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Using « Best-estimate » computer codes in engineering

Safety acceptance <= VVUQ (Validation, Verification, Uncertainty Quantification)

Performance gain <= DACE (Design, Analysis and modelling of Computer Exp.)

Improvement of data analysis practice by engineers <= Industrial statistics

Numerical design 

of experiments

Simulation

with the finite-

element model

Output analysis

Computer code

Y = G(X)

X1

X2
Integration of data

Metamodel

Yapp = g(X)

üEnvironnemental variables

üPhysical parameters

ünumerical parameters

üDistributions of outputs

üProbability of failure

üMost influent inputs

üCalibrating parameters

üOptimal cnfigurations



Application of the generic UQ 

methodology & OpenTURNS software

Features

Å B, Bô, C, Cô

Å Stochastic processes

Å Metamodels

Å Optimization framework

Å Multi-thread evaluation of an 

analytical formula

Å Distributed and multi-thread

evaluation of a Python function

Å www.openturns.org

Å Documentation 

Å Programing: Python module, C++ 

library, GUI via SALOME

Å Licence : LGPL

Å Linux, Windows

Baudin, Dutfoy, I. and Popelin. Open TURNS: An industrial

software for uncertainty quantification in simulation. In: 

Handbook of uncertainty quantification, Springer, 2017

http://www.openturns.org/
http://vulcain.ujf-grenoble.fr/logos/phimeca.jpg
http://vulcain.ujf-grenoble.fr/logos/phimeca.jpg
http://www.springer.com/us/book/9783319123844


Main objectives of sensitivity analysis (SA)

1. Understand the behaviour of the model (decompose input-output relations)

2. Simplify the computer model (dimension reduction)

ÅDetermine the non-influent variables (that can be fixed)

ÅDetermine the non-influent phenomena (to skip in the analysis)

ÅBuild a simplified model, a metamodel

3. Prioritize the uncertainty sources to reduce the model output uncertainty

- Variables to be fixed to obtain the largest output uncert. reduction

- Most influent variables in a given output domain

4. Analyze the robustness of the quantity of interest (QoI) with respect to the 

input uncertainty laws

Quantitative 

partitioning

Screening

Robustness

analysis



Issues in sensitivity analysis

Numerical modelô issues

P1) G (.) is complex: interactions, non linear, discontinuous, é

=> Sobol indices, moment-independent measures

P2) G (.) is costly (several minutes - days to compute one evaluation) 

=> Metamodel

Model inputsô issues

P3) p is large : p > 10 é 100 é => Quantitative screening (HSIC, DGSM)

P4) Dependence between inputs => Shapley indices

P5) Uncertainty on inputsô pdfs (epistemic) => Robustness analysis (PLI)

Model outputsô issues

P6) Y is not a single scalar, but a high-dimensional vector, a temporal function, a 

spatial field, é => Ubiquitous and aggregated indices

P7) Inputs or outputs are too voluminous => Iterative sensitivity analysis

P8) The Quantity of Interest (QoI) is not the variance (e.g. a quantile) => GOSA



Outline

1. Large volume of data 

Joint work with Y. Fournier, B. Raffin, A. Ribés and  T. Terraz [Terraz et al. 2017]

2. Dependence of inputs



Sensitivity Analysis

I/O bottleneck at scale: 

-slower simulations

-slower analytics

Basic solution: statistics at 

low resolution

T2 (x,y,z,t)

TP (x,y,z,t)
Output: one 

temperature

T1 (x,y,z,t) per 

mesh cell and 

timestep

P simulations with different input values
(injection width, duration, contaminant concentration)

Analytics: spatiol-temporal statistics

e.g. 

for a selection of  probes (x,y,z,t)            



In Transit Sensitivity Analysis
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In Transit Statistics

No intermediate files:

Å Storage saving

Å Time saving

Ubiquitous spatio-temporal Sobolô 

indices, i.e. everywhere in space and 

time

Elasticity: 

Å Simulations submitted 

independently to batch scheduler

Å Dynamics connections to server

Fault tolerant & adaptive:

Steer study from job states and 

partial results.Iterative statistics: one-pass algorithms

T2 (x,y,z,t)Output: one 

temperature

T1 (x,y,z,t) per 

mesh cell and 

timestep

P simulations with different input values
(injection width, duration, contaminant 
concentration)

TP (x,y,z,t)

One-pass average:

[P®bay 2008]



Sobolô Indices

How to quantify the contribution of each input on the 

simulation outputs ?  

Sobolô indices decompose the variance of an output into 

fractions attributed to the input variables

10

First order Sobolô Index Second  order Sobolô index

Output variable Input variables



Sobolô Indices

T2 (x,y,z,t)Output: one 

temperature

T1 (x,y,z,t) per 

mesh cell and 

timestep

P simulations with different parameter values
(injection width, duration, contaminant concentration)

TP (x,y,z,t)

Spatiol-temporal Sobolô indices of each input 
for T(x,y,z,t):

Sinjection_width = 8%,

Sinjection_duration = 55%

Sdye_concentration = 35% 



Sobolô Index Estimation:

Pick Freeze Method

A and B are random 

matrices 

Ck built from A and B

Martinez estimator for  first order  

and total Sobolô Indices:
[Baudin et al. 2016]

Require running  n x (p+2)  simulations, 

with input values given by each raw of  

A, B, Ck (k=1...p) 

p = # inputs



Melissa Framework
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Launcher:  select 

simulations to run

Control Computations

Run Jobs 

Pending Jobs

Parallel Melissa Server

1. Get data

2. Update statistics

3. Discard  data

Dynamics Connection to the server (ZeroMQ)

Batch Scheduler

New Jobs

1 job = 1 group of p+2 simulations



Melissa server:

ÅReceive data (any order)

ÅUpdate variance and 

covariance [P®bay 2008]

ÅUpdate Sobolô:

ÅDiscard data

Update formulas:

Mean:

Variance:

Covariance: 

Iterative Sobolô Indices
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Experiments
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Fluid simulation with  Code_Saturne [EDF]

Å 8 simulations per group, 1000 groups, each one  running on 512 cores

Å Generate  48TB of intermediate results

Å Server size: enough nodes to  work in memory (491GB)

6 parameters, 3 per 

injector:

Å Contaminant 

concentration

Å Injection width

Å Injection duration

Curie Machine (80K cores)

9M hexahedral mesh ï100 timesteps

Ubiquitous Sobolô indices: 9x100X2=1800M 

indices (contaminant concentration)



Uncertainty analysis results: Mean and variance of the 

temperature field



Sensitivity analysis results: Sobolô indices



Contaminant 

concentration

Width

Duration

Top injector Bottom  injector

Sobolô at timestep 80


