnalysisData/Synt	Processing	Simulated	Synthetics

Data	Download	(FDSN)

Misfit	between	SYNTHETICS	and	DATA

User Perspective

Select	Previous	Simulation	Run	for	the	
parametrisation	of	RAW	Data	Caching	
Workflow		
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Misfit	AnalysisData/Synt	Processing	Simulated	Synthetics

Data	Download	(FDSN)

Misfit	between	SYNTHETICS	and	DATA

Simulation	Runs
FDSN	Data	Download	Runs	
Stored	in	VERCE	and	Reusable!!

Sensors’	data	with	common	properties	
for	Misfit	analysis	(time-range,	event)

User Perspective
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Misfit	AnalysisData/Synt	Processing	Simulated	SyntheTcs

Data	Download	(FDSN)

Generates	W3C-PROV

Misfit	between	SYNTHETICS	and	DATA

User Perspective



MESH

Python library used to describe abstract workflows for
distributed data-intensive applications. 	

Support for composition: Single components may be defined by 	
having their own internal workflows. 

Workflows described in dispel4Py can be automatically executed 
in numerous parallel environment.

Docker containers available supporting multiple execution environments (MPI, 
SharedMemory) and the integration with other workflow systems (eg. Pegasus)	

MPI

Deployed on local Clouds 	
(MAP-REDUCE streaming model)



HPC Control Workflow 
GLOBUS & UNICORE jobs to Grid and HPC 
Clusters. 
Frequent limitations in connectivity require special 
serial jobs for runtime data and metadata 
management (Sync, PROV, Cleanup)

no internet

STAGE-IN

STAGE-OUTinternet

Cloud Control Workflow  
(Deploy - Compute - Destroy)
Less limitations in outbound connectivity, easier control 
workflow. 

STAGE-IN

STAGE-OUT

Computation

Platform’s Control Workflows (WS-PGRADE) 
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Large Data Transfer

Small Data Transfer
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ACCOUNT	creaTon	and		
GRID	AuthenTcaTon

Anyone	can	sign	up	and	browse	data,	but	real	use	of	the	scientific	
tools	will	require	a	GRID	Certificate	
Extensive	documentation	for	acquiring	certificate	
	Clear	procedures	for	infrastructure	access		
	Built	in	tool	for	proxy	management
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Reproducible Science



What does this suggest? 

Scientists aren’t normal..

Reproducibility is masochism.. 
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What does this suggest? 

Scientists aren’t normal..

Reproducibility is masochism..

Reproducibility is fundamental 
but difficult to achieve. 

Not always convenient/possible.. 

We need more than just rerun

Reproducible Science



Data	Management

Repeat / Verify

Report /  Outreach / Preserve

Validate 

Analyse / Discover

Procedures /  Tools / Development

Reproducibility Cycle(s)



Data	Management

Provenance Model

Machinery & DataEnactment

Data-Lineage Knowledge

PROV-DM distinguishes core structures, 
forming the essence of provenance 

information, from extended structures 
catering for more specific uses of provenance. 

PROV



“Automated system should provide support for a consistent and effective 
acquisition of provenance metadata.” [A. Misra] [I. Foster.]

Expert users are part of the process - configuration and contextualisation: 

“How much domain metadata should be contained?” 

Scale of the provenance records: 
  
“What level of granularity is needed to describe provenance of complex objects? 
“Manage the scale of the provenance records to be recorded and processed” 

Multiple levels of understanding: 

”Provenance at different levels of abstraction, extract high-level summaries of 
provenance from detailed records.”

Challenges



S-PROV Template

Contextualisation - 
Scientific Metadata

Precision and Explicit Logic

Parallel SoftwareAgents 

Data - Metadata - Parameters



Active Provenance framework 
Contextualisation, Profiling, Reactive

Contextualisation

Reactive

Workflow 
specification

Computational
Components

Provenance
Types

Profiling

Execution

Monitoring
Steering

Validation

Provenance
Sensors



Visual analytics techniques on provenance

Perspectives on:
• data-intensive processes
• users and applications interactions 
• data-reuse 
• exploitation of resources..

Tools: S-ProvFlow - Reproducibility as a Service



drachenfels-070

drachenfels-071

drachenfels-logindrachenfels-061
drachenfels-060

Visual Analytics: Computation Distribution and execution modes



groupBy	username

MESH

Visual Analytics: Collaborative Perspectives

Data-reuse	across	Users	

Vertex:	Runs	with	color-coding	for	Users	
Edges:	Data	exchange	between	runs	

keys:magnitude,staTon,staTon_raw	
minvalues:	4,CERA,CERA		
maxvalues:	6,CERA,CERA	

users:	aspinuso,fmagnoni	
											cerlane	



groupBy	infrastructure

MESH

Data-reuse	across	Infrastructures	

Vertex:	Runs	with	color-coding	for	Users	
Edges:	Data	exchange	between	runs	

keys:magnitude,staTon_raw	
minvalues:	4,CERA,CERA		
maxvalues:	6,CERA,CERA	

users:	aspinuso,fmagnoni	
								cerlane	

SCAI_Cluster

CoolMUC	LRZ

SuperMUC

LRZ_EGI

Visual Analytics: Infrastructure Perspectives



https://github.com/KNMI/
wps_workflow/blob/master/

ProvenanceDemo.ipynb
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