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Context 
Ø  Sedimentation process:  suspended solid particles have large enough mass 

that they settle under their own weight 
§  Turbidity current – sediments are suspended by fluid turbulence within the 

flow 

 

 
 
 

Ø  libMesh-sedimentation: a turbidity solver built upon libMesh [1], an open-source 
library with parallel adaptive mesh refinement (AMR) and coarsening support: 

§  Employs a variational multiscale finite element method [2]  
§  AMR is an optimal strategy for tacking large-scale sedimentation simulations 
 

 

 

 

Provenance and simulation data tracing  
Raw data analysis with in situ visualization using Catalyst 

In situ data steering with strategic simulation data 

Enabling In Situ Data Analysis 
Ø  A ParaView Catalyst adaptor embedded into our parallel libMesh-sedimentation 

solver to support in situ data analysis and visualization 
 

§  It accesses libMesh data structures extracting additional data information from 
simulation field 

§  Python scripts are generated on ParaView UI and invoked by the Catalyst adaptor 

Figure 1. Overview of the our solution in sedimentation simulation 

In situ Data Steering on Sedimentation Solver 

Experimental Evaluation 
Ø  A proof-of-concept experiment executes a sedimentation simulation on 1040 

cores in Stampede cluster, at the Texas Advanced Computing Center (TACC) 

Ø  Sedimentation solver runs 200 time steps 
§  Adaptive mesh refinement applied every 10 time steps 
§  Initial input mesh with 480 x 80 x 80 hexahedra 

Elapsed	)me	in	minutes	
solver	 in	situ	data	analysis	 provenance	data	capture	 total	
136.80	
(99.31%)	

0.60	
(0.44%)	

0.35	
(0.25%)	 137.75	
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Monitoring: analysis of the 
sediment concentration in a 
horizontal line in the mesh 

Debugging and user steering: analysis of the 
algorithm output parameters after the simulation 
solver convergence 
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DfAnalyzer Framework 
Ø  Dataflow analysis [7] based on two components:  
           Provenance Gatherer (PG) and Query Processor (QP) 

§  PG à Raw data & Provenance data capture 
§  Provenance and Raw data loading into the provenance database that 

follows the W3C PROV recommendations [8]  
§  QP à Interfaces SQL queries submitted by the users to MonetDB  

Ø  The raw data aware provenance database is ready for queries at runtime 
Ø  DfAnalyzer is an instantiation of ARMFUL, a component-based architecture for 

analyzing raw data from multiple files, to the sedimentation solver Why is important?  
“The deposits of ancie\nt turbidity currents form valuable oil 
and gas reserves” 

The sediment transported due to fluid motion is described by a Eulerian framework: 
•  incompressible Navier-Stokes equation (fluid) 
•  an advection-dominated transport equation (sediment concentration) 

Motivation 
Ø  Existing solutions only perform raw data analysis after the simulation ends, such 

as FastQuery [3] and RAW [4] 
 

Ø  In complex simulation scenarios, users need… 
§  to track quantities of interest such as residuals, errors estimates, etc. to control 

as much as possible the execution 
§  to analyze raw data from multiple related files generated in different solver 

steps at runtime 
 

Ø  Due to these issues, we propose DfAnalyzer, a solution based on provenance 
data to extract and related strategic simulation data for online queries 

0me	
step	 x	 y	 z	 d	

1	 0.000	 1.000	 0.000	 2.00E-04	
1	 0.180	 1.000	 0.000	 2.00E-04	
1	 0.360	 1.000	 0.000	 2.00E-04	
1	 0.540	 1.000	 0.000	 2.00E-04	
1	 0.720	 1.000	 0.000	 1.99E-04	
1	 0.900	 1.000	 0.000	 1.19E-04	
1	 1.080	 1.000	 0.000	 3.04E-08	
…	 …	 ...	 …	 …	

Fluid	 Sediments	
linear	residual	

norm	
nonlinear	

residual	norm	
linear	residual	

norm	
nonlinear	

residual	norm	
3.98E-06	 13.54823207	 8.66E-06	 0.004445721	
4.30E-06	 0.390224835	 2.00E-09	 0.002435432	
4.30E-06	 0.390224835	 1.31E-05	 0.016144017	
7.00E-09	 0.002712742	 2.00E-09	 0.002435432	
7.00E-09	 0.002712742	 1.31E-05	 0.016144017	

…	 …	 …	 …	


