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SO many opftions!

=<
il

Next Generation
® Workflow (NGW)

t

stages:
- check
- build
- test

[T SR

- deploy

.only_template: &only_def
10 only:

. 1 - branches
12 - main
3 - tags
14
15 check:poetry:

16 stage: check
17 <«<: *only_def

18 image: python:3.8-buster

19 variables:

20 QT_QPA_PLATFORM: "offscreen”

21 script:

2 - apt update 8& apt install xvfb -y
23 - pip install --upgrade pip

24 - python -m pip install poetry pytest pylint

- poetry config virtualenvs.create false

- poetry install

27 - pytest --verbose --cov=nodeworks --cov=tests tests
28 - pylint nodeworks

build:conda

Pegasus —

Low-Code/No-Code
flow REE

build:nodeworks-whi
testinstall

deploystc

build:docs

deploydocs
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https://github.com/meirwah/awesome-workflow-engines

What is Nodeworks? = [NATIONAL

R T OO TLJGSNSs
e
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Application and
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S A 1IN framework for
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Y N workflows
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A€ PQE=XRA

8/28/2020




Why did you make this? = BN
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MIFiX

Joule | 55t Fall 2012
Joule 2.0 | 52"  Fall 2018

Justin Weber, Thermal Sciences

Parameter

sweep
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Why did you make this? N=|NATIONAL
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g pyQtGraph!

p PLY N X

Grasshopper = ;
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How Is It constructed? = |NATIONAL
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Tested operating systems:
- Linux (Centos @ Joule)

- 0OSX
- Windows

Deploy

- Conda

- Poetry

- Pyinstaller?

\

NumPy seaborn

P Torch h 0O .
|4l pandas O Py matpl: tlib
‘PTensorFIow GO .
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How does it work? = [y
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Node _
Terminal

Topological sort
1. A

2.B,C

3.D

Connection
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rq NATIONAL

Super easy to make your own nodes!
TLJRSORRISR

class FloatNode(Node):
LI I |
Response Surface A % v
Floa-t Type » matrix/response
+ -
Data Preprocessing Model Compare Error Plot
Variable values, Plot |3D ~

Model |radia| basis function ~

Output Terminals

the float value of the spinbox 2
Float A % ~ ;
"Float’ -»  float [0.00 = :‘“
__init_ (self): €
self. = {
"float': {'widget': 'doublespinbox’,
‘out': True,
'dtype': float, }, AECI Q=B 8
Y Axis |t2:beta | X Axis (t1:P_0 ~
Model | radial basis function e

Response matrix | list

}

Node. init_ (self)
2020 8
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Surrogate modeling and analysis foolset N=|MAnonaL
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Optimization
: . , Response Surface e
Design of Experiments Model evaluation : Sensifivit
S P Construction Y
Forward Propagation
Design of Experiments A % Code A £ ~ Response Surface A % ~ | General Optimizer A % ~
Variables  Design  Plot  Quality arguments |matrix | matrix/response model
+ - $ ¥ [: + - Options Flot  Parallel plot
variable unit  min  max type Eimpo.rt numpy as np Data Preprocessing Maodel Compare Error Plot Plot |30 -
0 a -500 500 Continuous g : Z—ML;_:;—— ..... 420.9867) = 0 Model |radia| basis function | |Variable values, Plot
imatrix=np.asarray(matrix[l:])
1b -500 500 Continuous S returnCut=418.582%*len(matrix[0, :])-np.s=s
< > . 1500 r_ncn:
variable 5 1000 S‘,-
oy &
type Double Precision arg(s) < > &
units untitled 1:1 python
link e functionOut &
from o returnOut [
matrix .— []
levels ‘ﬁ‘(") "I"QI_"M ”
-_-— []
Selected Qutput DOE Lterable ~ | = Model|radial basis function R | =1 ﬁ 6 * ‘*’ Q == u ”
DOE Matrix > Response matrix |list ~ | ecutt B

8/28/2020




Design of Experiments

Design of Experiments A& v
Variables Design Plot Quality

+ -

| variable unit min max type

1 ug mfs 0 1 Continuous

2 beta - 1 100 Continuous

3 alpha - 1 5 Continuous

variable |a|pha
pe Doube precson

|
O

Iink|None v |
from |1 |to |5 |
levels |2 |

Selected Output | DOE Tterable ~ |
DOE Matrix &
Factorial

Covary

U.S. DEPARTMENT OF

Design of Experiments A £ ~
Variables Design Plot Quality
Method |latin hypercube ~ |
Samples |30 |
optimize Rerations 100 |
Randomize  seed 7835326 (4]
[ ] Repeat 1 + | random samples |1 - times.
[] Randomize sample order o
‘ Import ‘ ‘ Build ‘ ‘ Export
ug beta alp ™
1 0753 348 1.7
2 0879 49.9 414
3 0669 25 283
W
< >
Selected Output | DOE Iterable ~ | =
DOE Matrix &

Design of Experiments A £ ~
Variables Design Plot Quality
100 - . .
° L]
¢ L]
80 -
L ] L] ®
L ]

T 60 - ‘. o

g 17 . ’

Q40 A . .

L] ° L ]
201 o ® .
L]
L] L]
0 o
00 02 04 06 08 10
ug [m/s]

a€Er Q=B

¥ Axis | beta ~ | x Axis |ug |
Selected Output DOE Tterable v |

DOE Matrix &

TL

Design of Experiments

Plot Quality

Pairwise distance based metrics

Variables Design
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A% v

Distance Metric |euc|idean

Min Distance  |0.147

Max Distance  |1.52

Ratio (Max/Min) |1£].4

L2-discrepancy |U.00398

Selected Output | DOE Iterable

w | e

DOE Matrix &

Montecarlo

Lafin hypercube

Central composite
Sobol

Hammersly
Halton




Building the models

From within the MFiX GUI

=B » > 2 e @ A BOQ S Model | mencstatus | VI X | monkors X meshstats X | |
EEesSeFBic s> G 200 ]
<
2.00s &
Design of Experiments A 4 v &
P (8
~ 5 2
| 093
-
c}
@

Selected Output | Completed Runs -
DOE Matrix

0.2 3
0.1 1

rE N FOCEDmR
status Job id Progress Time ot Time remaining Path

7.7E-02 P1
5.1E-02  P1
3.56-02 Pl

2.a6-02 Bl
t=  1.270617 Wrote .RES; 1
WRITING VTU FILE : ./VTU/FB2D_0127.vtu .

2 messages. x L 7T
Ready = CPU: 1% [ RAM: 43%

Modeler - Editor History Python

U.S. DEPARTMENT OF

'ENERGY

Search/replace text

Generic Model Creator & % ~

[» DOE Matrix
B source directory works_projects/calibration | [
sV ~
File extensions [_] .dat
to copy nc
[1.png v

[].csv ~
File extensions [v] .dat
to replace [].nc

[ ] png e
Replace pattern |${\rariable} w |

¥ Export directory eworks_projects/calibration [

¥ Directory prefix |sim_ |

‘ Delete directories H Create directories ‘

directories q

N: NATIONAL

= |[ENERGY
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Custom python script

Code

A% -~

arguments |matrix

2 ¥

1 import numpy as np

2 schwefel

3f £(420.9867, ..., 420.9867) = 0

fmatrix=np.asarray(matrix[l:])

S returnCut=418.982%*len (matrix[0, :])-np.s
< >
untitled 1:1 python

functionOQut &
returnOut

» matrix
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Running the models

N: NATIONAL
= |[ENERGY

= B\ » b O =@ ‘ o, it ‘ a @ QaQ » Model MFle‘tatus‘VTKx |mmtmsx Mesh Stats X ‘T‘
Bk ecadi < r > g [200

<
2.00s
Design of Experiments A F v =
| Variables | Design | Plot | Quality | Run | e
#un Directory (GRS O T
R o
["] Restart s
o
®
080 &

PE N FOOEIEDE G
Status Job id Progress Time Dt

From within the MFiX GUI

Over-Write J{ Append |

[ Run

Time remaining. Path |+

sim_000000

sim_000001

sim_000002

sim_000003

sim_000004
sim_000005
sim_000006

sim_000007

sim 000008
1]

running
finished
running
running
running
running
running
running

running

617873 -37% |ﬂ.749 2.87e-03 99.1 1.nfsfhome
617874 2 9.00e-03 0 f.nfefhome
617875 EZ] 115 1.69e-03 443 f.nfsfhome

617876 % 105 1.37e-03 53.6 f.nfshome

617877 % 1.03 1.11e-03 55.7 f.nfsthome | Submitting to Queue

617878 11 8.10e-04 48 f.nfsfhome | Sim_000009

617881 [ TR 11.00e-03 67.6 1. -~

Running project: /.nfs/home/3/jweber/mfix_projects/fiuid_bed_tfm_2d/

Job submit CMD: sbatch .qsubmit_script

617879 11 1.11e-03 49 f.nfsfhome  Job successfully submitted with job id: 617882
Submitting to Queue
617880 % 1.03 1.11e-03 55.5 t.nfsfhome

>

Modeler (NodeWorks| Editor History Python

I3

U.S. DEPARTMENT OF

ENERGY

2 messages

x L7
Ready | CPU: 3% | RAM: 43%

Queue submission

Queue Submission A % v
directories

| Load template, C

I Jobs ’ Options ‘ Commands | Script |

Job ID Queue Status Path (<
/.nfsfhome/3/jweber/
nodeworks_projects/
nodeworks_ex6/
my 000000
/.nfs/fhome/3/jweber/
nodeworks_projects/
nodeworks_ex6/
my 000001
/.nfs/home/3/jweber/
nodeworks_projects/
nodeworks_ex6/
my 000002

I nfrihamal2 timahart
Submit |

finished directories »
finished mask &

617894 general Done

617895 general Done

617896 general Done

TL TECHNOLOGY
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Custom python script

Code A % v

arguments |matrix |

LA

1 import numpy as np
2 schwefe

3fF £(420.9867,

-, 420.9867) = 0

fmatrix=np.asarray(matrix[l:])
S returnCut=418.5%82%%1len (matrix [0, :])-np.s

< >
untitled 1:1 python
functionQut »
returnOut
& matrix

8/28/2020




Response Surface

NATIONAL
ENERGY

Response Surface A £ v
¥ matrix/response
+ -
Data Preprocessing Model Compare Error Flot
Cross validation points % Repeats
fit Model MSE SSE R~2 L.inf ™
v gaussian process 7.52e+05 7.52e+07 -10 1 1
v polynomial 5.82e+04 5.82e+06 0.167 0412 0
v multilayer perceptron  1.06e+05 1.06e+07 -0.522 0542 0
4 support vector machine 6.74e+04 6.74e+06 0.0297 0472 0
v decision tree 215e+04 2.15e+06 0.686 0369 0.
< s
kernel |1*R.BF a |
alpha |1e—10 |
optimizer |fmin_|_hfgs_h ~ |
optimizer restarts |U |
[ normalize
Refit Model(s) |
Model |radial basis function ~ | =
Response matrix |Ii5t w | >

v

Response Surface A %
» matrix/response
+ -
Data Preprocessing Model Compare Error Flot
Error metric Flot Type
gaussian process - {1

multilayer perceptron - H
support vector machine 4 | H)
polynomial { | H

decision tree { ||}
random forest 4 ||
gradient boosting

radial basis function

0 200000 400000 600000 800000

MSE

AE>I Q=B

¥=137528

y=

Model | gaussian process

u|p

Response matrix |Ii5t

v|b

Response Surface A £ v
» matrix/response

+ -

Data Preprocessing Model Compare Error Plot

Model | radial basis funct ~

1750

1500

1250

1000 °

750 .

mMoael

500

250

r

0 250 500 750 1000 1250 1500 1750

Dacnnnca

AE» PQ=X B

Model |gau55ian process

v|p

Response matrix | list

v|.-

TECHNOLOGY
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TL

Response Surface A £ v
¥ matrix/response
+ -
Data Preprocessing Model Compare Error Plot
Model |radia| basis function | | Variable values, Plot

A€E>» Q=X B

Model ‘ gaussian process

Response matrix ‘ list

U.S. DEPARTMENT OF
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Neural Net Regressor

N=
TL

Neural Net Regressor A 3 v | Neural Net Regressor A £ ~ | Neural Net Regressor A & v | Neural Net Regressor As v
= matrix/response ¥ matrix/response [ matrix/response | matrix/response
+ - + - + - + -
Data Model Train Error Plot Data Model  Train Error Plot Data Maodel Train Error Plot Data Model  Train Error Plot
Available layers Model layers Layer options Optimizer |Adam > ‘ Plot Plot
|Seamhm E inear0 Features Learning rate |0.01
Identity A | relud Loss function |MSE w ‘
Linear linear.1 Epochs [s00 B 700 s &
el ®
ELU relul Test [0.0 E] % » ":‘:- -, g
CELU linear.2 _— o . ‘I,: 2. ki
lu2 PR Ll >
GELU re ; ) gt b g
RelU finear. T Ot w2 £
3 ot g
RelUs 300000 2 600 . '.F‘-l' A 5
e
Lf:akyR_eLU 200000 . Y ,«‘_ » os .
Sigmoid “:#.,j-- . *
Hardsigmoid 100000 550 Y _:';‘
LogSigmoid e
Softplus 0 100 200 300 400 500 500
Softsign Epoch 500 550 600 650 700
Tanh Recnnnca: wl:AD? ﬁ + * $ Q = M
- -— 0 -— . ¥=601.920  y=586.504 =
Enhsrn.rlk v wED 4’ Q =~ a« (- -) .{'. Q == M ¥ Axis |12:beta v | avis [11:P_0 v
vodel B Madel B Model B Model B
Response matrix ||i-'3l Respanse matrix |I'ml

Response matrix | list

<

Response matrix |Iisl

<o

NATIONAL
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PyTorch
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Optimization

General Optimizer A % -
» model
Options Flot Parallel plot
Operation |minirnize V|
Attempts |10 £
Method |diﬁerential evolution V|
Strateqy |he.-311bin V|
Iterations |10EI E“

Tolerance |U.0l]01 |

Popsize
Mutation |0.50 2| Recombination |0.70 =]

| Optimize ‘ ‘ Export ‘
a b Response “
0420 415 701
1420 415 701
2420 415 T
W
result &=

General Optimizer
= model

Options Flot Parallel plot

A% v

Flot | 3D

AEI Q=B

result »

N: NATIONAL
am |[ENERGY
TL TECHNOLOGY
LABORATORY
General Optimizer A % ~
» model
Options Flot Parallel plot
Bezier  Color Clusters Alpha
a b Response
- 140
~400
- 120
L 30 /
L 200 /j - 100
- 100 / - 80
o/ - 60
r —100!;/ L a0
- -200 - 20
-—300
AE> PQEXB »
result &

Differential evolution

Basin hopping

SHGO - simplicial homology global optimization
Dual annealing

U.S. DEPARTMENT OF
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Sensitivity Analysis =]NarioNaL
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Sensitivity Analysis A % v Sensitivity Analysis A % v
» model » model
Options Plot Total First Order Second Order Options Plot Total First Order Second Order

Method |50bo| analysis ™ | Sort by

Samples |1EIUU |

Conﬂdence|0.95 E” 0.6 m Total
Resamples |10 g me First Order
) P 0.4 ] mm Second Order
From To E‘; ’
a 3.14 3.14 2 ]
&i 0.2
b -3.14 3.13
0.0
c -3.14 3.13 |
@ © © ,65" .5‘.0 .65"

Calculate Sensitivities | H (- -) ‘*’ Q = u

Sobol
Method of Morris
Fourier amplitude sensitivity test

°
Delta moment-independent measure SA LI b

Random balance designs Fourier applicated sensitivity test

S. DEPARTMENT OF
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Forward Propagation

TL
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Forward Propagation A % v | Forward Propagation A % Forward Propagation A £ ~
» model » model » model
Options Bounds Probability Box Options Bounds Probability Box Options Bounds Probability Box
Aleatory samples |1000 E“ Samples outside range |re-draw i | The probability that the value will be |4 | or less 10
Epistemic samples |1UU E“ Epistemic Method |Iatin hypercube A | is between |3;-_4 | 0% and |93 L7 | e
type distribution from to mi " Draw on probability box 0.8 |
: 1
a aleatory normal -3.14 3.14 0 ) o o ) - :
Given the prescribed input uncertainties with % probability, |
1
b aleatory normal -3.14 3.14 0 w the quantity of interest will be between |4.51 | and |5.}'}' | . 0.6 1 :
< o [] braw on probability box :
Variable Type aleatory ~ | :
1
Distribution | normal v | | Export bounds to file | 0.4 4 :
Mean |0.0 | :
1
Standard Deviati 0.8 I
andard Deviation | | 0.2 4 :
1
100 - |
1
0.0 - . . f
50 - -2 0 2 4 6 8
-— 0
0 . . . . . AEI Q=B
Calculate Propagation |I | Calculate Propagation J | Calculate Propagation J

U.S. DEPARTMENT OF
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Integration with PSUADE UQ Toolkit from LLNL

Design of Experiments

| Variables ‘ Design | Plot \ Quality |

A % v

Method | MC_psuade

Samples |100

'v| Randomize seed |2110025°

Code

" | Repeat | | rar

arguments | matrix ]

1 import numpy as np

4 matrix=np.asarray(matrix[1:])
5 returnOQut=np.sum(matrix**2, axis=1)

PSUADE’s Monte Carlo
Sampling Method selected

A% -

1) =0

1:1 python

functionOut »
returnOut |

.| Randomize sample order c i
. Import || Build | Export | gz fphw
a b |~ ‘
1 |4.11 -4.85
2_‘ -4.48 -4.93 untitled
3— -1.39 0.915
4 372 -2.78 B notrix
s— -4.99 -3.96 Ji —
Selected Output | DOE Iterable v | ®
DOE Matrix

U.S. DEPARTMENT OF

) ENERGY

N= NATIONAL
am [ENERGY
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PSUADE’s Response Surface
Methods also tested
Response Surface A % v
matrix/response
+ -
’. Data \ Preprocessing | Mbdel ’ Compare ’ Error  Plot |
Error metric |MSE ~ | Plot[Type | boxplot ~ |
multilayer perceptfon 1 ——F+— O
gradient boostjng 1 |'T—/—+ O
MARS 1 )
PSUADE_Kriging { @
PSUADE_MARS
PSUADE_RBF 1 @
gaussian process | @
radial basis function { @
PSUADE_GuassianProcess { ® |
PSUADE_Cubic
PSUADE_Quadratic
polynomial
0 20 40
MSE
AeEI Q=X B
Model | PSUADE_Quadratic v | &
Response matrix | list -

8/28/2020




Wizard for Quick Setup of Workflow Templates [N=
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#* nodeworks ‘ - = X
=goOrp e3> 000
Untitled™ et
Desian of Exeriments 4 & ~ | Code A v
f MNode wizard ? et
Sensitivity Analysis Forward Propagation Optimization
Function to be optimized |5phere W |
Mumber of dimensions |2 E“
Method |5urm-gate W |
Use feedback loop [] Ll
Populate Modes Cancel
-
Response matrxist ] ﬁ resu |
a € ~ > > @ F =N N Wi




Feedback —|namionaL
TLJASERRISR

Design of Experiments A # ~ Code A % ~
Variables Design Plot Quality arguments |matr\x |
Method |Ialin hypercube ~ ‘ + ¥
Samples |25 ‘ 1 import numpy as np
cfel

9867, ..., 420.98¢7) = 0

- . 2% sc
Optimize |mne ~ | Lterations |100 | 3§ £(420

Randomize  seed 4840032 c 4 matrix=np.asarray(matriz[l:])
5 returnOut=418.9829%*len(matrix[0, :])-np.s

-

[] Repeat 1 % random samples |1 & times.

I:‘ Randomize sample order <]
| Import | | Build | | Export
< >
a b ~
untitled 1:1 python
1 274 -124 functionOut
2 300 288 ) returnQut
matrix
3 794 -241
4 -196 -356 v -

Response Surface A 4 v General Optimizer A £ ~

matrix/response model

Selected Output DOE Iterable

+ - Options Plot Parallel plot

Data Preprocessing Model Compare Error Flot Bezier Color Clusters Alpha

[

a b Response
0.0046 72221(%27 le-7+64623D2e.
4 r E) 4 Lg
Sample Aggregator A % ~ 2 1200 0.0044 i
Append new — g 5%
\»/ g ggg X —
Sa m p I eS {f Remaove duplicate samples ] 2%0 __717_ 10080 +

| Reset

—40
‘%000 0.0038

P 507400
agdregated sampees By 20800 200200 073

; PRI "I"Q B 0.0036 1 = | Return

! ®_ =~ B8 ” . .
i Model | radial basis function v|q a € "I" Q =~ B ” ”Optlmaln pOIntS
\

Response ot 12 “|® for evaluation

A\
Na -

<4 %

U.S. DEPARTMENT OF
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Loops
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indexed

Integer & & ~

|

shift

Pass through

SumA £ -~
input
result | 10.0

TL

8/28/2020

NATIONAL
ENERGY
TECHNOLOGY
LABORATORY




Other nodes = |NATIONAL
TL | oo

Wavelet A £ v | Plot A4~ Multi Plot A4~ Plot A4~
B vevalet b8 Ex He= Ex
¥ o v .
scsing i, pid s e = = . fr— = -
-0.1
o ] 200 400 600 800 1000 .
1
: | -
-1
AEIPQES 0 &= e & @ I3 o 200 400 500 500 1000 o 200 400 600 800 1000
#€>HQE=XDB i l ‘ A€ PQAETLB
0 |
Mu'uml Dw.r‘ * ¥ o 200 400 600 800 1000 sum" ‘* ~
Eq result oy nd:r::
o5 J VAWYWTIVIVWEIV YTV
0 200 400 600 800 1000
1
L VAVNATAAMAMAAM]
a . : =
o 200 400 600 800 1000 Correlation Matrix A v Heat Map A% v Line Plot A £ v
Float & % ~ 025 e J3 data /= data
rost 10000 B ml /\A,\__w_\J\ ‘ [ I [Bix(ome |
o 200 400 600 800 1000 time - | .Y7V
FFT & & ~ 1
sy n} I I | I I ‘ | l 1.0
3 samplerate 1509 | a | sin - £z
0 200 400 600 800 1000 | ‘ 05 1
ok tpe e ~ - -— 0 X=313201  y=1.16025 | -00
o #A€r Q=B ! [ uos. l . 0.0
4001+ g | -0.2 |
% o0 .‘ noisy =
200 A D6 D5 D4 D3 D2 DL Read CSV A % ~ | | |
scale | ' . ' )
[ file ples/data/data.csv [ [ | . L 5 IR - - . - -
o AEI Q= g b L] / g & 3 & time  sin s  noisy | ° 3 a 5 8 10 Rug Plot A% v
o 20 40 = Isel’ | “(__) '*'qu | — . | -— - Y data
AEI Q= - 8 parse dates [ ] | - = Tj"é" "I’QIE & €D ‘*'Q:—"l& S f/ihw
— Boindexcournn| | |/ S =4 2 J Lt
dataframe ——— — = —* o0
Distribution 4 % v || KDE Plot 4 & v | linear Regression Plot & & ~ | 173
3 datn 3 date 2 dota 150
¥ hist ] > data2 .xlnm—V
B kae [4] 225
Dl o, B | |
=2 Boders 3 " —nnsn—n 0250000 na2s nosn
os 104 . A€ED PQENM
51 )
04 %31 o
0.0 4
03 05 1
-0.5 1
02 0.0
01 =899 -05
001+ - . . . ; e - . . -1.0 . : . i
-25 00 25 50 75 100 e E e 0 2 4 6 8 10
AEIPQ=E ) AEIPQEVYE | AREIPQEXYRD
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Examples
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Example 1| Cyclone Optimization N=|Nirona:

TL TECHNOLOGY
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Pressure outlet: 101.32 kPa
Gas + Solids

21"w.7(:urt:ex_"'| [~

Solids loss Cell size 5 x5 x 5 mm, uniform

——
———

hyortex Gas 0.02 kg/s

Solids  0.08 kg/s

HDPE
Diameter: 871 um
Density: 860 kg/m3

0.1 T

—~ 10043 ~1 particles/parcel

Semi-impermeable surface

Solids only

8/28/2020




Example 1| Run the models! N = |NATIONAL

TL TECHNOLOGY
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* All models ran
simultaneously

e Took 21 minutes to 7
hours per model

e Cell count varied from
40,320 to 169,764

 Three models failed
(6%), due to bad mesh

0.10 . . e e .
0.03 .o 1 . 1 : . P
0.01{ ¢ | e O LI,
02




Example 1| Workflow

NATIONAL
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Plot

A £ ~

- |

contour

Design of Experiments A F ~ Response Surface
| Variables | Design | Plot | Quality | Run | matrix/response
+ -_—
0.030 . o . et | Data | Model Error | Plot |
. e ——
. ® 'o. . % P Model | gaussian proc. ~ |
. . . —
00254 * ,°* ° e o °e
—_ . ® .« ®
£ . . ® « * .
= LI ., * . ., 0.030 4
3 0.020 - . e S *e ®
g . LS . ®e L]
2 . .
2 «® * . . °, 0.025
00157 oo o° , St
L] . L] E
L] . . .. . o . ® . ® g 0.020
. X E
0.010 - . o * S
T T T T !
0.04 0.06 0.08 0.10
r_barrel [m] 0.015 4
-— » 0.010 4
A€ED>PQEWM
T T T
0.04 0.05 0.06
YAxis|r_vortex v|XAxis|r_barrel v|
Output Selection | All Runs ~ |

Selected Qutput

DOE Matrix
Code - Process output A § ~
arguments |mode|5 |
import glob =
import pandas as pd
function import os
import numov as no |
[ »
Save As || Load |
functionOut &
returnOut
models
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AE>PQ=EN

Y Axis | r_vortex

T
0.07

Output model |gaussLan process

0.08 0.09 0.10
r_barrel
»
- | X Axis | r_barrel - |
v
Model

General Optimizer

model
IKlzomsons | ot |

A€ PQAEWB

LABORATORY

A £ ~

Plot | 3D

x=0.103048

_\-r
078300
0. uﬂ,mgﬂsowmg

; o
3 §
&
: &

o

. y=0.00932868 , z=0.0487611

Y Axis | r_vortex

- | X Axis | r_barrel

Sensitivity Analysis
model

| Options | Plot | Total | First Order

Second Order

Sensitivity
o
(%]
1

[t
o

lLIL[H.JriJrJr

I Total
I First Order
I Second Order

Jri-i-.l.

+ ek
.03“ 6?' o (\\e’,“\':\\e
"W

o
s

AE>PQ=EN

(te“‘ ‘\3*' \e:L .;\\e {@* \3“

;‘(e'\;\b“ B“e’ 6_6 -.l. 39'* 6_6""0(‘,8* ("e “\6

T T
“\e\ Qe \a“\\e‘-

-
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Example 1| Optimization N = [FETRA
TLJRSORRIOR

Original Optimal

Using differential evolution
11 times lower pressure drop
e 2.3 times lower mass loss

variabe | oiinal(m) |_opiimal m)
I o006 0.096
I 0015 0.026
h,oe 0.4 0.373
[

W |

0.08
0.02

Edge of design space

U.S. DEPARTMENT OF
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Example 2 | Hopper Discharge Calibration —|NaTiONAL

TL TECHNOLOGY
LABORATORY

Example visualization of hopper discharge
modeled with MFIX-DEM

- Problem: Discharge of granular
materials from a hopper.

- Frequently encountered setup in
industrial setftings.

- Typically design is based on
empirical correlations, which
doesn’t necessarily always provide
robust and efficient designs.

- Accurate modeling & simulation of

granular material through Discrete E
Element Method (DEM]) is crifical for o325
credible models. 0.25

- Use Nodeworks fo perform model .
calibration (deterministic) for four
modeling parameters in MFIX-DEM: Lot 0

0,: Particle-Particle Friction Coefficient 6,: Particle-Wall Friction Coefficient

Source: Chen, Adep, Emady, Jiao, and Gel, “Enhancing the physical modeling capability of open-source
03: Particle-Particle Restitution Coefficient ~ 0,: Particle-Wall Restitution Coefficient P i g Phy € cap ¥ P

MPFIX-DEM Software for handling particle size polydispersity: Implementation and Validation” Powder
Technology, 317 (2017) 117-125 doi: http://dx.doi.org/10.1016/j.powtec.2017.04.055

S. DEPARTMENT OF
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http://dx.doi.org/10.1016/j.powtec.2017.04.055

Example 2| Hopper Discharge Calibration (cont'd)

Deterministic Calibration

imports experimental data and evaluates the response surface at

N=
TL

NATIONAL
ENERGY
TECHNOLOGY
LABORATORY

each set of model/experimental parameters, calculating a

. .
residual metric Senergetmer s
. . model
Response Surface A £ ~ Residual Function A v Plot Parallel plot |
.CSV directly imported === s oo EZNRTTTS
¥ matrixfresponse model Operation = minimize
+ - » experimental data Attempts ‘50 h-‘
[EEEN Preprocessing  Model  Compare  Error  Plot | Error mefric SSE Method | dual annealing
Import ] Export ) Impart [ Optimize I Export |
x1:Apexangle x2:0rificeDia *3:PP_F XAPW_F ¥5:PP_R x6:PW_R Response: yl:DischargeRate
CARIE) 0.01 U.go0 Uz PRt U.zzy 23 model experiment X3:PP_F X4:PW_F ¥5:PP_R *6:PW_R Response
07 214 6.98 0.94 0.467 0.575 0.478 2.58 l:Apexangle | x1:AperAngle 0000372 1 0.818 0.205 0.0671
108 214 6.65 0.263 0.839 0.909 0.342 2.58 x2:OrificeDia | x2:OrificeDia 1 000372 1 0818 0.205 0.0671
09 18.6 6.1 00669 0196 0.365 0.8 1.87 aPP_F none 2 000372 1 0818 0.205 0.0671
o 197 6.27 1 0.585 0.604 0.766 1.97 W@PWF | none 3 000372 1 0818 0.205 0.0671
m o187 691 0436 0645 0.485 0.828 268 PR none 4 000372 1 0818 0.205 0.0671
2 152 645 0203 0755 0271 0.458 234 GPWR | none 5 0256 1 0.99 0.208 00819
23 606 0393 0024 0.894 0.563 1.67 response | y1:DischargeRate 6 000372 1 0818 0.205 0.0671
165 622 0578 00982 0.406 0.927 244 7 000872 1 0.818 0.205 0.0671
ns 164 6.59 00981 00566 0881 0.259 3 8 0256 1 0.99 0.208 00819
16 15.9 6 0.403 0.487 0.465 0.213 1.85 " . b 9 0.00372 1 0.818 0.205 0.0671
w1 614 0529 0.803 0.953 0.859 2.01 calibration model 1 0818 0.205 0.0671
18 16.6 6.64 0.218 0.449 0.247 0.744 2.45 1 0.818 0.205 0.0671
ne 251 6.5 0.349 0.546 0.716 0.906 1.87 1 0.818 0.205 0.0671
Vode! 1 0.99 0.208 0.0819
° 45‘ 1 0818 0.205 0.0671
matrix | list 1 0818 0.205 0.0871
1 0.818 0.205 0.0671
~ Y rYvYs FYyen
| i I i i f " result &
120 sample simulation campaign performed externally << &
in batch mode for 7 parameters:
o . S ivity Analysis
x,: Apex Angle  x,: Orifice Diameter Z’:/, inimi
) ‘ L. . e : . Sensitivity Analysis A £ ~ I n I IZe
X3: 0;: Particle-Particle Friction Coefficient Options JCICH Tots FirstOrder _Second Order | model
. . - _ Sortby Total [ | Display | options [MZHH Total FirstOrder  Second Order | . .
X,: 0,: Particle-Wall Friction Coefficient — resiaual metric
Sortby Total [  Display |
0.7 mm Total ——

I First Order

mm Total

10,
Xs: 05: Particle-Particle Restitution Coefficient
: 0,: Particle-Wall Restitution Coefficient

with multiple
random starts,
identifying
optimal model

mm First Order

Sensitivity

asses the sensitivity of the input
parameters based on the

/

simulation campaign results e ;ﬂq;‘; e | PEE—— <o | inputs.

U.S. DEPARTMENT OF
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xample 2 | Hopper Discharge Calibration (cont'd)

Response Surface
» matrix/response
T
| Data

Preprocessing

Model Error

Error metric  MSE Plot Type  bar

support vector machine
polynomial

gradient boosting
gaussian process

radial basis function

linear interpolator

b T
0.000 0.005

A€ QA=

T
0.015
MSE

T
0.010

A £~ Residual Function A F v
model
¥ experimental data
Plot J Error metric SSE
Import
model experiment
x1:ApexAngle | x1:ApexAngle
x2:OrificeDia = x2:OrificeDia
X3:PP_F none
X8:PW_F none
¥5:PP_R none
XB:PW_R none
response y1:DischargeRate
T T
0.020 0.025 calibration model |3
Z
x=0.0271006 y=
Model gaussian process

matrix | list

U.S. DEPARTMENT OF

ensitivity Analysis
model
First Order

| options [JEEE Total

| Display

Second Order |

Sortby | Total |

NATIONAL
ENERGY
TECHNOLOGY
LABORATORY

N
T

t&eneral Optimizer

model

|| Bezier

At 1

0.2519

0.20

0.154

0.10

0.05

Color | Kmeans B

PR T

r1.04

r1.02

- 0.98

r0.96

| options  piot [IEEEERE

Alpha

]

PN v nespulse
0.30 0.082
F0.97s
| 0.080
0.28
t0.950
t0.078
[ 0-925 0.26 F0.076
F0.900 to.07a
0.24
F0s87s Fo.072
b F0.070
0.850 0.22
Loazs | 0.068
0.20 N

Selected attem;

result ,

Sensitivity
o o
= o

e
N

=4
o

#E€IPQA=XB

mm Total
W First Order

x=y=0.24687

\;ensitivity Analysis
model

| options [JEEE Total

First Order ~ Second Order |

Sortby| Total [

| Display

mm Total
- First Order

= y=0.354308

Parallel
Coordinates Plot,
which enables
faster identification
of clustering
around solution
set.

P |




Example 3| Discrete Element Method Mixing UQ

N=
TL
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Quantify mixing as the rate of decay

1

ANF 0.75

— computed
— linear fit

0.5

0.5 1.5 2.5
# of rotations

s of the Alike Neighbor Fraction (ANF)

ANF = fraction of particles within 2.5r -radius

Source: Fullmer, W. D.; Dahl, S.; Weber, J. Surrogate Modeling Approach to Uncertainty
Quantification for a DEM Model of a Rotating Cubic Tumbler; NETL-TRS-5-2019; NETL Technical

Report Series; U.S. Department of Energy, National Energy Technology Laboratory: (aVe I'a gEd over a I I pa rt|C|eS)

Morgantown, WV, 2019, p 24. DOI: 10.18141/1514272.

U.S. DEPARTMENT OF
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of a given particle with the same color




Example 3| DOE — Simulations — Surrogate =|NamonaL

TL TECHNOLOGY
LABORATORY

Design of Experiments Response Surface Model
* Latin Hypercube Gaussian Process C
* Genetic optimization =~ * RBFkernel .~ . o010
e 7-D space | o 2
345 samples (overkill?) o §
0..09
0.08
0.0
: . B 2.4
. . 0.4 2.3
Cross-validation * Error
0.00 - 016 .
> - E 30.13
S -1.00 4+ Bon
T ¢ o 5 . = .
3 :
- t ol g
’ :f: -2.00 } : : } R
A -2 -8 4 0 4
YT e ":..E;"E;?..:Jﬁ:} log,, alpha Response: y1

x u

8/28/2020




Example 3| Forward Propagation =|MATONAL
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Hybrid/nested sampling approach of Roy & Obekampf
10 epistemic samples, each with 100 aleatory samples

10 1 10
09 [

0.8 08 0.8
c 0.7 c
s s
g 06 =06 go.o-
§ 205 g

L

g £ g
3 04 04 %04
3 3
§ 03 §

02 0.2 02

0.1
0.0 0 0.0
" 006 008 010 012 014 016 018 020 0.05 0.1 0.15 0.2 " 006 008 010 012 014 016 018 020

U.S. DEPARTMENT OF

Response

Initial Rate of Mixing (-AAMNF/revolution) ¥

1000 CFD runs 1

Original direct sample p-box of Dahl et al (2019)
Examples of surrogate model propagated p-boxes

8/28/2020




Example 4| Stochastic Source Inversion (use case @LLNL)

Ensemble Experimental
Snapshots Data
1 [
l [

Parameter
and priors

Inference Posteriors
Node

KPCA

Proposal sample

Reconstructed

snapshot
Simulation
Node

Simulation: linear elasticity in 2D

Uncertain inputs: shear and Young's modulus (location-dependent: dimension=4050)
Scenario: Given an observation strain tensor, recover the shear and Young's modulus
Method: KPCA for dimension reduction + MCMC for inference

Other contributors: Xiao Chen, Joshua White Ltg Iﬂg‘{}'g‘?‘g‘f‘f_;‘ggg{'g&e



Example 4| Stochastic Source

=aoORrRpEeEZ2 s 20000
_unived T +

New
customized
nodes have
been
developed to
encoding,
inference, and
decoding.
Some of these
tasks are
performed by
PSUADE behind
the scenes
though the
interface.

Inversion

nodeworks

Alg]~

Inference

» Simulation Result

KPCA

Feature Vector

Al$]~

Geocentric

Al4]~

function

Check input port

import os

import sys

import string

import shutil

import math

import numpy as np

chall = "favaart VI N | IRDADYV D

Check Simulator

siminps

simResults &
simResultsimage [

Inputs  Experimental Data  Options  Plot Data Model  Plot
- Import Data
Import experiments Export data
51 s2 s3 sS4 S5
6.91 6.91 6.91 6.91 6.91
2.3 2.3 2.3 2.3 2.3
2.3 2.3 2.3 2.3 2.3
A8 —
6.91 2.3 2.3 2.3 2.3
2.3 2.3 2.3 2.3 2.3
Likelihood options
o Exp(-0.5 mse)
- Create model Save model Save reduced parameters
Other
Reduced Parameters
Reconstructed Vector
Run MCMC Terminate i Save posterior Z
Solution Snapshot Image >
Proposa' Sample True Snapshot A _* v Vz:CMC-recovered Snapshot
Posteriors » , -
image image
running

A £ v

| B Lawrence Livermore

National Laboratory




What is in the future?

Better support for feedback loops
Add more nodes for machine learning
workflows
Build a node creator
Look into better dispatch tools

* Cloud/local/HPC
Better integration with other UQ tools
Export workflows
Automatic report generation

TL

NATIONAL
ENERGY
TECHNOLOGY
LABORATORY

Show label
Input

[ ] Multiple inputs [ ] Qutput

Widget  DoubleSpinBox

™ ‘

Type |ﬂuat

v

Value  |300.0

Min 200

| Max |600

Buttons
Ttems

Columns

8/28/2020




Thanks

Website

mfix.netl.doe.gov/nodeworks/

Questions?

U.S. DEPARTMENT OF

& nodeworks

_.Eil:ﬂlllb u

Untitled*

2 VNN o

Design of Experiments A £ ~ Code A% v
Variables Design Plot Quality arguments |matrix |
G o= 3 7

variable unit 2, R L
0a 2 R 1) =
4 matrix=np.asarray (matrix[1l:])
1b 2 5 returnOut=np.sum(100* (matrix[:, 1l:]-matri
< >
< >
variable
——— untitled 1:1 python
e Double Precision arg(s
type [Double Precisio 9(s) functionOut ¥
units returnOut
link < matrix
from to
levels [
, ‘Neural Net Regressor General Optimizer A g~
Selected Output  DOE Iterable v s
i =
oEaEed - matrix/response model
1 + - Options Plot Parallel plot
Data Model Train Error Plot Operation i v‘
Optimi ‘Adam V‘ Attempts |1 @}
Learning rate [0.05 | Method fdifferential ™ ‘
Loss function [MSE N V\ Strategy | bestibin V\
by
Epochs [100 5 Tterations |100 E]]
Test [0.0 BE) Tolerance I1e~4 l
4] ]
T N 0.50 ] 0.70 2]
50000 ! | Optimize | Export \
1
— 0
A€ PQEXD
Model =
p matrixlﬁst v
result |
running

8/28/2020



https://mfix.netl.doe.gov/nodeworks/

Disclaimer N=|nanonaL
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This work was funded by the Department of Energy, National Energy
Technology Laboratory, an agency of the United States Government, through
a support contract with Leidos Research Support Team (LRST). Neither the
United States Government nor any agency thereof, nor any of their employees,
nor LRST, nor any of their employees, makes any warranty, expressed or implied,
or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by tfrade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply
its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.
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