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PREFACE TO VERSION 1

LS-OPT originated in 1995 from research done within the Department of Mechanical Engineering
University of Pretoria, South Africa. The original development was done in collaboration with colleagues i
the Department oAerospace Engineering, Mechanics and Engineering Science at the University of Florid

in Gainesville.

Much of the later development at LSTC was influenced by industrial partners, particularly in the automoti\
industry. Thanks are due to these partnergteir cooperation and also for providing access to-bigh
computing hardware.

At LSTC, the author wishes to give special thanks to colleague adeéwveboper Dr. Trent Eggleston.
Thanks are due to Mr. Mike Burger for setting up the examples.

Nielen Stander
Livermore, CA
August, 1999
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PREFACE TO VERSION 2

Version 2 of LSOPT evolved from Version 1 and differs in many significant regards. These can be
summarized as follows:

The addition of a mathematical library of expressions for compositeifuns.

The addition of variablecreeninghrough the analysis of viance.

The expansion of the multidisciplinary desgptimizationcapability of LSOPT.

The expansion of the set of point selection schemes available to the user.

The interface to the L®YNA binary databae.

Additional features to facilitate the distribution of simulation runs on a network.
The addition of Neural Nets and Kriging as metamodeling techniques.
Probabilistic modeling and Monte Carlo simulation. A sequential search method.

ONOAWNE

As in the past, thes developments have been influenced by industrial partners, particularly in the
automotive industry. Several developments were also contributed by Nely Fedorova and Serge Terekhoff of
SFTI. Invaluable research contributions have been made by Professguriraas Nilsson and his group in

t he Mechanical Engineering Department at Link©°pi
group in the Department of Mechanical Engineering at the University of Pretoria, South Africa. The authors
also wish to givespecial thanks to Mike Burger at LSTC for setting up further examples for Version 2.

Nielen Stander, Ken Craig, Trent Eggleston and Willem Roux
Livermore, CA
January, 2003
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PREFACE TO VERSION 3

The development of L®PT has continued with aamphasis on the integration with {L5YNA and LS
PREPOST and differs from the previous version in the following significant regards:

=

LS-OPT is now available for Microsoft Windows.

2. Commands have been added to simplify parameter identification using casticwees of
measured data.

3. Stochastic fields have been added te@BNA (Version 971) to provide the capability of modeling
geometric and shell thickness variability.

4. Extended visualization of statistical quantities based on multiplewaresimplementedy further
integrating LSPREPOST.

5. Aninternald3plot interface was developed.

6. Reliability-Based Design Optimization (RBDO) is now possible using the probability of failure in
the design constraints.

7. Neural network committees were introduced as a meansatatify and generalize response
variability.

8. Mixed discretecontinuous optimization is now possible.

9. Parameter identification is enhanced by providing the necessary graphicaigpostprocessing
features. Confidence intervals are introduced to giyathie uncertainty of the optimal parameters.

10.The importation of usedefined sampling schemes has been refined.

11. Matrix operations have been introduced.

12.Data extraction can be done by specifying a coordinate (as an alternative to a node, element or pal
to identify the spatial location. The coordinate can be referred to a selected state.

13. A simple feature is provided to gather and compress the database for portability.

14. A utility is provide to both reduce the d3plot file sizes by deleting results and séamanthe d3plot
results to a moving coordinate system.

15.Checking of LSDYNA keyword files is introduced as a means to avoid common output request
problems.

16. Statistical distributions can be plotted in the distribution panel in the GUI.

17.A feature is introdued to retry aborted runs on queuing systems.

18.3-Dimensional point plotting of results is introduced as an enhancement of metamodel plotting.

19. Radial basis function networks as surrogate models.

20. Multi-objective optimization for converging to the Pareto optifrant (direct & metamodebased).

21.Robust parameter (Taguchi) design is supported. The variation of a response can be used as an
objective or a constraint in the optimization process.

22.Mapping of results to the FE mesh of the base desigmesiudts are considered at fixed coordinates.
These capabilities allow the viewing of metalforming robustness measuresAREBOST.

23.The ANSA morpher is supported as a preprocessor.

24.The truncated normal distribution is supported.

25. Extra input files can berpvided for variable parsing.

26. A library-based usedefined metamodel is supported.

27.Userdefined analysis results can be imported.

28.PRESS predictions can be plotted as a function of the computed values.

29.The DynaStats panel has been redesigned completelsigWet.4)
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30. Strategies for metamodbhsed optimization are provided as GUI options

31.An algorithm panel has been added for setting optimization algorithm parameters.

32.Userdefined sampling points can be evaluated using an existing metamodel.

33.The Adaptive Simudted Annealing algorithm has been added as a core optimization solver. Hybrid
algorithms such as the Hybrid SA and Hybrid GA have also been added.

34.Kriging has been updated and accelerated.

35. Enhancements were made to the Accuracy selection in the viewkowing color-coded point
attributes such as feasibility and iteration number.

36. The Tradeoff selection has also been enhanced by converting itDoap@ication with color
coding for the # dimension as well as color status of points for feasibilityisrdtion number.

As in the past, these developments were strongly influenced by industrial partners, particularly in the
automotive industry. L$PT is also being applied, among others, in metal forming and the identification of
system and material paneters.

In addition to longtime participants: Professor Larsgunnar Nilsson (Mechanical Engineering Department,
LinkOping University, Sweden), significant contributions have been made by Dr. Daniel Hilding, Mr. David
Bjorkevik and Mr. Christoffer Belestam of Engiering Research AB (Link6ping) as well as-Dwg. Heiner
Mullerschén, Dipking. Marko Thiele and DiplMath. Katharina Witowski of DYNMore GmbH,
Stuttgart, Germany.

Nielen Stander, Willem Rouand Tushar Goel
Livermore, CA
January, 2009
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PREFACE TO VERSION 4

The development of L®PT has continued with an emphasis on the integration wHbYISA and LS
PREPOST. The main focus of Version 4 has been the development of a new graphical postprocessor as:
as the improvement of the job scheduling systespeeially with regard to scheduling on computer clusters.
The following features have been added:

Version 4.0:

1.

The Viewer has been redesigned completely to accommodate anamaltiw format using a split
window and detachable window feature.

2. The Correlation matrix for simulation variables and results has been added.

3. For visualizing the Pareto Optimal Frontier, Hypadial Visualization and Parallel Coordinate

plots have been added to the more traditional scatter plot. Multiple points saletied to create a
table of response values. Point highlighting is camsmected between plot types.

4. An interface for the METAPoOst postprocessor has been added.

5. Topology optimization LSOPT®/Topology has been added as a separate module. Please tater t

LS-OPT/Topology User's Manual.

6. Many of the features such as the ReliabiBgsed Design Optimization have been significantly
accelerated.
7. The Blackbox queuing system has been streamlined in terms of providing better diagnostics anc
special queuingystemHondahas been added.
8. The NASTRAN interface for frequency extraction and mode tracking has been added.
Version 4.1:
1. Discrete sampling can be done on a variable by variable basis for most sampling schemes includ

D-Optimality, Space Filling angull Factorial.

2. The Space Filling algorithm has been improved for accuracy and speed.

3. Job scheduling has been significantly improved. Environment variables can be exported throu

gueuing systems.

Job data is displayed on the run progress bars with etisel¢o view the solver log file at any stage
of the run.

5. Three injury criteria: a3ms, Chest Compression and Viscous Criterion have been added.
6. SPH, DBBEMAC and NODFOR groups have been added to tHBYI$A response interface.
7. GenEx, the LSOPT Generic Exactor provides features for extracting entities from text files. This

allows LSOPT to be used with any solver code that produces a text database.
Responses can be linked to-D&NA cases (*CASE keyword).
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9. In addition to polynomials, Radial Basis Funcsaran now be used for parameter identification.

10.The following features have been added to the Viewer-@Gganizing Maps (for mukobjective
optimization), twedimensional interpolation matrix using metamodels, global sensitivities (Sobol),
Computed (snulation) and Predicted (metamodel) histories, Parallel Coordinate plot for simulation
results.

11.Experiments can be replicated for stochastic fields. Improvements have been made to Stochastic
Fields (*PERTURBATION) in LSDYNA. Special coordinate systems Ileavbeen added.
*PERTURBATION_MATERIAL has been added for MAT24.

12.To avoid synchronization errors, the Experiments and AnalysisResults databases have been
converted to sel€ontained .csv files.

13.The Run page has been rationalized. Clean start options am@vadable for all tasks.

14. A selected subset of Pareto optimal points can be exported to a standard format. The file can be usec
to schedule the points as simulations.

Version 4.2:

15.The algorithm for constrained experimental design has been gregitpved. An optimization
algorithm was introduced to locate design points within specified constraint bounds.

16.LSTCVM has been added as a Secure Proxy Server for distributing solver jobs across a computer
cluster. Running LSOPT on a Windows machine corltiog solver jobs on a Linux cluster is now
possible.

17.Individual jobs can be stopped using LSKILLJOB from the@BT GUI. This feature has been
implemented to Kill lagging jobs which tend to hold up the entire optimization run. Accelerated job
killing is provided as an option. A job can also be flagged for restart. LSTCVM and LSKILLJOB
combined with LSCHEDULER and other auxiliary programs provide a sophisticated job distribution
system.

18.More injury criteria are now available, namely MOC, NNIC, NIC, Nkm, UNLCTI and Tl. A 3
node version of the injury criterid@lip3mhas been added.

19.Kinematics for NODOUTbased responses and histories. Includes the calculation of deformation and
distance in global, local and loeal-referenceframe coordinate systems.

20.DBFSI (fluid structure interaction) is available in the history and response interfaces.

21.Curve Mapping has been added to improve the curve matching metric for material identification,
especially for hysteretic curves, curves with steep sections and casesonljygpartial test data is
available. A newly developed Partial Curve Mapping algorithm is used.

22.Metamodel prediction accuracy based on PRESS error has been added as a stopping criterion for the
Sequential Response Surface Method (SRSM).

23. Automatic internalconstraint scaling based on the constraint bounds has been added to the GUI.
This feature ensures that constraint violations are treated equally irrespective of their magnitudes.

24.The Dominated Hypervolumenethod as a stopping criterion for mudtjective optimization
methods (GA).Crowding Distanceand Spreadof the Pareto Optimal Front can be monitored
graphically.
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25. SeltOrganizing Maps is available to visualize simulation results.

26.Refinements have been made to the 2D Metamodel Gestson display by adlalg simulation
points. The History display was improved by allowing the selection and display of multiple histories
There is stronger unification amongst the different types of displays.

27.LS-OPT database archiving has been expanded to include extraileassolver input files.

28.Histories have been added to the GenEx (generic extraction) result extraction feature. In the pe
only responses could be extracted.

29.The input file environment can be used to store include fileORS will in this case autormiaally
be able to parse and transmit the files (e.g. to a cluster).

30.A derivative history function has been added to compute the derivative of a time history, e.c
acceleration from velocity.

31.A general filtering feature for time histories has been add#erifrg has been available for LS
DYNA-extracted data, but can now be applied to any time history, also those produced usir
expressions or generic extraction.

Version 4.3

32.The MAC criterion replaces the Generalized Mass criterion for mode tracking (nery&asion
4.2). An option to turn off mode tracking was added.

33.Mode tracking is supported for all versions of-DSNA, including LSDYNA MPP (merged to
Version 4.2).

34.Sampling of the Pareto Optimal Front as a sampling option. A Space Filling algorithraxitmize
the distance between any two points in the design space, is used.

35.0ption for selecting the number of verification runs for the tw@iflecurve of multiobjective
optimization. Space Filling sampling is done to obtain a-distributed tradeff set.

36.Head injury criterion (HIC) using three nodes for the different coordinate directions.
37.Support Vector Regression introduced as a metamodeling type.
38. Userdefined postprocessor optich.

The automotive and other industries have again made significant contributions to the development of new
features in LSOPT. In addition to londime participant Professor Larsgunnar Nilsson (Mechanical
Engineering Department, Linkdping University, Swed@&nr),Daniel Hilding, Mr. David Bjorkevik and Mr.
Christoffer Belestam of Engineering Research AB (Linkdping) as well am@rHeiner Mllerschon and
Dipl.-Math. Katharina Witowski of DYNMoreGmbH, Stuttgart, Germarhyave made major contributions

as deelopersDr. Trent Eggleston has recently created LSTCVM and LSKILLJOB and, while working

with customers, has made vast improvements to solver job scheduling via queuing systems.

Nielen Stander and Anirban Basudhar
Livermore, CA
August, 2012
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PREFACE TO VERSION 5

The development of L®PT has continued with an emphasis on the integration wHBYISA. The main

focus of Version 5 has been the development of a new graphicprquessor to accommodate design
processes, in which the design stagesdependent on one another, as well as the improvement of the job
scheduling system to enable handling of job dependencies. Transparency of the job scheduling process ha
also been improved. The following features have been added:

Version 5.0:

1. A proces consisting of a chain of dependent stages can be analyzed. The process can be defined in
the form of a flow chart which can merge and branch. Solver stages have been added as a new
concept and building block for defining a flow chart.

2. File operations surcas deleting and copying between dependent stages are available.
3. GUI features have been added to easily identify sources of design parameters.

4. Job monitoring has been enhanced by allowing progress visualization on-hys&igge basis. Any
run directoy can be viewed.

5. Resource definitions have been added to enhance the concurrent job submission capability.

6. Variables can be dactivated arbitrarily using a table of checkboxes. This avoids the necessity for
changing variables to constants.

7. New metal fornmg failure criteria.

8. String variables. These variables allow the definition of discrete variables sets with names as might
be used for include file names. GUI support is provided.

9. The recovery of databases from remote servers has been added as a @&JI featu

10. A sorting feature has been added to the Correlation Matrix in the Viewer. Thecorosistions for
any entity can be sorter].

Version 5.1;

1. Multilevel optimization. An LSOPT solver type can be selected to allow the nestingyot & OPT
task.

2. Parallel Feedforward Neural Networks. This feature allows the concurrent building of multiple
networks and network ensemble components. FFNN building can also be done remotely, e.g. on a
cluster. Job monitoring is provided in the GUI.

3. Significant enhancements have been made to histogram displays in the Viewer. Manual axis control
is allowed while statistical quantities such as mean and standard deviation as well as constraints are
depicted. Histogram types have been added.

4. Subregiorbased sensitivity analysis is available using Sobol indices. Multiple subregions can be
analyzed in the same run and stored for display. Global Sensitivity Analysis can now be activated
from the GSA icon (as a peptocessing function).
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5. Design categories cahe specified for useselected simulation points. Name, color and type
attributes can be chosen for each category display. Responses and histories are supported.

6. Excel is now supported as a solver type on Windows.

7. A new third party Finite Element solver isow supported. The support includes parameter
(*PARAMETER) recognition using recursive include files during the problem setup phase.

8. De-activation of variables in iterative methods. The user can seamlessly deactivate variables at a
stage of the iterates process. This is useful when performing other tasks such as optimization afte
variable screening.

9. Metamodel formulae for polynomials and Radial Basis Function Networks can be exported.

10.Multiple plots are allowed in optimization history displays. All theailable entities such as
variables, responses, etc. can be displayed on the same plot.

11.Differential Evolution was added as a global metamodel optimizer (unconstrained continuou
problems only).

12.Responses and/or histories can be cloned (Stage dialdgljn G

Version 5.2:

1. A new integrated progress window has been created to unify Windows and Linux progres
monitoring. The window features separate tabs for text output and thermometer type progre
monitoring. Warnings and errors are displayed in a sepaadtewindow. Global progress is
displayed. The window can be hidden while the older option via the stage dialog LED is stil
available.

2. Navigation tools are available in the GUI for navigating between levels when using multilevel
optimization. E.g. the ing setup and progress can be accessed with full functionality for lower
levels by navigating from the start (top) level.

3. Response variables were created to allow the substitution of simulation results in input files of
child stage during a muistage pocess flow. Histories from simulation output can also be
transferred to LPDYNA input files as *DEFINE_CURVE data sets. Response and history
expressions are fully supported.

4. The generation and display of comparison metamodels. A set of different metabasbaison the
same set of analysis results can be selected by the user for display. Parallel Neural Networks are «
available as comparison metamodels.

5. Histories can be displayed in three dimensions in which the third dimension is a variable.

6. Reliability statistics, e.g. as a result of direct or metambdsked Monte Carlo analysis can be
extracted in a multilevel setup. This allows the setup of, for instance, tolerance optimization c
robust design problems using the direct Monte Carlo method. Mearsyablaadard deviation as
well as the probability of failure are supported for individual constraints as well as globally.

7. Matlab is supported as a solver type on the Windows platform.

8. LS-OPT metamodels (DesignFunctionBle format) can be imported. This useful for problems in
which a metamodel has already been constructed. Importing and optimization/Monte Carlo analys
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can be executed as a single step to allow for automatic importation preceding the inner level analysis
of a mult-level optimization.

9. Parallelization is now automatic for extraction repair. The number of processors available on the
local machine is automatically detected.

10.Mode tracking now runs in parallel.

11.Box plot options are available for histogram displays (reliability analysisk ifcludes whisker
type options for min./max., interquartile range, standard deviation and 9%/91%.

12.The FE postprocessor can be customized.
13. Encryption features are available to encrypt theQFST (.Isopt) input file.
14.The efficiency of the Curve Mapping alighm has been improved.

15.Features have been added to the GenEx text extraction tool to simplify the selection and extraction
of histories.

16. A response file option allows the specification of an output file with a single value that needs to be
extracted (used ef i ned response) . This feature solve.
(Windows) or ficato (Linux) commands to write
defined responses.

17.Retry and timeout attributes required I job scheduler to handle abnormal termination can now
be specified in the GUI.

18. Special functions for differentiation have been improved. Irregular spacing of the history or crossplot
curve is allowed.

19. An image of the flow chart can be saved as a pidiiere

As in previous years, the automotive and other industries have made significant contributions to the
development of new features in {G3PT. In addition to longime participant Professor Larsgunnar Nilsson
(Mechanical Engineering Department, Linkagi University, Sweden), Dr. Daniel Hilding, Mr. David
Bjorkevik, Mr. Ake Svedin and Mr. Christoffer Belestam of DYMareNordic, Linkdping as well as Dr.

Ing. Heiner Mullerschén anBipl.-Math. Katharina Witowski of DYNAnore GmbH, Stuttgart, Germany

have nade major contributions as develope®pecial thanks go to Katharina for patiently editing and
managing the manual, a major task in this version.

Dr. Trent Eggleston redesigned the job scheduler to accommodate the launching and load balancing of jobs
with dependencies. Thanks also go to Prof. Satoshi Kitayama of Kanazawa University, Japan for providing
the Differential Evolution algorithm.

Nielen Stander and Anirban Basudhar
Livermore, CA
July, 2015
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PREFACE TO VERSION 6

The following features have beadded:

Version 6.0:

1.

Classifiershavebeen introduced to provide a new constraint handling approach for optimization ot
probabilistic analysis. The basic idea is to construct a decision boundary in the design space tl
predicts whether a given design is$éle or not. The support vector classification algorithm, a
pattern recognition and machine learning method, is now available to approximate the boundaries
focuses only on the decision boundary based on thegimeed feasibility criteria and not ahe
prediction of response values. This approach is especially attractive for discontinuous or bina
responses, and in the case of mdisciplinary failure criteria.

Similarity measureslThe Discrete Fachet distance and Dynamic Time Warping (DTW) imoeks are
introduced for computing the distance between two curves represented by respective point se
DTW is highly effective for addressing noisy histories.

Multi-point historieshave been introduced as a means to accommodate tHeltultesponse of
shell structures. The muipioint histories are defined at a uspecified coordinate set. Element or
nodal values can be extracted from the[8NA d3plot database. These can be used for parameter
identification using Digital Image Correlation. A trutica function is available for filtering the
multi-point histories.

Similarity measures for curve comparisoBased on multpoint histories, general expressions
including Mean Squared Error, Discreteé¢iret and Dynamic Time Warping similarity measures as
well as crosglotting functions have been added. Myda@int crossplots can be constructed to
incorporate both histories and myibint histories. The similarity measures can be used to compute
the distance between any two curves or rpdint curves.All expressions apply to curves and
multi-point curves imported from files as well.

Digital Image Correlation Parameter identification can be done usingffall experimental data.
Generic filebased as well as standard interfaces have been addedtrfactiag fulltfield data.
GenEx has been extended to accommodate 4puiltit histories. The gom/ARAMIS DIC system is
supported.

Binary databasebave been introduced as a replacement of critical older XML databases to speed (
interactivity during posprocessing and to accommodate the potential growth in data volume
brought about by the introduction of fiield data. Temporary databases (such as the JobResults
and multihistory databases) have been converted to binary, and are also deleted after use.

. Taguchi Methods nowavailable as a classical parametric study method. It uses orthogonal arrays t

study the effects of variables on the responses. These arrays enable the calculation of main and s
interaction effect using a relatively small number ofnpkes, but do not calculate higher order
effects.

Efficient Global OptimizatioEGO) has been added as an optimization strategy.

Stage library.To allow standardization of a design problem setup, solver stages or processes (sta
groups) can be imported and exported to and fromasesified locations.
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10. Interactive tablesPreviously available simple (dumb) tables for design data have been ett@anc
assume a more spreadshidet behavior. Multiple tables can be generated. Tables now allow new
design point generation in a selected region of interest as well as the simulation of newly generated
points. Using an existing metamodel, responses eaimtbrpolated using usspecified parameter
values. The highlighting of infeasibility has been enhanced and table rows canrotueres
according to a selected column. As in the past, tables also interact with plofoiiiheategories
feature has beeenhanced. The current development progression is intended as a precursor to an
independent graphical tool including many functions currently only available in therquessor
GUL.

11.LS-TaSC has been added as a solver.

12.Training examplesare packaged todetr with the LSOPT installation and can be run from the
starting menu.

The authors wish to thank Ake Svedin and Christoffer Belestam of DWdi&Nordic, Linkoping as well

as Katharina Witowskiand Charlotte Keisseof DYNAmore GmbH, Stuttgart who have ma major
contributions as developerg/e also wish to thank interns Sophie Du Bois and Denis Kirpicev for their
contributions to the development of similarity measures used in material identification applications.

As in the past, special thanks go to Kaita for patiently editing and managing the manual.

Nielen Stander and Anirban Basudhar
Livermore, CA
January, 2019
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1.l ntroducti on

In the conventional desigapproach, a design is improved by evaluating its respamndemaking design
changes based on experience or intuition. This approach does not always lead to the desired result, that

Obestd& design, since design objectives are S O0mMme
design to achiesrthe best compromise of these objectives. A more systematic approach can be obtained
using an inverse process of first specifying tt

by which design criteria are incorporated as objectivescnstraints into an optimizatigmoblem that is
then solved, is referred to as optimal design.

The state of computational methods and computer hardware has only recently advanced to the level wt
complex nonlinear problems can beafyzed routinely. Many examples can be found in the simulation
impact problems and manufacturing processes. The respoaseking from these timdependent
processes are, as a result of bedral instability, often highly sensitive to design changes. Program logic,
as for instance encountered in parallel programming or adaptivity, may cause spurious seRstivitypff

error may further aggravate these effectsicl, if not properly addressed in an optimizatmethod, could
obstruct the improvement of the design by corrupting the function gradients.

Among several methodologies available to address optimizatiahis designenvironment,response
surfacemethodology (RSMa statistical method for constructing smooth approximatiorfanctions in a
multi-dimensional space, has achieved prominence in rgeans. Rather than relying on local information
such as a gradient only, RSM selects designs that are optimally distributed throughout the design spac
construct approxi mate surfaces or 06desb gins falrlne
and the method attempts to find a representation of the design response within a bounded design spac
smaller region of interesiThis extractiorof global information allows the designer tepéore the design
space, using alternative design formulations. For instance, in vehicle design, the designer may decide
investigate the effect of varying a mass constraint, while monitoring the crashworthiness resp@nses
vehicle. Tlke designer might also decide to constrain the crashworthiness response while minimizing
maximizing any other criteria such as mass, ride comfort criteria, etc. These criteria can be weight
differently according to importance and therefore the degignesneeds to be explored more widely.

Part of the challenge of developing a design program is that designers are not always able to clearly de
their design problem. In some cases, design criteria may be regulated by safety or other considerations
therefore a respond®s to be constrained to a specific value. These can be easily defined as mathematis
constraint equations. In other cases, fixed criteria are not available but the designer knows whether
responsegnust be minimized or maximized. In vehicle design, for instance, crashworthiness can b
constrained because of regulation, while other parameters such as mass, cost and ride comfort can be tri
as objectives to be incorporated in a maltjective optimzation problem. Because the relative importance
of various criteria can be subjective, the ability to visualize the -“wédproperties of oneesponse vs.
another becomes important.
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Tradeoff curves are visual tools used to depict compromise properties where several important response
parameters are involved in the same design. They play an extremely important role in modarwles

design adjustments must be made accurately and rapidly. Desigiotratdeves are constructed using the
principle of Pareto optimaity. This implies that only thas designs of which the improvement of one
response will necessarily result in the deterioration of any other response are represented. In this sense n
further improvement of a Pareto optimal design can be madethi¢ isest compromise. The designer still

has a choice of designs but the factor remaining is the subjective choice of which feature or criterion is more
important than another. Although this choice must ultimately be made by the designer, these cuyges can
helpful by limiting the number of possible solutions. An exanmpleehicle design is the traddf between

mass (or energy efficiency) and safety.

Adding to the complexity, is the fact that mechanical design is really an interdiscignmeagss involving

a variety of modeling and analysis tools. To facilitate this process, and allow the designer to focus on
creativity and refinement, it is important to provide suitable interfacing utilities to integrate these design
tools. Designs are lbodto become more complex due to the legislation of safety and energy efficiency as
well as commercial competition. It is therefore likely that in future an increasing number of disciplines will
have to be integrated into a particular desighis approach of multidisciplinary desigequires the
designer to rumore than onease, often using more than one type of solver examplethe design of a
vehicle may require the consideration of crashworthiness, ride comfort, leeedeas well as durability.
Moreover, the crashworthiness analysis may require more than one analysis case, e.g. frontal and side
impact It is therefore likely that as computers become more powerful, the integration of design tools will
become more commonplace, requiring a multidisciplinary design interface.

Modern architectures often feature multiple processors and all indications arehéh demand for
distributed computing will strengthen into the future. This is causing a revolution in computing as single
analyses that took a number of days in the recent past can now be done within a few hours. Optimization,
and RSMin particular, lend themselves very well to being applied in distributed computing environments
because of the low level of message passing. Response surface methodology is efficiently handled, since
each design can be analyzed independently during a partiewktidh. Needless to say, sequential methods
have a smaller advantage in distributed computing environments than global search methods such as RSM.

The present version of EOPT also features Monte Carlo based point selection schemes and optimization
methals. The respective relevance of stochastic and response surface based methods may be of interest. In
pure response surface based method, the effect of the variables is distinguished from chance events while
Monte Carlo simulation is used to investigdte effect of these chance events. The two methods should be
used in a complimentary fashion rather than substituting the one for the other. In the case of events in which
chance plays a significant role, responses of design interest are often of a gtalal(lpeing averaged or
integrated over time). These responses are mainly deterministic in character. The full vehicle crash example
in this manual can attest to the deterministic qualities of intrusion and acceleration pulses. These types of
responses nyabe highly nonlinear and have random components due to uncontrollable noise variables, but
they are not random.

Stochastic methods have an important purpose when conducted directly or on the surrogate (approximated
design response in reliability baseels@yn optimization and robustness improvement. This methodology is
currently under development and will be available in future versions-@R¥.
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1.1. Overview of the manual

This LSOPT® manual consists of four main parts.

|-User 6s Manual

This part guideshte user in the use of ESPTui, the graphical user interface

Il - Examples

Examples are used to illustrate the application ofdFET to a variety of practical applications.

lll - Theory

Fundamentals are provided for the various features i{®BP3.

IV - Appendix

Appendices contain interface features, database file descripaonsgathematical expression library, a
Glossary, etc. Two appendices are dedicated to helping the user insBLShe second of these is more
advanced and dedicated to remote job scheduling, e.g. using a queuing system.

1.2. How to read this manual

Most uses will start learning LSOPT by consulting the User6s 2Mani
(Getting Started)

The Examples (Chapte2® through22) areincluded to demonstrate the features and capabilitiesamte
read together with Chapte2go 19to help the user to set up eoplem formulation.

The Theoretical Manual (Chapte28 through29) serves mainly as an-otepth reference section for the
underlying methods.

The items in the Appendices are included for reference to detail, whilepihendix J: Document Type
Definition (DTD) provides an overview of all the features.

The manual functions as gpertext document such that links in the manual body can be used for cross
referencing and will take the reader to the relevant item such as Se@ifgrReferene [4] or Figure24-5

(just click on any of he aforementioned referenceshlt+Left Arrow returns to the original reference
point.

Sections containing advanced topics are indicated with an asterisk (*).
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2.Getting Started

2.1. Installation of LS-OPT

Refer toAppendix H: (Installing LSOPT) for information on the installation of LOPT.
Table2-1 describes the L®PT execution commands.

Table2-1: LS-OPT execution commands

Command Description

Isoptuifile_namelsopt Execute the graphicalkser interface

Isoptfile_namelsopt LS-OPT batch execution

Isopt env Check the LSOPT environment setting. The £&PT
environment is automatically set to the location ofl Hogt
executable.

viewer file_namelsopt Execute the graphical postprocessor (also accessible from m
GUI)

com2Isopttcom.abcdabcde.lsopt Convert s a | (ESy@RT yersibre<obrp a .tsoptl
file in XML format

2.2. Name conventions in LSOPT

2.2.1.Variable names

Variables as defined in this section are entities that can be used in mathematical expressions.

Variablesare identified by their names. A name length is limite@Xaharactersin addition to numbers
0- 9, upper or lower case letters, a name can coataeriod () and/or an underscore (). Spaces are not
allowed

The leading charactaf a variablemust bealphabetical Variablesmust be given unique namdsecause
mathematical expressions can be constructed usingugagitities in the same formula.
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2.2.2.Stage and sampling names

For entities that cannot be used in neatlatical expressions, i.stage , sampling , distribution
andresource |, the name can also include the charactef&= Spaces are not allowed.

Stage and Sampling names are limited by the software to 1023 characters (no spaces allowed). These name
are usedhs sukdirectory names, so stricter limits may apply depending on the operating system.

2.2.3.Environment variable names

Envvar names may also include+%

2.3. A modus operandifor design using responssurfaces

2.3.1.Preparation for design

Since the design optimizatigmocesss expensive, the designer should avoid discovering Mlajws in the

model or process at an advanced stage of the design. Therefore the procedure must be carefully planned ar
the designer needs to be familiar with the model, procedure and design tools well in advance. The following
points are considered impartt:

1. The user should be familiar with and have confidence in the accofaihye model (e.g., finite
element model) used for the design. Without a reliable model, the design would make little or no
sense.

2. Selectsuitable criteria to formulate the design. The responspiesented in the criteria must be
produced by the analyses and be accessible4ORS.

3. Request the necessary output from the analysis program and set appropriateetiraks for time
dependentoutput. Avoid unnecessary output as a high rate of output will rapidly deplete the
available storage space.

4. Run at least onsimulationusing LSOPT (baselie design). To save timéhe terminatiortime of
the simulation can be reduced substantially. This exercise will test the respxinaetion
commands and various other features. Automated respohecking is available, but manual
checking is still recommended.

5. Just as in the case of traditional simulatibis advisable to dump restart files for long simulations.
LS-OPT will automatically restart a design simulation if a redtkr is available. For this purpose,
therunrsf  file is required when using -BYNA as solver

6. Determine suitable design parametdrsthe beginning, it is important to select many rather than
few design variabledf more than oneliscipline is involved in the design, some interdisciplinary
discussion is required with regard to the choice of design variables.

7. Determine suitable starting values for thesign parameterdhe starting values are an estimate of
the optimum design. These values can be acquired from a present design if it exists. The starting
design will form the center point of the first region of interest

8. Choose a design space. This is represented by absolute bounds on the vhaables have
chosen. The responsemy also be bounded if previous information of the functional responses is
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available. Even asimple approximation of the design resporsen be useful to determine
approximate function bounds for conducting an analysis.

9. Choose a suitable starting design range for the design varidblessrange should be neither too
small, nor too large. A small design region is conservative but may require many iterations t
converge or may not allow convergence of the design at all. It may be too small to capture tt
variability of the responsbecause of the dominamof noise It may also be too large, such that a
large modeling errois introduced. This is usually less serious as the region of intergetdually
reducel during the optimizatioprocess

10.1f the user has trouble deciding the size of the starting range, it should be omitted. In this case t
full design space is chosen.

11.Choose a suitable order for the desigpragimationswhen using polynomial responserface (the
default). A good starting approximation is lindscause it requires the least number of analyses
construct. However, it is also the least accurate. The choice therefore also depends on the availe
resources. However, linear experimental designs can be easily augmented to incorporate higher ot
terms.

Before choosing a metamodel, please also coBsdiions24.3and26.5

After suitable preparation, the optimizatiprocessnay now be commenced. At this point, the user has to
decide whether to use an automated iterative proce8erion24.3 or whether to firstly perform variable
screening(through ANOVA or Global Sensitivity Analygisbased on oner a few iterations. Variable
screening is important for reducing the number of design variables, and therefore the overall computatio
time. Variable screening is illustrated in two examples Sadions20.5and20.6).

An automated iterative procedure can be conducted with any choi@pbximating function. It
automatically adjusts the siné the subregiomnd automatically terminates whenever the stopping criterion
is satisfied. The feature that re@scthe size of the subregion can also be overridden by the user so the
points are sequentially added to the full design space. This becomes necessary if the user wants to exj
the design space such as constructing a Pareto Optimal front. If a sitighalgmint is desired, it is
probably the best to use a sequential linear approximation method with domain reduction, especially if the
is a large number of design variabl8ge also Sectid26.5

A stepby-step semautomated procedure can be just as useful, since it allows the designer to proceed mc
resourcefully. Computer timean be wasted with iterative metho@specially if handled carelessly. It
mostly pays to pause after the first iteration to allow verification of the data and design formulation ar
inspection of the results, including ANOVA and G8Ata. In many cases, it takes only 2 to 3 iterations to
achieve a reasonably optimal design. An improvement of the design can usually be achieved within c
iteration.

A suggested steby-step semauomated procedure is outlined as follows:
2.3.2.A step-by-step design optimizationprocedure

1. Evaluate as many points as required to construct a lap@aoximation. Assess the accurafythe
linear approximation using any of the error parameters. Inspect the main effects by looking at tt
ANOVA and GSA results. This will highlight insignificant variableat may be removed from the
problem. An ANOVA/GSA is simply a single iteration run, typically using a linear response surface
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to investigate main and/or interaction effects. MdOVA and GSA results can be viewed in the
postprocessor of LSOPT (see Sectioh6.3.9.

2. If the linearapproximation is not accurate enough, add enough points to enable the construation of
guadraticapproximation Assess the accuraoy the quadratic approximation. Intermediate steps
be added to assess the accuracy of the interaction and/or elliptic approxsmBaaiel Basis
Functions (Sectior24.1.3 can also be used as more flexible higher order functions (They do not
require a minimum number of points).

3. If the higher ordeapproximations not accurate enough, the problem may be twofold:
o There is significant nois@ the design response.

o There is amodelingerror, i.e. the function is too nonlinear and the subregion is too large to
enable an accurate quadratfmproximation

In case (3a), differ® approaches can be taken. Firstly, the user should try to identify the source of
the noise e.g. when considering accelerati@iated responses, was filtering performed? Are
sufficient significant digits available for the response in theaeiibn database (not a problem when
using LSDYNA since data is extracted from a binary database)? Is mesh adaptivity used correctly?
Secondly, if the noise cannot be attributed to a specific numerical source, the process being modeled
may be chaotic orandom, leading to a noisy response. In this case, the user could implement
reliability-based design optimizatiolechniques as described 8ection29.8 Thirdly, other less

noisy, but still relevant, design responses could be considered as alternative objective or constraint
functiorsin the formulation of the optimization problem.

In case (3b), the subregion can be made smaller.

In most cases the source of discrepancy cannot be identified, so in either case a further iteration
would be required to determine whether the design can be improved.

4. Optimize the approximate subproblefiihe solution will be either in the interior or on the boundary
of the subregion.

If the approximate solution is in the interior, the solution may be good enough, especially if it is
close to the starting point. It iscommended to analyze the optimum design to verify its accufacy
the accuracy of any of the functions in the current subproldgmor, another iteration is required
with a reduced subregion size

If the solution is on the boundary of the subregion the desired solution is probably beyond the
region. Therefore, if the user wants to explore the design space more fully, a new approximation has
to be built. The accuraayf the current responseirface can be used as an indication of whether to
reduce the sizef the new region.

The whole procedure can then be repeated for the new subregion and is repeated auyontedicall
selecting a larger number of iterations initially.

2.4. Recommended test procedure

A full optimizationrun can be very costly. It is thereforeccanmended to proceed with care. Check that the
LS-OPT optimization run is set up correctly before commencing to the full run. By far the most of the time
should be spent in checking that the optimization runs will yield useful results. A coprotdam is to not
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check the robustness of the design so that some of the salverare aborted due to unreasonable
parameters which may cause distortion of the mesh, interference of parts or undefinable geometry.

The following general proceue is therefore recommended:

1. Test the robustness of the analysis mdmerunning a few (perhaps two or three) designs in the
extreme corners of the chosen design space. Run these designs to their full term (in théncase of
dependentanalysis). Two important designs are those with all the design varisbleat their
minimum and maximum values. The starting design can be run by selBesetjne Rurirom the
control barRun menu.

2. Modify the input to define the experimental design for a full analysis.

3. For a time dependentanalysis or norlinear analysis, reduce the terminatidime or load
significantly to test the logistics and features of the problem and solution procedure.

4. Execute LSOPT with the full problem specifiemhd monitor the process.
Also refer to Sectio.2

2.5. Pitfalls in design optimization

A number of pitfallsor potential difficulties with optimizatiorare highlighted here. The perils of using
numericalsensitivityanalysishave already been discussed and will not be repeated in detail.

2.5.1.Global optimality

The KarushKuhn-Tuckerconditions govern the @@l optimality of a point. However, there may be more
than oneoptimum in the design space. This is typical of most designs, and even the simplest design probl
(such as the well known ifar truss sizing problem wit10 design variabl@gsmay have more than one
optimum. The objective is, of course, to find the global optimum. Many grableesgtd as well as discrete
optimal design methods have been devised to address global optimality rigorously, thereais no
mathematical criterion available for global optimality, nothing short of an exhaustive search method c:
determine whether a design is optimal or not. Most global optimizatethods require large numbers of
function evalations (simulations). In L®PT, global optimality is treated on the level of the approximate
subproblemthrough a multistart method originating at all the experimental design points. If the user can
afford to run a direct optimization @eedure, a Genetic Algorithn$éction26.9 can be used.

2.5.2.Noise

Although noise may evincéhe same problems as global optimalithe term refers more to a high
frequency, randomly jagged resporisan an undulating ondhis may be largely due to numericand

off and/or chaotic behavior. Even though the application of analgics¢mianalytical design sensitivities
for oOonoisyd problems is current |-basechapmizatonmethaes r e
which can be applied to impact and mdtaiming problems are not likely to be forthcoming. This is largely
because of the continuity requirements of optimization algostfand the increased expense of the
sensitivity analysis Although fewer function evaluations are required, analytical sensitivity analysis is
costly to implement and probably even more costly to parallelize.
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2.5.3.Non-robust designs

Because RSNE a gldal approximationmethod, the experimental design may contain designs in the remote
corners of the region of intereshich are prone to failure during simulati¢aside from the fact thahe

designer may not be remotely interested in these designs). An exanim@adentification of the parameters

of a monotonic load curve which in some of the parameter sets proposed by the experimental design may be
norrmonotonic. This ray cause unexpected behavior and possible failure of the simulation process. This is
almost always an indication that the design formulation is-robost. In most cases poor design
formulatiors can be eliminated by providirguitable constraints to the problem and using these to limit
future experimental desi gnSectidn28.29. o6reasonabl ed de

2.5.4.Impossible designs

The set of i mpossi blbée idne stihgen sd erseipgrne ssepaatwsbararugé hsoil ne
structure with each of the truss members being assigned a length parameter. An impossible design occur:
when the design variablese such that the sum of the lengths becomes smaller than the base measurement,
and the truss becomes unassetviblalt can also occur if the design space is violated resulting in
unreasonable variables such as-pogitive sizes of members or angles outside the range of operability. In
complex structures it may be difficult to formulatep | i ci t bounds of i mpossi bl

2.5.5.Non-unique designs

In some cases multiple solutions will give the same or similar values for the objective function. The
phenomenon often appears in undefined parameter identification problems. Tneerlying problem is
that of a singular system of equations having more than one solution. The symptomsioigueness are:

o Different solutions are found having the same objective function values
o The confidence interval for a ndimear regression préém is very large, signaling a singular system

For nonlinear regression problems, the user should ensure that the test/target results are sufficient. It coulc
be that the data set is large but that some of the parameters are insensitifertctitives corresponding to

the data. An example is t he B &amatenal huahaving test points t h e
only in the plastic range of deformation (see exangdetion21.]). In this case the response functions are
insensitive tde and will show a very high confidence interval B(Section21.1.4.

The difference between a noobust design and an impossible am¢hat the nowrobust design may show
unexpected behavior, causing the tarbe aborted, while the impake design cannot be synthesized at
all.

Impossible designare common in mechanism design.
2.6. Setup of a simple optimization problem

2.6.1.Working directory

Create a working directorfpr keeping the main command file, input files and other command files as well
as the LSOPT program output. Make sure there are no blanks in the path names.
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2.6.2.Startup

Open the graphical user interface of -OPT as described irSection 3.1 and enter the required
specifications to generate an-CFPT project file to start fronKigure2-1. SelectingCreatewill open up the

main LSOPT GUI window Figure2-2.

Several training examples aaecessible from the buttohr ai ni ng

main GUI directly, SectioR.7.

Endaan ¢ @enedén the

'S-OPT 6.0.0 )

tf M‘“"’E LSTC

“ mm Technology Corp.

New project

Working Directory

Liw’rmom Software | i ermore software Technology Corporation

LS-OPT User Interface
Version 6.0.0 (Revision 108761)

by

(C) Copyright 1999-2018 - All Rights Reserved

Open recent project

[,fhome,ﬂcatharina.witowski}PROJ][ Browse |

Filename

[srsm

Problem Description

].Isopt

[

l

Author

[

l

Initial Sampling name

[Sampling_CRASH

l

Initial Stage name

| cRasH

l

Create |

|:Training Examples... | |:Open other project... |

| Manual |

| Quit |

Figure 2-1: LS-OPT Startup dialog. Select the working directory, enter a name for theQFST project
file and a name for the initial sampling and initial stage to generate a new project.
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o Sremilsopt - 'STOPT 5/0 EEE
2

E E + /’ 1 3 IA__/ Metamodel-based optimization & C

Setup l | Sampling Sampling_C
0 parameters | 0 vars, 0 sp filling designs

1 .

_ - LS.DYNA CRASH
‘ Finish \
‘ Verification J Opt\mlzatlon Bqu Metamode\s
) Dob]ectwes
1 design
\ 0 constrainte

|.l'hnrnefkatharina;‘LSTC}nptONCLASS EXAMPLES/DESIGN OPTIMIZATION/SIMPLEATERATE/srsm.Isop

Figure 2-2: The main LSOPT GUI window visualizes the optimization process flow. Selecting a box
opens the respective dialog. The stage box (CRASH) can be moved freely using the left mouse button.

2.6.3.Task

Open theTask dialog by selecting the corresponding icon from the control E8)( Select the task to run,
Figure 2-3, e.g.Metamodelbased Optimizatiomith Strategy Sequential with Domain Reductio@hapter
4. Themain GUI displays the process flow of the selected task.

B Task selection [z

Main task
Metamodel-based

@ Optimization

) DOE study

() Monte Carlo analysis

() RBDO/Robust Parameter Design

Direct simulation
) Optimization
) Monte Carlo analysis

Strategy for Metamodel-based Optimization
O Single Iteration

) Sequential

@ Sequential with Domain Reduction (SRSM)

—

. Sampling peints are added sequentially

in an adaptive subregion.

Metamodel optimization is done at each iteration
and is limited to the current subregion.

Suitable for finding a converged solution

(e.g. system identification).

4. Generally unsuitable for global exploration.

[

W

[] Global Sensitivities
Do verification run

Batch Mode Options
[l Baseline Run Only

Figure 2-3: Task dialog. Select the main task and strategy
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2.6.4.Stage

Set up the process chain. In the simplest case, a Stageis required to integfce with a solver, e.g. LS
DYNA. Select the already availabBtage box, Figure 2-4. Select the solvePackage ldme the solver
Commandand the parameterizedput File, Chapters. In more complex cases further stages can be added,
e.g. for a preprocessor or pogirocessor.

Then switch to th@®arameterstab to check the parameters found in the solver inpuHidgire2-5.

Next, switch to theResponsesand Histories panel,Figure 2-6, to define results to be extracted from the
solver output database (to be used as objectives or constraints in the optimization phase),.Chapter

Ll Stage CRASH &3

Setup | Parameters | Histories | Responses | File Operations

General

Package Name| LS-DYNA v |

Command||sg?1_single || Browse |

[] Do not add input file argument

Input File |main.k || Browse |

copies main.k (0 includes) to CRASH(t. run/| DynaOpt.inp [
and substitutes parameters

[[] Extra input files

LS-DYNA Advanced Options

Execution
Resources

Resource Units per job Global limit Delete
1 1 ||4 x

Create new resource

[] Use Queuing
[[] Use LSTCVM proxy
[ Environment Variables

Figure 2-4: Stage dialog Setup. Select the solver package name, the command and the solver input file
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L Stage CRASH (3]
Setup || Parameters || Histories =Responses | File Operations
Name Found in file(s)
tbumper main.k
thood main.k
Add ...
oo |

Figure 2-5: Stage dialog Parameters. Displays the parameters found in the input file specified in Setup

ad Stage CRASH (3]
Setup = Parameters | Histories | Responses | File Operations
Response definitions Add new
Disp2 x Generic i
NODOUT: Last registered X Component of Displacement of node with USERDEFINED
ID 432
GENEX
Displ - EXCEL
NODOUT: Last registered X Component of Displacement of node with I =
ID 167 EXPRESSION
Acc_max x m
NODOUT: Max X Component of Acceleration of node with ID 167 INJURY

filtered with SAE Filter 1
MATRIX _EXPRESSION

Mass *  Ls-DYNA
MASS: Mass of parts 2,34 and 5
ABSTAT
HIC *
INJURY: Head Injury Coef, maximum of 15ms, for Acceleration of node ENDOUT
with ID 432 D3PLOT
DBBEMAC
DEFSI
DEFORC
ELOUT [~

Figure 2-6: Stage dialog- Responses page. Select a response type from the list on the right to add a new
response definition.

2.6.5.5etup

Select theSetup box at the top left of the main GUChapter8. All parameters that are defined in stage
input files should automatically be available as const&ngsiyre2-7.

Select the desired variablgpes In most case€ontinuousvariables are used.

Then enter the requested values, e.g.Stating value andMinimum and Maximumvalues to define the
design space for a continuous variable.
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Now follow the arrowg to the next box in the optimization process flow to define the respective settings an

options.

Lol

&

Pararmeter Setup | stage Matrix = Sampling Matrix = Resources

["] Show advanced options

Type Name Starting

Features

Minirurm Maxirmum Delete

oo [) |

3 1| 5@

commus || |

1| 5|8

Add...

Figure 2-7: Parameter Setup dialog. Define the parameter type and required values.

2.6.6.Sampling and Metamodels

Select theSampling box, ChapteB. Select theMetamodelndPoint Selectiontypes, or just use the default

values Figure2-8.

TheBuild Metamodels box is coupled to the same dialog as $taenpling box. It is displayed at the end of
the process to correctly represent the optimization process. Hence the Build Metamodels box can

skipped.

b

Sampling'L

&)

Metamodel

@ Polynomial

() Sensitivity

() Feedforward Neural Network
() Radial Basis Function Network
() Kriging

() Support Vector Regression

(O User-defined

Crder

@ Linear

() Linear with interaction
) Quadratic

) Elliptic

| Sampling Metamodel Settings | Active Variables = Features = Constraints

Pointselection

) Full Factorial

) Linear Koshal

() Quadratic Koshal
(C) Composite

@ D-Optimal

() Monte Carlo

) Latin Hypercube
() Space Filling

() User-defined

Nurmber of Simulation Points (per Iteration per Case)

|5 (default)

|Set Advanced D-Optimal Options :v:v|

Figure 2-8: Sampling dialog. Select the metamodel type andhpselection scheme.
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2.6.7.0ptimization

Select theOptimization box, Chapterl2. From the previously defineResposes select the objectives,
Figure2-9.

Switch to theConstraints tab. From the previously defindflesponsesselect the constraints and specify
lower and upper bounds, respectivéligure2-10. Use the default setting for the algorithm.

B Optimization B

Objectives || Constraints | Algorithms

[[] Maximize the Objective Function (instead of minimize)

Objective components: Add new

Response/Composite Weight Responses

x HIC (1 tdefault).

Composites

Intrusion

Figure 2-9: Optimization- Objectives. Select the objective components from the list omigfe.

opr Optimization @
Objectives || Constraints || Algorithms

] Constraint scaling

Optimization constraints: Add new
Response Lower Bound  Strict Upper Bound  Strict Responses
x Mass Set lower bound x | 0.5_| O Displ
JE— Acc_max
x Intrusion Set lower bound x | 550_| O Hic
Composites

Figure 2-10: Optimization- Constraints. Select constraints from the list on the right. Specify lower and
upper bounds as required.
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2.6.8.Termination criteria

Select the Termination criteria box, Chapte3. Specify theMaximum number of Iterationse.g. 5
iterations. Use the default values for the other options.

Cal Termination Criteria ()

Tolerance Required for Termination
@ Design AND Objective AND Metamodel Accuracy
() Design OR Objective OR Metamodel Accuracy

Design Change Tolerance

[D.Dl {default) |

Objective Function Tolerance

[O.Dl {(default) |

Maximum number of Iterations
E =

Figure 2-11: Termination Criteria dialog. Specify the maximum number of iterations

2.6.9.Run

After setting up the optimization problem, run the task using the options from the confrRalrbarenu (’

), Section3.3.

It is recommended to first runBaseline Rurio check if the stage process chain works correctly and the
results are extracted as expected. Then run the full task usiNgtimal Rurnoption.

2.6.10.Viewer

Usethe Viewer Chapterl6) to evaluate the results by seIectih@ from the the main GUI window control
bar. The Viewer provides features to display metamodels andsiphtation results and optimization

progress.

2.7. Training examples

Training examples are accessible from Startup dialog. Pressing the Buttoa i ni n g

Ex al

opens the LSOPT Training Examples dialo§jgure2-12 with the list of available examples on the left, and
a description of the selected example on the right.

LS-OPT Version 6.0
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< Training Examples 1 M;atamodlel-balsed designhoptimizaltion .
of a simple pole-car crash example (Tutorial p. 10):
~ DESIGN_OPTIMIZATION Imple p sh example ( p-10)
- Optimization Strategy: single iteration

¥ 1_SIMPLE - Metamodel type RBF

~ 1_VIEWER - Solver: LS-DYNA

simple start Isopt - Variables
. net | thickness of hood and bumper
simple correct Isopt] 2l | objective

b 2_SINGLESTAGE HIC(15ms)

I 3_ITERATE - Constraints

I 4 DISCRETE Intrusion < 550mm
I 2_USER_DEFINED
P 3 IMPORT_RESULTS
P a4 DRECT B
> 5_MODAL_ANALYSIS
b 6 MDO
P 7_MULTIOBJECTIVE ~]

[] Owverwrite existing files
Training Tutorial] [ Cancel l [ oK

Figure 2-12: Training Examples dial@

The tutorial accessible through the button Training Tutorial explains how to set up and evaluate the training
examples.
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3.Graphi cal Us er

This chapter introduces the graphical user interface eOP3. The LSOPT GUI enables the user to
construct a simulation process, using a flowchart to define the stage dependencies. The process can the
subjected to any of the available analysis tasks such as simulation, optimization, Monte Carlo analysis,
Using progress bars and LEDs, the GUI also provides a window on the progress of each of the optimizati
steps and simulation stages.

3.1. LS-OPT user interface(LS-OPTui)

On Linux, the user interfade launched with the command
Isoptui [command_file.Isopt]

On Windows, the user interface is launched ussogtui.exe A command file can be opened directly by
drag and dropr by doubleclicking on the.lsopt  filename

If the user interface is launched without a command file argurtten$tartup Dialogopens up, where the
user can either define a ndv-OPT project, or select an existing project to open, Bigire 3-1. The
options are explained ihable 3-1. Otherwise the specifiedS-OPT project is opened in the user interface
Figure3-2.

Legacycom.abcde files generated with previous ESPT versions (4.x and older) can be opened with
the command

Isoptui [com.abcde]

Saving the GUI contents produces a fabcde.Isopt in .xml format.
The file abcde.lsopt can also be generated by executing the followingroand in the command
prompt:

com2xml com.abcde abcde.lsopt
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Table 3-1: Startup Dialog options

Option Description Reference
Working Directory where the L®PT project input files and some of the

Directory results are stored.

Filename Name of the .xml file that stores thedCHT project. The extension

sopt is automatically appended to the selected name.

Problem A description of the problem can be given. This description is

Description echoed in thésopt_input andlsopt_output files, in the
plot file titles and in the GUI display (table at bottom right).
(optional)

Author Author information (optional)

Initial Sampling Each LSOPT project requires at least cBamplingdefinition. The Chapterd

name name of the first sampling has to be specified here. A default na

provided.
Initial Stage Each LSOPT project requires at least ddtagedefinition. The Chapters
name Stage definition includes the solver type and command as well €

main input file name. The name of the first stage has to be spec
here. A default name is provided.

Create Creates a new L®PT project and opens it in the main GUI Section3.2
Open recent A projectfrom the list of the last ten LOPT projects can be Section3.2
project opened.

Training Open list of training examples Section2.7
Examples

Open other Option to open any existing ESPT project Section3.2
project

Manual OpenLSOPT User s Manual

Quit Quit Isoptui
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- LS'OPT 6.0.0 &

f MWELSTC

LS-OPT User Interface
Version 6.0.0 (Revision 108761)
by

Livermore Software | ermore Software Technology Corporation

“ .MHW Technulogy Corp.

(C) Copyright 1999-2018 - All Rights Reserved

New project

Working Directory

Open recent project

[,fhome;katharina.witowski,fPROJ” Browse |

Filename

[srsm

].Isopt

Problem Description

|

|

Author

|

I

Initial Sampling name

[Sampling_CRASH

I

Initial Stage name

[CRASH

l

| Manual |

Create |

|Training Examples... | | Open other project...|

| Quit

Figure 3-1: Startup Dialog of Isoptui

3.2. The GUI main window

Theflowchartin the main GUI of LSOPT (Figure3-2) mimics the process of trselectedask, e.g. starting
from globalparameterslefined inSetup through the sampling, the simtitmn process chain defined by the
stages and dependencies, the building of metamodehdtenodebptimization, checking of convergence,
and domain reduction imne or moreloops, and finally the verification run for a metamodel based,
sequential optimiation.Refer toChapted for details on the available tasks.

Double clicking on any of the boxes opens the corresponding dialog, where settings can be viewed ¢

adusted. The dialogs and options are explained in the respective chaptédiah|ede3.

The control bar menus are described able3-1.

LS-OPT Version 6.0
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o= “mdo.Isopt - 6.0.0 BEE
Setup | Sampling Samplingl
0 parameters |U wvars, 0 sp filling designs
LS-DYNA
‘ Finish | SEagel 4

7 — [ optimization | i : '
Verification ’ P — = Build Metamodels
A et | 0 objectives |
\ ssan |._ 0 constraints __|

|fnethome,ﬂ(awaSTCIIsopt.‘trunkfr\-'lanualfexamples screenshots/Chapter3/3.2/mdo.lsopt

Output (1) [#| Progress |D|

Info - |g|

Figure 3-2: Main LS-OPT GUI window for a setup of a Metamodbhsed optimization

Table3-2: Main GUI Control Bar options

Icon Option Description Reference
5 New Opgn_s th_e Startgp Dialo§i@ure3-1) to create a new Section3.1
optimization project.
Open Option to open aexisting LSOPT project
Save Save current project

Save as Save current project ac

Encrypt project  Encrypt the project file Section3.7

Exit Exit Isoptui
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5 Input Open thdsopt_input file

Output Open thdsopt_output file

Summary Report Open thdsopt_report file

Warnings Open theVARNING_MESSAGIEe

Errors Open theEXIT_STATUSfile

Open project Opens up the working directory
folder

Ot her f i Optionto open any other text file

-+ Add Sampling  Add additional Sampling. The name of the samplin Chapterd
will be used as the name ofabdirectory used for
sampling related databases such as
Experiments_n.csv and
AnalysisResults_n.Isox

Add Stage in Add additional Stage in selected sampling. The na Chapters
Sampling of the stagavill be used as the name of a sub

directoryto the working directory. Stagelated

databases are stored in this directory.

New stages may be generated by specifying a nan Section3.2.2
or previously exported stages can be imported.

Add Composite Add Composite Chapterl0
Add Domain Use Domain Reduction (same%squential with Sectiond.9
Reduction Domain Reductiolption in Task dialog)

Add Termination Switch to sequential Strategy Chapterl3
Criteria

Add Verification Run an additional simulation using the parameter  Section4.12
Run values of the predicted optimum or Pareto optimal
solutions at the end of the optimization run.

Add Global Calculates Global Sensitivities on the metadel. Sectiond.11

Sensitivities

Add Classifier Add Classifier Chapterll
/ Relayout stages Layout the stage boxes according to the defined
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dependencies.

Show XML Tree

Show the XML Tree for the current settings.

Repair Global repair omodification of an existing run. A Section3.5
local repair can be done by rigtlicking on a Stage
or Sampling.

Clean Clean from current iteran [iter]: Removes all Section3.4.1

simulation data as well as optimization data from tt
specified iteratiornter onwards.

Clean Verification Run: Removes the simulation d¢
as well as optimization data of the verification run.

Clean All: The directory structure @ed by LSOPT
and all the files in this directory structure are delete

Archive LSOPT
Database

This option collects relevant files antkates a single Section3.6
tar-zipped (on *nix operating systems) file or zippec
(on windows operating systems) file.

Save Flowchart

Saves an png image of the-(8T main GUI

image Window
DynaStats Opens DynaStats Chapterl8
3 Normal Run Run task Section3.3.1

Baseline Run

Run a single design, sampled at the initial values. Section3.3.2

[ | Stop Button is only available while L®PT is running.
Stops the current optimization and all running jobs.
W Viewer Opens the viewer for pegrocessing. Chapterl6
on Task Opens Task Dialog. Chapterd
e Iteration While running LSOPT, this visualizes the current  Section3.4
running iteration. It is also used to select the currer
iteration for restarting or repair.
@) Settings Settings dialog. Section3.8
? Manual Opensthe LOPT User 6s Manual
About Information about LSOPT

LS-OPT Version 6.0
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Table3-3: Process Boxes

Box Description Reference

Setup Parameters (global set), Global optimization settings, Chapter8
variable connectivity, resource data.

Sampling Point selection and metamodel settings Chapter9
Stage Interface to solver such as solver command and input fi Chapters
File Transfers Transfer files to a downstream stage. Section 3.2.2
Build Metamodels Same as Sampling Chapter9
Composites Define composites Chapterl0
Classifiers Defineclassifiers Chapterl1
Global Sensitivities Calculate global sensitivities Sectiond4.11
Optimization Definition of objectives, constraints and optimization Chapterl2
algorithms
Monte Carlo Monte Carlo settings Section12.5
Termination Criteria Termination criteria for sequential strategies Chapterl3

Domain Reduction Domain reduction settings for strategy sequential with  Sectiorn4.9
domain reduction

Verification Run Perform (specified number of) verification run(s) Sectiond.12

3.2.1.Setting up a Process Flow

A process can be constructed for the purpose of running a sequence of dependent simulations. A typ
simple process is a sequengee-processor.  solver_  postprocessorwhich can be constructed by

defining three sequential stagétowever, a process dfigh complexity can also be created. For instance
the flow of the process is allowed to merge and brarigure3-3.

The process can be constructed in multiple steps by adding stages and connecting the stages using
mouse to create dependencies of one stage on another.

On creating a new optimization project, a first stage is generated. Additional stages can hesiagdi

Add stageoption of thet menu in the control bar. New stages can be generated or previously exporte
stages can be imported, Sect®h@.2 A sampling las to be selected to which the new stage is assigned. By
default, the new stage is added in parallel to the already existing stages.
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Gl multi_stage.lsopt - LS-OPT 5.0 BEE

Metamodel-based optimization om =

Setup 1 | Sampling sampling M
8 parameters |5 vars, 10 sp ﬁlllng design:

FE Morpher Molding_| Morpher B Mcrpher Moda\ ?FE MDFPhEr Stress
3 pars 3 pars 3 pars 3 pars

Finish Coman L"a, Molding_. Ana\ysm
reduction 4 pars
\ F B
N Cooling_Analysis
L -
— — — - — \ Warping_Analysis
Verification J Termination J Lresp

100 designs criteria J \

Map_fiber_to_mesh Map_fiber_to meshJ Map_fiber to | mesh
\

Core Optimizer | -
h% L”:"“‘ Crash Analy5|s Modal Ana\y5|s M‘N\ Stress Ana\y5|
Se— 1 par, 2 resps 1 resp 1resp
BETA BETA

| METAPost_DYNA | METAPost NASTRAN METAPost_DYNA_Stn
_ 1T
Global Sensmwtles Composites l | Build Metamode\s
10000 points 2 definitions J | 5 rbf surfaces

[Integrative optimization of injection-molded plastic parts
|ihome/katharina/LSTC/optQAPROCESS SIMULATION/BASF/DEMO/3/multi stage.lsop

Figure 3-3: Setup of a complex optimization problem

If similar stages & needed for e.g. a multase optimization, a stage can be added by usin@ltree

option when rightlicking an already defined stage. This creates a new stage with the same definitions as
the original stage. History and response names are updatedsut@ @emiqueness of names. If the name of

the original stage is found in the original names, it is replaced, otherwise the name of the new stage is
prepended.

Stages can also be copied using @apy option when rightlicking an already defined stage armbr

pasted in another project. Uniqueness of names is ensured. The next free number is appended to the stac
name if a stage with the same name already exists, and the response and history names are update
accordingly.

The desired dependencies are createfbllows, se&igure3-4:
Hover the mouse cursor over the Stage box. A circle appears at the lower edge of the box.

2. Move the mouse cursor to the circle (it shoaighlight in yellow) and drag the circle to the desired
dependent stage box.

3. A connection will be created between the two boxes.
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;

LEA Crash_Analysis 3

1 par, 2 resps
.Q‘

nETA ".:'”'x_ Y .
M ETﬁ:g::mt DYNA |——

Figure 3-4. Creating stage dependencies

Connections can be deleted using shaall icon located on the connection line. This icon also allows the
definition of interstage file operations, Secti@2.2

Stages can be deleted by righitking on the stage and then selecting the delete function.

The layout of the stage boxes can be controlled by the usercliokftand hold down on a stage box to
move it freely. For complex process setups, it could be helpful to useetlayout Sagesoptionfrom the
Toolsmenu in the control bar.

If separate samplings are desired (as is often the case for MDO problems where different variables appl
different loadcases), new samplings can be added at the origin of each process sequence. Stagdsecan t
assigned to the relevant samplings.

3.2.2.Export and Import Stages

Stage definitions can be exported to files and later be imported into other projects.

To export a stage, rigidick on the respective stage box to open the Export stage diatpge 3-5. The
stage name is used as filename to store the stage definition. The stage can be renamed in the Export di
The extension .Isstage is appended byQFST. The @scription will be displayed in the Import dialog. The
default directory to store the stage information is ~/.LS@&Fioristages on Linux machines, and
Application DataLSOPT\wversionst ages i n the userds home dbavemct o
directorytextfield can be used to specify any other directory.

All stages of a sampling can be exported at once by seldexipgrt Stage$rom the right mouse menu of
the respective Sampling dialog. The sampling name with the extension .Isstagé &s ddéename to store
the stage definitions.

To import a previously exported stage, seled Stage in Samplinfjom the control bart menu and
selectimport and the desired directory to display the list of available st&gggre3-6. Multiple stages can
be imported at a time by using the Ctrl key.

The imported stages are added in parallel, but the user can define dependencies to reorder the stages.
stageof a sampling are imported, the dependencies are kept. Uniqueness of names is ensured. The next
number is appended to the stage name if a stage with the same name already exists, and the respons
history names are updated accordingly.
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BT Export stage x

Rename stage

[CRASH_FHONT l

Description

[Fruntal crash with dummy| ]

Save in directory

[methumeﬂ(aw,ﬂ.LSGF’T}E.Dj‘stagesj‘ ” Browse l

[ gancel | [ ox |

Figure 3-5: Export stage dialog accessible from rightouse menu of Stage box.

s

Pt New Stage %
Mame for new stage

| CRASH_FRONT ]

Import

[fnethumeﬂ-:aw;.LSGPTfE.D,.I'Etagem' H Browse l

MNYWH
NWH simulation

CRASH FRONT
Frontal crash with dummy

CRASH_SIDE
side crash with dummy

Cancel l [ oK

Figure 3-6: Dialog to add a new stage or import a previously exported stage.
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3.2.3.File Transfers between Stages

Cad File Transfers 3]
Files to be copied from the run directory of FE_Morpher to Map_fiber_to_mesh:
Operation Source File Destination File On Error Delete
[Cop-_-,r g ||bumpermesh.k .||bumpermesh.k Hfail v |x
lMoue W ||bumper.inc .||bumper.inc Hfail W |x
Add ..
oK

Figure 3-7: File transfers between dependent stages

To use results of upstream stages;@BT allows file transfers between dependent Stages.Filbe
Transfer dialog is accessible by selecting the dependency icon located on the arrow connecting the stag
seeFigure3-7 andTable 3-4. The requested file transfers are executed for all the run directories related tt
the Stages, e.gf the dependency is betwe€@@RASHand PRE_CRASHfile transfer will be executed
betweerPRE_CRASH/1.1 andCRASH/1.1 , PRE_CRASH/1.2 andCRASH/1.2, etc.

Table 3-4: File transfer options between stages

Option Selections Description
Operation Copy Available operations
Move
Source File Name of source filewildcards are supported
Destination File Name of destination file
On Error fail What to do if operation fails
warn
ignore
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3.3. Run LS-OPT
3.3.1.Normal Run

This option runs the selected task.

An incomplete run can be restarted using the current state of the optimization and solver databases.
Completed simulation jobs are recognized by the presence dinikked file in each respective run
directory and théermination status of its contents. The presence dintshedfile allows LSOPT to avoid

a repeat of the simulation for eithemror or normalterminations. A clean start option is available, Section

3.4

3.3.2.Baseline Run

This feature provides the user with an option to run a single dedtgn referred tas the baseline design.

The design issampled at the initial values specified in tRarameter Setup pane] Section8.1 The
simulations areexecutedin the Stagesubdirectory 1.10of the respective stagdhis option facilitates a
verification of the design.e. it allows checking

1. the correct solver command,

2. communication between LSPT and the queuing system, if any,
3. presence of all relevant control cards, dasalfarmats,

4. data extraction from simulation results, and

5. validity of responses and histories.

It is thereforerecommendedtasea si ngl e s i mBasaineiRoon oupatsinogn fidey d r u
launching a full scaleptimization run in LS-OPT. A successful baseline run will be recognized as a
complete run, so will not have to be repeated in the full optimization run.

3.4. Restarting

3.4.1.Clean from Current Iteration
If the user wants to restart an existimgtimizationrun from a specifiediteration, theClean- Clean from
Current Iteration[iter] feature available from the control b&rmenu can be used.

The current teration is specifié by the selection of thieration number (using up/down arrows) in the
iteration iconlocatedin the control bar. It is important to note that the clean option removes all simulation
data as well as optimization data from the specified iteration onwards.

The task is restarted Isglecing Normal Runfrom the run menu.

3.4.2.Augmentation of an existing design

To retain existing (expensive) simulatidata in the optimizatioprocessit is advantagaus to be able to
augment an existing metamodel with additional sampling points and simulations. In this manner, new
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simulations can be added to old simulations to obtain a more accurate metamodel. This is performed
increasing the number of sampling mpsi in theSamplingdialog and restarting e.g. the metameb@ted
optimization.

When running the optimization, the experimental design table will be augmented, the additional simulatio
will be executed, a new metamodel will be constructed and a nediciee optimum will be computed.
Note that if a verification run was previously calculatedy(Simulation 2.1), theClean option Clean
Verification Rurnshould be used before restarting in order to replace the verification dinedtory?2.1.

3.5. Repair or modification of an existing job

Several types of repairs and modifications are possible for an existing optimization iteration or a
probabilistic analysis. The repair depends on steus of theLS-OPT database files as described in
Appendix E:Databasend Output Files

Repair tasks can be executed globally or locally on individual Stages or Samplings.
o0 Global repair can be executed using the Repair option under Tools (available in the control bar).

0 Localrepair tasks are executed by right clicking on the relevant step (Stage or Sampling) in the ms
GUI window.

The available repair tasks are:

o0 Add points Points are added to the existing sampling. This option is only available for the following
sampling types: BDptimal, spacdilling, and Latin Hypercube. The @ptimal and spacélling
samplings will augment the previously computed points. The Latin Hypercube experimental desig
points will be computed using the number of previously computattgpas a seed to the random
number generator. If the database for the experimental desigerfments_  n.csv file for
iterationn) does not exist, new points will be created.

0 Read points The Experiments _n.csv file is reconstructed from the data in th¥Point
databaséiles in the run directories.

Import resultsimport results from a .csv (comma separated variablesSdetion9.5.3.
Run JobsThe stage jobs will be scheduled. Designs previously analyzed will not be analyzed again
Rerun jobsThe jobs of the respective stage will be resubmitted.

O O O O

Rerun failed jobsThe jobs that failed to run will be resubmitted. The stage input files used will be
regenerated from the files specified for the respective stage. If multiple stages are defined in t
process chain, all stages will be rerun.

0 Extract ResultsThe resultsvill be extracted from the runs for all stages. This option also allows the
user to change the responses for an existing iteration or Monte Carlo analysis.

0 Rerun Verification Runrhe verification run will be resubmitted.

0 Build Metamodels The metamodelwill be built. This option also allows revision of the
met amodel s for an existing iteration or Mon
updated. Metamodels can for instance be built from imported user results (see sedtigromn
resultsabove).

LS-OPT Version 6.0 31



CHAPTER3: Graphical User Interface

o Evaluate Metamodel€reate a table with the error measures of a given set of pSetti¢n9.5.2
or create a table (.csv file) with response valuespalated from a metamod&éction8.5.7).

o Import Metamodeldmports metamodels from an .xml file (Sect@.4)
o Calculate Global Sensitivitie§&lobal Sensitivities are recalculated using the metamodels.

o Optimize The metamodels are used for metamodel optimization. A new optimum results database is
crcaed. The fAExtendedResultso file wildl be upda
the history will not be displayed in the Viewer.

Remarks

1. All the subsequent operations must be explicitly performed for the iteration. For example,
augmenting an experimental design will not cause the jobs to be run, the results to be extracted, or
the metamodels to be recomputed. Each of these tasks must be executed separately.

2. After repair of iteratiom, and if the user is conducting an optimizattask, verification runs of the
optimized result must be done by switching back to the Metarl@deld optimization task and
specifying the starting iteration (for a clean starthad. If n+1 was a full iteration (not just a
verification run), it also &s to be repaired.

3.6. Archive LS-OPT Database

Using the Archive LSOPT Databaseoption in theTools menu, the database can be gathered up and
compressed in a file callddopack.tar.gz (Isopack.zip on Windows) after completing the run.
The packed databasesgitable for posprocessing on any computer platform.

L Archive database 2]

[] Include Histories and Responses
[[] Include Input Deck/Extra Input Files

Additional Files To Archive

Filenarme

Browse Add manually Delete

Cancel | Create Archive |

Figure 3-8: Dialog to specify options for archiving the -OPT database
By default, the files generated by {G3PT in the working directory and the stagnd sampling directories
are gathered, the run directories are omitted.

More sophisticated options are available to also gather the history and response files residing in the run
directories and all input files. The history/response files fesgpry.0 | etc.) are required to view hisy
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plots using the DynaStats toolThe inclusion of both histories and input decks results in
Isopack_h_i.tar.gz (Isopack_h_i.zip in Windows).

The history/response files are not required for any of the Viewer functioce tiis data is available in the
AnalysisResults n.Isox file included in the basic archiving selection.

Table3-5: Archive LS OPT database options

Option Description
Include Histories and Also gather the history and response files residing in the run
Responses directories. The file produced lsopack_h.tar.gz

(Isopack_h.zip in Windows). History and response files are

only required for the use of DynaStats.

Include Input Deck/Extra Input Various input files and other files required to run theQBT job

Files seamlessly are added to the packed database file. The file proc
islsopack_ i .tar.gz  (Isopack_ i .zip in Windows).

Additional Files to Pack List of additional files to pack. Files may bdded by browsing or
manually.

3.7. Encryption

The | sopt project file can be encrypted with a
Only the project file itself will be encrypted and not any input files defined in stages. The fileyptedcr
using 256bit AES encryption.

When selecting AEncrypt projecto, a dialog i s
When clicking OK, the encryption mode is enabled. This can be confirmed by the checkmark next to tl
i Encr yp tmenuitemj Note that the project itself is not encrypted on disk until you save it. This is tc
make it possible to save the file under a diffe
Isopt project file but is used by the engine, @&iio be encrypted on the next run.

A password needs to be entered when opening an encrypted project file. There is no way to directly run
engine on encrypted projects. This needs to be done through the GUI.

The encryption can be removed by clickingth&ncr ypt projecto when itds
project after this change.

3.8. Settings

3.8.1.Simulation postprocessor and text viewer

Both the simulation (e.g. Finite Element analysis) postprocessor and the text viewer used throughout
LS-OPT GUI andViewer can be set. The default settings arePt&Post v2 and GenEx which are both
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included in the LSOPT distribution. The example iRigure 3-9 shows the selectionf@ late version of
LS-PrePost (FE postprocessor) under the name LSPP_4.

i Settings ()
Path to executables

LS-PREPOST
Use default (/home/katharina.witowski/bin/LSOPT_EXE/Isprepost)

Custom path:

Text-file viewer
| Use default (genex)

Custom path

User-defined postprocessors:

Name Path Delete

[PosT1 |[c:wsTarSPPIA 5.x64Uspreposts 5-x64.exel | srowse
Add

Cancel ‘ | oK

Figure 3-9: Dialog to specify FE postprocessor and text viewer settings

The specified postprocessors are available from the Progress @eldmnl15.3 and the Viewer Tables,
Chapterl.
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and

Strategy

This chapter explains the available design tasks and strategies.

4.1. Task selection

€

The Task dialog allows the selection of a task and, for an optimization task, the optimization strategy. T

two basicbranches are Metamodehsed and Direct optimization methodsgre 4-1). The method

selections can be made in the GUI usingShew task settingson (88) in the @ntrol bar in the top menu
bar of the main GUI window. The available tasks and options are listebla4-1.

Lad Task selection =)

Main task
Metamodel-based

(@ Optimization

() DOE study

() Monte Carlo analysis

() RBDO/Robust Parameter Design

Direct simulation

() Optimization

() Monte Carlo analysis
() Taguchi analysis

Strategy for Metamodel-based Optimization
(@ Single lteration

) Sequential

() Sequential with Domain Reduction (SRSM)
() Efficient Global Optimization (EGO)

1. Sampling and optimization are done

in a single iteration
2. Suitable for global design exploration.

[] Global Sensitivities
Do verification run

Batch Mode Options
[[] Baseline Run Only
[] Import metamodel

Figure 4-1: Task and Strategy selection
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Table4-1: Task selection options

Option Description Reference
Metamodel based  Optimization Optimization using metanodels Sectior4.2
DOE-study DOE study using metmodels Section4.3
Monte Carlo Monte Carlo analysis using met@odels Section4.5.2
analysis
RBDO Reliability based design optimization  Sectiorn4.6
using metamodels
Direct simulation Optimization Direct optimization using the Genetic Sectiord.4
Algorithm
Monte Carlo Direct Monte Carlo analysis Sectiord.5.1
analysis

Taguchianalysis  Direct optimizatiofparametric study Sectiond.7
using Orthogonal Array sampling

Strategy for Single Iteration Sampling and optimization are done in Section4.8.1
Metamodel based single iteration. Suitable for global

optimization design exploration.

(Available for Main

Task l1and 4) Sequential Sampling points are added sequentiall Section4.8.2

in the full design space. Suitable for
global design exploration.

Sequential with Sampling points are added sequentiall Section4.8.3
Domain Reduction in an adaptive subregioMetamodels

are then constructed using the current

iteration samples (in the subregion) or

using all the samples. The optimum

solution is located based on the

metamodelsSuitable for finding a

converged solution. Generally

unsuitable for global exploration.

Efficient Global Sampling points are added sequentiall Section4.8.4
Optimization in the full design space. The optimum

solution is located based on a Kriging

metamodel and balances local and

global search through compromise

between good objective function value
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and high prediction uncertainty. $able
for global exploration.

Available for Main  Global Option to calculate Global Sensitivities Section4.11
Task 1, 2, 3, 4. Sensitivities on themetamodel

Available for Main Do verification run Run an additional simulation using the Section4.12
Task 1 and 4 parameter values of the pretdid

optimum. Multiple simulations can be

run for Multi-Objective optimization

problems.
Available for global Create Pareto Option, for MultrObjective Section4.10
strategies with Optimal Front Optimization problems, to create Parei
multiple objectives. optimal solutions instead of a single

optimum.

Baseline Run Only Batch Mode option to run only the Section3.3.2
Baseline Run

Import metamodel Automated Import metamodel on run  Section9.5.4
instead of manually importation,

4.2. Metamodel based optimization

Metamodelbased optimization is used to create and optimize an approximate model of the design instead
optimizing the design through direct simulation. The metamodel is thus created as a simple and inexpen:
surrogate othe actual design. Once the metamodel is created it can be used to find the optimum or, in t
case of multiple objectives, the Pareto Optimal Front. The basic steps are as follows:

1. Point selection

2. Run the simulations

3. Build the metamodels

4. Execute thenetamodel optimization

4.3. DOE study

A DOE study is also a metamodssed method used to explore the design space or to calculate
sensitivities. The DOE study has three steps:

1. Point selection
2. Run the simulations
3. Build themetamodels
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4.4. Direct optimization

Direct optimization uses only simulation results to find the optimal values using a Genetic Algorithm.

Note that the choice of the Direct Optimization (Direct Genetic Algorithm) may require a large number of
simulations.

4.5. Probabilistic Analysis Tasks

This category of probabilistic tasks deals with the study of the effect of design parameter uncertainties on
the responses. The goal is to obtain the statistics of response variations caused due to the uncertainties in
given deggn as well as the probability of failure for that design. Any probabilistic task requires the
definition of random variables associated with distributi@es;tion8.1.5 The point slection scheme for a
probabilistic analysis depends on whether it is direct or metanbadeld Section14.5 and Section14.6

More specific details about the available probabilistic analysis tasks are providgettion14.5 and
Section14.6 Two probabilistic analysis tasks are currently available$3aOPT - Direct Monte Carlo
Analysis and Metamoddiased Monte Carlo Analysis.

4.5.1.Direct Monte Carlo Analysis

Sampling is based on the distribution of random varial$est{on14.4. No metamodel is constructed to
perform this task.

4.5.2.Metamodelbased Monte Carlo Analysis

Sampling is not based on the distribution of random varigBlestion14.4). Statistics are calculated based
on metamodel approximations.

4.6. RBDO/Robust Parameter Design (Probabilistic Optimization Task)

This task allows one to perform an optimization under the effect of uncertainties. Considering the effect of
uncetainties can be important to avoid unforeseen failure of the design due to variations of loading
conditions, manufacturing process etc. In reliabiigsed design optimization (RBDO), a target probability

of failure (typically small) is defined for theonstraints to ensure that the optimal design cannot have a
higher failure probability. In robust design, an optimal design is searched such that it is insensitive to
uncertainties in certain design parameters. More specific details about the availabkligtizbanalysis

tasks are provided i®ection14.7. The difference with deterministic optimization lies in the definition
variables that are assiated with probabilistic distributions, as well as in the definition of objectives (robust
design) and constraints (RBDO).

4.7. Taguchi

The Taguchi method is a diresingleiteration optimizatiorand parametric study technigueinvolves a
careful selectin of process parameters using Orthogonal Arrays to analyze the variable effect on the results
and, if required, obtain the optimum results based on a SigiNise (S/N) ratio.
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4.8. Selecting strategies for metamoddbased optimization

In this section diffenet strategies for building a metamodel are discussed. The strategies depend mostly
whether the user wants to build a metamodel that can be used for global exploration or whether he is c
interested in finding an optimal set of parameters. An impodatdrion for choosing a strategy is also
whether the user wants to build the metamodel and solve the problem iteratively or whether he has
"simulation budget" i.e. a certain number of simulations and just wants to use the budget as effectively
possble to build a metamodel for improving the design and obtaining as much information about the desi
as possible.

There are three available strategies for automating the metatvembsedl optimization procedure. These
strategies only apply to the tasktetanodelbased Optimizatiomnd RBDQ, Table 4-1. In the GUI, the
strategies are selected in tAH@ask selectiohdialog Figure4-1). The available optimization strategies are

1. Single iteration

2. Sequential

3. Sequential with Domain Reduction (SRSM)
4. Efficient Global Optimization (EGO)

A strategy selection resets tlsampling Dialog(a warning is given!with recommended selectiorfier
Metamodel type and Point selection scheme, Ch&pter

The stategies are discussed one by onthe following sections

4.8.1.Single iteration

In this approach, the experimental design for choosing the sampling points is done only once. T
metamodel selection defaults to Radial Basis Function Networks with Spaceg &dlthe sampling scheme.

4.8.2. Sequential strategy

In this approach, sampling is done sequentially. A small number of points is typically chosen for eac
iteration and multiple iterations can be requested inTiaemination Criteriadialog, Chapterl3. The
approach has the advantage that the iterative process can be stopped as soon as the metamodels or op
points have achieved sufficient accuracy.

The default settigs for sampling follow below (see Chap®r
Radial Basis Function networks

Space Filling sampling.

The first iteration is Linear EDptimal.

hr wDd PR

Choose the number @ioints per iteration to not be less than the default for a linear approximation
(1.5(n+1) +1) wheren is the number of variables.

It was demonstrated iReferencg16] that, for Spacé&illing, the Sequential approach had similar accuracy
compared to the Single Stage approaeh,10 x 30 points added sequentially is almost as good as 300
points. Therefore both the Single Stage and Sequential methods are good for design exploration usin
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metamodel. Both these strategies work better with metamodels other than polynomiakse bafcthe
flexibility of metamodels such as RBF's to adjust to an arbitrary number of points.

4.8.3.Sequential strategy with domain reduction

This approach is the same as that in secli@? but in order to accelerate convergence, an adaptive
domain reduction strategy is used to reduce the size of the subr8gicmgn26.6 During a particular
iteration, the new points are located within a subregion of the design space. This sragppally only
used for optimization in which the user is omyerested in the final optimgloint and not inany global
exploration of the desigri-or example, the method is often used in parameter identific&emtion27.3

This method cannaturrentlybe used to comict a Pareto Optimal Front.

The default domain reduction approach is sequential response surface method (SRSM), which is the original
LS-OPT design automation strategy. By default, a linear response surface mndsgedints belonging to
previous iterabns are ignored.

The default settings for sampling are listed below &aaplingdialog, Chapte®):
1. Linear polynomial
2. D-optimal sampling
3. Default number of sampling points based on the number of desigbles.

4.8.4.Efficient Global Optimization

This approach is the same as that in secli@?2 but differs in the selection of the first sample of the
successive iterations. Instead of minimizing the metamodel approximation of the objective function, this
sample is located by maximizing an expected improvement (El) fun(@ectiorn26.7). The primary idea is

that the metamodel approximation can be locally inaccurate due to sparse sampling, and therefore,
minimizing the current objeste function approximation may not be the best or most efficient option.
Instead, the EI function strikes a balance between objective function minimization and sampling of sparse
regions.This methods currently limited to the Kriging metamodel acahnotbe used to construct a Pareto
Optimal Front.

The default settings for sampling are listed below &maplingand Metamodelingialog, Chapte®):
Kriging metamoeé|

Linear trend

Spacefilling sampling

H w0 nh e

Default number of sampling points based on the number of desigbles.

4.9. Domain reduction in metamodetbased optimization

The Domain reduction dialog is displayedHigure4-2. Table4-2 describes the options.
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- Bomain reduction &2
RESTART SETTINGS SR5M PARAMETERS
[] Reset to Initial Range on lteration = Proximity Zoom parameter

[] Freeze Range from iteration |.D-6 (default) |

Oscillation Contraction parameter

|:0.6 {default) |

Panning Contraction parameter

|:1 (default) |

Figure 4-2: Domain reduction dialog

Table4-2: Restart Settings and Subdomaparameters

Option Description Reference

Reset to Initial Range on Resetting the subdonmarange to the initial range fo Section4.9.1

lteration a specified iteration.

Freeze Range from Iteration Freeze the subdomain range fromspeecified Section4.9.1
iteration

PanningContraction paramete gan Section4.9.2

Oscillation Contraction Gsc Section4.9.2

parameter

Proximity Zoom parameter ~ Zoom parametef Section4.9.2

4.9.1.Changing the behavior ofthe subdomain

Resetting the subdomain range

It is possible to reset the subregion range to the initial range, e.g. for adding points in the full design sps
(or any specified range around the optimum) after an optimization has been conducted. Thasideatur
typically only used in a restart mode. The GUI option is "Reset to Initial Range on lter&igured-2).

The point selection of the specified iteration wid bonducted in the initial range around the most recent
optimum point. The subdomain will be adaptively updated again starting with the next iteration.

Freezing the subdomain range

This feature allows for points to be added without changing the size subregion. Adaptivity can be
frozen at a specified iteration number. The GUI option is "Freeze Range from iterktgunréed-2).
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The subdomain range will badaptively updated up to the previous iteration. Therefore the specified
iteration and higher will have the same range (although the region of interest may be panning). The flag is
useful for adding points to the full design space without any changes lrotimdaries.

4.9.2.Setting the subdomain parameters*

To automate the successive subdomain scheme for SRSM, the gieeregion of interegias defined by
the range of each variables adapted based on the accuradythe previous optimum and also on the
occurrence of oscillation (see theory3action26.6).

The following parameters can be adjustedhe GUI, Figure4-2. The options are described Table 4-2
(refer also tdSection26.6). A suitable default has been provided for each parameter and the user should not
find it necessarto change any of these parameters.

4.10.Create Pareto Optimal Front

This option is only availablé multiple objectives are defined. Greate Pareto Optimal Froris selected,
multiple Pareto optimal solutions are calculated instead of a single optiseegection26.10.2 If a
metamodebased method is usealailablestrategyoptionsare limitedto theglobal strategiesSingle Stage
and Sequential(Section4.8.2and 4.8.3. Selection of theCreate Pareto Optimal Fronbption resets the
optimization algorithm used on the metamaeGenetic Algorithm, because this is the only algorithm that
has the capability to calculate Pareto optimal solutions.

4.11.Global sensitivity analysis

While the ANOVA (Analysis of Variance, Secti@3.4) is a very popular method to assess the contribution

of different regression terms, Gl obal Sensitivit
used to study the importance of different variables for highgeromodels. In this method, a function is
decomposed into stiionctions of different variables such that the mean of eacHusdbion is zero and

each variable combination appears only once. Then, the variance of eaftimcidn represents the
varianceof t he function with respect to that variabl
analysis (GSA) method is describedSection29.7.2 The GSA is carried out by selecting the appropriate

flag (Global Snsitivitie in the Task dialog or by selecting Add Global Sensitivities fromAtid (+)

menu in the GUI. The GSA dialog is shownRigure4-3. The number of Mont€arlo integration points

used to compute sensitivities is 10000 by default, but this number can be changed by the user. Except for the
linear case, the sensitivities depgeon the region of design space under consideration. By default, the
sensitivities are calculated for the region defined by the variable bounds specifiedGioliad Setup

These sensitivity indices are stored in 8mbol GSA.iteratiocXML database fies in thework directory.

Existing GSA results can be repaired by checking ootkev e r wr i t e g | obbxaThismaybep ut a
needed, for example, if the metamodel is changed after carrying out an earlier sensitivity analysis; the old
Sobol_GSAteration files are then deleted and recreated based on the new analysis.
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il Global Sensitivities =)
Numbker of Points for Integration

|:10000 (default) |

[[] Owverwrite global computations

Define subregions

Figure 4-3: Global Sensitivities Dialog

Table4-3: Global Sensitivities options

Option Desciption Reference

Number of Points for Number of MonteCarlo integration points required tc

Integration compute sensitivities

Overwrite global GSA results overwritten for the global region define

computations by the variable bounds fBetupdialog.

Define subregions Define a subregion of the design space for GSA. It Sectior4.11.1

possible to have the same bounds as the entire des
space (e.g. same domain analyzétth different
metamodels).

Remarls

1. In LS-OPT, global sensitivities are evaluated on the metamodels. Therefore, the accuracy deper
on the quality of the metamodel.

2. Unless a subregion is considered (Sectdohl.), the sensitivities are calculated for the global
bounds of the variables. Sampling constraints are not considered while calculating the sensitivities.

3. Analytical equations are used to compute sensitivities for polynomials and Gaussian radial bas
function metamodels.

4. The composite expressions and subregion sensitivities are always evaluated using th€avlonte
integration.

5. The default number of sampling points fdonte-Carlo integration is 10000. This number should be
increased for better accuracy of sensitivity coefficients.

4.11.1.Sensitivity Analysis in Subregions

The Global Sensitivities dialog also provides the option to define subregio@&S#r(Figure 4-4). The
sensitivities can be calculated for different variable ranges using this feature, which can be different fro
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the bounds specified in tl&lobal Setup By default, the subregions are created with the same ranges as the
global design space. The subregion variable ranges can, however, be modified by clidkaig which

opens up another dialoghe dialog for variable bound definition or tBeibreyion Dialogis shown in
Figure4-5. The definition of a GSA subregion requires a name to be associated with it. The corresponding
GSA results are stored Bobol _GSA.RegionName.iteratifiles in the work directory.

i Global Sensitivities: |
Number of Points for Integration

10000 (default) |

[] Overwrite global computations

Subregion definitions

Name Active Owverwrite Delete
|subsecond | & O Edit x

Add...

All active [ All overwrite

Figure 4-4. Global Sensitvities dialog with subregion definitions

Table4-4: GSA Subregion definition options

Option Description

Name Subregion name

Active GSA is performed for the Subregion (default on)

Overwrite Existing GSA results deleted (default off). GSA performed agaetifzeis on
Edit Open GSA Subregion dialo§igure4-5) to define variable bounds of subregion
All active All subregions active

All overwrite Overwrite existing GSA results for all subregions
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- GSA subregion &)
Name

|.subﬁr5t |

. Active .

[ Owverwrite

Bounds - Global bounds used for variable if not specified below

Variable Lower bounds Upper bounds Delete
thumper = |1 | |3 |u
thood ¢|[2 |E |

Add...

Figure 4-5: GSA Subregion dialog

Table4-5: GSA Subregion dialog options

Option Description
Name Subregion name
Active GSA is performed for the subregion (default on)

Overwrite  Existing GSA results deleted (default off). GSA performed agaetif/eis on

Bounds Define subregion lower and upper bounds for variables. The global region bound:
defined inSetupdialog are used for other variables

4.12.Verification runs

After the lastfull iteration a verification run of the predicted optimal design is executed. This run can alsc
be omitted if the user is only interested in the prediction of the optimum using the metamodel.

The verification run options can be edited in the GUl eitherit he Task di al og or wu
option in the control bar.

For multiobjective optimization problems, multiple verification runs can be done. A discrete Space Filling
algorithm is used to select Pareto Optimal points which are evenly distributde design space. The
number of verification runs can be set in the GUI using the Verification RurFgpxe4-6.
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Figure 4-6: Verification Run dialog

- Werification Run =

Number of verification runs:

(Always 1 for non-pareto problems)

oK
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Sol ver

This chapter describes how to interface-@BT with simulation packages, parametric preprocessors or
postprocessors. Standard interfagesvell as interfaces for usdefined executables are discussed.

The main entity discussed here is Btagedialog which allows the user to define a step in the simulation
process.

5.1. Introduction
Since an executable program is considered to be a kegfghg stage definition it is often simply referred
to as thesolver Therefore, in addition to its normal meaning as a program to, for instance, solve a physic

problem, it can also refer to a prer postprocessor or any other executable program qotdtat is
essential to the execution or management of a step within a simulation process.

5.2. General Setup
Figure5-1 shows the general setup dialog for a Stage inithesgs. The options are described able5-1.

Table5-1: Stage dialog Setup options: General options

Option Descripton Reference
Package Name The following software package identifiers are available:
LS-DYNA Section5.3.1
LS-INGRID Section5.3.3
LS-OPT Section5.3.8
LS-PREPOST Section5.3.2
ANSA Section5.3.5
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Excel Section5.3.9
HyperMorph Section5.3.6
Matlab Section5.3.11
META Post Section5.3.7
TrueGrid Section5.3.4
UserDefined Section5.3.10

UserDefined Postprocessor Section5.3.13

Command

Command to execute the solver Section5.2.1

Do not add input
file argument

Preventd. S-OPTfrom appendin@ standard input deck  Section5.2.1

name to the execution commaaharing runtime.

Use default Path to the solver executable filled in automatically (only Secton5.3.8
command available for LSOPT stage).
Display graphics ~ Omit thel nographics option in the LS_PrePost comman: Section5.3.2
for debugging (only available for LBrePost stage).
Input File Parameterizethputfile for the preprocessar solver The Section5.2.2
specification ofan input file is not required for asear
defined solverThe parameterization of the input file is
explained in Sectiob.2.4
(nincludes) LS-OPT displays the number of include files parsed for Section5.3.1

parameters and copied to the run directories. A list
containing the include file names is accessible by clickin
on the hyperlink.

Nameof standard
input deck

Default standard input deck name depending on packag Section5.2.1
This can be edited in case another file name is required.
Changes are only required in exceptional cases.

Extra input files

A list of extra input files can be provided. The files are  Section5.2.2
copied to the run directoriéom any usedefined source
directory Parameter values asebstituted by default, but

parsing can be omitted

LS-DYNA Include filesdo not have to be specified as the
are automaticalland recursively searched by4C3PT
when given the name dfie main input fileThis feature is
also suppded for certain packages under the wudefined
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solver typeg(Section5.3.10.

Model Database
(ANSA)

ANSA binary database fijaypically with the extension Section5.3.5
.ansa

Output File
(HyperMorph,
META, Matlab)

HyperMorph: nodal output file produced by Templex Section5.3.6

META: output file usedor parsing the history and respons Section5.3.7
names

Matlab: output filecontaining response and history Section5.3.11

definitions

Session file (LETA)

File containing informatiombout which results to extract Sedion 5.3.7

Excel File

Input File template for parameterizing and running Excel Section5.3.9
jobs.

Do not copy Excel
file to job folder

Avoid copying of potentially big Excel input file to each r Section5.3.9
directory and modify the origindile instead. Option
available only if one job is run at a time.

Input definitions

Parameterization of the Excel input file Section5.3.9

LS-DYNA
Advanced Options

Advanced interfacing options for ESYNA. Section5.3.1

LS-OPT Version 6.0

49

De:



CHAPTERS:St age Dial og 1T Def.

Cad Stage 'l [iz)

Setup | Parameters | Histories | Multihistories | Responses | File Operations

General

Package Name| LS-DYNA < |

Command[lsg?l_single “ Browse |

[] Do not add input file argument

Input File [main.k H Browse |

copies main.k and 2 includes to 1/it.run/| DynaOpt.inp ]
and substitutes parameters

[[] Extra input files

LS-DYNA Advanced Options

Execution

Resources

Resource Units per job Global limit Delete
1 1 [[2 x

Create new resource

[[] Use Queuing
[] Use LSTCVM proxy

[] Environment Variables

Advanced execution options

Figure 5-1: Stage dialog Setup panel
5.2.1.Command

The command to execute the solaaust be specified. The command depends on the solver typaabd c

an executable program ar script Since a standard input deck name (also called the base file lame)
automatically appended during rtime the solver input file name argumestiouldbe omitted by default.
See respective package interface sections for deliaithe case of the standard solvers, the appropriate
syntax isautomaticallyused (e.g.i=DynaOpt.inp for LS-DYNA). The execution command may
include any number aidditional arguments.

The base file name can be changed. This is useful when the output file of one stage becomes the input of th
dependent stage (see Sectod).

Remarks
1. The command must be specified in afi¢he following formats:
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o Browse If browsing the project directory or a directory relative to the prajeettory, LSOPT
automatically prepends the project directory environment ${LSPROJHOME} to the execution
command.

0 Absolute pathe.g. "/origin/users/john/crash/runmpp"

o If the executable is located in a directory which is in the executidn ga& command can be
specified using only the name of the respective executable, e.g. "Is971_single"

2. Any path containing spaces must be surrounded with quotation marks. Quotation marks a
automatically added if the file IS added via browsing.
E. g \Progr&n Filel L STC\LS-DYNANlssd y na . ex e 0

3. Linux: Do not specify the commanabhup before the solvecommandand do not specify the
UNIX background mode symbé&l. These are automatically taken into account.

4. Linux: Thecommand name must not be an alias

5.2.2.Input Files

LS-OPT handles two main types of solver input files, namely
1. the main input file and
2. extra input files.

LS-OPT converts the input template toiaput deckfor the preprocessar solverby replacing the original
parameter values (or labels) with new values determined by the sampling procedure. The specifeation of
input file is not required for a usdefined solver.

For LSDYNA and most of the preprocessor interfaces; QST automatically searches for include files
specified in the main input file, s@@ble 5-2. Include files can be specified recursively, i.e. there can be
include file specifications in include files. The uskefined stage type also supports these features, but only
for certain solver types (s&e3.10.

Input files are copied to the run directories, parsed to substitute parameteraralueniamedzach stage
type has its own standard input file name, e.g. fofDDYNA, the file is renamed t®ynaOpt.inp For
remote runs, input files are automatically transmitted to a computer cluster.

A record of the specified input files and parameters is displayed in the GUI but can also be checked in :
Isopt_input file.

5.2.3.Extra input files

Extra files can be added for copying to run directories and substituting variglgess 5-2. For remote
runs, extra input files are automatically transmitted to a computer cluster.

The files can be placed in any directory and are copied to the run directories during ph@hsete.
Parameters can be specified in the extra files using the native formaP@RAMETERor LS-DYNA) or
the generic LSOPT format €<parameter>> ), see Sectiob.2.4 LS-OPT will parse the files for variable
names if theParse option is selected. In this case, parameters are listed oRalt@neters page and
imported to théSetupdialog as constants. The user can then change them to variables.
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If the user wants a file to be copied to the run directories, but not parsed for parameters, parsing can be
skipped by leavingParse unchecked. This feature is typically used to move binary files to the run
directories.

Extra files are also used in a md#vel setup (Sectiob.3.8 to move input files to the lower level. In this
case,Parse should also be left unchecked to avoid premature substitution at the leppér before
processing by the lower level ESPT run.

General

Package Name| User-Defined

<r

Command[perl | Browse

[] Do not add input file argument

Input File |g2.p| | Browse

copies g2.pl (0 includes) to G2/it.runy/ | UserOpt.inp |
and substitutes parameters

Extra input files

Filename Parse Delete
|:extraﬁle_(32_l | Browse x
|:E>-:trafe>:traﬁle_G2_3 | Browse x
|:Extraje;-:traﬁle_(32_2 | Browse x

Add

Figure 5-2: Definition of Extra Input Files

Note that LSDYNA include files do not have to be specified as extra files, since these are automatically

processed. However, if the wuser has parameters in include files with a relative (e.g.

MyFiles/geometry.inc ) or absolute path/ffome/jo/LSOPT/MyFiles/M aterial59.inc ),

these include files must be specified as extra input files in order to force copying to the run directory. The
path option is mainly used to prevent the copying (and hence duplication) of very large files. Seme user
defined solver types alssupport this feature (s&e3.10.

*INCLUDE specifications pertaining to extra files should not include any path specifications since the files
are automaticallgopied to the run directory and will reside together with the main input file.

5.2.4.Parameterization of Input Files

For all stage types, input files can be parameterized using thedefssed parameter format, Sectibr2.5

For the packages listed ihable 5-2, LSOPT supports native parameters, see the respective package
interfae section for details. Native parameter types are also supported for certain solvers specified under
userdefined solver types (s&e3.10.

LS-OPTui will automattally recognize the native and Usafined parameters for the formats indicated in
the table and list them on tHearameters panel, Figure 5-3. Parameters found in pat files are also
di splayed as &&updsbabhogs®Panaméteer Setupd panel
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constants to variables or dependents. The parameter names cannot be changed in the GUI so, if des
must be changed in the originalput file(s).A lock icon adjacent to the variable nameicates that the
parameter names were imported from the input or include files.

Table5-2: Parameters and include files

Native parameters Userdefined Include files

recoquized in input Parameter Format recognized in
Package . ) : . Reference

file recognized (see  input file

Section5.2.9

LS-DYNA® Yes Yes Yes Section5.3.1
LS-PREPOS? Yes Yes Yes Section5.3.2
ANSA! Yes Yes Yes Section5.3.5
HyperMorptt Yes Yes No Section5.3.6
Matlab Yes Yes No Section5.3.11
TrueGric? No Yes Yes Section5.3.4
LS-INGRID No Yes Yes Section5.3.3
LS-OPT Yes No No Section5.3.8
Excel N/A No No Section5.3.9
Userdefined N/A Yes No Section5.3.10

1 BETA CAE Systems S.A.
2 Registered Trademark of Altair Engineering, Inc.
% Registered Trademark of XYZ Scientific Apgitons, Inc.
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Lai Stage CRASH &
Setup || Parameters || Histories | Multihistories | Responses | Multiresponses = File Operations

Name Found in file(s)

cradle_rails taurus_mod.dyn

cradle_csmbr taurus_mod.dyn

shotgun_inner taurus_mod.dyn

shotgun_outer taurus_mod.dyn

rail_inner taurus_med.dyn

rail_outer taurus_meod.dyn

aprons taurus_mod.dyn

Add ..

OK
Figure 5-3: Parameter panel: list of parameters found in stage input files
The d6included files ar e a laiRnde nmaking ihnomessentiehte defing extra t h
files. Il nclude files whi ch ar el./lcab.peciof i eod !

fYhome/jim/ex4al/car6.k 0O are not copied to the run directo
made in these files. This islety to prevent unnecessary file proliferation. The user must however ensure
that files, which are to be distributed to remote nodes through a queuing ssst&pdendixH.3, Remote

job schedulinyy do not contain any path specificatioi$ese files are automatically transmitted to the
relevant nodes where the solver will be executed. See also Se&ibn

If parameters are specified in includie$ with path specifications, these files should be specified as extra
files if the user wants them to be parsed and copied to the run directories, S&cfion

The Userdefined parameter format described next is recognized in all types of input files.
5.2.5.The Userdefined parameter format

LS-OPT provides a generic format that allows the user to substitute parameters in any type of input file,
except LSOPT stage .Isopt input file. The parameters or expressions containing parameters must be labeled
usingthe double bracketed formakexpression :[i] field -width >>in the input file.

The expressiorfield is for a FORTRAN or C type mathematical expression that can incorporate constants,
design variable®r dependents. The optional characterindicates the integer data type. The field width
specification ensures that the number of significant digits is maximized within the field width limit. The
default width is 10 (commonly used in e.g.-D¥NA input files) for numeric fields. E.g. a number of
12.3456789123 will be represented 42.3456789 and 12345678912345 will be represented as
1.23457e13 for a fieldwidth of 10.

A field width of zero Iimplies that the number wi
n%l do f or msa(€language). Fonréakngmebers, trailing zeros and a trailing decimal point will not

be printed. This format is not suitable for-DYNA as the field width is always limited. Real numbers will

be truncated if specified as integers, so if rounding isrdesii t he fnear est i ntegert
used, e.g<<nint( expression )>>.
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String parameters are indicated by the charagtekexpression :c¢ field -width >>. For string
parameters, the default width is the length of the replacement string updgrimum of 64 characters. A
field width of zero implies that the entire replacement string is printed (same as not specifying a width).

Examples

Inserting the relevant design varialile expression into the preprocessommand file requires that a
preprocessor command such as

create fillet radius=5.0 line 77 line 89

be replaced with
create fillet radius=<<Radius*25.4:0>> line 77 line 89

where the design variablamedRadius is the radius of the fillet andontrailing or leading spaces are
desired. In this case, the radius multiplied by the constant 25.4 is replaced. Any expression can be specifi

An alternative option would be to specify:
create fillet radius=<<Radius_scaled:0>> line 77 line 89

while spedying the dependentRadius_scaled as a function of independent variable Radius, such tha
Radius_scaled = Radius * 25.4 . This specificat

Similarly if the design variablegre to be specified using a FmiElement (LEDYNA) input deckthen data
lines such as
*SECTION_SHELL

1, 10, , 3.000
0.002, 0.002, 0.002, 0.002

can be replaced with

*SECTION_SHELL
1, 10,, 3.000
<<Thickness _3>><<Thickness_3>>,<<Thickness_3>><< Thickness_3>>

to make the shell thickness a design variable

An exampleof an input line in a LYNA structured input filas:

* shfact z - integr printout quadrule

.05.01.0.0

* thicknl thickn2 thickn3 thickn4 ref.surf

<<Thick 1:10>><<Thick 1:10>><<Thick 1:10>><<Thick 1:10>> 0.0

The fieldwidth specification used above is not required since the defaut Gdh sul t t he r e
manual for rules regarding specific input figladth limits.

5.2.6.System variables

System variables are internal {CBPT variables. There are two system variables, nanielyd and
runid. iterid represents the iteration numbghile runid represents the run number within an
iteration. Hence the name of a run directory can be representatelg:runid . System variables are
useful for using files such as postprocessing files that were already created in an earlier stageh lané¢ wh
re-used in the current stage. An{C8NA example of using system variables is as follows:
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*INCLUDE
.I..ICasel/<<iterid:i0>>.<<runid:i0>>/frontrail .k

After substitution the second line might become:
../../ICasel/1.13/frontrail.k
so that the currergtage will always include the file in the corresponding directory in Casel.

The i0 format forces an integer specification (see SecBal5 for a more detailed ekcription).
Unfortunately the feature cannot be used withk'ANA *PARAMETERparameters.

In an alternative, simpler approach to achieve similar efficiencyDBS also allows prprocessing as a

first Stage of a process to generate a set of solver filggit This single Stage can be followed by multiple
parallel simulation Stages using the same files. These files are copied from the preprocessing Stage to the
simulation StagesSee Sectio3.2.2

5.2.7.How to avoid copying and parsing an include file

In some cases files might be very large, but they contain no parameters, so need not be parsed. For ver
large files, this can save a considerable amoltiin@. The steps are the following:

1. Unset ADo basic check for missing *DATABASE c

2. Specify the name of the include file with an
3. Specify the exact full pathname of the include file agx@mainput file. E.qg. if the file was specified

as A../ ../ 1largeincludefile. ko I n t he keywor
A../ ../l argeincludefile. ko.

4. Do not sel ect the AParsed0 check box for t hi s

It should be noted that if a file is not parsed]ude files without paths specified in this file (for the purpose
of copying to the run directory) cannot be detected.

5.3. Package Interfaces

5.3.1.LS-DYNA

The file DynaOpt.inp  is created from the L®YNA input templatefile. By default, LSOPT appends
i=DynaOpt.inp  to the solver command. Parameterization of the input file can be done using the User
defined parameter format or the *PARAMETER keyword. Include files in input files are recognized and
parsed, see below féurther information.

The LSDYNA restart commanavill use the same command line arguments as the starting command line,
replacing tha= input file with r=runrsf
The *PARAMETER format

This is the recommended format. The parametpexified under the L®YNA *PARAMETERkeyword
are recognized by L-®PT and will be substituted with a new value for each of the multiple runs. These
parameters should automatically appear in the Parameter list of the GUI upon specification of the solver
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input file name. LOPT r e c o gindi, eoeiisa adh éfioit mat s f or i nteger s,
respectively and will replace the number or string in the appropriate format. Note tRERTLill ignore

the *PARAMETER_EXPRESSIOKeyword so it may beused to change internal {3YNA parameters
without interference by L®PT.

For details of théPARAMETERformat please referto cBYNA User 6 s Manual

LS-DYNA include files
The handling (parsing, copying and transmitting) of include files BYOBS is autmated. The following
rules apply:

1. Include filesmay also contain parameters and are also parsed and copied (or transmitted) if tf
include file is specified in the keyword fikeithout a pathfor example:

*INCLUDE
input.k
2. If a path is specified for an include file, e.qg.

*INCLUDE

C:\patimyinputfilesinput.k
the file will not be copied, parsed or transmitted.

3. If the main input file is placed in a subdirectory of the main working directory and is specified with &
relative path, e.gmyinputfiles/input.k , the directory (in this casenyinputfiles )
becomes a file environment for any include files which may also be placed in this directory
Therefore all include files specified without a path will automatically be copied (or transmitted) from
this subdirectory (myinputfiles ) to the rurdirectories.

LS-DYNA/MPP

The LSDYNA MPP (Message Passing Parallel) version can beising the LEDYNA option in theStage
dialog of LSOPTui The following run command is an example of how an MPP command can be specified

mpirun - np 2 Isdynampp

wherelsdynampp is the name of the MPP executable.

LS-DYNA Advanced Options

LS-DYNA advanced options are available in the Stage dialog by selectingh& NA Advanced Options
button,Figure5-4.
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LS-DYNA Optigns lLS—DYNA Advanced Options l
Do Basic Check for Missing *DATABASE Cards

[] d3plot compress

[[] d3plot Part Extraction File

[] d3plot Reference Node File

Reset

Figure 5-4: Stage Setup L®YNA advanced options

Table5-3: LS-DYNA Advanced Options

Option Description

Do Basic check for Missing Check if the required binout data types and the required nodes ar
*DATABASE Cards elements are requested in the DBNA input deck. For further
details, see below.

d3plot compress Compress the d3plot database. All results except displacements,
velocities, and accelerations will be deleted.

d3plot Part Extraction File  Write the results for a user selected sqiats. A file specifying the
list of parts to be included/excluded is required. The file consists «
multiple lines with a single entry per line. The syntax of the file is:

id includes the part witfd,
id1-id2 includes the parts froml to id2,

Tid excludes the part wittd. Only parts included withd or id1-id2
can be excluded.

For example: 5
7-20
-9.

d3plot Reference Node File Transforming the results to a local coordinate system specified by
three nodes. Thfirst node is the origin and the other two nodes ar
used to define the coordinate systems. The coordinate system m
with the nodes. A file specified the three nodes consisting of a sir
line is required. An example of the possible contents ofilite f

1001 1002 1003.

Remarks
1. Altering the d3plot databases does not work with adaptivity.

2. The *DATABASE_EXTENT_BINARY option in LSDYNA also allows control over the size of the
d3plot databases.
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Checking the *DATABASE cards

LS-OPT can perform some basic checks of IBATABASE cards in the LDYNA input deck. The
checks will be done using the input deck of the first run of the first iteration. The items checked are:

Whether the required binout data types are requested LStHE'NA input deck. For example, if LOPT
uses airbag data, then the-D¥NA deck should contain aDATABASE_ABSTAT card requesting
binout output.Note that LSDYNA smp does not write the results into the binout file when the default
settings are used. Therefore, the BINARY option in the card must be set to eithefa2 bot® LSDYNA

smp and mpp

Whether the required nodes and/or elements egaested in the LBYNA output. For example, if the
LS-OPT output request refers to a specific beam, therDATABASE _HISTORY_BEAM or a
*DATABASE_HISTORY_BEAM_SET card must exist and refer to the beam in question. Note that
*SET_option GENERAL or *SET_option_ COLUMN card will not be interpreted and that an output
entity specified usingSET_option GENERAL or *SET_option_COLUMN may be flagged incorrectly

as missing; switch off the checking in this case.

5.3.2.LS-PREPOST

The file LsPrepostOpt.inp iIs created from the LEREPOST input templatdile. LS-OPT
aut omat i c alihoyaphi@ p pce dPrpsstOptiinp 2> /dev/null > /dev/null 0 t o t
command.

LS-PREPOST input file example with incled

testO1.cfile:

$# LS- PrePost command file created by LS - PREPOST 3.0 - 1Mar2010(17:08)
$# Created on Apr - 06- 2010 (13:42:14)

cemptymodel

openc command "para01.cfile"
genselect target node

occfilter clear

genselect clear

genselect target node

occfilter clear

genselect clear

meshing boxshell create 0.000000 0.000000 0.000000 &size &size &size &num &num
&num

ac

meshing boxshell accept 1 1 1 boxshell
genselect target node

occfilter clear

refcheck modelclean 9

ac

mesh

save keyword "Isppout”

exit
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paraOl.cfile

parameter size 1.0
parameter num 2

5.3.3.LS-INGRID

The file ingridopt.inp is created from the L8NGRID input templatefile. LS-OPT appends
aut omat=ingridopting A TdTTYO t o t he ¢ o mmadefthed pddametyr fotmate U s
is supported.

5.3.4.TrueGrid

The file TruOpt.inp is createdrom the TrueGrid input template file. ESPT appends automatically
fi i=TruOpt.inp" to the command. Only the Usemdefined parameter format is supported.

The TrueGridnput file requires the line:
write end

at the very end.

5.3.5.ANSA (BETA CAE Systems SA)

General B
Package Name[ ANSA ]
Command |ANS!—\ | Browse

[] Do not add input file argument
DV File |ansa_variab|e_def.txt | Browse

copies ansa_variable_deftxt (0 includes) to Stagel/r't.runf[ANSAOpt.fnp |
and substitutes parameters

[[] Extra input files

Model Database|data_base_name.ansa Browse

Figure 5-5: Stage Setup for ANSA

The ANSA preprocessaan be interfaced with LOPT allowing for shape changes to be specified. Several
files must be specified

1. Command: ANSA executable typically named ansa.sh Do not use an alias.
Using the ANSA command line optighm_retryis recommended.

2. DV File: ANSADesign parameter filetypically with the extensiortxt or .dat This file is generated
using ANSA and LSOPT will read the ANSA design parameter names, types and values from this
file. If LS-OPT already has a design variable with the same name then this variable will be used to
drive the value of the ANSA parameter.

3. Model DatabaseANSA binary databaseéypically with the extensioransa
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ANSA can produce multiple output file$hese files can be used as-DS'NA input files or include files
(specified undefINCLUDE) in downstream stages. Make sure to specify the output files in the ANSA
optimization task wthout a path to generate them in the respective run directory.

5.3.6.HyperMorph

General

Package Name| HyperMorph

i

Command |temp|ex | Browse

[l De not add input file argument

Input File |input.tp| | Browse

copies input.tpl to Stagel/it.run/ |'H yperMorphOpt.inp |
and substitutes parameters

[] Extra input files

Output File|nodes.include Browse

Figure 5-6: Stage Setup for HyperMorph
To allow thespecification of shape variables, the geometric preprocesgmrMorpH has been interfaced
with LS-OPT. Several files must be specified:

1. Command: templex command

2. Input file: At the top, tle variablesare defined as:

{parameter(DVARL1,"Radius_1",1,0.5,3.0)}
3. Output File: Templexroduces a nodal output file, this fikan e.g. be used as an include file in a
downstream stage.

The command will enable OPT to execute the following command e tdefault case:
/origin 2/john/mytemplex/templex input.tpl > nodes.include

or if the input file is specified as in the example
forigin 2/user/mytemplex/templex a.tpl > h.output

Remarks
LS-OPT uses the name of the variablethe DVARI line of the input file:

{parameter(DVAR1,"Radius_1",1,0.5,3.0)}

{parameter(DVAR2,"Radius_2",1,0.5,3.0)}

to replacehe variablesand bounds at the end of each line by ¢hirrent values. This name, e.g. Radius_1 is
recognized by LOPT and automatically displayed in the

4 Registered Trademark of Altair Engineering, Inc.
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this case]0.5,3.0] ) are also automatically displayed. The DViAdRsignation is not changed in any
way, sqQ in general there is no relationship between the number or rank of the vapabiied in LSOPT
and the number or rank of the variable as representeth iVARI.

5.3.7.eETA (BETA CAE Systems SA)

The €eETA interf ace franhdnpdatabase K supparts,tso ntakesIB85F acogssibleato
interface with any such supported solvers. Thi s
place them in a simple text file.

General
Package Name METAPost

<

Command |METAP05t | Browse
Session File |sessi0nﬁ|e.txt | Browse
Output File |METAPost_resuIts.t>:t | Browse
Database Filel A | Browse

Figure 5-7: MetaPost interface

Several files must be specified:
1. Command: The E Texecutable

2. Session File: The session file containing informatidrout which results to extracthis can be
created interactively using HETA.

3. Output File: This specification is only used for parsing the history and response names (to be
automatically displayed in the GUI) during the-OFT setup phase (see belowhe output file
(result file) is the name of a file containing those results sgden the inpugsession) file. This ia
text file so t can be easily parsed.his file has a predetermined format so that@ST can
automatically extract the individual results. The specified path + name is not used during the
optimization run, but wly during the setup phase while the user is preparing th@RB input data.
During this phase, the responses are parsed from a baseline result file and automatically displayed in
the "Histories" ad "Responses” pages of the GUI.

4. Database File: Thisis¢h pat h for finding the solver dat ab:
look for the database locally. This specification has no effect during the optimization rurO#3TLS
wi || always force €ETA t o | oo krunfdioectoryStageA/E1o!|l v er
Setting up an L®PT problem:

1. Run €e¢ETA and wuse the session file thus <creat
separately from the L®PT data preparation (an integrated feature might be provided in the future).

2. Open the LSOPT GUI on theStage dialogand select METAPost as the package name.
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3. Speci fy the ¢ET-APTGYI(tediguges-7).iTme usethcan btoBse forhe € ET
executable, session file and result file. The result file is the one that was created in the manual s
(Step 1. above). The database path need not be changed.

4. The result file is parsed for history and response names to display in the releNgrages. These
can then be used to complete the optimization problem setup: define composites, objectives a
constraints, etc.

5. After completion of the optimization setup, run-C&T.
5.3.8.LS-OPT

The LSOPT stage allows one to extract iopzed LSOPT response values, which can then be used in
another optimization with respect to a different set of variables. THER'B stage can also be used to call a
reliability task from an optimization task, e.g. for tolerance optimization or a rolesgyn task using the
direct Monte Carlo method at the lower level.

The LSOPT stage simply executes another instance of th©R¥® software in a nested optimization
framework. Thus, it allows a user to set uMaltilevel Optimizationproblem, explainedh Section19.7.
The LSOPT stage setup dialog is showrFigure5-8.

General

Package Name| LS-OPT <

Command||sopt Browse

[[] Use default command

[J Do not add input file argument

Input File |inner.\sopt | Browse Open

copies inner.Isopt (0 includes) to 1/it.runy/|inner.isopt (default is LsoOpt.inp) |
and substitutes parameters

Extra input files

Filename Parse Delete

|_main k | Browse | [

[cars.k | Browse | [

|rig\d2 | Browse |[]
Add

Figure 5-8: LS-OPT stage interface

The fields that need to be specified for ar@BT stage are as follows.

1. Command: Like all other solver interfaces, the user needs to provide the command teQ&T LS
There is dJse default commanaption that autmatically fills in the path to the L-®PT executable
being used for the setup.

2. Input file: The input file for an LSPT stage is a .Isopt file itself that contains the setup for an inner
level LSOPT subproblem. The fileLsoOpt.inp (or a user spefied name) is created from the
LS-OPT input templatdile. By default, LSOPT appendésoOpt.inp  to the solver command.
Parameterization of the input file is done usimgnsfer VariablegFigure5-9).
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3. Extra Files: An important aspect to note in the@BT stagesetup is the use of extra input files with
the Parseoption uncheckedHigure 5-14). This is important because the input files of the lower
level(s) need to be passddwn from the upper level while not considering the lower level variables
in the upper level. The details of the directory structure for multilevel problems are presented in
AppendixE.1.

LS-OPT input file parameterization

The LSOPT input file, i.e. the .Isopt file, is parameterized usingnsfer VariablesThe transfer variables

are indicated usintype= aconstart 0 i US-OPThstage input fileContinuousandDiscretevariables can

be set as @ransfer Variablessing the LSOPT GUI Figure5-9); these are then considered as constants at
that level, but can be set as variables in preceding levels. These variables are automatically detected a
constants by L®PT and populate the @utlevelGlobal Setugfor which the parameterizetoptfile is a
stageinput file). The user can either use them as constants in the outer level or set them as variables.

Parameter Setup | Stage Matrix = Sampling Matrix | Resources | Features

[] show advanced options Edit Input Parameter References

Type Name Starting Minimum Maximum Delete

|_Cunt|nuuus ~ | 3” 1|| 5|
|.Ccmtinucus ~ | 1” 1|| 5|
|Tran5fer Variable | v | 4DD| A
|.Tram5fer\lamable v| | 200000| B A

Continuous
Constant
Dependent
Discrete
String

String Constant

—— ]

Transfer String Variable

Figure 5-9: Parameterization ofinner level LSOPT setup usingTransfer Variables The values of
transfer variables are passed down from the upper level(s).

ablem global setup
s Problem global se

Parameter Setup | Stage Matrix = Sampling Matrix = Resources | Features

Show advanced options

Type Name Starting Minimum Maximum Delete
Continuous W 400 350 450
Continuous W 200000 150000 250000

Figure 5-10: Outer level global setuSIGY and YMare automatically detected in the input file (i.e. inner
level .Isopt file) and locked as they are Transfer Variables in the inner level.

Remarks
1. The userdefined parameter format <<variable _name>> is not allowed for tHeR'Estage.

2. LS-OPT stage respses are extracted using th8OPTresponse typeSgection6.15).
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Navigating to view lower level setups and progress

Because of the complex recursive nature afidtilevel setup, simple navigation options are provided so
that lower level setups can be inspected or edited recursively starting at the main (upper level) setup. Dut
runtime, job progress can also be viewed recursively starting at the main progicss.w

1. The Openbutton opposite thénput file text box allows the user to navigate down to the next level
and will display the GUI for inner.Isopt, sEegure5-8.

2. While a multilevel run is in progress, the user can also navigate to display the progress of a selec
lower level job by clicking on theSOPT button in the progress dialog. Lower level job progress
can also be monitored using te2w logbutton to disfay the text output, seegure5-11.

B B 4+ A B I wetamoderbased optimization &D = Single Iteration

Setup | Sampling 1
1 parameter 1 war, 10 sp filling designs
‘ Finish Hr‘ 1 ‘
T | 1 par, 1 hist, & resps 0
— I - Optimization ' 1
‘ Verification — A —
e m— 1 objective
1 design | 5 |
1 constraint
‘ Composites Build Metamodels
1 definition 5 ibf surfaces

Small car crash optimization problem: LINEAR o
thiomeiniglen/L SOP TITRUNK/DEY fopt QA&/Opt/MUL TILEW EL/BA S| Clouter Isopt |~

Qutput () | Qutput (W) | Output (E) | Progress [ D
Show status for: | Al v Toals E=
Global progress  Iteration: 1 12 % View log

Joh ID/FID Component Iter Exp Status
Cpen folder
Running...

7818 1 1 2 Running... LS-0OPT
7817 1 1 3 Running...

7821 1 1 4 Running...

7823 1 1 =] Running... .

7827 1 1 € Eunning...

7832 1 1 7 Running... Accelerated kill
7888 1 1 g Running...

0 1 1 9 Waiting...

0 1 1 10 Waiting...

Figure 5-11: Progress window for the L®PT stage. Selecting the ESPT butta for the selected job
displays the LSOPT GUI for that job which allows the user to monitor a lower level optimization run.
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5.3.9.Excel

An Excel stage can be used as a solver or agposessor. It can be seen as being similar to any other
solver, with the mia differences lying in its parameterization and in the response and history definitions.
Because the results need to be compubedséveral samples within an {&PT task, the Excel input file

needs to be parameterized. This is achieved usmg defintionsspecified in théStagedialogitself. These

inputs may correspond to a single Excel cell or a group of cells in the input file, and are substituted for each
sample Figure5-12).

General

Package Name‘ Excel =

Excel Flleldata xlsx Browse Refresh

Do not copy Excel file to job folder

Input definitions

Sheet Cell Type Value Fill direction Delete
rararneter AL ~

[Sries s

‘Sheetl |Param2 Parameter x2

‘Sheetz |Di5pl Response

‘Sheetz |Di5p2 Response Disp2

oo ool

Displ 3

(] ] [>]

xaccel 432 Vertical < |x

‘Sheetz |xacce|ﬁd32 History
&l

Figure 5-12: Excel stage interface

The attributes used for Input definitions &@beet Cell, Type Value and Fill Direction. The details are
given below.

1. The Sheetand Cell options direct LSOPT to a unique location within tHexceldocumentA Cell
can be assigned using tB&celrow-column format (i.e. by typing A2, B4 etc). If cell names have
been already defined in the pardedeldocument, LSOPT displays all the existyy names as a list
underCell option and the required cell can be selected directly. The displayed name<Cefider
option can also correspond to an arragrcelcells, used to assign ESPT histories.

2. Typeand Value options are used to link LOPT degn parameters, histories and responses with
corresponding fields of the parséstceldocument. There are four different options withiype-
Parameter Responses, HistogndUserDefined.

o Parameters used to link the global LOPT parameters defined $etupdialog to the specified
cells of theExcel document. WherParameteris selected as type, all the global -C®T
parameters defined Betupdialog are listed under théalueoption.

o0 Responsas a parameter type facilitates the use ofdFST resporss defined in previous stages
as input parameter for the currdntcelstage. A list of responses defined in the previous stages
is displayed undeYalueoption and the user can select which response has to be written to the
Exceldocument.

0 History as a type allows L®PT to input histories obtained from previous stages tdioel
document.

0 Userdefinedoption as a type can be used to write histories and responses of previous stages to
theExceld oc ument using a commandt.y pFeo rr eesipaontgps| ee. 0té
the value present in fileesponse.®f previous stage, to thExcel document; preided a file
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transfer operation is defined to transfer the fideponse.@rom previous stage directories to the
run directories of curreriExcelstage directory.

3. Fill Direction specifies how the history values are written to Eheel fields i.e. inVertical or
Horizontaldirections.

If the Global limit for Execution Resources set to 1, the optiod Do not copy Exdsel
available in the Excel stage setup dialog. If the option is checked on then the original Excel input fi
templateis modified for each sample analysis. This avoids copying of the (potentially large) input file tc
each run directory. All the possible combinationdrgfut definitionsare illustrated inFigure5-12. These

are also listed below.

1. The first input definition inFigure5-12 shows a parameted defined inSetupdialog of main GUI
(also populated undevalue option), has been assigned a o&8 in Sheetlof Excel document
data.xIsx

2. Similarly, if a user has assigned a name to the cell Usamge Managewithin Excel all the Sheet
specific cell mmes are populated as a list. In the second input definRemam2is a name defined
to a cell inSheetlwhich is assigned to parameiusingValueoption.

3. The third input definition writes the responStagel out_respbtained from previous stage the
cell Stage2_in_respaf the Exceldocumentata.xIsx.

4. The fourth input definition writes the histoStagel out_hisbbtained from previous stage to an
array ofExcelfields defined with nam&8tage2_in_hisn Sheet2f data.xIsxin Vertical direcion.

5. The last input definition shows a response obtained from previous stage (esdporse.?s the file
with response value) is being written to a cell with ngtege2_in_respdf Sheet2using User
definedoption. This option allows writing values akable in the output files of previous stages to
the Exceldocument.

5.3.10.User-defined program

A userdefined solveror preprocessor can be specified by selecting -deéned in LSOPTui. The
command can either execute a command, or a script. The substituted inpuds@eOpt.inp  will
automatically be appended to the command or script. Variable substinitidre performed inthe input
file (which will be renamedUserOpt.inp) . The specification of an input file is optional. In its simplest
form, theuserdefined prograntan be used in combination with the design point Kleoint to read the
design variablerom the rundirectory.

If the userdefined progrand o es not gener at e canmandl o rstenadrddoutpute thani
solver command must execute a script that has as its last statement the command

PN

echo 6N o r m a | 6

on successful execution of the program. The script could e.g. check for the existence of a file that
generated after progm termination, or search for a specific string in an output file that gives information
on the status of the program. If the program is not terminated successfully, the output of the script should
‘Error.
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5.3.11.Matlab

A Matlab stagecan bespecified by selecting MATLAB as the package name in the stage setup dialog of
LS-OPTui (Figure5-13).

Setup | Parameters Histories Responses File Operations

General

Package Name MATLAB w

Command matlab Browse
Do not add input file argument

Input File  input.m Browse

copies input.m to Stage 14t.run/|MatlabOpt.m
and substitutes parameters

| BExtrainput files

Output File MatlabOutput Browse

Figure 5-13: Matlab stage interface

The input file is a Matlab script consisting of the variable definitions usingnghg function in Matlab
(e.g.variablel = i nput (6description of 1t).HL8OPT parsesatielinpud ) ;
file and identifies the variable name. It then replacesitpat function with a value during the run.
Before replacement, the input file is copied to subdirectories under the stage difBletodgfault name for

the copied file igViatlabOpt.m It should be noted that this file must have the suffixThe Matlab input

file must write the histories and responses in the METAPost format describe311 In addition, it must
write the termination status, as shown below, usingcdatgh and diary.

Try
% Definition of variables x1 and x2
x1 = input('x1 -

X2 =input('x2:");

% Computation of response(s) and histories
S = x1+x2;
h=1[0s;1s+1;2 s+4;3 s+9];

% Write responses and histories to MatlabOutput file
fid = fopen('MatlabOutput','w");

fprintf(fid,'# \nY;

fprintf(fid, RESPONSES \nY;

% response 1

fprint  f(fid,"%d, %s, %of \ n',0,'s',s);
fprintf(fid,'END \ nY);

fprintf(fid,'# \ nY);

% history 1

t=1:size(h,1);

fprintf(fid, HISTORY 99: h \nY);

for i=1:size(h,1)
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fprintf(fid, %f, %f \ n',t(i),h(i));
end
fprintf(fid,'END \ n');fprintf(fid,'# \nY);

ChkClose=fclose(fid);

% Write Normal termination status
diary matstatus;
disp(Normal termination;
diary off

catch
% Write error termination status
diary matstatus;
disp(Error termination,
diary off;

end

exit

An output file also needs to be provided in the stage dialog that contains the response and histi
definitions. LSOPT automatically populates the histories and responses to be extracted based on
definitions in this file. The output file mustave the same format as METAPost or Udefined post
processofSee Section.3.13.

5.3.12.Third Party solvers

LS-OPT supports certain popular Finite Element Analysis solvers undéiseredefinedsolver type. For
these solver types all the syntax rules (e.g. recursive indledegarameter keywords, etc.) associated with
the input file are obeyed so that parameters can automatically be imported te@RT Lls®tup dialog.

LS-OPT recognizes the solver type by initially parsing the first line of the main input file. Thishiougd
be a comment line which contains the name of the package it represents.

Special response interfaces are not available, but response and history extraction are supported using
0 GenEx (Chapter)
o the userdefined posprocessor (Sectios.3.13
o commercially available pogtrocessors suppted by LSOPT (see e.g. Sectidn3.?)
o userdefined history or response interface (Sec@dt8).

5.3.13.User-defined postprocessor

The postprocessor allows extraction of data from any database it supports, so mekes a&cessible to
interface with any such supported solvers. This allows the postprocessadtoesellts from the solver
database and place them in a simple text file or files for individual extraction of results.

In the case of usatefined posprocessor, the full command needsw provided, becaudeS-OPT does
not internally construct the conand using the input, database and result filég output file needs to be

written in the same format as for the e€eETA pack
#
RESPONSES

0, Weight, 0.591949043101576
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1, StressL, 3.74281176328897

2, StressR, 1.99975762786926

END

#

HISTORY 99 : hisl

0,0
0.0795849328001081,0.23516125192977
0.159169865600216,0.274354793918065
0.238754798400324,0.31354833590636
0.318339731200433,0.352741877894655
0.397924664000541,0.39193541988295
#

END

#

RESPONSES

END

#

HISTORY 100 : his2

0,0
0.0795849328001081,0.627096671812721
0.159169865600216,0.666290213801015
0.238754798400324,0.705483755789311
0.318339731200433,0.744677297777606
0.397924664000541,0.783870839765901
#

END

Setting up an LOPT problem s s i mi A, &xcepttthmtUserBefined Postprocessors selected as
the package, and the session file and database path need not be provided as the related information i
available in the command.

|t I's al so possi bidefined posproaessor. dnEF case,atlee caanmand @avided in
fifullcommandscript O i s:
<meta post_executable> -b -s -foregr <path/sessionfile> "<database_path>"

"<path/result_file>"

Unl i ke in the case of eETA, intereally foyUSHOPTc Thenefomen d = |
metgog_executable, path/sessionfile, database,paithd path/result file need to be provided in
fullcommandscript . Because all the information is available in the command, it is not necessary to
provide the input and database fiteparatelyn this case.

The output file name must however be specified for the following reason. The output file is parsed for
history and response names to import and display in the relevant GUI pages. These can then be used t
complete the optimization problem setup: define contessobjectives and constraints, etc.
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5.4. Solver Execution

Resources

Resource

1

[[] Extra input files

Execution

Create new resource

[[] Use Queuing
[] Use LSTCVM proxy
] Environment Variables

Advanced execution options

e e mreemm e

LS-DYNA Advanced Options

Units per job Global limit Delete

E | J=

Figure 5-14: Stage dialog Setup panel: Execution options

Table5-4. Stage dialog Setup optiong&xecution options

Option Description Reference

Resources Settings for concurrent processing Section5.4.1

Use Queuing Interfacing with loadsharing facilities to enable running Section5.4.2
simulation jobs across a network.

Use LSTCVM Enabling LSTCVM, Secure Proxy Server, fortdisuting Section5.4.3

proxy solver jobs across a computer cluster.

Environment
Variables

Environment variables that will be set before executinga Section5.4.4
solver command.

Run jobs in
Directory of Stage

If multiple stages are defined, the command can be execu -
the directory of anothetage.

Recover Files

List of files to be recovered from remote machine, only Section5.4.5
available if a queuing system interface is used

Advanced execution Options related toetry of job submission$or Section5.4.6

options

Abnormal Termination
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5.4.1.Specifying Computing Resources for Concurrent Processing

Multiple resource limits can be defined for each stage. The resource attributes consist of Units per job as
well as the Global limit (seEigure5-15). This feature ision-dimensional and therefore allows the user to
specify limits on any type of computing resource such as number of processors, disk space, memory,
available licenses, etc.

Example

A user has 10,000 processors available and wants to execute an omimmaatiusing MPP simulations
requiring 128 CPUs per job. She therefore specifies the units per job as 128 and the global limit as 10,000.
For this same optimization run, the user has 5,000Gb disk space available while using 40 Gb of disk space
per job (whch is deleted after the completion of each job). A second resource therefore has to be specified
with attribute values 40 units per job and a global limit of 5,000. The resource setup is sHeguren

5-15. The job scheduler will launch jobs that will not exceed any of these two limits.

Resources

Resource Units per job Global limit Delete
DISK_SPACE |40 |[5000 | x
cPU 128 |[ 10000 | %

Create new resource

Figure 5-15: Definition of Resources for a Stage

Resources must be defined at thag® level, but can be viewed in the Resource tab of the Setup diatg (
Section8.4). The limits can be changed in either the Stage or Setup dialogs.

Stages cashare resources. For instance, as part of an MDO problem, the same resource can be defined fot
multiple stages.

When using multiple computer clusters, independent resources are typically defined for each cluster. Jobs
will then be run concurrently on alusters within the limits defined for each cluster.

A single resource with a default of 1 Units per job and a Global limit of 1 is assumed for each stage at the
beginning of the creation process. The default name is the solver type name. That alsothaipifes
multiple stages use the same solver type, there will by default be only one resource definition. Resources
can then be added or deleted as desired. To change a resource name, a new resource has to be added and
old resource deleted.

Remark

A resource definition related to e.g. the number of processors to be used for a simulation run does not
replace the specification of the number of processors as a command line option or in the command script.
The resource definitions are only used to calcutaenumber of jobs that are submitted concurrently.
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5.4.2.Interfaces to Queuing Systems

The LSOPT Queuing Interface interfaces with load sharing facilities (e.g> tiSEoadLeveled) to enable
running simulation jobs acrossatwork. LSOPT will automatically copy the simulation input files to each
remote node, extract the results on the remote directory and transfer the extracted results to the I
directory. The interface allows the progress of each simulation run to bgomed via LSOPTui. See
AppendixH.5 for information on how to setup the interface.

Table5-5: Queuing options

Option Description Reference
LSF LSF

PBSTORQUE PBS and TORQUE

PBSPRO PBS PRO

SLURM SLURM

AQS AQS

LoadLeveler LoadLeveler

NQE NQE?

NQS NQS

Black-Box Black box AppendixH.7
Honda dedicated queuer AppendixH.8
SGHUGE SGE/Univa Grid Engine

UserDefined User Defined AppendixH.7

5.4.3.Using the LSTCVM secure proxy server

Selecting this option enables the interface to use LSTCVM. LSTCVM is a Secure Proxy Server fc
distributing solver jobs across a computer cluster, e.g. for runnin@RBE on a Windows machine
controlling solver jobs ora Linux cluster.See AppendixH.11 for information on the installation of
LSTCVM.

5 Registered Trademark of Platform Computing Inc.

% Registered Trademark of International Business Machines Corporation
" Portable Batch System. Registered Trademark of Veridian Systems

8 Network Queuing Environment. Registered Trademark of Cray Inc.

9 Network Queuing System
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5.4.4 Environment Variables

Environment Variables

Name Value Delete

|.DYNA_EXF’LICIT | |.,fhomefbin}solversfmppdyna |
Add manually Set by browsing Edit browse list

Figure 5-16: Definition of Environment Variables

LS-OPT provides a way to define environment variables that will be set before executing a solver
command. The desired environment variable settings can be specifie®Giagledialog i the Environment
Variablescheckbox is selected.

Passing environment variables to stage commands can be a convenient way to control the behavior of &
command. For example, the command might be a script which queues a job on a remote machine; the
environmet variable settings might be used by the script to select various queuing options. Or, the
environment variable settings might be passed along through the queuing system to set options for the
remotely executed job, such as license server locations,filgppames, whether to run the MPP version of
LS-DYNA, whether to run a single or double precision solver, etc.

Select the buttoddd manually to define a single environment variable. After selecting this option, a new
line will appear in the EnvironmeMariables list where you can enter the variable name and an arbitrary
value. We do not allow the names of variables to contain anything other than aiplmvercase letters,
numbers, and underscore ( _ ) characters. This guarantees that all envircamadahe definitions can be
used on all platforms. Variable values acg so limited.

The Set by Browsing option is used to set variables in bulk. This is done by running asupegtied
program or importing a useaupplied file (seeAppendix H:Installing LSOPT for further information).
Activate theSet by browsingbutton inorder to select from the available executables or files. A selection
list containing all available files and programs will show up.

Selecting a file or executable will directly import all the specified variables into the Environment Variables
list in bulk. In addition to thes8rowse Listvariables, a special browse variable is created that should not be
edited. This variable records the program name used to create the Browse List.

NOTE: Strings in the Environment Variables list appearing abovbrtheseline are all part of the Browse
List. Strings that appear belotwowse are never part of the Browse List. Usksfined environment
variables will always follow after the browse variable definition.

Selecting theedit Browse list button does nothing unlessBaowse List has been previously created. If a
valid Browse List is present in the Environment Variables list, then selecting this option will run the original
program that created the Browse List, together with all of the current Browse List optiond passe
command line arguments, one per existing environment variable.

Executing the 'Edit Browse List' will cause the original file to be reread, which is convenient for testing
purposes.
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Note: The browse command can ABORT the replacement operation lipgparblank line to the standard
output and immediately terminating. Otherwise the current Browse List may be deleted. If the brow:s
command abnormally terminates, then an error box will appear with a title bar indicating that the commal
failed.

How the browse list is used by LSOPT

The Browse List (indeed, the completénvironment Variables List) is used to set environment variables
before running the solver command specified byQfST. However, if the first variable returned by the
browse command iexe then a prgrocessing command is run before running the actual solver command.
The preprocessing command is the value of teevariable.The preprocessing command has a command
line

$exe varl=%varl, var2=%$var2, ... varN=%varN

That is, the command executed is the value oettesrariable; additional command line arguments consist
of all Browse Liststrings with a comma delimiter appended to each intermediate one. (The final argumel
is not followed by a comma.)

Note: Such a pregrocessing command is always run from within the curtsSHOPT Job Directory.
Therefore, any file that the pmoassing command references must be specified by adquélified path
or must be interpreted relative to the curreB8tOPT Job Directory. So, theLS-OPT StageDirectory
will be ".." and theLS-OPT Project Directory will be "../.." .

5.4.5.Recovering Output Files

Recover Fles

Filename/Filetype Delete
d3plot =
binout* |

Add file manually Select file type

Figure 5-17: Database recovery options

This option is only available if a queuing system interface is used, Séctidh When distributing the
simulation runsthe information needed by ESPT isautomatically extracted and transferred to the local
node in the form of filesesponse. n and/orhistory. n.

If the user wants toecover additional dat the local machine tdo local posprocessing (e.g. using ES
PREPOST)theRecover File®ptions ca be used.

For LSDYNA, the Select file typeption can be used to recow#Bplot, d3hsppinou, d3eigvor eigout
files. Each name is a prefix, sothatedg3 pl ot 0 1, d 3 p Iwil bedrétgveradl when specifying

d3plot
Any database can be recovered bingthe Add file manuallyoption.Each name is a wildcard.
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The requested database dilgill appear in the locatun directory. The details of theecovery procedure is
logged andavailable in thgob_log file in the run directory on the locatachine. Jb logs can be viewed
by doubleclicking on the Stage LED during or after runniSge Sectioi5.3

5.4.6.Advanced Execution Options

It may beprudent to retry job submissions for certain types of abnormal termination. For this purpose, the
user can specify an A b n o r m a | signal for terminations which are neither normal nor error termination. A
job that has terminated in this way can themdiged by the LSOPT job scheduleiThe related options are
described inrable5-6. More information on abnormal termination is availabl&ppendixH.9.

Table5-6: Advanced execution options

Option Description Reference

Abnormal retry timeout Submissiorscript timeout (seconds) AppendixH.9.1
Abnormal retry count Number of retries if submission fails AppendixH.9.1
Queuer timeout Time LSOPTwill wait for the wrapper to AppendixH.9.2

connect, otherwise it sets an abnormal
termination status

5.5. File Operations

Setup Parameters = Histories = Responses | File Operations

Onperation Source File Destination File (wildcard ok) Sequence on Error De...
|Copy hd |:|'igid2 | |:|'igid :||befo|'e hd |wa|'n noA(E
|Mcve hd |:ca|5.k | [car.k :||a1’cer w |fai| nA| B
|De|ete hd |:junk :||a1’cer hd |ignore WX
Add ..

Jox

Figure 5-18: File Operations within a Stage run directory

LS-OPT allows file operations between Stages or within a Stage.

The requested Stage file operations are executed for all the run directories related to the Stage, e.g
CRASH/1.1, CRASH/1.2, etc. Within a Stage run directory, several file operations caaxbéeuted on

files previously copied to the run directories or generated by the stage command before or after executing
the stage comman8&eeFigure5-18 andTable3-4.

File operations between stages are discussed in S8ck@n
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Table5-7: File Operations

Option Selections Description
Operation Copy Available operations
Move
Delete
Source File Name of source file
Destination File Name of destination filewildcards are supported
Sequence before Execute operation before or after executing the stag
after command
On Error falil What to do if operation fails
warn
ignore
56. The ON o r m a | 6 termination sta

LS-OPT can only detect the solver termination status by reading the information that the solver prints to t
screen (also called standard outputstifout ). The LSDYNA solver type as well as late versions of
ANSA automati cal I Noranutaludt swhti HFOBN datbSts @asaenormal termination.
| fNodmal 0 1 s adoBTeassumes dnSrror termination status and will not attempt to extract
any results from the database. For all other solvers, the user has the responsibility to wratighi st
standard output. This can be accomplished by inserting the solver command into a script or program
whichNdheadld string is written at the enHl9.usi nc

5.7. Managing disk space during run time

As multiple result output sets are generated during a paralletheruser must be careful not to generate
unnecessary output. The following rules should besiclemed:

o To save space, only those output files that are absolutely necessary should be requested.

0 A significant amount of disk space can be saved by judiciously specifying thentenel between
outputs (DT) e.g., in many cases, only thepatiat the final event time may be required. In this case
the value of DT can be set slightly smaller than the terminéitiosn

0 The result extraction is done immediately after completion of each simulatioDatabase files can
bedel¢e ed i mmedi ately af Detetd efxitlrea ca g eorna tuisoi seega ftt
Section5.5).

o Database files camsobe deleted bysing theclean file (seeSection5.7.7).
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o If the simulation runs are executed on remote nodes, the responses of each simulativacted e
on the remote node and transferred to the local run directory.

5.7.1.Using the clean file to delete solver output files

During a sequential approximation procedure, superfluous data can be erased after edde keeping
all the necessary data and status f{e=e AppendiX.3.4). For this purpose the user can provide a file
namedclean (clean.bat on Windows) containing the required erase statements such as

rm -rfd3*
rm - rf elout
rm - rf nodout
rm - rf rcforc

on Linux or

del d3*

del elout
del nodout
del rcforc

on Windows, respectively.

Theclean file will be executed immediately after each simulation and will clean all the run directories
except the baseline (first or 1.1) and the optimum (last) @age should be taken not to delete the lowest
level directories or the log filestarted , finished , response . n or history .n (which must
remain in the lowest level directories). These directories and log files indicate different levels of completion
status which are essential for effective restartibgch filer esponse. response_numbetcontains the
extracted value for the responsesponse_numbeiThe essential data is thus preserved even if all solver
data files are deleted. Thesponse_numbestarts from O.

Complete histories are similarly kepthistory . history_number

The minimal list to ensure proper restartiag

XPoint
started
finished
response .0
response .1

history .0
history .1

Remarks
1. Theclean file must be created in the work directory.
2. Iftheclean file is absent, all data will be kept for all the iterations.

3. For remote simulations, tridean file will be executed on the remote machine.
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5.8. Alternative setups for running pre-processors

The easiest way of running a geeocessor is to defineseparate stage for the geocessor and solver and
to make the solver stage dependent on theopmreessor stage. Because the output file of thgppreessor
has to be used as input by the solver, the setup is important. There are at least threseti@yg op a pre
processor run:

1. Specify the output file of the pqgrocessor as an include file of the solver.

2. Copy the output file to the base file of the solver. E.glsiffpout  is the output file name of the
pre-processor, copylsppout  to DynaOpt.inp  which is the standard base file name for the
LS-DYNA solver type. An interor intrastage file operation is used for this purpose.

3. Rename the base file name of the solver to the output file name of theopessor (see Section
5.2.1). E.g. if the output file name of the ppeocessor islsppout  rename the basefile of the
solver (in this case the EBYNA type) from DynaOpt.inp  to Isppout . LS-DYNA will then
use i=lsppout as part of the solver command.

It should be noted that both the grecessor and the solver can be run in the same directory by selecting
the 6Run Job in Directory of Stagedé optdrannnthen |
directory of the prgorocessoor the solver.

If they are both run in thpre-processordirectory, a copy file operation (Sectidrb) should be spedéd in
the OFil e Oper at iatenttepre-pgromdssostage.c opy t he fil e

If they are both runinthsolverdi r ect ory, a copy file operation
tab to copy the fildeforethesolver stage (Sectiob.5).

If they are run in different directories (i.e. their own home directories), anstage copy operation should
be specified (Sectiod.2.9.
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This chapter describes the specification of the histoyti-point historyor response results to be extracted
from the stage database. A history is a vermpresentingurve data, whereas a response is a scalar value.
A multi-point history additionally considers the spatial dimension and hence consists of multiple histories.
Responses can be used to define objectives or consti@maptérl?). Historiesand multipoint histories

are intermediate entities that can tsed to calculate responses or composimpterl0). Interfaces for

result extraction from L®YNA output files are available, as well as mathematical expresditmnsnport,

an interface for extractg values from ASCII databasgan Excel interfacegnd a userdefined interface
where any program may be used for result extraction.ré@$gonsealialogs are accessible from tB¢age

dialog Histories, Multihistories andResponsesab, respectively.

6.1. Defining histories, multihistories and responses

A history, multihistoryor a responsean be defined by using the interfaces inHigtories, Multihistories
and Responsestab of the Stage dialog, respectivelyFigure 6-1. To add a new definition, select the
respective intdace from the list on the right.hE availablanterfaces are explained irable6-1. To edit an
already definedmulti)history or response, doubtdick on the respective entry from the list dretleft
Histories and responses may be deleted usinddieteicon on theright of the respective definition.

There ardive types of interfaces

o Standard LDYNA or LS OPT result interfacesTheseinterfaces provide access to the HSYNA
binary databases (d3plot binout, d3hsp or d3eigvand the LSOPT database, respectiveljhe
interfaces arean integral part of LOPT.

Userspecified interface programs. These can reside anywhere. The user specifies the full path.
Mathematical expressions.

GenEx. This interface allows the user to extract selected field values from a t=xt file.

o O O O

Excel.

The extractiorof responsesonsists of a definitiofior each responsand a single extraction command or
mathematical expression. A response is often the result of a mathematical operation of a response history
but can be extracted directly using the standaredDlYBIA interface (see Sectio6.1.]) or a useidefined
interface.

Each extracted rpsnseor (multi)historyis identified by a namérable6-2, and thesettings to be specified
using the respective interface.
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Ll Stage CRASH (=
Setup = Parameters || Histories || Multihistories | Responses | File Operations
History definitions Add new
N1_Vel Generic —
NODOUT: x_velocity of node with ID 2061916 USERDEFINED
N2_Vel GEMEX
NODOUT: x_velocity of node with 1D 2061917
EXCEL
N1_Disph EXPRESSION
NODOUT: x_displacement of node with ID 2061916
FUNCTION
N2_Disph INIURY
NODOUT: x_displacement of node with ID 2061917
Derived
N1l_Accel =
NODOUT: x_acceleration of node with ID 2061916 Crossplot
MN2_Accel LS-DYNA
NODOUT: x_acceleration of node with ID 2061917 ABSTAT
Avg_Vel ABSTAT_CPM
EXPRESSION: (N1_Wel+N2_vel)/2 BNDOUT
Avg_Disp D3PLOT
EXPRESSION: (N1_Disph+N2_Disph)/2 DBBEMAC
Avg_Accel DEBFSI
EXPRESSION: (N1_Accel+N2_aAccel)/2 DEFORC —
ELOUT
GCEQUT
GLSTAT
NTFORC
MATSUM
NCFORC
NODOUT [~
File Histories |
[ o
Figure 6-1: Histories definition in the GUI
Table6-1: Interfaces for Response and History extraction
Option Description Reference
Generic USERDEFINED Result extraction using any scriptor  Section6.13
program
FILE Result extraction from a text file Section6.14

(Response only)

GENEX

Tool for extracting results from text file. Chapter7
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EXCEL Result extraction from an Excel Section6.16
document

EXPRESSION Definition of mathematical expressions Section6.4.1
using previously defined entities

FUNCTION Expressions using previously defined Section6.4.3
histories

INJURY Injury criteria Section6.5

Curve Matching Metrics for comparison ofwo multi- Section0

point curves (Response only)

MATRIX_EXPRESSION (Response only) Section0
Derived Crossplot Crossplot (History only) Section6.4.1
LS-DYNA ABSTAT Binout interface Section6.2.1
ABSTAT_CPM Binoutinterface Section6.2.1
BNDOUT Binout interface Section6.2.1
D3PLOT D3plot interface Section6.2.3
DBBEMAC Binout interface Section6.2.1
DBFSI Binout interface Section6.2.1
DEFORC Binout interface Section6.2.1
ELOUT Binout interface Section6.2.1
FLD Metal Forming results (Response only) Section6.3.2
FREQUENCY D3eigv interface (Response only) Section6.2.5
GCEOUT Binout interface Section6.2.1
GLSTAT Binout interface Section6.2.1
JNTFORC Binout interface Section6.2.1
MASS D3hsp interface (Response only) Section6.2.4
MATSUM Binout interface Section6.2.1
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NCFORC Binout interface Section6.2.1
NODOUT Binout interface Section6.2.1,
NODFOR Binout interface Section6.2.1
PSTRESS Metal Forming results (Response only) Section6.3.3
RBDOUT Binoutinterface Section6.2.1
RCFORC Binout interface Section6.2.1
RWFORC Binout interface Section6.2.1
SBTOUT Binout interface Section6.2.1
SECFORC Binout interface Section6.2.1
SPCFORC Binout interface Section6.2.1
SPHOUT Binout interface Section6.2.1
SWFORC Binout interface Section6.2.1
THICK Metal Forming results (Response only) Section6.3.1
LS-OPT LSOPT Optimized inner level variables, Section
responses, composites, objective 6.15.2
functions, constraints, histories and Section
reliability statistics 6.15.1
LSOPT_STATISTICS Statistical values produced by a Monte Section
Carlo analysis (Response only) 6.15.3
File Histories Global file histories Section6.18
File Multihistories Global file multihistories Section6.19
Copy Copy the selected History/Response
Paste Paste a previously copied

History/Response, also possible betwe
stages. The next free number is
automatically appended to the name.
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Table6-2: General(Multi) History and Response options for all interfaces

Option Description
Name History/Response name
Subcase Integer CASE ID associated with the *CASE parameter kDYSIA. This

option is mandatory for disciplines that use the *CASE parameter-in LS
DYNA input files but is not required for other cases. For all other cases,
first/last commands should be used.

Multiplier (Response only) If scalingnd/or offsettingf the response is required, the
Offset final response is computed as (the extracted response x Multiplier ) + O

Not metamodel linked (Response only$omeimes itis beneficial to create intermediate response
without associated metamodeddthough the task is metamodielsedThis
promotes efficiencyResponses that are not metamodel linked cannot be
included directly in compositeascompositerely on metamodebased
calculations

Dump formula file (Response onlypump metamodel formula to file
formula_dumpresponsename.iteratian the working directory.

DEFINE_CURVE (History only) *DEFINE_CURVE definition of historySection6.1.2

6.1.1.Result extraction

Eachindividual simulation run is immediately followed by a result extraction to creatdigiery .n,
multihistory .nandresponse .n files for that particular design point. For distributed simulation runs,

this extraction process is executed on the remote machinehi$togy .n, multihistory .n and
response .n files are subsequently transferred to the local run directory. If the extraction on the remote
machine is not successfand the solver database is locally availalilés repeatecon the local machine.

Hence programs and scripts needed for result extraction do not have to be accessible from the remote
machine.  These results are  stored in  theAnalysisResults Nn.Isox and
AnalysisResults n.Ilsox database

6.1.2.Creating a history file with an LS-DYNA *DEFINE_CURVE keyword

The DEFINE_CURVE selection allows the creation of anD¥NA include file (e.g. his.k) with the
*DEFINE_CURVE keyword and history data. The LCID, which represents the load curve ID required by
LS-DYNA, should be entered in the appropriate text box. Seé¢-ggre6-15.
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Mame Subcase
|F_vs_d | |
Filename LCID
DEFIME _CURNE
¥ - | his. k || Browse | |100002
A crossplot will create the history F(z). given F(t) and zit).
General expressions are allowed.
z(t)
|-Disp1 v
Fit)
|Fnrce‘| b
Mumber of points (blank for default)
From time To time

Figure 6-2: DEFINE_CURVE creates filehis.k  containing the*DEFINE_CURVEkeyword withLCID
100002 togeher with the generated history data.

6.2. Extracting history and response quantitiesLS-DYNA

LS-OPT provides interfaces for history and response result extraction from binout, d3plot, d3hsp ar
d3eigv. Multihistories are extracted from the d3plot datab&ke.user must ensure that the-DSNA
program will provide the wtput files required by L®PT, however, an option to check for missing
*DATABASE cards is enabled by default, section5.3.1

The optionsfor the extractionof LS-DYNA responses and hisies are identical, except for th&elect
option.

Aside of the standard interfacés extractng any a data item from the.S-DYNA database, specialized
responsedor metatforming are also availableThe computation and extractiaf these responses are
discussed in Sectioh 3.

6.2.1.LS-DYNA binout results

All LS-DYNA history and esponse result extraction options except f@BPLOT, MASS and
FREQUENCY interface with the LSDYNA binout output. The BINARY flag in the respective
*DATABASE_OPTION card and the desired entity ID in the *DATABASE_HISTORY_OPTION card has
to be set correctly in the EBYNA input file. Note that the LDYNA executable is intergted as a single
process (SMP) by L®PT, hence the default binary flag value 0 is not supported, Séciidn
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Results can be extracted for the whole modelforite element entity such as a node or eleméepending
on the selected interfac&or shell and beam elements the thretilgbkness position can be specified as
well.

The response options are an extension of the history opti@nkistory will be extacted as part of the
response extractn. The Selectoption has to be specified to extract a scalar value from the curve. The
optional attributegrom timeandTo timecan be specified to slice the curve before extracting the requested
scalar value. The @®ults are 0 and the end value of the history.

Filtering and averaging options are available for histories and responses.
These operations will be appliedthme following order: averaging dittering, and slicing.

The available results types and compdseare listedn Appendix A: LS-DYNA Binout Commandsand
Appendix B: LS-DYNA Binout Components

The NODOUT componenBeformationandDistanceare described in detail in Sectiér?.2

- New response &)
Name Subcase Multipiler Offset
|>:_disp| | | |_1 | |_C' |

[] Mot metamodel-linked

Component Direction

() Coordinate @ X Component
@ Displacement ) Y Component
) Velocity () Z Component
0 Acceleration () Resultant

) Rotational Displacement
() Rotational Velocity

) Rotational Acceleration
() Deformation

() Distance

IdentifierType 1D
ID | [300105 |

Select From time To time

<»

Maximum Value

Filtering

None |¢

Cancel oK

Figure 6-3: Response extraction: L®YNA NODOUT interface
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6.2.2.Kinematics
Additional kinematics such afistance anddeformationsan be computkdirectly using NODOUT results
by defining two nodes on the finite element mesh. Kinematics consist of two main quantities:

o0 The distance vectarcomputed using the differences between the coordinates of the two nodes.

o The deformation derived using theéference between the distance vector computed atttand the
original distance vectot € 0).

These quantities can be computed in

o the global coordinate system,

o alocal coordinate system or

o local coordinates referred to thbal reference frame € 0).
The local axes are computed using the convention defined in Sécfiaio define the rotation matrif
whereA is a function of time. The quantities are therefore defined as foliows.

Table 6-3: Definitions of the kinematics of a displaced rigid body

Frame Distance Deformation
Global ", O A AT
Local B 540 0 Mo —qan
Local in reference B _— g=04a0 % BoxaT

The orthogonal matripA(t) is defined by a local coordinate systexnd yid Rigdire 6-4) which in turn is
defined by three nodes on the finite element mesh as it displaces over time.2NoE3 represent the
local x-axis direction,Figure 6-4, while rode 1 represents the third node. This is the same convention as
defined in Sectio%.4.5

Theseond and third kinematic categories are botlt
absent for pure rigid body systeniisthe triangles 12-3 a R2dBjNj N r e ceotiney nepresemtta rigid
body, the quantity defined dsocal inreference framés invariant with respect to the node numbering. E.g.
the triplets (1, 2, 3), (2, 3, 1) or (1, 3, 2) should yield the same value.

To monitor congruence, £ongruenceatio for each history or response is displayed injtielog (run
direcory) or Isopt_output files. The ratio for a node is defined as the ratio of the side length opposite tt
nodei at timetsna divided by the same quantity apgdi to the undeformed structure, see equation below
Three values are therefore printed. Thaldatio is unity, signifying a perfectly rigid body.

— |Xi—1(t)' Xi-z(t)| i =

= =123
I |Xi-1(0)'xi-2(0)| -

Kinematic quantities are available as both histories and responses.
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Figure 6-4: Local and global coordinate systems

6.2.3.LS-DYNA d3plot results

The D3PLOTinterface is related téhe Binout interface. The D3PLOfesultsdiffer from the Binout
commands in that a response or history can be collected over a whole part. For example, the maximum
stresscan be evaluateith a part or over the whole mod&esults caralsobe extracted for a finite element

entity such as a noder element. For shell and beam elements the thrthigkness position can be
specified(currently not available in the GUIElement results such as stressesaveraged in order to
createnodalresults.

If the location of extraction is specified lyyz coordinats, the quantity will be extracted from the element
nearest tax,y,zat the time of reference stat®nly elements included in tHe(SET_SOLID GENERAL
element set are considered (only BARTandELEMENToptions).

The response options are eartension of the history optiorisa history will be extracted as part of the
response extractiofror responses, ttigelecin timeoption has to be specified to extract a scalar value from
the curve. The optional attributEsom timeandTo timecan be pecified to slice the curve before extracting
the requested scalar value. The defaults are 0 and the end value of the history (not available for d3plot).

If the selection must be done over parts as wed,maximum, minimum or average daa selected fothe
part(Select in regio) followed by the selection of the maximum, minimum, or averagetower

The available results types and components are listégppendix C: LS-DYNA D3Plot Commandsand
Appendix D: LS-DYNA D3Plot Components

The LSPREPOST fringe plot capability can be used for the graphical explorattitr@bleshooting of
the data.
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- New response 3
Name Subcase Multipiler Offset
|_max_xx_stress | | | L | |0 |

[] Not metamodel-linked

Location
@ Part O 1D
() Coordinate

Parts to be included gog its Type Component
@ All Parts

2 Ndv @ xx_stress () von_mises
&) Lt @ e @ Stress ) yy_stress (O 1st_prin_dev_stress
() Result () zz_stress (0 2nd_prin_dev_stress
() Strain () xy_stress (0 3rd_prin_dev_stress
) Misc () yz_stress () max_shear_stress
) FLD () zx_stress () 1st_principal_stress
) Beam () plastic_strain () 2nd_principal_stress
() pressure () 3rd_principal_stress
Select From time To time
Maximum Value |C | | | |

Cancel oK

Figure 6-5: Response extraction from d3plot

D3Plot FLD results

If FLD results are requested then the FLD curve can be specified usthgt(andn coefficients orif) a
curve in the LEDYNA input deck. The interpretation of thteand n coefficients is the same as in 1S
PREPOSTNOote that thefHICK, FLD andPSTRES$terface options aran alternativeSection6.3.

D3Plot Multihistories

Multihistories offer the possibility to extract histories at multiple points on the model, hence the spati
dimension is considered as well. The available options are describatlat-4.

Multihistories can be extracted for shells and solids. IfLibeationoption is selected aSoordinate File
the coordinates of the extraction points must be specified iDYISA format in a file using th¢e NODE
keyword. The user shalilensure that the IDs used are different from the IDs used in HYDNS\ model
and the data is terminated HyND.

Multihistories can also be interfaced with digital imaging systems. If the multihistory is defined for
comparison to test results generabsdthe optical measurement system ARAM|She ARAMIS point
locations can be used hef&o(rceoptionARAMIS. The respective ARAMIS File Multihistory, see Section
6.19 has to be selected from the ARAMIS multihistory menu-QFST will automatically extract the
coordinates of the points from the ARAMIS output defined by the File Multihistory.

1 GOM GmbH, Braunschweig
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Table 6-4. D3Plot Multihistory options

Option Description

Source ARAMIS Multihistory or Coordinate File. The file should be in the
LS-DYNA *NODE keyword format to define extraction locations.

ARAMIS Multihistory Name of File Multihistory which defines coordinates. Coordinate:
(Source optioRAMISonly) are extracted from ARAMIS output files.

File name File in LS DYNA format that contains the extraction point

(Source optiorCoordinate coordinates using the *NODE keyword format.

File only)
FE Interpolation Nearest node: averaged element results
(Element results only) Nearest element: exact coordinate,

value interpolated using a bilinear interpolation

Cluster source points to node Reduces the number of points to be similar to the number of nod
the region of theourcepoint set The cluster represents those poin
that are closest to the FE nodeshe region of thesourcepoint set

Distance Tolerance Tolerance in distance us used to filtering source points. A point i
discarded if the tolerance is exceeded.

Align points and simulation  Transformation to align point set and simulation data
geometry

New alignment Definition of transformation to align point set wgimulation
geometry
Open in LSPP An LS-PrePost display is created showing the alignment selectec

the point set and FE mesh.

For element results such as stresses, the user can select whether to use the result of the nearest node or
nearest elementWhen selecting the element option, the quantity is extracted at the exact coordinate with the
value interpolated within the element using a bilinear interpolation. In order to create theasuiisl

element resultsvill be averaged.

The extraction pints can be filteredn two ways. The first is to select a cluster of points which are the
nearest neighbors to the point set. The secobg specifying a tolerance on the distathetween a point

and a nodelf no node is found within the distance t@ace, the point is discarded for extraction. The
tolerance can be applied together with the cluster in which case the number of cluster points may be further
reduced. Applying the cluster and/or tolerance improves the spatial matching of the pointFetraesh,

which in turn improves the accuracy and efficiency.
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Since the position of test and simulation geometry might be different, a transformation can be defined
align test and simulation data in three dimensions. SeledtaheAlignment button to oen theAlignment

dialog, Figure6-6.

At least three points nee
transformation. The test poi
be used. For the simulation

d to be specified for test and simulation, respectively, to calculate tt
ntan be defined by coordinates, or for ARAMIS the ARAMIS point IDs can
, also coordinates can be used or nodal IDs. Additionally, if the dimensions

test and simulation geometry are not the same, a scaling factor can bedpedafiale the test geometry to
the simulation geometry. The alignment is done using a least squares distance.

-

‘Alignment

&

Defined transformations

Transformation Name

Add new

|trans_tensi|e

Test

Coordinates

Test x coord

Test y coord

Test z coord

Simulation

Z || Node ID

Node ID

|-8.47391

|[.78577

||2.02715

|[a95

[17.57689

|[6.08299

|[2.38169

|[1435

|-8.19484

|[-6.23842

|[2.0367

[|1925

|16.96481

|[-3.20172

||2.38046

j||2??1

<«

Add

Scale factor 1.0 (default) |

Figure 6-6: Alignment dialog

Table6-5: Alignment options

Option

Description

Transformation Name

Name of transformation

Test Format of alignment point specification for test data. The alignment p
can be specified by coordinates, or by ARAMIS point ID.
Simulation Format of alignment point specification for simulation model. The

alignment points can be specified by coordinates or by node ID.

Scale factor

Use scale factor if dimensions of test and simulation geometry are
different. The test coordinatesagcaled.

Open in LSPPlaunches LSPrePost with the L®YNA input file and the coordinate file that is specified
for the multihistory locationdsigure6-7. The aligiment of test and simulation geometry is considered.
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Figure 6-7: D3PLOT Multihistory: Test points superimposed on {3YNA model
6.2.4.Massi Interfacing with d3hsp

The MASSresponse interfaces with the {L5YNA output file d3hsp . Themass and related entitidsigure
6-8 andTable6-6, can be extracted for the whole model or a list of parts.

=] New response =
Name Subcase Multipiler Offset
[mass| ] l 1 l [CI l

[ Not metamodel-linked

Parts to be included Attribute
) All Parts Mass ~

@ List of parts:

=x1001, =1002,

x1003, =1004,
x1005, @

| Cancel || DK |

Figure 6-8: Interface for extraction of Mass and related entities frob$-DYNA output d3hsp
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Values are summed if more than gueet is specified (so only the mass value will be correct). However for
the full model (part specification omitted) the correct values are given for all thetigsan

Table 6-6: Massitem description

ltem Description

Parts to be included Entity is extracted fortte entire model or for the pdBs specified in the list.

Attribute Type of mass quantity:
Mass Mass
Principal Inertias Componentll, 122, 133
Inertia Tensor ComponentXX, IXY, IXZ, IYX, IYY,

IYZ, 1ZX, IZY, 122

Mass Center ComponeniX-Coordinate Y-Coordinate oZ-
Coordinate of mass center

6.2.5.Frequencyi Interfacing with d3eigv

The FREQUENCMesponse interfaces thithe LSDYNA output file d3eigv Figure6-9. SeeTable6-7 for a
description of the available extraction options.

- New response [
Narme Subcase Multipiler Offset
frequency ] [ |1 | |D |

[ Not metamodel-linked

Baseline Mode Number

2

Modal Output Option
@ Frequency of Mode
) New Mode Number
O Modal Assurance Criterion

Mode Tracking Status
@ On
) Off

Cancel | QK

Figure 6-9: Interface for extraction of frequenciefrom LS-DYNA output d3eigv
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Table6-7: Frequency item description

ltem Description

Baseline Mode Numbe The number (sequence) of the baseline modal shape to be trihdesthot
exceed 999The user must identify which baseline mode is of interest by
viewing the baselind3eigv file in LS-PrePost.

Modal Output Option  Type of malal quantity

Frequency of Mode Frequency of current mode corresponding
modalshape to baseline mode specified.

New Mode Number Number of current mode corresponding in
modal shape to baseline mode specified.

Modal Assurance Criterion Modal assurance criterion:

i Ag i AG066

Mode Tracking Status Enable or sable mode trackingee Theory section below

Mode Tracking - Theory

Mode tracking is required during optimizatioising modal analyses as mode switching (a change in the
sequence of modes) can occur as the optimizer modifies the design vardabteder to extract the
frequency of a specified mode, {GPT calculates the modal assurance criterMAQ). The scalaMAC

value provides the degree of consistency between baseline modal shape and each mode shape of the curre
design. The maximurvAC value indicates the mode most similar in shape to the original mode selected.
LS-OPT reads the eigenvecsoirom the d3eigv files, for calculating thMAC values. TheMAC value for

the reference modal vect/ , and the jth modal vector of the current desi/ ; is calculated as:

6 )0 £}
T e T e ©

where H is the Hermitian operator. The MAC value corresponding to the most simidale can be
extracted using the respective Modal Output Opfsaa Table6-7).

In certain cases, the user may be interested in the frequency corresponding to a specific mode number. T¢
enable this option, the ability tortumode tracking off is providdy default this feature is on, but turning it

off enables one to extract the responses corresponding to a specific mode number, irrespective of the mod
shape.
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6.3. Extracting metal forming responsequantities: LS-DYNA

Responses directly related to shewttal formingcan be extracted, namely the final sheet thickness (or
thickness reductign Forming Limit criterion and principal stress. All the quantities can be specified on a
part basis as defined in the input ddok LS-DYNA. Mesh adaptivitycan beincorporated into the
simulationrun.

The user must ensure that td8plot  files are produced by the EBYNA simulation Note that the
D3PLOT interface options aran alternative.

6.3.1.Thickness and thickness reduction

Either thickness or thickness reductman be specified using tA¢1ICK interface,Figure6-10.

= Edit response )
Name Subcase Multipiler Offset
|_Thickness_thi_max | | |l | |0 |

[] Not metamodel-linked

Parts to be included Reported Walue Type Extracted response

O All Parts Final shell thickness 2| | Maximum &
@ List of parts:

=3, Q

Cancel oK

Figure 6-10: Thickness or Thickness reduction interface

Table 6-8: THICK optionsdescription

Item Description

Parts to be includec Entity is extracted for the entire model or for the parts IDs specified in the

Reported Value Final shell thickness
Type Percentage thickness reduction

Extracted response Minimum, maximum or average computed over all the elements of the sel
parts

6.3.2.FLD constraint

The FLDconstraint is shown iRigure6-11. Two cases are distingied for the FLxonstraint:
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o The values of some strapoints are located above the FldDrve. In this cas the constraint is
computed as

g=d

max

with dmaxthe maximum smallest distance of any stomt above the FLRurve to the FLD curve.
o All the values of the straipoints are located below the FLidrve. In this cas the constraint is
computed as

g=-d

with dmin the minimum smallest distance of any stneatue to the FLOcurve Eigure6-11).
It follows thatfor a feasible design the constraint should be set sgiklat O.

vy

1€

Constraint Active

g= Omax

2€

a) FLD Constraintactive

1€

Constraint Inactive

9= 1 0min

2¢

b) FLD Constraininactive

Figure 6-11: FLD curvei constraint definition
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General FLD constraint

A more generaFLD criterion is available if the forming limit is represented by a general curve. Any of the
upper, lower or middle shell surfaces can be considered.

= Edit response (&)
Name Subcase Multiplier Offset
[FLo J | E | lo J

[] Not metamodel-linked [] Dump formula file

FLD constraint

general | &
Parts to be included Sampling location
O All Parts Lower surface

@ List of parts:
Load curve ID

x1, @
[90

Cancel oK

Figure 6-12 Definition of General FLD constraint

Remarks

1. A piecewise linearcurve is defined by specifying a list of interconnected poiftte. abscissaes,)
of consecutive points must increase (or an error terminatiinoccur). Duplicated points are
therefore not allowed.

2. The curve is extrapolated infinitely in both the negative and positive directiors ofThe first and
last segments are used for this purpose.

3. The computation of the coimaint value is the same as showrrigure6-11.

FLD Fraction constraint

This option calculates the fraction of elements that violate the FLD constraint(s). Thus, it is useful in cas
where a certain fraction of failure is tolerated. It also allows the definition of multiple z=aes defined

by either one curve or two curves. The curves define the upper and lower bounds of the allowable princi
strain states. The zones can overlap with each other, and the fraction calculated represents failure base
any of the defined crité.
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[0 L R

Name
FLDfrac

FLD constraint
fraction w

Parts to be included Sampling location

All Parts Center surface w
o List of parts: Load curve IDs
x1, x2, X3, @ Lower Upper

90

Add...

Edlit response

Subcase

Delete

Multiplier
1 0

Mot metamodel-linksd Dump formula file
@ Cancel o OK

Offset

Figure 6-13: Definition of FLD fraction constraint

The following must be defined for the model and Fiibve:

Table6-9: LS-DYNA General FLD constraint optionslescription

Option

Description

FLD constraint

General or fraction

Parts to be included

Entity is extracted for the entire model or for the parts IDs specified in the

Sampling location

Lower, middle oruppersurface of the sheet

Load curve ID(s)

Remarks

Manual for an explanation of this keyword.

Identification number of a load curve in the-D& NA input file. The
*DEFINE_CURVE keyword must be used. Referto theDSY NA Us e

1. The interface program produces an outputFildd curve which contains the& and e values in
the first and second columns respectively. Since the program first looks for this file, it can be
specified in lieu of the keyword specificatiorhe user should take care to remove an old version of

theFLD_curve

file is used for L&DYNA input data,FLD_curve mustbe created by the user.

2. The scale faor and offset values feature of tHeEFINE_CURVE keyword are not utilizeo.

if the curve specification is eimged in the keyword input fil#f.a structured input
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6.3.3.Principal stress

Any of the principal stresses or the mean can be compusied thePSTRESSinterface The values are

nodal stresses.

] Edit response

&

Name

Subcase Multipiler Offset

|PStressl

Parts to be included Stress value to extract Extracted response

O All Parts Maximum principal stress & | | Maximum stress <
@ List of parts:

x3, 0

|| £ | [o |

[[] Not metamodel-linked

Cancel

Figure 6-14: Principal Stress Interface

Table6-10: Principal Stressoptionsdescription

ltem Description

Parts to be includec Entity is extracted for the entire model or for the parts IDs specified in the

Stress value to

extract

Maximum principal stress S1
Secomnl principal stress S2
Minimum principalstress S$3

Mean of principal stress

(s1+S52+53)/3

Extracted response Minimum, maximum or average computed over all the elements of the sel

parts

6.4. Generic Interfaces for History, Multihistory and Response extraction

6.4.1.Expressions

Mathematical expressions using previously defined entities can be defined here. The expression syntax

the available mathematical functions are describéppendix F..
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6.4.2.Crossplot history

A special historyand multihistoryfunction Crossplot  is provided to construct a cur®@g given 00
andd o . File histories and file multihistories can also be used. For the Multihistory Crossplot, a history
multihistory can be selected to represerit or "00 .

- Edit history: =
Name Subcase
F ws d l [

["] DEFINE_CURVE

A crossplot will create the history F(z), given F(t) and z(t).
General expressions are allowed.

z(t)

l-Displ ‘ Y |

Fit)

lForcel ‘ v|

Number of points (blank for default)

[ ]

From time  To time

[ |

Cancel | l QK
Figure 6-15: Interface to define a crossptdistory
Theoptionsare explained iTable6-11.
Table6-11: Description ofCrossplot  arguments
Option Description Default
ao History or Multihistory of abscissa -
"00 History or Multihistory of ordinate -

Number of points Number of points created in crossplot Smallest of the numbers of points
defining f andg

From time Begin time Largesto -value of Oanda

To time End time Smallesd -value of'Oandg,
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6.4.3.Function Interface

The functions available fdhe extraction of response values from previously defined histories are explainec
in AppendixF.3.

The History and Multihistory functions aresieibed below.

Derivative history

A special history functiorDerivative is provided to construct a cun@ "® ¥Q ogiven™Qo . Finite
difference weights based on go8int template are used for the calculat[@h The grid spacing ofhe
reference history can be arbitrary.

Mame Subcase

| DerivativeHistory_a S | |

[] DEFINE_CURVE

Function History

L

@ Derivative | @
) Filter

Figure 6-16: Interface to define derivative history

Remarks

1. Since the derivative approximation is based on a multipoint scheme, it is recommended to avo
having toofew pointsin the history

2. lIrregular grid spacing is automatically supported.

Filtered history

A special historyand multihistoryfunctionFilter

is provided to construct a filtered curve.

Figure 6-17: Interface to define a filtered history

Name Subcase
Ia_ﬁltered ] I
[] DEFINE_CURVE
Function History
) Derivative | 2 <
® Filter Filtering
SAE Filter <
Frequency Time unit
IGD Seconds <
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Table6-12: Description of Filter arguments

Argument name  Description

History Predefined history

Filtering Filtering type:SAE Filter,Butterworth Filter or Timeé\verage
Frequency Filtering frequency in Hz

Time unit Units of time

Number of points Number of averaging points

Curve truncation

A special multihistoryunction TruncateMultiHistory

is provided to truncate curveBjgure6-18.

MName

Subcase

[mh_ﬁrst_principal_strain_trunc_o 1_inf

I

Function Multihistory

) Filter mh_first_principal_strain

@
o Truncate LEryer

<»

Upper

|.01

I

Figure 6-18: Interface to define a truncated multihistory

Table6-13: Description of TruncateMultiHistory arguments
Argument name  Description
History Predefined history
Lower limit Lower limit
Upper limit Upper limit. Tail end of curve truncated for trailing points between limits.
Omit point If a trailing time state falls within the limits so that the constraint is active, ol

the spatial point (e.g. DIC point).

Experimental curves may have trailing ends (tails) which do not represent actual data (dead signal). On the
simulation side, the solvanay produce curves which exhibit trailing ends representing the vibrational

behavior of a coupon after fracture.
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Bounds on the function value of the curve may be specified for truncating the trailing end of af ¢beve.
tail of the function lies withirthe bounds, its truncated. The function loops ovire curve points starting
from the tailendand stops at the first point it finds outside the lingiténg backwardsTo fill in the gap, an
additional point is constructed on the bound using the eiteed curve segment (edge)

Mathematically, the interval islosed:[L,U], sothat the limits aréncluded.Thusif an experimental curve
hasa dead trailing signakkact Gflatlined tail), [0,0] will truncate the tail.

The curve can be bounded from oideq[L, D] U]y by ¢nitting the other bound value, i.e. the curve is
preservedelowL or abovel respectivelyThe transformation is ignored if both bounds are omitted.

If the lastcurvepoint is outside therescribedimits, the curve is fully presrved

6.4.4.Curve Matching Response

The Curve Matching interface provides metrics for comparison of target curves and curves extracted frc
simulation runsFigure6-19. Both histories and multipoint histories may be used. The options are explainec
in Table6-14.

@ Edit/response ()
Narme Subcase Multiplier Offset
IResiduaI l I
Match

(1 Histories

@ Multihistories

Algorithm
@ Mean Square Error

() Partial Curve Mapping
" Discrete Frechet

) Dynarnic Time Warping

Target multihistory

Itest_tensile ~ | Add new file multihistory

Computed multihistory

Icp_mh_ﬁrst_principal_strain ~

Regression Points
@ From target curve

) Fixed number (equidistant, interpolated)

Figure 6-19: Curve Matching Response dialog
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Table6-14: Curve Matching Response options

Option Description Reference
Match Histories or Multihistories
Algorithm Curve matching metric t o Section28.2
target and computed curve:
Mean Square Error Section28.2.1
Partial Curve Mapping Section28.2.4
Discrete Frechet Section28.2.2
Dynamic Time Warping Section28.2.3
Target history Previously defined history, file history, multihistory or

Target multihistory file multihistory containing target values.

Add new file history If the file history or file multihistory to be used as Targt Section6.18
Add new file curve is not already defined, this can be done here. Section6.19

multihistory

Computed history Previously defined history, multihistory or@ssplot

Computed multihistory extracted from simulation results.

Regression points Regression points used to calculate response:
From target curve
Fixed number (equidistant, interpolated)

6.4.5.Matrix operations

Matrix operations can be performed by initializing a matrix, performing multiple matrix operations, and
extracting components of the matrix as response functions or réduttsese operations are defined using
the MATRIX_EXPRESSIONnterface Figure6-20.

There are two functions available to initialize a matrix, nantrix3x3Init and Rotate . Both
functions create 3x3 matrices.

The component of a matrix is extradtusing the formaf.a ij (or the GbasedA[i - 1][ j-1]) e.q.
Strain.a23 (or Strain[1][2] ) wherei andj are limited to 1,2 or 3.

The matrix operatioA i | (wherel is the unit matrix) is coded &s 1.
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= Edit response (3)
Name Subcase Multipiler Offset

M1 ] [

[ Mot metamodel-linked

Matrix-Expression

[Matrix3x3lnittR1_1,R2_1,R3_1,R4_1,D,D,D,D,D)| ]

Cancel [s]:4 |

Figure 6-20: Matrix Expression: Initialization of a matrix
Initializing a matrix

The @mmand to initialize the matrix

€, 8, a0
é u
1 B Ay

B, 3, alH

Matrix3x3lnit(all,al2,al3, a2l1,a22,a23, a3l,a32,a33)
whereaj is any previously defined variable (typically a response or result).
Creating a rotation matrix using 3 specified points
Theexpression is

Rotate(x1,y1,z1, x2,y2,z2, x3,y3,z3)

where the three triplets represent points 1, 2 and &lim&nsional spacespectively.
0 The vectones connecting points 2 and 3 forms the logalirection.
0 Z=Va3XV2
0 Y=ZxX
The vectorsX, Y and Z are normalized toX, y and Z which are used to form an orthogonal matrix:

é,xl X, X9
_é
T=0 Y. Ys
€ zZ, Z4

where”Y O
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6.5. Injury criteria

All of the injury criteria were developed according to the specificatigfh]in

Injury criteria must b defined as respeas, for some criteria, the intermediate histories are also available
for extraction.

6.6. Head Injury Criteria
6.6.1.HIC

See Sectio%.11

6.7. Neck Criteria
6.7.1.MOC

MOC is theabbreviation for total Moment about Occipital Condyle. The criterion for the Total Moment
calculates the total moment in relation to the moment measurement point.

The Total Moment MOC value for the Upplenad-Cell is calculated as follows

MOC =M - (D&F)

with  MOC Total moment [Nm]
F Neck axial force resultant [N]
M Neck smoment resultant [Nm]
D Distance between the force sensor axis and the Condyle axis,

depend®n the dummy typerable6-16.

Table6-15: Options for MOC

Option Description Symbol
Neck Force x Neck axial force resultant F

Neck Moment y Neck smoment resultant M
Dummy_type Dummy type -
Length unit Length units -

Force unit Force units -

LS-OPT Version 6.0 106



CHAPTERG: History and Response Results

Table6-16: Input constants for various dummy types

Dummy Type D[m]
Hybrid 111, male 95% 0.01778
Hybrid IIl, male 50% 0.01778
Hybrid 111, female 5% 0.01778
Hybrid 11l, 10-year 0.01778
Hybrid 1ll, 6-year 0.01778
Hybrid 11, 3-year 0

Crabi 12, 18 month 0.00584
TNO P1,5 0.0247
Crabi 6 month 0.0102
TNO P 3/4, P3 0

ES2 0

TNO Q series 0
SID-lIs 0.01778
BioRID 0.01778
WORLDSID 0.0195

6.7.2.NIC (rear impact)

NIC is the abbreviation for Neck Injury CriteriohS-OPT calculates the NIC value specified for rear
impact.The NIC value igalculated with the following formula:

N lC = a'relativec.b)'2 + VZ

relative

Head

- — ATl
with Ajaive — A~y

— ~
Vrelative_ melative

relative xacceleration
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Table6-17: Options for NIC

Option Description Symbol
Acceleration 1. thorax spint x-acceleration of first thorax spine a
Acceleration head x-acceleration at the height of the c.o.g. of the hee aXHead
Time unit Time units -
Length unit Length units -

6.7.3.Nij (Nce, Ncf, Nte, Ntf)

Nij is the abbreviation for Normalized Neck Injury Criterion and is the four neck criterion Nte (tension
expression), Ntf (tensiefiexion), Nce (compressieaxtension) and Ncf (compressifiaxion).

The Nij value is the maximal valw# Nte, Ntf, Nce, Nctandis calculated with the following formula

nig = MOC
Fc c
with F Force at the point of transition from head to neesh@ar resultant)
F. Critical force (depending odummy type)
MOC Total Moment (se®1OC, section6.7.])
M. Critical moment (depending on dummy type)
Table6-18: Options for Nij arguments
Option Description Symbol
Neck Forcex Neck axial force resultant See MOC
Neck Momenty  Neck smoment resultant See MOC
Neck Force z Force at the point of transition from head to neck F
Dummytype Dummy type -
Length unit Length units -
Force unit Force units -
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Table6-19: Input constants for various dummy types

Dummy type Test Fc[N] Fc[N] Mc [Nm] Mc [Nm]
Tension Compression  Flexion Extension

Hybrid 1ll; male 50% In position 6806 -6160 310 -135
Hybrid 1I; female 5% In position 4287 -3880 155 -67
Hybrid 1lI; female 5% Out of position 3880 -3880 155 -61
Hybrid 1lI; 6-year Out of position 2800 -2800 93 -37
Hybrid 1llI; 3-year Out of position 2120 -2120 68 -27
Hybrid 1ll; 12 month  Out of position 1460 -1460 43 -17

6.7.4.Nkm (Nfa, Nea, Nfp, Nep)

Nkm corresponds to the four neck criteria Nfa (flexanterior), Nea (extensiesnterior), Nfp (flexion
posterior) and Nep (extensiqosterior).

The Nkm value is calculated with the following form[2i;

Ny = £ MOSO)

int

int
with F Force at the point of transition from head to neck (axial force resultant)
F.. Critical force

MOC Total Moment (see MOC, secti@n7.])

M., Critical moment
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Table6-20: Options for Nkm arguments

Option Description Symbol
Neck Force x Neck axial force resultant F

Neck Moment y Neck smoment resultant See MOC
Dummy type Dummy type -

Length unit Length units -

Force unit Force units -
Criterion Nfa, Nea, Nfp, Nep -

Table6-21: Input constants

Criteria Description Value

* anteria Positive Sheari 845 N

* posterior Negative Shearik -845 N

flexion_* Flexion Mnt 88.1 Nm

extension_* Extension Mt -47.5 Nm
6.7.5.LNL

LNL is the abbreviation forhie Lower Neck Load Indexthe LNL value is calculated with the following
formula:

L= IMI M JFTHEL IF, o
moment Cshear ‘ Ctension‘
with M, s-Moment resultant
M, Torsional resultant
Cromen Critical moment
F, s-Shear resultant
F Axial force resultant

LS-OPT Version 6.0 110



CHAPTERG: History and RespomsResults

Ceear Critical force

t-Shear resultant

z

Ctensior Critical force

off offset to include préoad, depends on dummy position

Table6-22: Options for LNL arguments

Option Description Symbol
y Force Axial forceresultant F,

x Force s-Shear resultant F

z Force t-Shear resultant F,

y Moment s-Moment resultant M,

X Moment Torsional resultant M.
Length unit Length units -

Force unit Force units -

Table6-23: Input constants

Force/Moment Description Value

Crmoment Critical moment 15 [Nm]
Cshear Critical force 250 [N]
Ciension Critical force 900 [N]

6.8. ChestCriteria

6.8.1.Chest compression

Maximum relative rotation multiplied by a constant:

¢, max[Q()
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Table6-24: Options for Chest Compression arguments

Option Description Symbol
History relative rotation hstory Q(t)
Dummytype dummy type -

Table6-25: Input constants for various dummy types

Dummy Type Scaling factorCy

Hybrid 11I; male 95% 130.67

Hybrid 11l; male 50% -139.0

Hybrid IlI; female 5% -87.58
Remarks

The user is responsible for any required filters of the input history.

6.8.2.Viscous criterion (VC)

VC is an injury criterion for the chest area. The VC value [m/s] is the maximum crush of the momentary
product of the thorax deformion speed and the thorax deformation. Both quantities are determined by
measuring the rib deflection (side impact) or the chest deflection (frontal impact). The formula is:

- min &Y(t)w
C, dt

Table6-26: Options for Viscous Criterion arguments

Argument name Description Symbol
History Thoracic deformation (m) Y(t)
Dummy type Dummy type -

Time unit Time units -
Length unit Length units -

LS-OPT Version 6.0 112



CHAPTERG: History and Response Results

Table6-27: Input constants for various dummy types

Dummy Type Scaling factoiCy Deformation constar@ (m)
Hybrid 11l; male 95% 1.3 0.254
Hybrid 11I; male 50% 1.3 0.229
Hybrid 11I; female 5% 1.3 0.187
BioSID 1.0 0.175
EuroSID1 1.0 0.140
EuroSID2 1.0 0.140
SID-lIs 1.0 0.138
Remarks

1. The derivative is computed using tHearder (template size = 5) finite difference approximation:

df _ f_,- 8f ,+8f,, - f

= = i+2 +O(h4)
dt 12h

whereh is the time interval between the single measurements.
2. The user is responsible for any required filters of the input history.

6.8.3.Thoracic Trauma Index (TTI)

TTI is the abbreviation for Thoracic Trauma Index (Thorax Trauma Index).
The TTlvalue is calculated using the following formula:

_ A(max.rib) + A(lwr.sping
2

TTI

A(max.rib) = max{ A(upr.rib), A(lwr .rib)}

with  A(upr.rib)  Maximum yacceleration of the upper rib
A(lwr.rib)  Maximum yacceleration of the lower rib
A(lwr .spine Maximum yacceleration of the lower spine

The result is divided by the gravitational accelerati¢@810mm/s2)
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Table6-28: Options for TTI arguments

Option Description Symbol
Acceleration upper rib y-acceleration of the upper rib A(upr.rib)
Acceleration lower rib y-acceleration of the lower rib A(lwr .rib)
Acceleration lower spine y-acceleration of the lower spine  A(lwr.spine
Time unit Time units -

Length unit Length units -

6.9. Criteria for the Lower Extremities

6.9.1.Tibia Index (TI)

Tl is the abbreviation for the Tibia Index.
The calculation of the Tl value in based on the equation

F

Fe

T|:ﬂ+
MC

M =/(M,)?+(M,)>?

with y Bending moments [Nm] (torsional resultartnement resultant)

M x/

M. Critical bending moment

F Axial compression [kN] ¢shear resultant)
FC

Critical compression force
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Table6-29: Options forTl arguments

Argument name Description Symbol
Bending moment x Bending moment, torsional resultant M,
Bending moment y Bending moment,-snoment resultant M,
Axial compression z Axial compressiont-shear resultant F
Dummytype Dummy type -
Lengthunit Length units -

Force unit Force units -

Table6-30: Input constants for various dummy types

Dummy type Critical bending moment [Nm] Critical compression force [KN]
Hybrid IIl, male 95% 307.0 44.2
Hybrid 111, male 50% 225.0 35.9
Hybrid 111, female 5% 115.0 22.9

6.10.Additional Criteria
6.10.1.A3ms

The smallest resultant ademtion level maintained for n3s. Iy is computed as the level of

r=\# +# +# exceeded for the specified time interMa (3ms). The resulting acceleratidevel is
divided by the gravitational accelerati@x 9810mm/s?

LS-OPT Version 6.0 115



CHAPTERG: History and Response Results

Table6-31: Options fora3msarguments

Argument name Description Symbol

X History x-acceleration history #

y History y-acceleration history W

Z History z-acceleration history w

Time unit Time units -

Lengthunit Length units -
Remarks

1. y History ( #) andz History(#) areoptional.

2. The user is responsible for any required filters of the input history.

6.11.LS-DYNA Binout injury criteria

The injury criteria suclIC, HIC (3 nodes), Chest Severity Index, CLIP3m and CLIP3m (3 nadesnly
be compute for LSDYNA. The acceleration componerits the specified nodewill be extractedfrom
binout the magnitude computed, and the injury criteria computed from the acceleration magnitude history.

Note
o The length and time units are used to compute the gravity bakesl on 9.81 n¥'s

6.12.The GenEXx tool for extracting responses and histories from a text file.

The GenEx tool is described in Chaptér

6.13.User-defined interface for extracting results

The user mw provide an owrextractionroutine or any program, e.g. a postprocessorget response or
history results. For responses, the command hastfut a single floatingoint number to standard output.
For histories, the valuesahe to be output to a filesoptHistory in two columns. The command has to
be specified in th®efinitionfield in theUSERDEFINEDnterface dialogFigure6-21.

Exanples of the output statement in such a prodi@mnesponse extracticare:
o The C language

printf ("%lf \ n", output_value);
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or

fprintf (stdout, "%lf \ n", output_value);
o The FORTRANanguage:

write (6,%) output_value
o0 The Perlscript language:

print  "$output_value \n"

- New response =

Name Subcase Multipiler Offset
[Force ] l |1 | |0 |

] Mot metamodel-linked

Definition

[Isprepost c=../../get_force —nographics| ]

Cancel [s]'4 |
Figure 6-21: Extracting a Response using a usdefined program
Examples
1. The user has an owa x ec ut ab | &xtrgotFoocgr @am wéi ch i s kept

$HOME/own/bin . The executable extracts a value from a result output file.

2. The relevant responskefinition command must therefore be as follows:

$HOME/owrlbin/ExtractForce
3. If Perlis to be used to execute the user s®ytaFLD2, the command may be:
$LSOPT/perl $LSOPT/DynaFLD2 0.5 0.25 1.833"

4. In this examplethe postprocessor LPREPOSTIis used to produce a histofile from the
LS-DYNA database. The LBREPOST command filget_force

open d3plot d3plot

ascii rcforc open rcforc O

ascii rcforc plot4Ma -1
xyplot 1 savefile xypair LsoptHistory 1
deletewin 1

quit

produces thé&soptHistory file. SeeFigure6-21 for the LSPREPOST command.

Note: The rcforc history in this examplean be obtained me easily by direct extractiorsee
Section6.2.1and AppendixA.1.
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Remarls
1. An dias must not be used for an interface program.
2. The program should be run in batch mode.
3. The program is called from the run directories. This has to be considered if relative paths are used.

4. Single quotes cannot be accommodated in the-def@red historyand response command,
respectively.

6.14.Response file

This is also a usetefined option, typically used in conjunction with a udefined solver type. An output
filename can be specified for extracting a single response output value. The user must waiteuthtd
response value to the specified file during the simulation. The default for the filename is the name of the
responsekigure 6-22 shows the dialog.

MName Subcase Multiplier Offset
! | | i | lo

[l Mot metamodel-linked [ Dump formula file

Filename

|[fs0l [ Browse

Figure 6-22: Dialog for extracting a response value from a file

6.15.Extraction of LS-OPT entities
6.15.1.LS-OPT responses

The LSOPT stage is used in the context of multilevel optimization, which involves running an ineler le
optimization within an outer level optimization. Each outer level sample evaluation, F@PLSstage
evaluation, involves an inner optimization. The results of these evaluations consist of entities that are
optimized with respect to the inner levarnables, which can be defined by the user as responses for the
outer level LSOPT setup.

The response dialog of the {&PT stage type provides the option to define 8@®PTresponse, which lists
the available entities optimized in the inner level. Theddies can be the optimized inner level variables or
the corresponding optimized responses, composites, objective functions or condtrgumeset24). It is
also possible to extract responses at any specific inner level iteration by clicking thee rradio buttam 6
and providing the required iteration number.

Since the inner levelan also be a Monte Carlo analysis, statistical values such as standard deviation, mean
and probability of failure are available in tht8OPT_STATISTICSterface.
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Setup = Parameters = Histories | Responses | File Operations

Response definitions Add new
Disp2_1 x | | Stage specific
LSOPT: Optimized entity "Disp2 LSOPT
Disp1_1 * | | LSOPT_STATISTICS
LSOPT: Optimized entity "Disp1”
Generic

Acc_max_1 x

LSOPT: Optimized entity "Acc_max" USERDEFINED

FIL

Mass1 x

LSOPT: Optimized entity "Mass" GENEX
EXCEL

HIC_1 x -

LSOPT: Optimized entity "HIC" EXPRESSION
FUNCTION
INJURY

MATRIX_EXFRESSION

Figure 6-23.: Main dialog for the extractionof LS-OPT stage responses. A special category (LSOPT
STATISTICS) is available for statistical results produced by a Monte Carlo analysis.

MName Subcase Multiplier Offset
[LsoPTi | |

[] Not metamaodel-linked [] Dump farmula file

Component Iteration
< ‘ariables @ Last iteration
thurnper O Iteration:
thood
SIGY
I
¥ FResponses
Disp2
Displ
Acc_max
Mass
HIC
¥ Composite responses
Intrusion
¥  Objectives
HIC
¥ Constraints
Intrusion

Figure 6-24: Dialog for the extraction of LSOPT optimal responseasults
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6.15.2.LS-OPT histories

Figure 6-25 depicts the dialog for defining an LSPT history. Optimal histories produced by an
optimization run can be extracted and convettedn LSDYNA *DEFINE_CURVEkeyword file, Section

6.1.2 This file can then be inserted into a subsequent stage analysis as an include file. Multiple
*DEFINE_CURVEdata sets can be dumped in the same file.

Mame Subcase
[INCLUDE_DEF_CURV _F_vs_d | |

Filename LCID
DEFINE_CURVWE [ . .
i - his_outerk || Browse |[200013
Component Iteration
< Histories @ Last iteration
Disp1 ) Iteration:
Forcel
F vs_d

INCLUDE_DEF_CURV Displ
INCLUDE_DEF_CURV Forcel

INCLUDE_DEF_CURV F vs_d

Figure 6-25: Dialog for defining an LSOPT history. The DEFINE_CURVE option has been selected to
produce an LSDYNA keyword file.

6.15.3.LS-OPT reliability statistics

Reliability statistics is a special category of the@BT solver type responses which represent statistical
values produced by a Monte Carlo analysis (direct or metarbadeld). VValues can be extracted for global
statistics (sedrigure 6-26) or for individual entities such as constraints ($@gure 6-27), variables,
dependents, responses and composites.

MName Subcase Multiplier Offset

|exceededTotaI | |

] Mot metamodel-linked ] Dump formula file

Component [teration
() Last iteration
P ‘ariables @ [teration: |‘I =
P Dependents
P Responses Statistical entity
P Composite responses ) Number of samples
b Objectives () Failure probability
P Constraints @ Mumber of exceeding bounds

Figure 6-26: Dialog for extraction of global statistics produced by a Monte Carlo analysis
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MName Subcase Multiplier Offset
|LsOPT_sTATISTICS2 | |

[[] Mot metamodel-linked [] Dump formula file

Component [teration
Global @ Last iteration
¥ \ariables ) Ieration:
WVarl
Vard Statistical entity
Ward ® Mumber of samples
ars ) Mean
¥ Dependents () Standard deviation
Dep\vart O P[Resp<LE]
¥ FResponses O P[Resp>UB]
R1

() Mumber of samples > LB
R2

¥ Composite responses
c1
cz2
c3
c4
¥ Objectives
R2
= Constraints
c1

R2

) Mumber of samples < UB

Figure 6-27: Dialog for extraction of constraint statistics produced by a Monte Carlo analysis

6.16.Excel

The histories and responses specifiavicrosoft Excelcan be defined usinBXCEL option listed under
Generic history and responses interfaces. The cells and/or array of cells Btcahdocument can be
defined as LSOPT histories or responses and hence can also be utilized as design objective/constrai
based on analysigask
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Name Subcase Name Subcase Multipiler Offset

Response1l v| n/a n/a

[ Not metamodel-linked

history1

File .
File

data.xlsx Browse dataxlsx S
Worksheet Worksheet
Sheet1 v Refresh Sheet1 v Refresh
X/time range Y/value range Value cell
hist_1 Stress

Auto increment

OK Cancel

Figure 6-28 Microsoft Excel History (left) and Respongeight) interface

Figure 6-28 shows the interface for definingxcel histories and responses. The options are described in
Table6-32.

Table6-32: Description of Excel History and Response options

Option Description

File Exceldocument for extraction

Worksheet Worksheets of th&xceldocument are listed

X/time range This field lists all theExcelnames defined for cells and cell array

The name corresponding to the abscissa values of the history
(typically time) should be selected. If auto increment is used, a
positive integer sequence of length equal to the number of Y vi
is used startingérm 1 (1, 2, 3¢é).

Y/value range Lists all the cell names assigned to array of cells used for ordir
values of the histories.

Value cell Excelcell assigned to response value.

6.17.Matlab

The histories and responses for a Matlab stage, SeécBohl, are defined in an output file specified in the

stage setup dialog. The output file has the samedioas for a METAPost or a Usdefined stage, Section

5.3.13 Upon specifying an appropriate file, {GPT automatically populates the history and response
dialogs.The response/history name cannot be edited manually, as only the responses and histories definec
in the Matlab input files are allowed. Thus the effort associated with manual definition is avoided while
avoiding errors at the same time.
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Setup Parameters Histories Responses  File Operations

Response definitions Add new
USERDEFINED
OFTRR Edit response & & & FILE
Mame Multiplier  Offset } GENEX
1 0 EXCEL
| Not metamodel-inked | | Dump formula file EXPRESSION
FUMNCTIOMN
| @cancel | | w0k | Ry

‘ ‘ MATRIX_EXPRESSION

Figure 6-29: Matlab response dialog. The response name cannot be edited manually.

6.18.File Histories

A history can be provided in a text file with arbitrary format. Coordinate pairs are found by assuming th:
any pair of numberin a row is a legitimate coordinate pair. History files are typically used to import test
data for parameter identification problems.

File histories are global curveBhey are neither sampling nor stage dependwearice they are not listed in
the Stagedialog history list.

fm— T FileHistories &)

Defined file histories

| Test1
Test2 x

Filename
Add new

[Testl.txt ” Browse ]

Preview

1.6E+04

1.4E+04

1.2E+04

0.5

Figure 6-30: File Histories
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File History Text FileExample:
Time Displacement

1.2, 143.97
1.4, 156.1
1.7, 923.77

6.19.File Multihistories

File Multihistories may be used &xtract data from a set of text files containing multiple curves e.g. from
full-field measurement. File Multihistoriese typically used to import test data forgraeter identification
problems.

Three file multihistory types are available:
1. An interface ¢ extract data from files generated by the optical measurement system ARAMIS

2. GenEx can also be used to extract curves from multiple text files (see ChRaptiée interface
requires one file per time step.

3. A file option is also available for curves in a single text file using thd>tePost fixed format. An
example is given below.

Remark

In options1 and 2, intermediate files are created using theRr8Post formaiThis format is also used to

crede history.  nandmultihistory N files for file- and other types of histories and multihistories.)
- File|MUltiHistories (&)

Defined file multihistories

»| MultiHistory Name Preview

‘testitenswe

Add new 0.45

0.4

@ ARAMIS
() GENEX
) File 0.35

Filename Template (wildcard)

0.3

‘DATAFSUESET#EXample_data-stufe-‘” Browse | 0.25

X-Component

0.2
[AD—l ‘vl

0.15

Y-Component

strain_p1l-logarithmic

0.1

[Major Strain ‘ v |

0.05

Show plot

Figure 6-31: File Multihistory: ARAMIS interface showing preview

Example: Curves in L-8rePost format (repador any number of curves)

header line 1 (any content or blank)
header line 2

1 GOM GmbH
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header line 3
header line 4
header line 5
m #pts=n
x0y0

x1yl

Xnyn
endcurve

Table6-33: File Multihistory options

Option

Description

MultiHistory Name

Name of Multifilehistory

ARAMIS Interface to data generated by optical measurement systen
ARAMIS

GENEX GenEx interface, Chapt&r

File Option to specify data in single file in EBrePost format

Filename Template (wildcard)

Name of files, in wildcard form, for extracting data. One file
per time step.

X-Component (oYl ARAMIS)

X component (scalar or vector) of file multhistory. At least o
of the components has to be a vector.

Y-Component (only ARAMIS)

Y component (scalar of vector) of file multhistory. At least o
of the components has to be a vector.

Input GenEx

GenEx file (.g6)

Input data files (wildcard)

Data file template, assumes one file per stage/timestep.
Wildcard is supported

Preview

Preview of multipoint data

X/time

X entity (scalar or vector) of file multihistory

Y/value vector

Y entity (scalar or vector) of file multihistory

Filename

File multihistories are global curve$hey are neither sampling nor stage dependesice they are not

Name of file containing curves in EBrePost format

listed in theStagedialogmultihistory list.
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and hi stori es fr

A user may choose to use a AdB-DYNA solver for his application in which case the only elegant option,
except for using commercial extraction tools (see e.g. Sebiki), is to use a special graphical tool for
identifying andextractingresponse values and history vectors from an output text file containing the
analysis results. This chapter describes the use of the GenEx tool for extracting responsesafsdalars)
histories (vectors) from such a text file. GenEinduded in the LSOPT distribution as the executable file
genex and can be activated from the Responses, Histories or File Multihistories dialog.

7.1. The main window

GenEx can be started from the comuhdine by typinggenex <filename> or by selecting th€reate/Edit
button after selecting GenEx on tResponse®r Histories page or from theFile Multihistories dialog

When first starting GenEx, there will be two predefined anchors in the tree orftfHatdet of File and
End of File, Figure7-1. It is not possible to change or remove these two anchors.

The middle part of the window displays the data file, with lsgt® for anchors and entities. The current
entity/anchor will be highlighted or have a thin black border around it.

On the right is the diag box for specifyingptions for the currently selected anchor/entity.

Anchors

Anchors describe how to find a cernigposition in the data file. This can be done with searching for
keywords or with an absolute position.

Entities

An entity is a quantity we want to extract from-C&T. Entities describe both what the number should look
like as well as whereglative to the parent, to find it. There are three types of entities, scalar, column an
repeated anchor vectors (sgectionOptions specific for entitiesfor the difference between them).
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File Edit
E &0
= Start of File 153. 361 ~ Anchor name:
200. 362
New Anchor 3 201 263 Mew Anchor 3
End of File 202, 364 Origin:
203. 265 -
204, 266 Start of File -
205, 367
Type:
206. 368 A
207. 369 Plain search -
208. 370
' Textto search for:
209, 371
210. 372
211. 373
212. 374 ) .
213, 375 Direction
214. 376 ® Forward Backward
215, 377 e
216. 378 atc
® Anywhere

Start of line only

End of line anly

nodal point velocities

Skip over | 0 : matches
node id w-vel y-vel z-vel Relative location:
1 -1.5640E+04 0.0000E+00 0.0000E+00 0.001 * lines
2 -1.5640E+04 0.0000E+00 0.0000E+00 0.00 v .
3 -1.5640E+04 0.0000E+00 0.0000E+00 0.001 - -
4 -1.5640E+04 0.0000E+00 0.0000E+00 0.001 v
5 -1.5640E+04 0.0000E+00 0.0000E+00 0.001 Column separators
6  -1.5640E+04 0.0000E+00 0.0000E+00 0.001
7 -1.5640E+04 0.0000E+00 0.0000E+00 0.001
8  -1.5640E+04 0.0000E+00 0.0000E+00 0.001
9 -1.5640E+04 0.0000E+00 0.0000E+00 0.001
10 -1.5640E+04 0.0000E+00 0.0000E+00 0.00(a
11 -1.5640E+04 0.0000E+00 0.0000E+00 0.00(w Move to start of line
] |

Figure 7-1. GenEx dialog

Options

When an anchor or an entity is selected, it is possible to change the options shown in the xlig#lagelo
search will be performed whenever an option is changed that requires it. The only exceptidreid the

search for, this requires the user to lhter (on the keyboard) to start the new search.

Table 7-1: Options

Option Description

Origin This is the parent anchor of the anchor/entity.

Column separator If columns are selected Relative positionsit is possible to change what
separates the columns in the input file.
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Options specific for anchors

Table 7-2: Options specific for anchors

Option

Description

Type

There are far types of searche$hree of them are keywotshsed (seareh
phrase based).

Plain text: This is the most basic seardrhe search lookfor the given text in
the file and positions the anchor in front of the match.

Glob search:Themain goal of theylob search is to be able to mathk strings
with the aid of the wild cards;"and ?'. The asterisk matches any character
anynumber of times and the question mark matches any character one tit

Regular expression searcfihe asterisk matches the preceding element z
or more times and the dotmatches any character one time. If letters are pi
inside brackets this matchasyasingle character inside the brackets. 1f'as
put inside the brackets this means that we should match any character nc
inside the brackets.

Absolute searchin this search the user positions the anchor simply by
specifying theow andthe column atvhich the anchoshould be positioneith
the file.

Text to search for

This is the text/regular expression/glob to search for.

Direction

Starting from the origin, this is the direction to search in.

Match

This is where on the line the search t@kt have to match.

Relative Location

WhenAbsolute searchis selected, this section will be enabled. Here it is
possible to enter the absolute position of the anchor if known.

Skip over

Since the input file can contain several instances of the seancht is
possible to skip some of them to find the desired position.

Move to start of line

Examples

Glob search

*abc

When this is checked the anchor will be positioned at the start of the line,
if it is found somewhere else.

will match any word endg with abc (xxxabc, yyyabc , etc.) and the anchor will be placed where the
match begins ((Axxabc , (A)yyyabc ).
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a?c

will match all three letter words starting witli and ending withc" (axc, a5¢c , etc.) and the anchor will
be placed before thmatch begins ((Axc , (A)asc).

Regular expressionsearch

ab*c

matches dc", "abc", "abbbc ", etc.

a.c

matches all three letter strings starting wathelnd ending witle" (ahc, a8c, aHc  , etc.)
[csad]bc

matches all strings starting with s, a or d followed by bc' (cbc, sbc, abc , anddbc).
[*csad]bc

matches all strings not starting withs, a or d followed by bc' (xbc , 5bc, kbc, etc.).

These can all be combined into a larger regular expredsikjn, frdzh]*esp[ohjd]n.e " will match
"response " (but also &spdnle " for example).

Plain text glob and regular expression search searches for a specific text string. The absolute search
positions the anchor relative to the parent. Jlod andregular expressin searches are very similar to the
search capabilities in the Perl language or the Unix/Linux scripting language.

Options specific for entities

Table 7-3: Options specific for entities

Option Description
Relative Location Thisis the position of the entitselative to the parent anchc
Type of entity Here there are three options, scalar, column vector and

repeated anchor vector

Scalar The scalar entity is used for extracting responses and it
extracts one result

Column vector A column vector extracts a column of data

Repeated anchor vector A repeated anchor vector repeats the search of the sele:
anchor to extract several entities found in different place
the input file

Numberformat Here it is possible to specify what a number looks like
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Maximum length The default behavior is that an entity starts at the specifi
position and ends with a white space. Here it is possible
specify the length of the entity if this is not theese.

Maximum number of components When using GenEXx to extract histories the default behav
is to keep extracting until a match is not found, this optio
limits the number of extracted results

Stopping anchor An anchor can be defined astapping criterion if the
number of components of a column vector is unknown

Anchor to repeat I f the entity type is fre
menu with valid anchors. Start of file and End of file will
notbeavailable since they cannio¢repeated.

7.2. Creating a.g6 file for LS-OPT

First we have to select the input file in which to search. This is done froRil¢hmenu:Select input file
The file will be displayed in the middle window of the application.

Creating an anchor or entity

There are three ways to create anchors or entities. The first is to select the anchor used as parent and
click on the anchor or entity button in the menu depending on what is needed. This will create a ne
uninitiated child. By selecting the new ancluw entity in the tree view on the left side, the options will be
visible on the right side panel.

The second way is to simply make a selection in the text file, right click and Ge¢ete Anchor Hereor
Create Entity Here. This will create a new childt that position with the currently selected anchor as the
parent anchor. lits alsopossible to select a column of numb&mn the text fileto create a column vector.
The column entity uses white space as the delimiter.

The third option is to make alsetion in the text and drag that selection to the anchor we want to use as
parent in the tree.

Creating a.g6 file without an input file

It is possible to create a .g6 file without access to the input file we want to extract from. However, th
requires eme knowledge of the file format and syntax.

Editing a .g6 file

From the AFil ed menu, select AOpen GenEx fil eo.
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7.3. How to use GenEx from LSOPT for extracting responses

=) Edit/response (23

Name Subcase Multipiler Offset

SWEner [

Input GenEx file

[SWEnergy.gﬁ l Browse Create/Edit

Input data file
[d3hsp l

Entities

Yvelocity

InternalEnergy

[«

Enarm AQnn

Reread entities

Figure 7-2: Definition of a GenEx Respose

From theResponseganel select GENEX as a response. This epkn up a dialoghowng a few options
related to GenEx .

The first selection to be made is whig6 file to use. This option provides a list of available entities to
choose from. The entities need to be of the W@ASc
Create/Edit button. If no file name is given the default action is to creaievag6 file.

Secondly, enter the name of the input dataffien which the responses are to be extract&IOPT will
look for thisfile in each ofthe run directory.

7.3.1.An example using GenEx to extract responses

This example explains how to extract a fi@nof responses from the {LYNA d3hsp file. Different
search options are employed to demonstrate the various options.

o Open the GenEx GUI by selectingreate/Edit. Then select d3hsp as the input file by using
Fil eYSel ecThe d3hsp filetis didgydd & the middle. We are interested in 3 responses at
various cycles and a fourth response to be the last one in the file.

Defining an anchor:

o Define an anchor with the nan@ycle4800_Plain by clicking on the anchor icon or using the
Edit option.

0 Usea plain search to search for the strindg 6f cycle 4800 ". If you want to change the
string in the text box, remember to hit the "Enter" key on the keyboard. The anchor is displayed as a
small anchor icon in the leftmost column of the line that matdmesearch string. The next step
would be to find the desired field relative to this anchor.
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Extracting responsand histories from a text file

File Edit
&0
A Start of File
-
E SWEner
E Yvelocity
S Cycled4700_Glob
= InternalEnergy_Absolute
E InternalEnergy
= End of File
B LastCycle

E Energy4900

« Anchorname:

average cpu time per zone cycle.... 735 nanocseconds
average clock time per zone cycle.. 735 nancseconds Cycled4800_Plain
4737 t 2.9998E-02 dt 7.93E-06 write d3plot file Origin:

Start of File A

E{: of cycle 4800 is controlled by shell element 37
Type:
T 3.04581E-02
time step..... 7.939545-06 Plain search M
kinetic energy. 4.35734E+08 Text to search for:
internal energy 2.6B588E+07
stonewall energy T.65915E+05 wall$# 1 dtofcycle 4800
stonewall SOEIgY..ssssssessnses 1.55782E+06 wall# 2 Direction
spring and damper ENergy....... 1.00000E-20 ® Forward Backward
system damping SOEYgY ... .esusas 0.00000E+00
sliding interface energy....... -4.56670E+04 Match
external work....oooeiiiinniann 0.00000E+00 ® Anywhere
eroded kinetic energy 0.00000E+00 Start of line only
eroded internal energy. 0.00000E+00
total EDNErgy..aeeevascnren 5.24930E+08 End of line only
total energy / initial emergy.. 2.65837E-01
energy ratio w/o eroded energy. 9.65837E-01 Skip over | 0 : matches
gJlobal x velocity -1.35505E+04 Relative location:
global v velocity -1.62068E+00 -
global =z velocity.oe.ea.. 1.31314E-01 < Tz,
cpu time per mone oycle. . ... iieiians 0 pnanoseconds o -
734 nancseconds -

average cpu time per zmone cycle....

Figure 7-3. GenEx dialog; definition of an anchor

Defining an entity:

e

o Define a new entitySWEner by using thedftmostx-icon or theEdit option.

o Choose the previously defined anchor as the Origin.

o Find the desired field by searching 6 lines below the anchor, 2 columns across
displayed as highlighted in yellow with a black border. fBpee below.

File Edit
F & O
= Start of File

S Cycle4800_Plain
E
E Yvelocity
= Cycle4900_RegExp
E Energy4900
= Cycle4700_Glob
= InternalEnergy_Absolute
E InternalEnergy
End of File

4737 t 2.9998E-02 dt

dt of cycle

time BLED. v e snnnnnnnnns

kinetic energy .. ..o nrnnans 4.
2.68588E+07
1.55782E+06
1.00000E-20
0.00000E+00

-4.566T0E+04
0.00000E+00
0.00000E+00
0.00000E+00
5.24930E+08
9.65837E-01
9.65837E-01

internal energy

stonewall energ;
stonewall energy
spring and damper S0ErgyY .......
system damping SNergy . .....oa..
5liding interface energ

eroded kinetic energy
eroded internal EDErgy.........
total ENErgy .. .e v innnnnanans
total energy / initial energy..
energy ratio w/o eroded energy.

7.93E-06 write d3plot file

4800 is controlled by shell

3.04981E-02
7.93994E-06

35794E+08

global x velocity -1.35505E+04
global ¥ velocity -1.62068E+00
global = velocity 1.31314E-01
Cpul time per mone cycle. .. .ciiaanaan 1]
average cpu time per zone coycle.... 734

Figure 7-4: GenEXx dialog; definition of an entity

4 Entity name:

SWEner
element 37
Crigin:
Cycle4800_Plain
Mumber format
*| Decimal separator(s):
wall# 1 *®| Exponent character(s): | Ee
wall# 2
Thousands separators:
Space
Relative location:
-
G ¥ lines,
-
2 » | columns
Column separators
Tab Space
Cther:
nancsaconds
nanoseconds Maximum length

. The desired field

%X Whitespace
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o Now define a new entity referred to the same an€hme4800_Plain

. This entity is 18 lines

below the anchor and 3 columns across as showreRelative locationdialog below:

File Edit

&0

= Start of File
= Cycle4800_Plain
E SWEner
E
= Cycle4700_Glob
= InternalEnergy_Absolute
E InternalEnergy
= End of File
= LastCycle
E Energy4900

4737 t 2.9992E-02 dt 7.93E-06 write d3plot file

dt of cycle

time BEEP. . vviescnsnsannsnsnnan
kinetic emergy.. . cver i nnas
internal energy.
stonewall energy.

eroded kinetic emergy....
eroded internal energy...
total EDErgy.sessssnsnnnnns

total energy / initial energ:
energy ratio w/o eroded ener
global x veloCity .o vavsussnsnuans
global v veloCity o vavsunsnsnuns
global z veloClty.ovawauns

Ccpu time per zone cycle.........

average cpu time per zone cycle.

average clock time per zone

Figure 7-5: GenEx dialog; definition of an entity

o Define a second anchor using a global search for the s#&#@p"is controlled

4800 is controlled by shell

cycle. .

element

.04981E-02
L93994E-06
L 35T794E+0E
LGE5EEE+0T
-G55915E+05 wall$# 1
5578ZE+06 wall$# 2
L00000E-20
L00000E+00
566T0E+04
L00000E+00
L00000E+00
L00000E+00
24330E+08
B5837E-01
B5837E-01
-1.35505E+04

-1.62068E+00)

1.31314E-01

-1

[F T R B R R R

e 0 nancseconds

e 734 nancseconds

736 nancseconds

4 Entity name:
Yvelocity
37 Crigin:
CycledB00_Plain -
Mumber format
% Decimal separator(s):
#®| Exponent character(s): | Ee
Thousands separators:
Space
Relative location:

-
18 + lines,

:
EN—

Column separators

columns 7

Tab Space *®| Whitespace

|
Cther:

Maximum length

+ character(s)
-

". The origin

of this anchor is alsthe start of the file and the search is forward from that point. Note the anchor

placement on the figure below just before the str#igP0 is controlled

File Edit
&0
e Start of File
= Cycle4800_Plain
E SWEner
E Yvelocity
-
== InternalEnergy_Absolute
E InternalEnergy
e End of File
= LastCycle

E Energy4200

average cpu time per mone cycle....

734 pancseconds

average clock time per zone cycle.. 734 pnancseconds

4610 t 2.8993E-02 dt 7.91E-06 write d3plot file

dt of cycle

time StEp ... ine e snnsnnnans
kinetic enmergy.......cocivnnnnnns
internal EDEYOY ... i nanansnss
stonewall EDErgy .- ccivannnnans
stonewall energy

spring and damper Snergy....

external work....ooviiiiiinnans
eroded kinetic energy..........
eroded internal ENErgy.........

total ensrgy
total emergy / initial energy..

energy ratio w/o eroded energy.
global x velocity...oeeinnnenns
global v velooity. oo enanenns
global =z veloClty v svsusnsnsansns
cpu time per zmone cycle..........

EDD is controlled by shell

element

2.97048E-02
7.92546E-06
4.37773E+08
8.52571E+07
7.65915E+05 wall# 1
1.55782E+06 wall# 2
1.00000E-20
0.00000E+00
4.59854E+04
0.00000E+00
0.00000E+00
0.00000E+00
5.25308E+08
9.66533E-01
9.66533E-01
1.35898E+04
82.30546E+00
1.212778-01

.- 0 nancseconds

Figure 7-6: GenEx dialog; definition of an anchor

« Anchorname:
Cycled4700_Glob
Crigin:
Start of File 4
37
Type:

Glob search S

Direction

® Forward EBackward

Match
® Anywhere

Start of line only

End of line only

Skip over | 0 : matches
Relative location:

-

- lines,

a
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o Now define an anchdnternalEnergy_Absolute
the origin asCycle4700_Glob

relative to the previous anchor by setting
, then searching 5 lines down and one column across. Note the

anchor icon just before the yellelghlighted number in the figure below.

File

Fal R u|

N Start of File
B Cycled200_Plain
E SWEner
E Yvelocity
== Cycled700_Glob
-
E InternalEnergy
4 End of File
== LastCycle
E Energy4900

Edit

average Cpu TlME PEr ZoDS CYCLS. ... {34 DADCEECcOnds

average clock time per zone cycle.. 734 pnanocse=conds
4610 t 2Z.89393E-02 dt T7.91E-06 write d3plot file

dt of cycle 4700 is controlled by shell element

= 2.97048E-02

time BLEPissssssnnsnnsnnsnnsnns 7.92546E-06

kinetic Bnergy. .o v cnnsnnsunns 41.37773E+08

internal EDErgY .. ..o v nnsans 525'?15:4—0'?

stonewall SOErgy . ..o nansses T.65915E+05 wall# 1

stonewall SOErgy . ..o nansses 1.55782E+06 wall# 2

spring and damper ENErgyY....... 1.00000E-20

system damping E0ergy ... ... 0.00000E+00

sliding interface energy ... -4.59854E+04

external work..... ..o iiiiiannn 0.00000E+00

eroded hinetic energy.......... 0.00000E+00

eroded internal EnErgy......... 0.00000E+00

total EMErgY ... . e rnnannnnnes 5.25308E+08

total energy / initial energy.. 9.66533E-01

energy ratio w/o eroded energy. 9.66533E-01

global x velocity -1.358598E+04

glokbal v velocity 8.30546E+00

global = velocity. 1.31277E-01

opu time per mome oyole. .. ii e 0 nanoseconds

average cpu time per =mone cycle.... 735 pnancseconds

average clock time per zone cycle.. 735 nanoseconds

4737 t 2.9938E-02 dt

T.93E-06 write d3plot

file

Figure 7-7: GenEx dialog; definition of an anchor

o Define a new entityinternalEnergy
reference point. The desired field is immediately found since the anchoeallat the desired

location.

File

&0

= Start of File
hd Cycled800_Plain
E SWEner
E Yvelocity

e Cycled700_Glob
=

Edit

InternalEnergy_Absclute
5
e End of File
e LastCycle
E Energy4200

dt of cycle 4700 is controlled

time BLED ..t er e nn s
kinetic energy. ..o iiennanas
internal energy

stonewall ENergy .. .vveencnanns

stonewall EDergy ... vrarncraaan

spring and damper energy.
system damping sEnergy....

5liding interface energy.......

eroded kinetic energy..........
eroded internal EDEIgY . csvsaaas
total ENErgY . e an
total emergy / initial emergy..
energy ratio w/o eroded energy.
global
Jlobal
global = velocity

x velocity

v velocity

Figure 7-8:. GenEx dialog; definition of an entity

using thelnternalEnergy Absolute

by shell element
2.97048E-02
7.92546E-06
1.37773E+08
E.525718+07
7.659158+05
1.55782E+06
1.00000E-20
0.00000E+00
-4.59854E+04
0.00000E+00
0.00000E+00
0.00000E+00
5.25308E+08
9.66533E-01
9.66533E-01
-1.35898E+04
&.30546E+00
1.31277E-01

wall# 1
wall# 2

« Anchor name:
InternalEnergy_~Absolute
Crigin:
37 Cycle4700_Glob h
Type:

Absolute g

Direction

® Forward Backward

Match
® Anywhere

Start of line only

End of line only

a
Skip over | 0 ~ Mmatches
Relative location:
-
5 - lines,
-
1 » | columns g

Column separators

Tab Space *| Whitespace

anchor as

4 Entity name:
InternalEnergy
Crigin:
InternalEnergy_Absclute 57
MNumber format
X Decimal separator(s):
*| Exponent character(s): | Ee

Thousands separators:

Space
Relative location:
-
0 - lines,
0 characters i

-

Column separators
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0 The next desired entity is the final total energy ratio (i.e. the one in the last cycle in the file). In this
case we will sethe reference anchor callegstCycle to be the end of the file (Origin) and
search backwards (Direction).

0 The search string igdtal energy " and the regular expression search type is used. The settings
to find the anchor are shown below.

File Edit
F & T
v Start of File sliding interface energy -2.54389E+04 + Anchorname:
- CycledB00_Plain external Work. . oveeessnnnnnnnss 0.00000E+00 LastCycle
eroded hinetic eDergy....ovue.. 0.00000E+00
E SWEner eroded internal ENErgy......e.. 0.00000E+00 Origin:
[x vvelocity OtAl EMEEGY .« v e et 5.17577E+08 [ p—— .
- Cycle4700_Glob jotc\l energy / initial energy.. 9.52308BE-01
energy ratio w/o ercded energy. 2.52308E-01 Type:
-
METEAETERE LA R E global x welocity -1.26595E+04 )
[x InternalEnergy global y velocity 4.14072E+01 Regular Expression M
- End of File global =z welocity 4.47599E-01 Text to search for:
cpu time per mone oycle. .. iei i 0 nanoseconds
B LastCycle . - o total energy
average cpu time per zone coycle.... 751 nancseconds
[x Energyas00 average clock time per zone cyele.. 762 nanoseconds Direction

Forward (@ Backward
7000 t 4.98198-02 dt 9.94E-06 write runrsf file
7019 t 4.9998E-02 dt 9.95E-06 write d3plot file
7019 t 5.0008E-02 dt 9.95E-06 write d3dump0l file ®) Anywhere

Match

Start of line only

*kkkkkkk toermination time reached **sersss
End of line only
70159 t 5.000BE-02 dt 9.95E-06 write d3plot file
Skipover | 0 : matches
Wormal termination Relative location:

-
- lines,

Figure 7-9: GenEx dialog; definition of an anchor

o The entity is found by usingastCycle as the anchor and searching in the sixth column. See
relative location dialog box below.

File Edit
& o
- Start of File sliding interface energy....... -2.54389E+04 4 Entity name:
- CycledB00_Plain external work.vsessrusrasnasnas 0.00000E+00 Energy4300
ercded kipetic emergy.......... 0.00000E+0D0 PR
E SWEner . Crigin:
eroded internal E0ErgY ...ewss.s 0.00000E+0D0
[x Ywvelocity EOLAL EHEETY e rrnnsrnrrnneenns 5.17577E+08 LastCycle ~
= Cycle4700_Glob total energy / initial energy.. .52308E-01 Murmber format
energy ratio w/o eroded energy. 2.52308E-01 . .
< X Decimal separator(s):
IniETRIENETR LA global x TEloCity¥...ueouee.nn.. -1.26595E+04
E InternalEnergy global ¥ wvelocity¥.oeeeieiananns 4.14072E+01 *®| Exponent character(s): | Ee
- End of File global = welooity. .o ve i nn s 4.47599E-01 Thousands separators:
1 time per zone oycle....iiiaiaaas 0 pnanocseconds
- LastCycle F per = N . Space
average cpu time per =zone cycle.... 751 nanocseconds
E Energy4300 average clock time per zone cycle.. 762 pnancseconds Relative location:
s
0 - lines,
7000 t 4.9819E-02 dt 9.%4E-06 write runrsf file
70153 t 4.5938E-02 dt 5.35E-06 write diplot file 5] : columns -

701% t 5.0008E-02 dt 9.95E-06 write d3dumpOl file
Column separators

Tab Space ®| Whitespace
|

*****x*% termination time reached #*#*#xxxxx

Figure 7-10: GenEx dialog; definition of an entity
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0 This completes the GenEx setup. Save the file.

o0 Now open theStagedialog on theResponsegage and select tiBENEX response type on the
right. Open the Input GenEx file. A browse option is available. Importing the file will display the
selected entities in tHentities box.

0 Select the input data file, namea@hsp . This file must be available in the run directory during the
LS-OPT run.

0 Select a entity, define a response name atttipeof thedialogandhit Ok. The responseill appear
in the liston theResponsepage

o0 Repeat the procedure for the remaining three response entities.

LS-OPT can now be run and thesponse entities will be extracted for each simulation run.

7.4. Extracting histories

7.4.1.An example using "Repeated anchor vector" to extract histories

In this example we will use GenEx to extract histories of the value for "kinetic energy” in the "glstat” file
created by LSDYNA. We first start by creating the anchdir of cycles . This anchor will be the base

for further anchors. With this anchor as parent we now creatéEhanchor to search for the string we

are looking for, in this casdihetic energy "

As seen inFigure7-11, this entity is of the Scalar type and needs to be chandeejpeated anchor vectar
When creating a repeated anchor vector the default valuenfdror to repeatis the parent of the entity.
Since kinetic energy " appears twice between evaty of cycle the result is not what we want
yet. In order to skip "eroded kinetic entity”, we pick the grandpaterdf cycle anchor as the one to
repeat.

The result of this setup will be that the extractor will findt"of cycle ", then search forward for
"kinetic energy " and extract the first element of the vector. Then, it will find the next occurrence of
"dt_of cycle "and repeat, extracting the other elersesftthe vector.

After we have changed thfenchor to repeatto dt_of cycle , we will have the correct result. The color
of the other vector elements will be in light yellow with a dotted bofigure7-12.

We are now finished with the GenEx part and the file can be saved.
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File Edit
& O
b Start of File
= dt_of_cycle
v 1 KE_anchor

x 3:33"55;"55' it
End of File

time step.... 5.00040E-07
kinetic energy.. i
internal energy................ 7.96128E-06
stonewall energy............... 0.00000E+00 wall# 1
spring and damper energy....... 1. 60000E- 19
joint internal energy.......... 0.00000E+00
hourglass energy .............. 0. 00000E+00
system damping energy.......... 0. 00OOOE+00
sliding interface energy....... 0.00000E+00
axternal, WO K. v s i o 0. 00000E+00
eroded kinetic energy.......... 0.00000E+00
eroded internal energy.. 0.00000E+00

dt of cycle 1 is controlled by shell element 51474

0. 000OOE+00

total energy................... 3.67699E+08
total energy / initial energy.. 1.00189E+00
energy ratio w/o eroded energy. 1.00189E+00

global x velocity.............. 1.40547E-02
global y velocity.............. 7.24379E-11
global z velocity.............. -2.15360E-11
time per zone cycle. (nanosec).. 649
number of shell elements that

reached the minimum time step.. 0

added 8385 ciwviswrvini e 5.69522E-03

Figure 7-11: GenEx dialog; definition of an entity

File Edit

F &0

- Start of File
- dt_of cycle
¥ 1 KE_anchor
74 KE_Entity
End of File

CARAVAN MODEL (NCAC V01) (Fully integrated shell)
1s-dyna mpp971sR4.2..53450 date =
dt of cycle 1 is controlled by shell element 51474
TIMe. 0. 00OOOE+00
time step: v siinw 5.00040E-07
kinetic energy........
internal energy....... 7.96128E-06
stonewall energy...... 0.00000E+00 wall# 1
spring and damper energy 1.60000E- 19
joint internal energy. 0. 0DOOOE+00
hourglass energy ....... 0. 0DOOOE+00
system damping energy.... 0. 00000E+00
sliding interface energy. 0.0DOOOE+00
external work............ 0.00000E+00
eroded kinetic energy... 0. 0DOOOE+00
eroded internal energy.. .... 0.00000E+00
totalienergy =i ii s i aiiin 3.67699E+08
total energy / initial energy..  1.00189E+00
energy ratio w/o eroded energy. 1.00189E+00
global x velocity.............. 1.40547E-02
global y velocity. .. 7.24379E-11
global z velocity.............. -2.15360E-11
time per zone cycle. (nanosec).. 649
number of shell elements that
reached the minimum time step.. 0
added mass...........oovhiiiin 5.69522E-03
percentage increase............ 1.62208E-01
dt of cycle 400 is controlled by shell element 1948
TIme. 1.99516E-04
time step........oeves 5.00040E -07
kinetic energy........
internal energy....... 2.05286E+07
stonewall energy......... 0.00000E+00 wall# 1
spring and damper energy. 1.60000E-19
joint internal energy.... 3.35910E-02
hourglass energy ....... 2.09104E+06
system damping energy....... 0.00000E+00
sliding interface energy....... 8.07489E+04 |

Figure 7-12. GenEXx dialog; definition of arepeat anchor vector

Entity name:
|KE_Entity |
Origin:

‘ KE_anchor < ‘

Type of entity
@ Scalar

) Column vector
O Repeated anchor vector

~Number format-

Decimal separator(s): D
Exponent character(s):

Thousands separators:
0.0 . O space

Relative location:
)i

[34 ‘:\ | characters

<>

Column separators-

Entity name:

[KE_Entity |
Origin:

‘ KE_anchor < |

Type of entity-
O Scalar

) Column vector
@ Repeated anchor vector

~Number format-

) Decimal separator(s): [:
Exponent character(s): |Ee

Thousands separators:
0.0 .0 space

Relative location:
0 2| lines,

[34 |:| ] characters

<>

~Column separators-
Tat D N Whitespace

Maximum horizontal length

11 2| character(s)

[J Maximum number of components

Anchor to repeat
dt_of_cycle|2 |
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7.4.2.An example using "Column vector" to extract histories

Column vectors are useful for extracting vectors in tables. In this example we extract a position vect
generated by a fictitious solveJust as in the previous example we start with the creation of the entity we
want to be the first. We then change the typ€dtumn vector.

|l tds possible to create the vector bWewsEatityect i ng

File Edit
& O

=~ Start of File
- Header
End of File

Entity name:
|Position

)|

Gravity:

Origin:

\7Header 'C [

[ SE=No)

1 : 880 Type of entity

15.6072 C Scalar

15.4108 @ Column vector

O Repeated anchor vector

[elcliclolclofofolol
OOOOOEOOO

Number format
14,9198 ~ Decimal separator(s): ‘ ‘

(=]

i
N ooa6 o

14.7234 & Exponent character(s): |Ee |
14.6252 . = ——
14.527 Thousands separators:
14.4288 .0 .0 Space
14.3306
14.2324 Relative location:
14,1342 P
14.036 2 (<] lines,
13.9378 : |
13.8396 ’11 {Z| | characters 2
13.7414 _— 4
13.6432 Column separators
13.545
13.4468 V]
13.3486
13.2504
13,1522
13.054
12.9558
12.8576 W Maximum horizontal length
12.7594 T
12.6612 {B |Z| character(s)
12.563 S
12.4648 [J Maximum number of components
12.3666
12.2684
lié 13% Anchor to repeat
11.9738
11.8756 I
11.7774 [v

| g e

OOOOOOGOOOOOOOOGOOO

SN NN NN RN NN
CONOUVNRERUWUNEEFWORNOUWAEWNEN®®NO

(=]

[elelofofloofoloNo]
Wb wwwwuww

Figure 7-13. GenEx dialog; definition of a column vector entity

7.4.3.How to extract the histories from LSOPT

Using GenEXx for extracting histories is very similar to using it for responses. The main difference is thi

you have to select two entitiés define the historyone for the »axis and one for the-g x i s . It 6s
use ‘Auto increment” for the xaxis, in which casetheaxi s val ues will simply
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- Edit history. &)

Name Subcase

Kinetic_E [

Input GenEx file

SPONSES/a.g6l| | Browse | | Create/Edit

Input data file

glstat

¥ftime vector Yivalue vector

KineticEnergy

Reread entities|

| Cancel || oK

Figure 7-14: Interface to define a GenEx History

When creating the entities in GenEx they need to be @bkmn vector or Repeated anchor vectoto
be used for history extraction.

7.5. Command line options

GenEx can be started by selecting tbeeate/Edit button after selecting GenEx on tliResponsesor
Histories page or from theFile Multihistories dialog, or the executablgenexlocated in the LSOPT
installation directory may be callégbm the commandre.

genex[ -h][ -X][ -d][ -g<str>]] -i<str>] [ -f<str>] [ -v<str>] [ -el<str>] | -
e2 <str>] [ - € <str>] [file]

Table16-3 explains the command lingotions.
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Table7-4: GenEx command line options

Option Description

-h, --help Show help message

-X, --extract Extract

-d, --delete Delete the file when program exits (be careful)
-g, --g6file=<str> The g6file used for entities

-i, --datafile=<str> The data file containing the data
-f, --filename=<str> Output to filename’

-V, --view=<str> View a text file
-el,--entityl=<str> First entity in histories
-e2,--entity2=<str> Second entity in histories

-C, --Create=<str> Create or Edit a GenEXx file

7.6. Small car crashworthiness example using GenEx to extract
histories/responses from data files

Refer to Sectio20.9for the GenEx example.
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8.Set up 1mDDheafliongi ng
Vari abl es

This chapter discusses the conversion of parameters defined in input files to design variables of different
types. Graphical features allow the user to view file sources of parameters and the activalgon or
activation of variables for selected samplings.

Resource definitions and other global features are also available in this dialog.

8.1. Parameter Setup

Parameters defined in the input files of the stages are automatically displayedRardmeeter Setup

pané, Figure8-1. The names of these parameters are not editable, and they cannot be deleted as indicatec
by the lock symbol displayed in tii#eletecolumn. If only a nameand value are specified in the stage input

file, the parameter type is set@mnstantoy default. The default starting value is O.

L Problem' global 'setup x
Parameter Setup | Stage Matrix | Sampling Matrix | Resources | Features

[] Show advanced options
Type Name Starting Minimum Maximum Sampling Ty... Delete

@ v | 2.5Values: |1.5,2.0,2.5.50 | ... | Continuot| v
@ v | 0.1 0.1 0.9
|
|
|

3 il 5|

16| 15| 5

2.0|Va|ues: 1.5,2.0,25,50 |..||Discrete | v

B B B B

Hi

Constant ~ 1.0-|
Constant w
Constant ~

280/

b B B

10:|

Add...

Figure 8-1: Setup Dialogi Parameter Setup panel in L®PTui
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Other attrilutes such as parameter values or discrete sets defined in the input files are also displayed h
but can be overridden. The desired parameter type and other appropriate options can also beTgideified,
8-1.

Advanced options, such as initial range, that are not required can be specified by selecBhgwhe
advanced optionsheckbox,Table8-2.

Additional (nonfile) parameters, although unusual, can be defined usindtibutton at the bottom of the
panel.

Table8-1: Parameter Setup options to be specified for eaenameter

Option Description Reference
Type Parameter type:
Continuous Continuous variable -
Constant Constant value Section8.1.1
Dependent Parameter depending on other paramet Section8.1.2
Discrete Discrete variable Section8.1.3
String Discrete variable using string values Section8.1.3
String Constant  Constant using string values Section8.1.1

Transfer Variable Parameter treated as variable at upper Section8.1.4
level and constant at lower level (multi
level optimization)

Transfer String  Transfer Variable using string values ~ Section8.1.4

Variable
Response Variable which inherits the value ofa  Section8.1.5
Variable response
Noise Probabilistic variable described by a Section8.1.5
statistical distribution
Name Parameter name. If the parameter is imported from a stage -

input file, the name is not editable

Starting Initial value of the variable, used in baseline run (1.1) -

Minimum Lower bound of the design space -
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Maximum Upper bound of the design space -

Values List of allowable values for discrete astling variable Section8.1.3
Definition Mathematical expression specifying a dependent paramete Section8.1.2
Distribution Statistical distribution used to define a probabilistic variable Section8.1.7

Sampling Type

Sampling type for discrete variable: continuous or discrete Section8.1.3

Edit Input Set the relation of a transfer variable with another variable Section8.1.4
Parameter

References

Variable Dialog to define correlation between variables. Only availal Section8.1.8
Correlation for probabilistic tasks.

Table8-2: Parameter Setumdvancedptions

Option

Description Reference

Init. Range

Size of subregion of the design space used in the first itera Section8.1.8

Saddle Direction

Saddle direction specification used Worstcase design Section8.1.10

Table 8-3: Parameter Setup options

Option

Description Reference

Show advanced
options

Shows Init. Range and Saddle Direction option for each  Table8-2
parameter

Noise Variable
Subregion Size
(in Standard
Deviations)

Bounds are required for noise variables to construct the -
metamodels. The bounds are taken to a number of standai
deviations awayrom the mean; the default being two stand:
deviations of the distribution. In general, a noise variable is
bounded by the distribution specified and does not have ug
and lower bounds similar to control variables.

Enforce Variable
Bounds

Assigning a distribution to a control value may result in -
designs exceeding the bounds on the control variables. Th
default is not to enforce the bounds.
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8.1.1.Constants

Each variable above can be modified to be a constant. A constant can be a nunsiéngr@onstants are
used:

1. to define constant values in the input file suchpas or any other constant that may relate to the
optimizationproblem, e.g. initial velocity, event timmtegration limits, etc.

2. if native parameters defined in the input file are not to be used as optimization parameters.

3. to convert a variabléo a constant. This requires only changing the designation variable to constan
in the command file without having to modithe input templateThe number of optimization
variabless thus reduced without interfering with the template files. Variables can also be eliminate
by unchecking them in the Sampling matrix (see Se@&ign

8.1.2.Dependentvariables

Dependenvariablesare functions of the basic variables and are required to define quantities that have to |
replaced in the input template filebut which are dependent on the optimizati@riables. They a
therefore not contribute to the size of the optimization probl2ependents can be functions of dependents.

Dependentvariables are specified using matheical expressions (se@ppendix F: Mathematical
Expressions

The dependentariablescan be specified in an input templated will therefore be replaced by their actual
values.

8.1.3.Discrete and String variables

For Discrete variables, a list of allowable values has to be specified. This can be donPamatheter
Setupdialog using theé® button to the right of th¥aluestextfield of the respective parametBigure 8-2.

A list opens up showing the already defined values, a textfield to enter a new value appears by selecting
Add new valuéutton or by using the return key.

For String variables, dbwable string values are defined in the same way. The string values are internall
treated as integers in ESPT. The mapping of these integer values and the actual strings is stored in th
Stringvar.lsoxdatabase in the work directory.

In addition to a list of values, the sampling type has to be specified for discrete variables. By default, tl
discrete variables are treated as continuous variables for generating experimental designs. The opti
values will assume an allowable value. I§aiete sampling is selected, all experimental design points use
allowable values. If possible, a continuous sampling is recommended, because it usually leads to a be
distribution of the points within the design space and hence to a better metamdétel qua
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orT Problem global setup

Parameter Setup I Stage Matrix \ Sampling Matrix l Resources 1 Features ]

X

[_] Show advanced options

Type Name Starting Minimum Maximum

Sampling Ty... Delete

[Continuous | v ]:rimm;mr 7 [ 3][ 1][ 5]

&

[Discrete | v ]_Lhood 7 | 1|Values: 1,2,3,4,5 ]E]lContinuotl v ] &

Add... 2 |"

Add new value

Figure 8-2: Definition of discrete values

8.1.4.Transfer variables

bl

m Input Parameter References
Name Starting Minimum Maximum
tl Set Set Set
t2 Set Set Set
t3 x| t73 S |set Set
t4 Set Set Set
t5 Set Set Set
t6 Set Set Set
t10 Set Set Set
64 Set Set Set
oK

Figure 8-3: Input Parameter References. Transfer Variable t73 is set asdtagting value for t3.
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Transfer variables are used in the context of multilevel optimizatiorSisetoon5.3.8. These variables are
sampled in oe of the levels, but these sample values are passed down to the lower levels where these
treated as constants. Transfer variables can be referenced by preceding higher levels or by other variabls
the same level. Within the same level, a transfealite can be the starting value or the lower/upper bound
for another variableHigure 8-3). The dialog to define the parameter references is accessible from the
Parameter Setup dialog.

8.1.5.Response variables

Response variables are used to define variables which inherit the values of responses. The main purpo
to allow substitution of response values in input files. The response must be calculated in an ancestor of
stage in which the substitution is done.

1. The main parameter setup allows the user to link a parameter to a responBg8s&5). This
selection causes the sdkat parameter value to be replaced by a response value defined in al
ancestor stage. The transferred response value is substituted into the input file(s) of stac
downstream where the parameters are defined.

2. The response value to be linked can be anyoresp value which was directly extracted from the
solver database or a mathematical expression involving any variables, dependents, histories
responses defined in any parent stages.

3. Response variables can be transferred between any two stages ofwdapatiead. They do not
need to be consecutive as long as the response is defined in a stage which comes before the <
where the substitution is done.

4. A specific response can be linked to any number of parameters.
5. Response variables are not independesign variables, so have no effect on the sampling.

Example

The example is explained using the series of figures below. The optimization consists of an outer loop w
three stages. The first stage is also an optimization loop which calibrates a pardMet to produce
YMod_OPT. The second stage uses the optimized YMod_OPT as a constant parameter but optimize
second variable Yield to produce Yield_OPT.

After the first two stages, YMod_OPT and Yield _OPT are converted using mathematical exprassions a
then transferred as material constants to a vehicle simulation stage. The outer loop optimizes the veh
design variables tbumper and thood.

Figure8-4 throughFigure8-10 show various parts of the problem setup.
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H E + /" } B Metamodel-based optimization EE = Sequential with Domain Reduction

Setup ' Sampling sampling
4 parameters | 2 wvars, 4 d-opt designs
. L _ B T ~
Finish Domain reduction - YMOD_OPT
(SRsM) | 2 resps
\erification Termination criteria O] Y —
1 design 3 iterations YIELD_OPT
: 2 resps
( Optimization ) - *
| 1 objective | LS-DYNA h
|L 0 constraints J|° | SIMULATION 4
k 4 pars, 2 resps
_ T ~ . A
' Composites ] Build Metamaodels
1 definition | | 2 linearsurfaces

Edmond Laguerre

MULTILEVEL WITH RESFOMNSE-VARIABLES
homemielen/LS 0P TITRUNK/DEV /opt QA/PROCESS_SIMULATION/RESPONSEVARIABLES/MULTILEVEL/DY NA_SIMRES UL Timulti lsopt

Figure 8-4: LS-OPT Problem multilevel setup. The first two stag@'MOD_OPT) and (YIELD_OPTare
sublevel optimization stages. YMOD_OPT produces an optimal material parameter YMod_OPT and
converts it to YMod_OPT_EXPR using an expression. This value is transferred to the parameter
YModRYV defined as an inpuparameter to the YIELD_OPT stage. The YIELD_OPT stage therefore uses
this value as a constant but optimizes a second variable Yield to produce Yield OPT which is then
converted to Yield OPT_EXPR. Both YMod_OPT_EXPR and Yield OPT_EXPR are then transfarred t
the SIMULATION stage as input parameters. The outer loop depicted here optimizes over design
variables tbumper and thood to minimize vehicle intrusion.
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Di al o gVaniabldde f i

Parameter Setup | Stage Matrix

[] Show advanced options
Type Mame
|Response “ariable | ¥

|Response “ariable | ¥

|Continuous hd
|Continuous A
Add.

Sampling Matrix = Resources

Features
Starting Minimum Maximum Delete
YiMod_OPT EXPR 2
ield OPT_EXPR 2
[ 3| 1| 5|
l 1| 1] 5]
Dok

Figure 8-5: The main parameter setugclicking green box at top left ofFigure 8-4) to define two

responsevariables YModRV and YieldRV. These

respectively link to YMod OPT_EXPR and

Yield_ OPT_EXPR produced by thearen optimization stages. The parameters tbumper and thood are

optimization variables used in the outer loop.

Parameter Setup | Stage Matrix = Sampling Matrix | Resources | Features

[l Show advanced options

Type MName Starting Minimum Maximum Delete
| Continuous v | vMod | 700000 | 500000 || 2e+06 | A *
| Constant v || vielac | 1500 | A >
(<] 1>
Add...

ok

Figure 8-6: Input parameters for the YMOD_OPT stage. YMod is an optimization variatdénedin this

stage while YieldC is a constant.

LS-OPT Version 6.0

149



CHAPTER8:Set up Di alog 1T Def

Setup = Parameters = Histories | Responses | File Operations

Response definitions Add new
YMod_OPT x | | Stage specific
L50PT: Optimized entity "vMod" LSOPT
YMod_OPT_EXPR X | | Generie -

EXPRESSION: exp ( log { YMod_OPT )
USERDEFINED

GENEX
EXCEL
<Jok
Figure 8-7: Response output definition for Stage YMOD_OPT.
Farameter Setup | Stage Matrix = Sampling Matrix = Resources | Features
[] Show advanced options
Type Name Starting Minimum Maximum Delete
| Continuous v || vield i 1500 | so0 | 2000 A *
| Constant v |[¥Modrv I 700000 | A
Add. .
ok

Figure 8-8: Input parameters for the YIELD_OPT stage. Yield is an optimization variatidinedin this
stage. YModRYV is a respons®riable replaced by YMod_OPT_EXPR (déigure 8-5 for definition).

Setup = Parameters Histories | Responses | File Operations

Response definitions Add new
Yield_OPT x  Stage specific
LSOPT: Optimized entity "vield" LSOPT
Yield_OPT_EXPR * | | Generic 3

EXPRESSION: sqrt( vield_OFT ) * sqri( *ield_OFPT)
USERDEFINED

GENEX
EXCEL
EXFRESSION hd

Figure 8-9: Response output definition for Stage YIELD _OPT.
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[STDOUT] =
[STDOUT] Extractor pre-processor.

[STDOUT]
[STDOUT]
[STDOUT]
[STDOUT] Opened Extraction database: "/home/nielen/LSOPT/TRUMK/DEV/optQa/PROCESS SIMULATION/RESPONSEVARIABLES/MULTILEVEL,
[STDOUT]

[STDOUT] Assembling job results from Stage "YIELD OPT".

[STDOUT]

[STDOUT] Constant YModRV: linked to response "YMod_OPT_EXPR" = exp ( log ( YMod_OPT ) ) = 500000,

[STDOUT] Constant YieldRV: linked to response "Yield OPT_EXPR" = sqrt( Yield_OPT ) * sgrt( Yield_OPT) = 1007.21.

[STDOUT]

[STDOUT] Mumber of response-variables = 2

[STDOUT]

[STOOUT] Creating variable definitions from job results.
[STDOUT]

[STDOUT] System command "/binfcp main.k DynaOpt.inp" successful
[STDOUT] System command "/bin/rm -f DynaOpt.inp" successful

[STDOUT]
[STDOUT] -

Search Dismiss

Figure 8-10: Job log of SIMULATION stage of the example (the display represents theppogessor
phase prior to simulation). Note the linking of the two parneters to responses.

8.1.6.Probabilistic Variables - Noise and Control Variables

Probabilistic variable values, unlike deterministic variables, cannot be stated with absolute confidence.
other words, there is uncertainty associated with these variables dexfanbich we can only state that
their value will lie within a certain interval with specific level of confidence. This difference makes
probabilistic analysis and optimization much more involved than their deterministic counterparts. Therefor
a separa chapter (Chaptdrd) is dedicated to probabilistic tasks and problem setup.

Probabilistic variables can either be control variables, whose nominal values argednadring
optimization to get a more suitable design, or noise variables that are not controlled during optimization a
only serve the purpose of introducing uncertainty in the problem. The variable type can be selected in-
Parameter Setup panéligure8-11).

8.1.7.Probabilistic distributions

Gpr Problem| global'setup @
Parameter Setup | Stage Matrix | Sampling Matrix | Resources | Features
[[] Show advanced options Variable Correlation

[] Enforce Variable Bounds

Type Name Starting Minimum Maximum Distribution Delete
lContinuous ~ |Area || 2” D.2|| 4| area_dist |wv |4 =
lNoise ~ |Base | base_dist | v | & =
Add..

oK

Figure 8-11: Parameter setup panel for probabilistic tasks
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In order to repremnt variable uncertainties, they are associated with probabilistic distributions, which are
also part of the Parameter Setup panel when the selected task is probdhigstie8-11). Several types of
distributions are available in ESPT. Further details of how to set up probabilistic variables and
distributions are provided in Chaptkt.

8.1.8.Variable Correlation

For probabilistic tasks,he correlation between variables can be spegcifiegure 8-12. The Variable
Correlation dialog is accessible from the Parameter Setup pémsl.correlation will be considered in
Monte Carlo simulation (including metamodel based simulations) as wéfll ediability based design
optimization and robust parameter design, respectivédyly correlation between normally distributed
variables is allowed.

= Variable Correlation |
First Variable Correlation Second Variable Delete
x2 2|05 || xa 2 [x
Add...

L o

Figure 8-12 Variable Correlation dialog, accessibkeom Parameter Setup panel.

8.1.9.Size and locationof initial region of interest (range)
If an initial range is specified, the initial subregion is defingftarting i range/2, starting + range/2]

Remarks
1. The full design space is used if the range is omitted.

2. The region of interess centered on a given design and is used as-aade of the design space to
define the experimental design. If the region of interest protrudes beyond the design space, it is
moved without contraction to a location flush with the design space boundary

8.1.10.Saddle direction: Worst-case design

Worstcase or saddipoint design is defined as a method to minimize (or maximize) the objective function
with respect tsomevariables, while maximizing (or minimizing) it with respect to teemainingvariables

in the variable set. The maximization variables are set using the Maximize option in the Saddle Direction
field of theParameter Setuppanel. The default selection is Minimize.
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8.2. Stage Matrix

Parameter Setup || Stage Matrix || Sampling Matrix | Resources | Features

= =
oo 2 5 g
2o 0w S Ewuw3I
a = 2> = I'm ' % o
5o m 8 >>0 =
g 2 £ g T1imm ||
AL T s e c BB
S ol o8 <<

E@oo g T2 2
SEcCEsSFcwmE %
=Sz g EusEF
w e . o m & o W w
CL==0==0===

dyna_1 = i
t_inner | == == A A A S N S |
t_outer ET Tt
t_middle (== = A U N N N B
Gate_location 2= S S S S S
Injection_time B=Etr r ottt
Melt_temperature == S A N S S
Tool_temperature (2= S A A A S

Legend: [ - Parameter found in file(s) (hover mouse above to see filename(s) £ - Parameter manually added
T - Parameter defined upstream #¥ - Parameter linked to a response

oK

Figure 8-13: Stage Matrix

The Stage Matrix provides an overview of the parameters defined in each stage. A parameter influence
stage if it is defined in a stage input file, manually added to a stage, or defined in an upstream sta
Hovering the mose over a file icon shows a list of the files where the respective parameter is defined.

8.3. Sampling Matrix

Parameter Setup = Stage Matrix || Sampling Matrix || Resources | Features

Reset

cradle_rails
shotgun_inner
shotgun_outer
rail_inner
rail_outer
aprons

E & & & O & CRASH
M A EEMR NVH

Figure 8-14: Sampling Matrix
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For multidisciplinary desigmoptimization(MDO) certain variables could be relevant for some but not all
disciplines. In such examples, several samplings (or cases) can be defined and the variables assigned t
some but not all samplings. The assignment of a variable to a egnepaln be selected in the Sampling
Matrix. If a variable is absent in a particular sampling, it assumes the current global value as generated by
the previous iteration for substitution in the input files of the next iteration. The number of variablesiselec

for a sampling directly affects the number of sampling points (and hence the computational effort) required
for that sampling. Each column is coupled to Awtive Variables tab of the respectiv8ampling Dialog
Section9.4.

Clicking theResebutton reassigns the variables to the samplings as defined in the input files.

If a variable has been deselected for all the Samplings, it is treate¢asstant value. Therefore the
baseline value will be assumed throughout the optimization. This option can be selected in lieu of explicitly
defining the parameter as a constant.

The sampling matrix can be changed between iterations. Variddtiested as insensitive in the first or any
other iteration could be switched off for the following iterations.

SeeSection20.5for an MDO example.

8.4. Resources

Ser Problem global setup ()
Parameter Setup | Stage Matrix | Sampling Matrix || Resources || Features
Resource Global limit
LSO_EXTRACTOR | 12 |
USERPOST |'12 |
USERDEFINED |'1 |
METAPOST |'1 |
LSDYNA_IMPLICIT | 50 |
MOLDFLOW _LICENSE |'33 |
AMNSA_LICENSE |'22 |
NASTRAN_LICENSE |-66 |
LSTC_LICENSE |'99 |

The above list is the union of the resources defined in stages

Figure 8-15: Setupi Resources
Resources are defined in the Stage dialogs, but, for convenience, allows editing of the global limits in the
Setup dialog. The Resources tab shows a summaryrefallrces defined for all the staggsction5.4.1

The resource LSO_EXTRACTOR is generated automatically BP3 and used for result extraction
the local machine. Theefaultglobal limitis the number of logical CPUsvailableon the local machine.
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8.5. Features

Problem! globallsetup ]

(M Features ||

Parameter Setup | Stage Matrix = Sampling Matrix | Resources | Features

L

Evaluate Metamodel
.csv file with variable values

|UserPoint52 Browse

Figure 8-16: Setupi Features

Samplingindependenteatures are available in tkeaturestab of theSetupdialog, Figure8-16.

8.5.1.Evaluate Metamodel

The response values of any number of points can be computed ugrigtarg metamodel and written to a
.csv file (file with commaseparated variables that can be read by most spreadsheet programs). The ing
data is sampling independent.

There are two simple steps to obtain a table with response data.

1. Browse for the filewith the sampling point information using tB®aluate Metamodedption in the
Featurestab in theSetupdialog. The file must be ircsv format although spaces, commas or tabs
are allowed as delimiter@nly files with ASCII characters are support@dhefile must contain two
header lines. The first header line contains the variable names. The second header line contains
variable types; inthiscasdv® (desi gn variable) suffices. T
Adco (di scr estted v(asrtirabnlge)v aori aibl e) can al so &
(see also Appendik.41). It should be noted that the entry for a string variable isdhesponding
mapped integer value that can be found in the StiengVar.lsox The variable coordinates are
specified as one row for each design point. See example below.

2. Use theSetupdialog Repairoption EvaluateMetamodels

o Input: Each sampling point file must represent all the variablesOPS checks whether all the
variables defined in the file are represented in th€ES input. Variable order is not important.

0 Output: The ExtendedResults output can be found as METAfile in the main working
directory, e.gExtendedResults METAaster_3.csv . TheExtendedResults file has
variable, dependent, response, composite, objective, constraint;objalttive and constraint
violation values.

o If sampling points are defined before thiart of an optimization run, the META file will be
automatically computed for each iteration.

Example.csv file

X1 X2 X3
dv dv dv
1.02.03.0
2.03.04.0
4.16.23.3
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This chapter describes the specification of sampling settings, i.e. the metamodel types, point selection
schemes (design of experiments or DOE), and related options available in the Samplind-idjate®; 1.
The termgoint selectiorandexperimental desigmre used interchangeably.

ad Sampling CRASH =

[ Sampling & Metamodel Settings l Active Variables | Features | Constraints | Comparison Metamodels

Metamodel Pointselection

@ Polynomial ) Full Factorial

) Sensitivity ) Linear Koshal

) Feedforward Neural Network () Quadratic Koshal
() Radial Basis Function Network () Composite

() Kriging @ D-Optimal

) Support Vector Regression () Monte Carlo

() User-defined () Latin Hypercube
. () Space Filling

() Orthogonal Array

@ Linear _ )
) ) User-defined

() Linear with interaction

() Quadratic Number of Simulation Points (per Iteration per Case)

O Elliptic 10 (default) |

Set Advanced Options >>

Figure 9-1: Sampling dialogi metamodel and point selection settings

9.1. Metamodel types

The user can select one of the metamodel types shokigure9-1 andTable9-1, respectively. The default
selection for the metamodel type and the point selection scheme depends on the choice of task anc
optimization strategyChapter4. For the sequential response surface method (SRSM) strategy, the default
choice is the polynomial response surface method (RSM) where response surfaces are fitted to results a
data points usingpolynomials. For global approximatisrfitted in the single iteration and sequential
strategies, the radial basis function networks are set as the default approximation models. For all strategies
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the feedforward neuralnetwork, Kriging, Support Vector Regression and udefined approximation
modelsare also available. Sensitividata (analytical or numerical) can also be used for optimization. This
method ismore suitable for lineaanalysis solvers. For details see the sections referredrable9-1.

Table9-1: Sampling dialog option§ Metamodel types

Metamodel Type Description Reference

Polynomial Polynomial approximations up to quadratic order  Section9.1.1

Sensitivity Uses gradients to determine linear metamodels. Section9.1.2

Feedforward Neural Networl An artificial Neural network with sigmoid basis Section9.1.3
functions

Radial Basis Function A Neural Network with radial basis functions Section9.1.3

Network

Kriging A Gaussian process. Form of Bayesian inference. Section9.1.4

Support Vetor Regression  Support Vector Regression Section9.1.5

Userdefined Interface for usedefined, dynamically linked Section9.1.6
metamodel.

9.1.1.Polynomial

When polynomial responssurfacs are constructed, the user can select from diffeapproximation
ordes. The available options are linear, linear with interaction (linear andiagfbnal terms), elliptic
(linear and diagonal terms) and quadrafiection23.1.1 In theSamplingdialog, the approximation ordex

set in theOrder field, Figure 9-1. Increasing the order of the polynomial results in more terms in the
polynomial, and therefore more coefficients that need to be determined, hence more simulation runs
needed. The default number of silation runs is automatically updated for the polynomial type (Section
9.3.1).

The polynomial terms can be used during the variabteeningprocess $ection23.4 to determine the
significance of certain variablesmain effects) and the creg#luence (interaction effects) between
variables when determining responsHsese results can be viewed graphically (SedmB.4.

The recommended point selection scheme for polynomial response suidasaheD-optimality criterion
(Section9.3.2.

9.1.2.Sensitivity

In this approach, sensitivities are used to generate linear metamodels. Both anahdicalimerical
sensitivities can be used for optimizatiéigure9-2.
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L Sampling 1 [z

Sampling Metamodel Settings | Active Variables | Features = Constraints

Metamodel

) Polynomial

@ |Sensitivity

) Feedforward Neural Network
' Radial Basis Function Network
() Kriging

() Support Vector Regression

1 User-defined

Sensitivity Type
(@ Numerical

) Analytical

Perturbation relative to design space

|-CI.01 {default)

Figure 9-2: Sampling Dialog: Sensitivity options
Analytical sensitivities

If analytical sensitivities are available, they must be provided for each response in its own file nhamed
Gradient . The values (one value for each variable)Gradient should be placed on a single line,

separated by spaces.
In the Sampling dialggheSensitivity Typemust be set ténalytical.
A complete example is given Bection20.7.

Numerical sensitivities

To use numericasensitivities, select Numerical in the Sensitivity Type field in the Sampling dialog and
assign the perturbation as a fraction of the design spapege9-2.

Numerical sensitivities are computed by perturbinmpints relative to the current design poifitwhere the
j-th perturbed point is:

X =X +ie(xy - %)

a; =0 if I, ] and 1.0 ifi = |. The perturbation constar@ is relative to the design space size. The same
value applies to all the variables. The valueais assumed to be 0.001.
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9.1.3.Feedforward Neural networks and radial basis function networks

To apply feedforward neural netwook radial basis function approximatiqrselect the appropriate option
in the Metamodelfield in the Sampling dialog see Figure 9-3 and Figure 9-6, respectively. The

recomnended Point Selection scheme for feedforward neural networks and radial basis fusctians
space filling method (which is also the default), Sec8idh4

FENN Efficiency Options*

Ber Sampling/RUNT =

I Sampling & Metamodel Settings | Active Variables | Features = Constraints = Comparison Metamodels

Metamodel Pointselection

) Polynomial ) Full Factorial

(O Sensitivity () Latin Hypercube
@ Feedforward Neural Network @ Space Filling

() Radial Basis Function Network ) User-defined

() Kriging

Number of Simulation Peints (per Iteration per Case)

() Support Vector Regression

O User-defined |_10 (default) |
First iteration Linear D-Optimal Set Advanced Options >>
Include pts of Previous Iterations
[ Parallel Builder

Set Efficiency Options Reset
Number of Hidden Nodes in En:, -Transfer Function Average Type

Lin 1 2 3 ) Linear @ Mean

4 5 [16 [17 @ Sigmoid ) Median

g g 10 () Gaussian _ .
DDF . DL' . 2D3 - D p— Regression Algorithm
= Lin-1-2-3-4- () Hardy's Multi-Quadrics _
efau n - Y @ Levenberg-Marquardt
Number of Committee Members Output Transfer Function ) BFGS
|'9 (default) | @ Linear ) Backpropagation
' _ | © sigmoid
Half Number of Discarded Nets .
: .| © Gaussian
|_2 (default) | () Hardy's Multi-Quadrics

Number of Layers

[3 (default) |

Figure 9-3: Feedforward Neural Network Efficiency Options

Neural Network construction calculation may be tioomsuming because of the following reas:

1. The committee size is large
2. The ensemble size is large.

Committee sizeThe default committee size as specified above is largely required because the defat
number of points when conducting an iterative optimization process is quite small. Because of the tender
of NNO6s to have | ar ger v arntsacbmniittees gre reliedeon to stabipzp the e
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approximation through averaging. When a large number of points has been simulated however, the
committee size can be reduced to a single neural net by géttmber of Committee Membeos1.

Ensemble siz& he ensemble size can be reduced in two ways:

1. by exactly specifying the architecture of the ensemble and
2. by providing a threshold to the RMS training error.

The architecture is specified using tNember of Hiden Nodes in Ensembdgtions. Higher order neural
nets are more expensive to compute.

FENN efficiency options are available in tBamplingdialog if theSet Efficiency Optiobuttonis pressed,
and may be reset to the default settings usingRésetbutton, Figure 9-3. The available options are
explained inTable9-2.

Please refer to Sectio24.3and26.5for recommendations on how to use metamodels.

Table9-2: Feedforward Neural Network Efficiency Options

Option Description
Number ofHidden Nodes in Ensemble size from which one will be selected according to the
Ensemble minimum Generalized Cross Validation (GCV) value across the

ensemble. The default is Lik2-3-4-5.

Number of Committee Member Because of the natural vahility of neural networksSection
24.1.9, the user is allowed to select the number of members in
neural necommittee To ensure distinct members, thgnession
procedure uses new randomly selected starting weights for
generating each committee member.

Half Number of Discarded Nets The discard option allows the user to discard committee memb
with the lowest mean squared fitting error and committee mem
with the highest MSE. This option is intended to exclude neura
nets which are either under overfitted. The total numberfamets
excluded is therefore 2 times the specified numblee. discard
feature is activated during the regression procedure.

Transfer Function Activation function of intermediate layer (typically sigmoid)
Output Transfer Function Activation function of aitput layer (typically linear)

Average Type Mean or Median

Regression Algorithm Algorithm to solve noflinear regression problem. Levenberg

Marquardt, BroydettletcherGoldfarbShanno(BFGS) or Resilier
Backpropagation (RPROP)
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Execution options forFFNN calculation (Parallel Builder)

FFNNs can be solved concurrently. Select Baallel Builder option in theSettingstab to enable the
Executiontab.

The Parallel Builder involves the application of the job scheduler to treat each response and dmaiomem

a neural network ensemble as a job to be run in parallel. The committee (which constitutes a particu
ensemble member and which is solved using a serial Monte Carlo analysis) is solved Begiaky9-4
shows the dialog. The main features are as follows:

1. Job monitoring is available by clicking on the LED on the Metamodel box of the main diagdage
9-5. All the features that apply to the monitoring of simulations (excepPilg®ost) are also
available for FFNN calculation.

2. Remote computation is supported, so if a cluster setup is available for el@YNS jobs, the
FFNN solution setup may only involve a few special settings.

Sampling & Metamodel Settings = Active Variables = Features | Constraints | Execution

Execution options for FFNN calculation

Resources

Fesource Units per job Global limit Delete

FFBUILDER K |[120 | x
Create new resource

n ¥

Use Queuing
SLURM -
Use LSTCVM proxy

Command ‘ ${LSPROJHOME)/fbuilder_script Browse

Figure 9-4: Dialog for Parallel FFNN builder
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Show status for: | Metamodel Casel ‘ w ] Tools
Job ID/FID Component Iter FesplD  Modes Status 4] View log

7624 cas1 1] ~ NomalTemmmaton

27626 Case] 1 0 4 NormalTermination

27628 CaseT 1 0 € NomalTermination

27630 CaseT 1 0 € Normal Termination

27634 Casel 1 0 8 Normal Termination

27637 Case 1 0 5 Normal Termination

27640 Casel 1 o] 10 Running...

27643 CaseT 1 1 1 Normal Termination

27647 Casel 1 1 2 Normal Termination

27650 Casef 1 1 3 Normal Termination

27654 Case 1 1 4 Normal Termination

FTERE Casel 1 1 a Runninn E

Figure 9-5: Job progress display for parallel FFNNs
Advanced RBF options: Basis functions and optimization criterion for RBF*

The performance of the RBFs can significantly vary with the choice of basis function and the optimization
criterion. Two basis funct i on s-quaanca (HMQ@)bandk Gadssian s e
RBF. HMQ is often preferred and has therefore been set as the default. The user is also allowed to select th
optimization criterion to be generalized crasdidation error or the pointwise ratio of the generalized cross
validaton error,Figure9-6.

The options are available in ti&amplingdialog if theSet Advanced RB®ptiors buttonis pressed, and
may be reset to the default settings usingRasebutton,Figure9-6. The available options are described in
Table9-3.
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Table9-3: RBF Advanced Options

Option Description Options Description

Transfer Basis function Har dy 6-Quaditiasl L.
yo-R 0 ek p 1T,

Function
Gaussian N o Qoni T,
Topology Optimization Leaveoneout Generalized crosgalidation error (PRESS
Selection criterion
Criterion GCV-Ratio Pointwise ratio of thgeneralized cross
validation error
Noise variance Variance of the fitting error
Lad Sampling 1 (=)
| Ssampling Metamodel Settings Lactivemriables | Faatures. | canstraints
Metamodel Pointselection
) Polynomial () Full Factorial
) Sensitivity () Latin Hypercube
() Feedforward Neural Network (@ Space Filling
@ Radial Basis Function Network ) User-defined
() Kriging

Number of Simulation Points (per Iteration per Case)

() Support Vector Regression -
|5 (default) |

) User-defined

First iteration Linear D-Optimal

Include pts of Previous Iterations

Set Advanced RBF Opticnsl | Reset

Transfer Function
@ Hardy's Multi-Quadrics
() Gaussian

Topology Selection Criterion
@ Leave_one_out

() GCV-Ratio

) Noise variance

Figure 9-6: Radial Basis Function Network Advance Options
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9.1.4.Kriging parameters

L Sampling 1 =

[Sampling Metamodel Settings | Active Variables = Features = Constraints

Metamodel Pointselection

O Polynomial () Full Factorial

() Sensitivity () Latin Hypercube
) Feedforward Neural Network @ Space Filling

) Radial Basis Function Network () User-defined

@ Kriging

Number of Simulation Points (per Iteration per Case)

() Support Vector Regression .
|5 (default) |

) User-defined

First iteration Linear D-Optimal

Include pts of Previous lterations

Set Advanced Kriging Options Reset

Correlation Function
(@ Gaussian

) Exponential

Trend Model

() Constant
(@ Linear

() Quadratic

[] Fixed theta for all responses

Figure 9-7: Kriging Advanced Options

The Kriging fit depends on the choice of appropriate correlation function and the trend Gemdiein24.2
Two correlation functions available for selection are Gaussian and exponential. The user can also select
either a constant, linear, or quadratic trend model. The available options areedisplBgble9-4.

Table9-4: Advanced Kriging Options

Option Options Description
Correlation Gaussian  Correlation function used in stochastic component of metamc
Function Exponenial function, see&ection24.2
Trend Model Constant  Polynomial component of metamodel function.
Linear, The linear trend model requires at least ¢ design points, a

Quadratic  quadratic trend model requires at least——  p design
points, where is the number of variables.

Fixed theta for all responses By default, a single set of theta values is fit to all responses,
however the user can also fit individual set of correlation func
parameters (theta) for each response by selecting this option
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9.1.5.Support Vector Regression

The support vector regression fit depends on the choice of appropriate kernel function (similar to correlati
function), Section24.3 Two kernel tunctions available for selection are Gaussian and polynomial. The
available options are displayedTiable9-5.

Table9-5: Advanced Support Vector Regression Options

Option Optiors Description

Kernel Type Gaussian, Basis function used in SVR expansion thmaps the input variable
Polynomial  space to a high dimensional feature space, see S@dtidn

() Kriging ) User-defined
@ Support Vector Regression

Nurmber of Simulation Points (per lteration per Case
) User-defined tp P ]

|:lD (default) |

First iteration Linear D-Optimal

Include pts of Previous Iterations

Set Advanced SVR Options Reset

Kernel Type
@ Gaussian

) Polynomial

Figure 9-8: Metamodel selection Support Vector Regression

9.1.6.User-defined metamodel*

ad Sampling L =)

Sampling & Metamodel Settings | Active Variables | Features = Constraints = Comparison Metamodels

Metamodel Pointselection

() Polynomial ) Full Facterial

(O Sensitivity () Linear Koshal

() Feedforward Neural Network () Quadratic Koshal

() Radial Basis Function Network () Composite

() Kriging () D-Optimal

() Support Vector Regression ) Monte Carlo

@ User-defined () Latin Hypercube
@ Space Flling

Narme

- 5 ) Orthogonal Array

mymetarmodel |

) User-defined

Number of Simulation Points (per Iteration per Case)

[5 (default) _|

Set Advanced Options >>

Figure 9-9: User Defined Metamodel Options
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The userdefined metamodel distribution is available for download at
http://ftp.Istc.com/user/ls - opt/Add O n_Libraries/

Please ask LSTC or your local {LBYNA distributor for the password.
Building the example

Under Linux, issue the commandnake" while in this directory.Your resulting metamodel is called

umm_avgdistance_linux_i386.s0 (or umm_avgdistance_linux_x86_64.so if running
under 64bit OS).
Under Windows, openusermetamodel.sin in Visual Studio. Open th&uild menu, select "Build

solution”. Your resulting metamodel lledumm_avgdistance_win32.dl I

Along with the metamodel binary ycalso get an executable callédstmodel”. This program can bieed
for simple verification ofyour metamodel. Just give the name/ofir metamodel as a parametes,:

testmodel avgdistance

Note that you are not supged to supply the fuldll/.so filenameas a parameter.

Using the example as a template

If you wish to use the example aseamplate for your own metamodelp the following steps (in this
example, your metamodel is calledymetamodel):

Copyavgdistance.to mymetamodel.*

Replace any occurrencd the string ‘avgdistance " with "mymetamodel " in the following files:
Makefile, mymetamodel.defmymetamodel.vcproj, Makefile, usermetamodel.sin

Distributable metamodel

When compiled, your metamodel binary will be called something like:
umm_mymetamodel_win32.dll

or
umm_mymetamodel_linux_i386.dll

This is the only file that is needed in order to use the metarfrodelLS-OPT.

Referring to user-defined mdamodelsin the Sampling dialog

In order to use a uselefined metamodel for aedain sampling, select the Us#zfined option in the
metamodel selection in th®amplingdialog and add the metamodel name to Mame textfield, (e.g.
umm mymetamodel _linux_i386.s0 ), Figure9-9.

Note that the namshould notinclude the imm" prefix or the platform dependent suffikS-OPT will
look for the correct te based upon theurrent platform. This allows for cross platform operation.
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9.2. General Options for NonPolynomial Metamodels

Additional options available for Feedforward Neural Networks, Radial Basis Functions, Kriging anc
Support Vector Regression are suarized inTable9-6.

Table9-6: FFNN, RBF, Kriging and SVR options

Option Description Reference

First iteration Linear Uselinear metamodels artie D-optimalty pointselection Section9.2.1
D-Optimal criterionfor the first iteration instead of the selected types.

Include pts of Thenewpoints for each iteratioare selectedithin the new  Section9.2.2
previous iterations  subregion while considering the locations of points from
previous iterations.

The metamodels are constructed using the new points as
as points from all previous iterations.

Parallel Builder Only FFNN, calculates metamodels in parallel Section9.1.3

9.2.1.First It eration Linear D-Optimal

For Feedforward Neural Networks, Radial Basis Functions, Kriging and Support Vector Regréssion
main scheme can be replaced in the first iteration by linear polynomials wotitiidal point selection,
us i n dirstiterationiinear D-Optimab o pti on, because

1. D-optimality minimizes the size of the confidence intervals to ensure the most accurate variab!
screening, usually done in the first iteration.

2. It addresses the variability encountered with neural networks due to pospinisity (or poor
placement) of points early in the iterative process, especially in iteration 1, which has the lowe
point density.

9.2.2.Include points of previous iterations

Updating the experimental design involves augmenting an existing design with new points. Updating on
makes sense if the response surface can be successfully adapted to the augmented points such as for |
nets, Radial Basis Function networks or Krgggurfaces in combination with a space filling scheme.

The new points have the following properties:
1. They are located within the current region of interest.

2. The minimum distance between the new points and between the new and existing points,
maximized(space filling only).
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9.3. Point selection schemes

9.3.1.0verview

Table 9-7 shows the available point selection schemes (experimental destiiods).The default point
selection scheme depends on the selected metamodeétgpeheD-optimal point selection scheme (basis
type: Full Factorial, 11 points per variable (far=2)) is the default for linegpolynomials, and the space
filling scheme is the default for the Feedforward Neural Network, Radial Basis Function NeBupgort
Vector Regressioand Kriging methods.

Table9-7: Point selection schemes

Point Selection Schem Description Reference
Full Factorial - Section23.21
Linear Koshal Saturated design for first ordeolpnomials Section23.2.2
Quadratic Koshal Saturated design for quadratiol¥homials Section23.2.2
Composite Central Compositdesign Section23.2.3
D-optimal Design obtained by minimizing the determinant of the Section9.3.2
moment matrix Section23.2.4
Latin Hypercube Stratified random design Section9.3.3
Section23.2.5
Monte Carlo Randm design
Space Filling Design obtained by maximizing the minimum distance Section9.3.4
between any two points. Section23.2.6

Space Filling of Pareto Design obtained by maximizing the minimum distance Section9.3.5

Frontier between any two points sampled from the Pareto Optirr

Frontier.
Orthogonal Array Fractional Factorial design Section9.3.6
Userdefined - Section9.3.7
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Monte Carlo

| Support Vector Regression

o Sampling CRASH &

Sampling & Metamodel Settings | Active Variables | Features | Constraints | Comparison Metamodels
Metamodel Pointselection

@ Polynomial ) Full Factorial

() Sensitivity () Linear Koshal

() Feedforward Neural Network () Quadratic Koshal

() Radial Basis Function Network () Composite

() Kriging D-Optimal

| User-defined

Latin Hypercube

) Space Filling
Order

@ Linear

Orthogonal Array
) User-defined

() Linear with interaction
() Quadratic Number of Simulation Points (per Iteration per Case)

O Elliptic 10 (default) |

Set Advanced Options >> |

Figure 9-10: Point selection schemes

9.3.2.D-Optimal point selection

Figure 9-11: D-optimal point selection: advanced options
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