Workshop — Prediction
Analysis, Post-Buckling

AN MSC NASTRAN MACHINE LEARNING WEB APP TUTORIAL

Questions? Email: christian@ the-engineering-lab.com “’ IT'IF).(QAQQON



Goal: Prediction Analysis

This tutorial consists of multiple parts

1. Configuring The Problem Statement
In this tutorial, we configure the parameters and the responses to monitor.

(e]

2. Configuring Multiple Batch Runs
This section discusses how to configure and execute multiple MSC Nastran runs.

(e}

3. Performing Predictions
o Gaussian process (GP) regression is used to train a surrogate model.

° Two (2) artificial samples are manually added to the training data, which results in a “spiked” surrogate
model. A solution to the “spiked” surrogate model is demonstrated.

° Excel is used to manually customize the training data.

4. Creating Plots with the HDF5 Explorer
The HDF5 Explorer web app is used to create load vs. displacement plots.

(e]

Questions? Email: christian@ the-engineering-lab.com \.‘ HEXAGON
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Details of the Structural Model

1. Perform a post-buckling analysis for different values of K,

2. Create a Load VS- Displacement pIOt for nOde 2 NODAL/APPLIED_LOAD vs. NODAL/DISPLACEMENT

Questions? Email: christian@ the-engineering-lab.com “’ HEXAGON



Details of the Structural Model

Questions? Email: christian@ the-engineering-lab.com “’ HEXAGON



Problem Statement

-

Design Variables

x1: K of PELAS 20
Note that K is displayed as K. in the
figure

.1<x1<10.0

Samples
* Batch set 1 —10 run LHS Design

Questions? Email: christian@ the-engineering-lab.com
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Monitored Responses

rl: Displacement at node 2, y component, max
displacement for time steps

r2: Displacement at node 2, y component, at
time step .1

r3: Load at node 2, y component, max load for
time steps

rd: Load at node 2, y component, at time step .1




Problem Statement, Continued

The responses defined in this
tutorial correspond to points on the NODAL/DISPLACEMENT
displacement plot

° rl: The minimum point of 0 2
displacement is tracked

> r2: The displacement at time step
.1 is tracked s

|
—

Surrogate Models

> When the surrogate model is
created for r1, the surrogate
model is used to predict the max
displacement.

> When the surrogate model is 5
created for r2, the model is used
to predict the displacement only
at time step .1. e "

Y - Y component
Al
in

0 0.2 0.4 0.6 0.8 1

TIME_FREQ_EIGR. - Time, frequency or real part of eigen value
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Problem Statement, Continued

The responses defined in this tutorial
ccl)rrespond to points on the applied load
plot

> r3: The minimum point of applied
load is tracked

> rd: The applied load at time step .1 is
tracked

Surrogate Models

> Asurrogate model is not necessary for
the applied load since the loading is
the same for all samples.

° The applied load responses are
monitored so that the HDF5 Explorer
artomatically builds the applied load
plot.

> With separate displacement and load
plots, the HDF5 Explorer is used to
create a combined Load vs.
Displacement plot.

Y - Y component

-10

-12

-14

Questions? Email: christian@ the-engineering-lab.com
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rd
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Contact me

Nastran SOL 200 training .. . .
christian@ the-engineering-lab.com

Nastran SOL 200 questions

Structural or mechanical optimization
questions

Access to the SOL 200 Web App

Questions? Email: christian@ the-engineering-lab.com u HEXAGON

Technology Partner




More Information Available in the Appendix

" The Appendix includes information regarding the following:
How to import and edit previous files

What is Gaussian Process Regression?

Appendix

Questions? Email: christian@ the-engineering-lab.com



Tutorial
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Tutorial Overview

1. Start with a .bdf or .dat file

2. Use the Machine Learning web app to:
1. Configure the problem statement

2. Configure multiple batch runs

3.  Use the Prediction Analysis web app to:

1. Perform predictions

4. Use the HDF5 Explorer to:
1. Create plots

Questions? Email: christian@ the-engineering-lab.com

Special Topics Covered

Training Data — The training data consists of the parameter inputs and
respective output responses for multiple MSC Nastran runs. This tutorial
describes how to configure multiple MSC Nastran runs, each with different
parameter inputs, and how to monitor each response.

Gaussian process regression — This tutorial describes the procedure to use
Gaussian process regression to train a surrogate model and make predictions.

Automatic Response Extraction — Often responses are manually or
automatically extracted from the FO06 file. This becomes challenging when
extracting responses from multiple FO6 files. This tutorial highlights the web
app’s ability to automatically extract responses from multiple H5 files with
minimal user effort.

Automatic Plots - Multiple plots must be created. This traditionally involves
extracting data from result files, for example the FO6 file, and using Excel to
create the plots. This tutorial highlights the automatic generation of these
plots that require minimal user effort.

HEXAGON
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The Post-processor Web App and HDF5 Explorer
are free to MSC Nastran users.

SOL 200 Web App Capabilities

Compatibility Benefits

* Google Chrome, Mozilla Firefox or Microsoft Edge ¢ Installable on a company laptop, workstation or * REAL TIME error detection. 200+  * Web browser accessible

* Windows and Red Hat Linux server. All data remains within your company.

D

error validations. * Free Post-processor web apps

e REALT TIME creation of bulk data ¢ +80 tutorials

Web Apps

entries.

PSHELL 1 - Plate
mmmmm PBARL 3- Hat_Stiffener

Web Apps for MSC Nastran SOL 200 Ply Shape Optimization Web App

Pre/post for MSC Nastran SOL 200.
Support for size, topology, topometry,

topography, multi-model optimization.

i S
LI5S
REE T e

SEIX

Shape Optimization Web App
Use a web application to configure
and perform shape optimization.

Questions? Email

Machine Learning Web App
Bayesian Optimization for nonlinear
response optimization (SOL 400)

Input Files
(BOF. DAT, etc.}

Local System
Windows
et eromser)

Result Files
(LOG, F06, OP2, etc.)

Remote System

Remote Execution Web App

Run MSC Nastran jobs on remote
Linux or Windows systems available
on the local network

: christian@ the-engineering-lab.com

PBMSECT Web App

Generate PBMSECT and PBRSECT

entries graphically

P(f)/A

Dynamic Loads Web App
Generate RLOAD1, RLOAD2 and
DLOAD entries graphically

L{; HEXAGON

Optimize composite ply drop-off
locations, and generate new
PCOMPG entries

Stacking Sequence Web App
Optimize the stacking sequence of
composite laminate plies

Post-processor Web App
View MSC Nastran results in a web
browser on Windows and Linux

M- Pasbcpaton Factor - mogrtde part

ME_FREQ_EGR - Trme, it of egen vave

HDF5 Explorer Web App
Create graphs (XY plots) using data
from the H5 file




Configuring The
Problem Statement




%*ﬂj b albatross » Downloads » - | 4 | | Search Downloads L |
Organize « Include in library - Share with - Mew folder ==« i a
f . 'i:r T Mame Date modified Type
Before Starting B Do
_H. Downloads
Ensure the Downloads directory is ‘2l Recent Places @
empty in order to prevent confusion & OneDrive =
with other files '
- Libraries
Documents
JF Music | o
[ Pictures
‘ Videos
Throughout this workshop, you will be *d Homegroup =5 m b
working with multiple file types and )
. . . 0 tems
directories such as:
* .bdf/.dat

* nastran_working_directory

* .06, .log, .pch, .h5, etc.
To minimize confusion with files and
folders, it is encouraged to start with a
clean directory.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 14
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Go to the User’s
Guide

1. Click on the indicated link

* The necessary BDF files for this
tutorial are available in the Tutorials
section of the User’s Guide.

The Engineering Lab

SOL 200 Web App

Select a web app to begin

< -
< =
< =
= =
- = .

Optimization for SOL 200 Multi Model Optimization Machine Learning | Parameter HDF5 Explorer
Study

o Tutorials and User's Guide

Full list of web apps

Questions? Email: christian@ the-engineering-lab.com (4‘ HEXAGON
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NODALIAPPLIED_ LOAD ws. NODALIDISPLACEMENT Prediction Anﬂl}'SiS, FC‘St'BUCk“ﬂg @

Consider a post-buckling analysis. The parameter allowed to vary is a spring constant. The responses of interest
include the applied load and displacements.

This tutorial is similar to the previous tutorial named Prediction Analysis, Buckling. Like the previous tutorial, this
tutorial discusses the use of Gaussian process (GP) regression to train a surrogate model. To expand your
experience with GP regression, this tutorial purposely demonstrates a scenario where a poorly fitted model is

] | obtained and what the procedure is to remedy this issue. Also discussed are instructions to create load vs.
MECALIIEPLACEVENT, v displacement plots .

Obtain Startin g startng Fes{ i) D)

Solution BDF Files: Link
r—u
Find the indicated example =N ol (™<=

SOOALSPPL EC_LDED ¥

%v| & » albatross » Downloads » - | ﬁ-| | Search Downloads 2 |
Click Link
Organize * & Open = Share with - E-rnail Mew folder = [ 9
The starting file has been downloaded 2 =
r Favorites Heime
Bl Desktop ||_i|_] 1_starting_files.zip @
j, Downloads ~

':i-ﬂ Recent Places

When starting the procedure, all the 4 Libraries
necessary BDF, or DAT, files must be 5| Documents
collected and uploaded together. &) Music
Relevant INCLUDE files must also be [=] Pictures - 4] i | b
collected and uploaded. 1_starting_files.zip Date modified: 3/31/2020 6:19 PM
i " Compressed (zipped) Folder Size: 549 KB

Technology Partner

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 16



== Een <
%v|l + albatross » Downloads » - | +y | | Search Downloads ps] |
%v| . = Dow.. » 1_starting_... - |~‘1~ | | Search 1 star.. 2 |

Organize « = Open ~ Share with + New folder =~ O 9
% S — = Mame = Date modified Type G[gﬂl‘iiZE - Include in hblﬂl}l’ - *» == - Eil 9
B Desktop . 1 _starting_files 11/26/202010:37 ... Filefy o~ N -
/& Downloads 1_starting_files.zip e T 'ﬁ:{ Favorites il ame
E—-ﬂ'_ Recent Places L . .
4 OneDrive Open in new window B Desktop [ nas103_ws09_with_spring_support.dat
( 2 )En'tlaciAti... 8 Downloads @
[ Libraries Edit with Notepad-++ & Onelrive 5
5| Documents = Onenwith B
. . o3 it i ':i-:l_ Recent Places
Obtain Starting E o ’
i Restore previous versions
E Videos P . .
Libraries
o Send to » E L=
F | | eS i% Homegroup - @ Documents
Gap Ji Music
18 Computer ]
Right click on the zip file Create shortcut k=] Pictures
€l Network ¥ Delete L4 ! Videos . = =
-
1_starting_files.zip Date modified Rename
Select Extract All... i » Compressed (zipped) Folder Sizg 1it
Properties l erm
Click Extract m F
@ Li]] Extract Compressed (Zipped) Folders
The starting files are now available in
a folder Select a Destination and Extract Files
Files will be extracted to this folder:
Ch\Users\albatress\Downloads\1_starting files Browse...

Show extracted files when complete

* The starting files for this tutorial are
contained in a ZIP file and must be
extracted as shown.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 17
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Create the
Starting H5 File

A starting H5 file must be created. This H5
file will be used to configure the responses
later on.

Double click the MSC Nastran desktop
shortcut

Navigate to the directory named
1_starting_files

Select the indicated file
Click Open
Click Run

The starting H5 file is created

a %v . v user » Downloads » 1_starting_ﬁlﬁ( 2) - |‘f | | Search 1_starting_files (7) LB |
&
Organize = New folder = - [
M5C Mastran - ®
S Fovorites Mame Date modified Type
B Desktop |@' nas103_ws09_with_spring_support.dat G\UZU!ZUZI. 10:02 AM  Notepad++ D
h Downloads U
#& OneDrive
(?;_:ﬂ Recent Places
3 Libraries
@ Documents B
J' Music
[ Pictures
B Videos
- [ m g 3
File name: nas103_ws09_with_spring_support.dat - ’lnput Files (*.bdf:*.dat} vl
Open Iv Cancel
=N EER| %
%v| . %« Dow.. » 1_starting_... - |v‘~_p| | Search 1_star.. 2 |
MSC/HASTRAN Input File Organize * Include in library = b ==« [l 9
II::'\LIsers'\user'&DDwnlnads'\'l_starting_files [¥Tvnaz 03 _wes09_witk File... | ¢ Favorites L
Bl Desktop [ nasl03_ws09_with_spring_support.dat
) Downloads <103 _ws09_with i rt.f04
Dptional keywords R . [ na:103 ws09_with_spring_suppo
& OneDrive Q’ nasl03_ws09_with_spring_support.f0é

I (E_-:l_, Recent Places

= Libraries
Cancel | Clear | @ Documments
e ] & items

Questions? Email: christian@ the-engineering-lab.com u HEXAGON
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[@ nasl03_ws09_with_spring_support.h5 ]
| nas103_ws09_with_spring_support.log
u nasl03_ws09_with_spring_support.xdb

v 4 : b
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Use the same MSC Nastran version
throughout this exercise

The following applies if you have multiple versions of MSC Nastran installed.

To ensure compatibility, use the same MSC Nastran version throughout this exercise.
For example, scenario 1 is OK but scenario 2 is NOT OK.

* Scenario 1-0K
e MSC Nastran 2021 is used to create the starting H5 file.
* MSC Nastran 2021 is used for each run during Machine Learning or Parameter
study.
* Scenario 2 —NOT OK
e MSC Nastran 2018.2 is used to create the starting H5 file.
* MSC Nastran 2021 is used for each run during Machine Learning or Parameter
study.

Using the same MSC Nastran version is critical for consistent response extraction from
the H5 file. A response configured for Nastran version X may not match in Nastran
version Y, which leads to unsuccessful response extraction from the H5 files. The goal is
to make sure all H5 files generated are from the same MSC Nastran version.

Questions? Email: christian@ the-engineering-lab.com * HEXAGON

Technology Partner



The Engineering Lab

Open the SOL 200 Web App
CorreCt Page Select a web app to begin

1. Click on the indicated link

< -
< =
< =
= =
- = .

Sy

-~~ ’—-
*  MSC Nastran can perform many
optimization types. The SOL 200 Web
App includes dedicated web apps for the
following:

*  Optimization for SOL 200 (Size,
Topology, Topometry,
Topography, Local Optimization,
Sensitivity Analysis and Global
Optimization) Full list of web apps

*  Multi Model Optimization

* Machine Learning

* The web app also features the HDF5
Explorer, a web application to extract
results from the H5 file type.

Optimization for SOL 200 Multi Model Optimization Machine Learning | Parameter HDF5 Explorer Viewer
Study

Tutorials and User's Guide

Questions? Email: christian@ the-engineering-lab.com (4‘ HEXAGON
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SOL 200 Web App - Machine Learning  Parameters  Samples  Responses  Download — Resulis Connection  Seftings ~ Home

Select BDF Files

@ g-Tc Sl G nas103_ws09_with_spring_support.dat

® ey

Select BDF Files

Click Select files %ﬂ . v albatross » Downloads » 1_starting files ~ | 44 || Search 1_starting_fites P

Organize « Mew folder g= - 0

Select the indicated files — 7 r— = S— = -

Click Open - Desktop | @ nasll)3_wsﬂ)9_wilh_spling_supporl.datfi\ 1/19/2021 10:14 AM DAT File 1 KB|
4 Downloads

“Zl Recent Places
¢@ OneDrive

Click Upload files

[ Libraries
Docurnents
JF Music
|| Pictures
B Videos

& Homegroup

i Computer X

File name: nas103_ws09_with_spring_support.dat A ’Custam Files (*.bdf;*.dat;*.conf V]
@I Open |v] [ Cancel l

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 21
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Select Parameters Configure Parameters

$ 1 12 13 12 1.5 1_86_1] Delete Parameter S5tatus Low High Comments
Pa Fan Ete I'S @n x1 O | 10. Field 3 of F
- FORCE 15 2 15. 8. -1.
Set the following fields as parameters MAT1 1 10.E7 @
x1: The spring stiffness of PELAS 20 NLPCI 28 . 1.
s 0 (] @
Parameters have been created for the BROD 16 1 1

selected fields

For each parameter, use the following
settings:

Low: .1
High: 10.

Bulk data entries will always be
displayed in the small field format.
Only fields that have real or integer
data entries may be selected as
parameters. If the field is blank or
contains only characters, the field may
not be selected.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 22
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SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download — Resulis

®
Upload .h5 File
@ TS Sani=ol nas103 ws09 with spring support.hS
@ 2. Upload files
Click Responses
Click Select files
Select the |nd|cated f||e %v“, » albatross » Downloads » 1_starting_files V|“f || Search 1_starting_files ,Cl|
Organize New folder ==~ i 0
Cllck Open 9 Favorites * MName . Date modified Type Size
P Desktop ||| nas103_ws09_with_spring_support.h5 f3\1ﬂ9f2011 10:14 AM  H5 File 35KB|
q q j, Downloads
C“Ck Upload flles %‘] Recent Places
#@ OneDrive
. . . [ Libraries E
* On this page, the H5 file is uploaded to B Documents
the web app. o Music
PP (&= Pictures
B Videos
& Homegroup
- Computer %
File name: nas103_ws09_with_spring_support.h5 ’H5 File (*.h5} ']
I Open |vl ’ Cancel ] .
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 23
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SOL 200 Web App - Machine Learning  Parameters  Samples  Responses  Download — Results Seftings ~ Users Guide  Home
- N LE
Select Responses to Monitor Session ID- 3981 HD;-_-; View Responses to Monitor (1
->
2
- - = Monitored Responses sl Hide/Show Columns | T Reset Fillers | & Download CSV
| Select Dataset i£ | Acquired Dataset Wi Reset Filters <l >
1 .+| 1 NODAL/GRID_WEIGHT- 1 L. Monitor the response
. 1 S r Lower Upper of the FINAL design
A d u St t h e | 1 D Mo s MX XX 1 Delete Label Status Objective Bound Bound cycle (SOL 200 only)
1 -1 |
J 1 4 1 1 n ul o v Lower Upper v
c l ! 1
olumn |at N -
|
. . . I
Optional - Use at your liking the buttons 1
at the top rlght hand corner to adeSt SOL 200 Web App - Machine Learning  Pamamelers  Samples  Responses  Download Reshiis Seflings  User's Guide  Hoifie
the width of the left and right columns —_— :
! ~\ < b
Optional — Use the indicated buttons to Select R to Monit 1
adjust the width of the column Select elect Responses to Vionitor sessionlb-3g81  &HOFE  Njew Responses to Monitor
Dataset :
:Select Dataset = : Acquired Dataset M ReseflFiters < 3 Monitored Responses Wl Hide/Show Columns | T Reset Filters | & Download CSV
| a| 1 NODAL/GRID_WEIGHT - 1 I
1 1 I L Monitor the response
I [€ = 0= — — MO- — — —5— — — — MX— — = XX < Tower —Upper—of the FINAL design —
1 | Delete Label Status Objective Bound Bound cycle (SOL 200 only)
| A1
IMPORTANT! This image is not meant \ e ___ I n r /] v Lower Upper v
to match exactly what you see in your C )
view. The text in this image is
expected to be different from your
view. The purpose of this page and
image is to demonstrate how to
increase the width of the indicated
sections.
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 24
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Select Responses to Monitor View Responses to Monitor

Select Responses

Select Dataset = Acquired Dataset Monitored Responses i Hide/Show Columns | 7 Reset Filters | & Download SV
Select the following dataset: ELEMENTAL/ELEMENT_FORCE/ELA“ ~ NODALDISPLACEMENT 1.2
NODAL/DISPLACEMENT E;‘?}“ﬁ;ﬁ;i—g“ﬁ%ﬁ%mma%[ ) X Y Monitor the response  Moniter the maximum or
. - [NODAUDBPLACEMENT ] Lower Upper of the FINAL design response, whichever i
For the Grid Identifier, select 2 . Label Status Objective  Bound Bound cycle (SOL 200 only) greatest absolute v
Select the indicated cells . - Grid 1 (v v Lower Upper @ [ Yes - Monitor the maximum |]
Specify Entities identifier X component Y component
. 1,2
Thelnewdly create%Response to Monitor : . @ °
are listed as r1 and r2 Grid identifier (ID) - @ 2 ~ Lower Upper @ [ No - Monitor response ofcor]
Examples: 1, 2, efc_
Adjust the horizontal bar to make the .
following column visible: Monitor the Auto Execute ) . 015000745
maximum or minimum [...] :
2 0 -0.21331443...
Configure the following setting for Acquire Dataset 5 0 o 0
response rl
i i ini OA t let: d ful 2 0 -0.513352942. .
qutor the maximum or minimum cquisition complete and successiu . ,
[] Yes 2 0 -0.66333692. ..
o q q 2 0 -0.81334442
Configure the following setting for
response r2 2 0 -0.96335192... @
Monitor the maximum or minimum 2 0 111335941 _
[...]: No
2 0 -1.263366091. ..
2 0 1. 41337441

Any cell that includes a single decimal
point can be set as a response to
monitor.

For this example, the displacement, y
component, at grid 2 has been set as a
monitored response.

Technology Partner
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Select Responses to Monitor

Select Responses |-

ELEMENTAL/ELEMENT FORCE/ELA * NODAL/APPLIED_LOAD -1, 2

View Responses to Monitor

Acquired Dataset Monitored Responses Wl Hide/Show Columns | 7 Reset Filters . & Download CSV

Monitor the response  Monitor the maximum or

] 5 ELEMENTAL/ELEMENT F ROL

Select the following dataset: D X Y Lower Upper of the FINAL design response, whichever |
NODAL/AFPLIED_LOAD

NODAL/APPLIED_LOAD T . Label Status Objective  Bound Bound  cycle (SOL 200 only) greatest absolute v

For the Grid Identifier, select 2 al (v] v Lower Upper v Yes - Monitor the maximum |

I i S ify Entiti Grid

Select the indicated cells pecify Entities identifier X component Y component : 2 (] - Lower Upper No - Monitor response of col
1,2

The newly created Response to Monitor G identiier (1) 1 -

Adjust the horizontal bar to make the
following column visible: Monitor the
maximum or minimum [...]

- Lower Upper
Auto Execute 4 © o

o
are listed as r3 and r4 Examples: 1, 2, stc. @ 3 o v Lower Upper @v[ Yes - Monitor the maximum ]
i ]

[ No - Monitor response of co

2 0 -1.17941642_ .

2 0 @ -1.5 5 10 | 20 30 | 50 | 100 ‘

Configure the following setting for Acquire Dataset
response r3 2 0 -1.89313835...
[I\/Ic])nthor the maximum or minimum ©Acquisition complete and successiul 2 0 1.85735858...
...]: Yes
2 0 -1.49206371...
Configure the following setting for 5 0 _0.90150563.
response r4
Monitor the maximum or minimum 2 0 -0.18394383. .
[...]: No 2 0 0.55835769. .
a4 »
. . . 2 0 122413448 .
Any cell that includes a single decimal
point can be set as a response to 2 0 Triztzadt @
monitor.

For this example, the applied load, y
component, at grid 2 has been set as a
monitored response.

Technology Partner
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Configuring Multiple
Batch Runs




@vlj » albat.. » Dow.. » - I +4 ” Search Downloads p|

Organize v Includein library +  » g8 « [0 o
X Favorites _‘; Name : Da
Bl Desktop 1, nastran_working_directory.zip 1/1
8 Downloads 1
% Recent Places | =
‘& OneDrive
&3 Libraries i
[_:B Documents
J Music
| || Pictures
Samples Tl E— .
2 items
In the following slides, we will configure 1
batch to run.
nastran_working_directory.zip The data from these 10 runs is used to train the

surrogate model.

For problems with 1-5 parameters,
usually 10 runs per parameter is
sufficient. This example purposely uses
20 runs (20 runs per parameter) to
demonstrate an issue. The issue is
discussed later in this tutorial.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 28
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SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download  Resulis Connection  Settings  Home

@ < >

Sa m |eS Configure Samples Samples to Run
P N
Click Samples Design + Options
Latin Hypercube, Reproducible @ v
Ensure the following design is selected:
Latin Hypercube, Reproducible +Info Parameters
Sample Numb 1
Set Number of Samples to 10 Number of Samples @ ample Number x
. 1 1.208613
The samples have been updated, note that v
samples 1, 2, 3, ..., 10 are visible 2 5371329
3 9.449935
The indicated controls can be used to . 4959574
display the other samples :
5 6.326213

« 2 0» 5|10 | 20 | 30 | 40 | 30

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 29
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SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download — Resulis Connection  Settings  Home

_®_ < >

Download
Sownload
Click Download
Click Download BDF Files
===
A new ZIP file has been downloaded 6@.|j, ¢ albatross » Downloads » - |$-_p | | Search Downloads 0 |
Organize Include in library « Share with » Mew folder = - 0 @
% Favorites & MName ° Date modified Type Size
Bl Desktop . 1_starting_files 1/16/2021 11:28 AM  File folder
j-. Downloads 1_starting_files.zi 1/16/2021 11:28 AM  Compressed (zipp...
g B P PR
%‘1 Recent Places I | 1, nastran_working_directory.zip I 1/16/2021 9:15 AM Compressed (zipp... 12
p PP
f& OneDrive @
[ Libraries
@ Documents
& Music -« i b

l 3 items

Technology Partner
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@v| j. + albatross » Downloads » - |v‘f | | Search Downloads R |
COrganize = & Open ~ Share with MNew folder =« O 0
=
X Fvorites MName Date modified Type Size
M Desktop 0 1_starting_files 1/19/2021 10:14 AM  File folder
ownloads 1_starting_files.zi 1/19/2021 10:14 AM  Compressed (zipp...
g Download g P P PP
&l Recent Places ||_i|g nastran_working_directory.zip 1 e A ipp, .. 128,52
@& Onelrive Dpeny
Open in new window
[ Libraries ( 2 ) ExtractAlL.
[ Documents Edit with Notepad++
@ Music Open with...
[E5 Pictures i
B Videos Share with L4
Restore previous versions
*& Homegroup Send to L4
A Cut
Sta rt DeS ktop pp 1% Computer
Copy
o o . . . €l Network Create shortcut
Right click on the indicated file =
| Delete — b

i nastran_working_directory.zip Date modified: 1,/19/2021 10:3 Rename
CIICk EXt Il Ct A” i_r Compressed (zipped) Folder Size: 125 MB q

Properties
@ 1, Extract Compressed (Zipped) Folders

Click Extract on the following window
Select a Destination and Extract Files

Files will be extracted to this folder:

C:\Users\special-sunshine\Downloads\nastran_working_dire Browse...

Show extracted files when complete

Always extract the contents of the ZIP
file to a new, empty folder.

@[ Bdract | [ Cancel

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 31
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. i
@Qv| /¢ Dow.. » nastr.. » L]) - |¢f|| Search nastran_working_directory Pl
0 File - S ity Warni
Sta rt DeSktOp App Organize * Include in library « Share with - 3 =~ [l ,@, R — @

- Do you want to open this file?
1. Open this folder: & Favor * | MNam Date modified *
s . - Favorntes S e e R e
nastra n_worklng_dlrectory oo - o MName: ..astran_working_directon/\Start Desktop App.Ink
B Desktop |=] model_0004.bdf 171772021 10:44 , Publisher: Unknown Publisher
Inside of the new folder, double click on 4 Downloads 3 2] model_0005.bdf 1/17/2021 10:44 Type: Shorteut
Start Desktop App 15l Recent Places =] model_0006.bdf 1/17/2021 10:44 — From: C:\Users\special-sunshine\Downloadsinastran_...
. & OneDrive | E| model_0007.bdf 1/17/2021 10:44
Click Open, Run or Allow Access on any i | Open || Cancel
subsequent windows - |=] model_0008.bdf 1/17/2021 10:44 3
= Libraries |= model 0009, bdf 1/17/2021 10:44 Always ask before opening this file
MSC Nastran will now start %] Documents |&] model_0010.bdf 1/17/2021 10:44
- P ax == While files from the Intemet can be useful, this file type can
J} e @ Start Desktop App 117720211044 ~ l\-ﬁ potentially ham your computer. f you do not trust the source, do not
One can run the Nastran job on a remote [=| Pictures sl 0 m r - open this software. What's the risk?
machine as follows: 14 items
1) Copy the BDF files and the INCLUDE files to ,

a remote machine. 2) Run the MSC Nastran
job on the remote machine. 3) After .
completion, copy the BDF, FO6, LOG, H5 files @8 MSC Nastran V2018.2 {model) [= | @ |23
to the local machine. 4) Click “Start Desktop
App” to display the results.

13

xxx USER WARMING MESSAGE <pgm: nastran, fn: decode_keyword
hatch=no CL[21>

o

Thizs keyword iz not available on thiz platform.
MEC Hastran U2818.2 <(Intel Windows 7 Professional 6.1 7661> Sun Jul 18 14:38:37
2821

Using Linux?

SYSTEM INFORMATION MESSAGE {pgm: nastran. fn: estimate_job_requirements’
Starting ESTIMATE, please wait...
Follow these instructions:

1) Open Terminal

2) Navigate to the nastran_working_directory
cd ./nastran_working_directory

3) Use this command to start the process
./Start_MSC_Nastran.sh

USER INFORMATION MESSAGE {pgm: nastran. fn: estimate_job_requirementsl

Eztimated memory=2048 .5MB

Estimated bpool=512.1MB

Mastran beginning job model.

Mastran started c:wmsc.softwaresmsc_nastran~28182-msc2B@182~winb4i8mz=cdate

In some instances, execute permission must be
granted to the directory. Use this command. This
command assumes you are one folder level up.

sudo chmod -R u+x ./nastran_working_directory Questions? Email: christian@ the-engineering-lab.com (4 4 HEXAGON 32
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Stat us SOL 200 Web App - Status

. . . & Python & |\|SC Nastran
While MSC Nastran is running, a status
page will show the current state of MSC Status
Nastran
Name Status of Job Design Cycle RUN TERMINATED DUE TO

model bdf Running MNone

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 33
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Review Results

A window appears asking to start the HDF5
Explorer

Click Skip to not open the HDF5 Explorer

Multiple HDF5(.h5) files have been found.

1) Select a file

2) Select similar files

QK - model.h5, model_0000.h5, model_0001.h5

OK - nkD98.h5

NOT OK - nk038.h5, model_0000.h5, model_0001.h5

3] Click Continue to start the HDF5 Explorer or

click Skip to ignore this step

model_0001.h5 -

rmodel_0002.h5
model_0003.h5
model_0004.h5
rodel_0005.h5
model_0006.h5
model_0007.h5
rodel_0008.h5
model_0009.h5
model_0010.h5

Continue | Skip

Questions? Email: christian@ the-engineering-lab.com
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SOL 200 Web App - Monitored Responses

Home

®

Sample 0001
Sample 0002
Sample 0003
Sample 0004
Sample 0003
Sample 0006
Sample 0007
Sample 0008
Sample 0009
Sample 0010

ETETETer

Walue

Review Results

The Monitored Responses web app is

opened
The value of each response and for each = = 2 & Lt == s B k= .8
sample is displayed in a bar chart O —
A table lists the values for each response
and sam p|e_ Monitored Responses i Display MAX and MIN | & Download CSV | JiResstFiters | Monitored Responses from Each Sample @
Label Dataset Name Field Field Description Current Value ID SUBCASE STEP 0001 0002
n1 B NooaDerLacRvENT | e S R
5. RO L] E
A. The table tltled Monitored Response can 1 NODAL/DISPLACEMENT Y Y component -0.15000749756256565 2 10 0 -2.5818811152279864 -2.224257497640053 -
be interacted Wlth EaCh column in the r2 NODAL/DISPLACEMENT Y Y component -0.2133144335494699 2 10 0 -0.170546015556858461 -0.10869145213921452
table Contains ﬁlters. Once a ﬂlter is r3 NODAL/APPLIED_LOAD Y Y component -1.1794164253032222 2 10 0 -15.0 -15.0 -
modified, the Bar Chart WI|| instantly 4 NODAL/APPLIED_LOAD Y ¥ companent -15 2 10 0 -15 15
u pdate . rM_1 NODAL/DISPLACEMENT Y component -0.15000749756256565 2 10 None - The response could not be found in the HS file{DOMAIN_ID)  None - The response could not be found in the HS file(DOMAIN_ID) P
Additional functions include the abi|ity to r1_2 NODAL/DISPLACEMENT Y component -0.2133144335494699 2 10 -0.1705460155888461 -0.10869148213921452
high | ight the MAX and MIN ba rs, M3 NODAL/DISPLACEMENT ¥ component -0.36332193111203553 2 10 None - The respanse could not be found in the H5 file(DOMAIN_ID)  None - The response could not be found in the H5 file(DOMAIN_ID) P
download a CSV file and reset the filters. oy MARAL IS ACERENT v [VP—— P —— an " Mrrn Thes rerrnen el ank s S in Hi UK SOORAAIN T | Kans Th mcrnsen sl s b o i the UF Samosam m |,

Questions? Email: christian@ the-engineering-lab.com

Technology Partner

u HEXAGON 35



=8 Eol =54
=| |« Dow.. » nastr.. » ~ | ¥4 || Search nastran_wor... S
G- 4] |

Organize - || Open Share with = = = « i @
- - =+
- . Mame
i Favorites D
Bl Desktop 1. app
i Downloads 1 temp_files_900
5l Recent Places __| app config
‘& OneDrive app_monitored_responses.csv @
I R
eview ReSults SRl v
. Libraries ~ [ = ] -
The monitored responses are contained in
the CSV file named
app_monitored_responses.csv 4 )
app_monitored_responses.csv - Excel Sign in = O
Home Insert Page Layout Formulas Data Leview Help 2 Tellme
The responses in this CSV file will be use to Al v £ || sample M
train the surrogate model. JEE B | ¢ | o | E | F | & | H | 1 | 1 |F
1 |Sample |rl r2 ra rd r1 1 rl 2 rl 3 rl_4 rL s
2 | 1 -2.58188 -0.17055 -15 -1.5 None-Th -0.17055 None-Th None-Th None - Th
3 | 2 -2.22426 -0.10869 -15 -1.5 None-Tk -0.10869 Mone-Th None-Th None-Th
4 3 -1.757%4 -0.0821%9 -15 -1.5 None-Th -0.08219 Mone-Th None-Th None-Th
5 | 4 -2,32003 -0.11861 -15 -1.5 None-Th -0.11861 Mone-Th None-Th None-Th
6 | 5 -2.12808 -0.10092 -15 -1.5 None-Th -0.10092 None-Th None-Th None-Th| |
7| 6 -1.94152 -0.08986 -15 -1.5 None-Th -0.08386 Mone-Th None-Th None-Th
& | 7 -2.61253 -0.18206 -15 -1.5 None-Th -0.18206 Mone-Th None-Th None-Th
9 | 8 -2.51154 -0.15059 -15 -1.5 None-Th -0.15059 Mone-Th None-Th None - Th
10 | 9 -1.87684 -0.08688 -15 -1.5 None-Tk -0.08688 Mone-Th None-Th None-Th
11 | 10 -2.37612 -0.12584 -15 -1.5 None-Th -0.12584 Mone-Th None-Th None-Th
172 -
app_monitored_responses | ® ] I [+]
Ready H F -—F—+ 100%
\_ J

Technology Partner
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Performing Predictions

Questions? Email: christian@ the-engineering-lab.com “’ HEXAGON
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SOL 200 Web App - Machine Learning  Parameters ~ Samples ~ Responses  Download  Results Connection  Settings  Home

® RON <

Select a Results App

Prediction
Analysis Web B
A p p Prediction Analysis @

Return to the Machine Learning web app SOL 200 Web App - Prediction Analysis @ Home

Click Results
Gaussian Process (GP) App Connection Status

Click Prediction Analysis

The Prediction Analysis web app is now ® Connected Session D7 8207

open
@ Output

Ensure it says Connected GP &App Update - Starting the Gaussian Process (GP) app on the server
- Session ID: 3287
- Address: http://localhost:8888/optimization
Desktop App Update - Connecting to the SOL 28@ wWeb App...
GP App Update - Connection successful between the Mode 15 server and GP afp

1 L

Warnings and Errors

Warnings can be ignored

Technology Partner
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SOL 200 Web App - Prediction Analysis

Training and Testing Data @

Home

X_training
CSV Export CSV Import

imported !
y_training

L] (]
[raining Data

Navigate to the Training and Testing Data
section

Delete any previous table data by clicking x_testing
the four (4) buttons named Delete all rows

CSV Export CSV Import

| REARI Select a CSV File m - r

x_training, y_training - This specifies the x y_testing
inputs and y outputs used to train the
surrogate model. CSV Export €SV Import

x_testing, y_testing - This specifies the x - .
. » B Export | R Select a CSV File
inputs and y outputs used to calculate the - m sample

Normalized Root Mean Square Error
(NRMSE) between the predicted values
and actual MSC Nastran responses. This
testing data is option.

x_prediction — The x inputs at which to
make predictions.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON
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X Delete all rows

X Delete all rows

yi

X Delete all rows

X Delete all rows

y1i
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Training and Testing Data

x_training@

CSV Export CSVY Import @ @ X Delete all rows
X = O csv
B Sclecifiles [EI AL m sample -

imported
1 1.203613

Technology Partner

2 5371329
3 0.448095
. L]
[raining Data ‘*
5 5326213
Navigate to the section titled x_training 8 £.000973
. : 7 3043
Click Select files
T = 2707348
H S~
NaVIgate to the f0|d_er named . . %'|L « D loads » nastran_working_directory » ( \ - | 3 || Search nastran_working_direct... }J| q AE31418
nastran_working_directory which contains : \/ -
data for 10 runs Siopetes Trmbicuiotde: =- O @ | o 2.725496
¢ Favorites MName . Date modified Type Size
Select the file app.confi B Desktop U app 1/16/2021916 AM  File folder ——
pp g 8. Downloads . temp_files_900 Py 1/16/2021 12:06 PM  File folder | 10 23 50 100
. %] Recent Places | L] app.config (4) 176/2021916AM  CONFIGFile < '
C||Ck Open ¢@& OneDrive A @ app_monitored_responses.csv N—/  1/16/20219:22 AM  Microsoft Excel C...
. [ Libraries
Click Import B
Ji Music
The table is now loaded with the x inputs &) Pictures |
for all 10 runs B videos
& Homegroup
~ (A m | 3
File name:  app.config - ’Custom Files (*.csv;*.config) v]
( 5 \ Open I ’ Cancel ]
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 40



Training Data

Navigate to the section titled y_training o
y_training @

Click Select files

CSV Export CSV Import

@ X Delete all rows

Navigate to the folder named

Technology Partner

: : . : csv
nastran_working_directory which contains B Export Bisciectiies T —— o
data for 10 runs sample ¥1 v2 v3 4 yi_
imported
_ 0001 25818811152,  -D.1705460155..  -150 A5 None-The
Select the file
app_monitored_responses.csv 0002 22242574976,  -0.1086014821.. 150 15 None-The
. 0003 17579419057 -0.0821920070.. 150 A5 None-The
Click Open
0004 -2.3200339584 .. 01136101317 -150 -1.5 Mone-The
Click Import
P 0005 21280800974 . -01009203946. . 150 A5 None-The
The table is now loaded with the y outputs 0006 10415194735 -D0BOAR503593 . 150 15 None-The
(monitored responses) for all 10 runs
0007 -26126207609...  -0.1820618814...  -15.0 15 None-The
Note 'ghat responsesrl_1,rl 2,..r3 24 T e il -25115376439...  -0.1505872377... | 150 18 None-The
contain characters instead of numbers. P
These characters will fail the regression and () [ « Downloads » nastran_working_directory >(3) = | é4 ||| Search nastran_working_direct... £ | 0008 1876434132 -D.08BEA023T2.. 150 15 None-The
must be removed from the training data. . et 9
& AR AR e =~ O @ | oo 23761151118 -D.1256383787.. -150 15 None-The
7 . * Name ° Date modified Type Size
F: its
Why do responsesr_1,rl_2, .., r3_24 X oot _ —
- - - B Desktop i app 1/16/2021 9:16 AM File folder
: 2 L : ‘ 10 | 25 &0 | 100
contain characters? The original FE model (18 Downloads 1 temp_files_900 1/16/2021 1206 PM  File folder
uses an time step procedure that varies “Zl Recent Places || app.config 1/16/2021 9:16 AM  CONFIG File ! 2
for each Sample. For eXample, if you are ¢& OneDrive 5 |app_|11onitmed_l5ponss.m ﬁD 1/16/2021 9:22 AM  Mlicrosoft Excel C...
monitoring the response at time step 1.0, & Libraries ' ~
sample 1 may have only time step 1.1 and [ Documents
sample 2 may have only time step .9. o) Music
- Pict
Since sample 1 and 2 do not have a E'V:d:: =
response corresponding time step 1.0, the
extracted response is reported as “None - & Homegroup | :
. - 4 T r
The response could not be found in the
B g . Fil: itored £ + | Custom Files (*.csv;*.confi 5
H5.” Training data should only contain S i il (s st eeontinlmnt
number values. Non-number data should ) SerTT— R
be removed from the training data.
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 41



SOL 200 Web App - Prediction Analysis Home

X_training

CSV Export CSV Import ¥ Delete all rows
o s O csv
K Selectfiles  [REI O] %5 Import sample 1

imported
1 1.208613

2 5.371329
3 9.448085
. . 4 4353574
Training Data 5
[} 8.000073
For x_training click Export to download a
CSV file i 38043
a 2107346
For y_training click Export to download a : e
CSV file :
10 3.725496
@ 25 | 50 | 100
4 . Y

y_training

CSV Export €8V Import *® Delete all rows
B Ex | W En gl app_monitored_responses.cs [LARNTLeE ity
f Tion i pp_ L : LY sample y1 y2 y3 y4 y1_

imported
0001 -2.5818811152... | -0.1705460155... | -15.0 = 7 None-The

Technology Partner

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 42



Custom Training
Data with Excel
and CSV Files

CSV files have been download for the
training data (x inputs and y outputs)

% '| 4+ albatross » Downloads » - | +4 | | Search Downloads 2 |
Organize = Include in library - Share with - Mew folder = ~ [ 9
'ﬁ' e * MName B Date modified Type Size

Bl Desktop . 1 _starting_files 1/19/2021 10:14 AM  File folder
8 Downloads . nastran_waorking_directory 1/19/2021 10:39 AM  File folder
‘2l Recent Places 1) 1_starting_files.zip 1/19/202110:14 AM  Compressed (zipp...
f& OneDrive | 1) nastran_working_directory.zip 1/19/2021 10:35 AM  Compressed (zipp... 128,52
3 @ ¥Training.csv 1/19/2021 10:58 AM  Microsoft Excel C...
4 Libraries 1 yTraining.csv @ 1/19/2021 10:58 AM  Microsoft Bxcel C... 3
@ Documents
JF Music
[ Pictures
i Videos

*d, Homegroup

1M Computer ]| m b

l & items

Technology Partner
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H ©- yTraining.csw - Excel Sign in

File Home Insert Page Layout Formulas Data 1 ' View Help 2 Tell me what you want to do
- F1 e Je i
Custom Training R e——————
. 1 |sample vyl y2 ¥3 ya
Data with Excel R
3| 2 -2.22426 -0.10869 -15 -1.5
. 4 | 3 -1.75794 -0.08219 -15 -1.5
a n d CSV FI |eS 5 | 4 -2.32003 -0.11861 -15 -1.5
6 | 5 -2.12808 -0.10092 -15 -1.5
Two (2) artificial samples are added manually 7] 6l -1.94152) -0.08986 15 L3
. ] 7 -2.61253 -0.18206 -15 -1.5
with Excel. =
9 | 8 -2.51154 -0.15059 -15 -1.5 fi\
. . . 10 9 -1.87684 -0.08688 -15 15 \_/
Open the file yTraining.csv in Excel
3 10 _-237612 012584 =15 =15 ||
. 11 -100 -1 -15 -1.5
Delete the following response columns: . o0 o9 B -
rl 1,rl 2, ..,r3 24. The only column that - . (]
should remain are: sample, y1, y2, y3, y4. s
Add sample 11 with the following response yTraining * i 4] | [
values Ready H 0 -——F——+ 100%
y1:-100
Y2:-1
y3:-15
y4:-1.5
Add sample 12 with the following response
values
y1l:-90
Y2:-0.9
y3: -15
y4: -1.5
Questions? Email: christian@ the-engineering-lab.com ﬂd HEXAGON 44
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@ H = «Training.c.. Een =

File Hn:nr'r|Ir'|ser Page Fn:nrr'r| Diata F!.E'-.-'ir:|"-.-"ir:'-.-'-.-'| HEI[:|| Q Tell me

Custom Training e ﬁ, .

Data with Excel 4 a | v | c e e | e[
. }'_ b 8.000973
and CSV Files 5| 7 osom
Ei'_ 8 2.107346
Open the file xTraining.csv in Excel 10 9 8.531418
]i 10 3.725496 @
Add a new sample and x1 value 12 11 0.001
sample: 11 13 12 0.002 | .l
x1:.001 14 @
15 -
Add a new sample and x1 value xTraining @ [« ] (]
sample: 12 Ready H [ - | + 100%
x1:.002
Click Save
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON




SOL 200 Web App - Prediction Analysis Home

Training and Testing Data @

x_training :
CSV Export CSV Import
imported ! k
y_training
Tra ININ g D d ta R —

| R ERRI  Select a CSV File m s 5

Navigate to the Training and Testing Data
section

Delete any previous table data by clicking X_testing
the four (4) buttons named Delete all rows

CSV Export CSV Import

| JeEEWRICE  Select a CSV File m S -

X Delete all rows

x_training, y_training - This specifies the x y_testing
inputs and y outputs used to train the
surrogate model. CSV Export €SV Import  Delete all rows

x_testing, y_testing - This specifies the x _
. » B Export | JREHRIE  Select a CSV File
inputs and y outputs used to calculate the - m sample vi

I K'I

Normalized Root Mean Square Error
(NRMSE) between the predicted values
and actual MSC Nastran responses. This
testing data is optional.

x_prediction — The x inputs at which to
make predictions.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 46
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Training and Testing Data

x_training@
CSV Export CSV Import @ * Delete all rows
s o L : O csvy
| SR XTraining csv B import sample 1
imported
@ 11 0.001
OF

0.002

» 10 | 25 | 50 | 100

Training Data | - |

Navigate to the section titled x_training

Click Select files

Technology Partner

. . =
Navigate to the folder that contains the ) = » cososs + Dowrionts {3 ) e T ol
CSV files >/
Organize + New folder =~ 0 e
. - . . » Name ° Date modified Type Size
Select the file xTraining.csv Wirzains _
P Desktop 1 1_starting_files 1/19/2021 10:14 AM  File folder
i Downloads | nastran_working_directory o~ 1/19/202110:39 AM  File folder
Click Open & Recent Places |85 xTraining.csv (4) 119202111:094M  Microsoft Excel C.. 1KB
f@ OneDrive 5] yTraining.csv N’/ 1/19/202111:09 AM  Microsoft Excel C... 1KEB
Click Import 9 Librares )
@ Documents
Jl Music
The table is now loaded with the x inputs & Pictures
for 12 samples B videos |
) Homegroup
Click Page 2
1% Computer 5
File name: xTraining.csv ~ | Custom Files (*.csv;*.config) -
Ensure samples 11 and 12 are present [ ]
@ [ open |+] [ cancel |
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 47



y_training @

CSV Export CSW Import @ @ X Delete all rows
e . ©csv
B Sclecifiles EEATETIIRENY m sample V1 y2 V3 v4

importad
@ 1 -100 -1 -15 -1.5

12 -80 -0.9 -15 -1.5

« 1

' ’

» 10 | 25 | 50 | 100

Training Data

Navigate to the section titled y_training

Click Select files

Technology Partner

Navigate to the folder that contains the
CSV f”es hv ; al ross ownloar - |+ EQIc 'own. 5
%u»!m » D |ds»(\§’) | 4 || Search Downtoad 2|
Organize » Mew folder B= v Eil 0
Select the file yTraining.csv — | - 8 e m——— e
B Desktop o 1 starting files 1/19/2021 10:14 AM  File folder
C||Ck Open i Downloads . nastran_working_directory 1/19/2021 10:33 AM  File folder
E Recent Places xTraining.csv N\ 1/19/202111:09 AM  Microsoft Excel C... 1KBE
@ OneDrive | yTraining.csv ( 4 ) 1/19/2021 11:09 AM  Microsoft Excel C... 1KB
Click Import i —/
[ Libraries b
. . @ Documents
The table is now loaded with the y outputs o Music
(monitored responses) for 12 samples Iglplcturs
Videos
C||Ck Page 2 ) Homegroup
18 Computer ¥
Ensure samples 11 and 12 are present and _ — _ -
File name: yTraining.csv - [Clﬁlﬂm Files (*.csv;”.config) ‘l
responses y1, y2, y3 and y4 are present @ o o
pen hd ncel
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 48



Home

SOL 200 Web App - Prediction Analysis

Regression
Data Link to Table Status Status Description Output
| y2 | S.B/ls3etds | "
x_training Link (+] Ready | y3 | 1 |
| y2 | 1 I
y'_training Link o Re&li:l}r Parameters listed in decreasing order of relevance: x1
GP App Update - Sending initial data to the web browser
e r O I I l ¥_testing (Optional) Link [ 1] Ready GP App Update - Sending complete =
a4 » 4
Reg re SS i O n y_testing (Optional) Link o Ready
:l1 Perform Regression C _
Click Perform Regression and the surrogate Warnings and Errors
model will be fitted | © Process complete | @ fhome/apricot/PycharmProjects/python-app/venv/lib/python3.6/site-packages/GP;
Click here to view the Regression Results section P »
The regression is complete when the
Warnings can be ignored

following status message is visible:

Process complete

Technology Partner
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Prediction Analysis x +
& 3 @ A Notsecure | 192.168.56.1:8080/optimization/prediction-analysis,/ T e
SOL 200 Web App - Prediction Analysis Home

Regression Results

Response
S u rfa S Response Surface (3)

Resize the window to fit half the screen,
this causes the plot to be increased in size Materns2

Adjust the scroll bar to make the plot
visible

Navigate to the section titled Response
Surface

The predicted function (surrogate model)

s h}
appears “spiked” 0 I ® T T_l I ] ) L LE;;gJ
1 | I | I —— (%)

The 2 artificial samples have response —-20

values of approximately -100 but the other @
samples 1-10 have response values
between 1 and 3. The 2 artificial samples
are causing a poor fit.

95% Prediction
Interval, Upper
—40 95% Prediction
Interval, Lower

—60
Note that the surrogate model pu(x) goes
through each training point, but the _an
displayed plot does not show this. This is

due to the resolution of the plot. 1,000 x 100 @ ;
points were used to generate the

Response Walue

indicated plot. If 10,000 x points were
used, the surrogate model p(x) would
better appear to go through each training
point.

X1

Questions? Email: christian@ the-engineering-lab.com ¥+ HEXAGON 50
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Table 1

1 0.001 100000
100000 @
2 100 0.01 10000
3 100 0.1 1000 80000
Spike Behavior ‘ 1 00,
S 60000
5 100 2 50 a
The “spike” behavior can occur in the following
scenario. 6 100 3 33.33333333 40000
7 100 4 25
Suppose there is a rod with cross section 50000
area A and is loaded axially with load P=100. 8 100 5 20
The axial stress is simply P/A. As the area A
goes to 0 and with a fixed load P, the stress 9 100 6 16.66666667 0 L. ® ° ® ® °® ° ®
goes to infinity. The order of magnitude of 10 100 7 14.28571429 0 2 4 6 8 10
the stress values can drastically change for Cross Section Area (x1)
different values of A. Care should be taken 11 100 8 12.5

to avoid samples with drastic variations in
monitored responses. Responses that are
significantly larger than other responses
may result in a poor fit.

@ Table 2: Example of bounds that are suitable and unsuitable

There are 2 actions that can be taken to
address this issue:

Adjust the bounds of the
parameters to avoid a sample that
produces drastically large response
values.

o e N
OK x1 0.1 8.0

NOT OK X1 .001 8.0

Manually remove samples with large
response values. For example, in the
table 1, samples 1 and 2 are
candidates for removal.
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SOL 200 Web App - Prediction Analysis Home

Variance @

Materns2

NRMSE:

@80

700

Variance

Navigate to the section titled Variance
600

The “spike” behavior can be inferred from
the variance plot. Very tall and leveled 500
bars is indication of the “spike” behavior.

400

Varance

300

200

100

In this tutorial, variance (¢?) is used to
gauge the prediction uncertainty.

Sometimes, you will see this prediction
uncertainty expressed as the standard

Technology Partner

deviation (o).
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SOL 200 Web App - Prediction Analysis Home

Response Surface

Matern52
s . o ® VOirinng)
Fix the Spike
. 3 -8 " Interval, Upper
Behavior s e
§—2.2
Edit the CSV files (xTraining.csv and o 24
yTraining.csv) and remove the artificial e Variance
samples 11 and 12. Reupload the CSV files ]
to the Prediction Analysis web app and -8 ! 5 . . . Materns2
perform the regression again. (Not Shown)
X NRMSE:
Inspect the response surface plot. The
“spike” behavior is no longer present. B )

Inspect the variance bar chart. Most bars
take on unique heights and are not tall.

Varance

2 4 ] 8 10

Sample

Technology Partner
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Creating Plots with the
HDF5 Explorer




Lo =S
e P
Ou | , « Dow.. » nastr. @ - | ¢f| | Search nastran_working_d... 2 |

Open File - Security Warning @
Organize - Include in library « Share with = » == « i @
- Do you want to open this file?
. * Mame Daten «
» Favorites g e _wwmsnwas L PR Mame: ..ran_working_directory (2)\5tart Desktop App.Ink
B Desktop 2| medel_0014.bdf 1/19/72 | Publisher: Unknown Publisher
& Downloads  |=| ] model 0015.bdf 1/19/2 B
s — B o From: Ch\Users\special-sunshine\Downloads\nastran_...
i1, Recent Places 2| medel_0016.bdf 1/19/2
& OneDrive | E] model_0017.bdf 1/19/2 @[ Open | [ Cancel |
Start Desktop ) ettt e et I
x - - W a are openin: IS Tie
4 Libraries =] model_0019.bdf 1/19/2| 2 = Perne

—

A p p @ Documents = model_0020.bdf 1/18/2 |--"“~ While files from the Intemet can be useful, this file type can
o ® @

potentially ham your computer.  you do not trust the source, do not

@ Start Desktop App 1/19/2 ~ open this software. What's the risk?
. Pictures - 4 T 3
Open this folder: = I l
nastran_working_directory } 24 items
Inside of the new folder, double click on
SIEITE D SR AR @ MSC Mastran V2018.2 (model) = R =

13

Click Open, Run or Allow Access on any
subsequent windows

xxx USER WARMING MESSAGE <pgm: nastran, fn: decode_keyword
hatch=no CL[21>

o

Thizs keyword iz not available on thiz platform.
MEC Hastran U2818.2 <(Intel Windows 7 Professional 6.1 7661> Sun Jul 18 14:38:37
2821

Using Linux?

e SYSTEM INFORMATION MESSAGE <(pgm: nastran. fn: estimate_job_requirements’
Starting ESTIMATE, please wait...

Follow these instructions:

1) Open Terminal

2) Navigate to the nastran_working_directory
cd ./nastran_working_directory

3) Use this command to start the process
./Start_MSC_Nastran.sh

xxx USER IMFORMATION MESSAGE {pgm: nastran. fn: estimate_job_requirementsl

Eztimated memory=2048 .5MB
Estimated bpool=512.1MB
MS5C Mastran beginning job model.
MEC Nastran started c:wmsc.softwaresmsc_nastran~Z28182 msc2Bl82*winb4iB~mzcdate

In some instances, execute permission must be
granted to the directory. Use this command. This
command assumes you are one folder level up.

sudo chmod -R u+x ./nastran_working_directory Questions? Email: christian@ the-engineering-lab.com (4 4 HEXAGON 55
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Results

Multiple web apps are automatically
opened to display the results.

Use the tabs to switch between
each web app

A description of each web app is
given in the table.

®

Status * Monitored Responses x | HO'FS Explorer b4 +

- = - () Mot secure | 192.168.56.1:8080/optimization/status.html?optimization_run_97328

SOL 200 Web App - Status

®

Monitored Responses * The response value from each sample * After each MSC Nastran analysis, the response
can be compared. values are extracted from the H5 file and
contained in a file named
app_monitored_responses.csv. The Monitored
Responses web app is used to create a bar chart
of the values contained in this CSV file.

HDF5 Explorer * This web app is used to probe each H5
file and generate XY plots.
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Review Results

On this page, the HDF5 Explorer is opened.

Select all 10 H5 files

Click Continue

The HDF5 Explorer is automatically opened.

The HDF5 Explorer is broken into sections.

Acquire Dataset — Specific datasets from
the H5 file can be extracted in this
section.

Plots Browser — Use this section to
navigate every plot created.

Combine Plots — This section allows you
to combine multiple plots. For example,
you can create Load vs. Displacement
plots in this section.

Last Plot Added — This display the last plot
that was created.

®

SOL 200 Web App - HDF5 Explorer  Acquire Dataset  Plots Browser

Multiple HDF5(.h5]) files have been found.

Plots Browser
1) Select a file

Combine Plots

Last Plot Added

2) Select similar files
OK - model.h5, model_0000.h5, model_0001.h5
OK - nk098,h5
NOT OK - nk098.h5, model_0000.h5, model_0001.h5 NODAL/APPLI ED—LOAD
3) Click Continue to start the HDF5 Explorer or
click Skip to ignore this step

HODALJAPPLIED_LOAD

model_0001.h5

model 0010.h5

. - Times, dreuency b esl pert of mgen vaue

Plot#: 0-1D: 2 | SAMPLE: model_0000, model_0001,
maodel_0002, .. | SUBCASE: 10| Y vs.
TIME_FREQ_EIGR

Continue | Skip | it Pu.ba

Questions? Email: christian@ the-engineering-lab.com

Technology Partner

.4 HEXAGON

57



SOL 200 Web App - HDF5 Explorer  Acquire Dataset  Plots Browser ~ Combine Plots  Last Plot Added Connection  Home

Combine Plots

7\

&)
Dataset A O Display None | & Display All
NODAL/APPLIED_LOAD vs. NODAL/DISPLACEMENT

Display Color Name

Plot Number
: . @ @ T 0 - Dataset A- ID: 2 | SAMPLE: model_0001 |
v

p—— | SUBCASE: 10| Dataset B - ID: 2 | SAMPLE:
model_0001 | SUBCASE: 10

Datasat NODALIAPPLIED_LOAD
== = 1 - DatasetA- I0: 2 | SAMPLE: madsl_0002 |
; ” 14 l— | SUBCASE: 10| Dataset 5 - ID: 2 | SAMPLE:
:‘;'d- Vertmali | & model 0002 | SUBCASE: 10
£

2 - Dataset 4 - 1D- 2 | SAMPLE: mods|_0003 |
Field, |——  SUBCASE: 10| Dataset B - ID: 2 | SAMPLE:

Horizontsl TIME_FREQ_EIGR 12z model_0003 | SUBGASE 10

Az

[ e 3 DatasetA- 1D 2 | SAMPLE: mods|_DOD4 |

eV I e W e t l——  SUBGASE: 10| Dataset B - ID: 2 | SAMPLE:
S u S Dataset B

% Ho model_0004 | SUBCASE: 10
g —
4 - Dataset A - ID: 2 | SAMPLE: model_0005 |
Plot Number 9| [0  ——= SUBCASE: 10| Dataset B - ID: 2 | SAMPLE:
. . o model_000S | SUBCASE: 10
Click Combine Plots 1 v @ g
= 5 - Dataset A - 1D- 2 | SAMPLE: mods|_0006 |
% 0 | —— sUBGASE: 10| Dataset B - ID: 2 | SAMPLE:
Dataset NODALDISPLACEMENT = AR S TR A
6
For Dataset A, Plot Number, select O 2 e T R
Faeud, o 0  —— SUBCASE: 10| Dataset B - ID: 2 | SAMPLE:
Wertical Axis = model_0007 | SUBCASE: 10
For Dataset B, Plot Number, select 1 Fiekd, 4 7 - Dataset - ID: 2 | SAMPLE: model 0008 |
Harizontal TIME_FREQ_EIGR O | SUUBCASE: 10 | Dataset B - ID: 2 | SAMPLE:
Asis model_0008 | SUBCASE: 10
Click U pdate Plot 2 & - Dataset 4 - 1D- 2 | SAMPLE: mods|_0003 |
0 | —— sUBGASE: 10| Dataset B - ID: 2 | SAMPLE:
Update Plot model_0008 | SUBCASE- 10
Mark both checkboxes _ ) 0 9 - Dataset A - ID: 2 | SAMPLE: model_D010 |
Reverse sign of horizontal values 0  —— SUBCASE: 10| Dataset B - ID: 2 | SAMPLE:
Reverse sign of vertical values model_0010 | SUBCASE: 10
. . 0.5 1 1.5 2 2.5
Click Display None
@ NODAL/DISPLACEMENT, Y

Mark the checkbox for the first 4 samples

The corresponding load vs. displacement
plot is created
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End of Tutorial
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Appendix Contents

> How to import and edit previous files

° What is Gaussian Process Regression?
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How to import and edit
orevious files




How to import and edit previous files

The parameters, samples and responses are contained in the following files
° app.config
> BDF files

These files may be imported back to the Parameter Study web app, and any parameters,
samples and responses can be reconfigured

Questions? Email: christian@ the-engineering-lab.com “’ HEXAGON



® -

Machine Learning ® =+
&« = C @ct secure | 192.168.56.1:8080/optimization/machine-learning/ H oy &
SOL 200 Web App - Machine Learning  Parameters  Samples  Responses  Download — Resulls Connection  Settings  Home
< >

Import Select BDF Files

Return to the window or tab that has the
Parameter Study web app opened

1. Select files

Refresh the web page to start a new
session

2. Upload files

[ List of Selected Files

* Refreshing the page is only required when
the Select files button is disabled.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 64
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Import

Click Select Files

Navigate to the folder named

nastran_working_directory

Select all the BDF files AND the app.config
file.

Click Open

Click Upload files

All imports require the app.config file to
be selected.

SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download — Results Connection  Settings

Select BDF Files

Home

@ 1. Select files 2 files selected

Inspecting: 100%

@ 2. Upload files

m

%v| . » albatross » Downloads » nastran_working_directory » (A) - | +4 | | Search nastran_working_direct... © |
N’
Organize = Mew folder B~ [ e
.ﬁ. Eaiies Mame . Date modified Type Size :
B Desktop 1 app 1/19/202112:11 PM  File folder
& Downloads . temp_files_900 1/19/2021 12:54 PM  File folder
‘&l Recent Places | || app.config 1/19/202112:10 PM  CONFIG File 11 KEl
%@ OneDrive | ] model.bdf 1/19/2021 1210 PM  BDFFile 1KB| @
| [=] model_0001.bdf 1/19/202112:10 PM  BDF File 1KB|
B Libraries 3 | [¥] model_0002.bdf 1/19/202112:10 PM  BDF File 1KB|
E) Documents | ] model_0003.bdf 1/19/202112:10 PM  EDF File 1KB| =
o Music | [] model_0004.bdf 1/19/202112:11 PM  BDFFile 1KB|
[ Pictures | =] model_0005.bdf 1/19/202112:11 PM  BDF File 1KB|
B Videos | [#] model_0006.bdf 1/19/202112:11 PM  BDF File 1KB|
||| %] model_0007.bdf 1/19/202112:11 PM  BDF File 1KB|
& Homegroup | =] model_0008.bdf 1/19/202112:11 PM  EDF File 1KB|
| ] model_0009.bdf 1/19/202112:11 PM  BDF File 1KB|
8 Computer - | ¥ model_0010.bdf 1/19/202112:11 PM  BDF File 1KB| =

File name: "model_0010.bdf" "app.config" "model.bdf" "model_0001.bdf" "model_0002.bdf" "model 01 = [Custom Files (*.bdf;".dat;".conf v]

I Open Ivl ’ Cancel ]

Questions? Email: christian@ the-engineering-lab.com
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SOL 200 Web App - Machine Learning ~ Parameters ~ Samples  Responses  Download  Resulis Connection  Settings ~ Home

B2 <

View Responses to Monitor

@ (=R nas103_ws09_with_spring_support.hs Monitored Responses Wi Hide/Show Columns | T Reset Filters | & Download CSV

Moniter the respor
2. Upload files o Lower Upper of the FINAL desi
Delete Label Status  Objective Bound Bound cycle (SOL 200 on

|
rz
r3
r4

Upload .h5 File

Select Responses to Monitor Session |D- 5625 g - ° mi gy e
Import 8: ||t =]l
SOL 200 Web App - Machine Learning  Parameters  Samples  Responses  Download  Results Connection  Seftings ~ Home
For the Response section, the H5 file will need <5
to be re-uploaded. Select R to Monit
elec esponses 1o ionitor : - = . .
P Session ID: 3736 i View Responses to Monitor
. HDF5
Click Responses =
Monitored Responses ol Hide/Show Columns | T Reset Filters | & Download CSV
Select the H5 file Select Dataset = Acquired Dataset J1 Reset Filters
» ) Monitor the respor
. Etgxgmﬁtggl—_’tgﬁ ELEMENTAL/ELEMENT_FORCEELAS - 20 Vawer Upper of the FINAL desi
Click Upload NODAL/APPLIED, LOAD EID F SAMPLE  DOMAIN_ID  SUBC. Delete  Labsl  Status Objective  Bound Bound  cycle (SOL 200 on
NODAL/DISPLACEMENT
- o B
Data from the H5 is loaded and ready to 2
use Element 'i
. . identification Name of H5 Domain Subei il
Specify Entities number User defined File*™ identifier numi
20 n Iul (v] w Lower Upper
Element identification number (E1D) 20 . @ nas103 = 10
Examples: 20, efc.
mples: 20, etc n 2 (] v Lower Upper
Auto Execute
20 000015000 | nas103_. | 1 10 B = o ~| | Lower Upper
20 -0.00021331...  nas103_.. @ 2 10
Acquire Dataset n 4 Q v Lower Upper
20 -0.00036332..  nas103_.. 3 10
©Acquisition complete and 20 000051332 nas103_.. 4 10
successful 5 10 | 20 | 30 | 50 100 ‘
20 -0.00066333..  nas103_.. & 10
Questions? Email: christian@ the-engineering-lab.com h HEXAGON 66
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SOL 200 Web App - Machine Learning  Parameters  Samples  Responses  Download — Resulis Connection ~ Seftings ~ Home

< >
Select BDF Files
2 files selected
Im port
After import, any Parameter, Samples or
Responses can be modified. , )
[ List of Selected Files
Select Parameters Configure Parameters
-+
$ 1 2 312 1_5_1l—6_11—7_—1l_—38_1l5__|l__18@ _ Delete Parameter Status Low High Comments
B « o 10. Field 2 of PELA
FORCE 15 2 15. a. -1. a.
MAT1 1 18.E7
NLPCI 28 CRIS 1. 1 43
PELAS 28 wal%
PRCD 1a 1 -1

Technology Partner
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What is Gaussian
Process Regression?




(Gaussian Process Regression Overview

Training Data

MVN Conditioning Equations Predicted Values

D,,: Training data X,
(inputs) and Y,, (outputs)

Mean: u(x)

pu(X) = X(X, Xn)ET:lYn (Prediction Model)
B(X) = S(X,X) - 5(X, X,)5, 'S(X, X,,) "

Kernel (Covariance Function)* Prediction Uncertainty

k(x,x)=2(x,x)

Variance: o2%(x)
Sometimes expressed as X (x)

* Hyperparameter optimization is part of the procedure but not covered in this presentation
** u(x): This function corresponds to the mean function or kriging model. This function is the prediction model,
also known as the surrogate model, meta model or emulator.

Questions? Email: christian@ the-engineering-lab.com HEXAGON
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Multivariate Normal (MVN) Conditioning
Equations

The following must be calculated: Covariance Matrix, Mean and Variance

Z(Xr X) Z(X; Xn) ) X, Training locations

Covariance Matrix X = (Z X)) 5, =X, X)) x: Testing (predictive) locations
n’ n nn

Apply the covariance function X (x, x") (kernel k(x, x"))

* X(x, x): Covariance between testing (predictive) locations and themselves

* X(x,X,): Covariance between testing (predictive) and training locations

* X(x,X,,): Covariance between training and testing (predictive) locations,
which is the transpose of Z(y, X;,)

* X, = X(X,, X,): Covariance between training locations and themselves
MVN Conditioning Equations (Mean and Variance)
Also referred to as “Gaussian process regression,” “kriging” or “kriging equations”
mearn ,UJ(X) = E(X: Xn )E;l}/n Prediction Model (Vary y to make predictions)

and variance E(,ﬁt’) — E(X:‘;t’) _ E(X: XH)E,EIE(X: XH)T Prediction Uncertainty

Questions? Email: christian@ the-engineering-lab.com L“; HEXAGON
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Example 1
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Example 1

Suppose a black box function was executed
at 4 different samples (x1, x2 combinations)

With limited data (x and y), what does the

response surface look like?

Training Data

ETTE ER R

H W NN

Questions? Email: christian@ the-engineering-lab.com

-1.03
.49
1.77
3.62

1.76
.49
-1.77
3.76

-1.56E-02
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Training Data and Testing (Predictive)
Locations

Suppose you have the following training data (X,, and Y,;) and testing locations (y)
° X, : The training design consists of 4 points

° x :The test design (locations to make predictions) consists of 2 points

P)
35 .69
_|_-65_ _ 46 | . 1 Tl
x1 =103 ~ 176 fy ~|~= 1.56e — 02
X 1—[— ]—= Yy 3.04e — 01
Xn 49 49 3386 — 03
177 =177 = 130 19
| 362  3.76 | e ]

The goal is make predictions (y *) for points in y

Note
° Xy inputs of the training data
> Y,: outputs of the training data
° y or x: inputs of the testing data (predictive locations, i.e. points to make predictions)
° y *: predicted outputs X: upper case of Greek letter chi (pronounced kai in English)

- D,: Training data X,, and Y, x: lower case of Greek letter chi

Questions? Email: christian@ the-engineering-lab.com \,.‘ HEXAGON
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Calculation of the Covariance Matrix

1. Select a covariance (kernel) function

> Many covariance functions (kernels) exist: Radial Basis Function (RBF), Matern 5/2, 3/2,
Exponential, ...

° For this example, a form of the RBF covariance function is used. This covariance function is
described as the “inverse exponentiated squared Euclidean distance”

k(x,2) = S(x,2') = exp{~|jz —a'|[*} = e~

2. Calculate D (Distance Matrix)
D =X - X||? “Norm between X and X, squared”

3. Calculate X' (Covariance Matrix)

Y=e P

Questions? Email: christian@ the-engineering-lab.com \.‘ HEXAGON
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Calculation of D

—
V(35 — 35)2 + (.69 — .69)2 V(35 — .65)2 + (.69 — .46)? J(35 — —1.03)2 + (69 — 1.76)2 /(35 — 49)2 + (69 — .49)? J(35 = 1772+ (69 — —=1.77)2 /(35 — 3.62)2 + (69 — 3.76)?
=0 =.1429 =3.0493 = 0596 =8.068 =20.1178
1429 V(65 — .65) + (46 — .46)? J065 = —1037 + (46 — 1767 /(65 — 49)? + (46 — 49)? V(65 — 1.77)% + (46 — —177)>  [(65 — 3.62)% + (46 — 3.76)?
= =45124 = 0265 =6.2273 =19.7109
3.0493 4.5124 J(E103 = —1.03)2 + (1.76 — 1.76)2 /(103 — 49)2 + (1.76 — 49)2  /(=1.03 = 1.77)2 + (1.76 — —1.77)2 /(—1.03 — 3.62)2 + (1.76 — 3.76)?
=0 =3.9233 =20.3009 =25.6225
.0596 3.9233 2 2 2
.0265 J(49 = 49)2 1 (49 — 49)2 V(49 — 1.77)2+ (49 — —177)2 /(49 — 3.62)2 + (49 — 3.76)2
=0 =6.746 =20.4898
8.068 2 2
62273 20.3009 6.746 V77 = 1772 + (=177 = 1772 J(1.77 — 3.62)? + (—1.77 — 3.76)?
—0 =34.0034
‘ 25.6225 20.4898 34.0034 2
20.1178 19.7109 JB62 — 362)% + (3.76 — 3.76)
=0
—
|
Questions? Email: christian@ the-engineering-lab.com \‘ HEXAGON
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Calculation of X

B e =1 e~1%29 = 8668 e™30493 = 0474 e™05% = 9421 e~8968 = 0003 e~201178 = 1.832e-9 ]
8668 e =1 e~*5124 = 0110 e™0265 — 9738 e62273 = 0020 e~197109 —3 ge-9
0474 .0110 =1 e™39233 = 0198 e~203009 =1 5e-9 e™256225 — 750 12
o .9421 9738 .0198 e =1 e~ 6746 = 0012 204898 — 1 7636.9
.0003 .0020 1.5e-9 0012 e =1 e7340034 — 17e — 15
1.832e-9 2.8e-9 7.5e —12 1.263e-9 1.7e — 15 e = 1

Questions? Email: christian@ the-engineering-lab.com ‘ HEXAGON
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Calculation of X




Calculation of Predictive Quantities

The MVN conditioning equations are used to determine the predictive quantities mean and
variance

mean u(X) = 2(X, X)X Y,

_ s (02849657 Predicted values for locations in y
KGO =¥ = (5 5054011)

and variance X(X) = D(X, X) - L(X, X)X 18X, X,,) "

0.11154162 —0.05042265

200 = (—0.05042265 0.05155061

) Prediction Uncertainty

The diagonal terms are the variances at prediction points 1 and 2

0.11154162
2 o
*(X) (0.05155061)

Questions? Email: christian@ the-engineering-lab.com !,“, HEXAGON



R
Code to replicate this example in R

distance (XX, X)
exp (-DX)

library(plgp) DX
SX

eps = sqgrt(.Machine$double.eps)
# Calculate the predictive mean and predictive variance

# Training points S i
X = rbind(c(=-1.03,1.76), c(.49,.49), c(1.77,=1.77), c(3.62,3.76)) # Predictive mean

mup = SX $*% Si $*% y
# The goal is to fit this function: y(x) = x1 * exp(-x1"2 - x2"2) mup

y = X[, 11 * exp(-X[,11%2 - X[,2]*2)
# Predictive variance

# Test points Sigmap = SXX - SX %*% Si $*% t(SX)

XX = rbind(c(.35, .69),c(.65, .46)) Sigmap

XX

# Sigma 22 (Sigma) and its inverse (Si)

(iR iisdtissdtddadtadadsadmatadiddhddidddddiddssdissssdi OUtpUt

# Distance among the Training Data
D = distance (X)
Sigma = exp (-D)

Si = solve(Sigma) = # REHERHS Ht Ht s
= # Predictive mean

= mup = SX %%% S1 ¥*% y

Console Terminal Jobs

=f

# Sigma 11 - mup

# HHH AR

# Distance among the Testing Data [1)]] 0.2849657

DXX = distance (XX) [2 Mean
SXX = exp (-DXX) =

= # Predictive variance

1 = - o 1 e
# Sigma 12 and Sigma 21 (Transpose of Sigma 12) > Signap = SXX - SX K¥X S1 ¥*% t(SK)

= 51
BRI 4 o £
# Distance between training and testing data [1,1] ©.11154162 -0.05842265 .
[2,]|-0.05042265 0.05155061 Varlance

=
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R
Code to replicate this example in R with Plots

library(plgp) DXX = distance (XX)
library(lhs) SXX = exp (-DXX)
eps = sgrt(.Machine$double.eps) # Sigma 12 and Sigma 21 (Transpose of Sigma 12)
# o R
# Training Data # Distance between training and testing data
#odHFE R DX = distance (XX, X)
# Training points SX = exp (-DX)
number of sample points = 4
X = rbind(c(=-1.03,1.76), c(.49,.49), c(L.77,=1.77), c(3.62,3.76)) # Calculate the predictive mean and predictive variance
# oA
# Observed values mup = SX $*% Si $*% vy
# The goal is to fit this function: y(x) = x1 * exp(-x1"2 - x2"2) Sigmap = SXX - SX %*% Si %*% t(SX)

y = X[, 1] * exp(-X[,1]1%2 - X[,2]"2)
# Predictive standard deviation

# Testing Data diag(Sigmap)
#odFFE R sdp = sqgrt(diag(Sigmap))
# Test points
number of test points_per axis = 40 # Figure 5.5
xx = seq(-2, 4, length=number of test points per axis) par (mfrow=c(l, 2))
XX = expand.grid(xx, xx) cols_a = hcl.colors (128, palette = "viridis")
cols_b = heat.colors(128)
# Sigma 22 (Sigma) and its inverse (Si) image (xx, xxX, matrix(mup, ncol=length(xx)), xlab='x1', ylab='x2', col=cols_a)
#odFFEE R R points(X[,11, X[,2])
# Distance among the Training Data image (xx, xx, matrix(sdp, ncol=length(xx)), xlab='x1', ylab='x2', col=cols_b)
D = distance (X) points(X[,1]1, X[,21)
Sigma = exp(-D) + diag(eps, nrow(X))
Si = solve(Sigma) # Figure 5.6
persp(xx, xxX, matrix(mup, ncol=number of test points per_ axis), theta=-30, phi=30,
# Sigma 11 xlab="x1"', ylab='x2"', zlab='y', zlim = c(-.5,.5))

OoRFHH AR R R R R R

# Distance among the Testing Data
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Predictive Quantities Mean and Standard
Deviation

Standard Deviation: o(y)
Mean: u(x) (Square root of variance)

Not Good — High Standard

® M T Deviation — High Variance — High
Prediction uncertainty
(Prediction is not reliable)

; T .

- Good — Low Standard Deviation
o o~ — Low Variance — Low Prediction
e — e — - . I .
uncertainty (Prediction is
‘ reliable)

c} m =] . . . .
Prediction uncertainty is
lowest near training

A - ;
data locations

; - L]

| | | | | |
-2 -1 0 1 2 3 4 -2 -1 0 1 2 3 4
x1 x1
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Comparison of True Function and
Prediction Model

True Function Prediction Model (u(x))

Gramacy & Lee[2008) Function

i
7 ﬂﬂ” ":",g"ﬂ:t‘:
':ﬁ‘w""wfﬂ!ﬂﬂ{ﬂﬁ?f

e

f(x) =z, exp(—zi — 23)
Source: https://www.sfu.ca/~ssurjano/grlee08.html
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