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> > Multiobjective Optimization with modeFRONTIER

Multi-objective problems are solved using sophisticated optimization algorithms,
which identify a set of Pareto designs whose objective functions are non-dominated
by any other design among those tested.

With modeFRONTIER you can define the most suitable optimization strategy according to:

number, type and range
of variables, objectives
and constraints

reliability and
robustness required

attainable
computational
resources
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>> Multidisciplinary Optimization with modeFRONTIER

modeFRONTIER integrates with any parametric software (CAD, CAE, FEM, generic, etc.)
automating the entire optimization process in which data is transferred from one
simulation to the next and the relevant values of outputs and objectives are extracted.
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This multidisciplinary approach allows to exploit the interaction
between the disciplines and determine the global optimum solution,

instead of optimizing each discipline sequentially.



> > modeFRONTIER Technology

modeFRONTIER offers a modular environment giving access
to different sets of functionalities

ACCESS ACCESS mF ACCESS m F s
THROUGH m THROUGH THROUGH

modeFRONTIER PROCESS (eFRONTIER modeFRONTIER SPACE

WORKFLOW BUILDING PROCESS MONITORING ANALYZING RESULTS

Each of these groups of capabilities is tailored

to achieve the ultimate goal
» DESIGN OPTIMIZATION
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>> modeFRONTIER Process Flow

modeFRONTIER

WORKFLOW BUILDING ANALYZING RESULTS

Problem Definition Definition of DOE strategy : Definition of optimization strategy

Inputs + Qutputs % (¢,
@Optimization Objectives

e Data Analysis
; Optimization & Visualization

Design of VN
" Experiments . Metamodel
training

Optimization Constraints _‘7;

2 I

i I;‘j \L“ Statistical Analysis

_______________________ (Variable Screening) Evaluation
ANALYZING RESULTS PROCESS MONITORING

PROCESS SPACE SPACE
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> modeFRONTIER2016 Viewpoint

Consolidate
specialized
expertise and
streamline
teamwork

-

Improving efficiency
v/ Tailored access to functions

v/ Flexible team-focused licensing

Reducing complexity
v Worflow management

v/ Customized views

Cutting development time
v/ Programmatic access to Design Space functions

v' Enhanced wizards for key functions
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modeFRONTIER2016 Modular

modePRO!
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modeFRONTIER

modeFRONTIER

Streamlines the design process with powerful workflows,
innovative algorithms and sophisticated post-processing tools.
Its advanced capabilities for multidisciplinary design,
keeps it at forefront of engineering technology.
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modePROCESS

Independent desktop application useful to describe processes in
the form of graphical workflows, by specifying which parameters
and calculations are required to solve a designh problem.
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SPACE

modeSPACE

Includes the sophisticated set of modeFRONTIER tools for data
analysis and problem investigation and support to decision making,
both in the pre-optimization and in the post-processing phase.
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> > License and role management streamlined

(Q\ Automation Engineer

(ﬂ\ P (ﬂ\ Domain Expert
+ -+

Optimization Expert

MDO user (Q\ n mmF

modeFR

Data Analyst

_ED

Project Engineer
((-)\ SPACE
+ (ﬂ\Team
_I_

Leader
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> > Efficient license handling for workflow and design space

File Edit Project Window Tools Help mF2016 news:

CABh @8 ¢ PER C(E (kL mF license contains two separated
EE Wnrkﬂnw“ﬁ’ Run Analysis Demgn Space WOFkﬂOW and DesignSpace keys,
which can be enabled/disabled

The Workflow is in Read-only mode. Enable Edit mode

|EE}Main|

FEJ Workflow | ‘

mF

Advantage: modeFRONTIER
Two users can simultaneously access
same mF license, working on the two
environments (keys) separately PROCFSS

SPACE

! _
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> > Automatic RSM Training mode

Going straight from data to RSM with less clicks and less parameter settings

guided training

1. Choose the Table

Selected Table process
Name Size | Type | Jot! %

M Real 7
Designs Table 3113 [ -
Designs Table_Training =

[ Resl{Broken) 29

M virtual 0
Designs Table_Validation 4 B B virtusl{Broken) 0

pareto an M ErcriResl) 0 ‘/ SaV|ng t|me

_________ 71 EmeriVirtuall 0
B, Choose output variahle B B 7 Choose input variable g g Choose the algarithm

BY BX
[¥] def FE |[CPolynomial SVD - \/ H
[#]stress (@b Y| [C]stepwise Regression |i| EaSIer and
[¥]weight {@c {[C]Shepard - K-Nearest s
Tiaene = faster editing
[TJAnisotropic Kriging -

Enable RSMvalidation - Criterion for favorite selection: ‘Mean Mormalized Error: v:

Validation Config v Manual RSM
() Use existing table for validation |Robust Designs Table N tralnlng leard
still available

) »
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> RSM Evaluation chart

[ Output [ Name Mean Absolute Eror | Mean Relative Eror | Mean Normalized Eror |
E-] 64

R-squared [ AIC
001

Rsm Function Plot| Rsm Distance |

60 T T 60
X RN 50 | i
FI_NN_D 4747 7 010
a0 derbvative-2 B025E1 a0 F1_NM_0 4747

derivative-1.6463E 1

Useful to compare multiple
RSMs, selecting the best
model

=

All-in-one chart showing relevant

‘ ! } / information for the quality evaluation
N / T of many RSMs
20 » /
20 /
m/ ) \ /
\?; Output Name | MeanAbsolute Emor | Mean Relative Error | Mean Normalized Error | R-squared [ AIC ==

Rsm Function Plot| Rsm Distance

&0

50

f1
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> Sensitivity Analysis tool

LaEh @A B YyIIR VY AL PEFP FEE v - RINEPTD 5 BOESS & -
&5 workdiow [} Run Analysis 5 Design space| o G
2 72 @[5 38 [EDeskop | T* Sensitvitytool X |+ RSM Manual X | o e

Response surface methodology (RSM) uses a collection of mathematical and statistical techniques for building a surragate model, which, on the basis of a set ofreal dataimeasurements (tiaining
database), tries to predictthe possible values of the unknown function in unexplored points ofthe Design Space

Import existing RSM from File | = Import
@ Selecta Table for Response Suraces Training

The data in the selected table will be used as the initial training set. Note that the columns of constant variables will not be visible.
1. Choose the Table

[ Name
Clusters Table - HC_WARD_0

S | Te | Tow s
s T Tpo ‘Iﬁm\ 482

D ResiEroien; 0
Designs Table Boma ™ o

B Virisal(Broten) 0

M EnorReal) 2

O Erorvinualy 0

3. Options
M[catEGORY| wx | @y &n G | Aminn | Amne | [ Enable RSM validation
0 L - |+ Criterion for favorite selection: None
= = = |£] I Enabie screening anaiysis
3 LU
s | mow E
5 LU E
& |0 oL E
7 |Cmcw
8
= E
10 |[C] M CLUSTE.
11 |[] MCLUSTE o
<Dl
G status: not available | wose:e0r modeFRONTIER 2016 62015008

v  Efficient with scarce and not
factorial database

v/ Detect non-linear and
interaction effects

Variable screening based on
SS-ANOVA >> detects the most
important input variables in a process

Filter by

@ Mumber of Variables [0,3]:

0 2

() Cumulative Effect [0,1]:

012345678910

Cantributions

) Threshold [0,1]: 0.00

0123 45678810

Apply to function

Factars
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>> pilOPT: self-adapting one-click optimizer

The new self-
adapting
one-click

optimization
algorithm

Improved pilOPT release:

v' responding to a wider variety of engineering designs problems
v increased performance with single-objective problems
v/ better exploitation of computational resources

v effective handling of problems with discrete variables.

-
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>> Integration node — Ansys WB Parametric Pack

modeFRONTIER 2016 supports the HPC license
consumption scheme from Ansys Workbench

Concurrent
designs

CPUs

=N Wb U

evaluations

mF

modeFRONTIER
submitting designs
through 2 ANSYS HPC

concurrent

4
Ol

1

Number of HPC Parametric Pack Licenses

~
ra

- 00 B
-0 B0 & U

1
]
2

« Il Uk

parametric packs execution of 8 6:15hr
designs on 1 total time
CPU
0 6 12 18 24 30 36 42 48

Time (hrs)
esteco.com



>> ANSYS direct interface in modeFRONTIER

File Edit Project Window Tools Help

4
PadEh S8 yIEE U &bk A|R]L-ENE G- B Y D0 Q0w |7 FE b -8
ISQ Workﬂowl@’ Run Analysis Design Space 5 Sign In
2= Workflow Tree |58 Main |
~
58 Workflow
& Properties A
No Properties
v
< >
iG5 ’Q Search...
I 1 Properties | [ Global PropeN]
S Input Variable '
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> > Ansys Integration node - advantages

>> fully exploit the process automation >> get optimization results before

capabilities of modeFRONTIER in and dedicate more time to post

combination with the accuracy of the processing and data analysis
ANSYS multiphysics solvers

>> Multiple concurrent design
evaluations >> save on HPC setup costs

without checking out additional

Workbench licenses

Y
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> Basic and Expert mode

[Ee] Scheduler Properties

[ Optimization Wizard

| = nsGa

Algorithm Parameters
© Expert

@ Evolution Strategy

Heuristic Opti

Scheduler based on NSGA-I - Mon-dominated Sorting Genetic Algorithm Il of prof. K.
Deb et al. (2000, KanGAL Report No. 200001).

Iain features:

1) Allows both continuous (“real-coded”) and discrete ("binary-coded”) variables
2) Allows user defined discretization (base).

3) The constraint handling method does not make use of penalty parameters

@ MOGAN 4) Implements different elitism strategies for multiobjective search
\({ MSGA-I 5) Diversity and spread of solutions is guaranteed without use of sharing parameters
@ ARMOGA 6) Allows concurrent evaluation of the n independent individuals

*| The n (number of individuals per generation) entries in the DOE table are used as the

problem’s initial population
NOTE: MFGA algorithm implements a steady-state evolution scheme which cannot

Basic mode: easy set-up of only

essential algorithm parameters

@ SIMPLEX guarantee the repeatability of the design sequences unless the number of concurrent
@ MOSA design evaluation is setto 1
@ MOGT [ Parameters |
Mumber of Generations [1,5000] (100
@ MOP30O 7
& POWELL Maximum Number of Evaluatio... [1,5000001[1000 [ia] Scheduler Properties
Algorithm type |Criginal NSGA-Il algarithm - [ Oplimization Wizard NSGAI ll=|
= Parameter
--------- Algorithm Parameters: () Basic Number of Generations [1.5000]/100
Run Options l RSM Options | MORDO Options pert Maximum Number of Evaluatio... [1,500000]|1000
Algorithm type (Original NSGAI algorithm -
£ Run Options 4 MACK o g e g g
Mum. of Concurrent Design Evaluations 1 # 5 GA Operatars
— Lipschitz Samplin i
Save Error Design in DB 7 ] @ Lip: pling — [Crossover Probabilty 10.0,1.01/0.9
Evaluate Repeated Designs & @ Adaptive Space Filler Mutation Probability for Real-Code.. [0.0,1.0] 1.0
Save Repeated Design in DB B ||, utation Prebabiliyfor Binary Sti...10.0,1.0][1.0
Evaluate Unfeasible Designs [l : = Advanced Parameters
Force Error Design to NaM Il i & MOGA i |Automatic Scaling for Mutation Probability
Iﬁf NSGA-I | Distribution Index for Real-... [5.0E-4,100.0]/20.0
OK J [ Cancel J Help ] & ARMOGA Distribution Index for Real-_ [5.0E-4,500.0]|20.0
i Evolution Strateay Crossover Type for Binan-Coded Variables |Simple -
Random Generator Seed [0,999][1
[l Category Parameters
% SIMPLEX Categorize Generations =
& MOSA
E t de: edit ad d e
Xpert moade: edit aavance @ woeso
O Run Options l RSM Opﬁons] MORDO Options
algorlth parameters = Run Oplons 5
Mum. of Concurrent Design Evaluations 1
Save Error Design in DB Fd =
Evaluate Repeated Designs 7]
Save Repeated Design in DB &
Evaluate Unfeasible Designs Fd
Force Error Design to MaM IEd il
[ OK ] [ Cancel ] [ Help

esteco.com



>> Automatic Setup Algorithms

e

Gl @ MoGAdl

We have expanded our
selection of One-Click

& M0GA
@ NSGAI
@ ARMOGA

& Evolution Strategy

Algorithm Configuration

Mumber of Evaluations

Optimizers from the adaptive FEEEEEES oo

multi-strategy pilOPT to also
Include automatic single-
parameter setup versions of
our classic algorithms
MOGA-II and MOPSO.

No DOE required — the chosen

algorithm generates it automatically.

@ SIMPLEX
& MOSA
@ MOGT
@ MOPSO0
@ POWELL

Algorithm Configuration

= Parameters

MNumber of Generations
Algorithm Type

= GA Operators

Probability of Directional Cross-Over
Probability of Selection
Probability of Mutation

DMA String Mutation Ratio

- Advanced Parameters

Elitizm

Treat Constraints

Reject Input-Unfeasible Designs
Maximum MNumber of Rejections
Random Generator Seed

-l Category Parameters
Categorize Generations
Categorize Operators

Automatic

[1,500000]/5000

Manual

[1,5000]/100
MOGA - Generational Evolution h

[0.0,1.01/0.5
[0.0,1.0]/0.05
[0.0,1.01/0.1
[0.0,1.0]/0.05

Enabled -
Penalising Objectives
=

11,999][100

[0,999]1

=
I—

Only one parameter is required — Number of Design Evaluations.
Population size and number of iterations/generations computed

according to the problem characteristics.

MOGA-II and MOPSO are also available in the classic Manual
- setup mode in which all parameters are exposed.

-

“f
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>> New MOPSO Algorithm

Good alternative to Genetic Algorithms
because it has a higher convergence
rate if the evaluations require greater
computational effort.

All parameters are exposed so the user
can tune them to adapt the MOPSO
performance to their problems.

Main features:

ght
P

Fin_wei
ra

min_def

v' Uses elitisim — the best solutions are stored in the elite set and updated at each iteration

v’ Steady-state evolution - enables the saturation of all evaluation threads

v' At each iteration particles change their position following three types of guides: the personal best
position of the whole run, the position of the best particle in the neighborhood and the closest particle in

the elite set.

The new MOPSO has shown better results than the previous version in all

cases it was tested on.

mode.

Q'/ Available in the Automatic and Manual

esteco.com
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>> modeFRONTIER product roadmap

mF 2017

mF 2016 Update 1

1Q 2017

esteco.com



> modeFRONTIER 2014-2016 transition

v' mF2014 product line will be supported until end of 2017

v' mF2014 compatible with mF2016 license files

v" 1t will be possible to install mF2016 and mF2014 together on the same
machine

v mF2016 will open mF4.5 (and mF2014) projects

esteco.com
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>1>odeFRONTIER 2016 development plan

mF2016ul mF2016u2 mF2017 mF2017

2016 Q3-Q4 2017 Q1-Q2 2017 Q3-Q4 2018 Q1

esteco.com
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New Interface Design

B GRS e

G o workflow O Run Analysis P Design Space

.
- Cut 3 ] - = = [1F} v Lasso Tool ! -
a E * Eﬁ H = l- i [ show Hemenc F_\ oo ola| iz g Import Layout h L.f' 0
A il Copy B il - ] Add Label ("7 Rectangular Marquee = t
Disable Paste _ Table DOE  Semsitwity RSM  Multi-Variate Multi-Criteria  Visible Chart - Armange  Hide All Delete Al ) Export Layout Auto Hel
Edit Mode [i Delete Creation Crestion Analysis Training  Analysis  Decision Making  Graphics ~ sl Add Image # Draw Shape tems v Report =P
Interface Clipboard Tools Chart Graphics Dashboard Layout
[} . ~ .
£ Explorer Tree ? [ Designs Table _ e [ Bubble 4D Chart _ax Properties =%
e Tables
2f nput Variasles < S o™ Onjectives < 00
[ Designs Table
D 5% Category ngutvarl nputvar2 objt obj2
F:] DOE Table
) a R saseass  sgsess sasesss 5856984
77 Rabust Designs Table H B 5856924 5856984 5856984 5856384 150 .
« [ Work Tables E pIOPT 5856984 5856984 5956984 5856984 . l:
EE] My Table 4 Parets, Unt. 58.56984 5656984 5556984 5856984 " “
=
> E SOM Tables 5 Pareto, Bad. 58,56984 58,56984 58,56984 5856984 2 100 .ll.# .
> & Cluster Tables 3 Pareto 58,5694 5856984 5956984 5256984 2 q ® ®
,E PCA Tables 7 . Pareo 58,56984 5B,56984 5856984 5856384 | .‘ q ,
5 [ MDS Tables H B 5856384 5856984 356984 5856984 50 =
« B Charss 3 Fareto, Unf..  58.56984 5856984 5956984 5856984 w b ™
- 0 Parsto, Unf.. 5856384 5856984 956984 5856984
» ¥ Design Charts n [ remune. saseses 5856984 5856984  S859B4
Statistical Analysis 025 050 075 1.00 125
> A Distribution Analysis ¢ ’ Variable X
3 Sensitivity Analysi Categories n X
> 3 Sensitivity Analysis 5 Mutti-History Chart _Bx
> RSM Charts
> MCDM Charts
- 200
> SOM Charts
. e fl
» @, Clustering Charts P
» "y PCA Charts .

» %, MDS Charts

e Functions
> |5 Hierarchical Clustering

100
> 1, Partitive Clustering
» K" Principal Components
nalysis
~ Response Surface Models

> 3* Self-Organizing Maps '\1 "
e
Design  Statistical Distribution Sensitivity RSM MCDM SOM Cluster PCA MDS

Charts  Analys  Analysis  Analyss  Charts  Charts Charts  Analysis  Charts  Charts

v' Contemporary Look & Feel and Color Uniformity

v" Icons with clearer meanings

v Consideration for usability issues

v Replacement of the old toolbar with a new one with larger
/s icons and descriptions

esteco.com




>> Workflow Wizard

Quick workflow building in one dialog:

1.

2.

Select the software you want to integrate
(Search function available).

Choose a model file and Load the
Parameters contained in it.

Use checkboxes to select the input and
output parameters in the model you want
to optimize with modeFRONTIER. You
can also define the range of variation of
inputs.

(Optional) Define the Objectives and
Constraints

You can then close the wizard and go to
the workflow or click Optimize and at once

start the project execution.

=47 Workflow Creation Wizard

1. Select integrated software

Select the software you want to integrate with modeFRONTIER.

0
= N 3
)
Processin G Applicaon  Script cap 3 Netwarkin
Nodes Nodes Nodes Nodes Nodes Nodes

2. Configure Catia Node Properties ~

Choose the model file you want to optimize and load the parameters contained within.
Configuration Options

Node Name

o
Fo

Model File

te Variables

38

Open CATIA
Model

Select the input and output parameters in your model you went to optimize and define their ranges of variation

N

EpandTree  CollapseTiee  Reload Parameters

- [

Filter Parameters Link All
Inputs Outputs P

«[] InputFolder
(o InputParameter

] mput Variabie editable nas
[ inputparameter B Input Variable editable
>[] InputFolder
>[] InputFolder
[] putFolder
[] InputParameter

mn putParameter
[ InputParameter
] InputPar er

M nputParameter

4. Define Objectives and Constraints

Create the objectives, how they are computed and whether you want to minimize or maximize ther

HpEp NN

Add  Remove Select All Deselect All
Objectives Constraints

Expression Type
Objectivel xdy [E Minimize
Objective2 xy Minimize

[]

Unlink All

Next

me

name

[l Input Varizble editable name
[l Input Variable editable name

W Input Variable editable name

«

Lower Bou
-100000
-100000

-100000
-1,00000

100000

Upper Bound
100000
100000

100000
100000

100000

¥

o
Simulation

SolidWorks  Spaceciaim

I ovimiee

esteco.com
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