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Increase productivity
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Applied research needs
iIndustrial applications
funding

Resiliency against partnership
Industry needs
short term Rol
efficient productive integration over existing practice
Applied research needs
"formal bridge" between theory and application
mid / long term & continuous partnership
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A well-suited partnership DICE Consortium
http://www.dice-consortium.fr (Deep Inside Computer Experiments)

Industrial partners: applications and testing
"orthogonal" high tech fields:
automotive, oil, aerospace, nuclear plants & safety
shared funding: 40 000 € / year.partner

Research partners: scientific and software deliverables
supplementary skills
contractual contribution and goals
hold scientific organization (PhD, postdoc, ...)

Finite term project
3 years long & every 6 month meeting focus on advances
software deliverables to be released as OSS (GPL/LGPL) in the end
scientific deliverables to be released in ~ public domain in the end
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Computer Experiments framework

|-|nput variables I- Eomputer code I-Uutput variables
—> —>

Computer code
Used as an unknown function
(Maybe) heavy CPU cost
Represents any existing simulation solver: finite-elements, Monte Carlo, ...
Fortran, C, close source, ...

Input variables
Environment, control or simulation variables
Scalar, vector, time sequences, ...

Output variables
Interest values
Scalar, vector, time sequences, ...
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Computer Experiments framework

|-|nput variables |-Eomputer code Imutput variables
—> —>

From math. tools ...

Design of experiments DiceDesign, |hs, stats, ...

Surrogate modeling DiceKriging, DiceEval, tgp, ...
.. To engineering issues

Sensitivity analysis DiceScreening, sensitivity, ...

Uncertainties propagation = DiceMRM, lhs, boot, ...

Optimization DiceOptim, ...

Inversion L2
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Computer Experiments framework

-|'nput variables

Software continuous integration: input / code / output

Wrap "Computer code" as a [R] function
support computing environment (remote exec, network, grid load, ...)
integrate parallel capabilities of algorithms (primary issue !)

Integrate [R] within grid computing environment
language interface & objects mapping [R] / {Java, C++, C#, Python, ...}
sequential access to algorithms ( ask(...) & tell(...) )
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Software overview

Engineering through "Computer Experiments”
Allows engineer to easily apply "brute" factorial design ...
... then induces to formalize its model and goals in a DoE approach
Frequently needs for supplementary features (through dedicated code plugin)

Distributed computing
Compatible with larger set of CPU boxes:
server, workstation, grid, cluster, ... and even (Windows) office desktop !
Easy dynamic merge of heterogeneous power

Application fields agnostic software
Any ASCII I/O software is compatible
All algorithms selectable for any computing software

Extendability & wrapping
Basic (Groovy-DSL scripting) and extended (Java) plugins for computing code
Basic ([R]) and extended (Java::Rserve or Java::*) plugins for algorithms
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Network integration overview

e
5 \\\! \\
\\ \

PROMETHEE
.|'nput VENELES Eutput VENELES
X double[][] y double[]
> omputer code
TReerve

tlm

X <-R::ask() R::tellly=...




PROMETHEE
Grid Computing environment

[R] tech. overview
[R] used as a script engine for dataset parameterizing

Variable: $ (...) Formula: @ {...}

o " 4o P act Info

*Re dHeyl_cm <- function( mPu_kg, d.Pu02 ) { min(0.5 * H.Cont , 0.5 * 1.0E6 * 4/pi * mPu_kg / (CPu*d.Pu02/3.

ARRE
ETAP ACTI 100
KEFF SICM 0.00100
FINA

CHIMIE
SEALINK 5 APOD2 51 2 3 45
FINCHIMIE

GEOM
MODU O

2 f7 o =1 a hoatnn

TYPE 10 BOIT @{pas_cm / 2. | #.####} @{pas_cn / 2. | #.####} @{ 60.0 + 2 * (1.5 + H.Cont / 2.) | & #4#)}
VOLU 10 0 10 1 0. 0. @{ 2 * (1.5 + H.Cont / 2.) | #3448}
REOIT 111100

TYPE 11 BOIT @{pas_cm / 2. | #.####} @{pas_cm / 2. | #.#8#} @{ 2 * (1.5 + H.Cont / 2.) | #.
VOLU 11 10 11 @{air_broui(d.broui($d.broui.scale))|#} 0. 0. @{ 2 * (1.5 + H.Cont / 2.

+c ~riar § 1

TVYPE 20 CYLZ @{6.5 + Ep.Puits / 10. | #.####} @{1.5 + H.Cont / 2. | #.####}
VOLU 21 11 20 4 0. 0. @{1.5 + H.Cont / 2. | #.####}
VOLU 22 11 20 4 0. 0. @{4.5 + 3 * H.Cont / 2. | #.###4}




PROMETHEE
Grid Computing environment

[R] tech. overview
[R] used as a script engine for dataset parameterizing
[R]/Rserve used as an APl inside Java DoE algorithm plugin

R.voidEval("kn" + currentiteration + "_" + hcode + " <- kn(y~" + kmodel + ","
+ "optim.method="'gen',"

"penalty = NULL,"
"covtype="" + covtype + "
nuggetnoise_str
"design=xX" + currentiteration + "_" + hcode + ","

' + currentiteration + "_" + hcode + "

"4 control_km + ")0");

+
+
+
+
+
+

REXP exists = R.eval("exists('kn" + currentiteration + "_" + hcode + "')");
if (exists == null || !(exists.aslnteger() == 1)) {
return new Status(Decision.DESICN_OVER, "No km object built.");

¥
R.savels(new File(_repository, "kmn" + (currentiteration) + "_" + hcode + ".Rdata"), (currentiteration) + "_" + hcode);

_" + hcode + ","

R.voidEval("ECO" + currentiteration + "_" + hcode + " <- max_qEI.CL(model=kn" + currentiteration + "
+ "npoints=" + batchSize + ","
+ "L=c(" + Tdar + "(" + (search_min ? "" : "-") + "Y" 4 currentiteration + "_" + hcode + "$y)," + 1iar_noise + "
+ "lower=c(" + ASCII.cat(",", min) + "
+ "upper=c(" + ASCII.cat(",", max) + "
+ "control=list(" + control_ego + ")"
+ (expertfunction l= null ? ",weight.EI=" + expertfunction : "") + ")");

REXF exists = R.eval("exists('ECO" + currentiteration + "_" + hcode + "
if (exists == null || !(exists.aslnteger() == 1)) {
return new Status(Decision.DESICN_OVER, "No ECO obhject built.");

}




PROMETHEE
Grid Computing environment

[R] tech. overview

[R] used as a script engine for dataset parameterizing
[R]/Rserve used as an APl inside Java DoE algorithm plugin

[R] DoE algorithm plugin

#help=Efficient Global Optimization (EGO) algorithm
#type=0Optimization

#output=0ptimum

#parameters=initBatchSize=10, batchSize=10,1iterations=10, nugget.estim="

## constructor and initializer of R session
init <- function() {

}

## first design building. ALl variables are set in [0,1].
## d is the dimension, or number of variables

## @param d number of variables
buildInitialDesign <- function(d) {

}

## iterated design building.
## @param X data frame of current doe variables (in [0,1])
## @param Y data frame of current results

## @return data frame or matrix of next doe step
prepareNextDesign <- function(X,Y) {

}

## final analysis. All
## @param X data frame
## @param Y data frame of results
## @return HTML string of analysis
analyseDesign <- function(X,Y) {

}

. Return HTML string
)

variables are set in (0,1
of doe variables (in [0,1

]
]

## first design building. All variables are set in [0,1]. d is the dimension, or
## @param d number of variables
buildInitialDesign <- function(d) {
lThs <- maximinLHS(n=1initBatchSize, k=d)
if (Xbounds) {
e=c(0,1)
id=1
while(id<=d){
e=rbind(cbind(e,0),chind(e,1))
id=1id+1
}
Xinit=rbind(as.matrix(lhs),as.matrix(e))
} else { Xinit=as.matrix(lhs) }
return(Xinit)

}

## iterated design building.
## @param X data frame of current doe variables (in [0,1])
## @param Y data frame of current results
## @return data frame or matrix of next doe step
prepareNextDesign <- function(X,Y) {

if (iEGO = iterations) return();

d = dim(X)[2]
if (dim(Y)[2] == 2) { noise.var <<- as.array(Y[,2])
} else { noise.var <<- NULL }

if (Xautoscale=="" | Xautoscale=="FALSE" | Xautoscale=="false") { pEGO <<- re
} else { pEGO <<- searchOptim(Xautoscale,init=pEGO, X=X,Y=Y) }
cat("p=",pEGO, "\n")

if (search_min) {y=Y[,11} else {y=-Y[,11}

kmi <- km(control=list(trace=FALSE),trend,optim.method="'gen', penalty NULL, ¢
EGO1 <- max_qEI.CL(model=kmi,npoints=batchSize,L=1l1iar(as.array(Y[.11)),lower=

Xnext <- unscaleX(EGOi¢par, pEGO)



Overview

Few words about Research and Industry
Computer Experiments framework
PROMETHEE Grid Computing environment
Real world example

Summary



Overview

Few words about Research and Industry
Computer Experiments framework
PROMETHEE Grid Computing environment
Real world example

Summary



Real world example

Criticality safety assessment
Computer code:  Monte Carlo neutrons simulator
Output variables: neutron multiplication factor (scalar ~1)
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Real world example

Criticality safety assessment
Computer code:  Monte Carlo neutrons simulator
Output variables: neutron multiplication factor (scalar ~1)
Input variables: many hypothesis as independent scalar
code input parameters
Engineering issue: find optimization (max) of output
over hypothesis range

Old practical method (2 years ago)
Hierarchical (user's prior) selection of ~3 input variables
By-hand remote code launching (over interactive shell)
lterative & orthogonal maximization search (<20 points of calculation)

Within Computer Experiments paradigm (PROMETHEE & R::DiceOptim / DiceKriging)
No input variable ignored (no expert prior necessary)
Automatic remote code launching & output parsing
Global maximization of output (may support >1000 points of calculation)



Data set

|

State

Pt |

Variables

Puits_Pu02_2variable... new

| ||Puits_Pu02_2variable... new

1

1 d.broui.scale d.Pu...

Calculations

Model | Define |

Model

Moret_SAl

MIETTY

Dataset

Puits_Pu02 _2variables_grille_75x75.jd. 1

Input variable

Default value

Qutput values

mean_keff
sigma_keff

<[]

% Ovemirite

INNEE

Variable: § (...)

Formula: @ {...}

Q l Data set

!

State

!

Activity

|

Vv l Data set

|

Size

=3

460
461
462
463
464
465
466
467
468
469
470
471
472
473

476

479

482
483
484
485
486
487
488
489
490

GEOM
MODU O

Rofloy

Ve 10 8017 45
VOLU 10 O
RBOIT 1 1

45 363
10 1 0. 0. 303

0.
1100

TYPE 11 BOIT 45 45 303
VOLU 11 10 11 2 0. 0. 303

TYPE 20 CYLZ 6.8 151.5

VOLU 21 11 20 4

VOLU 22 11

0. 0. 151.5
204 0. 0. 454.5

TYPE 30 CYLZ 6.5 150

VOLU 31 21 30 2 0. O.
VOLU 32 22 30 2 0. 0.

TYPE 40 CYLZ

153
456

5.9 150

VOLU 41 31 40 4 0.

VoLu

TYPE 50 CYLZ 5

VOLU 51 41
VOLU 52 42

Ficcy

TYPE 60 CYLZ

5.75 49.8925




Real world example

Configuration  Help |

Model | Define |

NAata

Data set | State I Pts ‘ Variables Dataset

Puits_Pu02_2variable... new 1 Model |Moret_5Al vl ‘ &3 Help ’ ; . . -
| ||Puits_Pu02_2variable... new 1 d.broui.scale d.Pu... e | I

Input variable Default value Output values
d.broui.scale 0.0 mean_keff
d.Pud2 4.0 sigma_keff

< Ovemiite ‘ ’ A_” A" | = Variable: $ (...) Formula: @ {..}

Data set Activity -
GEOM ]
MODU O

TYPE 10 BOIT @{pas_cm / 2. | #.####} @{pas_cn / 2. | #.####} @{ 60.0 + 2 * (1.5 + H.Cont / 2.) | #4884}
VOLU 10 0 10 1 0. 0. @ 2 * (1.5 + H.Cont / 2.) | #. ####)}
REOIT 111100

TYPE 11 BOIT @{pas cn / 2. i-#.#ﬁ##}.é{pas_cm-/ 2. | #.HEEEY @[ 2 * (1.5 + H.Cont / 2.) | #4444}
VOLU 11 10 11 @{air_broui(d.broui($d.broui.scale))|#} 0. 0. @{ 2 * (1.5 + H.Cont / 2.) | #.####)

TYPE 20 CYLZ @{6 5 + Ep Puits / 10. | #.####) @{1.5 + H.Cont / 2. | #.###4)
VOLU 21 11 20 0. 0. @{1.5 + H.Cont / 2. | #.####}
VOLU 2211 204 0. 0. @f4.5+3 * H.CONT / 2. | #.#4}

TYPE 30 CYLZ 6.5 @{H Cont / 2. | #4488}

VOLU 31 21 30 2 0. 0. @{3.0 + H.Con t /2. | #.#EEE)

VOLU 32 2230 2 0. 0. @{6.0 +3 * H.Cont / 2. | #.#8)

TYPE 40 CYLZ @{D .Cont / 2. + Ep.Cont / 10. | #.####} @{H.Cont / 2. | # ####}
VOLU 41 31 40 4 0. 0. @{3.0 + H.Cont / 2. | #. ####)
VOLU 4232404 0. 0. @{6.0 + 3 * H.Cont / 2. | #.2#)

Data set l Size l Ptsl

TYPE 50 CYLZ @{D.Cont / 2 | #.####) Q{H.Cont / 2. | #.###4)
VOLU 51 41 50 2 0. 0. @{3.0 + H.Cont / 2. | #. ####)
VOLU 524250 2 0. 0. @{6.0 +3 * H.Cont / 2. | #.####)

T’r’PE 60 C'fLZ @{D.Cont / 2. | #.###} @{dHcyl_cm(mPu.max_kg, $d.Pul2) | #.##4#)
; [




Data set [ State

I Pts I Variables

Puits_Pu02_2variable... defining

1 d.broui.scale d.Pu...

Data set

Activity

Model ' Define |
Input

EER R OE

|

Output

EIETEE

Name Engineelind Group |

Default value Values

Engineeringl Name

l Type

d.broui.sc:
d.Puo2

0.0 [0.0:1.0]
4.0 [05:35]

N(mean_keffs...
F] mean_keff+3"...
D mean_keff
D sigma_keff

GaussianDensity
Numeric
Numeric
Numeric

AV

Engineering N(mean_keff,sigma_keff) as a function of d.broui.scale d.Pu02

] Type [ Name

D Calibration

Xautoscale

D Optimization gradientdescent

Optimization

Efficient Global Optimization

Computing parameters "'.K Kriging parameters Optimization parameters Expert know

Min iterations = [ 5[Z]
Max iterations = 100 }g

Stop when expected improvement lower than = [1.0E—10

Parallel computations = 9 Ei
Initial parallel computations = 9 }g

Bounding values




Configuration  Help ‘

Data sets

Calculators pool * Cases of calculations | Results ',

State

P |

Variables

d.broui.scale

] d.Pu02

Status

Results

g‘ Data set

=
=

0.05202791611928907
0.43246648176055813
0.6515932745145013
0.48777661594148314
0.9752578554261062
0.7734019996908804
0.15940660941931936
0.8569460754127552
0.266666040088639

0.6084507 17292726
2.419020040342408
1.2342307517140798
2.7370404074899852
0.8738973070091257
3.2484061713198572
2.8811014598080265
1.8132008050322384
1.519644792424515

running@neutrosec-3:44775
running@neutrosec-5:45716
running@neutrosec-4:33376
running@neutrosec-5:41623
running@neutrose c-3:49300
intact
intact
intact

intact

Running calculation
Running calculation
Running calculation
Running calculation

Running calculation

w

0.0 05 intact
1.0 05 intact

_ Calculations N 35 intact

10 35 intact
| Activity

0/13

Q l Data set I State
Puits_Pu02_2variable... running

Calculator Computer l Port | Since

neutrosec-3 44775 juil. 13 11:41:01 running
neutrosec-5 45716 juil. 13 11:41:01 running
neutrosec-5 41623 juil. 13 11:41:01 running
neutrosec-4 33376 juil. 13 11:41:01 running

neutrosec-3 40300 juil. 13 11:41:01 running

VI Data set Size l Ptsl neutrosec-3
neutrosec-5

neutrosec-5
neutrosec-4

neutrosec-3

O time spent: 00:00:20, remaining(est.): ?, cases: 0/13




Configuration  Help |

Data sets

=

Calculators pool * Cases of calculations | Results ',

Data set State ‘ Pts [

Variables

d.broui.scale

!

d.Pu02

Status

Results

Data set ] State

Activity

Puits_Pu02_2variable... running

413

0.05202791611928907
0.43246648176055813
0.6515932745145013
0.48777661594148314
0.9752578554261062
0.7734019996908804
0.15940660941931936
0.8569460754127552
0.266666040988639
0.0

1.0

0.0

1.0

0.608450717202726
2.419020040342408
1.2342307517140798
2.7370404074899852
0.8738973070091257
3.2484061713198572
2.8811014598080265
1.9132008050322384
1.519644792424515
05

05

35

35

neutrosec-3:44775 (00:00:48)
neutrosec-5:457 16 (00:00:50)
neutrosec-4:33376 (00:00:49)
running@neutrosec-5:41623
neutrosec-3:49300 (00:00:50)
runNNing@neutrosec-3:44775
rUNNiNg@neutrose c-4:33376
ruUNNiNg@neutrosec-5:457 16
rUNNINg@neutrosec-3:49300
intact

intact

intact

intact

{mean_keff=0.83514, sigma_keff=0.9E-4}
{mean_keff=0.43866, sigma_keff=0.7E-4}
{mean_keff=0.37587, sigma_keff=0.8E-4}
Running calculation
{mean_keff=0.39795, sigma_keff=0.8E-4}
Running calculation
Running calculation
Running calculation

Running calculation

Calculator

Comp

uter I Port l

Since

Size | Pts|

neutrosec-3
neutrosec-5
neutrosec-5
neutrosec-4

neutrosec-3

neutrosec-3
neutrosec-5
neutrosec-5
neutrosec-4

neutrosec-3

44775 juil.
45718 juil.
41823 juil.
33376 juil.
40300  juil.

13 11:41:01
13 11:41:01
13 11:41:01
13 11:41:01
13 11:41:01

running
running
running
running

running

O time spent: 00:00:58, remaining(est.): 00:02:11, cases: 4/13




Configuration  Help ]

(®)

Data sets

Calculators pool * Cases of calculations | Results ',

Data set

State

P |

Variables

d.broui.scale

!

d.Pu02

Status

Results

<

=
@

T —=

af

Data set

] State

Puits_Pu02_2variable... running

Activity

0.05202791611928907
0.43246648176055813
0.6515932745145013
0.48777661594148314
0.9752578554261062
0.7734019996908804
0.15940660941931936
0.8569460754127552
0.266666040988639
0.0

1.0

0.0

1.0
0.04500724847512469
0.21815650910091874
0.11945042439696585
0.4147 155410812002
0.5022901650518179
0.43641353099026536
0.7343308208286555
0.9268426589399511
0.3427231896203011

0.608450717202726
2.419020040342408
1.2342307517140798
2.7370404074899852
0.8738973070091257
3.2484061713198572
2.8811014598080265
1.9132008050322384
1.519644792424515
05

05

35

35
2.605851167997531
3.4080004850037464
0.5338582812272392
0.8355990900960537
2.4808048440609127
3.4757703140607727
1.46040567496427 15
2.1309098576262833
2.040468758283183

neutrosec-3:44775 (00:00:48)
neutrosec-5:457 16 (00:00:50)
neutrosec-4:33376 (00:00:49)
neutrosec-5:41623 (00:01:00)
neutrosec-3:49300 (00:00:50)
neutrosec-3:44775 (00:01:02)
neutrosec-4:33376 (00:00:51)
neutrosec-5:457 16 (00:00:57)
neutrosec-3:49300 (00:00:50)
neutrosec-5:41623 (00:00:51)
neutrosec-4:33376 (00:00:44)
neutrosec-3:49300 (00:00:53)
neutrosec-5:45716 (00:01:01)
rUNNINg @neutrosec-3:44623
ruNNing @neutrosec-3:50853
runNnNing @neutrosec-3:33010
ruNNing @neutrosec-2:47676
runNNing@neutrosec-5:457 16
intact

intact

intact

intact

{mean_keff=0.83514, sigma_keff=0.9E-4}
{mean_keff=0.43866, sigma_keff=0.7E-4}
{mean_keff=0.37587, sigma_keff=0.8E-4}
{mean_keff=0.48104, sigma_keff=0.5E-4}
{mean_keff=0.39795, sigma_keff=0.8E-4}
{mean_keff=0.61211, sigma_keff=0.7E-4}
{mean_keff=0.66163, sigma_keff=0.7E-4}
{mean_keff=0.40395, sigma_keff=0.7E-4}
{mean_keff=0.47258, sigma_keff=0.8E-4}
{mean_keff=0.64971, sigma_keff=0 9E-4}
{mean_keff=0.34886, sigma_keff=0.9E-4}
{mean_keff=0.87957, sigma_keff=0.7E-4}
{mean_keff=0.67924, sigma_keff=0.5E-4}

Running calculation

Running calculation

Running calculation

Running calculation

Running calculation
?

-
?
-

Calculator

Comp

uter ] Port l

Since

Size

P |

neutrosec-5
neutrosec-3
neutrosec-3
neutrosec-3

neutrosec-2

neutrosec-5
neutrosec-3
neutrosec-3
neutrosec-3

neutrosec-2

45718 juil.
44823 juil.
33010  juil.
50853  juil.
47676 juil.

13 11:41:01
13 11:43:58
13 11:43:58
13 11:43:58
13 11:43:58

running
running
running
running

running

O time spent: 00:03:14, remaining(est.): 00:02:14, cases: 13/22




Real world example

Configuration  Help }

Data set State | Pts ‘ Variables

Calculators pool |, Cases of calculations = Results |

Optimum |

Optimum

Data set I State Activity
Puits_Pu02_2variable... running

Size =18

Maximum value is 0.87957 (sd=9.7E-4)
for

d.broui.scale = 0.0

d.Pu02 =35

Next expected maximum value may be 0.436672301032858 (sd=0.1021111865913429)

Improvement sequence is 0.03634326569116935

d.Pu0O2 = 3.5

.sigma_keff)

N(mean_keff

N(mean_keff,sigma_keff)

d.broui.scale = 0

T T T T T T \
05 1.0 1.5 20 25 3.0 35




Real world example

Configuration  Help | | R

ot Calculators pool * Cases of calculations | Results ',

Data set State | Pts |  Variables d.broui scale ] d.Pu02 Status Results [

0.9/7525/7855426T062

Data set

Puits_Pu02_2variable... running

0.7734019996908804
0.15940660941931936
0.8560460754127552
0.266666040988639
0.0

1.0

0.0

1.0
0.04500724847512469
0.21815650910091874
0.11945042439696585
0.4147 155410812002
0.5022901650518179
0.43641353099026536
0.7343308208286555
0.9268426589399511
0.3427231896203011
0.9712190185673535
0.7917987112887204
0.05148516556297446
0.8871742211876926
0.02364629251740863
0.12089529420220883
0.7192250608693345
0.6767 193588803861
0.8992257 152725557

0.8/7389/730/70097257
3.2484061713198572
2.8811014598080265
1.9132098050322384
1.519644792424515
05

05

35

35
2.605851167997531
3.4080004859037464
0.5338582812272392
0.8355990900960537
2.4808048440609127
3.4757703140807727
1.46049567496427 15
2.1309098576262833
2.040468758283183
2.847220064332655
2.4200717111434788
3.2876928158078433
0.794662362502372
0.7246911545678135
1.7959608009611943
3.4703009273638146
1.7955763458739966
3.4883642522314267

neutrosec-3:44300 (UO:00:50)
neutrosec-3:44775 (00:01:02)
neutrosec-4:33376 (00:00:51)
neutrosec-5:45716 (00:00:57)
neutrosec-3:49300 (00:00:50)
neutrosec-5:41623 (00:00:51)
neutrosec-4:33376 (00:00:44)
neutrosec-3:49300 (00:00:53)
neutrosec-5:45716 (00:01:01)
neutrosec-3:44623 (00:00:51)
neutrosec-3:50653 (00:00:52)
neutrosec-3:33010 (00:00:47)
neutrosec-2:47676 (00:00:42)
neutrosec-5:457 16 (00:00:54)
neutrosec-2:47676 (00:00:50)
neutrosec-3:33010 (00:00:50)
neutrosec-3:44623 (00:00:50)
neutrosec-3:50653 (00:00:48)
ruNNiNg @neutrose c-2:59960
running@neutrose c-2:53680
runnNing@neutrosec-3:33010
runnNing @neutrosec-3:50853
ruNNiNg @neutrosec-3:44623
intact

intact

intact

intact

{mean_keft=0.39795, sigma_keft=9 5E-4f
{mean_keff=0.61211, sigma_keff=0.7E-4}
{mean_keff=0.66163, sigma_keff=0.7E-4}
{mean_keff=0.40395, sigma_keff=0.7E-4}
{mean_keff=0.47258, sigma_keff=0.8E-4}
{mean_keff=0.64971, sigma_keff=0.9E-4}
{mean_keff=0.34886, sigma_keff=0.9E-4}
{mean_keff=0.87957, sigma_keff=0.7E-4}
{mean_keff=0.67924, sigma_keff=0.5E-4}
{mean_keff=0.85919, sigma_keff=0.GE-4}
{mean_keff=0.60311, sigma_keff=0.GE-4}
{mean_keff=0.85267, sigma_keff=0.7E-4}
{mean_keff=0.28872, sigma_keff=0.7E-4}
{mean_keff=0.4585, sigma_keff=0.GE-4}
{mean_keff=0.54175, sigma_keff=0.GE-4}
{mean_keff=0.41975, sigma_keff=9.7E-4}
{mean_keff=0.53083, sigma_keff=0.8E-4}
{mean_keff=0.4176, sigma_keff=0.8E-4}

Running calculation

Running calculation

Running calculation

Running calculation

Running calculation
?

-
?
-

Calculator Computer l Port l Since

l Pts l neutrosec-3 neutrosec-3 44623 juil. 13 11:43:58 done.
neutrosec-3 neutrosec-3 33010 juil. 13 11:43:58 running
neutrosec-3 neutrosec-3 50653 juil. 13 11:43:58 running
neutrosec-2 neutrosec-2 50960 juil. 13 11:45:43 running
neutrosec-2 neutrosec-2 53680 juil. 13 11:45:43 running

Size

O time spent: 00:05:00, remaining(est.): 00:02:02, cases: 22/31




Configuration  Help |

Data sets Calculators pool "".XCases of calculations ' Results"‘r,l

‘w‘ Data set State ‘ Pts [ Variables Optimum ".III

Optimum

Size = 22

Maximum value is 0.87957 (sd=9.7E-4)
for

d.broui.scale = 0.0

d.Pu02 =35

Next expected maximum value may be 0.40379585564175635 (sd=0.05129131183748922)
Improvement sequence is 0.03634326569116935 0.015487485658755436

d.Pu0O2 = 3.5 d.broui.scale = 0

w

Q I Data set ] State Activity
Puits_Pu02_2variable... running

_keff)

,sigma

N(mean_keff,sigma_keff)

N(mean_keff

Size | Pts|

T T T T T T T
05 1.0 1.5 20 25 3.0 35




Configuration  Help |

Data sets Calculators pool ', Cases of calculations Results |,

‘w‘ Data set State I Pts ] Variables Optimum ".Ill

Optimum

— Size = 36

Maximum value is 0.94493 (sd=9.7E-4)
for

d.broui.scale = 0.051841262267356865

‘ d.Pu02 =1.3152636722486182
§ 7,£

Next expected maximum value may be 0.3305609836167595 (sd=0.037521836022635854)
vy

-——

Improvement sequence is 0.03634326569116935 0.015487485658755436 0.044748414478939784

d.PuO2 = 1.31526367224862 d.broui.scale = 0.05184126226735¢

e
S

Q I Data set I State I Activity
Puits_Pu02_2variable... running

_keff)
_keff)

,sigma
,sigma

N(mean_keff
N(mean keff

v| | size | Pts| ]

T T T T T T T
05 1.0 1.5 20 25 3.0 35




Configuration  Help |

Data sets Calculators pool ', Cases of calculations Results |,

‘w‘ Data set State I Pts ] Variables Optimum ".Ill

Optimum

= Size =49

Maximum value is 0.94493 (sd=9.7E-4)
for
d.broui.scale = 0.051841262267356865

‘ d.Pu02 =1.3152636722486182
§ 7,£

Next expected maximum value may be 0.27124840838756037 (sd=0.006921897341635227)
‘;E,,ﬁ Improvement sequence is 0.03634326569116935 0.015487485658755436 0.044748414478939784 2.763858399510977E-4 0.01589271212596177
.
vy

d.PuO2 = 1.31526367224862 d.broui.scale = 0.05184126226735¢

Q I Data set I State I Activity
Puits_Pu02_2variable... running

keff)
keff)

,sigma
,sigma

N(mean_keff
N(mean keff

v| Size | Pts| ]

T T T T T T T
05 1.0 1.5 20 25 3.0 35




Configuration  Help |

Data sets Calculators pooll"'.l Cases of calculations ' Results"‘n,l

Data set State [ Pts l Variables Optimum 3

Optimum

Size =49

Maximum value is 0.94493 (sd=9.7E-4)
for

d.broui.scale = 0.051841262267356865

.27124840838756037 (sd=0.006921897341635227)
" Puits_Pu02_2variables_grille_75x75.jd EGO 9116935 0.015487485658755436 0.044748414478939784 2.763858399510977E-4 0.01589271212596177

Puits_PuQZ_2variables_grille_75x75.jd
Default | branin.sci | Puits_Pu02_2variables_grille_75x75.jd 367224862 d.broui.scale = 0.05184126226735¢

Log | Objects ',

LH RS- i = Py o R= ) i R il R -] Sl R Y ol R DY i RN Sl RN ] Sl R RS ol R o R P S

C[earl 9.5E-496E-496E-49.7E-49.7E-49.6E-49.6E-49.7E-49.8E-49.8E-49.7E-49.6E-4,
9.5E-49.7E-49.7E-49.6E-49.4E-49 6E-49.7E-49.5E-49.7E-49.8E-49.6E-49.6E-49

Save .8E-4,9.8E-49.6E-49.7E-4,9.6E-4,9.6E-49.6E-49.5E-49 8E-49.5E-49.8E-49.5E-49.

GE-4)"2,

design=X4_1389836095,response=Y4_1389836095,control=list{trace=FALSE, logLikF ail

Over=TRUE))

[eval] exists(km4_1389836095')

[eval] save(file="km4_1389836095.Rdata', list=Is(p attern="4_1389836095'),ascii=TRUE)

[10] File km4_1389836095.Rdata received.

[eval] EGO4_1389836095 <-

max_qEl.CL{model=km4_1389836095,npoints=9,L=c(max(-Y4_1389836095%y),9.4E-4),

lower=c(0.0,0.5),upper~c(1.0,3.5),control=list{trace=FALSE)weight.EI=NULL)

[eval] exists(EGO4_1389836095")

[eval] save(file="EGO4_1389836095.Rdata' list=Is(pattern="4_1389836095'),ascii=TRUE)

[I0] File EGO4_1389836095.Rdata received.

[eval] X5_1389836095 <- rbind(X4_1389836095,EG04_1389836095%par)

[eval] Ellmodel=km4_1389836095,newdata=EG04_1380836095%par[1,].envicElenv)

[eval] EIlmodel=km4_1389836095, newdata=EG04_1389836095%par[2,].envicElenv)

[eval] Ellmodel=km4_1389836095,newdata=EG04_1389836095%par[3.],.envicElenv)

[eval] EIlmodel=km4_1389836095, newdata=EG04_1389836095%par[4.].envicElenv)

[eval] Ellmodel=km4_1389836095,newdata=EG04_1389836095%par[5.].envimElenv)

[eval] EIlmodel=km4_1389836095, newdata=EG04_1380836095%par[B.].envicElenv)

[eval] Ellmodel=km4_1389836095,newdata=EG04_1389836095%par[7.].envimElenv)

[eval] Ellmodel=km4_1389836095,newdata=EG04_1389836095%par[8.].envieElenv)

[eval] Ellmodel=km4_1389836095,newdata=EG04_1389836095%par[9,].envicElenv)

[eval] EGO4_1389836095%par

[eval] pred <-

predictkm(object=km4_1389836095,newdata=EGO4_1389836095%par.type="UK')

[eval] max(pred$mean)

[eval] pred$sd[pred¥mean==-0.27124840838756037]

[set] bestX_4_1389836095 <- [D@4d0f84e0

[set] plotfile_582375936 <- sectionview.4.png

[10] File sectionview.4.png received.

[eval] im(plotfile_582375936)

_keff)

,sigma

N(mean_keff
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Configuration  Help |

Data sets Post processing | Files ',

Data set State I Pts ] Variables optimum

Optimum

Size =58

Maximum value is 0.95964 (sd=9.6E-4)
for

d.broui.scale = 0.09327404717601559
d.Pu02 =1.011042937354369

Next expected maximum value may be 0.34113979499640373 (sd=0.006697966035673094)
Improvement sequence is 0.03634326569116935 0.015487485658755436 0.044748414478939784 2.763858399510977E-4 0.01589271212596177 0.0

d.PuO2 = 1.01104293735437 d.broui.scale = 0.09327404717601°¢

culations

al Data set Activity

_keff)
_keff)

.sigma
.sigma

N(mean_keff
N(mean_keff

VI Data set Size I Pts I
Puits_Pu02_2variab... 45 MB 58 seen

T T T T T T T
05 10 1.5 20 25 3.0 35




Configuration  Help |

Data sets

o

Post processing ~ Files |

Data set

State I

Pts |

Variables

BlE)~

Find:

culations

Q | Data set

Activity

v I Data set

Size

Pt |

Puits_Pu02_2variab...

45 MB

58 seen

|~ d.broui.scale=0.05292791611928007
(& d.Pu02=0.8084507 17202726

’ 2 input

D info.txt

Ca output
EGO1_1389836095.Rdata
d.broui.scale=0.9268426589399511
km0O_1389836095.Rdata
d.broui.scale=0.13092024480849092
d.broui.scale=0.6288579581305385
d.broui.scale=0.68878770642901388
d.broui.scale=0.7917987112887204
d.broui.scale=0.02364620251740863
d.broui.scale=0.7173223637510091
d.broui.scale=0.093274047 17601559
d.broui.scale=0.09272100515632431
d.broui.scale=0.42006798810325563
EGO0_1389836095.Rdata
d.broui.scale=0.7734019996908804
d.broui.scale=0.6429818482138216
d.broui.scale=0.5022901650518179
d.broui.scale=0.3080500189680606
d.broui.scale=0.4147 155410812902
d.broui.scale=0.17350012273527682
EGO03_1389836095.Rdata
d.broui.scale=0.5092528564855456
d.broui.scale=0.48777661594148314
d.broui.scale=0.6877512203063816
d.broui.scale=0.7343308298286555
km4_1389836095.Rdata
d.broui.scale=0.7478248702827841
d.broui.scale=0.2277417614286053
d.broui.scale=0.266666040088639
d.broui.scale=0.9752578554261062
d.broui.scale=0.7888243941124529
d.broui.scale=0.6515932745145013
d.broui.scale=0.1422157327 1788657

PR ERRRRPODREREDRRERERRODRERERERERDODRD

ETiie Tyl 13 11-41-50

state=4

start=1279014061873

code=moret5
input.d.broui.scale=0.05292791611928907
duration=48759

end=1279014110632
calc=neutrosec-3\:44775
input.d.Pu02=0.608450717292726
output.sigma_keff=9.9E-4
output.mean_keff=0.83514

WO ~0ho; SR —




Configuration  Help |

Data sets

Data set

State I

Pts |

Variables

Post processing ~ Files |

EEES

culations

Q | Data set

Activity

v I Data set

Size

Pt |

Puits_Pu02_2variab...

45 MB

58 seen

2

DR REVODREDREPDRERPRERERRRD

(2

DREREDRRERRODDRD

(3

d.broui.scale=0.7343308298286555
km4_1389836095.Rdata
d.broui.scale=0.7478248702827841
d.broui.scale=0.2277417614286053
d.broui.scale=0.266666040988639
d.broui.scale=0.9752578554261062
d.broui.scale=0.7888243941124529
d.broui.scale=0.6515932745145013
d.broui.scale=0.1422157327 1788657
sectionview.1.png
d.broui.scale=0.05148516556207446
d.broui.scale=0.43246648176055813
sectionview.5.png
d.broui.scale=0.8551775694350004
d.broui.scale=0.30668170331045985
km5_1389836095.Rdata
d.broui.scale=0.6767 193588803861
d.broui.scale=0.5440043753478676
d.broui.scale=0.051841262267356865
d.broui.scale=0.10040010529891394
sectionview.3.png
d.broui.scale=0.12089520420220883
sectionview.0.png
d.broui.scale=0.8560460754127552
EG02_1389836095.Rdata
EGO4_1389836095.Rdata
d.broui.scale=0.6407690453343093
d.broui.scale=0.47216280410066247
d.broui.scale=0.04500724847512469
d.broui.scale=0.0
km2_1389836095.Rdata
d.broui.scale=0.21815650910991874
d.broui.scale=0.43641353009026536
d.broui.scale=1.0
d.broui.scale=0.11945042439696585
sectionview.2.png
d.broui.scale=0.9635866039898247

WO ~0ho; SR —

RDAZ2

A
2

133377
131840
1026

1

4105

15
EGO4_1389836095
531

.4200679881032556

0.1735001227352768

WN=ONNOOOODODOOOOO

.09272100515632431
.7478248702827841
.1888613025657833
.7173223637510091
.09327404717601559
.9635866039898247
.6288579581305385
.7199285007081926
.5220632401760668
.9962683045576551
.274872636655346
.681435327976942
.7175446518231183
.011042937354369
.959340195637196
.275455127004534

1026
1

1
4105
8

dimnames

19

2

16




Real world example A

Configuration  Help ] ) : : : : :
richet@sec-11: ~/.Promethee/projects/Puits PuO2 2variables grille 75x75.jd

®

— Post processing N . : .
. : E S - chior Edition Affichage Terminal Aide

e 4 Data set State lPts‘ Variables = =] cinu. . . . e
Lhﬂ:v = || E&l| Find: Vous pouvez le redistribuer sous certaines conditions.

4 brou soate=0 724 LELEE license()' ou 'licence()' pour plus de détails.

km4_1380836005.R : : :
0 ma_ R est un projet collaboratif avec de nombreux contributeurs.
747 - 1 . = 1 ~ 14 y
Tapez 'contributors()' pour plus d'information et

l'citation()' pour la fagon de le citer dans les publications.
d.broui.scale=0.266

=
\ ’ B I Tapez 'demo()' pour des démonstrations, 'help()' pour 1'aide
= ERLEELEERES ocn 1ligne ou 'help.start()' pour obtenir 1'aide au format HTML.
d.broui.scale=0.651 Iq()l pour 5 . RGL device 3 [Focus]

d.broui.scale=0.142

sectionview.1.png 3 load(" EGO

EEIEMELEES A EGOO_ 1389836095. R

I T L e EGOL 1389836095, R

sectionview5.png L CEELEI=C0]

PR R C000_1389836095. R

d.broui.scale=0 306 N0 o

km5_1389836005.Rjg load("EGO5_1389

d.broui scale=0.576 NAS)

[1] "EGOS_1389836 e

> library(Dicekri oA

> sectionview3d.k

Loading required
sectionview.3.png [l] 12

d.broui.scale=0.120&

Data set

d.broui.scale=0.544
d.broui.scale=0.051
d.broui.scale=0.100

sectionview.0.png
d.broui.scale=0.8560460754127552
EG02_1389836095.Rdata
EGO4_1380836095.Rdata
d.broui.scale=0.6407690453343093
d.broui.scale=0.47216280410066247
d.broui.scale=0.04590724847512489

) VI Data set | Size ‘ Pts ‘
—= Puits_Pu02_2variab... 45 MB 58 seen

d.broui.scale=0.0
km2_1389836095.Rdata
d.broui.scale=0.21815650910991874
d.broui.scale=0.43641353009026536

d.broui.scale=1.0

d.broui.scale=0.11945042439696585

sectionview.2.png
d.broui.scale=0.9635866039898247

'PODREREODRRRROCOROERODRRREROREDRERORERRERERE
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Summary

Industry benefits: a five years leap
Better/stronger day-to-day eng. conclusions

Face new challenges: harder eng. issues now reachable

New abstract & formalized approach of old engineering practices

Research support
Lot of new industrial applications

Lot of feedback on algorithms, underlying hypothesis, ideas
New [R] users ...

... and a bit of (wholesome) money :)



Summary

... thanks to integration of

a flexible ( technology, license & community )

research software: [R]

a disruptive ( re-think true needs, use true resources )

industrial software: PROMETHEE

... available for free at http://promethee.irsn.fr



