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VERCE 
e-Science environment 

for data intensive 
research based on an 

extensive service-
oriented architecture  

EUROPEAN INTEGRATED DATA ARCHIVES (EIDA) 

HPC/GRID  
Infrastructures 

Data Intensive Research 

Visualization 
Data analysis / Data mining 
Simulation, inversion, HR imaging 

Earth’s interior imaging and 
dynamics: noise correlation, 
waveform analysis 

Natural hazards: new tools for 
monitoring earthquakes, 
volcanoes, and tsunami 

Interaction of solid Earth with Ocean 
and Atmosphere: environment, 
climate changes 

FDSN/JMA 
FDSN/IRIS 
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CERN 
(~15PB/year)

LSST 
(~100PB)

PanSTARRS 
(~40PB)

Ocean 
Modelers <Spreadsheet 

users>

SDSS 
(~100TB)

Seis-
mologists

MicrobiologistsCARMEN 
(~50TB)

The Long (Heavy) Tail

[Chris Anderson, Wired 2004]

[Jim Downing, ~2008]

The long “Heavy” tail 



International FDSN data infrastructure
IRIS-DMC, JAMSTEC ...

Network infrastructure: GEANT, NRENS ...

Catalogue
of facilities

Integrated
tools

...

Portals
Community

& user 
support

VERCE platform of data-intensive services and applications

Enactment layer of services and processing elements

HPC e-infrastructure
PRACE / National HPC  

centres

Grid e-infrastructure
EGI, NGIs ... 

VERCE distributed 
storage and 

computational 
resources

European
Data Integrated 

Archives Systems
GFZ, OGV, 

RESIF-FR, INGV

VERCE scientific gateway 

Dissemination and training 

Technology
Stack

Web Portal:
Jetspeed, Rapid

Workflow 
Enactment:

ADMIRE

Service & 
Interoperability:

OGSA-DAI, 
SAGA, DRMAA

Coupling & 
Execution:

Kepler, MUSCLE, 
GridSpace

Data Infra:
Arclink, NetCD, 

iRODS

Grid & HPC Infra:
gLite, UMD, 
UNICORE, 

OMII-Europe

Federated AAI, 
single sign-on:

Shibboleth, SAML, 
SLCS, VOMS

A service oriented platform 



Workbenches for seismologists

System heterogeneity and complexity

Iterative
data-intensive

development of
research
methods

Mapping
optimisation

and
distributed enactment

Accommodating
Many groups of researchers
Many tool sets
Many research strategies
Many working practices

Canonical representation

Composing or hiding
Many autonomous resources & services
Multiple enactment mechanisms
Multiple platform implementations
Multiple e-Infrastructures

Gateway interface
one integrated 
model

Abstract 
level

Enactment
level

A three layer architecture 

• Separation of 
concerns 
• Resilience toward 

standards evolution 
• Collaborative tools for 

seismology experts 



Data Intensive analysis 

Seismic	  noise	  correla-ons:	  	  
observing	  precursors	  to	  volcanic	  erup-ons	  	  

Noise-‐based	  seismic	  tomography:	  
Applica-on	  to	  Alps	  

Tomography of the Alpine region 343

Figure 5. Rayeigh (left) waves group velocity maps at (a) 8 s (b) 16 s (c) 35 s. (d) 50 s.

In the 5–10 s period band, we found that the resolution length
is not isotropic. This is not observed at longer periods. Figs 7(a)
and (b) show respectively the directions of maximum and minimum
resolution length, and the average value of the resolution length.
Two main factors explain that the resolution length depends on
the azimuth in the 5–10 s period band: (1) the noise recorded in
Europe is dominated by noise coming from the northern Atlantic
ocean. The quality of the Green functions reconstruction is better
for path oriented towards the Northern Atlantic Ocean, than in the
perpendicular direction and (2) the convergence of the correlation
towards the Green function is easier for short paths than for long
paths.

As a result, in Germany where the interstation distance is large, we
have more reliable group velocities measurements for path oriented
towards the Northern Atlantic Ocean than in other directions. The
resolution is about twice better in the northeast direction (40–45 km)
than in the southeast direction (75–125 km). In Switzerland we have

a higher path density and the interstation distance is much lower than
in other areas. In this context, the convergence of the correlation
towards the Green function depends less on the azimuth, and the
resolution length is almost isotropic (i.e. we have the same value
in the best and worst direction). This observation was made for the
period band 5–10 s.

4 3 - D I N V E R S I O N

4.1 Method

Group velocity maps provide information about laterally varying
surface wave velocities with respect to the period. From each cell
of the model we extract the period-dependent velocities of Rayleigh
waves from all the computed group velocity maps (5 s, 8 s, 12 s,
16 s, 18 s, 20 s, 25 s, 30 s, 35 s, 40 s, 50 s, 60 s, 70 s, 80 s), obtaining
one dispersion curve for each cell.

C© 2009 The Authors, GJI, 178, 338–350
Journal compilation C© 2009 RAS

Stehly et al. (2009) 

Brenguier et al. (2008) 



Intrinsic infrastructure mismatch 
• Data volumes increase 100x in 10 years 
•  I/O bandwidth improves ~3x in 10 years 

Distributed Data Mining: 
•  Distributed Mining of Data (moving 

algorithms and operate with data in situ) 
•  Mining of Distributed Data (hierarchy 

of data storage, data reuse management) 

Data Architecture: 
• Archiving and access (from preservation 

to scientific exploitation) -> database 
model 

• Mining and data analysis (indexing, and 
associative memory techniques, rapid 
query and search algorithms…) -> 
scientific databases & data-centric 
architectures 

Amdahl’s parallelism law: when computation 
has a serial part S and a parallel component P, 
the maximum speedup is S/(S+P). 
Amdahl’s balanced system law: A system needs 
one bit of IO per second per CPU cycle.  
Amdahl’s memory law: A system needs one 
byte of memory per CPU cycle 

Toward a data-centric environment: 

• Multiple tier model: hierarchical spread 
of memory and disk storage 

• Hadoop/MapReduce versus Scientific 
Databases  

•  Shared and reusable data flows and 
workflows components 

•  Provenance and recognition 

Data Intensive analysis 



in 10 years 
x1000 = 210  

The CWI platform dream 

From Martin Kersten 

Sloan Digital Skye Survey 

CWI platform 



Aero-‐acous-c	  wave	  simula-on	  in	  a	  volcano	  	  

Strong	  mo-on	  simula-on:	  	  Grenoble	  Valley	  	  

Data Intensive simulation and inversion 

Global scale: 
•  Synthetics prediction 
•  Full waveform inversion 
• NL inversion 

Regional scale: 
• Complex wave propagation 
•  Full waveform inversion 
• Extended earthquake sources 

Strong motion prediction: 
•  Synthetics prediction 
• Earthquake source dynamics 
•  Stochastic simulation 

Tilling of a Sphere
� The Cubed Sphere, a gnomic projec-

tion : applied to each main interfaces
[Sadourny, 1972; Ronchi et al., 1996].
The 2-sphere is decomposed into six
regions, isomorphic to the six faces of
a cube.

� 3D mesh : radially connecting the 2D
meshes between two concentric cubed
spheres. Completed by a central inner
cube with a smooth transition. SEM
allows non-conforming mesh using the
mortar element method [Bernardi et
al., 1989].

� The process can be extended to as-
pherical geometries (topography, el-
lipticity) and lateral non-conforming
mesh refinement.

EstOuest

Sud

Nord
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0.71 0.77

a) b)

c) d)

From [Chaljub et al., 2001]
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DtN and D” layer
Earth Surface

Modal Solution 2

Modal Solution 1

SEMInner Core

SAW24B16, [C. Mégin & B. Romanowicz 2001]

Periods T ≥ 12 seconds
Number of gridpoints � 4 millions
Memory � 15 Gbytes

From [Romanowicz et al., 2001]

39



Domain	  decomposi-on	  by	  METIS	  (leD)	  and	  SFC	  (right)	  
16	  sub-‐domains,	  visible:	  0-‐4	  	  

Hilbert	  SFC	  	  of	  level	  2	  and	  64	  sub-‐cubes	  

Scalability and Load balancing 
Explicit locality: vertical and horizontal 
Asynchronous high-level  tasks concurrency 
Scalable coordination and synchronization 

Memory complexity 
Memory node’s hierarchy  
Advanced data-structure 
Scalable and efficient parallel I/O 

Multicore architectures 
Mixed-hybrid parallel implementation  
Self-scheduling at thread level 
New instruction set node’s architectures 

Orchestration workflows and visualization 
Parallel unstructured mesh generation 
Efficient adaptative domain decomposition 
Seamless data movement across 
infrastructures 

Community software building and sharing 

Software engineering, refactoring… 
Community code and community of practice ? 

Data intensive computing challenges 

Large scale 3D wave simulation:  
• synthetic seismograms  
• Stochastic simulation  

Full waveform inversion: 
• adjoint inversion/optimisation methods 
• Non linear probabilistic inversion 

Orchestrated data analysis and data 
simulation 
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Figure 11. Map of the Moho of model CUB in the Atlantic-European region. The source-receiver

configuration used in subsection 4.3.1 is also shown.
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Introduction
The Caracas Basin

Spectral Element Method
The Caracas basin model

Vertical Plane wave simulation
Scenarios

3D versus 2D simulations
Conclusions

Surface velocity evolution
Los Palos Grandes cross-section
East-West Profile
Basin surface effects

Kinetic energy

Normalized peak velocities

Transfer function
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Delavaud et al (2006) 



Towards an e-Science environment for seismology and EPOS 

•  Provide	  a	  data	  intensive	  service-‐oriented	  e-‐Science	  environment	  to	  the	  EPOS	  community	  

•  Lay	  the	  basis	  for	  transforma-ve	  data-‐intensive	  research	  in	  the	  solid	  earth	  sciences	  

•  Build	  trust	  and	  collabora-ve	  models	  for	  sharing	  of	  data	  ,	  methods	  and	  tools	  

•  Engage	  a	  new	  genera-on	  of	  researchers	  and	  experts	  in	  solid	  earth	  data	  intensive	  research	  

European	  and	  Interna-onal	  domain	  context	  

Integrated	  European	  distributed	  Data	  Archives	  (EIDA),	  part	  of	  
the	  interna:onal	  FDSN	  

A	  number	  of	  coordinated	  European	  projects	  in	  seismology:	  
NERA,	  SHARE,	  GEM,	  ERC	  WHISPER,	  ITN	  QUEST…	  

The	  European	  Plate	  Boundary	  Observa:on	  System	  (EPOS):	  the	  
ESFRI-‐PP	  project	  

Ac:ve	  collabora:ons	  within	  the	  FDSN	  with	  	  US	  (IRIS-‐DMC),	  
and	  Japan	  (JAMSTEX,	  NIED)	  

European	  e-‐Science	  context	  

Fast	  evolu:on	  of	  seismology	  services	  and	  applica:ons	  

RapidSeis	  Portal	  for	  Accessing	  &	  Processing	  FDSN	  
archives	  

European	  ini:a:ves:	  EPOS,	  ENVRI	  and	  EUDAT	  	  

Converging	  e-‐Infrastructure	  ecosystem:	  EGI/NGIs,	  
PRACE/NHPCs,	  GÉANT	  

Emerging	  new	  data	  base	  management	  system	  and	  data	  
centric	  architecture	  

Emergent	  data	  access	  and	  single-‐sign	  on	  protocols	  

A seismology architecture for data intensive applications: data analysis, mining and modelisation 
Sharing with other disciplines: Astronomy & Astrophysics, Particle Physics, Biology 



Thank you! 



Spectral Element Method
The Caracas basin model

Vertical Plane wave simulation
Scenarios

3D versus 2D simulations
Conclusions

Problem formulation
Variational formulation
SEM discretization
Time discretization
PML
3D code
Unstructured mesh

3D SEM code

� Fortran 90 syntax

� Parrallel (MPI) iimplementation – Domain decomposition METIS
� Unstructured mesh

� Object oriented
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Large	  earthquake	  source	  radia-on:	  	  Sichuan	  (Mw	  7.9,	  2009,	  
China);	  	  Sumatra-‐Andaman	  (Mw	  9.2,	  2004,	  Indonesia)	  	  

Research	  groups	  using	  SPECFEM3D	  	  

Seismic	  noise	  correla-ons:	  	  
observing	  precursors	  to	  volcanic	  erup-ons	  	  

Studying	  the	  coupling	  between	  the	  Solid	  	  
Earth,	  the	  Oceans,	  and	  the	  Atmosphere	  

Earthquake	  detec-on:	  tsunami	  impact	  maps	  

Data Intensive applications 

Earthquake	  and	  seismology	  community	  is	  facing	  a	  
fundamental	  paradigm	  shiD:	  from	  data	  driven	  to	  data	  
intensive	  research:	  
Large	  volume	  data	  analysis:	  extrac:ng	  informa:on	  from	  
space	  and	  :me	  correla:ons	  in	  dense	  array	  observa:ons,	  

Data	  and	  compu:ng	  intensive	  simula:on/inversion:	  3D	  
wave	  form	  informa:on	  using	  adjoint	  methods,	  stochas:c	  
strong	  mo:on	  simula:on,	  

Orchestrated	  workflows	  across	  service	  components.	  

Seamless	  access	  to	  large	  volumes	  of	  mul--‐sets	  data	  across	  
the	  Grid	  and	  HPC	  components	  

Industrial	  and	  societal	  applica:ons:	  natural	  hazards,	  climate	  
changes	  and	  energy	  resources	  and	  na:onal	  security.	  


