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Overview

! Nuclear criticality-safety assessment and related issues
= Classical approach and basic tools
= Rethinking through « Computer Experiments » framework:
« Expert driven » supplemented by « Algorithm assisted» policy

I Components to build an operational workbench
" Front-end GUI
* Grid computing engine & algorithm back-end

I Feedback on two years of daily use
= Adhesion vs. resiliency
* Enhancing robustness with EGO/kriging improvements

I Focus on stochastic optimization
* Related [R] packages
" |Integration of stochastic simulator
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Nuclear criticality-safety assessment and related issues
A Classical approach and basic tools

I Nuclear criticality-safety

* Physics = neutron transport, chemistry, materials science

» System = industrial storage, transport cask, ...

* Hypothesis = environment conditions: flooding, earthquake, overloading
* Qutput of interest = neutrons multiplication factor (aka k-effective),

criticality means k-effective > 1.0
Safety demonstration = k-effective not to exceed 0.95,
in the hypothesis range

! Assessment: modeling criticality accident risk
Expert knowledge assessment ... supplemented by numerical checking:

" Physics <- criticality simulation code
= System <- input dataset
* Hypothesis <- input dataset variables (dim<10)

* Qutput of interest <-  (scalar) output of the code
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Nuclear criticality-safety assessment and related issues
A Classical approach and basic tools

! Parametric study for maximization of k-effective
* < 10 scalar, independent & compact parameters
= Non linear & cross effects
" (often) Several local max

! (Mc) Monte Carlo simulation of k-effective
* One calculation point costs 10s. to 1 h.
* Endpoint simulation maybe:
= sd(k-effective) < input setting (say 0.00100)
= quantile(k-effective,0.999) < input setting (say 0.95000 or current max.)

! Remote/grid calculation issue at IRSN
= ~ 80 heterogeneous CPU available
" Not (yet) parallelized code (Markov chain)
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Nuclear criticality-safety assessment and related issues
A Classical approach and basic tools

! Case study = interim storage of dry PuO2 powder,
variables being:
* Powder loading as powder density in [0.5,4.0]
= Storage flooding as water density between cans in [0.0,1.0]
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Nuclear criticality-safety assessment and related issues
A Rethinking through « Computer Experiments » framework

! Expert-driven approach

* OaT maximization
* 2 or 3 parameters
* (supposed) penalizing value for other parameters
"= 1 or2cycles by hand ...

* Factorial DoE
* 5 to 10 points / dimension
* 2 or 3 parameters
" automated task with dedicated software (including PROMETHEE)

A Case study results
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Nuclear criticality-safety assessment and related issues
A Rethinking through « Computer Experiments » framework

! Expert-driven approach - case study results
* OaT maximization
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Nuclear criticality-safety assessment and related issues
A Rethinking through « Computer Experiments » framework

! Expert-driven approach - case study results
= Factorial DoE
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Nuclear criticality-safety assessment and related issues
A Rethinking through « Computer Experiments » framework

I EGO-assisted approach
* |nitial DoE
= LHS
* (cross) Bounds of parameters
= Kriging surrogate of noisy (as MC) experiments
* Maximization of Expected Improvement criterion
* Loop on Kriging/maxEl ...

A Case study results
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Nuclear criticality-safety assessment and related issues

A Rethinking through « Computer Experiments » framework
! EGO-assisted approach - case study results
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-
Overview

I Nuclear criticality-safety assessment and related issues
= Classical approach and basic tools
= Rethinking through « Computer Experiments » framework:
« Expert driven » supplemented by « Algorithm assisted» policy

! Components to build an operational workbench
" Front-end GUI
* Grid computing engine & algorithm back-end

I Feedback on two years of daily use
= Adhesion vs. resiliency
* Enhancing robustness with EGO/kriging improvements

I Focus on stochastic optimization
* Related [R] packages
" |Integration of stochastic simulator
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Components to build
an operational workbench
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Components to build an operational workbench
? Front-end GUI

! End user input
= Based on ASCII input dataset of your code (application field agnostic)
= User free to insert « Sparameter » or formulas anywhere in these file
= Select any DoE policy available for this input parameters / code output
* Factorial DoE, Efficient Global Optimization
* ... (SA, determ. optimization, inversion, ...)

| Computing
= (blindly) Launch the grid computing workflow
= (online) Follow intermediate results (if available)

! Analysis
" Get results
" ... and a true applicable conclusion (or a new question :)
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Components to build an operational workbench

| Configuration  Help | ['@J
Model | Define ',
. Data set | state | Pis ] Variables Dataset
®|Puts_Pu02 Zuariable... new s Model [Morer_SA1 v| [ hete @ Puits_PuO2_2variables_grille_75x75.id. 1
Puits_PuQ2_2variable... new 1 d.brouiseale d.Pu... - -
Input wariable Default value Qutput values Type
mean_keff float
d sigma_keff float
"
W
| 7 ||_',Z|Euit || 9 Cancel | < Apply | B Ovenite | |A.||5.-||ﬁ||"b| | A b Variable:$(.) Formula: @ {.}
a Data set State Activity 460 B
461 |GEOM
w 462 MODU O
463
O 464 * Reflexion par 60 cw de beton
45 TYFE 10 BOIT 45 45 363
456 WOLU 10 0 10 1 0. 0. 303
0 467 REOIT 111100
= 468 * Interieur de 1a salle {brouillard de densité variable)
@ 469 TYPE 11 BOIT 45 45 303
470 WoLu 11 19 11 2 ©. 0. 303
471
E%ﬁ‘ 472 * Puits (acier 5 mm)
473 TYFE 20 CYLZ 6.8 151.5
;Ii‘ 474 WOLU 21 11 20 4 0. 0. 151.5
*" 475 WOLU 22 11 204 Q. 0. 454.5
476 * Interieur Fuits (air)
477 TYPE 30 CYLZ 6.5 150
! 478 WOLU 31 21 30 2 0. 0. 153
@ T R = [ e 479 WOLU 32 22 30 2 0. 0. 456
= 480 * Conteneur (acier 2.5 mm)
481 TYFE 40 CYLZI 5.9 130
482 WoLU 41 31 404 0. 0. 153
483 WOLU 42 32 40 4 0. 0. 456
454 ¥ Interieur contensur (air)
485 TYPE 50 C¥LZ 5.75 150
486 WOLU 51 41 50 2 0. 0. 153
487 WOLU 52 42 50 2 0. 0. 4585
488 ® Fissile [
489 TYPE 60 CYLZI 5.75 49,8925 -
480
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Components to build an operational workbench

| Configuration  Help | ([®R]
| Model | Define ',
@ Data set | State | P15| Variables [ l Dataset
| | Puits_Pu0Z2_2variable... new 1 Moclel |[Moret_5A1 - @Help - - - .
Puits_ Pu02_2wvariable... new 1 d.brouiseale d.Pu... I J @ F’I..III!._F’LIOE_E\EI’IHNES_QI’I”E_?SK?S.]ld
Input wariable Default value Qutput values Type
d.broui.scale 0.0 mean_keff float
4 d.PudZz 4.0 sigma_keff float
N i
>
| < || _!;_-| Edit || * Caneel || < apply .g, v Enairite | |A|| &" ﬁ|||.b| | LI Wariable: $ (...) Formula: @ {..}
u o] Data set State Activity AE0 a
b 461 |GEOM Il
tlj 462 MODU O
463
6 4/4 * Reflexion par 60 ch de beton
45 TYFE 10 BOIT @{pas_cm / 2. | #.488) @{pas_cm /7 2. | #4888 8{ 60.0 + 2 * (1.5 + H.Cont / 2.0 | #.4880
7= 466 WOLU 10 0 10 1 0. 0. @{ 2 * (1.5 + H.Cant / 2.0 | #.&84
0 467 REOIT 111100
458 * Interieur de 1a salle (brouwillard de densité variable)
g 469 TYPE 11 BOIT @{pas_cm / 2. | #.####} @{pas_cm / 2. | #.####} @{ 2 * (1.5 + H.Cont / 2.) | #.#%#%}
470 WOLU 11 10 11 @f{air_broui(d.broui ($d.broui.scale)) |#F 0. 0. @ 2 * (1.5 + H.Cont / 2.) | #.34)
—— 471
Lgé‘ 472 * Puits (acier 5 mm)
= 473 TYFE 20 C¥LZI @{6.5 + Ep.Puits 7 10. | #4881 8{1.5 + H.Cont / 2. | #.444)
v 474 WOLU 21 11 20 4 0. 0. @{1.5 + H.Cant / 2. | #.#888)
- 475 WoLU 22 11 204 0. 0. @{4.5 + 3 * H.Cont / 2. | #.480
476 ® Interieur Puits (air)
477 TYPE 30 CYLZ 6.5 @{H.Cont / 2. | #. ¥4}
478 WOLU 31 21 30 2 0. 0. @{3.0 + H.Cont / 2. | #.480
|| v =T T R ST 479 VOLU 32 2230 2 0. 0. @{6.0 + 3 * H.Cont / 2. | &%}
= 480 * Conteneur (acier 2.3 mm)
481 TYFE 40 CvLZI @{D.Cont / 2. + Ep.Cont / 10. | #.#88) @{H.Cont / 2. | #.488)
482 WOLU 41 31 40 4 0. 0. @&{3.0 + H.Cont / 2. | #.#48
483 WOLU 42 32 404 0. 0. @{h.0 + 3 * H.Cont / 2. | #.48
484 ® Interieur contepsur {(air)
485 TYPE 50 C¥LZ @{D.Cont / 2. | #.#8#) a{H.Cont / 2. | #.448
486 WOLU 51 41 50 2 0. 0. @&{3.0 + H.Cont / 2. | #.48
487 WOLU 52 42 50 2 0. 0. @{6.0 + 3 ¥ H.Cont / 2. | #.#&48]
488 * Fissile [
459 TYPE 60 CYLZ @{D.Cont / 2. | #.#&&r @{dHcy]_cmimPu.max_kg, $d.Pul2) | #. 3884 -
480 : |
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Components to build an operational workbench

R

| Configuration Help |

3

Variables |

| |Puits_PuQ2_2wvariable...

1 d.brouiscale d.Pu...

Activity

Model Define\

rinput ~Output
[EE S B L] | [ =lEE ] |
Name |Enginzelini Group | Type Default value Walues Engineering| Name | Type

d.broui.sc: real 0.0 [0D:1.0] Nimean_keffs... GaussianDensity
d.Pud2 real 4.0 [D5:35] E mean_keff+3™... Nurneric

I:‘ mean_keff Nurmeric

I:‘ sigma_keff Mumeric
F %

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

Data set

|4

o

£

D Sensitivity analysis

|
I:‘ Calibration

I:‘ Sensitivity analysis
I:‘ Qptimization
I:‘ Sensitivity analysis
Optimization

l:l Uncertainties prop..

I:‘ Uncerainties prop..

I:‘ Uncerainties prop..

Monte Carlo sampling
FAST

Fautoscale

Monte Carlo sampling with statistic ..

Bounds dichotarmy

Wilks formula

Marris szreening
gradientdescent

FCC

Efficient Global Optimization

Computing parameters\l\}(riging parameters\ﬂptimization parameters\Exper‘t know

| Type | Name
D Mo design of experiments
D Sensitivity analysis |SRC Min iterations =
[] calibration Edl
D Calibration Dichotomy Max iterations =

Stop when expected improvement lower than = |1.0E-10

Parallel computations =

Initial parallel computations =

Bounding values
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Components to build an operational workbench

Configuration  Help

R

State Pis

Data set ‘ariables

Calculators pool* Cases of calculations | Results |

d.broui.scale

d.PuC2

Status

Results

)

ij a Data set State | Activity |
Puits_Pu02_2variable... mnning | 013

pl==E)

<

Data set Size Pis State

0.05282791611028007
0.43246542176055813
0.6515932745145013
0.48777E61594148314
0.9752578554261062

0.608450717202726
2.419020040342408
1.2342307517 148708
2.7370404074800852
0.873897 3070081257

rUNNINg @neutrosec-3.44775
rUNNiNg @neutrosec-5:457 16
rUNNING @neutrosec-4:33376
FUNNING @neutrosec-5:41623
rUNNING @neutrosec-3:42300

Running calculation
Running caleulation
Running calculation
Running caleulation

Running calculation

0.7734010996508804 3.24849617 13198572 intact

0.1504066004193 1936 2.8811014592080265 intact 7
0.8582450754127552 1.8132098050322384 intact 2
0.268086040082530 1.510644792424515 intact 7
0.0 0.5 intact 2
1.0 05 intact i
0.0 35 intact 7
1.0 3.8 intact 7

Caleulatar Computer FPort Since State

neutrosec-3 neutrosec-3 ATTE Juil. 13 11:41:01 unning

neutrosec-5 neutrosec-5 45718 juil. 13 11:41:.01 unning

neutrosec-5 neutrosec-5 HME23 Juil. 13 11:41:01 unning

neutrosec-4 neutrosec-4 33378 Juil. 13 11:41:01 unning

neutroses-3 neutrasec-3 40300 Juil. 13 11:41:01 nning

Q time spent: 00:00:20, remaininglest.): 7, cases: 0/M13
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Components to build an operational workbench

Configuration Help

R

State Pis

Data set ‘ariables

Calculators pool* Cases of calculations | Results |

d.broui.scale

| d.Pu02

Status

Results

State |
; -runnin:_

Data set
Puits. PuDZ_2variable..

Activity
413

Results

Data set Size Pis State

0.05282791611028007
0.43246542176055813
0.6515932745145013
0.48777E61594148314
0.9752578554261062
0.7734012005002804
0.15040860041031936
0.85620450754127552
0.268086040082530

0.608450717202726
2.419020040342408
1.2342307517 148708
2.7370404074800852
0.873897 3070081257
3.24849517 13108572
2.8811014502080265
1.9132008050322384
1.510644792424515

neutrosec-3:44775 (00:00:48)
neutrosec-5:457 16 (00:00:50)
neutrosec-4:33376 (00:00:48)
FUNNING @neutrosec-5:41623
neutrosec-3:48300 (00:00:50)
rUNNINg @neutrosec-3:44775
rUNNINg @neutrosec-4:33376
FLUNNING @neutrosec-5:457 18
rLUNNING @ne utrose c-3:49300

fmean_keff=0.83514, sigma_keff=0.9E-4}
{mean_keff=0 43866, sigma_keff=9.7E-4}
{mean_keff=0.37587, sigma_keff=8.2E-4}
Running caleulation
{mean_keff=0.398795, sigma_keff=8.3E-4}
Running calculation
Running caleulation
Running calculation

Running caleulation

0.0 0.8 intact

1.0 05 intact i
0.0 35 intact 7
1.0 3.8 intact 7

Caleulatar Computer FPort Since State

neutrosec-3 neutrosec-3 ATTE Juil. 13 11:41:01 unning

neutrosec-5 neutrosec-5 45718 juil. 13 11:41:.01 unning

neutrosec-5 neutrosec-5 HME23 Juil. 13 11:41:01 unning

neutrosec-4 neutrosec-4 33378 Juil. 13 11:41:01 unning

neutroses-3 neutrasec-3 40300 Juil. 13 11:41:01 nning

O time spent: 00:00:58, remaining(est.): 00:02:11, cases: 413
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Components to build an operational workbench

Configuration Help

Data set

R

‘ariables

Calculators pool* Cases of calculations | Results |

d.broui.scale

d.PuC2

Status

Results

Q | - Data set

State

Puits_Pu02_2variable...

| Activity

running

W Data set

Pis

Size State

0.05282791611028007
0.43246542176055813
0.6515932745145013
0.48777E61594148314
0.9752578554261062
0.7734012005002804
0.15040860041031936
0.85620450754127552
0.268086040082530
0.0

1.0

0.0

1.0

0.0452907 24847512469
0.2181565001009187 4
0.11945042430506585
0.4147 155410212802
0.5022901650518179
0.423641353099026536
0.7343308208286555
0.9268426580300511
0.3427231806203011

0.608450717202726
2.419020040342408
1.2342307517 148708
2.7370404074800852
0.873897 3070081257
3.24849517 13108572
2.8811014502080265
1.9132008050322384
1.510644792424515
0s

0.5

]

3.5
2.605851167997531
2.4080004250037 454
0.5338582812272302
0.2355000000950537
2.4808048440800127
3. 4757703140607 727
146048567 49642715
2.1309088576262833
2.040468758283183

neutrosec-3:44775 (00:00:48)
neutrosec-5:457 16 (00:00:50)
neutrosec-4:33376 (00:00:48)
neutrosec-5:41623 (00:01:00)
neutrosec-3:48300 (00:00:50)
neutroses-3:44775 (00:01:02)
neutrosec-4:33376 (00:00:51)
neutroses-5:457 16 (00:00:57)
neutrosec-3:40300 (00:00:50)
neutrosec-5:41523 (00:00:51)
neutrosec-<4:33375 (00:00:44)
neutrosec-3:48300 (00:00:53)
neutrosec-5:457 16 (00:01:01)
rUNNING @neutrosec-3:44523
rUNNING @neutrosec-3:50853
rUNNING @neutrosec-3:33010
rUNNINg @neutroses-2:47676
rUNNING @neutrosec-5.457 16
intact

intact

intact

intact

fmean_keff=0.83514, sigma_keff=0.9E-4}
{mean_keff=0 43866, sigma_keff=9.7E-4}
{mean_keff=0.37587, sigma_keff=8.2E-4}
{mean_keff=0 48104, sigma_keff~9 5E-4}
{mean_keff=0.398795, sigma_keff=8.3E-4}
{rmean_kef=0.61211, sigma_kef=0.7E-4}
{mean_keff=0.66163, sigma_keff=8.TE-4}
{rmean_keff=0.40395, sigma_kef=0.7E-4}
{mean_keff=0. 47258, sigma_keff=8.2E-4}
{mean_keff=0.64871, sigma_keff=0.0E-4}
{mean_keff=0.348288, sigma_keff=8.2E-4}
{mean_keff=0.87957, sigma_keff=8.7E-4}
{mean_keff=0.67924, sigma_keff~9.5E-4}

Running calculation

Running caleulation

Running calculation

Running caleulation

Running calculation

BV

B

Caleulatar Computer FPort Since State
neutrosec-5 neutrosec-5 45716 Juil. 13 11:41:01 unning
neutrosec-3 neutrosec-3 44523 juil. 13 11:43:58 unning
neutrosec-3 neutrosec-3 33010 Juil. 13 11:43:58 unning
neutrosec-3 neutrosec-3 50653 juil. 13 11:43:58 unning
neutroses-2 neutrosec-2 A7ETE Juil. 13 11:43:58 nning

. time spent: 00:03:14, remaining(est.): 00:02:14, cases: 13022
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Components to build an operational workbench
Configuration  Help

Calculators pool ' Cases of calculations * Results |

Data set . Wariables Qp[imum\l\

Ciptimum

Size =18

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

d.broui.scale = 0.0

d.Pud2 =35

el

Mext expected maximum value may be 0.436672301032858 (sd=0.1021111865913423)
Improvement sequence is 0.03634326569116935

d.Pu02 = 3,5 d.broui.scale = 0

0.9

0.9

Data set State | Activity
Puits_PuO2_2variable... running

0.8
0.8

keff)
0.7
keff)
0.7

gma
gma

0.6
0.6

Nimean_keff,si
N{mean_keff,si

0.5
1

7
gl Data set Size Ptz State =}

0.4

T T T T T T T
0.5 1.0 1.5 20 25 3.0 35
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Components to build an operational workbench

| Configuration Help |

R

Data set State Pis ‘ariables

Q | Data set | State
Puits_ Pu02_2wvariable... running

| Activity

= W Data set Size Pis State

i

I
Gl

=
&

t

Calculators pool* Cases of calculations | Results |

d.brouiscale d.Pud2 Status
2 7 Aeufrosec-4: oos mean_Ret=

0.7734012005002804
0.15040860041031936
0.8569450754127552
0.268086040082530
0.0

10

0.0

1.0

0.0452907 24847512469
0.2181565001000187 4
0.11845042430508585
0.4147 155410812802
0.5022901650518179
0.423641353009026536
0.7343308208286555
0.0268426580300511
0.3427231806203011
0.971218018567 3535
0.7017987 112887204
0.051485168556207 445
0.8271742211875026
0.023645202517 40863

324840517 13198572
2.8811014508080265
1.9132098050322384
1.510644702424515
05

0.5

35

3.5
2.605851187287531
3.4020004850037 454
0.5338582812272302
0.8355000800960537
2.4208045440802127
3. 4757703140807 727
1.46048567 40642715
2.130909857 6262833
2.040458758283183
2847 220084332655
24200717 111434782
3.2878028158978433
0.704662362502372
0.7246011545678135

neutrosec-3:447 75 (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-3:48300 (00:00:53)
neutrosec-5:457 16 (00:01:01)
neutrosec-3:44523 (00:00:51)
neutrosec-3:50853 (00:00:52)
neutrosec-3:33010 (00:00:47)
neutrosec-2: 47876 (00:00:42)
neutrosec-5:457 16 (00:00:54)
neutrosec-2: 47576 (00:00:50)
neutrosec-3:33010 (00:00:50)
neutrosec-3:44523 (00:00:50)
neutrosec-3:505853 (00:00:48)
FUNNING @neutrosec-2:50960
rLUNNINg @neutrosec-2:53680
rUNRINg @neutrosec-3:33010
rUnNNiNg @neutrosec-3:50853
rUNRING @neutrosec-3:44523

Results
LEigma_ket=

{mean_kef=0.61211, sigma_keff=0.7E-4}
{mean_keff=0.66163, sigma_keff=0.TE-4}
{mean_keft=0.42395, sigma_keff=0.7E-4}
{mean_keft=0 47258, sigma_keff=0.83E-4}
{mean_keft=0.64971, sigma_keff=0_0E-4}
{mean_keff=0.348285, sigma_keff=0.0E-4}
{mean_keff=0.87957, sigma_keff=0.7E-4}
{mean_kef=0.67924, sigma_keff~0.5E-4}
{mean_keft=0.85918, sigma_keff=0.GE-4}
{mean_kef=0.60311, sigma_keff=0.6E-4}
{mean_keff=0.85267, sigma_keff=0.7E-4}
{mean_kef=0 28872, sigma_keff0 7E-4}
{mean_keff=0.4585, sigma_keff=8.GE-4}
{mean_kef=0.54175, sigma_keff=0.GE-4}
{mean_keft=0 41975, sigma_keft=0.TE-4}
{mean_keft=0.53083, sigma_keff=0 BE-4}
{mean_keff=0.417a, sigma_keff=0.8E-4}

Running salculation

Running zalculation

Running zalculation

Running zalculation

Running calculation

0.120289520420220883 1.7950802000611943 intact ?
0.7 182250608693345 3470300927 3638146 intact 7
0.67E7 103588803861 1. 79557634587 30085 intact i
0.8902257 152725557 3 4883642522314267 intact 7
Caleulatar Computer FPort Since State

neutrosec-3 neutrosec-3 44523 Juil. 13 11:43:58 dane.

neutrosec-3 neutrosec-3 33010 juil. 13 11:43:58 unning

neutrosec-3 neutrosec-3 A0653 Juil. 13 11:43:58 unning

neutrosec-2 neutrosec-2 50960 juil. 13 11:45:43 unning

neutroses-2 neutrosec-2 53680 Juil. 13 11:45:43 nning

. time spent: 00:05:00, remaining(est.): 00:02:02, cases: 22031
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iticality safety assessment

IRSH

INSTITIIT

22/44




Components to build an operational workbench
Configuration  Help

Data set . . Wariables Op[imum\l\

Calculators pool ' Cases of calculations * Results |

Ciptimum

Size = 22

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

d.broui.scale = 0.0

d.Pud2 =35

Mext expected maximum value may be 0403795855641 75635 (sd=0.05129131183748022)
Improvement sequence is 0.03634326569116935 0.015487485658755436

d.Pu02 = 3,5 d.broui.scale = 0

:;E;'*
2 2.
.- [=} =
alculations E
i'j Data set State | Activity
Puits_Pu02_2variable... mnning
o 0 5
0 :
3 -
- - o i, O i
- = = s
x [:H] ] s
=y e B
E E 2
o w o o e
= > =
= = b3
7] ] =
=, o) B
= = R
@ o b
15 o o
E W E wn | &
z ° z ° :
A v Data set Size Pis State
= =
S ] S ] .
o | o |
[=] (=1 |
T T T T T T T T T T T T T
00 02 04 0868 08 1.0 05 1.0 1.5 20 25 30 35
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Components to build an operational workbench
Configuration  Help

Data set . . Wariables Op[imum\l\

Calculators pool ' Cases of calculations * Results |

Ciptimum (&=

Size = 3b

Maximum value is 0.94483 (sd=9.7E-4)
for

d.brouiscale = 0.051841262267 356865
d.Pud2 = 1.3152636722486182

Mext expected maximum value may be 0.3305609836167595 (sd=0.037521836022635854)
Improvement sequence is 0.03634326569116935 0.015487485658755436 0.044748414478039784

d.Pu02 = 1,31526367224862 d.broui.scale = 0,05184126226735¢

o o
[=} S
Data set State | Activity
Puits_Pu02_2variable... mnning
@ * @
0 o
r~ | r~ |
_ = S = |
b= E=
g g .
1 1 ¥
@ @
E E
= w o w
Lol N
= =
] ]
= e
c E
@ @
] @
E 1. o E
z © z ©
v Data set Size Ptz State
i b
=1 =]
] Lo
[=] (=1
T T T T T T T T
0.0 05 1.0 1.5 20 25 30 35
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Components to build an operational workbench
Configuration  Help

Calculators pool ' Cases of calculations * Results |

Data set . . Wariables Op[imum\l\
Ciptimum (&=
Size =48
Maximum value is 0.94483 (sd=9.7E-4)
for
d.brouiscale = 0.051841262267 356865
d.Pud2 = 1.3152636722486182
Mext expected maximum value may be 0.27124840838756037 (sd=0.006921897341635227)
Improvement sequence is 0.03634326569116935 0.015487485658755436 0.044748414478939784 2.763856399510977E-4 0.01589271212596177
d.Pu02 = 1.31526367224862 d.broui.scale = 0.05184126226735¢
Data set State | Activity o _ o _
Puits_Pu02_2variable... mnning = =
[l o |
=] =]
5~ 5~
a7 s @ | .
@ @
E E .
o =2 »
= T
£ o | T e .
= o = o
c E
@ @
] @
E E
= n = n
a a |
v Data set Size Ptz State
= | < |
[=} [=1
™o ™o
=] . =1
T T T T T T T T T T T T T
00 02 04 0868 08 1.0 05 1.0 1.5 20 25 30 35 -~

Stochastic global optimization practice in nuclea ticality safety assessment I RS “ 25/44

INSTITIIT




Components to build an operational workbench
Configuration  Help

Post processing \\‘ Files\'\

Data set . . Wariables Optimum\
Optimum
Size = 58
Maximum value is 0.95964 (sd=9.6E-4)
far
d.broviscale = 0.09327404717601559
d.Pud2 =1.011042937354369
Next expected maximum value may be 0.34113979499640373 (sd=0.006697966035673094)
Improvement sequence is 0.03634326569116935 0.01548748565875543536 0.0447484144789397584 2.763858399510977E-4 00158927121 2596177 0.0
d.Pu02 = 1.01104293735437 d.broui.scale = 0.09327404717601%
Calculations
a Data set State Activity
[+ ] =]
= =1 (=T
" @ | @ |
[=] o
“ § 5
N ™ e ™ ]s
(=1 (=1 -
@ @
E 3 .
o o .
= @ @
= w b= w . =
¥ Ib‘ EI =T EI S
b E E
@ T .
@ @
E E
= =
[=] [=]
Data set Size | Pis |
:Euiis_PHOE_!v:rilh... 45 MBE 58 seen
=< o]
[=] [=1
L L
=] =]
T T T T T T T T T T T T T
0.0 02 04 06 0B 1.0 0.3 1.0 1.5 20 25 3.0 3.5 -
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Components to build an operational workbench

Configuration  Help

R

Data set ‘ariables

alculations

Data et

Activity

| s | State |
58 seen

Data set Size

v
Puits_Pu2_2variab...

45 MEB

Post processing * Files |

EURFPPRPCPPRPPDEPRPREPRPRCREPRPEREPRERORD

kmO_1389836055 Rdata
d.brouiscale=0.130020244208400082
d.broviscale=0.56288570581305385
d.brouiscale=0.6887877064201388
d.broviscale=0.7217987112887204
d.broui.scale=0.02384820251740253
d.broviscale=0.7173223837510091
d.broui.scale=0.003274047 17601550
d.brouiscale=0.09272100515632431
d.broui.scale=0.42006702810325553
EGO0_1389838005 Rdata
d.broviscale=0.7734010095008804
d.brouiscale=0.6420818432138218
d.broviscale=0.5022001650512178
d.broui.scale=0.30805001896280808
d.broviscale=0.4147 155410812002
d.brouiscale=0.17350012273527682
EGO3_1389836095 Rdata
d.broui.scale=0.5002528564255458
d.broviscale=0 48777661504148314
d.brouiscale=0.6877512203063218
d.broviscale=0.7343308208288555
km4_1320236005.Rdata
d.brouiscale=0.7478248702827841
d.broviscale=0.2277417E 14285053
d.broui.scale=0 268868040088839
d.brovi.scale=0.07525785542G1062
d.broui.scale=0.7888243041124528
d.broviscale=0.8515032745145012
d.broviscale=0.1422157327 1788657

i

Find: | Find: L
(= d.brouiscale=0.05292791611028907 I \#Tue Jul 13 11:41:50 CEST 2010
: 2 |state=4
= [B' d.Pu02=0 B084507 17202726 E |otario1279014061873
[1:?} | input 4 |code=morets
D info.be 5 |input.d.broui.scale=0.05292791611928907
G-C3 : 5 |duration=48759
L3 output 7 |end=1278014110632
EGO1_1320836005 Rdata 8 |calc=neutrosec-3%:44775
d.broui.scale=0.9268426589309511 P |input.d.Pu02=0 60B450717292726

output.sigma_keff=9 9E-4
output.mean_keff=0.83514
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Components to build an operational workbench
2 Grid computing engine & algorithm back-end

! Distributed computing engine
= Asynchronous, remote & parallel distribution
" Back-end daemon compatible with larger set of CPU boxes :
server, workstation, grid, cluster, ... and even Windows office desktop
* Dynamic merge of heterogeneous computing power
* Failover

I Algorithm back-end

* [R] (remote or local)
= Light wrapping script

Stochastic global optimization practice in nuclear criticality safety assessment



Components to build an operational workbench
2 Grid computing engine & algorithm back-end

e

Output values

—
Input parameters

¥ = double[]] y = double[]




Components to build an operational workbench
2 Grid computing engine & algorithm back-end

# 1

constructor and initializer of R session

[Zhit =- function() {

i

library(lhs)

#' first design building. All variables are set in [0,1]. d 15 the dimension, or number of variables

#I
#I

}

#I
#I
#I
#I

@param d number of variables
@return next design of experiments
<- function(d] {
set.seed(1)
lhs =- maximinLHS(n=1nitBatchSize,k=d)

iterated design building.

@param X data frame of current doe variables (in [o2,1])
@param ¥ data frame of current results

@return next doe step

IBTEPARENEREDSSHGN-~ function(X,v) {

#I
#I
#I
#I

r.‘t.a:cur‘s .matrix(Xnext) )|

final analysis. All variables are set in [0,1]. Return HTML string
@param X data frame of doe variables (in [©,11)

@param ¥ data frame of results

@return HTML string of analysis

_ =- function(X,¥) {

html=paste(sep="<br/=",paste("=HTML=... ", m),..., "</HTML="]

return(paste(html,plot])

Stochastic global optimization practice in nuclear criticality safety assessment
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Components to build an operational workbench

2 Grid computing engine & algorithm back-end
BUITdIRTEIa1BESIgR <- function(d) {...]

#' 1terated design building.
#' @aram X data frame of current doe variables (in [0,1])
#' @aram Y data frame of current results
#' {@return next DoE step
- function{X,¥) {
1f (1EGO = 1terations) return();
1EGD ==- 1EGD + 1

Héise.var <<- as.array(Y[,2])
1t (search_min) {y=Y[,11} else {y=-Y[,1]}

kml <- km({design=X, response=y, trend, optim.method='gen',... |
EGOL < max_qgEL.CL(modpl=kmi, npoints=batchSize, L= llar(as array{ ¥iolldl, ...
return(as.matrix(EGOL$par))

¥

#' final analysis. ALl variables are set in [0,1]. Return HTML string
#' @aram X data frame of doe variables (in [8,1])
#' @param ¥ data frame of results
#' @return HTML string of analysis
<- function(X,Y) {
analyse.files =<- paste("sectionview ",1EGOD-1,".png",sep="")
png(file=analyse.files,bg="transparent",height=resolution,width = resolution)

html =- paste(sep="<br/=",paste("<HTML>minimum 1s ",m),...

Stochastic global optimization practice in nuclear criticality safety assessment
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Overview

I Nuclear criticality-safety assessment and related issues
= Classical approach and basic tools
= Rethinking through « Computer Experiments » framework:
« Expert driven » supplemented by « Algorithm assisted» policy

I Components to build an operational workbench
" Front-end GUI
* Grid computing engine & algorithm back-end

! Feedback on two years of daily use
* Adhesion vs. resiliency
* Enhancing robustness with EGO/kriging improvements

I Focus on stochastic optimization
* Related [R] packages
" |Integration of stochastic simulator
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Feedback on two years of daily use
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Feedback on two years of daily use
A Adhesion vs. Resiliency

! Resiliency of « old school » practices
= Coverage: Only 50-80% of assessment practice is covered by the
« computer experiments » framework...
=> Let users do whatever they want (including previous old practice)
* Quality Insurance: workflow is already mapped on existing tools...
=> The workbench have to be flexible enough to permit same level of QI
* Users: to master new concepts, the learning curve is sometimes too steep
=> Take time to explain...

! Adhesion to this “new” assessment framework

» <at first> focus on early adopters (easier 20% of target)
* <then> capitalize on « real world » feedback, to adapt the solution
e <try to> convince wider and wider... adapt again and again...

« <finally> involve people in R&D policy
* Efficiency measure based on « real world » test cases
= Smooth (software) transition between old and new practices

Stochastic global optimization practice in nuclear criticality safety assessment



Feedback on two years of daily use
2 Enhancing robustness with EGO/kriging improvements

I Noisy kriging
* Noise to model random Gaussian output of MC code
" Heteroscedasticity to support arbitrary « fidelity » of experiments

! Automatic input « scaling »
= Support for input parameters transformations
log/exp/logistic emulated as local 2" degree splines
* To be published in DiceKriging 1.2 (soon)

I Parallel EGO

* Constant Liar heuristic
* Tunnable deepening of EGO

Stochastic global optimization practice in nuclear criticality safety assessment



-
Overview

I Nuclear criticality-safety assessment and related issues
= Classical approach and basic tools
* Rethinking through « Computer Experiments » framework:
« Expert driven » supplemented by « Algorithm assisted» policy

I Components to build an operational workbench
" Front-end GUI
* Grid computing engine & algorithm back-end

I Feedback on two years of daily use
= Adhesion vs. resiliency
* Enhancing robustness with EGO/kriging improvements

! Focus on stochastic optimization
* Related [R] packages
* Integration of stochastic simulator
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Focus on stochastic optimization
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Focus on stochastic optimization

Nugget effect
? Related [R] packages o |
I DiceKriging =
= Ordinary / Universal kriging o
" Nugget / Noise =
[Tp]
3.
e _
S _
od
0
= Kernel: iy
* Exponential g
* Gauss & |
* Power-exponential °
[Ty ]
* Matern 3/2 S
* Matern 5/2 E |

0.0 0.2 0.4 0




Focus on stochastic optimization

A Related [R] packages
I DiceKriging

* Ordinary / Universal kriging

" Nugget / Noise
" Kernel:
* Exponential

klh=|x—y|l=e °

Clx,y

=s’k(x, y]

h

Exponential

* Gauss _(g)2
klh=[x—y|l=e °

* Power- exponent1a%£)
klh=|x—y|l=e '°

* Matern 3/2 _5h

klh=|x-y|= 14306 s

* Matern 5/2 9 5 h

klh=|x-y||= 1+J59 3la

1.0

0.6

0.2

Gauss

Power-Exponential p=3

0.0

T
0.0

hie

Matern 3/2

Matern 5/2
0.4

0.8

0.4

0.8

0.0




Focus on stochastic optimization

o —

? Related [R] packages

I DiceKriging
* Ordinary / Universal kriging
" Nugget / Noise
= Kernel: Clx,y|=s’k[x,y|
* Exponential h
klh=|x—yll=e °
* Gauss _(Q)Z
klh=|x—yl|l=e \°
* Power- exponentlat g)

klh=|x-yl)=e
* Matern 3/2

klh=|x—-y||= 14326
* Matern 5/2 9

klh=|x—y|\=| 1+/5 2+

9 3le

0

2

T T T T
0.0 02 0.6




Focus on stochastic optimization
A Related [R] packages

I DiceOptim
" Expected Improvement (local) criterion
* Low cost criterion (compared to global ones)
* Maybe extended to noisy kriging
* Parallel maximization of El based on « Constant Liar » heuristic
* min/max/mean/kriging mean/...
* Used as a tunning parameter for global/local optimization
" Integrated / Decoupled call of cost function
» Suitable for « computer experiments » framework

Stochastic global optimization practice in nuclear criticality safety assessment



Focus on stochastic optimization
A Related [R] packages

. . d <=- 2; n =- 16
I DlCeVIGW design.fact <- expand.grid(seq(®, 1, length = 4), seq(®, 1, length = 4))

design.fact =- data.frame(design.fact); namesidesign.fact) =- c("x1", "x2")
y <=- branin(design.fact)
m <- km(design = design.fact, response = yh

sectionview(m, center = c(.3, .3))

sectionview3d(m)

X2=0.3 X1=03

o (=]
S S 300
B - B - 250
(8] (9]
S | = 200
(8} (8]

150
B - > B4

100
o o ¥
(= (=R
B B 0
o - o -

X1 X2
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Focus on stochastic optimization
7 Integration of stochastic simulator

! Controlled convergence heuristic for MC criticality code
" MC code => sd estimator of Gaussian output (k-effective) is available
(each MC sample increase, for instance)
* Code endpoint may be
* Sample size :(
* Estimator sd target
» Estimator quantile (0.999) target
* Early endpoint reached when k-effective 99.9%-quantile << 1.0
OR
= Early endpoint reached when k-effective 99.9%-quantile << current max.

! Resource-constraint optimization using simulator fidelity
* On-line control of experiments fidelity using « Start & Stop »
* Quantile based Expected Improvement
* To be published in Technometrics 2011

Stochastic global optimization practice in nuclear criticality safety assessment



! Promethee workbench http://www.irsn.fr/promethee

! Dice* kriging packages (http://dice.emse.fr/)

DiceKriging
http://cran.r-project.org/web/packages/DiceKriging/index.html

DiceOptim
http://cran.r-project.org/web/packages/DiceOptim/index.html

DiceView
http://cran.r-project.org/web/packages/DiceView/index.html

Stochastic global optimization practice in nuclear criticality safety assessment
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