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Streamlined operations with process
automation and system integration




Business challenge: time and cost savings
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The ideal scenario for effective
' O design optimization

Share Plans with newcomers: re-use design exploration and
o optimization strategies to conduct further analysis

o Find better designs: evaluate thousand of

o ..‘-:,} F y designs by applying various run configurations
2Pt (Plans) to the same simulation workflow

Plans

o ..%, + ’: : One-to-.one CAE support: apply'the most
oocr M rsvrdl orrr B o ¥ appropriate strategy for your design challenge

Day )

Install
modeFRONTIER

Hands-on training: gain proficiency to set-up simulation
workflows and learn more about design exploration and
optimization strategies

Time %
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ModeFRONTIER

The vendor agnostic software for process automation and design optimization.

modeFRONTIER 2023R1 - workflow.prj
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deFRONTIER
m o e and Deep Learning
algorithms
Optimization

algorithms
autonomous mode

Today
o 2 —_—

Python API

Multiple design exploration
strategies set-up

Advanced
postprocessing

e
og

robust design ‘
optimization .
- Proprietary pilOPT algorithm:
explore + exploit in one click

Multi-objective -

N

‘ o Design space statistics and
Response Surface Models (RSM)

. —O Proprietary Multi-Objective Genetic Algorithm
\ y (MOGA-II) Vendor agnostic graphical simulation

workflow




Python API

integration

Usability: workflow and
Planner environment

Enhanced integration
with engineering
applications
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Enabling data-driven modeling with
ModeFRONTIER evolved process
automation and integration




The modeFRONTIER process flow

Problem definition Execution at scale Democratization
Inputs, outputs, optimization Smart use of computational Connect to ESTECO VOLTA
objectives and constraints. resources. digital engineering platform.

Cloud

Workstation

Process automation Evaluation strategy Insights
Simulation integration and Design exploration or AI-data driven modeling
data exchange management. optimization studies. and visualization.
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The concept behind the modeFRONTIER workflow




The concept behind the modeFRONTIER workflow

Upload model
in the system




The concept behind the modeFRONTIER workflow

Upload model
in the system




The concept behind the modeFRONTIER workflow

Upload model i
in the system Workflow creation o & e Input variables
° ° o .“q ."’q ,"ﬂ Define the design space
o
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Introspection = 7 based on inputs
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Choose parameters " Y
for workflow
creation —
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The concept behind the modeFRONTIER workflow

Upload model
in the system

Start
introspection

Choose parameters
for workflow
creation

Add objectives
and constraints

Workflow creation P
] %) ]
®&® @& @
m
= L5 T
- Ok
SCRIPT
- - ooooooooo
- < == =
o
mF
Planner (Run configuration) e
"
000
¥ || s o P

Input variables
Define the design space

Black box
Compute outputs

based on inputs

Output variables
Response of the system

Evaluation strategy
Single run, DOE, Design Optimization,

or Robust and Reliability analysis

Objectives
A guantity you want to
Minimize or maximize

Constraints
A limit you want to respect
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workflow and Planner environment

. Improved Planner functionality (Process mode vs Scheduling node)

. Plan services

.  Service task node
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Process node vs Scheduling node

mF New project X
Process node
Make it easy to reuse and
compare different plans for the
sdame p r0Cess. Process mode Scheduling mode
The process mode enables you to The scheduling mode enables you
create multiple exploration and to define the workflow and the
optimization plans on the same exploration or optimization
. workflow strategy in a single environment
Scheduling node
For those who want detailed
CO n-t rO l Ove r eve ry as pect O'l: t h e ] Always use this mode for new projects
pl’OCGSS Learn more... Ney Cancel
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Plan services

modeFRONTIER Plan Services are subsets of plan elements that allow nesting
and running multiple projects within a single workflow.

Name DOE_service °
Description mf Add inputs X Red uced Com pleXIty
Inputs Outputs Select properties you want to add as service inputs P rOJ etS C a n h aVe m a n y
o iff BEmchecpetes ok = Inputs/outputs, sometimes making
Key Type Value . c .
:_T_;_:_:_‘t?d_if____________________.i version String ‘v1.0/plan/planSchema,js... the m d |fﬁ Cu I-t to manage- Se er CeS Can
S c c
it Dorin -1 - Lowerbund gt g e focus on a limited set chosen by the
Input Domain - x1 - Upper bound description String “Explore the input space wi... C re a‘t O r
Input Domain - x2 - Lower bound author String  ‘ESTECO SpA. ’
Input Domain - x2 - Upper bound license String “Copyright (C) ESTECO S.p....
v properties
v modules

> [0] Input Domain

s Fully parametric

e i Services can include properties of
inputs (bounds, defaults), outputs,

objectives/constraints (expressions,

i Jismet types), and algorithm settings.

@ Number of elements to be added: 1
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Service task node

It lets you run a smaller project (service) within a larger project (main).

Parameter Chooser: ServiceTask185

Service Task Parameters | nputs _ Outputs

' i B | ®2 °% || NoFilter op o2 |z | A 2| 8
Service properties become
parameters in the Service Task SRAPI T i .
nOdeIS Parameter ChOOSG [". @_session.results."‘min_surface ¢ > "4 surface_vector | m o S8y

o0 "4 target_volume_vector

o= QOutput Data

- 8= Workflow Output Nodes

@} session.results/V ¢——————————— "y, volume_vector ] A
v Details
Data handling Type DOUBLE_ARRAY
The main project parses data and Unit of measure
handles data exchange with the
inner service. S s
Clear All Links Apply | Cancel

J
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Example: run modeFRONTIER projects in batches

You can easily configure and run ditferent optimization strategies on the
same workflow.

Nam Optimiz pilOPT_serv |
Description / Number_of_evaluations
o O
- = 123
B0 B
Service inpu... @ Optimization Algorithm - pilOPT - Number of evaluations f
S E—— properties/modules/[3]/properties/algorithm/properties/numberOfE...
R SITECER Star piloPT ! MOGA Exit3
pilOPT - Number of eva Description / LV
Value 1000 °‘:3 > ’) O > ’, O {:'.0
Step 1 Step 2
Define two services that expose the Create the main workflow using two
number ot evaluations for pilOPT and service task nodes.

m‘ MOGA-II, both in selt-initializing mode.
2025




Example: run modeFRONTIER projects in batches

Info o
Design Files 12 X

ID 00000
Project Name service piloptmoga_MAIN.prj : » : A .

a S ’ Qv 7 .
modeFRONTIER Version modeFRONTIER 2024R2 - ReleaseCandidate - RC2 DesigniD < | © synchronize @ | Q ¢
modeFRONTIER Version number 14.7.1 b20240621
modeFRONTIER Home C:\Users\ddistefano\Downloads\modeFRONTIER2024R2-RC2-win64 Name Last modified Size
Date Wed Jul 03 13:42:21 CEST 2024
Log Level FINE 00000 [proc] 03/07/2024 01:42 PM

~ MOGA_COOCC 03/07/2024 01:42 PM
Date & Time Event Argument j _ > - e e
l"C‘d, 83 .“Jl‘p' 20824 v pllop_CCCCL b3,r‘.C.",~'LCL"¢C i
13:42:21:548 PROCESS STARTED 00000 (BbBBB-B899S, Design Data) . 5 02 /07 /90704 01
13:42:21:553 JOB STARTED pilOPT, job_out, job_err, JVM Logs, Input Data, Dir 100000 [ldg] 03/07/2024 01:
13:42:21:560 MESSAGE pilOPT: Running as process fork ] MOGA_00000 03/07/2024 01:42
13:42:37:242 MESSAGE pilOPT: Job process disposed
13:42:37:242 JOB EXITED pilOPT, job_out, job_err, JVM Logs, Input Data, Qutput Dats = pilOPT_00000 03/07/2024 01:
13:42:37:247 JOB STARTED MOGA, job_out, job_err, JVM Logs, Input Data, Dir : z P e ey
13:42:37:249 MESSAGE MOGA: Running as process fork @ designdata.html 03/07/2024 C1:
13:42:47:126 MESSAGE MOGA: Job process disposed A o o =
Q og.ht 03/07/2024 01: 2

13:42:47:120 JOB EXITED MOGA, job_out, job_err, JVM Logs, Input Data, Output Data, @ designlog html 07/20240 -
13:42:47:171 PROCESS EXITED 00000 (BBBBB-BB999, Design Data) ELAPSED TIME = 8h:8m:25.

Step 3

Step 4

Full results of both sessions are
available in dedicated folders.

Run the main workflow.




Enhanced integration with engineering applications

d d 0 AN O B > &

Abaqus FEA Adams/Car Adams/View Ansa ANSYS ASMI AVL AST COMSOL CREO
Workbench Elements/Pro

B B o & H

CST Dymola ESI Grasshopper GT-Suite Hypermesh JMAG
Microwave designer

T a s 4 B N & &5

LightTools Madymo Maplesim MATLAB Metapost MSC Nastran Romax
Designer

STAR aS DS o
m . J cc Y . SIDNIRES ‘
SOLIDWORKS LSt b ATON

Simcenter 3D Simcenter Simcenter Simcenter SimulationX SolidWorks SolidWorks SpaceClaim
Amesim Flowmaster StarCCM+ flowsimulatio
n

U
VOLTA
ESTECO -
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New parameter chooser

Gain efficiency and control in linking your model parameters to the

ModeFRONTIER workflow.

Link input nodes with input parameters and output nodes with output parameters

Input nodes B Input parameters P R [B Output parameters Py R B Output nodes B
o - Q Se o 3 Q Search © v Q Search © v
|@x @ @ 1 %
@ x2 & G2 12 &
v (@ Scalar (2) v (@ Scalar (2)
x1 [ = . &
. & |"' f2 @
x1 x1 f2 f2
Default value: 0.0 Type: double Type: double Default value: NaN
Lower bound: -3.1416 Value: -1.0 Value: NaN Lower bound: -1000.0
Upper bound: 3.1416 Unit of measu re: Unit of measu re: Upper bound: 1000.0
Base: 0 Base: O
Repeat introspection OK Cance

Side-by-side visualization: easily
compare inputs and outputs.

Flexible workflow building: view and
link any data node in the workflow.

Streamlined navigation and filtering:
quickly find and connect nodes and
parameters.

Automatic linking of parameters and
nodes: reduce time and effort.

Enhanced visualization of linked items.
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Test run feature extended to CAD/CAE connectors

Veritying integrated software communication and custom driver by running a
design with detault/custom values and validating outputs.

ITX
%%‘T’ Abaqus FE
‘ Adams/Car
‘ Adams/View
@ Ansa
\ ANSYS Workbench
%%o AVL AST
AVYL
2
72 CATIA
CATIiA

CST Microwave

GT-Suite

Metapost

um

Simcenter Amesim

Mg E [

N
o
N
O1

mfF File Edit Options View

E @B XhEw~ 0%
16 if defined GET_VERSION (
17  gtsuite %VERSION_FLAG% -version < NUL 1>"%APPL_STDOUT%" 2>"%APPL_STDERR%"

29 e 7 3k 3k ok ok ok 3k ok ok ok ok ok ok ok ok ok ok ok ok ok ok b sk b ok sk ok ok ok ok ok

~am T IITTE .- - -~ Aarsrde
21 rem GT SUITE run commands

- A ~nrls i hsie nar nf ha Adrsvor € vnll noo R B e Ao v e
22 rem Modift vy this part o©o1T tThe driver 1if you need custom commands
23 rem #Ekkksksksksk bbb ok oo ok ok b b ok ok ok ok ok b kbbb b b

24 if defined RUN_GTSUITE (
25 gtsuite.bat %*VERSION_FLAG% %RUN_FLAG% "%MODEL_FILE%" < NUL 1>"%APPL_STDOUT%" 2>"%APPL_STL

26 )
27
28 e kb skokob sk ok sk ok sk ok ok ok ok o o ok ok b ok 3k 3k ok ok ok ok b ok b ok
29 rem EX| t commands fo CASE 'd TIME RLT
39 Fe #*hdkktsktsbtbbtsbtsbbbbbabtsbtbbtbttat
31if defined EXPORT_RLT_OLD (
32 echo "using gtexport.bat”
33 gtexport.bat *%*VERSION_FLAG% "%EXPORT_FILE%" < NUL 1>"%POST_STDOUT%" 2>"%POST_STDERR%"
34)
35
36 re RERTRRrRaS R R R R RS R S RS R S S S S
37 rem Introspecti mim T ASE RL
38 ref Atttk ok ok ok ok ok ok ok o ok ok ok b ok ok ok ok o ok ok ok ok ok ok
[ ] PC ] [ Insert US-ASC
Restore to default Use this driver | Cancel
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Python API

Deeper python integration
(pyFRONTIER, pyCONSOLE,
pyDOE, pyRSM and
PpySCHEDULER) for scripting
and customization.




YVFRONTIER

Interactive access to modeFRONTIER from an external Python interpreter
(IDE or external solver) through a dedicated set of Python APIs.

mF
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v editmode interface v

Interface
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Process mode: EDITOR

Run Stop
Project

32 Configuration | &5 Connectors <, Graphics

[ open editor 4 introspection [ Testrun R integratio| >

Calculator
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Name PCL
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http://drive.google.com/file/d/13uBep6f-3AtIHIvxcwo1YYvjb1R3cX3f/view

oyCONSOLE

It extends modeFRONTIER’s capabilities, adding the power of Python for more
flexible and efficient design exploration.

Seamlessly integrated Python shell

within modeFRONTIER's design space, e
for direct access to design variables, S
objectives, and constraints Ty

Enabling real-time data manipulation
and analysis, by leveraging Python's
extensive libraries for enhanced

functionality T BRiEE S

. » A | o _1‘(") +Qz=
Ideal for quick prototyping and — [ 3E
debugging
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Import and train your Python algorithms

pyDOE: write your own or use
built-in Python algorithms to
create a set of DOE design

_@ @ O

B configurations
—__. . PYRSM: use external PythOﬂ ML
l e et ™ : libraries (i.e. scikit-learn) to
ctx s geteplomtions e |y -'. Wl o perform RSM analyses
inputs = [i for i in c . o0 ‘. ,. PY .
bounds = [ctx.get_vari: < ®@e o .. ) 8 ‘..
T o £
raise RuntimeE: . S 3 e
submitted = 0 | z @.. ° pySCH E DU LE R: le\/e rage
for point in itertools @

broken_constraints
if not broken consi
18 submitted += 1
1 if submitted == ct:
2€ print(”Target m
21 breakr]

external Python Scientific and
ML libraries (i.e. SciPy optimize)
to perform design optimization




Enhanced accessibility with estecopy on pip

The estecopy library is now accessible on pip, the Python package manager. This

makes It easier for you to install and use the library:.

» Increased accessibility: easily access and
utilize the estecopy library:.

 Improved efficiency: the simplitied
Integration process allows tor quicker
and more etficient interaction with
modeFRONTIER.

estecopy 1.0.2 | tasreson |

pip install -i https://test.pypi.org/simple/ estecopy @ Released: Sep 25, 2024

Python library to support the proprietary modeFRONTER software

Navigation Project description
= Project description Connect your Python interpreter with modeFRONTIER, the leading software for process automation and design
optimization.

“D Release history

You need to have modeFRONTIER installed and start the pyFRONTIER app to enable the connection with your Python
& Download files interpreter either locally or remotely. Install the estecopy package on your machine to enable the data exchange
between your Python interpreter and modeFRONTIER.

Provides the following modules:
Verified details @

These details have been verified by PyPl

e pyfrontier - module for configuring the connection to an open pyFRONTIER

e estecopy.db - module for handling data

Maintainers . . Snylar
e estecopy.plan - module for handling plans and running a project in process mode

¢ esteco e estecopy.charts - module for plotting charts in the Design Space
: e estecopy.rsm - module for handling response surfaces

e estecopy.info - module for accessing some information on the modeFRONTIER project

N
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Python API

Reduced Order Models
(ROM) capabilities

New algorithms:
Multi-fidelity RSM and
MUSA optimizer




The modeFRONTIER AI/ML process data flow

Enabling the development of computationally efficient surrogate models that
expedite the exploration of complex designs spaces.

® A
\ZI2
1D/2D/3D/4D v
CAE simulations Table-like \
- Designof Y .. ¥ dats __._ paralie
“=* Experiments : ~ chart
Sensitivity
\ 4

s Analysis

7

\
—=— ¢ Dimensionality
reduction

1 @ Reduced
Order Models

J

ML Response
Surface Models
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2025

Explainable AI for Reduced Order Models (ROM)

Build CAE datasets and automate ROM training with modeFRONTIER.

.............

CAE datasets

W

‘ ROMBOX TRAIN

B

Regression (RSM training)

> Radial Basis Function (RBF)
> Gaussian Process (GP)
> Neural Networks (NN)

J
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New Multi-fidelity RSM algorithm

Bridge the gap between rapid computation and high accuracy. Integrate
knowledge extracted from high-fidelity simulations with low-fidelity data.

Multi-fidelity modeling Tool

e—0—0—0—0

HIGH-FIDELITY DEFINE LOW-FIDELITY SELECT CONFIGURE High-fidelity training table:
MODEL VALIDATION MODEL VARIABLES MODELS Designs Table
TRAINING TABLE TRAINING
Validation:
Select the algorithm and configure the properties for each model. Not used

Learn more...
Low-fidelity training table:

Models : RSM: defl_CBMF_C Plan-0
R A R A S - Output: defl Variables
T S - Inputs: a,b,c dens » defl
defl_CBMF_0 AR = > stress
R 7 Algorithm: Correction-based multi-fidelity Ik - D 0 >

stress_CBMF_0 > weight

v Training data

weight_CBMF_0 High-fidelity models:

Training set All designs v v defl
Exclude error designs ™ defl_CBMF_C
> Basic configuration v stress

> Kriging low-fidelity configuration stress_CBMF_O

v weight
weight_CBMF_O

» Kriging correction configuration

< Back Train Cancel

5
e




Real-world impact

Benefits and applications in real design problems.

Benefits:

* Overall arfordable computational cost.
* Improved accuracy over LF alone.
» Better coverage than HF alone.

Applications:

* Aerodynamic design optimization.
» Structural analysis.
* Any field with expensive simulations.

Accuracy

HF ©

Multi-fidelity ©

Computational cost

N
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A new optimization algorithm: MUSA

Unique island-based architecture

MUSA enhances population diversity, reduces
computational time, and supports both
continuous and discrete variables.

+
Leveraging RSM-based optimization
MUSA integrates global search algorithms
(MOGA-II/NSGA-II) with local refinement
techniques (Simplex/AFilterSOP/NBI-AFSQP),
delivering robust performance in complex
design spaces.

O©ESTECO SpA



MUSA: how it works

1. Hybrid Global-Local Search Architecture
MUSA integrates MOGA-II/NSGA-II tor global
exploration with Simplex/AFilterSOP/NBI-AFSOP
for local refinement, balancing exploration
(diverse solutions) and exploitation (precision).

2. Island-based parallelism

By partitioning populations into semi-isolated
“Islands”, MUSA enables parallel computation,
each island operating independently.

. Ok
NEURAL
NETWORKS
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MUSA: how it works

3. Dynamic RSM competition
MUSA simultaneously trains RSM (Kriging, RBF,

etc.) and selects the most accurate model per
iteration.

4. Constraints Handling
Native support for gradient-based constraints.

5. Parameters
MUSA dynamically adapts to user-defined

probabilities for: global/local search ratio, virtual
optimization probability, RSM training set.

. b
NEURAL
NETWORKS

O©ESTECO SpA



MUSA: 2-dim problem with 2 objectives

MUSA Is able to leverage the best behaviors from both MOGA-IT and NSGA-II

at the same time.
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DEB: Kalyanmoy Deb et al. “A fast and elitist multiobjective genetic algorithm: NSGA-II”. In: IEEE transactions on evolutionary computation 6.2 (2002), pp. 182-197
SRN: N Srinivasan and K Deb. “Multi-objective function optimisation using non-dominated sorting genetic algorithm”. In: Evolutionary Comp 2.3 (1994), pp. 221-248
POL: Carlo Poloni et al. “Hybrid ga for multi objective aerodynamic shape optimisation”. In: Genetic algorithms in engineering and computer science. John Wiley & Sons Ltd, 1995, pp. 397-415
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MUSA: 2-dim problem with 3 objectives

This capability is even more evident in high-dimensional problems.
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O O
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TODO DOING DONE

Multi-fidelity RSM export Automated tagging for script nodes
Python and FMU Matlab and Octave

Parameters in Session tables
Visualize parameters in post processing

RSM training in the Planner
Schedule RSM training in your Plan

Error and exception events in the wf Connectors manager
Worktlow-level events management Create your own direct interfaces

myRSM

Save, distribute and reuse your Python RSMs
inside modeFRONTIER

ROM Training module Multi-fidelity RSM export
Train ROM from modeFRONTIER tables Excel
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