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Problem Description L= -

In this tutorial we will demonstrate the use of a surrogate-based global
optimization (SBGO) workflow for enabling global design studies for shape
optimization problems with multiple objectives.

There are two shape design parameters: Py and Px, shown below.

~

y
Px
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Problem Description L= -

We will consider three objectives: (1) a volume averaged measure of the
von mises stress under axial loading (scenario 1), (2) a volume averaged
measure of the von mises stress under bending loading (scenario 2), and (3)
the design volume. The volume averaged von mises stress will be computed
within the region of interest (ROIl) indicated below.

This tutorial will require running the Sierra SD physics performer.

Scenario 1 Scenario 2
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Create a New Model

L ChOOSE FiIE'>New->Mode| |n the File Edit Navigate Connection_txv\r/\;ndow Help

New >

Open File... Mlprolects
m e N u 3. Open Projects from File System... i Model
& Open Model... D Python Script
* Choose New Model then Next G Journal Fle

M Save As... m Other... BN

* Choose Create From Template then

Next
O

* Enter dakota_sbgo as the Model B
N a m e Location: /Users/ralberd/Documents Browse...

* Choose the 2
° ° ° Maxim!ze Ht?at Conduction (PlatoAnalyze)
Plato Templates->Basic->Maximize B Maimize Stffnes (SorasD)

B Minimize Thermo-mechanical Compliance (PlatoAnalyze)

St iffn ess ( P I atOAn a IVZE) te m p I a te B Shape Optimization Maximize Stiffness (PlatoAnalyze)

B Stress Constrained Mass Minimization (PlatoAnalvze)

L] L] Preview template content:
and then Fl“lSh begin service 1
code platomain

number_processors 1
end service

@ Cancel Finish

Surrogate-Based Global Optimization Tutorial



Provide CSM FILE plato

* As this is a shape optimization problem, Engineering Sketch Pad
(ESP) is used to create and mesh a geometry based on the shape
design parameter values at each iteration.

* The file defining the geometry for ESP is “dakota_sbgo.csm”.

* To ensure that this file is available when running the problem,
place “dakota_sbgo.csm” in the dakota_sbgo files/simulation
directory that was created with the new model.
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Create a Dummy Mesh

tifli *Model View - dakota_sbgo
L '.-

* Although ESP will create a new 4™ W LR
mesh at each iteration, a dummy
mesh is needed for initialization.

* We will create a simple cube
mesh for this purpose.

B Console X @m Job Status

* In the CUBIT console, create a
dummy meSh fOIIOWing the 5321—:??5%&; i?egteg prick \1/81ume il
commands to the right.

CUBIT> vol all scheme tetmesh
Journaled Command: volume all scheme tetmesh

CUBIT> vol all size 10
Journaled Command: volume all size 10

CUBIT> mesh vol all

Matching intervals successful.

Mesh created for surfaces 1 to 6
TetMeshGems mesher found!

——>Loading new coordinates

——>Loading tetrahedrons

Generated 12 tets for Volume 1 (Volume 1).

Volume 1 (Volume 1) meshing completed using scheme:

Meshing time: 0.142363
Journaled Command: mesh volume all

CUBIT> block 1 vol all
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Journaled Command: block 1 volume all

plato
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I OPTIMIZATION-BASED DESIGN

Save the Geometry/Mesh

v 8 *dakota_sbgo
» = *Geometry/Mesh

= ,g':f? plato
BB2 Parameter Studies

G .-

* Click on the
“Geometry/Mesh” node in
the tree and then click the

Save icon in the toolbar.
1N BV EEL BT F

"+~ *Model Naviga... Power Tools = B

iv
BESWL =B
v ) *dakota_sbgo
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I OPTIMIZATION-BASED DESIGN

Load the Pre-defined Input Deck

e Right-click on the “plato” node in the tree

and choose “Open Input File”. This will open 's- *Model Naviga... B Power Tools = B
a text editor showing the current input file ESQOL =D
for this model. We will be replacing all of the v @ *dakota_sbgo
text in the default input deck with that in the :‘"G Gelotmetry/Mesh
. “ . HZ  *platn
file called “provided_dakota_sbgo.i”. f’ Pzra B R Smulation
* Open “provided_dakota_sbgo.i” in a text B Refresh
editor of your choice and copy and paste its Add

contents into the input deck editor in Plato

) B Open Input File
replacing the text that was there.

¥ Delete

 Then click on the “Save” icon in the toolbar o
¥ Execute

to save the model.

‘w M:* W iFeted@d

s~ *Model Naviga... Power Tools — O

| ]
BSOS =D
v D *dakota_sbgo
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I OPTIMIZATION-BASED DESIGN

Provide Postprocessing Script

* In order to postprocess the output provided by dakota for this surrogate-based
global optimization workflow, a Matlab script “plot_pareto.m” is provided with
the tutorial.

* To ensure that this file is available in the working directory for postprocessing
when the problem has run, place “plot_pareto.m” in the
dakota_sbgo_files/simulation directory that was created with the new model.

* At this point, you should have five files in your dakota_sbgo_files/simulation
directory as shown below.

. dakota_sbgo.csm
dakota_sbgo.gen

B dakota_sbgo.i
B dakota_sbgo.launch
. plot_pareto.m
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Examine the Scenarios

» & /Finite Element Model Line commands
> =»| Loads

> 9§ Materials
v & Objective

# physics steady_state_mechanics
# dimensions 3
# loads 12

e Click on “scenario “1”” in the = objective * boundary_conditions 1
. > &8 Optimization Parameters ;
tree and note that it uses loads 1 Houtpute B teraly
and 2. These loads will be used to NS
. . & cenarios
define the axial case. * scenario "1"

# scenario "2"

e Click on “scenario “2”” in the :;I;k/‘oatdsh I ® physics steady_state_mechanics
. “@ Materials . .
tree and note that it uses loads 3 CEEeHESS  pmensions @
and 4. These loads will be used to ® oblective * boundary_conditions 1
. . >Opt|m|zat|on Parameters S rarerial |
define the bending case. Eoutputs

& Paths

v 4" Scenarios
# scenario "1"
# scenario "2"
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I OPTIMIZATION-BASED DESIGN

Examine the Loads

=»| Loads .
# load "1" Line commands
® load "2" # type traction
® load "3" # location_type sideset

. B - I d 1|4|| - ) i
e Click on “load “1”” in the tree - location_id 3
» Materials ® value -1.0e3 0 0
and note the values. Do the same oL

with “load “2””. These loads v =/ Loads

define the axial case. load 1"
load "2"

load "3"

type traction

location_type sideset
location_id 2
value 1.0e3 00

. % % %

type traction
# [oad "1" i

* Click on “load “3”” in the tree load "2" ocaron-iyps sideset
and note the values. Do the same load "3" value 0 -2.0e3 0
with “load “4””. These loads ":‘d -

0ads

define the bending case. type traction

load " location_type sideset
load "2"

load "3"
load "4"

% % &

location_id 2
value 0 -2.0e3 0
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plato

Examine the Criteria

* Click on “criterion “1”” in the

tree and note that it is of type v &8 *plato

“volume_average_von_mises”. : ?Sfj:;ry S

This criterion will be used as an oA

ObjECtiVE such that Plato will try # criterion "1" Line commands

to reduce the average stress in S T e O e A S

the region of interest. The region

is specified as block 2 in this
criterion.

* Click on “criterion “2”” in the
tree and note that it is of type

v &% *plato

» @ Blocks
“volume”. This criterion will be > ® Boundary Conditions
used as one of the objectives i Sauie
such that Plato will try to reduce ® criterion "1" Line commands
the amount of volume used in ‘ ‘*.c‘:riterion ey # type volume
the design.
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plato

Examine the Objective

* Click on “Objective” in the tree. Note that the type is “multi_objective”,

meaning that multiple, possibly competing, objectives will be considered
simultaneously during optimization.

* The objectives to be considered are defined by their criterion-service-scenario
combinations. In this case, criterion 1 (volume_average _von_mises) is being
evaluated for both scenario 1 (axial loading) and scenario 2 (bending loading).
In addition, criterion 2 (volume) is being evaluated.

V &7
» 98 Blocks

» & Boundary Conditions .
P Constraints Line commands

v & Criteria
# criterion "1"
# criterion "2"
» & Finite Element Model
> = Loads
» 98 Materials
v &7 Objective
# objective

type multi_objective
#® criteria112
services 2 31
# scenarios 121
weights 111
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plato

OPTIMIZATION-BASED DESIGN

Examine the Blocks

* Click on “block “1”” in the tree. Note the sub_block keyword. This keyword is
used to define a separate block from block 1 in terms of a bounding box. The
bounding box coordinates follow the sub_block keyword.

v &% *plato -
V'%Blocks LI LS 4

# block "1"

# block "2"
» & Boundary Conditions

& Constraints
» & Criteria
» &/ Finite Element Model

v =»| Loads # material 1
® load "1" # element_type tet10

#® load # sub_block -1.2 -1.5 -1.0 1.2 1.5 1.0
* Click on “block “2”” in the tree. This is the block which will be created as a

sub_block of block 1 and defines the region of interest where the
volume_average_von_mises criteria will be evaluated.

v &% *plato
v ’%Blocks
# block "1"

# block "2"

Line commands

» % Boundary Conditions
& Constraints

g # material 1

» & Finite Element Model # element_type tet10

v = Loads .
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Examine the Optimization Parameters

* Click on
“optimization_parameters” in _
the tree. 4 c EZL;Z?r:ﬁtSond'tlons Line commands
. . . . » & Criteria # optimization_type dakota
* Note first the optimization_type > &/Finite Element Model » dakota workflow sbgo
. . > =»| Loads # concurrent_evaluations 3
Is set to d.akOt-al meanlng that . > 9§ Materials # num_shape_design_variables 2
dakota will drive the optimization. > & Objective * csmfile dakota_sbgo.csm

~

* Next, note that dakota_workflow
is set to sbgo. This indicates the
supported surrogate-based global
optimization workflow. 7 ESLE R eep—

& Constraints

. > -ef'lCriteria # csm_file dakota_sbgo.csm
o Fl Nna I Iy, N Ote th e pa ram ete Irs > &//Finite Element Model # sbgo_max_iterations 4
. . > =»| Loads # moga_population_size 300
dEfI nEd N the |OW€F ScreenShOt. > ”{;Materials # moga_max_function_evaluations 20000
. > 4" Objective # moga_niching_distance 0.2
These parameters define the sbgo Kl T T e e

# optimization_parameters

workflow. The meanings of these
parameters are given in the input
deck reference manual.
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L |ato
Run the Optimization plate

* Click on the plato node in the tree to bring up the job submission panel
in the Settings view.

* Choose Plato as the code and then choose the machine you want to
use. A configured execution template PlatoEngine_cee-

compute016_dakota.properties is provided as part of this tutorial*.
¥ Resources

v @ dakota_sbgo
» % Geometry/Mesh Input files: dakota_sbgo.csm

dakota_sbgo.gen
dakota_sbgo.launch
plot_pareto.m

» 5% plato
B82 Parameter Studies

-

v Machine

* In the Resources area make sure dakota_sbgo.gen,
dakota_sbgo.csm, and plot_pareto.m are checked so
that these files gets pushed to the working directory. Path: /home/${userna

Job Run Directory

* In the Machine area, allot a long time for running since Clear job run direct
many function evaluations will be needed (it should take
around 2 hours).

Queue

* Choose any other preferences and launch the job by
cIickin on Submit Simulation Job toward the top of the Time: Hrs | 10
panel.

*If running on a different machine, copy the execution instructions from PlatoEngine_cee-compute016_dakota.properties
to the execution template on the desired machine. This is needed to properly run the example and perform postprocessing.
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Monitor the Optimization

v B dakota_sbgo
> % Geometry/Mesh
v a® plato

e Click on “Simulation Job” in the

tree and “Working Directory”
to see the files produced by
this run.

The

“dakota_surrogate_based glo

bal_optimixation.dat” file
contains the results of each
evaluation performed.

This file will populate after
running an initial number of

evaluations (do not expect it to

contain results right away)
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> ‘-'% Blocks
» % Boundary Conditions
& Constraints
» & Criteria
» & Finite Element Model
> =»| Loads
> 9§ Materials
» &7 Objective
>Optimization Parameters
Outputs
& Paths
» & Scenarios
» & Services
& Uncertainties
v @ Simulation Job
» Bk Local Directory
v B Working Directory
B 24673bf3-dce6-406b-9b5b-22122e075076.pid
B afir.console
B amgx.json
B csm.console
B dakota_sbgo_opt.csm
B dakota_sbgo.csm
B dakota_sbgo.eto
B dakota_sbgo.exo
B dakota_sbgo.gen
B dakota_sbgo.i
B dakota_surrogate_based_global_optimization.dat
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Inspect the Results

* After the optimization run is completed, the postprocessing
script will be run. This will produce two plots of the multi-
objective pareto frontier for visualization: pareto2d.pdf and
pareto3d.pdf.

* You can open these from the “Working Directory” node in the
tree by double clicking on them. This should bring them up in
your local pdf viewer.

» & mesh
B mpirun.source

B params
B pareto2d.pdf

B pareto3d.pdf

B plato_dakota_input_deck.i
B plato_main_input_deck.xml
B plato_main_operations.xml
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Inspect the Results

* Opening pareto3d.pdf should bring up a plot like the one below.
* The axes of this plot are the three different objectives.

* The black circles are points evaluated during an initial sampling
of the parameter space, while the red circles correspond to
points along the pareto frontier obtained during optimization.
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Inspect the Results

* Opening pareto2d.pdf should bring up a plot like the one below.

I OPTIMIZATION-BASED DESIGN

* The axes of this plot are the two volume average von mises objectives,

while the size of the circle corresponds to the volume.

* Again, the black circles are points evaluated during an initial sampling
of the parameter space, while the red circles correspond to points

along the pareto frontier obtained during optimization.
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