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® 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
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Step C: Propagation of
uncertainty sources
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Features

Step A: problem specification
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Baudin, Dutfoy, I. and Popelin. Open TURNS: An industrial
software for uncertainty quantification in simulation. In:
Handbook of uncertainty quantification, Springer, 2017
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Stochastic processes
Metamodels
Optimization framework

Multi-thread evaluation of an
analytical formula

Distributed and multi-thread
evaluation of a Python function

WWW.0penturns.org
Documentation

Programing: Python module, C++
library, GUI via SALOME

Licence : LGPL
Linux, Windows

HIMECA


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

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

2. Simplify the computer model (dimension reduction)
Determine the non-influent variables (that can be fixed)
Determine the non-influent phenomena (to skip in the analysis)

Build a simplified model, a metamodel

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

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

partitioning,/ - Most influent variables in a given output domain

4. Analyze the robustness of the quantity of interest (Qol) with respect to the
input uncertainty laws

Robustness
analysis



Numerical modelbissues

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

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

P3)pislarge:p>10¢é 100 é

P4) Dependence between inputs

P5) Uncertainty on inputsopdfs (epistemic)

Model outputsobissues

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

P7) Inputs or outputs are too voluminous
P8) The Quantity of Interest (Qol) is not the variance (e.g. a quantile)



Large volume of data

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

Dependence of inputs



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

/O bottleneck at scale:
-slower simulations
-slower analytics

Output: one
temperature
T, (X,y,z,t) per
mesh cell and
timestep

Basic solution: statistics at
low resolution

Analytics: spatiol-temporal statistics

e.g. 21—7(1119(3j Y, =, t Z T .T U,y 2, t)

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



In Transit Sensitivity Analysis




P simulations with different input values

(injection width, duration, contaminant
concentration)

Output: one
temperature
T, (X,y,z,t) per
mesh cell and
timestep

lterative statistics: one-pass algorithms

No intermediate files:
Storage saving
Time saving

Ubiquitous spatio-temporal Sobolo
indices, i.e. everywhere in space and
time

Elasticity:
Simulations submitted
independently to batch scheduler

Dynamics connections to server

Fault tolerant & adaptive:

Steer study from job states and
partial results.

1
One-pass average: Mi(xayazat) — /“Li—l{aj?ya Z,t)+T(U¢(ZC,y, Z,t)—ui_l(ﬂf,y, Zat)>
7

[P ®ay 2008]



How to quantify the contribution of each input on the
simulation outputs ?

Sobolodindices decompose the variance of an output into
fractions attributed to the input variables

First order Soboldindex Second order SobolGindex
Var(E[Y|X;]) Var(E[Y[X;X;])
;= Sij = ~S; = S;
Var(Y) Var(Y)
Output variable Input variables
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P simulations with different parameter values
(injection width, duration, contaminant concentration)

Output: one
temperature
T, (X,y,z,t) per
mesh cell and
timestep

Te (X,Y,2,1)

Spatiol-temporal Sobolbindices of each input
for T(x,y,z,1):

injection_width = 8%,
— 0
Sinjection_duration = 55%
= 0
dee_concentration 35%



p = # inputs

a1t anp b1,1
A= ;B=1]
an,1 An, p bn,1
a1 - a1 k-1 b1,k a1, k+1
. : : :
C" =|ai i k-1 | bik| Ank+1
\an,l Tt Ap k-1 bn,k An,k+1
—

Require running n x (p+2) simulations,

bl,p

bn,p

al,p\

ai,p

amp)

with input values given by each raw of

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

A and B are random
matrices

CKkbuilt from A and B

Martinez estimator for first order

and total Sobolélndices:
[Baudin et al. 2016]

Cov(YB, Yck)

\/V(YB)\/V(YC]“),

Cov (Y4, Yck)

VV(YA)V(YCH)

Sk(f’A’B) =

ST (f,A,B) = 1 -



Computations

1 job = 1 group of p+2 simulations

Control

Run Jobs
Batch Scheduler
Pending Jobs
\\
. N .
Dynamicss«Connection|to the servey{ZeroMQ)
Y
New Jobs \\
[ | A \ 4
4 Parallel Melissa Server
L_aunlcrt]_er: stelect 1 Get data
simufations to run 2. Update statistics
3. Discard data
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Melissa server:.
A Receive data (any order)
A Update variance and
covariance [P ®ay 2008]
A Update Sobold
A Discard data

Update formulas:

9
Mean: 1= 11 + — (o — ji1)
n

- . np — 1 ng — 1 119 )
Variance: |/ — Vi + 1o — 1
n—1 " n-1" n(n—l)u2 1)
Covariance:
np—1 ng — 1 n1ns o
C = C1 + Cy + )(u‘é — 1) (ps — )

n—1 n—1 nin—1



Fluid simulation with Code_Saturne [EDF]
Curie Machine (80K cores)

9M hexahedral mesh i 100 timesteps

6 parameters, 3 per = —)
injector:
A Contaminant
concentration
A Injection width . .

A Injection duration

Ubiquitous Soboldindices: 9x100X2=1800M
indices (contaminant concentration)

8 simulations per group, 1000 groups, each one running on 512 cores
Generate 48TB of intermediate results

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

15



mean
5.088e-01

T

0.38164

0.25442

0.12721

LT

-5.652e-08

variance

0.020979

=0.000e+00




Sensitivity analysis results: Soboloindices

soboll
=8.762e-01

-0.65238
£0.4285
#-0.20463

=-1.924e-02

sobol2
-1.000e+00

-0.74083
£0.48165
—570222/-18

=-3.6690-02
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