Workshop — Prediction Analysis,
Dynamic Impact of a Rigid
Sphere on a Woven Fabric

AN MSC NASTRAN MACHINE LEARNING WEB APP TUTORIAL




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.

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

3. Creating Plots with the HDF5 Explorer
©  The HDF5 Explorer web app is used to create displacement vs. time plots.

4. Performing Predictions
° Gaussian process (GP) regression is used to train a surrogate model and perform predictions.
°  The prediction performance of the surrogate model is evaluated.

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

Perform nonlinear transient analysis, with contact, NODAL/DISPLACEMENT
for different levels of friction
Create a history plot of z-displacements of the rigid Display | Color Name
—_— 0-10:1 | SAMPLE: model_0001
Sphere -0.002 SUBCASE: 1 | STEF: 1
— 1-10: 1| SAMPLE: model_0002
SUBCASE 1| STEF:1
B Ry e
§-—0 Q06|

TIME_FREQ_EIGR - Time, frequency or real part of eigen value

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

Summary

Title Chapter 47: Dynamic Impact of a Rigid Sphere on a Woven Fabric

Features Beam-to-beam contact, beam-to-rigid contact, dynamic contact, bilinear Coulomb
friction model, isotropic elastic material, nonlinear property extensions to beam
elements

Geometry

Material properties E = 10GPa,p - I500kg/m’

Analysis characteristics | Nonlinear transient analysis with adaptive time stepping and geometric nonlinearity due
to large displacements and large rotations

Boundary conditions Fabric isclamped on all four sides: sliding, frictional contact between the beam elements
of the fabric and between the fabric and the sphere.

Applied loads The rigid sphere hits the fabric at the center with an initial velocity of 100m/s.

Element type 2-node thin elastic beam element with transverse shear effects

FE results 1. Deformed shape and contact status

2. History plot of z-displacements of the rigid sphere
3. Frictional contact forces

MSC Nastran Demonstration Problems Manual - Implicit Nonlinear,
Chapter 28 - Dynamic Impact of a Rigid Sphere on a Woven Fabric

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

Design Variables

x1: Friction of yarns parallel to x direction, initial
body approach

x2: Friction of yarns parallel to y direction, initial
body approach

x3: Friction of yarns parallel to x direction
x4: Friction of yarns parallel to y direction

0.0<x1<1.0

Samples

Batch set 1 — 20 run LHS Design
Batch set 2 — 8 run LHS Design
Batch set 3 — 3 run User-defined Design

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

HEXAGON

Technology Partner

Monitored Responses

rl: Displacement, z component, of rigid sphere,
max response across all time steps

r2: Magnitude of displacement (/x? + y? + z2)

of rigid sphere, max response across all time
steps

r3: Displacement, z component, of rigid sphere at
time step 0.0001

r4: Magnitude of displacement (y/x2 + y2 + z2)

of rigid sphere at time step 0.0001

All displacements are monitored at node 1, which
is the center of the woven fabric

g



Problem Statement, Continued

The responses defined in this SOL 200 Web App - HDF5 Explorer  Acquic Daiaset  Plois Browser  Combine Plofs  Last Plot Added
tUtoria I correspond to pOintS On Plot - NODAUDISPLACEMENT—PID[# 1-1D: 1| SAMPLE: nug_47hb_friction_at_D | SUBCASE: 1 | STEP: 1 | Z vs. TIME_FREQ_EIGR En
the displacement vs. time plot

° Response rl is the max Vertical xis a T Do g
displacement, z component, el — 2;;5’;;'_i.‘2:.‘;ti::Sm1.
across all time steps, in this e —— :
case the max displacement is o
negative

© Response r3 is the
displacement, z component, at :
time step .0001

N—o.oos r3
-0.012 rl

TIME_FREQ_EIGR - Time, frequency or real part of eigen value

Questions? Email: christian@ the-engineering-lab.com \‘ HEXAGON
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Problem Statement, Continued

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

The responses defined in this
tutorial correspond to points On Plot - NODAUD'SPLACEMENTrP\ut#.LlD1|5AMFILE.nug,47bjicnun,at,0|SUBCASEA\STEP.HMAGTRANSVS TIME_FREQ_EIGR Bu
the displacement vs. time plot

" N (Q Display Mone | & Display Al
; ReSponse r2 is the max Veh.:::illl::I:fTr‘anslamnall I\I-Ir NODAUDISPLACEMENT Display | Color Name
displacement, magnitude, . 8 — e
across all time steps e FReq eioR- Tme,
© Response r4 is the * Options . oo .
. . Y r
displacement, magnitude, at
time step .0001 £
§0.004

TIME_FREQ_EIGR - Time, frequency or real part of eigen value

Questions? Email: christian@ the-engineering-lab.com \‘ HEXAGON
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More Information Available in the Appendix

" The Appendix includes information regarding the following:
Response Configuration

Monitor the maximum or minimum response, whichever has the greatest absolute value: Yes, No
or blank

How to import and edit files

Appendix

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



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
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Tutorial

Questions? Email: christian@ the-engineering-lab.com 4 HEXAGON
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Tutorial Overview

2. Use the Machine Lea rning web app to: Training Data — The training data consists of the parameter inputs and
. respective output responses for multiple MSC Nastran runs. This tutorial
1. Conflgure the prObIem statement describes how to configure multiple MSC Nastran runs, each with different

2 Configure muItipIe batch runs parameter inputs, and how to monitor each response.

Gaussian process regression — This tutorial describes the procedure to use

3, Use the H DFS EXplorer‘ to: Gaussian process regression to train a surrogate model and make predictions.
1. Create plOtS Automatic Response Extraction — Often responses are manually or
automatically extracted from the FO06 file. This becomes challenging when
4. Use the Prediction Analysis Web app to: extracting responses from multiple FO6 files. This tutorial highlights the web
app’s ability to automatically extract responses from multiple H5 files with
1. Determine parameter relevance minimal user effort.

(parameter/variable screening) : : . :
Automatic Plots - Multiple plots must be created. This traditionally involves

7. Perform predictions 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.

Questions? Email: christian@ the-engineering-lab.com 7 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

Technology Partner
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Parameter Study, Dynamic Impact of a Rigid Sphere on a Woven Fabric @

Consider a transient analysis of a rigid sphere impacting a woven fabric. The parameters allowed to vary include the
friction coefficients. The response of interest are the displacements.

This tutorial describes how to configure multiple MSC Mastran runs to generate training data. Gaussian process
regression is used to train a sumogate model and make predictions. The prediction performance of the surrogate
model is also evaluated. Also discussed are instructions to create displacement vs. time plots .

Starting Fnes @

Solution BDF Files: Link

Obtain Starting

Files

Find the indicated example

%v| I » albatross » Downloads » - | ﬁ-| | Search Downloads 2 |
Click Link
Organize * = Open = Share with - E-rnail Mew folder = [ 9
The starting file has been downloaded -
‘i:i' Favorites 2 e
Ml Desktop || 1, 1_starting_files.zip (3)
i Downloads ~
':i-ﬂ Recent Places
When starting the procedure, all the & Libraries
necessary BDF, or DAT, files must be 5 Documents
collected and uploaded together. o Music
Relevant INCLUDE files must also be =] Pictures ~ |y m, | >
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
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Obtain Starting
Files

Right click on the zip file
Select Extract All...
Click Extract

The starting files are now available in
a folder

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

[ [0
%v|l + albatross » Downloads » - | +y | | Search Downloads pel |
Organize « = Open ~ Share with + New folder =~ O 9
% S — 2~ Mame * Date modified Type
B Desktop . 1_starting_files 11/26/202010:37 ... Filefy
{8 Downloads 1_starting_files.zip PUEVSVELEPEY T
E—-ﬂ'_ Recent Places Spen
& OneDrive Open in new window
(@ Extract All...
[l Libraries Edit with Notepad++
@ Documents =| Open with...
J' Music
([ Pictures Share with 3
E Videas Restore previous versions
Send to 3
*d Homegroup -
18 Computer Copy
Fi Create shortcut
€ Network AL Delete +
i 1_starting_files.zip Date modified Rename
by Compressed (zipped) Folder Sizg 7
Properties

m

@ Li]] Extract Compressed (Zipped) Folders

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

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

T e
%v| )« Dow.. » 1_starting_...

- |~‘,- | | Search 1_star.. 0 |

Organize = Include in library = » = » [ @
‘fl’ Favorites i ST
Ml Desktop | nug_47b_friction_at_D.dat

@ Downloads @

& OneDrive
"5l Recent Places

m

- Libraries

@ Documents

J' Music

[ Pictures

‘ Videos

‘l 1 item

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

@ |Na G~

77N\
. » user » Downloads » 1 _starting files( 2 ) ~ | 4 || Search 1_starting_fites (4 |
N
MSC Mastran Organize » Mew folder =« 0 @
1-}‘, By Mame - Date modified Type

M Desktop |[ nug 476 friction_at_0.dat (3 Y20/2021859 AM  Notepad++ D

. Downloads —

& OneDrive

“El Recent Places

[ Libraries
@ Documents
J' Music
[ Pictures

B videos

v 4 ]

3

File name: nug_47b_friction_at_0.dat

MSCAMASTRAN Input File

IE:'\LI zershuzeri\Dawnloadsh]_starting_files [4)\nug_47b_Friction_: File... |

Optional kewywords

Cancel | Clear |

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

~ [ Input Files (*.bdfdat)

3

e I |

Cancel l

4
ﬂ

o [ |

wv| .« Dow... » 1_starting_...

- |“‘!‘| | Search 1 star.. O |

Organize * Include in library + b =+ [ 9
¢ Favorites Lss

.} Desktop @' nug_47b_friction_at_0.dat

8 Downloads |2 nug_47b_friction_at_0.f04

& Onelrive

"5l Recent Places

|4 Libraries
@ Documents

l & items

.4 HEXAGON

Technology Partner

nug 47b friction at 0.f06
| nug_47b_friction_at_0.h5

@' nug_47b_friction_at_0.log
u nug_47b_friction_at_0.sts

N — —

18



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 — Results Connection  Seftings ~ Home

Select BDF Files

@ 1. Select files nug_47b_friction_at 0.dat

Inspecting: 100%

® EEI

Select BDF Files
Ak Seleet fles m

%ﬂ X + slbatross » Downloads » 1 starfing files ~ [ #2 ][ Search L_starting._fites P

Select the indicated files

Organize « New folder =~ O @

»

Name Date modified Type Size

Click Open X Favaiies |
M Desktop | =] nug_47b_friction_at_0.dat N\ 12042021 9:25 AM  DAT File 350 KB |

) 2
& Downloads
Click Upload files 85| Recent Places =

‘@ Onelrive

[ Libraries
Documents
J’ Music
Pictures
I Videos

l@ Homegroup

Technology Partner

18 Computer -
File name: nug_47b_friction_at_0.dat ~ [ Custom Files ("bdf:"dat;".conf +|
@ [ Open ] l Cancel l
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 21



P aram ete IS Select Parameters Configure Parameters

Move the scroll bar until the BCTABLE — wrws ewae — T
entries are visible B.e8  B.ed .22  @.ed .81 .82 - Delete Parameter Status Low High
8.20 a1 .12 @.e8  -8.81 .8l (
Set the following fields as parameters 21 -9.e1 .92z -2l 2.e6 -8z n ¥ @ (v] oo 1.0
x1: Friction coefficient of BCTABLE O, :;aia 'glm 'gii eéiﬁ 'glm 'gij
" - ] " " - " " . D_D 1_D
Sl .81 ) @12 .81 .81 .e1 n X2 ©
x2: Friction coefficient of BCTABLE O, @.e@ el 812
SLAVE 2 1. 7871 1. 7871 1. .78 n X3 © 0.0 1.0
x3: Friction coefficient of BCTABLE 1, AL 3 e 1 e A _
SLAVE 1 1. 7871 .5 L7871 .5 .79 n xd ) 0.0 10
7871 1. 7871 1. 7871 .5 .
x4: Friction coefficient of BCTABLE 1, .5 L7071 1. L7871 1. i)
SLAVE 2 .7871 .5 7871 .5 L7871 1. @
1. 7071 1.
Parameters have been created for the 6.6  0.e@  @.ed8 .5 -5 1.
selected fields 1. B.ed B.e@ d.ed .25 .25
.5 .75 .75 1. 1. 1.
For each parameter, use the following BCTASLE ELME ] : i 5
settings:
@ ] 8
Low: 0.0 MASTERS 2 3 @
High: 1.0 SLAVE 2 WX e
@ @ ]
MASTERS 3 @
Bulk data entries will always be BCTABLE 1 2
displayed in the small field format. Sliie X3% o
. . @ ]
Only fields that have real or integer ASTERS 3 2
data entries may be selected as SLAVE 2 %ca% o
parameters. If the field is blank or @ @ 8
contains only characters, the field may

not be selected.

Technology Partner

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 22



SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download — Resulis

O
Upload .h5 File
@ 1. Select files nug_47b friction_at 0.h5
@ 2_ Upload files
Click Responses
%v| . » albatross » Downloads » 1_starting_files - |‘,|| Search 1_starting_files f-'l|
Click Select files Orgenize. v New foldex =~ 0l @
Select the indicated file ¢ Favorites - Py pEn = =
B Deskiop | | nug_47b friction at 0.05 (3 ) 1/20/2021 9:25 AM  H5 File 139 KB|
. 8. Downloads ~
ClICk Open (i-] Recent Places
f@ OneDrive
Click Upload files A
| Libraries i
@ Documents
Ji Music
* On this page, the H5 file is uploaded to [ Pictures
the web app. & videos
&) Homegroup
L] Computer ¥
File name: nug_47b._friction_at_0.h5 ~ [HsFile("h3) ~|

@[ Open | | Cancel ]

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

Uncheck the checkbox named Auto Execute

Select the following dataset:
NODAL/DISPLACEMENT

Set Specify Entities to 1
Click Acquire Dataset

Use the horizontal scroll bar until the
columns named Z and MAGTRANS are
visible

Select the indicated cell
Select the indicated cell

New responses rl and r2 are created

Configure the following setting for
response rl and r2

Monitor the maximum or minimum
[...]: Yes

SOL 200 Web App - Machine Learning  Parameters  Samples  Responses  Download — Resulis
Select Responses to Monitor Session ID- 3425 = HDF5
Select Dataset = Acquired Dataset ol Reset Filters

CONTACT/FLEXIBLE e NODAL/DISPLACEMENT - 1
CONTACT/RIGID 1 z BX RY RZ MAGTRANS
y
NODAL/DISPLACEMENT
NUUALISFL_FURLE =
Magnitude of
Translational

Specify Entities
1

Grid identifier {ID)
Examples: 1, 2, 3, etc.

[J Auto Execute

Acquire Dataset @

OACqUiSiﬁOI’I complete and successful

Z component  RX component RY component

RZ component  Components*®

0 D@

View Responses to Monitor

Monitored Responses

Delete Label

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

Lower

Status  Objective Bound
(] v Lower
(] ~ Lower

Wl Hide/Show Columns | T Reset Filters | & Download CSV

Upper
Bound

Upper

Upper

Meonitor the response  Monitor the n
of the FINAL design response,
cycle (SOL 200 only) greates

“Yes - Manitar

Yes - Maonitor

Technology Partner

.4 HEXAGON
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Select Responses to Monitor Session ID- 3425 52 HDES

Select Dataset = Acquired Dataset ol Reset Filters
CONTACT/FLEXIBLE -~ NODAL/DISPLACEMENT -1
CONTACT/RIGID
ELEMENTAL/STRESS/BEAM_NL AIN_ID SUBCASE STEP ANALYSIS TIME_FREQ_EIGR EIGI
NODAL/DISPLACEMENT .
Imaginary

Select Responses | - part 1

Time, frequency  eigen value

Usle the ,hor‘iz_grt_"’"Tls'\C/lrE”F%aEg ”Etl”GtRhis ) B nain Subcase Step Analysis or real part of (if
SR R A Specify Entities tifier number number type eigen value applicable)
Select the following time step: .000100499 1 g
o 1 - 1 - 5 - 0.0000999995 ~
Grid identifier (10}
The table has been updated to show only i ) [_ 0.00010049 |
. mples: 1, 2, 3, etc.
responses for the selected time step ooooTooSeTs
0.00010149959
O WO A OOy

(] Auto Execute

@ 1 1 6 0.00010._. 0

1 ]
Acquire Dataset [ ]

@Acquisition complete and successful

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 26
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Select Responses to Monitor Session ID: 6521 3 HDF5

Select Dataset = Acquired Dataset Wl Reset Filters
CONTACT/FLEXIBLE - NODAL/DISPLACEMENT - 1
CONTACT/RIGID TRA
ELEMENTAL/STRESS/BEAM_NL z RX RY Rz MAG NS
NODAL/DISPLACEMENT
NODAL/SPC_FORCE -
Magnitude o
Translationa

Specify Entities Z component RX component RY component RZ component Components

1

Select Responses |[Ieaes

Examples: 1, 2, 3, elc.

Use the horizontal scroll bar until the @ @
| d d G S ] Auto Execute
5 'lE)rInns named Zand MAGTRANS are -0.00864933.__ 0 0 0 0.00864933.
visible
‘ View Responses to Monitor
Select the indicated cell Acquire Dataset @ [ ] P
Select the indicated ce“ OAcquismon complete and successful Monitored Responses Wl Hide/Show Columns | ¥ Reset Filters | & Download CSV
Monitor the response  Monitor the n
New responses r3 and r4 are created Lower Upper of the FINAL design response,
Delete  Label  Status Objective  Bound Bound cycle (SOL 200 only) greates
Configure the following setting for PR No -
response r3 and r4 g YES
Monitor the maximum or minimum Mo <
[...]: No
n m ° R Lower Upper w Yes - Monitor
n 2 O w Lower Upper w Yes - Monitor
n r3 @ (] - Lower Upper Mo - Menitor 1
n 4 ° R Lower Upper No - Menitor 1

Technology Partner

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 27



Configuring Multiple
Batch Runs




®v|@ » Libra... » Docu. » - | "f|| Search Documents }3|

Organize « Share with = Mew folder ==« 0 @
' Favorites — Documents... by Folder
B Desktop
|8 Downloads i Name - Daf
“El Recent Places |~
& OneDrive LiIJ nastran_working_directory (1).zip 1A
| 1) nastran_working_directory (2).zip 141
3 Libraries - LiIJ nastran_working_directory.zip 1A
@ Docurnents
J’ Music
[=| Pictures
Sap|e5 By .. F
r‘ﬁ 3 items
In the following slides, we will configure 3 7
batches to run.
nastran_working_directory.zip The data from these 20 runs is used to train the
surrogate model.

2 nastran_working_directory (1).zip 8 The data from these 8 runs is compared with
the predictions from the surrogate model. The
normalized root mean square error (NRMSE) is
calculated based on these 8 runs.

3 nastran_working_directory (2).zip 3 This is a 3 run configuration. This set is used to

compare the predicted responses with MSC
Nastran responses.
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SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download  Resulis Connection  Settings  Home

—O- E

Configure Samples Samples to Run
-
Design + Options
Latin Hypercube, Repraducible @ w

Samples
@ Sample

Click Samples Number of Samples Namber x1 x2 3 x4
. . . 20 w
Ensure the following design is selected: 1 3708 9257 BasT -3991
Latin Hypercube, Reproducible 5 0443 5791 4513 5745
Set Number of Samples to 20 ? 2919 o8z 4148 Ber2
4 7907 3962 5606 523
The samples have been updated, note that - erE e e e

samples 1, 2, 3, ..., 20 are contained in the
table f ]

3 - 23 4 » 5 |10 | 20 | 30 | 40 | 50

The indicated controls can be used to
display the other samples @

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 30
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Download

Click Download

Click Download BDF Files

A new ZIP file has been downloaded

SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download — Resulis

O

Download

Connection Settings

& Download BDF Files

(= =]

GOULH. » albatross » Downloads » - |$¢| | Search Downloads L |
Organize = Include in library = Share with + Mew folder =~ [ 9

X Favorites * | Mame B Date modified Type

Bl Desktop |0 1_starting_files 1/13/2021 10:53 AM  Filefa

j, Downloads | 1) 1_starting_files.zip 1/13/2021 10:52 AM - Comg

“El Recent Places I |11 nastran_working_directory.zip I 1/12/2021 7:34 PM

f@ Onelrive @

| Libraries
@ Documents

.h Music

[ Pictures

I 3 items

o || I

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

@ <

Configure Samples Samples to Run
Design @ + Options
Latin Hypercube, Reproducible ~
+Info @ Parameters
Samples
Number of Samples Number x1 X2 X3 x4
: g
Click Samples @ h 1 .000000 7143 4286 1429
: : b 1429 5714 7143 1.
Set the Design as Latin Hypercube,
Reproducible 3 2857 .000000 1429 5714
4 4286 1429 1 2857
Set the Number of Samples as 8
5 5714 8571 .000000 7143

The table now has 8 samples

s - 2 » | 9 | 10 | 20 | 30 | 40 | 50

Technology Partner

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 32



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

_®_ < >

Download

Download

Click Download

Click Download BDF Files

=1=]=]
A new ZIP file has been downloaded va‘ b+ albatross » Downloads » - | +y || Search Downloads pe) |
Organize * Include in library - Share with + MNew folder = » [ 9
s Favorites *  Mame E Date modified Type
Bl Desktop 11 1_starting_files 1/13/2021 10:53 AM  File fo
| Downloads |1} 1_starting_files.zip 1/13/2021 10:52 AM Comp
2l Recent Places I | 1) nastran_working_directory (1).zip I 1/12/2021 6:36 PM Comg
¢@ OneDrive | 1} nastran_working_directory.zip @ 112/2021 7:34 PM - Comp
= Libraries
@ Documents
.h Music
mr H »
I 4 items
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 33
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SOL 200 Web App - Machine Learning  Parameters  Samples ~ Responses  Download  Resulis Connection  Seftings  Home

< >
Configure Samples Samples to Run
-
Desi :
e @
User-defined ~
+Info
Parameters
Sample
S a m p | e S Number = Status x1 x2 X3 x4
n 1 (] 366 692 3622 2222
Set Design to user-defined % |B o | o P R o
Use the sample values in the table and [ x JE © ||| 192 03 03205 03
manually add 3 samples 7y
Click the red x button to delete [E 10 | 20| 30 | 40 | 50
samples
4 3
Click Add Sample to create a new ( )
sample
Sample x1 x2 x3 x4 @
1 0.6366 0.692 0.3622 0000)

2 0.0902 0.3466 0.7036 0.6616

3 0.1962 0.9303 6.03205 0.9403
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Technology Partner



SOL 200 Web App - Machine Learning  Parameters  Samples  Responses  Download  Resulis Connection  Seftings ~ Home

Configure Samples Samples to Run

Design !
i + Options @ =+ Add Sample
User-defined b

CSVExport  CSVImport

+Info
Samples
Sample
— Number  Status x1 x2 X3 x4
. .
Click +Options = [ x | © | 0535 692 3622 2222
%v|j » albatross » Downloads » - |4f| | Search Downloads Fe |
Click Export _ o _ o B: © | o 3465 7036 6516
Organize * Include in library + Share with + Mew folder =+ [ Ig
- A: © || 12 9303 03205 2403
The samples.csv file has been downloaded g e *  Name Date modified Type
anddclor;tal?s thek3 Samdp,'i?- This file will be B Desktop | 1_starting_files 1/23/2021 604 PM  Filefo BB
used later to make predictions.
P |8 Downloads . 2_solution_files 1/23/2021 6:15 PM File fo - :
(E_n'—,". Recent Places | . nastran_werking_directory (2) 1/23/2021 6:15 PM File fo
@ OneDrive F | 1) 1_starting_files.zip 1/23/201 6:03 PM - Comp
Lil.l 2_solution_files.zip 1/20/2021 4:06 PM Comp
(= Libraries Liﬂ nastran_working_directory (1).zip 1/23/2021 6:11 PM Comp
@ Documents ! Lil] nastran_working_directory (2).zip 1/23/2021 6:13 PM Comp
@ Music | 1} nastran_working_directory.zip 1/23/2021 611 PM Comp
= Pictures samples.csv @ 1/23/201 617PM  Micro
i Videos
- 4] 1 r
I 9 items
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 35
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SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download — Resulis Connection  Settings  Home

_®_ < >

Download

& Download BDF Files

Download

Click Download

Click Download BDF Files

A new ZIP file has been downloaded %va » albatross » Downloads » = | 49 ||| Search Downioads 2|
Organize « Include in library = Share with + MNew folder SE - | 9
%X Favorites = MName . Date modified Type

B Desktop 0 1 _starting_files 1/13/2021 10:53 AM  File fo
j Downloads |11 1_starting_files.zip 1/13/2021 10:52 AM  Comg
‘2 Recent Places | 1, nastran_working_directery (1).zip 1/12/2021 6:36 PM Comg
& OneDrive | B nastran working directory (2).zip J1/13/2021 1057 AM  Comg
| 11 nastran_working_directory.zip @ 1/12/2021 7:34 PM Compg
| Libraries samples.csv 1/13/2021 10:57 AM  Micro
@ Documents
Jl Music
El -P-!c.tur&: - 4 m 3

I 6 items
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%ULH, » albatross » Downloads » - | "‘f| | Search Downloads 2 |
Organize = Open = Share with + Mew folder = - l @
& Favorites Mame Date modified Type

B Desktop . 1 _starting_files 1/20/2021 9:25 AM  File folder
4 Downloads ./ nastran_working_directory (2) @ 1/20/2021 11:29 AM  File folder
“El Recent Places 1_starting_files.zi 1/20/2021 9:25 AM Compressed |
Q- p p
7@ OneDrive |||_i|; nastran_working_directory (2).zip / e =
S Rastran_working_directory op ) L
| Libraries | 1) nastran_working_directory (1).zip e pEN e
5| Documents ‘ ’ Extract All...
@ Music Edit with Notepad++
[ Pictures Open with...

Start Desktop App s — .

ﬁ Homegroup Restore previous versions

The batch with 3 runs will be executed. Send to b
1M Computer

Right click on the indicated file Cut m

€ Network Copy @ |{; Extract Compressed (Zipped) Folders
Click Extract All Create shortc
Delete Select a Destination and Extract Files
Click Extract on the following window [ m S idne Files will be extracted to this folder
nastran_working_directory (2).zip Date modified: 1/20/202 Properties MUsers\special-sunshine\Downloadsinastran_working_dire Browse...
» Compressed (zipped) Folder Size: 125 MB

Show extracted files when complete

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

@[ Bdract | [ Cancel
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Start Desktop App

1. Open this folder:
nastran_working_directory (2)

Inside of the new folder, double click on
Start Desktop App

Click Open, Run or Allow Access on any
subsequent windows

MSC Nastran will now start

One can run the Nastran job on a remote
machine as follows:

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
to the local machine. 4) Click “Start Desktop
App” to display the results.

Using Linux?

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

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

[==E]=]

—
@Uv| % Dow.. » nastran_working_... @ v|¢f|| Search nastran_working d... Pl

Qpen File - Security Warning

Organize = Include in library = Share with - Mew folder 1= o« [0 l@
- Do you want to open this file?
. Mame Date modified
- Favorites
) Mame: ...ran_working_directory (2)\5tart Desktop &pp.Ink
B Desktop | . app 1/20/202111:28 AM Publisher: Unknown Publisher
4 Downloads 3 |_| app.config 1/20/2021 11:29 AM Type: Shortcut
::L_"I Recent Places |='] model.bdf 1/20/2021 11:29 AM From: Ch\Users\special-sunshine\Downloads\nastran_...
‘@ Onelrive b |=] model_0001.bdf 1/20/202111:29 AM @
] model_0002.bdf 1/20/2021 11:29 AM [ Open | [ Concel |
- Libraries |= model 0003, bdf 1/20/2021 11:29 AM Mways ask before opening this file
@ Documents Eﬂ Start Desktop App 1/20/2021 11:29 AM
J’! Music |--"“~ While files from the Intemet can be useful, this file type can
LR - 4| 1 [ I {Q potentially ham your computer. [ you do not trust the source, do not

)

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

7 items

BEA MSC Mastran V2018.2 (model)

open this software. What's the risk ?

=[5 ]

13

xxx USER WARMING MESSAGE <pgm: nastran, fn: decode_keyword

M5
28

hatch=no C[21>

o

Thizs keyword iz not available on thiz platform.
C Hastran U2018.2 <(Intel Windows 7 Professional 6.1 7681> Sun Jul 18 14:38:37
21

SYSTEM INFORMATION MESSAGE {pgm:
Starting ESTIMATE, please wait...

nastran, fn: estimate_jobh_requirements)

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

(‘ 4 HEXAGON 38
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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 39

Technology Partner



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
OK - model.h5, model_0000.h5, model_0001.h5

OK - nk098.h5
NOT OK - nk098.h3, model_0000.h5, model_0001.h5

3) Click Continue to start the HDFS Explorer or
click Skip to ignore this step

model_0001.h5

maodel_0002.h5
model 0003.h5

Continue | Skip |

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

The Status page can be closed

Machine Learning X | Status X Maonitored Responses x HDFS Explorer X +

The Monitored Responses page can be « - C A Mot secure | 192.168.56.1:3080/optimization/hdf5/?room=27302&plots-to-create=[NODAL/ACCELERATION_CPLX, 1001, ¥YM,12],[NODALSACC
closed
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Go to the User’s
Guide

The following batches will take more than an
hour to run

* nastran_working_directory

* nastran_working_directory (1)

These batches have already been executed and
the solution files are available in the User’s
Guide.

1. Gotothe home page

2. Click on the indicated link

The Engineering Lab

(1)
SOL 200 Web App

Select a web app to begin

< -
< =
< =
= =
- = .

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

e Tutorials and User's Guide

Full list of web apps

Questions? Email: christian@ the-engineering-lab.com (4‘ HEXAGON
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Parameter Study, Dynamic Impact of a Rigid Sphere on a Woven Fabric @

Consider a transient analysis of a rigid sphere impacting a woven fabric. The parameters allowed to vary include the
friction coefficients. The response of interest are the displacements.

This tutorial describes how to configure multiple MSC Mastran runs to generate training data. Gaussian process
regression is used to train a sumogate model and make predictions. The prediction performance of the surrogate
model is also evaluated. Also discussed are instructions to create displacement vs. time plots .

Starting Files: Link

. Solution BDF Files @
Obtain the =
Solution Files ==

w-ﬂj ¢ albatross » Downloads » - |~‘t_|| Search Downloads ﬂ_|
Find the indicated example Organize + Include in library « Share with - Mew folder ==« O @
Click Link Y Favorites '+ Name & Date modified Type
Bl Desktop . 1_starting_files 1/20/2021 9:25 AM File folder
The starting file has been downloaded it Downloads | nastran_working_directory (2) 1/20/2021 3:56 PM  File folder
=l Recent Places | 1) 1_starting_files.zip 1/20/2021 9:25 AM  Compressec
‘& OneDrive E [Lil.] 2_solution_files.zip ] 172072021 4:06 PM Compressec
T nastran_working_directory (1).zip 1/20/2021 11:31 AM  Compressec
- Libraries Lil.l nastran_working_directory (2).zip 1/20/2021 11:729 AM  Compressec
@ Documents | 1) nastran_werking_directory.zip 1/20/2021 10:23 AM  Compressec
o Music = samples.csv 1/20/2021 404 PM  Microsoft Ex
When starting the procedure, all the =) Pictures
necessary BDF, or DAT, files must be B videos
collected and uploaded together.
Relevant INCLUDE files must also be #& Homegroup - <[ i " 3
collected and uploaded. k A

Technology Partner
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@vLﬂ. b+ albatross » Downloads » - | 3 | | Search Downloads pel |
Organize = =l Open ~ Share with = Mew folder == = i 9
-
T} FE— MName Date modified Type
Bl Desktop . 1_starting_files 1/20/2021 9:25 AM File folder
j Downloads j,. 2_szolution_files 1/20/2021 4:08 PM File folder
?;_-—-7; Recent Places . nastran_working_directory (2] 1/20/2021 3:56 PM File folder
f& OneDrive |1y 1_starting_files.zip - 1/20/2021 9:25 AM  Compressec
o | ﬁ 2_solution_fi::5.zi2. (1 . = =
[ ibraries nastran_working_directory T .zip O et sec
@ Documents |_i|; nastran_working_directory (2).zi SEC
@ Music | 11 nastran_working_directory.zip CZ% Extract All... sec
[E] Pictures samples.csv Edit with Notepad++ it B3

Obtain the Solution B v
Files

Share with b

H ] =
+& Homegroup Restore previous versions

18 Computer Send to 3
. . . . . CH‘!
Right click on the indicated file S Network Copy
Stz daian m
Click Extract All Delete
Renarme @ Lil.l Extract Compressed (Zipped) Folders
. . . < n
Click Extract on the following window e B = Praperties
2_solution_files.zip Date modified: 1/20/2021 4 Select a Destination and Extract Files
i » Compressed (zipped) Folder Size: 311 KB

Files will be extracted te this folder
C:\Users\special-sunshine\Downloads\2_solution_files| Browse...

Show extracted files when complete

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

@[ Edract | [ Cancel

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 44
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Obtain the
Solution Files

Open the 2_solution_files folder

Copy the following files from the

2_solution_files folder to the Downloads
folder

nastran_working_directory

nastran_working_directory (1)

2 _solution_files

Downloads

-

PN (= ® =] (= ® =]
%vl 1. « Downloads » 2_solution_files » kl) - | g | | Search 2 solution_files pe | (j)@v| g » albatross » Downloads » - | g | | Search Downloads pe |
Organize « Includein library = Share with + New folder = ~ [ @ Organize « Include in library « Share with + New folder ==« [l @

‘_‘-}" Favorites Mame ‘ Date moedified Type 1}" Favorites MName ° [late modified Type
B Desktop . nastran_working_directory ] 1/20/2021 4:10 PM File falder B Desktop . 1_starting_files 1/20/2021 9:25 AM File folder
i Downloads nastran_working_directory (1) J 1/20/2021 4:10 PM File fojder 8 Downloads . 2 =olution files 1/20/2021 4:10 PM File folder
(i_-ﬂ; Recent Places . nastran_working_directory (2) @ 1/20/2021 4:09 PM File fojder E Recent Places ‘[ . nastran_working_directory ] 1/20/2021 4:09 PM File folder
& OneDrive samples.csv 1/20/2021 404 PM  Microsoft Ex 7@ OneDrive rl . nastran_werking_directory (1) 1/20/2021 4:09 PM  File folder
. nastran_working_directory (2) 1/20/2021 3:56 PM File folder
[ Libraries [ Libraries | 1) 1_starting_files.zip 1/20/2021 9:25 AM  Compressec
| Documents = Decuments |1 2_solution_files.zip 1/20/2021 406 PM  Compressec
J' Music J Music LiL] nastran_working_directory (1).zip 1/20/2021 11:31 AM  Compressec
[E=5] Pictures [E5] Pictures LiL] nastran_working_directory (2).zip 1/20/2021 11:29 AM  Compressec
¥ Videos B2 videos | 1) nastran_working_directory.zip 1/20/2021 10:23 AM  Compressec
samples.csv 1/20/2021 4:04 PM Microsoft Ex

ﬁ Homegroup
18 Computer

f! Network

[ m

ﬁ Homegroup
18 Computer

f! Network

4 m

I 11 items.
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.4 HEXAGON

Technology Partner

45




Obtain the
Solution Files

Ensure the directories below have the file
app_monitored_responses.csv. This file
contains the outputs that are used to train

the surrogate model

nastran_working_directory

nastran_working_directory (1)

nastran_working_directory

nastran_working_directory (1)

-

(= @]=] (= @]=]
GC).| 1 = Downloads » nastran_working_directory - | 4y | | Search nastran_working d.. P | GC).| 4 = Downleads » nastran_waorking_directory (1) - | 4y | | Search nastran_working d.. P |
Organize » Include in library = Share with = New folder i= ~ [ 9 Organize » Include in library = Share with = New folder i= ~ [ 9
¥ Favorites Marne . Date modified Type n ,‘:r Favarites Marne . Date modified Type
M Desktop ——appreanfig 1/19/2021 212 PM CONFIG Bl Desktop — sppeonfig 1/20/2021 1:33 PM - (CONFIG File
& Downloads app_menitored_responses.csy 1/19/2021 4:20 PM Microsof| & Downloads app_menitored_responses.csv @ 1/20/2021 2:32 PM Microsoft Ex
‘] Recent Places 1/19/2021 212 PM BDF File ‘] Recent Places Lm_mmmm—] 1/20/2021 1:33 PM BDF File
f& OneDrive @ model_0001.bdf 1/19/2021 212 PM  BDF File @ OnelDrive @ model_0001.bdf 1/20/20211:33 PM BDF File
@ model_0002.bdf 1/19/2021 212 PM  BDF File @ model_0002.bdf 1/20/2021 1:33 PM BDF File
= Libraries '] model_0003.bdf 1/19/2021 212 PM  BDF File - Libraries 2] model_0003.bdf 1/20/2021 1:39 PM EDF File
@ Documents @ model_0004.bdf 1/19/2021 2:12 PM BDF File @ Documents @ model_0004.bdf 1/20/2021 1:39 PM BDF File
o Music @ model_0005.bdf 1/19/2021 212 PM BDFFile |= & Music @ model_0005.bdf 1/20/2021 1:33 PM BDF File
[E5] Pictures '] model_0006.bdf 1/19/2021 212 PM BDF File [E5] Pictures '] model_0006.bdf 1/20/2021 1:33 PM BDF File
B videos @ model_0007.bdf 1/19/2021 212 PM  BDF File B videos @ model_0007.bdf 1/20/20211:33 PM BDF File
@ model_0008.bdf 1/19/2021 212 PM  BDF File @ model_0008.bdf 1/20/2021 1:33 PM BDF File
&) Homegroup || model_0009.bdf 1/19/2021 212 PM BDF File *& Homegroup
@ model_0010.bdf 1/19/2021 212 PM  BDF File
18 Computer @ model_0011.bdf 1/19/2021 212 PM  BDF File 1% Computer
|| model_0012.bdf 1/19/2021 212 PM BDF File
ﬁ MNetwork @ model_0013.bdf 1/19/2021 2:12PM  BDF File | | Q‘! MNetwork
@ model_0014.bdf 1/19/2021 212 PM  BDF File
|| model_0015.bdf 1/19/2021 212 PM BDF File
@ model_0016.bdf 1/19/2021 212 PM  BDF File
2] mndel 0N17 hdf 1190M 2-17 PR RNF File T
< | I 3 ] m | »
] 23 items ] 11 items

-
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Creating Plots with the
HDF5 Explorer




(=@ ][=]

— 1)
@Uv| . =« Dow.. » nastran_working_d... » \]_‘J - ‘ 4 | | Search nastran_working_d... 2 | Open File - Security Warning
Organize = Include in library - Share with - Mew folder = - [ @ Do you want to open this file?
- Favorites = I'\’l_ame . Date modified & ) Mame: ..ran_working_directory (2)\5tart Desktop App.Ink
=] g :I_UUUL-IU LfEMFENEL LL. U MOV
Publisher: Unk Publishe
B Desktop || model_0002.sts 1/20/2021 11:50 AM N 'T = S: :“t’" HRIshEr
ype: Shorteu
& Downloads £ || model_0003.bdf 1/20/2021 11:29 AM for _ _
o rom: ChUsers\special-sunshine\Downloads\nastran_...
=l Recent Places || model_0003.f04 1/20/2021 11:55 AM
‘& OneDrive | [] model_0003.06 1/20/2021 11:55 AM @[ Open | [ Cancel |
St a rt D e S kto p || model_0003.h5 1/20/2021 11:55 AM
= Libraries 2| model_0003.0g 1/20/2021 11:55 AM | Always ask before opening this file
@ Documents || model_0003.sts 1/20/2021 11:55 AM
J} Music @ i L. |--"“~ While files from the Intemet can be useful, this file type can
(3 Start Desktop App 1/20/2021 11:29 AM - \q potentially ham your computer. f you do not trust the source, do not
[ Pictures _— m r = open this software. What's the risk?

1. Open this folder: 96 items
nastran_working_directory (2) ,

Inside of the new folder, double click on

Start Desktop App ] Start MSC Mast
ran

Desktop App Update — Bystem validation complete
Desktop App Update — Starting the HDFS Explorer
Dezktop App Update — Connecting to the Hastran S0L 288 Web App...
Desktop App Update — Connection successful, standing by for requests
Canceling desktop app shutdown
Mo timer in existence
Starting desktop app shutdown
Canceling desktop app shutdown
Dezsktop App Update — The web browser has reguested data... Now sending
- Sending list of available DOMAINs <available_domains_mod|

Click Open, Run or Allow Access on any
subsequent windows

Using Linux?

Follow these instructions: el.tmpd

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

— Sending list of availabhle DATASET= {availahle_datasets.t
mp >
— Sending list of available DATASET options <{available_dom

ain_options.tmp)

- Sending HYPLOT commands <xyplot.tmp>
Dezktop App Update — Sending complete
Dezsktop App Update — The web browser has reguested a new DATASET... Mow sending
Dataset Name: ~NASTRAN-RESULT.-SUMMARY.EIGENVALUE
Entity IDs: 1.2,3,4.5.6.7.8.2.18.11 12,13 ,.14,15,16,.17.18.
19.28,.21,.22,.23.24.25.26.27.28.29.30,31.,32.33.34.35.36.37.38.39.40,.41 .42 .43, 44,45

In some instances, execute permission must be -46,.47,.48 49,58

granted to the directory. Use this command. This
command assumes you are one folder level up.

Reading dataset (Sample: model.h5> — @A.88
Reading dataset <(Sample: model.h5>» — 58.88
Heading dataszet (Sample: model.h5>» — 180.88 x

sudo chmod -R u+x ./nastran_working_directory Questions? Email: christian@ the-engineering-lab.com (4 4 HEXAGON 48
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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.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 49
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SOL 200 Web App - Monitored Responses @ Home

B Sample 0001
W Sample 0002
M Sample 0003

0.00840,00830-0088

Technology Partner

z 0.0 0.0 0.0
g -0.0001-0.0001-0.0001 -0.0001-0.0001-0.0001 -0.0002-0.0002-0.0002 -0.0002-0.0002-0.0002
—0.005
L]
Review Results e
-0.0115
ri r2 r3 r4 ri_1 ri_2 ri_3 ri_4 ri_s ri_e6
After MSC Nastran is finished, the results will
be automatically uploaded. @ Response @
- . Monitored Responses Wl Display MAX and MIN | & Download C8V | i Reset Filters Monitored Responses from Each Sample
On this page, the Monitored Responses _ _ o
web app is opened. Label Dataset Name Field Field Description 0001 0002
1 - NODALDISPLACEMENT = MAGTRANS = Magnitude of Translational Components™
The value of each response and for each o ‘ & compenent
sample is displayed in a bar chart ni3 . - -
. l NODAL/DISPLACEMENT zZ Z component -0.010760165764037181 -0.010449259269352605
A table lists the values for each response
and Samp|e_ r2 NODAL/DISPLACEMENT MAGTRANS Magnitude of Translational Componern 0.010760165764037181 0.010449259269352605
r3 NODAL/DISPLACEMENT Z Z component -0.008387852952825685 -0.008301875773497372
A. Additional functions include the ability to _ _
. . r4 NODAL/DISPLACEMENT MAGTRANS IMagnitude of Translational Componen’ 0.008387852952525688 0.008301875773497372
highlight the MAX and MIN bars,
download a CSV file and reset the filters.
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 50



Review Results

On this page, the HDF5 Explorer is opened.
Select all the H5 files

Click Continue

The HDF5 Explorer is automatically opened.

Click on the indicated plot

The HDF5 Explorer is broken into sections.
* Acquire Dataset — Specific datasets from
the H5 file can be extracted in this

Multiple HDFS(.h5) files have been found.

1) Select a file

2) Select similar files
QK - model.h5, model_0000.h5, model_0001.h5

OK - nk098.h5
NOT OK - nk098.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

model_0002.h5
model 0003.h5

SOL 200 Web App - HDF5 Explorer

Plots Browser

Acquire Dataset Plots Browser

Combine Plots

Last Plot Added

NODAL/DISPLACEMENT
( A

HOCAL/DISPLACEMENT

Plot# 1-1D: 1 | SAMPLE: model_0001,
model_0002, model 0003 | SUBCASE: 1 |
STEP: 1| Z vs. TIME_FREQ_EIGR

NODAL/ DS ACEMERT

TINE_PREQ_BIGH - Tise, fi=qusney o ress part of eipen valse

Plot# 2 - ID: 1 | SAMPLE: model_0001,
model_0002, model_0003 | SUBCASE: 1 |
STEP: 1| MAGTRANS vs.

Technology Partner

/ TIME_FREQ_EIGR
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
SEES CIERIEE: Questions? Email: christian@ the-engineering-lab.com u HEXAGON 51



Review Results

A history plot of the z displacement of the
rigid sphere has been created

Later in this tutorial, a surrogate model will be
created for response rl and corresponds to the
Z component displacement.

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

Plot - NODAL/DISPLACEMENT st 1101 | SAMPLE: mods!_0001, model_D002, model_0003 | SUBCASE: 1 | STEP: 1| Z vs. TIME_FREQ_EIGR n

. . O Display None | & Display Al
Vertical Axis dh L bey
Display Color Name
Z - Z component ~

@ NODAL/DISPLACEMENT

0-1D: 1| SAMPLE: model_0001 |
SUBCASE 1| STER 1

Horizontal Axis
0 1-10: 1 | SAMPLE: model_DD02 |
TIME_FREQ_EIGR - Time, fre  + SUBCASE 1] STER: 1
2-1D: 1| SAMPLE: model_0003 |
SUBCASE: 1| STEP: 1
+ Options
-0.002
-0.004
o
[
@
[
[=]
[aR
E
9 -0.006|
N
1
N
-0.008
-0.01
-0.012
0 0.5E-4 1E-4 1.56-4 2E—
TIME_FREQ_EIGR - Time, frequency or real part of eigen value
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 52
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Review Results

Click Plots Browser

Click Plot # 2

SOL 200 Web App - HDFS Explorer

Plots Browser

Acquire Dataset

Plots Browser

®

Combine Plots

NODAL/DISPLACEMENT

KHOCAL/DISPLACEMENT

TIVE_FREQ_EIGE - Time, fresueacy of esd part ol eiges valie

Plot# 1-1D" 1 | SAMPLE: model_0001,
model 0002, model_0003 | SUBCASE" 1 |
STEP- 1] Z vs. TIME_FREQ_FIGR

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

-

MODALDISAACEMENT

a%—4 Li-4 1364

TIME_FREG_EIGH - Tire, fr=quency of resl par of eipen welee

Plot# 2 - ID- 1| SAMPLE" model_0001,
model_0002, model_0003 | SUBCASE" 1 |
STEP: 1| MAGTRANS vs.

TIME_FREQ_EIGR

.4 HEXAGON
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SOL 200 Web App - HDF5 Explorer  Acquire Dalasel  Flols Browser  Combine Plols Last Plot Added Connection Home

Plot - NODAL/DISPLACEMENT _eeie2 104 | SAMPLE: mode!_0001, model_0002, model_0003 | SUBCASE: 1 | STEP: 1 | MAGTRANS vs. TIME_FREQ_EIGR n
Vertical Axis h O Digplay None & Display Al
NODAL/DISPLACEMENT )
Display Color Name
Magnitude of Translational Co
@ —__ D-ID: 1| SAMPLE: model_0001 |
0.012 SUBCASE: 1 | STEP: 1
Horizontal Axis :
___ 1-1D:1| SAMPLE: model_0002 |
TIME_FREQ_EIGR - Time, fre SUBCASE 1| STER-1
o 2-1D:1| SAMPLE: model_0003 |
0.01 SUBCASE: 1 | STEP: 1
+ Options :
*
O *
]
Review Results
80.008
£
. . o
A history plot of the magnitude of =
displacement of the rigid sphere has been é 0.006]
created z
[
@
'_
© 0.004]
@
o
. . . . 2
Later in this tutorial, a surrogate model will be g
created for response r2 and corresponds to the s o0
magnitude of displacement. '
[0
4] 0.5E—-4 1E—-4 1.5E—4 2E—
TIME_FREQ_EIGR - Time, frequency or real part of eigen value
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 54
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Review Results

Click Plots Browser

Click on the indicated plot

SOL 200 Web App - HDF5 Explorer

Plots Browser

Acquire Dataset Plots Browser Combine Plots

®

Last Plot Added

NODAL/DISPLACEMENT

HODALDISPLACEMENT

Plot# 1 -1D: 1 | SAMPLE: model_0001,
model 0002, model 0003 | SUBCASE: 1 |
STEP: 1| Z vs. TIME_FREQ_EIGR

©)

4 A

\_ J

NODALDISM ACEMENT

TIME_PREQ_EIH - Tie, fr=quercy of rest part of spen valse

Plot#: 2 - ID: 1 | SAMPLE: model_0001,
model 0002, model 0003 | SUBCASE: 1|
STEP: 1] MAGTRANS vs.
TIME_FREQ_EIGR

Questions? Email: christian@ the-engineering-lab.com u HEXAGON
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SOL 200 Web App - HDF5 Explorer  Acquire Dalasel  Flols Browser  Combine Plols Last Plot Added Connection Home

Plot - NODAL/DISPLACEMENT st 1101 | SAMPLE: mods!_0001, model_D002, model_00D3 | SUBCASE: 1 | STEP: 1| Z vs. TIME_FREQ_EIGR n

O Display None | & Display Al

Vertical Axis ah
@ NODAL/DISPLACEMENT :
Display Color Name
Z - Z component ~
0-1D: 1| SAMPLE: model_D0OD1 |
SUBCASE: 1| STEP: 1
Horizontal Axis
o 1-10: 1 | SAMPLE: model_D002 |
TIME_FREQ_EIGR - Time, fre SUBCASE: 1| STEP:1
2-1D: 1| SAMPLE: model_D003 |
SUBCASE: 1| STEP: 1
. + Options
Review Results
This plot will be used later in this tutorial 0,004
T
@
c
]
a
E
S -0.006|
N
1
N
—0.008
—0.01
-0.012
0 0.3E-4 1E-4 1.5E-4 2E—

TIME_FREQ_EIGR - Time, frequency or real part of eigen value

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 56
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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 optional.

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 CSVimport @ @ % Delete all rows
. ocsv
B Select files  [ETIRINIT) m sample » o - B

imported
1 3706 5257 8487 23501

Technology Partner

2 2443 5721 4513 5745
3 5515 6532 4143 8572
4 7907 3662 5606 523
. L]
| ra I n I n g Data 5 6305 A5 2483 2302
g 3204 4702 7587 6324
Navigate to the section titled x_training 7 5045 1338 T35 9184
. . E ap1z 7414 6546 4304
Click Select files
o ==} ¢ 186 2734 =704 7024
: o~
NaVIgate to the f0|d_er named . . ®v| |, « Downloads » nastran_working_directory » ( 3 ) - | “f| | Search nastran_waorking_direct.. 2 | 0 -2821 03142 D426 2713
nastran_working_directory which contains \/
data for 20 runs Organize = Mew folder = ~ [l 0 .
¥ Favorites ~ Name Date modified Type Size “ L 2 " ‘ 10 25 50 100
Select the file app.config B Desktop 1 app 1/16/2021 916 AM  File folder
g Downloads . temp_files_900 — 1/16/2021 12:06 PM  File folder ! ’
lick “E] Recent Places | ] app.config (4) 1/16/2021916AM  CONFIG File
Clic Open @& OneDrive A @app_monitored_rsponsa:.cw N~ 1/16/2021 9:22 AM  Microsoft Excel C...
Click Import &5 Libraries
@ Documents
. . . Ji Music
The table is now loaded with the x inputs I Pictures ]
for all 20 runs B Videos
*& Homegroup
~ | I | 3
File name: app.config - [Custom Files (*.csw;*.config) VI
[ Open I ’ Cancel ]
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 60



y_training @

CSV Export CS3V Import @ @ ® Delete all rows
B ©csv
| asi -l app_monitored responses.csv m sample Vi v2 v3 V4 vi_1

imported
@ 0001 00105163311 DO01051633115..  -D.00S3188194 . 00083185194 . 00 '
0002 00106274730 DO0106274730..  -D.ODS3457267..  0.0083457267.. 00 '
0003 00106515745 DO10S615745..  -D.ODS3467946 . 00083467946 . 00 '
0004 -0.0105467780...  D.0105467780..  -D.0083210057.. 0.0083210057.. 00 '
. L]
| ra I n I n g Data 0005 -0.0107770509... 0.0107770509..  -0.0083937328.. 0.0083937328.. 0.0 !
0006 0.0104520671.  DO0104520671..  -D.0033003900.. 0.0083003900.. 00 '
Navigate to the section titled y_training 0007 0.0104430556...  D.D104430656..  -0.0082046846.. 00082046845 0.0 '
0008 00104775743 DO0104775743..  -D.00S3050724..  0.0083050724.. 00 '
Click Select files
0009 00107194715 00107191715  -D.0DS3667076.. 0.0083667076.. 00 '
; . A~ 0010 00114166727 DO1141667276.  -D.O0S5731250..  0.0085731250.. 00 '
NaVIgate to the folder named %v|h <« Downloads » nastran_working_directory >(3\ v|“">|| Search nastran_working_direct... }J|
nastran_working_directory which contains : o/ _
data for 20 runs SRR B0y . 2| |10 25 50 100
i * | Name Date modified Type Size '
Select the file B Desktop 1 app 1/16/20219:16 AM  File folder ‘ 5
app_mOnitored_responses.csv j, Downloads j, temp_files_900 1/16/202112:06 PM  File folder
5| Recent Places [ app.config 1/16/20219:16 AM  CONFIG File
. ¢& OneDrive A |@ app_monitored_responses.csv f4\ 1/16/2021 9:22 AM  Microsoft Excel C...
Click Open = O/
[ Libraries
Click Import = Documents
J’ Music
[E5] Pictures L
The table is now loaded with the y outputs B Videos
(monitored responses) for all 20 runs
*& Homegroup
sl a m | 3
File name: app_monitored_responses.csv hd ’CustomFils (*.csv;™.config) v]
l Open J ’ Cancel ]
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 61
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X_testing @

CSV Export C3sV Import @ @ *® Delete all rows
@csv

imported
@ 1 .000000 7143 4288 14258

Technology Partner

2 1429 5714 7143 1.
3 2857 000000 1429 5T14
. 4 4286 1420 1. 2857
[estin g DEI : oo
& 7143 1. 8571 4286
Navigate to the section titled x_testing 7 8571 4286 2857 000000
. . 8 1. 2857 5714 85T
Click Select files
. 10 | 25 50 | 100
NaVIgate to the folder named ®v| . « Downloads » nastran_working_directory (1} » ( 3 \ - | ‘f| | Search nastran_working_direct... S | ‘:l
o g o \ ) a4 (3
nastran_work|ng_dlrectory (1) which ——— \_/ S
contains data for 8 runs -
T—? TE—— MName Date modified Type Size
. - Deskt: '} /16 ] i
Select the flle app.conflg - esktop L app . 1/16/2021 9:16 AM F?Iefolder
| Downloads . temp_files_900 1/16/2021 9:21 AM File folder
| Recent Places | L] app.config ( 4\ 1/16/20219:16 AM  CONFIG File
C||Ck Open ¢& OneDrive A @ app_monitored_responses.csv V 1/16/2021 9:20 AM Microsoft Excel C...
. |9 Libraries
Click Import S Y——
Jl Music
The table is now loaded with the x inputs ] Pictures L
for all 8 runs B videos
@ Homegroup
sl m | 3
File name: app.config | Custom Files (".csv;*.config)  ~ |
I Open I ’ Cancel ]
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 62



y_testing @

CSV Export CSV Import @ @ X Delete all rows
E @csv
| JECERT M app_monitored_responses.csv m sample V1 vz V3 vd vi1

Technology Partner

imported
@ D004 -0.0106911051..  0.01069110515.. -0.0083672087.. 0.00283672087.. 00 b
DoD2 00104508812, 00104508812  -0.00B2074066.. 0.0022074066.. 0.0 b
[ilisk] 00111408344 . 001114063442 .  -0.00B5120861.. 0.0085120861.. 0O b
D004 -0.0103343198.. 00103343198 -0.0082793400.. 0.0022793400.. 0O b
L]
| eStI n g Data DODs 00116119969 . 001161199695  -0.0085924181..  0.00859211214.. 00 b
D006 00103750722 00103750722  -0.0082330094.. 0.00223390%4.. 00 b
Navigate to the section titled y_testing 0007 -0.0109635942...  0.0109635942..  -D.0024503781.. 0.00845037811.. 0.0 p
. . DoDs -0.0105266707... 00105266707  -0.0083150292.. 0.0023160292.. 0O b
Click Select files
N ‘ 10 | 25 | 50 100
Navigate to the folder named (L) [ « Downloads » nastran werking directory 1) » (3) ~ | 49 || Search nastran_working_direct.. £ | .
] : a NS ] »
nastran_working_directory (1) which T —— =~ Al @
contains data for 8 runs g = :
e * | Name Date modified Type Size
Sel he fil B Desktop 1! app 1/16/2021 9:16 AM  File folder
electt e_ e j, Downloads . temp_files 900 1/16/2021 9:21 AM File folder
app_monitored_responses.csv ‘| Recent Places || app.config 1/16/2021 916 AM  CONFIG File
4@ OneDrive A |app_mnilaled_lﬁpom5.cw ( \ 1/16/2021 9:20 AM Microsoft Excel C...
Click Open [ ~
[ Libraries
. @ Documents
Click Import o Music
[& Pictures L
The table is now loaded with the y outputs B videos
(monitored responses) for all 8 runs
@ Homegroup
- 4 m | 3
File name:  app_monitored_responses.csv - ’Cl.lstomFilﬁ(*.G\l:*.conﬁg} VI
@I Open I ’ Cancel ]
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 63



SOL 200 Web App - Prediction Analysis Home

Regression
Data Link to Table Status Status Description Output
¥_training Link [+] Ready GP App Update - The web browser has requested a regression
y_training Link @ Ready
P ¥_testing (Optional) Link /] Ready
e r O I I I y_testing (Optional) Link [+ Ready 4
L]
Regression = ()
Warnings and Errors
) Process encountered errors, review the VWamings and Errors Fiacaback [mostaerents Call Tactls

File "/home/apricot/PycharmProjects/python-app/optimization_working_directory/sandbox-ap
self.function_a_perform_initial_regression_and_predictions(incoming csv_string)

File "/home/apricot/PycharmProjects/python-app/optimization_working_directory/sandbox-af
x_train_with_samples_column, y_train_with_samples_column, x_test with_samples_column,

File "/home/apricot/PycharmProjects/python-app/optimization_working_directory/sandbox-ap
x_training, y_training = recover_x_and_y_ in_numpy_ form 2(elements_in string[1], elemen

Click Perform Regression

An error is immediately detected with the

training data. This error is corrected on the

next page. File "/home/apricot/PycharmProjects/python-app/optimization_working_directory/sandbox-ap
y_train_new = convert_list_to_numpy array(y_train_new)
File "/home/apricot/PycharmProjects/python-app/optimization_working_directory/sandbox-ag

i Sl

R
(25 L) FEoATTE !

@ ValueError: could not convert string to float: ‘None-TheresponsecouldnotbefoundintheHSfile
GP App Update - IMPORTANT! The last operation could not be completed.

N

3 3

Warnings can be ignored

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 64
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y_training @
; Qcsv
imported
0001 0.0105163311...  D.01051633113.. -00083185194. 00083188194 0D b
0002 00106274739 00106274739 -0 0083457267 00083457267 0o b
0003 0DIDASIST45  ODI0G515745 .  -DO0B3467945. 00033467946 0.0 b
-EI
_ =N .. 00083210057  0.0D83210057.. 00 P
GOULH. v albatross » Downloads » - | 4 | | Search Downloads g e |
). 00083037325 00023937328 00 b
L]
l | pd atl n g th e Y Organize v [ Open v  Sharewith = Print  Newfolder 4= = [ @ |  oomsso0se00  ooossoossos oo !
S Favorites * MName Date moedified “ 1. Doosoosssss..  00DB2046346.. 0.0 r
_’# |Iﬂ}LI-ﬂII_WUIH.IIIB_UIICLLUI)‘ =y LJENFENELL S TV
O u t p u tS M Desktop |1 1_starting_files.zip 1/20/2021 9:25 AM  }..  -D.0083058724..  0.0033059724.. 0.0 d
8 Downloads : s J
o 11 2_solution fileszip L20/202L406 PM 4§ onanesiors . poosseeTors.. 00 b
= Recent Places |1 nastran_working_directory (1).zip 1/20/2021 11:31 AN
. . . o i S : T 6..  -DD085731259..  D.ODSST34250.. OO d
Navigate to the section titled y_training S Seetine L) nastran_working_directory (2).zip 1/20/202111:29 Ab
|1} nastran_warking_directary.zip 1/20/2021 10:23 AM )
. E Libraries PRl 7 10 25 | 50 100
Click Export s ] samples.csv 1/20/2021 4:04 PM |
Documents - yTesting.csv ( : ) 1/20/2021 4:46 PM
J' Music @ — : 3
. ] o o yTraining.csv 1/20/2021 4:46 PM
Navigate to the section titled y_testing (5] Pictures e = | =
i raining.csv ate modified: :
. _testin yT g D dified: 1/20/2021 4:46 PM
ICTos0 cel Comma Separate dlues File IZE}
Click Export X Microsoft Excel C Separated Values Fil Size: 345 KB
: CsV Export CsV Import
Two CSV files have been downloaded and ° "
a0 imported
yTraining.csv @ 0001 00106011051, | 001069110515 -0.0083672087... (00083672087 00 b
yTesting.csv 0002 -0.0104508812..  0.0104508812...  -D.0082974066... 0.0082974066.. 00 i
0003 00111406344 | 001114063442 -0.0035120861 00085120861 00 '
0004 00103343198 | 00103243198  -0.0082793400.. (00082793400 00 b
0005 00MB19969. . | 001161199695 .  -0.0085921181.. 000850211314 00 '
0006 00103750722, | 00103750722  -0.0082830004.. (00082820084 . 00 b
il 00100635942 | 00109635042  -0.0084503781.. 000845037311 00 '
0008 00105268707 | 0.0105268707...  -0.0083160292.. (00033180282 00 '
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 65
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Updating the Y
Outputs

Some of the columns contains words instead of
number values. These words are causing the
previous error. The columns with the words are
removed to resolve the error.

Open this file in Excel: yTraining.csv

Delete the column for response y1_2
Delete the column for response y2_2

Click Save

Before

Horme

Insert

Formulas

Data

yTraining.csv -

Page Layout

Excel

Al - 5~ sample @ |
A A B [ o [ D [ E [ F | G | H !
1 |sample |yl y2 y3 ya4 yl1 yl 2 1l 3 !
2 | 1 -0.01052 0.010516 -0.00832 0.008319 0§ None-The|-9.93e-05l
3 | 2 -0.01063 0.010627 -0.00835 0.008346 § None-The|-5.92E-05|
4 | 3 -0.01065 0.010652 -0.00835 0.008347 # Mone-The —9.92E—05I
5 | 4 -0.01055 0.010547 -0.00832 0.008321 # None-The|-9.92E-05
& | 5 -0.01078 0.010777 -0.00839 0.0083594 # None-The —9.93E—05I
7| 6 -0.01045 0.010453 -0.0083 0.0083 § Mone-The —9.92E—05|
g | 7 -0.01044 0.010443 -0.00829 0.008295 § None-The|-9.92e-05]
9 | 8 -0.01048 0.010478 -0.00831 0.008306 § Mone-The|-9.92E-05]
yTraining () ;

Ready I

"va1  |yz2  hes v2)
Is § None-The| 9.93-05 0.
[E] # None-The| 9.92E-05 0.
I? § None-The| 9.92E-05 0.
2 § None-The| 9.92E-05 0.
I3 § None-The| 9.93E-05 0.
I? § None-The| 9.92E-05 0.
I7 § None-The| 9.92E-05 0.
!1 ® Mone-The| 9.92E-05 0.
. L o

what you want to do

I

I

Lo B EE
Coy21 y2 3 y24 2
!!E- 0 9.93E-05 0.000149 O.
bs 0 9.92E-05 0.000149 0.
b7 0 9.92E-05 0.000149 0.
12 0 9.92E-05 0.000149 0.
i3 0 9.93E-05 0.000149 O.
37 0 9.92E-05 0.000149 0.
i 0 9.92E-05 0.000149 0.
b 0 9.92E-05 0.000149 0.
| L] (]

oo+
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I
H S
After
File Home Insert Page Layout Formulas Data
1
Gl h = yl_ 3 :
A A B C | D E F | G | H
1 |sample y1 y2 TE] ya yi1 yl 3 vl 4

2 | 1 -0.01052 0.010516 -0.00832 0.008319 0 -9.93E-05 -0.000

3 | 2 -0.01063 0.010627 -0.00835 0.008346 0 -9.92E-05 -0.000
4 | 3 -0.01065 0.010652 -0.00835 0.008347 0 -9.926-05 -0.0001d
o | 4 -0.01055 0.010547 -0.00832 0.008321 0 -9.92E-05 -0.00013
6 | 5 -0.01078 0.010777 -0.00839 0.008394 0 -9.93E-05 —0.0001,:i

7| 6 -0.01045 0.010453 -0.0083 0.0083 0 -9.92E-05 -0.000

g | 7 -0.01044 0.010443 -0.00829 0.0082953 0 -9.92E-05 -0.000
8 | 8 -0.01048 0.010478 -0.00831 0.008306 0 -9.92E-05 —U.DDDIJ
yTraining ® |
Ready Average: -992581E-05 Count: 21 Sum: -U.EJIII
[ |
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON
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Before H ©-

File Home Insert Page Layout Formulas Data

4 A B | ¢ | b | E | F | @ H . oqQ | o©r 0s

1 |sample ly1 y2 y3 ya vyl 1 vyl 2 vl 3 ' y2a y2_2 [y2_3 ¥2)

2_ 1 -0.01069 0.010691 -0.00837 0.008367 § None-The —9.‘3'3E—(15| |5 # None-The| 9.93E-05 0.

3 2 -0.01045 0.010451 -0.0083 0.008297 ® None-The|-9.92€-05] B ¢ None-The| 9.92E-05 0.

. 4_ 3 -0.01114 0.011141 -0.00851 0.008512 § None-The —9.‘3'3E—'[15| I:" # None-The| 9.92E-05 0.

U p d at | n g t h e Y 5 | 4 -0.01033 0.010334 -0.00828 0.008279 ¢ None-Thel|-9.93E- £ ® None-The| 9.926-05 0.

6_ 5 -0.01161 0.011612 -0.00859 0.008592 § None-The|-9.93E-05 3 # None-The| 9.93E-05 0.

?_ 6 -0.01038 0.010375 -0.00828 0.008284 § None-The|-9.92E-05 I? # None-The| 9.92E-05 0.

O ut p u tS B_ 7 -0.01096 0.0105964 -0.00845 0.00845 § None-The —9.‘3'3E—'[15| I7 § Mone-The| 9.92E-05 0.
a & -0.01053 0.010527 -0.00832 0.008316 § None-The|-9.92E-05) !1 # None-The| 3.92E-05 0. ~

Some of the columns contains words instead of yTesting ® | | L] L]

number values. These words are causing the Ready I |] A -——+ 100%

previous error. The columns with the words are

removed to resolve the error. After H - el
File Home Insert Page Layout Formulas Data what you want to do
Open this file in Excel: yTesting.csv ' '
1 I
Delete the column for response y1_2 = N B | y13 i I Y
I e ———————— O R OR  OS -
Delete the column for response y2_2 1 sample y1 V2 V3 ya vl via yia . R V2.3 y2.a v,
2 1 -0.01069 0.010631 -0.00837 0.008367 0 -9.93E-05 -0.000 !!E- 0 9.93E-05 0.000149 O.
Click Save 3: 2 -0.01045 0.010451 -0.0083 0.008297 0 -9.92E-05 -0.00015 bs 0 9.92E-05 0.000149 O,
4 | 3 -0.01114 0.011141 -0.00851 0.008512 0 -9.93E-05 -0.00015] b7 0 9.92E-05 0.000149 0.
5 4 -0.01033 0.010334 -0.00828 0.008279 0 -9.93E-05 -0.00015 2 0 9.92E-05 0.000149 0.
6 5 -0.01161 0.011612 -0.00859 0.008592 0 -9.93E-05 -0.00015 i 0 9.93E-05 0.000149 O.
7 | 6 -0.01038 0.010375 -0.00828 0.008284 0 -9.92E-05 -0.00015 37 0 9.92E-05 0.000149 0.
g | 7 -0.01096 0.010964 -0.00845 0.00845 0 -9.93E-05 —O.ODDISI !!? 0 9.92E-05 0.000145 0.
9 & -0.01053 0.010527 -0.00832 0.008316 0 -9.92E-05 —0.00015' Iil 0 9.92E-05 0.000145% 0. -
yTesting ® l | [ ] [¥]
Ready fverage: 9.92611E05  Count: 9 Sum: -0.00] F -—F—+ 100%
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y_training @

CSV Export CS3V Import @ @ X Delete all rows
- ©csv
| R a2 yTraining.csv m sample v v2 V3 4 v1_1

imported

@ 1 -0.010518331 0.010516331 -0.003313819 0.003313819 ] -
2 -0.010627474 0.010627474 -0.008345727 0.008345727 ] -
. 0
| ra I n I n g D a ta 3 -0.010651575 0010651575 -0.003345795 0003346795 i -
’ 4 -0.010546773 0.010546773 -0.008321006 0.008321006 ] -
l | p d a te d 5 -0.010777051 0.010777051 -0.003393733 0.003393733 ] -
[ -0.0104528967 0.010452867 -0.008300301 0.003300391 ] -
Navigate to the section titled y_training 7 -0.010443056 0.010442056 -0.008294655 0.003284685 0 -
a -0.010477574 0.010477574 -0.003305972 0.003305872 ] -
Click Select files
] -0.010718172 0.010718172 -0.003366708 0.0033667038 ] -
Navigate to the folder which contains the _é—ﬁ 00146673 | Donatesrs | oomesra1ze | oooasraize | o .
yTraining_csv flle m"h v albatross » Downloads » N/ - |v‘f| | Search Downloads p |
Organize + Mew folder =~ i 0 B ‘ 10 25 50 100
Select the f||e yTraining.CSV * o E Mame : Date modified Type Size .
M Desktop . 1_starting files 1/20/2021 9:25 AM File folder 4
C||Ck Open o Downloads . 2_solution_files 1/20/2021 4:10 PM File folder
?"‘ Recent Places . nastran_working_directory 1/20/2021 4:09 PM File folder
4@ OneDrive . nastran_working_directory (1) 1/20/2021 4:09 PM File folder
Click Im port _| | nastran_working_directory (2) 1/20/2021 434 PM  File folder
-3 Libraries 1 samples.csv 1/20/2021 4:04 PM Microsoft Excel C... 1KE
@ Documents yTesting.csv A~ 1/20/2021 4:58 PM Microsoft Excel C... 83 KB
The table is now loaded with the y outputs & Music B yTrining.cse (4 ) 1/20/2021 4:55PM  Microsoft Excel C... 200 KB
(monitored responses) for all 20 runs I pictures ~
B Videos
l@ Homegroup
Ll Computer 5
File name: yTraining.csv [Custom Files (*.csw:".config) VI
I Open ] [ Cancel ]
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 68
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Testing Data,
Updated

Navigate to the section titled y_testing
Click Select files

Navigate to the folder which contains the
yTesting.csv file

Select the file yTesting.csv
Click Open

Click Import

The table is now loaded with the y outputs
(monitored responses) for all 8 runs

y_testing

CSV Export

®

CSV Import

B Select files RS

imported

a

@

sample yi

-0.010691105
-0.0104508581
-0.011140634
-0.01033432

-0.011611997
-0.010375072
-0.010963594

-0.010526871

T —

%v|j + albatross » Downloads » (/3\) - | “'f| | Search Downloads L |
\_/
Organize « New folder = S | 0
* P * Mame 3 Date moedified Type Size
Ml Desktop ./ 1_starting_files 1/20/2021 9:25 AM  File folder
j Downloads | 2_solution_files 1/20/2021 410 PM  File folder
(E"‘] Recent Places | nastran_working_directory 1/20/2021 4:09 PM File folder
‘& OneDrive . nastran_working_directory (1) 1/20/2021 4:09 PM File folder
e . nastran_working_directory (2) 1/20/2021 4:34 PM File folder
| Libraries 1 samples.csv o~ 1/20/2021 4:04 PM Microsoft Excel C... 1KB
5 Documents |5 yTesting.csv (4) 1/20/2071 4:58 PM Micrasoft Excel C... 83KB
Ji Music @ yTraining.csv ) g 1/20/2021 4:55 PM Microsoft Excel C... 200 KB
[E5] Pictures
B videos

ﬁ Homegroup

M Com puter

=

File name: yTesting.csv

~ [ Custom Files (".csvr*.config)  ~|

O]

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

Open

!.4

| [omas |
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y2

0.010591105

0.010450881

0.011140634

0.010323432

0.011611997

0.010375072

0.010963504

0.010526871

¥3

-0.003367209

-0.003297407

-0.003512056

-0.00327934

-0.003592113

-0.003253909

-0.003450373

-0.003316022

v4

0.002357209

0.003297407

0.003512086

0.00327934

0.003592113

0.003283009

0.003450373

0.003316029

® Delete all rows

yi_1

‘ 10 | 25 | 50 100
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SOL 200 Web App - Prediction Analysis Home

Regression
Data Link to Table Status Status Description output

| y3 | W.324945 | ©.012330Y | 19.8249 | d.e3uzEl | .
X_training Link (] Ready | y4 | ©.324045 | ©.9123389 | 19.8249 | 8.e39281 |

Parameters listed in decreasing order of relevance: =3, x4, x1, x2

y'_training Link ° Ready GP App Update - Sending initial data to the web browser

GP App Update - Sending complete
x_testing (Optional) Link (] Ready Starting GP app shutdown o

Perform o | '

y_testing (Optional) Link ] Ready

L]
Regression rrre— )
Warnings and Errors
| © Process complete | ( : ) /home/apricot/PycharmProjects/python-app/venv/1lib/python3.6/site-packages/GPy/kern/sr

Click Perform RegreSSion and the surrogate Click here to view the Regression Results section fhome/apricot/PycharmProjects/pythen-app/venv/lib/python3.6/site-packages/GPy/kern/sn
model will be fitted /home/apricot/PycharmProjects/python-app/venv/1lib/python3.6/site-packages/GPy/kern/snr

fhome/apricot/PycharmProjects/python-app/venv/lib/python3.6/site-packages/GPy/kern/sr
fhome/apricot/PycharmProjects/python-app/venv/lib/python3.6/site-packages/GPy/util/no
The regression is comp]ete when the fhome/apricot/PycharmProjects/python-app/venv/lib/python3.6/site-packages/paramz/tran

following status message is visible: . 3

Process complete Warnings can be ignored

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 70
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Prediction

X_prediction @

CSV Export CSV Import @ X Delete all rows
| B import @csv
samples.csv ™ Impo sample x1 x2 x3 x4

imported
1 0.6366 0.692 0.3622 0.2222

2 0.0802 0.3466 0.7036 0.6616

Perform 3 R L
Prediction B0

4 »
Navigate to the section titled x_prediction
Click Select files
Navigate to the location of the file named () [ » atostross » Downloses » 3 ) + [#2 [ Search Downioads 2]
Samp|eSCSV Organize = Mew folder =~ [ 0
A . % MName . Date modified Type Size
. F
Select the file samples.csv B Eovortes o :
B Desktop . 1_starting_files 1/23/2021 6:04 PM File folder
g Downloads . 2_solution_files 1/23/2021 615 PM File folder
C||Ck Open ?_.3_ Recent Places . nastran_working_directory 1/23/2021 6:20 PM File folder
f@ OneDrive | nastran_working_directory (1) 1/23/2021 6:20 PM File folder
. L | nastran_working_directory (2) N\ 1/23/2021 6:26 PM File folder
Click Import 5 Libraries T (B smplesicsy (4 ) wz=pmearem  icrosoft bcel C.. 1KB
@ Documents yTesting.csv N— 1/23/2021 6:25 PM Microsoft Excel C... 83 KB
. . . & Music @ yTraining.csv 1/23/2021 6:25PM  Microsoft Excel C... 200 KB
The table is now loaded with the x inputs ) Pictures
for 3 runs H videos
I@ Homegroup
18 Computer 54
File name: somples.csv - [CustomFiles ("csvr.config)  ~|
@ I Open ] i Cancel I
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 71
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Perform Prediction @

Perform
Prediction ,—%

GP App Update - The web browser has requested a prediction

Click here to view the Prediction Results i GP App Update - Determining prediction
N - h o o I d P f Ik nere 1o view the Frediction Resulls section GP App Update - Normalizing Design - Scaling and shifting the input space to [8,1]
aVIgate to the section title errorm GP App Update - Sending prediction data to the web browser

Prediction GP App Update - Sending complete

Click Perform Prediction

Warnings and Errors

The prediction is complete when the
following status message is visible:

Warnings can be ignored
Process complete

Note that the predictions are performed
seemingly instantly

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 72
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Variance @

Matern52 Exponential RBF
NRMSE: 0.08568685717299056 NRMSE: 0.08693739602665213 NRMSE: 0.05544381636315424
1.8E-9 . Uz(x Predictiun) 7E-9 . (X Prediclinn) UZ(X Predicliun)
. Uz(x Tésu'ng) (X Te-sﬁng) 3E-g UZ(X Tesﬁng)
Variance
14E-9 2.5E-9
5E-9
Navigate to the section titled Variance 179E-9
v v » 2E-9
4E-9
g 1E-9 g g
@ & &
> 08E-9 > o > 1.5E-9
0.6E-9 1E9
0.4E-9
0.5E-9
0.2E-9
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Va rl a n Ce Prediction Analysis x +
&« > (A Notsecure | 192.168.56.1:8080/optimization/prediction-analysis/##perform-prediction g e
Resize the window to fit half the screen,
this causes the plot to be increased in size o ]
SOL 200 Web App - Prediction Analysis
The variance values shown are based on @
the RBF kernel RBF
Note the normalized root mean square @
error (NRMSE) NRMSE: 0.05544381636315424
NRMSE values are only calculated if @
x_testing and y_testing are provided
. Uz(x Pledictiun}l
NRMSE values less than .15 indicate B %X rocing)
the surrogate model has good 3E-8 @

prediction performance

A high bar indicates a high prediction 2oEe
uncertainty, or a high variance, and is
indication that we do not have enough
: . D2 2E-9
information to conclude the prediction is Q
credible at that prediction point. &
S 1560
Predictions have been made at 3 samples
and are indicated by 3 red bars
When making predictions, the 1E-9
prediction uncertainty should ideally
be low, like in this example
0.5E-9

Note that samples 1 and 2 have a

low variance (prediction

uncertainty). Sample 3 has a high - - - -
variance. The predicted values for ¢
samples 1 and 2 are more reliable

than sample 3.

Sample

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

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

deviation (). Questions? Email: christian@ the-engineering-lab.com u HEXAGON
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Displacement vs.
Time

For transient responses and after a prediction is
performed, Response vs. Time plots are
automatically generated.

Navigate to the section titled XYPLOT

Set Select a response to rl

Set Select a sample to 1

Set Include 95% Prediction Intervals to Yes

Set the Vertical Axis Format to Linear

The predicted plots are now displayed.
Since 3 kernel functions were used during
regression, there are 3 predicted plots.

SOL 200 Web App - Prediction Analysis

XYPLOT @

Select a response

@

Materns2

—0.002

|
=
o
=1
=

Response Value
|
o
(=]
(=]
[s}]

—0.008

—0.01

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

0.5E-4

Vertical Axis Format

Linear @ v

_rl| Sample: 1 | Field: Z
| Type: Mean Noiseless
_____ rl| Sample: 1 | Field: Z
| Type: 95% Prediction Interval, Upper
_ ri|Sample: 1| Field: Z
| Type: 95% Pradiction Interval, Lower

1E-4 1.5E-4 2E-4

TIME_FREQ_EIGR

Select a sample

2
3
Exponential
0
-0.002]
o
5 -0.004
o
L]
b
5 —0.008|
a
@
w
[ 4
-0.008
-0.01]
0

Include 95% P

@ ‘ =

RBF
Vertical Axis Format
Linear ~
rl | Sample: 1 | Field: Z [y
| Type: Mean Moiseless
_____ rl | Sample: 1 | Field: Z
| Type: 95% Prediction Interval, Upper _0.002
_._ ri|sample: 1| Field: Z #
| Type: 95% Prediction Interval, Lower
@
3 -0.004
s
L)
@n
5 -0.00§]
o
@
L8]
o
—-0.008
—0.01
0.5E-4 1E-4 1.5E-4 2E-4 0

TIME_FREQ_EIGR

.4 HEXAGON
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Home

iction Intervals?
b

Vertical Axis Format

Linear v

_ri| sample: 1 | Field: Z
| Type: Mean Noiseless
rl | Sample: 1 | Field: Z
| Type: 95% Prediction Interval, Upper
_ rl| Sample: 1| Field: Z
| Type: 95% Prediction Interval, Lower

©

0.3E-4 1E-4

1.5E-4 2E-4

TIME_FREQ_EIGR

75



SOL 200 Web App - Prediction Analysis Home
@ = predicted response

RBF e mmm = 95% prediction interval

Vertical Axis Format

Linear v

Comparison of

L) L) L]
Prediction with : 1 Sams 1t
| Type: Mzan Noiseless
_____ ri | Sample: 1 | Field: Z
—0.002 | Type: 95% Prediction Interval, Upper
a S ra n : _._ ri]sample: 1| Field: 7
| Type: 95% Prediction Interval, Lower
@
3 —0.004
o
Recall that batch 1 was used to produce the =
training data, fit the surrogate model, and € 0006
produce the indicated prediction 7
o
o0 === True response from MSC Nastran
Batch 2 was used to calculate the NRMSE,
which is an indication of the surrogate
modells prediction performance (NOt -0.01 SOL 200 Web App - HDF5 Explorer  Acquire Dataset  Plots Browser  Combine Plots  Last Plot Added Comnection  Home
shown)
a 0.5E-4 1E-4 1.5E-4 2E-4 P'Ot - NODAUDISPLACEMENT-F’IM#'I-ID'I\SAMF'LE model_0001, model_0002, model_0003 | SUBCASE: 1 | STEP: 1| Z vs. TIME_FREQ_EIGR En
Batch 3 was opened in the HDF5 Explorer TIME_FREQ_FIGR \‘_1,
Vertioal Axis " @ O Display None | & Display All
NODAL/DISPLACEMENT pispiay | Golor ame
In the HDF5 Explorer 4 Z-Zeomporent v S
N ( 5 —— modsl_0001| SUBCASE: 1|
. =3 . Horizontal Axis STER: 1
Click Display None O Display None | G Dispiay Al e e s 1 N
STEP:1
Display Color Name *+ Oplons o0 O roseshos wmcace 1
Mark the checkbox for sample 1
(5 0-ID: 1| SAMPLE:
. —  modsl_0001 | SUBCASE: 1 | .
A comparison can be made between the STEP: 1 g
prediction and MSC Nastran output g
1-1D: 1| SAMPLE: g
[:] - N —0.006]
—  model 0002 | SUBCASE: 1| N
. . . : STEP: 1
In this tutorial, variance (¢?) is used to
a. g q . . -0.008|
gauge the prediction uncertainty. 2-I0: 11 SAMPLE:
) . . D [J | —— model 0003 | SUBCASE: 1|
Sometimes, you will see this prediction STEP 1
uncertainty expressed as the standard -
deViation (O-)- 0 0.56-4 1E-4 1.56-4 2E-
TIME_FREQ_EIGR - Time, frequency or real part of eigen value

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 76
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W= True response from MSC Nastran
= Prediction
== mm = 959% Prediction Interval

0.00005 0.0001 0.00015 0.0002 0.00025

Comparison of ©
Prediction with
MISC Nastran

Optional - Excel was used to overlap the
MSC Nastran output over the predicted
response

-0.004

-0.006

The predicted value and MSC Nastran
response are overlapping, indicating the
surrogate model has yielded a good
prediction.

-0.008

Response, Displacemenet, Z Component

o

-0.012

Time [s]

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 77
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Displacement vs.
Time

The plots have been updated and are the

predicted values for sample 3

SOL 200 Web App - Prediction Analysis

XYPLOT

Select a response

r1

Matern52

-0.002

|
o
[=]
o
=

—-0.006

Response Value

—-0.008

-0.01

-0.012

0.5E-4

Vertical Axis Format

Linear v

ri| Sample: 3 | Field: Z

| Type: Mean Noiseless

ri | Sample: 2 | Field: Z

| Type: 95% Prediction Interval, Upper

_r | Sample: 2 | Field: Z

| Type: 95% Prediction Interval, Lower

1E-4 1.5E—4 2E-4

TIME_FREQ_EIGR

Select a sample

Exponential

—-0.002

Response Value
| |
o =
o (=]
(=] (=]
(=) -

|
o
o
=}
@

—0.01

-0.012

0 0.5E-4

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

Vertical Axis Format

Linear ~

r1 | Sample: 3 | Field: 2

| Type: Mzan Noiseless

r1 | Sample: 3 | Field: Z

| Type: 95% Prediction Interval, Upper

_r | Sample: 3 | Field: Z

| Type: 95% Prediction Interval, Lower

1E-4 1.5E-4 2E-4

TIME_FREQ_EIGR

.4 HEXAGON
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Home

Include 95% Prediction Intervals?

Yes

RBF

Response Value

-0.002]

—0.004]

—0.008|

—0.008|

—0.01

—0.0120

Vertical Axis Format

Linear ~

r1 | Sample: 3 | Field: Z

| Type: Mean Noisaless

ri| Sample: 3 | Field: Z

| Type: 95% Prediction Interval, Upper

_r | Sample: 2 | Field: Z

| Type: 95% Prediction Interval, Lower

1E-4 1.5E—4 2E-4

TIME_FREQ_EIGR
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Comparison of
Prediction with
MSC Nastran

Recall that batch 1 was used to produce the

training data, fit the surrogate model, and

produce the indicated prediction

Batch 2 was used to calculate the NRMSE,

which is an indication of the surrogate

model’s prediction performance (Not

shown)

Batch 3 was opened in the HDF5 Explorer
In the HDF5 Explorer

Click Display None

Mark the checkbox for sample 3

A comparison can be made between the
prediction and MSC Nastran output

In this tutorial, variance (¢?) is used to
gauge the prediction uncertainty.
Sometimes, you will see this prediction
uncertainty expressed as the standard
deviation (o).

SOL 200 Web App - Prediction Analysis Home
| i
@ Predicted response
RBF e mmm = 95% prediction interval
Vertical Axis Format
Linear v
0 ri| Sample: 3 | Field: Z
| Type: Mean Moissless
_____ ri| Sample: 3 | Field: Z
_0.002 | Type: 95% Prediction Interval, Upper
_._ ri]|sample: 3| Field: Z
| Type: 95% Prediction Interval, Lower
2 0.004
g
@
£ -0.006
o]
a
@
|
= oo True response from MSC Nastran
-0.01
SOL 200 Web App - HDF5 Explorer  Acquire Dataset  Flois Browser ~ Combine Plots  Last Plot Added Connection  Home
—0.0120
0.5E-4 1E-4 1.5E-4 2E-4 Plot - NODAL/DISPLACEMENT st 1-0:1 | SAMPLE: model_0001, model_DDO2, model_0D03 | SUBCASE: 1 | STEP: 1 | Z vs. TIME_FREQ_EIGR En
(4)
TIME_FREQ_EIGR \_/
Vertical Axis Wl O Display Nene | & Display Al
NODAL/DISPLACEMENT po—— P .
m Z - Z component v Pepny | Colee ame
0-1D: 1| SAMPLE:
0 — m
\4.) Horizontal Axis Sy SResE
O Dispiay None | & Dispiay Al e D — T
STEP: 1
Display Color Name + Options ~0.002] 5 [— zmgéi.fn'nﬁ:??fbéms 1]
STEP:1
0-1I0: 1| SAMPLE:
O — model_0001 | SUBCASE: 1| -0.004)
STER: 1 E
c
2
1-10: 1| SAMPLE: é,nmﬁ
O — model_0002 | SUBCASE: 1| N
STEPR: 1 N
—0.008
2-10: 1| SAMPLE:
5 — model_0003 | SUBCASE: 1|
STEPR: 1 _o.01l
—0.012
0 0.5E-4 1E-4 1.5e-4 2E-
TIME_FREQ_EIGR - Time, frequency or real part of eigen value
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W= True response from MSC Nastran
= Prediction
== mm = 959% Prediction Interval

0
0.00005 0.0001 0.00015 0.0002 0.00025
Comparison of \O®
T -0.004
C
MSC Nastran :
o
€
8
Optional - Excel was used to overlap the N 0006
MSC Nastran output over the predicted 2 7
response £
8
©
Towards the second half of the time steps, 'S 0.008
the predicted values do not align well with 5\
the true responses from MSC Nastran. b
Recall that the variance for sample 3 was §
relatively high and is reflected in this plot g -0.01
where the MSC Nastran response (black e
line) is outside of the 95% prediction
interval (red dotted lines).
-0.012
-0.014

Time [s]
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End of Tutorial

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



AppendiX
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Appendix Contents

> Response Configuration
° Monitor the maximum or minimum response, whichever has the greatest absolute value: Yes, No or
blank

> How to import and edit previous files
° What is Gaussian Process Regression?
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View Responses to Monitor

Monitored Responses i Hide/Show Columns | T Reset Filters & Download CSV
Moniter the response itor the i or minii } . .
Lower Upper of the FINAL design response, whichever has the Monitor the maximum or minimum Fields Current
Delete Label Status  Objective Bound Bound cycle (SOL 200 only) greatest absolute value ~ on Used Value ID SUBCASE STEP
response, whichever has the
[ - mponents™  *
2 greatest absolute value
n r ° ~ Lower Upper ~ Yes - Monitor the maximum respon  w 0 1 1 1
n rz2 ° - Lower Upper - Yes - Monitor the maximum respon v YES - M Dnitﬁr the r'I"IELXI mum FESEIDI"I e omponents* XYZ 0 1 1 1
E S |: : S E NODAL/DISPLACEMENT i
Display Color Name
=]l 0-1D: 1 | SAMPLE: nug_47b_fricticn_at_0 |

Configuration

During this tutorial, this option was used:

l SUBCASE: 1| STEP: 1

0.012

=
=]
=

Monitor the maximum or minimum

response, whichever has the greatest
absolute value : Yes

0.008

Suppose response r2 is configured for 0 2008

seconds and corresponds to point A on the
plot. When Yes is used for the option, the
absolute value of each point is taken and the
maximum point is used. Point B is the

maximum and is the value used for response
rz' 0.002

Magnitude of Translational Components**
o
o
(=]
ey

0.5eE-4 1E-4 1.5E-4 2E—

TIME_FREQ_EIGR - Time, frequency or real part of eigen value

Technology Partner

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 84



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 Machine Learning 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
Machine Learning 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.
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SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download — Results Connection  Seftings  Home

Select BDF Files

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.

@ 1. Select files 2 files selected

@ 2. Upload files

m

%v| . ¥ albatross » Downloads » nastran_working_directory (/\) - | +3 | | Search nastran_working_direct... 2 |
N’
Organize - Mew folder =~ [ 0

‘k Fem— i Mame Date modified Type Size s
Ml Desktop | || app.config 1/19/2021 2:12PM  CONFIG File 161 KB|
8 Downloads | ] model.bdf 1/19/2021 212 PM  BDF File 351 KB |
% Recent Places | &) model_0001.bdf 1/19/2021 2:12 PM  BDF File 1KB|

@ OneDrive | ] model 0002.bdf 1/19/2021 212 PM  BDF File 1KB| @ =
_| |2 model 0003.bdf 1/19/2021 212 PM  BDF File 1KB|
= Libraries 1 | &) model_0004.bdf 1/19/2021 2:12PM  BDFFile 1KB|
[Z) Documents | ] model 0005.bdf 1/19/2021 212 PM  BDF File 1KB|
&' Music | ] model 0006.bdf 1/19/2021 2:12 PM  BDF File 1KB|

[&] Pictures | =] model_0007.bdf 1/19/2021 2:12 PM  BDF File 1KB| M
B2 Videos | ] model 0008.bdf 1/19/2021 212 PM  BDF File 1KB|
— ] model 0009.bdf 1/19/2021 212PM  BDF File 1KB|
& Homegroup | ] model 0010.bdf 1/19/2021 2:12 PM  BDF File 1KB|
| & model_0011.bdf 1/19/2021 212PM  BDF File 1KB|

18 Computer = || model_0012.bdf 1/19/2021 212 PM  BDF File 1KB| -

File name: "app.config” "model.bdf" "model_0001.bdf" "medel_0002.bdf" "model_0003.bdf" "model 0 + [Cuslom Files (*.bdf;*.dat;*.conf v]

I Open I ’ Cancel ]

Questions? Email: christian@ the-engineering-lab.com
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SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download  Results Connection  Seitings ~ Home
( : ) < >
Upload .h5 File . ;
P View Responses to Monitor
@ nug_47b_friction_at_0.n5 Monitored Responses Wi Hide/Show Columns T Reset Filiers | & Download CSV
Monitor the respor
Lower Upper of the FINAL desig
-HP Delete Label Status  Objective Bound Bound cycle (SOL 200 on
m =
r2
3
7O
Select Responses to Monitor Session ID: 2784 8 - © | | [ Cower Usper
| n r2 [+] v Lower Upper
I I I pO rt Select Dataset = Acquired Dataset il Reset Filters n ra [+] v Lower Upper
For the Response section, the H5 file will need . 5 a - © b Bl S
to be re-uploaded.
Select Responses to Monitor ion ID: o : :
. Session 1D: 2781 g
Click Responses e N View Responses to Monitor
Select the H5 file Monitored Responses Ji Hide/Show Columns | ¥ Reset Filters | & Download CSV
Select Dataset = Acquired Dataset ol Reset Filters
Monitor the respor
. - CONTACTIFLEXIBLE - 7, 8, 12, 13, 17, 18,22, 23, 27,28
Click Upload gg:ﬂg’;';'l‘gf)ﬂm Lower Upper  of the FINAL desig
ELEMENTAL/STRESS/BEAM D FBCID SBCID TBCID CONSTAT Delete  Label  Status Objective Bound Bound cycle (SOL 200 on
. NODALDISPLACEMENT
Data from the H5 is loaded and ready to NODAL/SPC_FORCE . Mo+
r2
SEiE Flexible First second Third =
B . body touched touched touched Contact o
Specify Entities identifier body body body status
7,8, 12, 13, 17, 18, 22, 23, 27, 28 B - © w| | Lower Upper
Flesible body identifier (ID) 7 = a . 0 - 0 - a -
Examples: 7, 8, 12, efc. ?2 n r2 [+] v Lower Upper
13 . . - = -
Auto Execute - n r3 [+] 4 Lower Upper
7 ] 0 ] 0
5 0 0 0 0 n r4 [+] ~ Lower Upper
Acquire Dataset
12 ] 0 ] 0
5 10 20 30 50 | 100 ‘
@Acquisition complete and 13 1] 0 1] 1]
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Technology Partner




Import

After import, any Parameter, Samples or
Responses can be modified.

Technology Partner

SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download — Resulis Connection ~ Settings  Home
< >
Select BDF Files
AT AR 2 files selected
2. Upload files
[ List of Selected Files
Select Parameters Configure Parameters
$ 1 2 I3 ll_a -5 Jl_& J]1—7 Il_8 Il9  |]_1e Delete Parameter Status Low High Comments
B « o o0 1.0 Field 16 of BCT
BCBODY 3 3D RIGID a a 3.ed [} 1
a 2.e0 B.e0 @.e8 1. .
0.0 10 Field 46 of BCT
RIGID 1 1 sphere u 2 0 © ©
APPROV 3.ed B8.ed -@.81
e — c c : - o 7 B - (o) 0.0 1.0 Field 16 of BCT
8.ed -a.81 .912 .81 -a.a1 L8132
.81 B.ed .812 .8l .81 .81z n xd ° 0.0 1.0 Field 46 of BCT
0.c0 .l .12 a.e@ -8.01 812
@1 -a.81 .08z .81 d.ed 882
.81 a1 .28z a.ed .81 812
8.e@ -a.e81 912 a.ed -8.e1 982
@.ed 8.e8 282 a.ed .81 882
2.e0 a1 .912 a.e8 -8.81 .e12
-g.81 -a.81 .0az -8.91 Q.e@ aaz
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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.
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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
3.04E-01
3.38E-03
5.43E-12
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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
—
|
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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

N




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)
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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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