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PREFACE TO VERSION 1

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

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

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

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 @tpressions for composite functions.
The addition of variablecreeninghrough the analysis of variance.

The expansion of the multidisciplinary desgptimizationcapability of LSOPT.
The expansion of the set of point selection schemes available to the user.
Theinterface to the LDYNA binary database.

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 seqaésgarch method.

ONOGAWNE

As in the past, these developments have been influenced by industrial partners, particularly in the automo
industry. Several developments were also contributed by Nely Fedorova and Serge Terekhoff of SF
Invaluable research conttibons have been made by Professor Larsgunnar Nilsson and his group in th
Mechani cal Engineering Department at Link®%°ping
in the Department of Mechanical Engineering at the University of Pretoria, 8&uth. The authors also
wish to give special 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 &OPT has continued with an emphasis on the integration witBYISA and LS
PREPOST and differs from the previous version in the following significant regards:

LS-OPT is now available for Microsoft Windows.

Commands have been added to simplify parameééstification using continuous curves of

measured data.

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

4. Extended visualization of statistical quantities based dtipteurunswere implemented by 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 networlkcommittees were introduced as a means to quantify and generalize response
variability.

8. Mixed discretecontinuous optimization is now possible.

9. Parameter identification is enhanced by providing the necessary graphicagmostprocessing
features. Conflence intervals are introduced to quantify the 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 (dteamaéive to a node, element or part)
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 d3pldefsizes by deleting results and to transform the 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 distribupanel in the GUI.

17. A feature is introduced 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 optimizéon for converging to the Pareto optimal front (direct & metambdsked).

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 e of the base design: the results are considered at fixed coordinates
These capabilities allow the viewing of metalforming robustness measuresPREBOST.

23.The ANSA morpher is supported as a preprocessor.

24.The truncated normal distribution is supported.

25. Extra input files can be provided 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 beedesigned completely (Version 3.4)

N
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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 existitegmodel.

33.The Adaptive Simulated 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 &zuracy selection in the viewer by allowing cetarded point
attributes such as feasibility and iteration number.

36. The Tradeoff selection has also been enhanced by converting itDoagg@lication with color
coding for the # dimension as well as colstatus of points for feasibility and iteration number.

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

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 Engineering Research AB (Linkdping) as well-&sgDHeiner
Mullerschon, Dipking. Marko Thiele and DiplMath. Katharina Witowski of DYNMmoreGmbH, 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 wHRYISA and LS
PREPOST. The main focus of Version 4 has been the developneeneuwf graphical postprocessor as well

as the improvement of the job scheduling system, especially with regard to scheduling on computer cluste
The following features have been added:

Version 4.0:

1.

The Viewer has been redesigned completely to accommadatdtiwindow 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, Hytadial Visualization and Parallel Coordinate plots

have been added to the more traditional scatter plot. Multiple points can be selected to create a ta
of response values. Point highlighting is croeanected between plot types.

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

5. Topology optimzation LSOPT®/Topology has been added as a separate module. Please refer to th

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 batreamlined in terms of providing better diagnostics and a
special queuing systeriondahas 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 and Full Factorial.

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

3. Job scheduling has been significantlypnoved. Environment variables can be exported through

gueuing systems.

Job data is displayed on the run progress bars with a selection to view the solver log file at any ste
of the run.

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

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

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

11. Experiments can be replicatest tochastic fields. Improvements have been made to Stochastic Field:
(*PERTURBATION) in LSDYNA. Special coordinate systems have been added.
*PERTURBATION_MATERIAL has been added for MAT24.

12.To avoid synchronization errors, the Experiments and AnalysisiRematabases have been converted
to seltcontained .csv files.

13.The Run page has been rationalized. Clean start options are now available for all tasks.

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

Version 4.2:

1. The algorithm for constrained experimental design has been greatly improved. An optimizatio
algorithm was introduced to locate design points within specified constraint bounds.

2. LSTCVM has been added asSacure Proxy Server for distributing solver jobs across a computer
cluster. Running LSOPT on a Windows machine controlling solver jobs on a Linux cluster is now
possible.

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

4. More injury criteria are now available, namely MOC, NNIC, NIC, Nkm, LNLI, TTl and TI-Ao8e
version of the injury criterio€lip3mhas been added.

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

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

7. Curve Mapping has been added to improve the curvehimat metric for material identification,
especially for hysteretic curves, curves with steep sections and cases where only partial test dat.
available. A newly developed Partial Curve Mapping algorithm is used.

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

9. Automatic internal constraint scaling based on the constraint bounds has been added to the GUI. T
feature ensures that constraint violations are treaqadlly irrespective of their magnitudes.

10. TheDominated Hypervolummethod as a stopping criterion for mwdtjective optimization methods
(GA). Crowding DistancendSpreadof the Pareto Optimal Front can be monitored graphically.

11. SeltOrganizing Maps iavailable to visualize simulation results.
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12.Refinements have been made to the 2D Metamodel Gastson display by adding 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.

13.LS-OPT database archiving has been expanded to include extra files such as solver input files.

14. Histories have been added to the GenEx (generic extraction) result extraction feature. Indhéypast,
responses could be extracted.

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

16.A derivative history function has been added to comphée derivative of a time history, e.g.
acceleration from velocity.

17.A general filtering feature for time histories has been added. Filtering 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

1. The MAC criterion replaces the Generalized Mass criterion for mode tracking (merged to Versio
4.2). An option to turn off mode tracking was added.

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

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

4. Option for selecting the number of verificationnsufor the tradeff curve of multiobjective
optimization. Space Filling sampling is done to obtain a-distributed tradeff set.

5. Head injury criterion (HIC) using three nodes for the different coordinate directions.
6. Support Vector Regression introdutcas a metamodeling type.
7. Userdefined postprocessor opticn.

The automotive and other industries have again made significant contributions to the development of new
features in LSOPT. In addition to longime participant Professdvarsgunnar Nilsson (Mechanical

Engineering Department, Linkdping University, Sweden), Dr. Daniel Hilding, Mr. David Bjorkevik and Mr.
Christoffer Belestam of Engineering Research AB (LinkOping) as well am@rHeiner Millerschon and
Dipl.-Math. Kathaina Witowski of DYNAmMoreGmbH, Stuttgart, Germartyave made major contributions

as developer®r. 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 graphicarqmessor to accommodate design
processes, in which the design stages are dependentamother, as well as the improvement of the job
scheduling system to enable handling of job dependencies. Transparency of the job scheduling process
also been improved. The following features have been added:

Version 5.0:

1.

A processconsisting of a chain of dependent stages can be analyzed. The process can be define
the form of a flow chart which can merge and branch. Solver stages have been added as a new con
and building block for defining a flow chart.

2. File operations sucas 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-gystigge basis. Any

run directorycan 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 formig failure criteria.

8. String variables. These variables allow the definition of discrete variables sets with names as might

9.

used for include file names. GUI support is provided.
The recovery of databases from remote servers has been added as a GUI feature

10. A sorting feature has been added to the Correlation Matrix in the Viewer. Thecorogations for

any entity can be sorted].

Version 5.1;

1.

Multilevel optimization. An LSOPT solver type can be selected to allow the nesting cESFQPT
task.

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. or
cluster. Job monitoring is provided in the GUI.

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

Subregionrbased serigvity 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 fra
the GSA icon (as a pegrocessing function).
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9.

. Design categories can be sified for userselected simulation points. Name, color and type attributes

can be chosen for each category display. Responses and histories are supported.
Excel is now supported as a solver type on Windows.

. A new third party Finite Element solver is nowpported. The support includes parameter

(*PARAMETER) recognition using recursive include files during the problem setup phase.

. De-activation of variables in iterative methods. The user can seamlessly deactivate variables at &

stage of the iterative prose This is useful when performing other tasks such as optimization after
variable screening.

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

10. Multiple plots are allowed in optimization history displays. All the avdgdantities 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 dialog in GUI).

Version 5.2:

1.

A new integrated progress window has been created to unify Windows and Linux progress monitorin
The window features separate tabs for text output and thermometer type progress monitorir
Warnings and errors are displayed segarate tab window. Global progress is displayed. The window
can be hidden while the older option via the stage dialog LED is still available.

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

Response variables were created to allow the substitution of simulation results in input files of a chi
stage during a mutstage process flow. Histories from simulation output can also be transferred tc
LS-DYNA input files as *DEFINE_CURVE data sets. Response and history expressions are fully
supported.

The generation and display of comparison metamodels. A set of differéarhodels based on 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 metambadsked Monte Carlo analysis can be

extracted in a multilevel setup. This allows the setup of, for instance, tolerance optimization or robu
design problems using the direct Monte Carlo metho&rMelues, standard 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 importe This is 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 analy
of a multilevel optimiation.

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

10. Mode tracking now runs in parallel.

11.Box plot options are available for histogram displays (reliability arglyhis includes 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 Mappg algorithm has been improved.

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

16. A response file option allows the specification of an output file with a single value that needs to b
extraced (usedef i ned response) . This feature solyv
(Windows) or fAcato (Linux) commands to WFite
defined responses.

17.Retry and timeout attributes required by thegoheduler 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 crossplc
curve is allowed.

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

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

Ing. Heiner Mullerschon anBipl.-Math. Katharina Witowski of DYNMore GmbH, Stuttgart, Germany
have made mar contributions as developerSpecial 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 jo
with depemdencies. 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 designeasible or not. The support vector classification algorithm, a pattern
recognition and machine learning method, is now available to approximate the boundaries. It focus
only on the decision boundary based on thedefined feasibility criteria and nohdhe prediction of
response values. This approach is especially attractive for discontinuous or binary responses, an
the case of mukdisciplinary failure criteria.

Multi-point historieshave been introduced to accommodate thefielll response ashell structures.

The multipoint histories are defined at a uspecified coordinate set. Element or nodal values can
be extracted from the LBYNA d3plot database. These can be used for parameter identification using
Digital Image Correlation. A truntian function is available for filtering the mulpioint histories.

Similarity measures for curve comparisdBased on multpoint histories, general expressions
including Mean Squared Error, Discreteé¢hret and Dynamic Time Warping similarity measures as
well as crosglotting functions have been added. Muitint crossplots can be constructed to
incorporate both histories and mytint histories. The similarity measures can be used to compute
the distance between any two curves or mudint curvesThe new expressions also apply to curves
and multipoint curves imported from files. DTW is highly effective for addressing curves with a
combination of noise and hysteresis.

Digital Image Correlation Parameter identification can be done usingffaltl experimental data.
Generic filebased as well as standard interfaces have been added for extracfiietgfdita. GenEx
has been extended to accommodate rpalitnt histories. The gom/ARAMIS DIC system is supported.

Binary databasebave been introdudeas a replacement of critical older XML databases to speed up
interactivity during posprocessing and to accommodate the potential growth in data volume brough
about by the introduction of fufleld data. Temporary databases (such as the JobResults anc
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 analyte the calculation of main and some
interaction effect using a relatively small number of samples, but do not calculate higher order effec

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

8. Stage library.To allow standadization of a design problem setup, solver stages or processes (stag

groups) can be imported and exported to and fromsyseeified locations.

Interactive tablesPreviously available simple (dumb) tables for design data have been enhanced
assume a ore spreadshedike 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 generat
points. Using an existing metamodel, responses can be interpotateduserspecified parameter
values. The highlighting of infeasibility has been enhanced and table rows caorterssl according
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to a selected column. As in the past, tables also interact with plotgoirtecategoriegeature has
been enhanced. Thaurrent development progression is intended as a precursor to an independe
graphical tool including many functions currently only available in thepppeessor GUI.

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

11.Training exampleare packaged together with the-C®T installation and can be run from the starting
menu.

The authors wish to thank Ake Svedin and Christoffer Belestam of DWdi&Nordic, Linkdping as well as
Katharina Witowskiand Charlotte Keisseof DYNAmore GmbH, Stuttgart who have made major
contributions as developer§Ve 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 Katharina for pdyiediiting and managing the manual.

Nielen Stander and Anirban Basudhar
Livermore, CA
July, 2019
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PREFACE TO VERSION 7/

Version 7.0:

1.

Job schedulerThis is a complete redesign. itcludes SSHProxy, new Blackbox featuresnd new
GUI dialogs Supports user options for normal, error and abnormal termination when employing uset
defined solvers.

2. Principal Component Analysi€an be applied to histories and mugtint spatial responses.

3. Process managemenDisable/enable samplingsr process tages. Accompanied by @tomatic

N o o b

expression deactivation.

Sequential metamodélsed probabilistic analysis

Classifierbased sampling constraints for adaptive sampling.

Distribution fitting (Normal and Weibull) using uselefined observation data.

Multi-point responsesas a complement to the existingilti-point histories.Can be included in
expressions and used in conjunction with PCA.

Partial curve mappinglgorithm DTWP for material identificationApplied to full-field calibration
(multi-point histories).

LS OPT Commandine options.General options such as cleaning a previous run, repair and archiving
options can be specified on the command line.

10. Interface to Oasys PRIMER.
11.Updated graphics librargwxWidgets 3.0) used for the GUI.

The authors wish tthank Ake Svedin of DYNforeNordic, Linkdping as well a&atharina Witowskiand
Charlotte Keisseiof DYNAmore GmbH, Stuttgart and Versailles respectively, who have made major
contributions as developerg/e also wish to thank interns Sophie Du Bois anai®&irpicev for their
contributions to the development of similarity measures used in material identification applications.

Nielen Stander and Anirban Basudhar

Livermore, CA
August2020
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PREFACE TO VERSION 2022R1/R2

Version 2022R:

1.

Point Mapping In addition to quadrilateral shells, poindsed mapping has been extended to triangular
shell elements) as well as most solid elements supported YA (hexahedron, pentahedron,
tetrahedroh This is a useful feature since most meshes are not urgiodnautomatic meshers often
use tetrahedra (for solids) or triangles (for shells). This feature allows extraction of results at arbitra
spatial locations that need not coincide with nodal points. The mapping applies to responses, histori
multi-point histories and mukpoint responses (fields). The applications are in Digital Image
Correlation (DIC) and Magnetic Resonance Imaging (MRI).

LS OPT Extractor.The Extractor has always been a standalone executable. This has allowed for ea
integration of ISSDYNA into other Ansys products. In addition to direct extraction, crash criteria,
mathematical expressions and other special functions such as similarity measures are made availe
The Extractor is now supported with a GUI to define the extraction s

LS-Reader integrationLS-Reader is a comprehensive -D¥NA interface developed by the LS
PrePost group. This interface has now replaced the natM@RISLSDYNA interface for reasons of
robustness and being comprehensivelugntb dateThe previous versions of ESP T  h aalways 0 t
kept up with new developments resulting in occasional extraction failures. This issue is now resolve
in the new interface. Currently only the d3plot interface has been replaced, this beapg part of
LS-Reader. LSReader is integrated withdlstandalondextractor. The plan is to expand the current
LS-DYNA interface in LSOPT to support all the result types available inRRé&ader such as Acoustics,
SPH, CFD, etc.

. A CORAstage typdras been added for seamless integration of ISO 18571 staatiagdfor dummies

and barriers [7] into an LL®PT process flow. The response interface allows the extraction of similarity
measures for individual load casegnals,and injury criteria or for all of them together. The overall
rating is a weighted sumf aneasures from different approaches, such as the corridor method,
correlation method etc.

Metamodel of Optimal Prognosis (MOPJhis is a metamoddlased method, integrated from
optiSLang (an Ansys product), which relies on the automatic selection ahoets. Future versions

will integrate all the metamodels currently available in@BT (Polynomials, Feedforward Neural
Networks, Radial Basis Function Networks, Support Vector Regression) into an extended MOP featu
(referred to as MOX). This automate the selection from a wide array of models.

The authors wish to thank Ake Svedin of DYMareNordic, Linképing as well aKatharinalLiebold and
Charlotte Keisseiof DYNAmore GmbH, Stuttgart and Versailles respectively, who have made major
contributions aslevelopers.

Note The 2022 R1 (released January 2022) and R2 versions are practically the same.
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PREFACE TO VERSION 2023R1

Version 203R1:

1. Mode tracking.The mode tracking feature for frequerugsedoptimization has been upgraded to
accommodate shape design problémshich meshes and topologies can differ between desitpes.
feature usea Point Set Registration method to align the eigenvector codedseds.

2. LS DYNAFields and Fielehistories. Fields and field histories utilizthe full-field dynamic output of
LS-DYNA. Nodal displacement, strain astressbased quantities are supported for shells and solids
andpart sets can be selected. The majpliagtion is the building oReduced Order Models (ROMSs).

3. Twin Builder interfaceLS-DYNA fields and field histories can bexportedto binary input for the
ROM-based code, Twin Buildefhe input is generated from multiple runs using@BT. Both Static
and Dynamic ROMssupported by Twin Builder can be selectdbdal output for stress, strain and
displacementields are supported for shells and solids. Parts sets can be selected.

The authors wish to thank Ake Svedin of DYMAareNordic, Linképing as well @KatharinaLiebold and
Charlotte Keisseiof DYNAmore GmbH, Stuttgart and Versailles respectively, who have made major
contributions as developers. The authors also wish to thank Christelle Grivot of Ansys DigitdTWivin
Builder)and Lars Gréning of A8ys DynarddoptiSLang)for their their collaboration.

Nielen Stander and Anirban Basudhar
Livermore, CA
January 2023
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1.l nt roducti on

In the conventional desigapproach, a design is improved by evaluating its respandemaking design
changes based on experience or intuition. This approach does not always lead to the dekjrétt®ef a
Obestdé6 design, since design objectives are so0me
design to achieve the best compromise of these objectives. A more systematic approach can be obtaine
using an inverse procesesf f i rst specifying the criteria and
by which design criteria are incorporated as objectives and constraints into an optinpzaiem that is

then solved, is referred to as optimaligas

The state of computational methods and computer hardware has only recently advanced to the level wt
complex nonlinear problems can be analyzed routinely. Many examples can be found in the siwfulation
impact problems and manufacturing processes. The respessésmg from these timdependenprocesses
are,because abehavioral instability, often highly sensitive to design changes. Program logic,iastémce
encountered in parallel programming or adaptivity, may cause spurious sensRivitgdoff error may
further aggravate these effects, which, if not properly addressed in an optimmatiwd, coulabstruct the
improvement of the design by corrupting the function gradients.

Among several methodologies available to address optimizatibis design environmengsponseurface
methodology (R8), a statistical method for constructing smooth approximatiorfsinctions in a muli
dimensional space, has achieved prominence in recent years. Rather than relying on local information suc
a gradient only, RSM selects designs that are optimally distributed throughout the design space to const
approximatesr f aces or O6design formulaedédd Thus,l ltlveé a
method attempts to find a representation of the design response within a bounded design space or sm
region of interestThis extractiorof global information allows the designer to explore the design space, using
alternative design formulations. For instance, in vehicle design, the designer may decide to investigate
effect of varying a mass constraintaie monitoring the crashworthiness resportdesvehicle. The designer
might also decide to constrain the crashworthiness response while minimizing or maximizing any oth
criteria such as mass, ride comfort criteria, etc. These critanabe weighted differently according to
importance and therefore the design space needs 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 son@ases, design criteria may be regulated by safety or other considerations an
therefore a respond®s to be constrained to a specific value. These can be easily defined as mathematis
constraint equations. In other cases, fixed criteréaraot available,but the designer knows whether the
responsegnust be minimized or maximized. In vehicle design, for instance, crashworthiness can b
constrained because of regulation, while other parameters such as mass, cost andartieacobe treated

as objectives to be incorporated in a maltjective optimization problem. Because the relative importance
of various criteria can be subjective, the ability to visualize the-wd®operties of oneesponse vs. another
becomes important.
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CHAPTERZ1: Introduction

Tradeoff curves are visual tools used to depict compromise properties where several important respor
parameters are involved in the same design. They play an extremely irhpold¢an modern design where
design adjustments must be made accurately and rapidly. Desigiotiratdeves are constructed using the
principle ofParetooptimaity. This implies that only those designs of which the improvement ofesponse

will necessarily result in the deterioration of any other response are represented. In this sense no furt
improvement of a Pareto optimal dgsican be made: it is the best compromise. The designer still has a choic
of designs but the factor remaining is the subjective choice of vilaathre,or criterion is more important
than another. Although this choice must ultimately be made by thendesigese curves can be helpful by
limiting the number of possible solutions. An examiplesehicle design is the traddf between mass (or
energy efficiency) and safety.

Adding to the complexity, is the fact that mechanical design ig/raalinterdisciplinary process involving a
variety of modeling and analysis tools. To facilitate firiscess andllow the designer to focus on creativity
and refinement, it is important to provide suitable interfacing utilities to integrate thesetdetgesigns

are boundto become more complex due to the legislation of safety and energy efficiency as well a
commercial competition. It is therefore likely that in future an increasing number of disciplines will have t
be integrated inta particular design. This approach of multidisciplinary desggjuires the designer to run
more than onease, often using more than one type of solverexamplethe design of a vehicle may require
the consideration of crashworthiness, ride comfort, néesel as well as durability. Moreover, the
crashworthiness analysis may require more than one analysis.cagmntal andside impact. It is therefore
likely that as computers become more powerful, the integration of design tools will become mor
commonplace, requiring a multidisciplinary design interface as well as a process flow interface to allow f
design stages.

Modernarchitectures feature remote clusters with multiple processors and all indications are that the demz
for distributed computing will strengthen into the future. Optimization and RS#rticular, lend themselves
very well to being applied inistributed computing environments because of the low level of message passing
Response surface methodology is efficiehtyndled sinceach design can be analyzed independently during
a particular iterationSequentiaimethods have a smaller advantageistributed computing environments
than global search methods such as RSM.

LS-OPT also features Monte Carlo based point selection schemes and optimization methods. The respec
relevance of stochastic and respossdacebasedmethods may be of intetesn a pure responssurface
basedmethod, the effect of the variables is distinguished from chance events while Monte Carlo simulatic
Is used to investigate the effect of these chance events. The two methods should be used in a complimer
fashion rater than substituting the one for the other. In the case of events in which chance plays a signific:
role, responses of design interest are often of a global nature (being averaged or integrated over time). TI
responses are mainly deterministic inreleéer. The full vehicle crash examptethis manuakan attest to

the deterministic qualities of intrusion and acceleration pulses. These types of responses may be hic
nonlinear and have random components due to uncontrollable noise variablesy b tia random.

Stochastic methods have an important purpose when conducted directly or on the surrogate (approxima
design response ieliability-baseddesign optimization and robustness improvement.

1.1. Overview of the manual

This LSOPT® manual conists of four main parts.
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|-User 6s Manual

This part guides the user in the use of@BTui, the graphical user interface

Il - Examples

Examples are used to illustrate the aglan of LSOPT to a variety of practical applications.

Ill - Theory

Fundamentals are provided for the various features i{OBPJ.

IV - Appendix

Appendices contain interface features, database file descriptions, a mathematical expression library
Glosary, etc. Two appendices are dedicated to helping the user inst@lPLSThe 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 users will start learning LSPT by consulting he User 6s Manual sec2i or
(Getting Started)

The Examples (Chapte®® through22) areincluded to demonstrate the features and capabibinel can be
read together with Chapte2go 19to help the user to sap a problem formulation.

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

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

The manual functions as a hypertext document such that links in the manual body can foe cresd
referencing and will take the reader to the relevant item such as Se@igrReferencd4] or Figure24-5
(just click on any of thaforementioned referenced)lt+Left Arrow returns to the original reference point.

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

2.1. Installation of LS-OPT

Refer toAppendix H: (Installing LSOPT) for information on the installation of LOPT.

2.2. LS-OPT execution commands
Table2-1 describes the L®PT execution commands.

Table2-1: LS-OPT execution commands

Command Description

Isoptui[file_namelsopt] Execute the graphical user interface

Isopt[options]file_namelsopt LS-OPT batch execution. For command line options see Se
2.2.1

viewer [options] file_namelsopt Execute the graphical postprocessor (also accessible from |
GUI). For command line options see Sectl@nl.7

com2lsopttcom.dcde abcde.lsopp Conver t s a | (eSy@RT yersibre<os5rP a .lsoptl
file in XML format

2.2.1.Command line options
Table2-2, Table2-3 andTable2-4 describe the command line options for the executabjet

Table2-2: general Isopt command line options

Command Description

-b, --baseline Run only baseline run
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--clean Remove all resultsThe directory structure created by T and all the
files in thisdirectory structure are deleted. Useoption to omit asking for
confirmation.

--cleanfrom=ITER Removes all simulation data as well as optimization data from the
specifiediterationTER onwardsUsei'y option to omit asking for
confirmation.

--cleanverif Removes the simulation data as well as optimization data of the verificat
run. Usel'y option to omit asking for confirmation.

-y, --yes Run clean without asking for confirmation. Only valid witklean,--
clearrfrom ori cleanverif.

--env Showthe LSOPT environment settiisgand exit. The LOPT
environment is automatically set to the location oflsoptexecutable.

--version Show version information and exit

-h, --help Show available command line options and exit

Table 2-3: Archive command line options, Sectidh6

Command Description

-a,--archive Archive Isopt database

-H, --histresp Include histories and responses. Only valid waloption.

-1, --inputs Include input deck and extra input files. Only valid withoption.

-F, --file=FILE Additlional file to pack. Can be specified multiple times. Only valid vitt
a option.

Table 2-4: Repair command line options, Sectidh5

Command Description

--addpoints Add points. Usé sampling to ruroperation locally for a
specific sampling.

--readpoints Read points. Usesampling to run operation locally for a
specific sampling.
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--import-points

Import results. Usésampling to run operation locally for a
specific sampling.

--rur+jobs

Runjobs

--rerunfailed-jobs

Rerun failed jobs. Usérstage to run operation locally for a
specific stage.

--extract Extract results. Usérstage to run operation locally for a
specific stage.

--rerunverif Rerun verification run

--build-mm Build metamodels. Usksampling to run operation locally for .
specific sampling.

--evatmm Evaluate metamodels

--importmm Import metamodels. Usesampling to run operation locally fot

a specific sampling.

--calc-globalsens

Calculate global sensitivites

--build-classifiers

Build classifiers

--optimize

Optimize

--iter=ITER

Repair location. Required for all repair options exceagrun
verif.

--sampling=NAME

Repair location. Only valid with sampling specific options.

--stage=NAME

Examples
Isopt T b project.Isopt

Repair location. Onlyalid with stage specific options.

runs only the baseline run in batch mode.

Isopt Ta i H project.lsopt

archives the LSOPT database including histories and responses.

Isopt -- extract T -iter=3

re-extracts the results fateration 3 for all stages.
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2.3. Name conventions in LSOPT

2.3.1.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@ltoharaters.In addition to numbers-
9, upper or lower case letters, a hame can comtgiariod () and/or an underscore ( ). Spaces are not
allowed.

The leading charactaf a variablemust bealphabetical Variablesmust be given unique namdsecause
mathematical expressions can be constructed usingusagitities in the same formula.

2.3.2.Stage and sampling names

For entities that cannot be used in mathematical expressiossage. , sampling , distribution and
resou rce , the name can also include the charactefd= Spaces are not allowed.

Stage and Sampling names are limited by the software to 1023 characters (no spaces allowed). These n
are used as sutlirectory names, so stricter limits may apply dependintheroperating system.

2.3.3.Environment variable names

Envvar names may also include+%

2.4. A modus operandifor design using responsesurfaces

2.4.1.Preparation for design

Since the design optimizatigmmocesss expensive, the designer should avoid discovering major flaws in the
model or process at an advanced stage of the design. Therefore the procedure must be carefully plannec
the designer needs to be familiar with the model, procedure and desigwétiotsadvance. The following
points are considered important:

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

2. Select suitable criteria to formulate the design. The respaepessented in the criteria must be
produced by the analyses and be accessible4ORS,

3. Request the necessary output from the amalyaigram and set appropriate timeervals for time
dependentutput. Avoid unnecessary output as a high rate of output will rapidly deplete the availabl
storage space.

4. Run at least ongmulationusing LSOPT (baseline design). To save tirtlee terminationime of the
simulation can be reduced substantially. This exercise will test the resgpdrassioncommands and
various other features. Automated response checking is available, but manual checking is s
recommended.
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5. Just as in the case of traditional simulatibis advisable to dump restart files for long simulations.
LS-OPT will autonatically restart a design simulation if a restart file is available. For this purpose,
therunrsf  file is required when using l-BYNA as solver

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

7. Determne suitable starting values for the design paramelées starting values are an estimate of the
optimum design. These values can be acquired from a present design if it exists. The starting des
will form the center point of #hfirst region of interest

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

9. Choose a suitableasting design range for the design variablégge range should be neither too small,
nor too large. A small design region is conservative but may require many iterations to converge
may not allow convergence of the design at all. It in@yoo small to capture the variability of the
responséecause of the dominance of noikenay also be too large, such that a large modeling error
is introduced. Thigs usually less serious as the region of intelegfradually reduced during the
optimizationprocess

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

11.Choose a suitable order for the design approximatdre using polynomial responserfaces (the
default). A good starting approximationlisear because it requires the least number of analyses to
construct. However, it is also the least accurate. The choice therefore also depends on the availz
resources. However, linear experimental designs caasiy augmented to incorporate higher order
terms.

Before choosing a metamodel, please also coBSadiions24.3and26.5

After suitable preparation, the optimizatiprocessnay now be commenced. At this point, therkas to
decide whether to use an automated iterative proce8exi¢n24.3 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 Sation20.5and20.6).

An automated iterative procedure can be conducted with any choice of approximating function.
automatically adjusts the sipé the subregiomnd automatically terminates whenever the stopping criterion
is satisfied. The feature that reduces the size of the subregion can also be overridden by the user so that [
are sequentially added to the full dessgpace. This becomes necessary if the user wants to explore the desig
space such as constructing a Pareto Optimal front. If a single optimal point is desired, it is probably the b
to use a sequential linear approximation method with domain reductpegially if there is a large number

of design variablesSee also Sectidz6.5

A stepby-step semautomated procedure can betjas useful, since it allows the designer to proceed more
resourcefully. Computer timean be wasted with iterative methods, especially if handled carelessly. It mostly
pays to pause after the first iteration to allow verification of the dataesign formulation and inspection of

LS-OPT Version 202 R1 9
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the results, including ANOVA and GSdata. In many cases, it takes only 2 to 3 iterations to achieve a
reasonably optimal design. An imprawent of the design can usually be achieved withinitenation.

A suggested stepy-step semautomated procedure is outlined as follows:
2.4.2.A step-by-step design optimizationprocedure

1. Evaluate as my points as required to construct a linepproximation. 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 variablest may be removed from the
problem. An ANOVA/GSA is simply a single iteration run, typically using a linear response surface
to investigate main and/or interaction effects. The ANOVA and GSA results can be viewed in-the pos
processor of LSOPT (see Sectiol6.3.9.

2. If the linearapproximation is not accurate enough, add enough points to enabtngtruction ok
guadraticapproximation Assess the accuraoy the quadratic approximation. Intermediate stegs
be added to assess the accuracy of the interaction and/or elliptic approxmB@oinal 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 ordeapproximatioris not accurate enough, the problem may be twofold:
o0 There is significant nois@ the design response.

o There is anodelingerror, i.e. the function is too nonlinear atige subregion is too large to enable
an accurate quadra@pproximation

In case (3a), different approaches can be taken. Firstly, the user should try to identify the sbarce of
noise e.g. when considering accelerati@bated responses, was filtering performed? Are sufficient
significant digits available for the response in the extraction database (not a problem when using L
DYNA since data is extracted from anbry database)? Is mesh adaptivity used correctly? Secondly,
if the noise cannot be attributed to a specific numerical source, the process being modeled may
chaotic or random, leading to a noisy response. In this case, the user could implemertiyrbbaieid
design optimizatiotechniques as described3ection29.8 Thirdly, other less noisy, but still relevant,
design respores could be considered as alternative objective or constraint fusictiie formulation

of the optimization problem.

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

In most cases the source of discreparaynot be identified, so in either case a further iteration would
be required to determine whether the design can be improved.

4. Optimize the approximate subprobleihe solution will be either in the interior or on the boundary
of the subegion.

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

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

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

2.5. Recommended test pocedure

A full optimizationrun can be very costly. It is therefore recommended to proceed with care. Check that th
LS-OPT optimization run is setp 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 common problem is to n
check the robustness of the design so that some of thex sotg are aborted due to unreasonable parameters
which may cause distortion of the mesh, interference of parts or undefinable geometry.

The following general procedure 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 the case of til
dependentanalysis). Two important designseathose with all the design variablest at their
minimum and maximum values. The starting design can be run by selBesejine Rurirom the
control barRun menu.

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

3. For a timedependenanalysis or notinearanalysis, reduce the terminatibme or load significantly
to test the logistics and features of the problem and solution procedure.

4. Execute LSOPT with the full problem specified and monitor the procass.
Also refer to Sectio2.2.1

2.6. 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.

2.6.1.Global optimality

The KaruskKuhn-Tuckerconditions govern the local 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 problem (s
as the well known ®artruss sizing problem with 10 design variaplesay have more than one optimum.
The objective is, of course, to find the global optimum. Many gradiaséd as well as discrete optimal design
methods have been devised to address globahalgly rigorously, but as there is no mathematical criterion
available for global optimality, nothing short of an exhaustive search method can determine whether a des
is optimal or not. Most global optimizatiomethods require largg@umbers of function evaluations
(simulations). In LSOPT, global optimality is treated on the level of the approximate subprdbteogh a
multi-start method originating at all the experimental design points. If the user can affordaacimect
optimization procedure, a Genetic Algorith®e€tion26.9 can be used.
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2.6.2.Noise

Although noise may evindbe same problems as global optimalitye term refers more to a high frequency,
randomly jagged responsiean an undulating ond his may be largely @&uto numericaloundoff and/or
chaotic behavior. Even though the application of analyticaemianalytical design sensitivitidsor o0 n o i
problems is currently an active research subjedilsle gradienbased optimizatiomethods which can be
applied to impact and met&drming problems are not likely to be forthcoming. This is largely because of the
continuity requirements of optimization algoritirand the increased expense of the sensitanglysis
Although fewer function evaluations are required, analytical sensitivity analysis is costly to implement an
probably even more costly to paralisi

2.6.3.Non-robust designs

Because RSNk a global approximatiomethod, 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 that the
designer may not be remotely interelsiie these designs). An examjdethe identification of the parameters

of a monotonic load curve which in some of the parameter sets proposed by the experimental design ma
norrmonotonic. This may cause unexpected behavior and posslbte faf the simulation process. This is
almost always an indication that the design formulation isrobast. In most cases poor design formulaion
can be eliminated by providing suitable constraints to the problem ampithiese to limit future experimental
designs to a Or easSectioad3.,.¢6 design space (see

2.6.4.Impossible designs

The set of 1 mpossi blbée idne stihgen sd erseipgrne ssepaatwsbararugé hsoi
structure with each of the truss members beaisgigned a length parameter. An impossible design occurs
when the design variablese such that the sum of the lengths becomes smaller than the base measureme
and the truss becomes unassembldbtan alsmccur if the design space is violated resulting in unreasonable
variables such as nepositive sizes of members or angles outside the range of operability. In comple»
structures it may be difficult to fegdul ate exp

2.6.5.Non-unique designs

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

o Different solutions are found having the same objective function values
o0 The confidence interval for a ndimear regression problem is very large, signaling a singular system

For nonlinear regression problems, the user should ensure that the test/target results are sufficient. It coul
that the data set is large but that some of the parameters are insensitive to the functions corresponding t
data. An exampleisthe deteni nat i on of t hE of ¥matenay lBushavng tdst doints only

in the plastic range of deformation (see exanfpdetion21.1). In this case the response functions are
insensitive tde and will show a very high confidence interval 6(Section21.1.9.
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The difference betweem nonrrobust design and an impossible an¢hat the nosrobust design may show
unexpected behavior, causing the toibe aborted, while the impossible design cannot be synthesized at all
Impossible desigsare common in mechanism design.

2.7. Setup of a simple optimization problem

2.7.1.Working directory

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

2.7.2.Startup

Open the graphical user interface oFOPT as described Bection3.1and enter the required specifications
to generate an L®PT project file to start fronkigure2-1. SelectingCreatewill open up the main LOPT
GUI window, Figure2-2.

Several training examples aecessible from the buttdhr ai ni n g &w eamie bpersed i the main
GUI directly, Sectior?.8.

This manual is accessible from the butkdanual

LS-OPT Pro 2022 R1 X o bt

LS-OPT Pro User Interface
Version 2022 R1 (Revision 112287)

\ n sys (c) 2022 ANSYS, Inc. Unauthorized use,

distribution, or duplication is prohibited.

Mew project Open recent project
Working Directory direct.correct.lsopt =
lscreenshotstettingStarted Browse fhomejkatharina.witowski/LSOPT/De
= mdo.iterate.correct.lsopt
ilename

Jhomejkatharina.witowski/LSOPT/De
|srsm Isopt

2bar.rbdo.correct.lsopt
Problem Description Jhome/katharina.witowski/LSOPT/De
| metamodel.correct.lsopt
Author Jhomejkatharina.witowski/LSOFT/De

| dic.correct.lsopt

J/homejkatharina.witowski/LSOPT/De

Initial Sampling name msehistory.single.correct.|sopt

|Samp| ing_CRASH Jhome/katharina.witowski/LSOPT/De
Initial Stage name simple.correct.lsopt B
|crasH o

Create 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.

LS-OPT Version 202 R1 13



CHAPTERZ2: Getting Started

srsm.lsopt - LS-OPT Pro 2022 R1 ) &

( Setup | Sampling Sampling _(
2 parameters | 2vars, 5 d-opt designs
( T [ Domain reduction
| fnis (SRSM) CRASH
T 2 pars, 5 resps

T _

‘ Verification Termination criteria

1 design 10 iterations

} !

[ optimization

( 1 ohjective |
| 2 constraints
el

Composites 1 | Build Metamodels&
|

1 definition 5 linear surfaces

|Sma|\ car crash optimization problem: LINEAR
|.n’home.fkatharina.witcwski.fLSOPT.-‘Deve\opment-‘lsopt-’branches.-‘2022P.lfManua|fexamp\es screenshots/GettingStarted/srsm.Isopt

Output (1} # Output (W) | Output(E]  Progress

Info - E

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.

2.7.3.Task

Open theTask dialog by &lecting the corresponding icon from the control [B8(). Select the task to run,
Figure2-3, e.g.Metamodebased Optimizatiowith Strategy Sequential with Domain Reducticd@hapte#.

Themain GUI displays the process flow of the selected task.
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Task selection 3 & X
Main task
Metamodel-based
(®) Optimization
(O DOE study
(O Monte Carlo analysis
(O RBDO/Robust Parameter Design

Direct simulation

O oOptimization

(O Monte Carlo analysis
O Taguchi analysis

Strategy for Metamodel-based Task

(O single Iteration

O sequential

(® Sequential with Domain Reduction (SRSM)

(O Efficient Global Optimization (EGO)

1. Sampling points are added sequentially
in an adaptive subregion.

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

3. Suitable for finding a converged solution
(e.g. system identification).

4. Generally unsuitable for global exploration.

[] Global sensitivities
Do verification run
Batch Mode Options

[ Baseline Run Only
[ Import metamodel

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

2.7.4.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 availab&tage 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 inpuidgire 2-5.

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

LS-OPT Version 202 R1

15



CHAPTERZ2: Getting Started

Stage CRASH

L e X

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

General

Package Name LS-DYNA

Command||99?1_sing|e

[] Do not add input file argument

v ‘
Browse

Input File |main.k

Browse | Open ‘

copies main.k (0 includes) to CRASH/It.run/|Dyna0pt.inp
and substitutes parameters

[] Extra input files

LS-DYNA Advanced Options

Execution
Resources

Resource | Units per job ‘ Global limit Delete
1 1 B

Create new resource

[ Environment Variables

Advanced execution options

Stage CRASH

Figure 2-4: Stage dialog Setup. Select the solver package name, the command and the solver input file

M (o X

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

Name ‘ Found in file(s) ‘
tbumper main.k
thood main.k
Add ...

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

LS-OPT Version 202 R1
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Stage CRASH

Setup Pammetersl Remotel Hi5t0rie5| Multihistories Responses | Multiresponses | File Operations

Response definitions Add new
Disp2 Generic
NODOUT: Last registered X Component of Displacement of node with USERDEFINED
ID 432

FILE
Displ GENEX
NODOUT: Last registered X Component of Displacement of node with E—
ID 167 EXCEL
Acc_max EXPRESSION
NODOUT: Max X Component of Acceleration of node with ID 167 FUNCTION
filtered with SAE Filter

INJURY

Mass
MASS: Mass of parts 2,3,4 and 5

HIC
INJURY: Head Injury Coef, maximum of 15ms, for Acceleration of
node with ID 432

Curve Matching
MATRIX_EXPRESSION

LS-DYNA
ABSTAT
ABSTAT CPM
BNDOUT
D3PLOT

NMODDCRANT

response definition.

2.7.5.5etup

Figure 2-6: Stage dialog- Responses pag&elect a response type from the list on the right to add a new

Select theSetupbox at the top left of the main GUThapter8. All parameters that are defined in stage input

files should automatically be available as constditgire2-7.

Problem global setup

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

[] show advanced options

Reset Parameters

Type | Name ‘ Starting | Minimum ‘ Maximum ‘ Delete ‘
‘Continuous - | | 3 | |
‘Continuous - | | 1 | |

Add...

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

LS-OPT Version 202 R1
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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.

Now follow the arrows to the next box in tbptimization process flow to define the respective settings and
options.

2.7.6.Sampling and Metamodels

Select theSampling box, ChapteB. Select theMetamodebndPoint Selectiontypes, or just use the default
values Figure2-8.

The Build Metamodels box is coupled to the same dialog as $aenpling box. It is displayed at the end of
the process to correctly represent the optimization process. Hence the Build Metamodels box can be skipj

Sampling Sampling CRASH ) (2 X

Sampling & Metamodel Settings | Active Variables | Features | Constraints | Comparison Metamodels

Metamodel Pointselection

® Polynomial ) Full Factorial

(O Sensitivity () Linear Koshal

) Feedforward Neural Network () Quadratic Koshal
() Radizl Basis Function Network (O Composite

(O Kriging (® D-Optimal

(O Support Vector Regression (O Monte Carlo

(O Metamodel of Optimal Prognosis| | Latin Hypercube
() User-defined (O space Filling

(O orthogonal Array

Order _

@® Linear (O User-defined

() Linear with interaction Number of Simulation Points (per Iteration per Case)
() Quadratic ‘5 (default)

O Elliptic

Set Advanced Options >> |

Figure 2-8: Sampling dialog. Select the metamodel type and point selection scheme.

2.7.7.0ptimization

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

Switch to theConstraints tab. From the previously defindglesponsesselect the constratis and specify
lower and upper bounds, respectivéiigure2-10. Use the default setting for the algorithm.
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Optimization e &

Objectives ‘ Constraints | Algorithms |

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

Objective components: Add new

‘ Response/Composite ‘We\ght | Responses
Disp2
HIC ’Tfault) Displ

Acc_max
Mass
Composites
Intrusion

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

Optimization e &
Objectives Constraints | Algorithms |
Optimization constraints: Add new
Response | |Luwer Bound ‘ ‘Upper Bound | Responses
Disp2
x Mass Set lower bound  * 0.5 Displ
Acc_max
* Intrusion Set lower bound  * 550
HIC
Composites
Classifiers

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

2.7.8.Termination criteria

Select the Termination criteria box, Chag8r Specify theMaximum number of Iterations.g. 10 iterations.
Use the default values for the other options.
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Termination Criteria v, » X

Design Change Tolerance

|0.01 (default)

Objective Function Tolerance

|0.01 (default)

Tolerance Required for Termination

@® All
C Any

Maximum number of Iterations

|10

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

2.7.9.Run

After setting up the optimization problem, run thsk using the options from the control Bam menu (’
), Section3.3.

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

2.7.10.Viewer

Use the ViewerChapterl6) to evaluate the resultsy selectind'i from the main GUI window control bar.
The Viewer provides features to display metamodels and plot simulation results and optimization progress

2.8. Training examples

Training examples are accessible from Startup dialog. Pressing the Butonm n g Ex ampl
opens the LSOPT Training Examples dialogjgure2-12 with the list of available examples on the left, and
a description of the selected example onritlet.
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LS-0OPT Training Examples

(<
&
(x

~ Training Examples 1= Mfetamod;el-balsed designhoptimizlation .
~ DESIGN OPTIMIZATION of @ simple pole-car crash example {_Tutorla p. 10):
- - Optimization Strategy: single iteration
¥ 1_SIMPLE - Metamodel type RBF
= 1_VIEWER - Solwer: LS-DYNA

simple.correct.lsopt - Variables

simple.start.|sopt thickness of hood and bumper

P 2 SINGLESTAGE i ObjECtive
- HIC{15ms)

P 3_ITERATE - Constraints

b 4 DISCRETE Intrusion < 550mm
2 USER_DEFINED
3_IMPORT_RESULTS
4 DIRECT
5_MODAL ANALYSIS
6 MDO
7_MULTIOB]ECTIVE ;I

[] overwrite existing files

Training Tutoriall & cancel | Jok |

Figure 2-12: Training Examples dialog

The tutorial accessible through the butitaining Tutorialexplains 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 interfads launched with the command
Isoptui [command_file.Isopt]

On Windows, the user interface is launched usngtui.exe A command file can be opened directly by drag
and dropor by doubleclicking on thellsopt  filename

If the user interface is launched without a command file argurtten§tartup Dialogopens up, where the
user can either define a n&8-OPTproject, or select an existing project to opsgeFigure3-1. The options
are explained imable 3-1. Otherwise the specifiedS-OPT project is opened in the user interfaEegure
3-2.

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

Isoptui [com.abcde]

Saving the GUI contents produces a fdbcde.lsopt in .xml format.
The file abcde.lsopt can also be generated by executing the following command in the commanc
prompt:

com2xml com.abcde abc  de.lsopt

Table3-1: Startup Dialog options

Option Description Reference
Working Directory where the L®OPT project input files and some of the
Directory results are stored.
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Filename Name of the .xml file that stores the 43T project. The

extensionlsopt 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 deamplingdefinition. Chapter9
name The name of the first sampling has to be gmethere. A default

name is provided.

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

the main input file name. The name of the first stage has to be

specified 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 project from the list of the last ten ESPT projects can be Section3.2
project opened.

Training Open list of training exapies Section2.8
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 Pro 2022 R1 v n X

LS-OPT Pro User Interface
Version 2022 R1 (Revision 112287)

\ n sys (C) 2022 ANSYS, Inc. Unauthorized use,

distribution, or duplication is prohibited.

New project Open recent project
Warking Directory srsm.|sopt —
}screenshotstettingStarted Browse /home/katharina.witowski/LSOPT/De
FFC_MATO024 Isopt
Filename -
home/katharina.witowski/SUPPORT/
|srsm Isopt .
direct.correct.|sopt
Problem Description fhomejkatharina.witowski/LSOPT/De
| mdo.iterate.correct.lsopt
Author /home/katharina.witowski/LSOPT/De

| 2bar.rbdo.correct.lsopt B

thome/katharina.witowski/LSOPT/De

Initial Sampling name metamodel.correct.lsopt

|Samp|ing_CR.~'—\SH fhomejkatharina.witowski/LSOPT/De
Initial Stage name dic.correct.lsopt B
|crasH| 5

Create Open other project... ‘
Manual 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 tleelectedask, e.g. starting
from globalparameterslefined inSetup through the sampling, the simtitan process chain defined by the
stages and dependencies, the building of metamodehdtamodebptimization, checking of convergence,
and domain reduction imne or mordoops, and finally the verification run for a metamodel based, sequential
optimization.Refer toChapted for details on the available tasks.

Double clicking on any of the boxes opens the corresponding dialog, where settings can be viewed ¢
adjusted. The dialogs and options are explained inegpective chapters, séable3-3.

The control bar menus are described able3-1.
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*mdo.lsopt - LS-OPT Pro 2022 R1 EINE x

E E + /“ P ¢ Metamodel-based optimization B0 : Single Iteration ﬁ 7

Setup , Sampling Samplingl
0 parameters | Ovars, Osp filling designs
Finish @ SL=gc). é
P ) ([ optimization — )
Verification ] P — | Build Metamodels
: i 0 objectives | "‘—|
1 design || 0 constraints |

|.fi'.omefkatharina. witowski/LSOPT/Development/lsopt/branches/2022R1/Manualfexamples screenshots/GraphicalUserinterface)

| | >
Output (1) # | Output (W) | Output (E) Progr‘:;,‘s‘;“
info ¥ Ez
Figure 3-2: Main LS-OPT GUI window for a setup of a Metamodbhsed optimization
Table 3-2: Main GUI Control Bar options
Icon Option Description Reference
(5 New Opens the. Sta_lrtup Di_alo&igureB-l) to create a Section3.1
new optimization project.
Open Option to open an existing ESPT project
Save Save current project
Save as Save current project a
Encrypt project Encrypt the project file Section3.7
Exit Exit Isoptui
= Input Open thdsopt_input file
Output Open thdsopt_output file

Summary Report Open thdsopt_report file
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Warnings Open theWVARNING _MESSAGiEe

Errors Open theEXIT_STATUSfile

Open project Opens up the working directory
folder

Openterminal  Opens up the working directory in a terminal

Ot her f i Optiontoopen any other text file

-+ Add Sampling  Add additional Sampling. The name of the samplit Chapter@
will be used as the name of a subdirectory used ft
sampling related databases such as
Experiments_n.csv and
AnalysisResults _n.lsox

Add Stage in Add additional Stage in selected sampling. The ni 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 na Section3.2.2
or previously exported stages can be imported.

Add Composite Add Composite Chapterl0
Add Domain Use Domain Reduction (same $squential with Section4.9
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 optima
solutions at the end of the optimization run.

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

Sensitivities

Add Classifier ~ Add Classifier Chapterll
Ve Relayout stages Layout the stage boxes according to the defined

dependencies.

Show XML Tree Show the XML Tree for the current settings.
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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
specified iteratiornter onwards.

Clean Verification Run: Removes the simulation
data as well as optimization data of the verificatiol
run.

Clean All: The directory structure @id by LS
OPT and all the files in this directory structure are
deleted.

Remote SSH Folders: This menu is only shown if
project contains at least one SSH proxy
configuration. The men
from current it er achecksn
and removes files at remote hosts only.

Archive LSOPT This option collects relevant files and creates a sii Section3.6
Database tar-zipped (on *nix operating systems) file or zippe
(on windows operating systems) file.

Save Flowchart Saves a PNG image dfd LSOPT main GUI

image Window
DynaStats Opens DynaStats Chapterl8
Archive Twin Export input database for Twin Build&r allow the  Section3.7
Builder Data construction of Reduced Order Models

2 Normal Run Run task Section3.3.1

Baseline Run Run a single desigsampled at the initial values.  Section3.3.2

B Stop Button is only available while L®PT is running.
Stops the current optimization and raihning jobs.

|4 Viewer Opens the viewer for pegrocessing. Chapterl6

o Task Opens Task Dialog. Chapterd
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1< lteration While running LSOPT, this visualizes the current Section3.4
running iteration. It is also used to select the curre
iteration for restarting or repair.

@) Settings Settings dialog. Section3.9
? Manual Opensthe LOPT User 6s Manual
About Information about LSOPT: Release Notes of the

current version

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 Chapter
File Transfers Transfer files to a downstream stage. Section3.2.2
Build Metamalels =~ Same as Sampling Chapter9
Composites Define composites Chapterl0
Classifiers Define classifiers Chapter11
Global Sensitivities Calculate global sensitivities Sectiond4.11
Optimization Definition of objectives, constraints and optimization Chapterl2
algorithms
Monte Carlo Monte Carlo settings Sectionl12.5
Termination Criteria Termination criteria for sequential strategies Chapterl3

Domain Reduction Domain reduction settings for strategy sequential with Section4.9
domain reduction

Verification Run Perform (specified number of) verification run(s) Section4.12
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3.2.1.Setting up a Process Flow

A process can be constructed for the purpose of running a sequence of dependent simulations. A typical sir
process is a sequengee-processorK solverK postprocessomwhich can be constructed by defining three
sequential stageslowever, a process of high complexity can also be created. For instance the flow of th
process is allowed to merge and brarkggure3-3.

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

On creating a new optimization project, a first stage is generated. Additional stages can be addee using
Add stageption of thet menu in the control bar. New stages can be generated or previously exported stag
can be imported, Sectidh2.2 A sampling has to beelected to which the new stage is assigned. By default,
the new stage is added in parallel to the already existing stages.

EE+ /AP

multi_stage.lsopt - LS-OPT Pro 2022 R1 = e &

Finish

Metamodel-based optimization B0 - % Sequential with Domain Reduction

| Sampling sampling_#

| Domain reduction

(SRSM)

Verification
| 100 designs

| clobal sensitivitie:

|

10000 points

Termlnatlon criteria
1 iteration

Composites
2 definitions

. B Bt v Bremomirsies

FE Mnrpher Molding_| Murpher FE Morpher Modal FE_MDfPth_SUESSJ
1 3 par | 3 pars L 3 pars -

- - - T - T

3, | |

' . I‘I ]

\ \é Molding_Analysis .-"‘
\ r
A L

\? Cooling_Analysis 4
.\"\_ \é Lk ~
\ Warping Analysis
3 - TTT -
SN /
. _ 4‘ B

Cuamiomms &
MapjiberﬁtoimeshJ Map fiber_to_mesh 4

P

‘ Map_fiber_to_mesh_¢

—

; EE — .
LIl crash_Analysis LR modal Analysis Stress Analysis J
1 par, 2 resps | 1 resp ‘_ 1 resp ~
c — L |_ v :
— : —

METAPost_ DYNA 4 METAPost NASTRAN | METAPOst_DYNA_Stre

W

]
\

| Build Metamodels
5 rbf surfaces

|mteqrat|ve optimization of injection-molded plastic parts

|/home/katharina witowski/L5OPT/Development/lsopt/branches/2022R1/Manual/examples screenshots/GraphicalUserinterface/Process flow/multi stage.lsopt

Figure 3-3: Setup of a complex optimization problem

If similar stages are needed for e.g. a ratdse optimization, a stage can be added by usingldmeoption
when rightclicking an already defined stage. This creates a new stage with the same definitions as the origi
stage. History and response names are updated to ensure uniqueness of names. If the name of the or
stage is found in the originehmes, it is replaced, otherwise the name of the new stage is prepended.
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Stages can also be copied using@logyoption when rightlicking an already defined stage and then pasted
in another project. Uniqueness of names is ensured. The next free nsiaeended to the stage name if a
stage with the same name already exists, and the response and history names are updated accordingly.

The desired dependencies are created as follows)gae 3-4:
1. 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 should highlight in yellow) and drag the circle to the desire
dependent stage box.

3. A connestion will be created between the two boxes.

o Y Y
UUE crash Analysis ™
1 par, 2 resps d
L @ S
B ),
METAPost DYNA S

Figure 3-4: Creating stage dependencies

Connections can be deleted using the small icon located on the connection line. This icon also allows
definition of interstage file operations, Secti82.2

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

The layout of the stage bes can be controlled by the user. kditk and hold down on a stage box to move
it freely. For complex process setups, it could be helpful to usRdieeyout Sagesoptionfrom theTools
menu in the control bar.

If separate samplings are desired (asfisn the case for MDO problems where different variables apply to
different loadcases), new samplings can be added at the origin of each process sequence Adthg the
samplingoption of thet menu in the control bar. Stages can then be assigned &letant 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, rigidlick 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 description will be dispjfed in the Import dialog. The
default directory to store the stage information is ~/.LS@&SFioristages on Linux machines, and
Application DatdLSOPT\versionst ages i n the userd6s home dbaverict o
directorytextfield can be used to specify any other directory.
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All stages of a sampling can be exported at once by selétpgrt Stagefrom the right mouse menu of the
respedve Sampling dialog. The sampling name with the extension .Isstage is used as filename to store
stage definitions.

To import a previously exported stage, sefedtl Stage in Samplirfgpm the control baft menu and select
Import and the desired direatpto display the list of available stagé3sgure 3-6. Multiple stages can be
imported at a time by using the Ctrl key.

The imported stages are added in paralled,the user can define dependencies to reorder the stages. If all
stages of a sampling are imported, the dependencies are kept. Uniqueness of names is ensured. The ne»
number is appended to the stage name if a stage with the same name alreaddndxiisesyesponse and
history names are updated accordingly.

Export stage Sl X

Rename stage
|CRASH_FRONT

Description

|Fronta| crash with dummy|

Save in directory
|,fhome,fkatha|rina.witowski,f.LSOPT,*2022R1,fsta|ges,f Browse

%gancel | Cﬂgl( |

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

New Stage AN %

Name for new stage

|crRASH_FRONT

Import

|,,"home,fkatharina.witowskif.LSOPT Browse

NVH
NVH simulation

CRASH_SIDE
Side crash with dummy

%gancel | {jﬂgk |

Figure 3-6: Dialog to add a new stage or import a previously exported stage.
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3.2.3.Sampling and Stage Deactivation

Stages or samplings defined in the setup can be deactivated or reactivated uAotiyétogption from the
sampling and stage right mouse mefigure3-7. A gray box indicates a deactivated sampling or stage. All
entities such as composites, classifiers, objectives and constraints that depend on a deactivated samplir
stage e automatically deactivated or reactivated. To indicate the deactivation of an entity, the entity name
displayed in gray in the respective dialéggure3-8.

Deactivated samplings or stages will not be executed on running the setup, and deactivated entities will
ignored for the evaluation. If the ESPT output database already exists when a stage or sampling is
(de)activated, LSOPT offers options to regerade the output files according to the new setup on rerunning.

rail.lsopt - LS-0PT Pro 2022 R1 > & &

s+ /K

| Setup ] ( SamplingANSAJ

4 parameters | 4 wvars, 8 d-opt designs

— (" Domain reduction
s I (SRSM)

.
'”‘ LS DYNA 4

1 resp

i Verification } | Termination criteria

1 design 10 iterations @ +
. META x]
| 2 resps Bename...
e L
*l‘ Clone...
— P B Copy...
[ Optimization f . =
—_— Build Metamo|
0 objectives |- . e Export...
| 1 constraint (. 1 linear surfac Remaove...
l Active |
Global sensitiy  setyp...
I 10008 points | paameters...
Histories...
|Fr0nt rail crash Multihistories...
|.-‘home.-‘katharina.witowski.-‘LSOPT.-‘DeveIopment-‘lsopt-‘branches.-‘ZOZZRlfManual.-‘exampIes Responses... nterface/Deactivation/rail. Isopt
Output (1) | Progress Multiresponses...
File operations...
Info v i E=
Repair » —

|

Figure 3-7: Setup with deactivated stage META. The Active options from the right mouse menu can be
used to activate the stage again.
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Optimization o &
Objectives | Constraints | Algorithms |
‘Maximize the Objective Function (instead of minimize):
Objective components: Add new
| Response/Composite | Weight | Responses
mass
1 (default) intrusion
Composites
ok

Figure 3-8: Deactivated objective acceleration. The objective is deactivated because it is a response define
in a deactivated stage. Ractivation of the stage will also ractivate the objective.

*mdo.lsopt - LS-OPT Pro 2022 R1 X &
ELE + /) v Metamodel-based optimization B0 Bl = Sequential with Domain Reduction [}

Setup | Sampling CRASH . Sampling NVH
& parameters T | 3 vars, 7 d-opt designs 4 vars, 8 d-opt designs
L. [ Domain reduction
Finish
(SRSM) CRASH NWH
T T & pars, 5 resps 5 pars, 3 resps

Verification Termination criteria

-
1 design 5 iterations

Optimization
[ 1 ohjective '
2 constraints Q

Composites | Build Metamodels Build Metamodels
1 definition 5 linear surfaces 0 linear surfaces

|Crash—ModaI MDO problem (small car)
|.-'home.-‘katharina.witowski.-‘LSOPT.-‘Development-‘lsopt-‘branches.-‘2022R1.-‘Manua|.-‘examp|es screenshots/GraphicalUserinterface/Deactivation/mdo.lsopt

Figure3-9: Deactivated Sampling NVH. All 1td6s stages
as well.
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3.2.4.File Transfers between Stages

File Transfers ¥ & X

Files to be copied from the run directory of FE_Morpher to Map_fiber_to_mesh:

Operation Source File ‘ Destination Fle ‘ On Error | Delete |
|Cop3.r v |bumpermesh.k |bumpermesh.k |fai| - =
|Cop3.r v |bumper.inc |bumper.inc |fai| - =
Add ...
<Jok

Figure 3-10: File transfersbetween dependent stages

To use results of upstream stages; QST allows file transfers between dependent staged-ileh&ransfer
dialog is accessible by selecting the dependency icon located on the arrow connecting the stagass see
3-10andTable3-4. The requested file transfers are executed for all the run direateliaésd to the Stages,
e.g. if the dependency is betwe@RASHand PRE_CRASHfile transfer will be executed between
PRE_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
OnError fail What to do if operation fails
warn
ignore

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. Compl
simulation jobs are recognized by the presence ofitiehedfile in each respective run directory and the
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termination status of its contenfhe presence of thinishedfile allows LSOPT to avoid a repeat of the
simulation for eitheerror or normalterminations. A clean start option is available, Secsi@dn

If a Normal Run is executed after sampling or stage (de)activation, S&c#idh options are offered to
regenerate the database using the current databeseling to the new activation.

3.3.2.Baseline Run

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

The design issampled at the initial values specified in tharameter Setup pane| Section8.1 The
simulations areexecutedin the Stage sufdlirectory 1.10of the respective stag&his 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, database formats,

4. data extraction from simulation results, and

5. validity of responses and histories.

It is thereforerecommendedtosea s i ngl e s i mBasaiteiRoon oupatsinogn ey & r
launching a full scaleptimizationrunin LS-OPT.A successful baseline run will be recognized as a complete
run, so will not have to beepeated in the full optimization run.

3.4. Restarting

3.4.1.Clean from Current Iteration

If the user wants to restart an existiogtimizationrun from aspecifiediteration, theClean- Clean from
Current lteration[iter] feature available from the control b&rmenu can be used.

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

The task is restarted Isglecing Normal Rurfrom the run menu.

3.4.2.Augmentation of an existing design

To retain existing (expensive) simulatidata in the optimizatioprocessit is advantageous to be able to
augment an existing metamodel with additional sampling points and simulations. In this manner, ne
simulations can be added to old simulas to obtain a more accurate metamodel. This is performed by
increasing the number of sampling points in Samplingdialog and restarting e.g. the metameblated
optimization.

When running the optimization, the experimental design table will be augdhehe additional simulations
will be executed, a new metamodel will be constructed and a new predicted optimum will be computed. N
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that if a verification run was previously calculatedy Simulation 2.1), th€leanoption CleanVerification
Runshauld be used before restarting in order to replace the verification direstory2.1.

3.5.

Repair or modification of an existing job

Severaltypes of repairs and modifications are possible for an existing optimization iteration or a pstibabil
analysis. The repair depends onstetus of th&S-OPT database files as describedppendix E:Database
and Output Files

Repair tasks can be executed globally or locally on individual Stages or Samplings.

o

o

Global repair can be executed using the Repair option under Tools (available in the control bar).

Local repair &asks are executed by right clicking on the relevant step (Stage or Sampling) in the mal
GUI window.

The available repair tasks are:

o

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 Dptimal and spaeélling
samplings will augment the previously computed points. The Latin Hypercube experimental desig
points will be computed using the number of previously computed points as a skeddandom
number generator. If the database for the experimental ddSigreriments_  n.csv  file for
iterationn) does not exist, new points will be created.

Read points The Experiments _n.csv file is reconstructed from the data in thXPoint
databaséiles in the run directories.

Import resultsimport results from a .csv (comma separated variablesSidetion9.5.3.

Run JobsThe stage jobs will be scheduled. Designs previously analyzed will not be analyzed agai
Only available in the Tools menu.

RerunJobs The jobs of the respective stage will be resubmitted. Only available ngtitemouse
menu.

RerunFailed Jobs The 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 run.

Extract ResultsThe results will 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.

Rerun Verification RurnThe verification run will be resubmitted.

Build Metamodels The metamodels will be built. This option also allows revision of the metamodels
for an existing IiIteration or Monte Carl o a
Metamodels can fanstance be built from imported user results (see sectibmport resultsabove).

Evaluate Metamodel€reate a table with the error measures of a given set of pSettiqn9.5.2
or create a table (.csv file) with response values interpolated from a metaBecte{8.5.]).

Import Metamodeldmportsmetamodels from an .xml file (Secti®rb.4
Calculate Global Sensitivitie§&lobal Sensitivities are recalculated using the metamodels.
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o Build ClassifiersThe chssifiers will be built.

o Optimize The metamodels are used for metamodel optimization. A new optimum results database
created. The AExtendedResultso file wild.l be
the history will not be displayed the Viewer.

Remarks

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

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

3.6. Archive LS-OPT Database

Using the Archive LSOPT Databaseoption in theTools menu, the database can fathered up and
compressed in a file callésbpack.tar.gz (Isopack.zip on Windows) after completing the run. The

packed database is suitable for pmsicessing on any computer platform.

Pack database salile X

[ Include Histories and Responses
[ Include Input Deck/Extra Input Files
Additional Files To Pack

Filename

Browse ‘Add manually| Delete

¥ cancel ‘ Create Archive

Figure 3-11: Dialog to specify options for archiving the LSOPT database

By default, the files generated by {G3°T in the working directory and the stage and sampling directories are
gathered, the run directories are omitted.

More sophisticated options are available tmasther the history and response files residing in the run

directories and all input files. The history/response files fesgory.0  , etc.) are required to view hisy
plots using the DynaStats toolThe inclusion of both histories and input decks Itgsun
Isopack _h_i.tar.gz (Isopack_h_i.zip in Windows).

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

LS-OPT Version 202 R1 37



CHAPTER3: Graphical User Interface

Table 3-5: 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 Isopack_h.tar.gz

(Isopack_h.zip in Windows). History and response files are
only required for the use of DynaStats.

Include Input Deck/Extra Inpu Various input files and other files required to run the@BT job

Files seamlessly are added to the packed database file. The file
produced idsopack i .tar.gz  (Isopack i .zip in
Windows).

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

3.7. Export LS-OPT/LS-DYNA data for Twin Builder

A feature is available to gather response field or {fiefilory data and export it to a binary format suitable as
Twin Builder input.

LS-DYNA fields and field histories can leportedto binary input for the ROMased code, Twin Builder.
Twin Builder is a design modeler principally based on Reduced Order Modeling (RiD#l)teature is
available for all multihistories (field histories) and multesponses (fields) supported by-O®T for LS
DYNA.

The input database is generated by seledxumprt Twin Builder Data underTools(see figure below) after
executing multiple runs using ESPT. Hence the production of the Twin Builder database is typically-a two
step method (iusing LS-OPT, execute a number &fS-DYNA runswith a selectedet of sampling points
(experimental design) and (select tobuild the Twin Builder input databa$em the runs Each field or
field history produces a unique zip filabeled with the response bistory nhame The datacontains the
geometry, settinggxperimental design datspatial and temporal field valugsapshotsas well as LSOPT
data to identify the data s& shown below.

Name : vm_hist

Def : D3PlotMultipointHistory -pids1 - coordtype partset - res_type stress
- cmp von_mises - pos MAX

Number of parts =1

1

Number of time states =22

Number of time states used = 21

Number of IDs = 5776

Number of parameters =4

Twin Builder can producedth Static and Dynamic ROMsachrequiringa different format. The ROM type
or whether a ROM is requestathn be selectefibr eachindividual multiresponse or muHnistory. Nodal
output for stresses, sing and displacements are supported for shells and sBtigss and straitields are
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always mapped to the finite element nodes. Parts, as defined in-D¥NS keyword file can be selected
so that a ROM can be based on a particular part or set sf part

The archive will automatically gather all the iteratiqasd the validation runin the case of an iterative
optimization using SRSM or GA.

Automatic featuresemovedesign pointsvith error terminationsnd assure a uniform number of time steps

o Re-layout Stages
Set Sampling SOLVER_1
‘ 2 paran Show XML Tree 2 vars, 100 =p filing designs

Repair » l

Clean »
Archive LS-OPT Database SOLVER_1
2 pars, 1 hist, 1 resp

Save Flowchartimage l

DynaStats

Build Metamodels
1 rbf surface

Fini  Archive Twin Builder Data | *JJ“_

3.8. 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 file is encrypte
using 256bit AES encryption.

When selecting AEncrypt projecto, a dialog is s
clicking OK, the encryption mode is enabled. Tt
projecto menu it e nselfishat eneryptedh an diskturtileyoumaveifj. Ehis ts to imake it
possible to save the file under a different fi

project file but is used by the engine, will also 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 dlRemenbentgsavelihe 7
project after this change.

3.9. Settings

3.9.1.Simulation postprocessor and text viewer

Both the simulation (e.g. Finite Element analysis) postprocessor and the text viewer used throughout
LS-OPT GUI and Viewer can be s€igure3-1. The default LSPrePost executable may be resolved first by
the environment variable LSTC_PREPOST, which is set by tHereBost Windows installer, and alternately
by an executablisprepostin the LSOPT installation directory. The default tefte viewer is GenEx which

is included in the LSOPT distribution
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Settings R R &

Paths

scheduling |

Path to executables
LS-PrePost
[] use default (Could not find LS-PrePost executable)

Custom path: |jnet,-‘f-301.atg.dynamcrejetcrage;nfei%jappsfbin,flepp Browse

Text-file viewer
Use default (genex)

Custom path: |

User-defined postprocessors

MName ‘ Path
ladd

Hltelp
éc\g;ancel‘ ok |

Figure 3-12: Dialog to specify FE postprocessor and text viewer settings

The specifid postprocessors are available from the Progress did@mjion15.3 and the Viewer Tables,
Chapterl7.

3.9.2.Scheduling

Typically, scheduling options are global and not tied to a specific project. Therefore, all options in th
Scheduling tab are stored undMEon Liruweor WAPPDAZAP4 on u s
Windows) instead of in the current project file. This allows for entering the scheduling options once per ho

In the case of a project which uses SSH proxies is shared between multiple users, it is required that all u
havematching SSH configurations, by name. The actual configuration may differ to suit each user.
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Settings

Paths Scheduling

General

Scheduler log level: INFO - ‘

Scheduler port range: |32500

to |32999|:|

Rungueuer port range: |41000 S| to |43000 |:|

Minimum time between jobs: |0 “Ims
Min. time between queued jobs: |25 “{ms

Blackbox

Time between any job check: |2000 |{Z{ms

Time between same job check: (10000 [ ms

Job check retries: [5 |+
SSH
Host configurations General S5H settings
Add new Path to SSH/PLINK: | Browse
Path to SFTP/PSFTP: | Browse
%gancel ‘ (ﬂgK ‘

Figure 3-13: Dialog to specify Scheduling settings

Table 3-6: General Scheduling options

Option

Description

Scheduling log level

The level of verbosity at which scheduler, runqueuer, wrapj
and Irunremote writes messages to logs.

INFO'1 Default scheduler logging.
VERBOSEI More infomation printed

DEBUGT Much more information printed. To be used in
debugging purposes.

Note that the LSOPT_DEBUG environment flag overrides t
option.

Scheduler port range

Scheduler listens on a port in this range used by local
subprocesses gtheduler. This may be changed if other
services are in use in this range.

Runqueuer port range

Runqueuer listens on remote connections from wrapper in |
range. This may be changed to conform with firewall
restrictions.
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Minimum time between jobs Minimum time in milliseconds between starting any kind of
job.
Min. time between queued jobs Minimum time in milliseconds between starting jobs using
queuer.
Table 3-7: Blackbox options
Option Description
Time between an job check Minimum time between checking any blackbox job

Time between same job check  Minimum time between checking the same blackbox job

Job check retries Maximum number of retries that job check may fail to repor
status before setting the job as failed.

Table 3-8: General SSH settings

Option Description

Path to SSH/PLINK Path to ssh or plink binary. By default, the-O®T installation
and PATH is checked for th@resence of such binary

Path to SFTP/PSFTP Path to sftp or psftp binary. By default, the-OPT installation
and PATH is checked for the presence of such binary

Table 3-9: Host configurations

Option Description

Name Unique name of configuration. A Stage using an SSH
proxy refer to this entry.

Host Hostname or IP of remote host

Port SSH port to connect to (default: 22)

Username Username to use (default: local username)
Authentication None/SSHAgenti Highly recommended option!

Authentication is setup to require no further user actic
E.g. hostbased, default private key or SSH/Plink will
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connect using a key loaded in memory using an ager
facility.

Private keyi A non-password protéed private key.

Private key Path to private key file

Remote LSOPT path The path to a LSOPT installation on the remote host

Remote run path The base run path on the remote host. If empty or a
relative path it will be relative to the remote home
directoy (~).

Add subpath based on parent directory Append the current projects directory last directory n¢
on the remote run path.

Add subpath based on project name  Append the current projects name on the remote run

Run path preview A preview of thefull remote run path, with example
Stage fAiStagelo, iteratiao

Test Connection Run a remote test which will do basic checks and rep
the status.

Open Remote Shell Spawn a shell of SSH or PLINK using the host

configuration and the ren®run path. Note that PLINK
may not convert special terminal characters such as
coloring information which will result in odd character:
being showed.

Table3-10: Advanced SSH Host Connection options

Option Description
SSH extra options Extra arguments for the SSH or PLINK binary
SFTP extra options Extra arguments for the SFTP or PSFTP binary
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(
(x

SSH Host Configuration

-Advanced Options

Extra arguments for SSH/PLINK and SFTP/PSFTP can be
entered below. They will be added as-is.

Name: [test

Host: |somehost

Port: |22 E

Username: [myuser
Authentication: (® None / SSH-Agent

SSH extra options:

SFTP extra options:

(O Private key

Private key:l Browse...

Remote LSOPT path: |/opt/lsopt/lsopt_rhel7

Remote run path: remote|
Add subpath based on parent directory
Add subpath based on project name

Run path preview: |~/remote/Process_flow/multi_stage/Stag
el/l.1

Test Connection | Open Remote Shell | Hide Advancedl

%Qancel | @QK |

Figure 3-14: SSH Host Configuration
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This chapter explains the available design tasks and strategies.

4.1. Task selection

The Task dialog allows the selection of a task. For a metarhaded optimization or robustness task, the
strategy can bselected. The two basic branches are Metardoastd and Direct methodsigure4-1). The

method selections can be made in the GUI usingtimv task settingson (88) in the control bar in the
top menu bar of the main GUI window. The available tasks and options are liJtzioled-1.

Task selection 2 (& x
Main task
Metamodel-based
() Optimization
(O DOE study
(O Monte Carlo analysis
(O RBDOJRobust Parameter Design

Direct simulation

(O Optimization

(O Monte Carlo analysis
(O Taguchi analysis

Strategy for Metamodel-based Task
(® single Iteration
(O Sequential
(O sequential with Domain Reduction (SRSM)
O 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
[1 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 meta Sectiord4.5.2
analysis models
RBDO Reliability based design optimization Section4.6
using metamodels
Direct simulation Optimization Direct optimization using the Genetic Section4.4
Algorithm
Monte Carlo Direct Monte Carl@analysis Sectiord.5.1
analysis

Taguchi analysis Direct optimizatiofparametric study  Section4.7
using Orthogonal Array sampling

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

optimization design exploration.

(Available for Main

TaskOptimization, Sequential Sampling points are addedquentially Section4.8.2
Monte Carlo in the full design space. Suitable for

Analysis and global design exploratioor Monte

RBDO) Carlo Analysis

Sequential with ~ Sampling points are added sequentia Section4.8.3
DomainReduction in an adaptive subregioMetamodels

are then constructed using the curren

iteration samples (in the subregion) ol

using all the samples. The optimum

solution is located based on the

metamodelsSuitable fo finding a

converged solution. Generally

unsuitable for global exploration.

Efficient Global Sampling points are addedquentially 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
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between good objective function valu
and high prediction uncertainty.
Suitable for global exploren.

Available for Global Option to calculate Global Sensitivitie Section4.11
metamodebased Sensitivities on the metamodel
tasks
Available for Main Do verification Run an additional simulation using th¢ Section4.12
TaskOptimization  run parameter values of the predicted
and RBDO optimum.Multiple simulations can be
run for Multi-Objective optimization
problems.
Available for global Create Pareto Option, for MultrObjective Sectior4.10
strategies with Optimal Front Optimization problems, to create Pare
multiple objectives. optimal solutions instead of a single
optimum.
Baseline Run Batch Mode option to run only the Section3.3.2
Only 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. Thdam®del is thus created as a simple and inexpensive
surrogate of the actual design. Once the metamodel is created it can be used to find the optimum or, in
case of multiple objectives, the Pareto Optimal Front. The basic steps are as follows:

1. Point seéction

2. Run the simulations

3. Build the metamodels

4. Execute the metamodel optimization

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

1. Point selection

2. Run the simulations
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3. Build the metamodels
Global sensitivities are evaluated on the metamodels if the option is selected, &édtion

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 Aligm) 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
responses. The goal is to obtain the statistics of responaiar@sicaused due to the uncertainties in a given
design as well as the probability of failure for that design. Any probabilistic task requires the definition c
random variables associated with distributiddsction8.1.5 The point slection scheme for a probabilistic
analysis depends on whether it is direct or metardoastd Section14.5and Sectiorl4.6 More specific
details about the available probabilistic analysis tasks are provideeciion14.5and Section14.6 Two
probabilistic analysis tasks are currently available irQFST - Direct Monte Carlo Analysis and Metamodel
based 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.Metamodeklbased 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
uncertainties can be important to avoid unforeseduréenf the design due to variations of loading conditions,
manufacturing process etc. In reliabiliiased design optimization (RBDO), a target probability of failure
(typically small) is defined for the constraints to ensure that the optimal desigrt banweca higher failure
probability. In robust design, an optimal design is searched such that it is insensitive to uncertainties in cert
design parameters. More specific details about the available probabilistic analysis tasks are provided
Sectionl4.7. The difference with deterministic optimization lies in the definition variables that are associate
with probabilistic distributions, as wedls in the definition of objectives (robust design) and constraints
(RBDO).
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4.7. Taguchi

The Taguchi method is a diresihgleiteration optimizatiorand parametric study technigueinvolves a
careful selection of process parameters using Orthodorays to analyze the variable effect on the results
and, if required, obtain the optimum results based on a SigiNdise (S/N) ratio.

4.8. Selecting strategies for metamoddbased optimization and Monte Carlo
Analysis

In this section different strategies fouilding a metamodel are discussed. The strategies depend mostly or
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 important criterionhtmseg 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
possible to build a etamodel for improving the desigmr evaluating statisticand obtaining as much
information about the design as possible.

There are four available strategies for automating the metarbadetl optimization or robustness analysis
procedure. These strategienly apply to the taskdetamodelbased OptimizationMetamodebased Monte
Carlo AnalysiandRBDQRobust Parameter Desigihable4-1. In the GUI, the strategieseaselected in the
"Task selectiohdialog (Figure4-1). The available optimization strategies are

1. Single iteration
2. Sequential
3. Sequential with DomaiReduction (SRSM)
4. Efficient Global Optimization (EGO)
The available Monte Carlo strategies are
1. Single iteration
2. Sequential

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

The strategies are discussed one byiotiee following sections

4.8.1.Single iteration

In this approachthe experimental design for choosing the sampling points is done only once. The metamocd
selection defaults to Radial Basis Function Networks with Space Filling as the sampling scheme.

4.8.2. Sequential strategy

In this approach, sampling is done sequentiéllgmall number of points is typically chosen for each iteration
and multiple iterations can be requested inTteemination Criteriadialog, Chaptel3. The approach has the
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advantage that the iterative process can be stopped as soon as the metamodels, optimum points or stati
entities have achieved sufficient accuracy.

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

Space Filling sampling.

The first iteration is Linear EDptimal.

Wb PR

Choose the numbef points 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 Spacéilling, the Sequential approach had similar accuracy
compared to the Single Stage approach, i.e. 10 x 30 points added sequentially is almosha8go@oints.
Therefore both the Single Stage and Sequential methods are good for design exploration or Monte Cz
Analysis using a metamodel. Both these strategies are only suitable with metamodels other than polynom
because of the flexibiltyahet amodel s such as RBF&s and FFNNOGOs

4.8.3.Sequential strategy with domain reduction

This approach is the same as that in seeti8r? but in order to accelerate convergence, an adaptive domain
reduction strategy is used to reduce the size of the subr&gotiopn26.6 During a particular iteration, the
new points are located within a subregion of the design space. This stisatggycally only used for
optimization in which the user is onigterested irthe final optimalpoint and not in any global exploration

of the designFor example, the method is often used in parameter identific&smtion27.3 This mehod
cannotcurrentlybe used to construct a Pareto Optimal Front.

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

The default settings for sampling are listed below Geaplingdialog, 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 sedli@?2 but differs in the selection of the first sample of the
successive iterations. Instead of minimizing the metamodel approximation of the objective function, th
sample is located by maximizing an expected improvement (El) fun&extion26.7. The primary idea is

that the metamodel approximation can be locally inaccurate due to sparse sampling, and therefore, minimiz
the arrent objective function approximation may not be the best or most efficient option. Instead, the E
function strikes a balance between objective function minimization and sampling of sparse fEg®ns.
methodis currently limited to the Kriging metameldandcannotbe used to construct a Pareto Optimal Front.

The default settings for sampling are listed below &amplingand Metamodelingialog, Chapte8):
1. Kriging metamodel
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2. Linear trend
3. Spacefilling sampling
4. Default number of sampling points based on the number of desigbles.

4.9. Domain reduction in metamodeibased optimization

The Domain reduction dialog is displayedrigure4-2. Table4-2 describestte options.

Domain reduction x & %

Restart Settings SR5M Parameters
[] Reset to Initial Range on Iteration | Proximity Zoom parameter

[ Freeze Range from Iteration |0-5 (default)
Oscillation Contraction parameter

|0.5 (default)

Panning Contraction parameter

|1 (default)

Figure 4-2: Domain reduction dialog

Table4-2: Restart Settings and Subdomaparameters

Option Description Reference
Reset tdnitial Range on Resetting the subdomain range to the initial rang Section
Iteration for a specified iteration. 49.1

Freeze Range from Iteration Freeze the subdomain range from a specified Section

iteration 49.1
PanningContraction Gan Section
parameter 4.9.2
Oscillation Contraction Gsc Section
parameter 4.9.2
Proximity Zoom parameter  Zoom parametef Section
49.2
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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 space
any specified range around the optimum) after an optimization has been conducted. Tleissféxgpically
only used in a restart mode. The GUI option is "Reset to Initial Range on Iterdtigarg4-2).

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 sizesaftthegion. Adaptivity can be frozen
at a specified iteration number. The GUI option is "Freeze Range from iterdtigntg4-2).

The subdomain range will be adaptively updated up to the previous iteration. Therefore the specified iterat
and higher will have the same range (although the region of interest magreg)aThe flag is useful for
adding points to the full design space without any changes in the boundaries.

4.9.2.Setting the subdomain parameters*

To automate the successive subdomain scheme for SRSM, tloé thieeegion of interegas defined by the
range of each variablés adapted based on the accuratyhe previous optimum and also on the occurrence
of oscillation (see theory iBection26.6).

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 pararaatkthe user should not
find it necessarto change any of these parameters.

4.10.Create Pareto Optimal Front

This option is only available if multiple objectives are definedCriéate Pareto Optimal Froris selected,
multiple Pareto optimal solutions arelculated instead of a single optimusee Section26.10.2 If a
metamodebased method is usealailablestrategyoptionsare limitedto theglobd strategiesSingle Stage
and Sequentigl Section4.8.2 and 4.8.3 Selection of theCreate Pareto Optimal Fronbption resets the
optimization algorithm used on the metamodel to Genetic Algorithm, Selidr® 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 Sensitivi
to study the importance of difflent variables for higher order models. In this method, a function is
decomposed into stfioinctions of different variables such that the mean of eaclfiusidbion is zero and each
variable combination appears only once. Then, the variance of ea¢hnstibn represents the variance of
the function with respect to that wvariabl e comb
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method is described i8ection29.7.2 The GSA is carried out by selecting the appropriate fzGlighkal
Sensitivitieg in the Task dialog or by selecting Add Global Sensitivities fromAthg(+) menu in the GUI.

The GSA dialog is shown ikigure4-3. 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,
sendivities depend on the region of design space under consideration. By default, the sensitivities a
calculated for the region defined by the variable bounds specified iGlti&al Setup These sensitivity
indices are stored in tt&obol_GSA.iteratioXM L database files in th@ork directory. Existing GSA results

can be repaired by checkingonthe®©v er wr i t e g | obbxaThis may bepneedeal tfar exangplé,

if the metamodel is changed after carrying out an earlier sensitivity analysis; SdoldGSAiterationfiles

are then deleted and recreated based on the new analysis.

Global Sensitivities o) & X

Number of Points for Integration
10000 (default)

[] overwrite global computations

Define subregions

Figure 4-3: Global Sensitivities Dialog

Table4-3: Global Sensitivities options

Option Description Reference

Number of Points for Number of MonteCarlo integration points required

Integration to compute sensitivities

Overwrite global GSA results overwritten for the global region defin

computations by the variable bounds tBetupdialog.

Define subregions Define a subregion of the design space for GSA. I' Section4.11.1

possible to have the same bounds as the entire de
space (e.g. same domainalyzed with different
metamodels).

Remarls

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

2. Unless a subregion is considered (Sectidd..)), the sensitivities are calculated for the global bounds
of the varidles. Sampling constraints are not considered while calculating the sensitivities.
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3. Analytical equations are used to compute sensitivities for polynomials and Gaussian radial ba:s
function metamodels.

4. The composite expressions and subregion sensitidteeslways evaluated using the Moftarlo
integration.

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

4.11.1.Sensitivity Analysisin Subregions

The Global Sensitivities dialog also provides the option to define subregions for(Fi@Ae 4-4). The
sensitivities can be calculated for differentighle ranges using this feature, which can be different from the
bounds specified in th@lobal SetupBy default, the subregions are created with the same ranges as the glob:s
design space. The subregion variable ranges can, however, be modified loyg ditkdit, which opens up
another dialogThe dialog for variable bound definition or tBabregion Dialogs shown inFigure4-5. The
definition of a GSA subregion requires a name to be associated with it. The corresponding GSA results
stored inSobol_GSA.RegionName.iteratifiles in the work directory.

Global Sensitivities AL £

Number of Points for Integration
10000 (default)

[[] overwrite global computations

Subregion definitions

Name Active Overwrite | ‘Delete ‘
|subfirst O] Edit
|subsec0nd O Edit x

mdd....

All active [] All overwrite

Figure 4-4: Global Sensitivities dialog with subregion definitions

Table4-4: GSA Subregion definition options

Option Description

Name Subregion name

Active GSA isperformed for the Subregion (default on)

Overwrite Existing GSA results deleted (default off). GSA performed agaeativeis on
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Edit Open GSA Subregion dialo§i@ure4-5) to define variable bounds of subregior

All active All subregions active

All overwrite  Overwrite existing GSA results for all subregions

GSA Subregion AN G b’

Name
|'3ubf'ir'3t
Active

[] overwrite

Bounds - Global bounds used for variable if not specified below

Variable ‘ Lower bounds | Upper bounds ‘ Delete ‘
tbumper v |1 |3

thood B |3

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 agahatifveis on

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

4.12.Verification runs

After the lasfull iteration,a verification run of the predicted optimal design is executed. This run can also bg
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 either t he Task di al og or
option in the control bar.
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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 disttiloLthe design space. The number
of verification runs can be set in the GUI using the Verification Run Eigxre4-6.

Verification Run .~ (~ X

Mumber of Verification Runs

(Always 1 for non-pareto problems)

Figure 4-6: Verification Run dialog
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5, St age T1Medaliong ng
Sol ver

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

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

5.1. Introduction
Since an executable program is consdeto be a key part of the 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 par postprocessor or any other exadug program or script that is essential
to the execution or management of a step within a simulation process.

5.2. General Setup
Figure5-1 shows the general setup dialieg a Stage in the process. The options are describeabie5-1.

Table5-1: Stage dialog Setup options: General aptis

Option Description Reference

Package Name  The following software package identifiers are available:

LS-DYNA Section5.3.1
LS-INGRID Section5.3.3
LS-OPT Section5.3.10
LS-PREPOST Section5.3.2
LS-TaSC Section5.3.11
ANSA Section5.3.5

LS-OPT Version 202 R1 57



CHAPTERS:St age Dialog 1 Del

CORA Section5.3.6
Excel Section5.3.11
HyperMorph Section5.3.6
Matlab Section5.3.14
META Post Section5.3.8
TrueGrid Section5.3.4
UserDefined Section5.3.13
UserDefined Postprocessor Section5.3.16
Command Command to execute the solver Section5.2.1

Do not add input  Preventd S-OPT from appending standard input deck  Section5.2.1

file argument name to the execution commaahating ruritime.
Use default Path to the solver executable filled in automatically (only Section5.3.10
command available for LSOPT stage).

Display graphics Do n 6 t -RraPostirLb&tch mode for debugging (only Section5.3.2
available for LSPrePost stage).

Input File Parameterizethputfile for the preprocessar solver The Section5.2.2
specification ofan inpu file is not required for a user
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 Default standard input deck name depending on packag Section5.2.1
input deck(base  This can be edited in case another file name is required.
file name) Changes are only required in exceptionaksas

Extra input files A list of extra input files can be provided. The files are  Section5.2.2
copied to the run directoridésom any usedefinedsource
directory. Parameter values asabstituted by default, but
parsing can be omitted
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LS-DYNA Include filesdo not have to be specified as the
are automaticallyand recursively searched by 4GB T
when given the name tie main input fileThis feature is
also supported for certain packages under thedefered
solver typeg(Section5.3.13.

Model Database ANSA binary database fiJaypically with the extension Section5.3.5
(ANSA) .ansa

Output File HyperMorph: nodal output file produced by Templex Section5.3.6

(HyperMorph,

UETA, Matlab) META: output file usedor parsing the history and respons Section5.3.8
names
Matlab: output filecontaining response and history Section5.3.14
definitions

Session file File containing informatiombout which results to extract Section5.3.8

(LETA)

Excel File Input File template for parameterizing and running Excel Section5.3.11
jobs.

Do not copy Excel Avoid copying of potentially big Excel input file to each r Section5.3.11
file to job folder  directory and modify the original file instead. Option
available only if one job is run attime.

CORA Config. CORA configuration file Section5.3.6
File
Input definitions  Parameterization of the Excel input foe CORA Section5.3.11

configuration file

LS-DYNA Advanced interfacing options for ESYNA. Section5.3.1
Advanced Options
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Stage 1 AR &
Setup | Parameters | Remotel Histories | Multihistories | Responses | Multiresponses | File Operations |
General
Package Name LS5-DYMA - ‘

Command||'39?1_9ing|e Browse

] Do not add input file argument

Input File |main.k Browse | Open ‘

copies main.k and 2 includes to 1/it.run/|Dyna0pt.inp
and substitutes parameters

[] Extra input files

LS-DYMNA Advanced Options

Execution
Resources

Resource | Units per job ‘ Global limit Delete
1 1 1

Create new resource

] Environment Variables

Advanced execution options

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

The command to execute the solwaust be specified. The command depends on the solver typambd 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 ddtaile case of the standard solvers, the appropriate syntax
is automaticallyused (e.gi=DynaOpt.inp for LS-DYNA). The execution command may include any
number ofadditional arguments.

The base file name can be changed. This is useful when the output file of one stage becomes the input o
dependent stage (see Sectioi0).

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 project directorR'B
automatically prepends the project directeryvironment ${LSPROJHOME} to the execution
command.

o Absolute path e.g. "/origin/users/john/crash/runmpg* " ~/ é " and é 'a® hH@ME
supported)

o If the executable is located in a directory which is in the execution path, the command can &
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@m Filed STC\ALS-DYNAVIs-dy na. e x e 0

3. Linux: Do not specify the commamibhup before the solvetommandand do not specify the UNIX
background mode symb&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 to an input deckhe preprocessar solverby replacing the original
parameter values (or labels) with new values determined by the sampling procedure. The specifiaation of
input file is not requiredor a userdefined solver.

For LSDYNA and most of the preprocessor interfaces; QST automatically searches for include files
specified in the main input file, s@@ble5-2. 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&3.13.

Input files are copied to the run directories, parsed to substitute parameteraraluenamedeach stage
type has its own standard input file name, BagLS-DYNA, 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 varkigleag5s-2. For remote runs,
extra input files are automatitatransmitted to a computer cluster.

The files can be placed in any directory and are copied to the run directories during the setup phase. Param
can be specified in the extra files using the native format{l@ARAMETERor LS-DYNA) or the generic
LS-OPT format €<parameter>> ), see Sectiob.2.4 LS-OPT will parse the files for variable names if the
Parseoption is selected. In this case, paeaens are listed on tiarameterspage and imported to ti8etup
dialog 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 skij
by leavingParseunchecked. This feature is typically used to move binary files to the run directories.

Extra files are also used in a mdéiel setup (Sectioh.3.10 to move input files to the lower level. In this
casepParseshould also be left unchecked to avoid premature substitution at the upper level, before process
by the lower level LSOPT run.

General

Package Name User-Defined

Command|per| Browse

] Do not add input file argument

i1l

Input File |g2.p| Browse

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

Extra input files

Filename Parse Delete
|e>:traﬁ|e_(32_1 Browse
|E>:tra,fe>:traﬁ|e_(32_3 Browse
|E;-:tra,fe;-:traﬁ|e_(32_2 Browse

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 automaticall
processed. However, if the wuser has parameters in include files with a relative (e.c
MyFiles/geometry.inc ) or absolute path/{ome/jo/LSOPT/MyFiles/Material59.inc ),
these includdiles 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 us
defined solver types also support this feature $s@d.3.

*INCLUDE specifications pertaining to extra files should not include any path specifications since the file
are automatically copied to the run directorg avill reside together with the main input file.

5.2.4.Parameterization of Input Files

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

For the packages listed Trable5-2, LS-OPT supports native parameters, see the respective package interfac
section for details. Nativiparameter types are also supported for certain solvers specified undeefirsea
solver types (se&.3.13.

LS-OPTui will automatically recognize the native ddderdefined parameters for the formats indicated in
the table and list them on tRarameterspanel Figure5-3. Parameters found in input files are also displayed
as O0Const @etupcksibaliong tohPear amet er Setupd panel. T h e
variables or dependents. The parameter names cannot be changed in the GUI so, if desiredhamgsde c
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in the original input file(s)A lock icon adjacent to the variable namdicates that the parameter names were

imported from the input or include files.

Table5-2: Parameters and include files

Native User-defined Include files

parameters Parameter recognized in
Package recognized in Format input file Reference

input file recognized (see

Section5.2.9

LS-DYNA® Yes Yes Yes Section5.3.1
LS-PREPOST Yes Yes Yes Section5.3.2
ANSA! Yes Yes Yes Section5.3.5
HyperMorplt Yes Yes No Section5.3.6
PRIMER® Yes Yes Yes Section5.3.8
Matlab Yes Yes No Section5.3.14
TrueGrid* No Yes Yes Section5.3.4
LS-INGRID No Yes Yes Section5.3.3
LS-OPT Yes No No Section5.3.10
LS-TaSC N/A Yes No Section5.3.11
Excel N/A No No Section5.3.12
Userdefined N/A Yes No Section5.3.13

1BETA CAE Systems S.A.

2 Registered Trademark of Altair Engineering, Inc.

3 Oasys Ltd.

4 Registered Trademark of XYZ Scientific Applications, Inc.

LS-OPT Version 202 R1

63



CHAPTERS:St age Dialog 1 Del

Stage CRASH & 8 %

Setup Parameters | Remotel 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_mod.dyn

rail_outer taurus_mod.dyn

aprons taurus_mod.dyn

Add ...

Figure 5-3: Parameter panel: list of parameters found in stage input files

Theéi ncludedé files are also scanned wherever thi
files. l ncl ude files whi ch ar el./cab.p e ciof i eod
fYfhome/jim/ex4a/car6.k 0O are not copied t o atdter substitutionsiwillrbe c t

made in these files. This is solely to prevent unnecessary file proliferation. The user must however ensure
files, which are to be distributed to remote nodes through a queuing sgs@apipendixH.3, Remote job
scheduling, do not contain any path specificatsoihese files are automatically transmitted to the relevant
nodes where the solver will be executed. See also Sé&c8dn

If parameters are specified in inclufiles 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, exc
the LS-OPT <name=>Isopt input file. The parameters or expressions containing parameters must be labele
using the double bracketed fornatexpression :[i] field -width >> in the input file.

The expressiorfield is for a FORTRAN or C type mathematical expression that can incorporate constants
design variablesr dependents. The optional character indicates 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.-DS'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 field width of 10.

A field width of zero iIimplies that t heal nombenbas r
%l do f or ma Clanguage). Fonreéakngrebers, trafling zeros and a trailing decimal point will not
be printed. This format is not suitable for-DY'NA as the field width is always limited. Real numbers will
be truncated ifspecf i ed as i ntegers, so if rounding is de
e.g <<nint( expression )>>.
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String parameters are indicated by the charagtexexpression :c field -width >>. For string
parameters, the default width is theddnof the replacement string up to a maximum 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 variale expression intdhe preprocessocommand 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 and no trailing 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 specifying thedependentRadius_scaled as a function of independent variable Radius, such tha
Radius_scaled = Radius * 25.4 . This specificat

Similarly if the design varialesare to be specified using a Finite Element-(L8NA) 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 LDYNA structured input filas:

* shfact z - integr printout quadrule

.05.01.0.0

* thickn1 thickn2 thickn3 thickn4 ref.surf

<<Thick 1:10>><<Thick 1:10>><<Thick 1:10>><<Thick_1:10>> 0.0

The fieldwidth specificationused bove i s not required since the
manual for rules regarding specific input field width limits.

5.2.6.System variables

System variables are internal {CB°T variables. There are two system variables, namtdyid and
runid. iterid represents the iteration number whileunid represents the run number within an
iteration. Hence the name of a run directory can be representdatehy:runid . System variables are
useful for using files such as postprocessing files tleséalready created in an earlier stage, but which are
re-used in the current stage. An{C8YNA 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 current stage will always include the file in the corresponding directory in Casel.

The i0 format forces an integer specification (see SecBdh5 for a more detailed description).
Unfortunately the feature cannot be used withYNA *PARAMETERparameters.

In an alternative, simpler approach to achieve similar efficiencyQB$ also allows prprocessing as a first
Stage of a process to generate a set of solver input files. This single Stage can be followed by multiple par:
simulation Stages using tharse files. These files are copied from the preprocessing Stage to the simulatio
StagesSeeSection3.2.4

5.2.7.How to avoid copying and parsing an include file

In somecases files might be very large, but they contain no parameters, so need not be parsed. For very [
files, this can save a considerable amount of time. The steps are the following:

1. Unset ADo basic check for missing *DATABASE

2. Specifythenamedfhe i nclude file with an absolute p:
3. Specify the exact full pathname of the include file agx@rmainput file. E.qg. if the file was specified
as A. ./ ../l 1largeincludefile. ko i n edtds eextrek fley wo
A../ ../l argeincludefile. ko.

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

It should be noted that if a file is not parsed, include files without paths specified in this file (for the purpos
of copying to the run directory) cannot thetected.

5.3. Package Interfaces

5.3.1.LS-DYNA

The file DynaOpt.inp is created from the LBYNA input templatefile. By default, LSOPT appends
i=DynaOpt.inp  to the solver command. Parameterization of the input file can he asing the User
defined parameter format or the *PARAMETER keyword. Include files in input files are recognized anc
parsed, see below for further information.

The LSDYNA restart commanaill use the same command line argumeagghe starting command line,
replacing the= input file with r=runrsf
The *PARAMETER format

This is the recommended format. The parameters specified under-éNS *PARAMETEReyword are
recognized by LSOPT and will be substituted with a new value &ach of the multiple runs. These
parameters should automatically appear in the Parameter list of the GUI upon specification of the solver in
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flename.LSOPT recogoirpéaecodHéorimats for integers, rea
and will replace the number or string in the appropriate format. Note th&@HRIS will ignore the
*PARAMETER _EXPRESSIOReywordso it may be used to change internal8NA parameters without
interference by LSOPT.

For details of théPARAMETERformat please referto t-BYNA User 6 s Manual

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

1. Include filesmay also contain parameters and are also parsed and copied (or transmitted) if the inclu
file is specified in the keyword filevithout a path for example:

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

*INCLUDE

C:\patimyinputfiles\input.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 dir@ttergfore,
all include files specified without a path will automatically be copied (or transmitted) from this sub
directory (myinputfiles ) to the run directories.

LS-DYNA/MPP

The LSDYNA MPP (Message Passing Parallel) version can beising the LSDYNA option in theStage
dialog of LSOPTui Thefollowing 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 selecting>h&NA Advanced Options
button,Figure5-4.
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Do Basic Check for Missing *DATABASE Cards Resat
ese

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

LS-DYNA Options [5-0vwa 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
*DATABASE Cards and/or elements are requested in thelYANA input deck. For
further details, see below.

Checking the *DATABASE cards

LS-OPT can perform some basic checks ofDATABASE 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:

o0 Whether the required binout data types are requested in tB&NA input deck. For example, if LS
OPT uses airbag data, then the-D8NA deck should contain &DATABASE_ABSTAT card
requesting binout outputlote 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 eithier2 or 3
both LSDYNA smp and mpp

o Whether the required nodes and/or elementseayeested in the LBYNA output. For example, if
the LSOPT output request refers to a specific beam, thi&@d ABASE_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 usifgSET_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 fileLsPrepostOpt.inp is created from the LEREPOST input templafie. LS-OPT automatically
appendsun c=LsPrepostOpt.inp 2> /dev/null > /dev/null 0O to the command.

If the optionDisplay graphicsis selected, LOP T a p p=sPreéb&tOpfi inp 2> /devinu Il >
/dev/null O .

LS-PREPOST input file example with include

testOl.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”
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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

refche ck modelclean 9

ac

mesh

save keyword "Isppout"

exit

para0O1l.cfile

parameter size 1.0
parameter num 2

5.3.3.LS-INGRID

The file ingridopt.inp is created from thdS-INGRID input templatefile. LS-OPT appends
aut omat=ingridopting A TdTTYO t o t he ¢ o mmadefthed pdametgr fotmhate
IS supported.

5.3.4.TrueGrid
The file TruOpt.inp is createdrom the TrueGrid input template file. ESPT appends automatically

A i=TruOpt.inp" to the command. Only the Useefined parameter format is supported.

The TrueGridnput file requires the line:
write end

at the very end.
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5.3.5.ANSA°®
General
Package Name |ANSA v‘
Command |ANSA Browse
[] Do not add input file argument
DV File |ansa_variab|e_def.txt Browse
copies ansa_variable_def.txt (0 includes) to 1/it.run/|ANSACpt.inp
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 optiéhtm_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 therattaible will be used to
drive the value of the ANSA parameter.

3. Model DatabaseANSA binary databaséypically with the extensioransa

ANSA can produce multiple output file$hese files can be used as-DSNA input files or include files
(specified undefINCLUDE) in downstream stages. Make sure to specify the output files in the ANSA
optimization task without a path to generate them in the respective run directory.

S BETA CAE Systems SA
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5.3.6.CORA®

General

Package Name CORA

v ‘

Command |cora.'3h

[ Do net add input file argument

Browse

CORA Config. F||e|annex.cps

Browse

copies centrolfile.cps (0 includes) to CORA/it.run/|CoraOpt.cps
and substitutes parameters

[] Extra input files

Input definitions

Loadcase

Subloadecase

Datafile

Signal

History

‘ Delete |

Test1_1

Cae 1

.Jjdatajannex_1_ljannex_i ¥

S1HEADOOODOH3ACXO

cael

Test1l 1

Cae 2

../datajfannex_1 ljannex v

S1HEADOOOOH3ACXO

cae?

Test1l 1

Cae 3

.jdatafannex_1_ljannex_3 v

S1HEADOOOOH3ACXO

caeld

ladd...

Figure 5-6: Stage Setup for CORA

The correlation analysis toGIORAplusto evaluate timdnistory signals, e.g. from test and simulation, can be
interfaced with LSOPT. The CORA rating values may be used §sablve or constraint in L®PT, Section
6.18 The following intput needs to be specified:

1. Command: CORAplus command
2. CORA Config. File: CORA configuration file

CORAwill be called from the LSOPT run directoriestage_name/iter.rurso0 make sure to specify
the paths to théestdata files correctly, e.g./..testdata.datif testlata.datis located in the L®OPT
working directory.

3. Input defintitions

The simulation data iextracted by LSOPT and stored in L-BrePost format imistory.n Hence the
data file namess well as the signal namaee replaced by L®PT in the CORA configuration file.
LS-OPT parses the CORA configuration file for loadcaseblosulcases, datafiles and signtis
provide them for selection in the respective Input definition meFus histories defined in upstream
stages are displayed in the History meriace each history.n file only contains a single curve, data
files with multiple signals are not supported.

6 pdb- Partnership for Dummy Technology and Biomechanics
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5.3.7.HyperMorph

General

Package Name HyperMorph -

Command |temp|e;-: Browse

[] Do not add input file argument

Input File |input.tp| Browse

copies input.tpl to Stagel/it.run/|HyperMorphOpt.inp
and substitutes parameters

[ Extra input files

R

Output F||e|node'3.inc|ude Browse

Figure 5-7: Stage Setup for HyperMorph
To allow the specification of shape variables, geemetric preprocessétyperMorptf 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 fiban e.g. be used as an include file in a
downstream stage.
The command will enable LOPT to execute the following command in the defaulecas
/origin 2/john/mytemplex/templex input.tpl > nodes.include

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

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

{parameter(DVARL1,"Radius_1",1,0.5,3.0)}

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

to replacethe variablesand bounds at the end of each line by the currainies. This name, e.g. Radius_1 is
recognized by LOPT and automatically displayed in the
this casef0.5,3.0] ) are also automatically displayed. The DViARRsignation is not changed in any way,
S0, in generahere is no relationship between the number or rank of the vasidbdied in LSOPT and the
number or rank of the variable as representedimypVARI.

" Registered Trademark of Air Engineering, Inc.
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5.3.8.0asysPRIMER®

The PRIMER preprocessoan be interfaced with LOPT allowing for shape changes to be specified using

the PRIMER morph tool. Several files must be specified.

General
Package Name PRIMER - ‘
Command |PRIMER Browse
[] Do not add input file argument
DV File |primer_variab|e_def.txt Browse
copies primer_variable_def.txt (0 includes) to PRIMER/it.run/|PRIMEROpt.inp
and substitutes parameters
[] Extra input files
Solver Input F||e|input_with_ﬂow.key Browse
Output File |input_morphed.key Browse

Figure 5-8: PRIMER interface

1. Command: PRIMER command

LS-OPT automatidéy appends the relevant arguments to apply morphing in batch mode.
2. DV File: Design variables file in JSON format generated in PRIMER:

{

"name"; "width",

"type": "CONTINUOUS",
"value": 0,

"minimum™; - 20,
"maximum": 20

}

3. Solver Input File: LEDYNA input file including morph flow defined in PRIMER. If desired,

additional design variables may be defined in the input file using *PARAMETER.

4. Output File: Morphed L®YNA model. If no output file name is specified, the input file will be

overwritten.
5.3.9.eETA®
The €eETA interface all ows extracti on-OPTacegssibleato f r
i nterface with any such supported solvers. Thi
place them in a simplexefile.
8 Oasys Ltd.
9 BETA CAE Systems SA
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General

Package Name |METAPost v‘
Command  [METAPost Browse
Session File |sessionﬁ|e.txt Browse
Output File |METAPost_resu|t-s.txt Browse
Database F||e|.," Browse

Figure 5-9: MetaPost interface

Several files must be specified:

1.
2.

Command: The E TeXecutable

Session File: The session file containing informaéibaut which results to extradthis can be created
interactively using pETA.

Output File: This specification is only used for parsing the history and response names (to
automatically displayed in é/GUI) during the LSOPT setup phase (see below)e output file (result

file) is the name of a file containing those results requested in the(ggssion) file. This ia text file

so t can be easily parsedhit file has a predetermined format satthSOPT can automatically
extract the individual results. The specified path + name is not used during the optimization run, b
only during the setup phase while the user is preparing tH@R'Binput data. During this phase, the
responses are parseanr a baseline result file and automatically displayed in the "Historias" an
"Responses” pages of the GUI.

Database File: This is the path for finding
look for the database locally. This specifioathas no effect during the optimization run as@QBT
wi || al ways force €eETA to | ook for SthgeA/Blol v e

Setting up an L®PT problem:

1.

Run €ETA and use the sessi on fild Thisaes dond manualty,r e
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.
3. Speci fy the ¢ET-APTGUI(seaFiguges-9)i.n Tthtee uls®r can br

executable, session file and result file. The result file is the one that was created in the manual s
(Step 1labove). The database path need not be changed.

The result file is parsed for history and response names to display in the relevant GUI pages. The
can then be used to complete the optimization problem setup: define composites, objectives a
constraintsetc.

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

The LSOPT stage allows one to extract optimized QBT response values, which can then be used in
another optimization with respect to a different set of varialfles.LSOPT stage can also be used to call a
reliability task from an optimization task, e.g. for tolerance optimization or a robust design task using tf
direct Monte Carlo method at the lower level.

The LSOPT stage simply executes another instance efUBOPT software in a nested optimization
framework. Thus, it allows a user to set udualtilevel Optimizationproblem, explained i&ection19.7. The
LS-OPT stage setup dialog is showrFigure5-10.

General

Package Name LS-OPT - ‘

Command|lsopt Browse

[ use default command

] Do not add input file argument

Input File |inner.|50pt Browse | Open ‘

copies inner./sopt (0 includes) to 1/it.run/|inner.lsopt (default is LsoOpt.inp)
and substitutes parameters

Extra input files

Filename Parse Delete
|rigid2 Browse |[]

|car5.k Browse |[J

|main.k Browse |[J

ladd -

Figure 5-10: LS-OPT stage interface

The fields that need toe specified for an L®PT stage are as follows.

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

2. Input file: The input file for a LS OPT 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 append&soOpt.inp  to the solver command.
Parameterization of the input file is done usimgnsfer VariablegFigure5-11).

3. Extra Files: Aa important aspect to note in the-OIPT stage setup is the use of extra input files with
the Parseoption uncheckedHRigure 5-17). This is important because the ingikés of the lower
level(s) need to be passed down from the upper level while not considering the lower level variabl
in the upper level. The details of the directory structure for multilevel problems are presented |
AppendixE.1.
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LS-OPT input file parameterization

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

are indicated usintype= dconstan tn theLS-OPT stage input filecContinuousandDiscretevariables can

be set as @ransfer Variablesising the LSOPT GUI Figure5-11); these are then considered as constants at
that level, but can be set as variables in preceding levels. These variables are automatically detectes
constants by LOPT and populate the astlevelGlobal Setugfor which the parameterizetsoptfile 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 Mame | Starting ‘ Minirmum ‘ Maximum | Delete |
‘Continuous j| | 3| 1 | 58
‘Continuous ﬂ| | 1| 1 | 58
‘Transfer Variable ﬂ| | 400 B4,

‘Tran-sfer Variable Iv | | 200000 24

Continuous

Constant

Dependent

Discrete

String

String Constant

Transfer String Variable ok

Figure 5-11. Parameterization 6 inner level LSOPT setup usingTransfer Variables The values of
transfer variables are passed down from the upper level(s).

Problem global setup AN s

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

[] show advanced options

Type | Name ‘ Starting ‘ Minimum ‘ Maximum | Delete ‘
‘Continuous v | | 200 | 350 | 450 £
‘Continuous - || | 200000 | 150000 | 250000

Figure 5-12: Outer level global setupSIGY and YMare automatically detecteahithe 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'Bstage.

2. LS-OPT stage responses are extracted usingSi@P Tresponse typeSection6.15.
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Navigating to view lower level setups and progress

Because of the complex recursive nature of a multilevel setup, simple navigation options are provided so t
lower level setups can besipected or edited recursively starting at the main (upper level) setup. During
runtime, job progress can also be viewed recursively starting at the main progress window.

1. TheOpenbutton opposite thinput filetext box allows the user to navigate downh® mext level and
will display the GUI for inner.Isopt, séggure5-10.

2. While a multilevel run is in progress, the user can also navigate to display the progresdeated
lower level job by clicking on theS OPT button in the progress dialog. Lower level job progress can
also be monitored using théew logbutton to display the text output, deigure5-13.

stage_|sopt_outerlsopt - LS-OPT Pro 2022 R1 DD x

= =1 a -bas imizati + 5 : Itera
h' b' 't /‘v | 4 Metamodel-based optimization B3 % Single Iteration

Setup | Sampling 1

2 parameters 2 vars, 25 sp filling designs

o
o
Finish

Optimization )

Verification
i | 1 objective
X 1 design | 1 constraint J
Composites | Build Metamodels
|
1 definition 5 rbf surfaces
|Sma|\ car crash optimization preblem: LINEAR |
Output (I} | Progress [
o
Show status for: |All - Tools
Global progress Iteration:1 I 12 % View log
Job ID/PID | Component | Iter | Exp | Status Open folder |
Running... L5-0PT
24738 1 1 2 Running...
1 1 3 Waiting...
1 1 4 Waiting... .
E Kill
1 1 5 Waiting...
1 1 6 Waiting... Accelerated k
1 1 7 Wwaiting... x| [ Lock scrall

Figure 5-13. Progress window for the L®DPT stage. Selecting the ESPT button for the selected job
displays the LSOPT GUI for that job which allows the user to monitarlower level optimization run.

5.3.11.LS-TaSC

The LSTaSC stage allows one to run an inner level topology optimization uskigaEE within an outer
level LSOPT task. This facilitates 1-$aSC to work with complex design schemes and constraints, for
example, sing advanced metamodels supported irQFST.

The design constraints defined in the T&SC project file (*.Istasc file) are automatically added aOES
responses and the response values are extracted from final iterationT@SCSrun using Ist.binout
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Additional responses could be extracted from anyTeSC ASCII output using GenEx, Chapfgror the
userdefined interface could be used, Sectoh3

General

Package Name LS-TasC

Command|lstasc_script Browse

[] Do not add input file argument

A

Input File |mIc_constantweight.lstasc Browse

copies mic_constantweight.lstasc (0 includes) to Stagel/it.run/ | TascOpt.lstasc
and substitutes parameters

Extra input files

Filename ‘ Parse Delete
|beam_LC1.k Browse |[J
|beam_LC2.k Browse |[J

Add

Figure 5-14: LS-TaSC stage interface

The fields that need to be specified for arT&E5C stage are as follows.

1. Command: The user needs to provide the command to rufeBg in batch mode. Therefore, the
executable to be used is Istasc_script available in the installation directoryT@3(G

2. Input file: The input file for an L aSC stage is the L8aSC project fe (*.Istasc file) itself that
contains the setup for an inner level-L8SC problem. The fil&ascOpt.inp (or a user specified
name) is created from the L-$aSC input templatéle. By default, LSOPT append$ascOpt.inp
to the solver command. Parameterization of the input file is done using thdefisedd parameter
format, Sectiorb.2.5

3. Extra Files: An important aspea hote in the LSTaSC stage setup is the use of extra input files with
the Parseoption uncheckedHigure5-17). This is important because the-D¥NA input files ofthe
LS-TaSC run need to be passed down from the upper level.

5.3.12.Excel

An Excel stage can be used as a solver or agoosessor. It can be seen as being similar to any other solver,
with the main differences lying in its parameterization and in the respokhistory definitions. Because
the results need to be computed $everal samples within an {GPT task, the Excel input file needs to be
parameterized. This is achieved usingut definitionsspecified in theStagedialogitself. These inputs may
correspond to a single Excel cell or a group of cells in the input file, and are substituted for each sam|
(Figure5-15).
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General
Package Name Excel v|
Excel F|Ie|data.x|9x Browse | Refresh |
Do not copy Excel file to job folder

Input definitions

Sheet ‘ cell Type Value Fill direction Delete |
|Sheet1 |A3 Parameter v | x1 -
|Sheet1 |Param2 Parameter v | x2 v
|Sheet2 |D\sp1 Response w | Displ -
|Sheet2 |D\sp2 Response w | Disp2 -

[ [

Figure 5-15: Excel stage interface

The attributes used for Input definitions &teeetCell, Type ValueandFill Direction. The details are given

below.

1. TheSheetindCell options direct LSOPT to a unique location within thlexceldocumentA Cel can
be assigned using ttexcelrow-column format (i.e. by typing A2, B4 etc). If cell names have been
already defined in the parséstceldocument, LSOPT displays all the existing names as a list under
Cell option and the required cell can be seleclieectly. The displayed names und&ell option can
also correspond to an arrayfcelcells, used to assign ESPT histories.

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

Parameteyr Responses, HistogndUserDefined.

o Parameters used to link thglobal LSOPT parameters defined 8etupdialog to the specified
cells of theExceldocument. WheRarameteiis selected as type, all the globalO®RT parameters

defined inSetupdialog are listed under théalueoption.

0 Responsas a parameter typeciitates the use of L®PT responses defined in previous stages
as input parameter for the curréixcelstage. A list of responses defined in the previous stages is
displayed undeYalueoption and the user can select which response has to be writtexttael

document.

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"
exampl eéypber ewipvmteshd . @ C
value present in fileesponse.®f previous stage, to tiexceldocument; provided a file transfer
operation is defined to transfer the filesponse.dfrom previous stage directories to the run

Exceldocument using a command For

directories of currenExcelstage directory.

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

If the Global limit for Execution Resourcas set to 1, the optiod D o

not

ctopye Exciglob

available in the Excel stage setup dialog. If the option is checked on then the original Excel input file temple
is modified for each sample analysis. This avoids copying of the (potentially large) input file to each ru
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directory.All the possible combinations &fput definitionsare illustrated ifrigure5-15. These are also listed

below.
1.

The first input definition inFigure5-15 shows a parameted defined inSetupdialog of main GUI
(also populated undevalue option), has been asskgh a cellA3 in Sheetlof Excel document
data.xIsx

Similarly, if a user has assigned a name to the cell uU¢arge Managewithin Excel all theSheet
specific cell names are populated as a list. In the second input defiR#iam?2is a name defineat
a cell inSheetlwhich is assigned to parameg&rusingValueoption.

The third input definition writes the respor&agel out_respbtained from previous stage to the cell
Stage2_in_respaf theExceldocumentata.xIsx.

The fourth input definitio writes the histortagel out higibtained from previous stage to an array
of Excelfields defined with nam8tage2_in_hisih Sheetdf data.xlsxin Vertical direction.

The last input definition shows a response obtained from previous stage (edoerese.ds the file

with response value) is being written to a cell with neBtege2_in_respdf Sheet2using User
definedoption. This option allows writing values available in the output files of previous stages to the
Exceldocument.

5.3.13.User-defined program

A userdefined solveor preprocessor can be specified by selecting-dstned in LSOPTui. Thecommand
can either execute a command, or a script. The substituted inpus@&h®©pt.inp  will automatcally be
appended to the command or script. Variable substitutibribe performed in thenput file (which will be
renamedJserOpt.inp) . The specification of an input file is optional. In its simplest formugexdefined
programcan be used in combination with the design point Xleoint  to read the design variablé&sm
the rundirectory.

If the userdefined prograndoesnog e ner at e a O N ocammant té stanadard outpat,ahte sotvar
command must execute a script that has as its last statement the command

echo 6N o r m a |6

on successful execution of the program. The script could e.g. check &xigtence of a file that is generated
after program termination, or search for a specific string in an output file that gives information on the stat
of the program. If the program is not terminated successfully, the output of the script should ba”E r

Alternatively the options available in tHermination tab can be used to defined the execution status of the
userdefined programS$ection5.6.

5.3.14.Matlab

A Matlab stagecan be specified by selecting MATLAB as the package name in the stage setup dialog
LS-OPTui (Figure5-16).
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General

Package Name MATLAB

v ‘

Command |matlab

[] Do not add input file argument

Input File |input.m

copies input.m to Stagel/it.run/|MatlabOpt.m
and substitutes parameters

[] Extra input files

Browse

Browse

Output F||e|MatIabOutput

Figure 5-16: Matlab stage interface

The input file is a Matlab script consisting of the variable definitions usingnfhe

Browse

R

function in Matlab

De:

(egvari abl el = input (o6descripti on). bSFOPT paeesthainputdile | €

and identifies the variable name. It then replacesnpet

function with a value during the run. Before

replacement, the input file is copied to subdirectories under the dir@gtory. The default name for the

copied file isMatlabOpt.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 describ&dlié In addition, it must write

the termination status, as shown below, usingcatgh 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 =10 s;1 s+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;
% r esponse 1

fprintf(fid,'%d, %s, %f \ 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)

fprintf(fid,'%f, %of \ n"t(i),h(i));
end

fprintf(fid,END
ChkClose=fclose(fid);

% Write Normal termination status
diary matstatus;

\ n');fprintf(fid, # \ nY);
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disp(Normal termination";
diary off

catch
% Write error termination status
diary matstatus;
disp(Erro r termination";
diary off;

end

exit

An output file also needs to be provided in the stage dialog that contains the response and history definitic
LS-OPT automatically populates the histories and responses to be extracted based onitibasdefithis

file. The output file must have the same format as METAPost or-défared posprocesso(See Section
5.3.16.

5.3.15.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 include files, parameter keywords, etc.) associated
the input file are obeyed so that paeters can automatically be imported to the@ST setup dialog.

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

Specialresponse interfaces are not available, but response and history extraction are supported using
GenEx (Chapter)

the userdefined posprocessor (Sectioh.3.19

commercially available pogirocessors supported by {CBT (see e.g. Sectidn3.9

©O O O O

userdefined hstory or response interface (Sectad).

5.3.16.User-defined postprocessor

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

In the case of usatefined postprocessorthe full command needs b provided, becausss-OPT does not
internally construct the command using the input, database and resuftfgesutput file needs to be written
in the same format as for the e€eETA package. The

#

RESPONSE&

0, Weight, 0.591949043101576

1, StressL, 3.74281176328897

2, StressR, 1.99975762786926

END

#

HISTORY 99 : hisl

0,0
0.0795849328001081,0.23516125192977
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0.159169865600216,0.274354793918065
0.238754798400324,0.31354833590636
0.318339731200433,0.352741877894 655
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

Settingup an LOPT problem s si mi | ar t oUserdeflnéd, Posgprocessqist seldcthdaas the
package, and the session file and database path need not be provided as the related information is availal
the command.

|t i s al so possi bidefined posproaessor. dnBhisAcase the @ammasdeprovided in
ffullco mmandscript 0 i s :
<meta post_executable> -b -s -foregr <path/sessionfile> "<database_path>"

"<path/result_file>"

Unli ke in the <case of e ETA, intereally foyUISHOPT ¢ Tthenaefoaen d
metgost_executable, path/sessionfile, databaaty and path/result_file need to be provided in
fullcommandscript . Because all the information is available in the command, it is not necessary tc
provide the input and database fiteparatelyn this case.

The output file name must however be spedifior 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 to comple
optimization problem setup: define composites, objectives and constraints, etc.
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5.4. Sdver Execution

LS-DYNA Advanced Options

Execution
Resources

Resource | Units per job ‘ Global limit | Delete |
1 B 1

Create new resource

] Environment Variables

Advanced execution options

Figure 5-17: Stage dialog Setup panel: Execution options

Table5-4: Stage dialog Setup options: Execution options

Option Description Reference
Resources Settings for concurrent processing Section5.4.1
Environment Environment variables that will be set before executing a Section5.4.2
Variables solver command.

Run jobs in If multiple stages are defined, the command can be exec -

Directory of Stage in the directory of ano#r stage.

Advanced executior Options related toetry of job submission$or Section5.4.3
options Abnormal Termination

5.4.1.Specifying Computing Resources for Concurrent Processing

Resource definitions are used to calculate the number of jobs that are submitted concurrently. Multij
resource limits can baefined for each stage. The resource attributes carfdisnits per jobas well as the
Global limit (seeFigure5-18). This feature is nedimensional and thereford@ws the user to specify limits
on any type of computing resource such as number of processors, disk space, memory, available licenses

Example

A user has 10,000 processors available and wants to execute an optimization run using MPP simulati
requiring 128 CPUs per job. She therefore specifies the units per job as 128 and the global limit as 10,0
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For this same optimization run, the user BA&¥0Gb disk space available while using 40 Gb of disk space
per job (which is deleted after the completion of each job). A second resource therefore has to be speci
with attribute values 40 units per job and a global limit of 5,000. The resourcassshqwn inFigure5-18.

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
CPU 128 10000

Create new resource

Figure 5-18: Definition of Resources for a Stage

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

Stages can share resources. For instance, as part of an MDO problem, the same resource can be defin
multiple stages.

When using multiple computer clusters, independent resources aaltygefined for each cluster. Jobs will
then be run concurrently on all clusters 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 t
beginning of the craion process. The default name is the solver type name. That also implies that if multipl
stages use the same solver type, there will by default be only one resource definition. Resources can the
added or deleted as desired. To change a resource aaee resource has to be added and the old resource
deleted.

Remark

A resource definition related to e.g. the number of processors to be used for a simulation run does not rep
the specification of the number of processors as a command line opticgh@command script. The resource
definitions are only used to calculate the number of jobs that are submitted concurrently.

5.4.2.Environment Variables

Environment Variables

Name ‘ Value Delete

|DYN.¢\_E><PLICIT |,fh0me,"bin,"solvers,fmppdyna
itdd manually Set by browsing Edit browse list

Figure 5-19: Definition of EnvironmentVariables
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LS-OPT provides a way to define environment variables that will be set before executing a solver commat
The desired environment variable settings can be specified Btdlgedialog if theEnvironment Variables
checkbox is selected.

Passing evironment 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;
environment variable settings might be used by the script to sedeictus queuing options. Or, the
environment variable settings might be passed along through the queuing system to set options for
remotely executed job, such as license server locations, input file names, whether to run the MPP versiol
LS-DYNA, whether to run a single or double precision solver, etc.

Select the buttoAdd manually to define a single environment variable. After selecting this option, a new
line will appear in the Environment Variables list where you can enter the variable name abérary
value. We do not allow the names of variables to contain anything other than apjmvercase letters,
numbers, and underscore ( _ ) characters. This guarantees that all environment variable definitions car
used on all platforms. Variablalues arenot so limited.

The Set by Browsingoption is used to set variables in bulk. This is done by running ssupplied program

or importing a usesupplied file (seé\ppendix H:Installing LSOPT for further information). Activate the

Set by browsingbutton in order to select from the available executables or files. A selection list containing
all available files and programs will shaip.

Selecting a file or executable will directly import all the specified variables into the Environment Variable:
list in bulk. In addition to thesBrowse Listvariables, a special browse variable is created that should not be
edited. This variable recds 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 beldwowseare never part of the Browse List. Uskafined environrant variables
will always follow after the browse variable definition.

Selecting theedit Browse list button does nothing unless a Browse List has been previously created. If
valid Browse List is present in the Environment Variables list, then selehtsigption will run the original
program that created the Browse List, together with all of the current Browse List options passed as comm;
line arguments, one per existing environment variable.

Executing the 'Edit Browse List' will cause the origifild to be reread, which is convenient for testing
purposes.

Note: The browse command can ABORT the replacement operation by printing a blank line to the stand:
output and immediately terminating. Otherwise the current Browse List may be deleted.browse
command abnormally terminates, then an error box will appear with a title bar indicating that the comma
failed.

How the browse list is used by LSOPT

The Browse List (indeed, the completénvironment Variables List) is used to set environment iables
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 af éxevariable.The preprocessing command has a command
line

$exe varl=%varl, var2=%$var2, ... varN=$varN
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That is, the command executed is the value oeiteevariable; additional command line arguments consist
of all Browse List strings with a comma detiter appended to each intermediate one. (The final argument is
not followed by a comma.)

Note: Such a pregrocessing command is always run from within the curte¥OPT Job Directory.
Therefore, any file that the pprocessing command references must be specified by agfudlyfied path or
must be interpreted relative to the curre8tOPT Job Directory. So, theL,S-OPT StageDirectory will be
".." and theLS-OPT Project Directory will be "../.." .

5.4.3.Advanced Execution Options

It may be prudent to retry job submissions for certain types of abnormal termination. For this purpose, t
user can specify an A b n o r m a | signal for terminations which are neither normal nor error temminatio
job that has terminated in this way can then be retried by tHeR'5job scheduleThe related options are
described inrable5-5. More information on abnormé&trmination is available iAppendixH.8.

IEAdvanced execution options;

Abnormal retry timeout |60 (default) seconds
Abnormal retry count |9 (default)

Figure 5-20: Advancedexecution gtions

Table5-5: Advanced execution options

Option Description Reference

Abnormal retry timeout Submission script timeout (seconds) AppendixH.8.1

Abnormal retry count Number of retries if submission fails AppendixH.8.1
5.5. Remote

The solver jobs do not have to be executed on the same machine as wi#?& isSrunning. Settings for
remote job scheduling can be defined infR@motetab of theStagedialog, Figure5-21 andTable5-6.
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Stage 1 AR %

Setupl Parameters Remote Historiesl Multihistoriesl Responsesl Multiresponses | File Operations

[] Run via S5H Proxy
[J Run via LSTCVM Proxy

Recover Files

Filename/Filetype Delete

Iadd file manually Select file type

Queuer timeout [720 (default) minutes

Figure 5-21: Stage dialog Remote options

Table5-6: Stage dialog Remote options

Option Description Reference

Use Queuing Interfacing with load sharing facilities to enable running Section5.5.1
simulation jobs acrossreetwork.

Run via SSH Proxy Run the job on a remote node using SSH. Section5.5.2

Run viaLSTCVM Enabling LSTCVM, Secure Proxy Server, for distributing Section5.5.3

Proxy solver jobs across a computer cluster.

Recover Files List of files to be recovered from remote machine, only  Section5.5.4

available if a queuing system interface is used

Queuer timeout Time LS OPTwill wait for the wrapper to connect, Section5.4.3
otherwise it sets an abnormal termination status Appendix
H.8.2
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5.5.1.Interfaces to Queuing Systems

The LSOPT Queuing Interface intiaces with load sharing facilities (e.g. L'8Br LoadLevelel!) to enable
running simulation jobs across a network-Q8T will automatically copy the simulation input files to each
remote node, extract the results on the rerdoectory and transfer the extracted results to the local directory.
The interface allows the progress of each simulation run to be monitored-@G&Ti8. See AppendiH.5

for information on how to setup the interface.

Table5-7: Queuing options

Option Description Reference
AQS AQS

LoadLeveler LoadLeveler

LSF LSF

NQE NQE"?

PBSTORQUE PBS?and TORQUE

PBSPRO PBS PRO

SLURM SLURM

SGHUGE SGE/Univa Grid Engine

Black-Box Black Box AppendixH.7
Simple Simple Queuing System AppendixH.7
UserDefined User Defined AppendixH.7

5.5.2.Running via the SSH proxy server

Selecting this option enabled the use of running the job on a remote node. This option candgetrsad
with queuing options to for instance start jobs from a Windows machine to a Linux only cluster. See Appenc
H.9.1 for more details.

10 Registered Trademark of Platform Computing Inc.

11 Registered Trademark of International Business Machines Corporation
12 Network Queuing Environment. Registered Trademark of Cray Inc.

13 Portable Bath System. Registered Trademark of Veridian Systems
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5.5.3.Running via 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 runnirf@RBon a Windows machine controlling
solver jobs on a Linux cluste®ee Appendix.10for information on the installation of LSTCVM.

5.5.4.Recovering Output Files

Recover Files

Filename/Filetype Delete

id3plot vl

|bir'|0ut*c

ladd file manually Select file type

Figure 5-22: Database recovery options

This option is only available if a queuing system interface is used, Séctah 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 posprocessinge.g. using LS
PREPOST)theRecover File®ptions can be used.

For LSDYNA, the Select file typeption can be used to recowdplot, d3hspbinou, d3eigvor eigoutfiles.
Each name is a prefix, sothatelg3 p| ot 01, d 3 p lwit he@e2oyvered when specifyimplot

Any database can be recovered by usiegAdd file manuallyoption.Each name is a wildcard.

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. Job logs can be viewed
by doubleclicking on the Stage LED during or after runniSge Sectiod5.3

5.6. Termination

Userdefined programs, Secti@n3.13 and usedefined posprocessors Sectidn3.16 require the definition

of programtermination status. The options available in the Termination tab can be used to specify criteria f
Normal, Error or Abnormal termination, respectivdtjther the return code of the program, a specific line in
the command output or a file, or the existerwnf a file can be used.

Termination for jobs usingimple queuing system, Appendil.7 is controlled by the usetefined
termination criteria specified in thigermination tab as well.
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5.7. File Operations

Stage 1 & & &

Setupl Parameters | Remotel Histories | Multihistories | Responses | Multiresponses File Operations

Operation | Source File {(wildcard ok) | Destination File ‘ Sequence ‘ On Error ‘ Delete |
|Copy ﬂ|rigid2 |rigid ‘befcre ﬂ‘fail j
|M0\.re ﬂ|car5.k |car5 ‘after ﬂ‘warn j
|De|ete ﬂhunk ‘after ﬂ‘ignore j

Add ...

Figure 5-23: File Operations within a Stage run directory

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

The requested Stage file operations are w@beet 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 can be executed on file
previously copied to the run directories or generated by the stage command beforeereaiitmg the stage
command SeeFigure5-23 andTable3-4. If wildcards are used for operation Move and Copy, respectively,
Destination has to be an already existing directory.

File operations between stages are discussed in S8c2idn

Table5-8: File Operations

Option Selections Description
Operation Copy Available operations
Move
Delete
Source File Name of source filewildcards are supported
Destination File Nameof destination file
Sequence before Execute operation before or after executing the sta
after command
On Error fall What to do if operation fails
warn
ignore
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58. Tha&Noomal O termination status

LS-OPT can only detect the solver termination status by reading the information that the solver prints to t
screen (also called standard outpustdiout ). The LSDYNA solver type automatically outputs the phrase
ANormal 0 wh i-@PT dete€ts asrmrmal termination. For all other interfaces the starting command
generated by L®PT han dNloemalt h@ @ut Noartmal | f6 & s a-WBRTeasstmes L S
an error termination status and will not attempt to extract any results from the databasserBefined
stages, the user has the responsibility to write the status to standard output. This can be accomplishe:
inserting the solver commandNadammalad stripg 085 |
end using a print statemei@ee also Appendid.8.

5.9. Managing disk space during run time

As multiple result output sets are generated during a parallethreruser must be carefbt to generate
unnecessary output. The following rules should be considered:

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

o A significant amount of disk space can be saved by judiciously specifying thenteneal between
outputs (DT) e.g., in many cases, only the output at the final event time may be required. In this ca
the value of DT can be set slightly smaller than the terminétioan

0 For LSDYNA stages the *DATABASE_EXTENTBINARY option allows control over the size of
the d3plot databases.

o0 The result extraction is done immediately after completion of each simulatioDatabase files can
be deleted I mmedi at el Reletébf tfeirl ee xotprear céwer iraongeeuasti t
Section5.5).

o Database files camsobe deleted bysing theclean file (seeSection5.9.1).

o If the simulation runs are executed on remote nodes, the responses of each simulation are extracte
the remote node and transferred to the local ruactiiry.

5.9.1.Using the clean file to delete solver output files

During a sequential approximation procedure, superfluous data can be erased afterwhité keeping all
the necessary data and status fifese AppendiXE.3.4). For this purpose the user can provide a file named
clean (clean.bat on Windows) containing the required erase statements such as

rm - rf d3*
rm - rf elout
rm - rf nodout
rm - rf rcforc

on Linux or

del d3*
del elout
del nodout
del rcforc
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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) runs. Care should be taken not thel&etest

level directories or the log filestarted , finished ,response . norhistory . n(which mustremain

in the lowest level directories). These directories and log files indicate different levels of completion statt
which are essential for effective restartifigach fileresponse. response_numberontairs the extracted
value for the response2sponse_numbel he essential data is thus preserved even if all sdaterfiles are
deleted. Theesponse_numbetarts 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, tledean file will be executed on the remote machine.

5.10.Alternative setups for running pre-processors

The easiest way of running a geeocessor is to define a separate stage for thprpessor and solver and

to make the solver stage dependent on thgmeessr stage. Because the output file of the-precessor

has to be used as input by the solver, the setup is important. There are at least three ways of setting up &
processor run:

1. Specify the output file of the prgrocessor as an include file of thévaw.

2. Copy the output file to the base file of the solver. E.dsgpout is the output file name of the pre
processor, copy Isppout to DynaOpt.inp which is the standard base file name for the
LS-DYNA solver type. An interor intrastage file operatiorsiused for this purpose.

3. Rename the base file name of the solver to the output file name of thpessarSection5.2.1 E.g.
if the output fie name of the prprocessor idsppout  rename the basefile of the solver (in this case
the LSDYNA type) from DynaOpt.inp  to Isppout .LS-DYNA will then use i=Isppout
as part of the solver command.
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It should be noted that both the gmecessor and the s@wcan be run in the same directory by selecting the
ORun Job in Directory of Staged6 option in the
directory of the prgorocessoor the solver.

If they are both run in thpre-processordirectory,a copy file operation (Sectidn5) should be specified in
the OFil e Oper at iatentlepre-grazdssostage.c opy t he fil e

If they are both runin theolverdi r ect ory, a copy file operation
tab to copy the fildeforethe solver stage (Sectiob.5).

If they are run in different directories (i.e. their own home directories), andtatge copy operation should
be specified (Sectiod.2.2.
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This chapter describes the specification of the histolti-point history,responser multi-point response
results to be extracted from the stage database. A history is a vEutesentingcurve data, whereas
response is a scalar valuemulti-point history or response, respectively, additionally considers the spatial
dimension and hence consists of multiple histories or responses. Responses can be used to define obje
or constraints@hapterl?). Historiesand multipoint historiesare intermediate entities that can be used to
calculate responses or composit€bsdpterl0). Interfaces for result extraction from {3YNA output files

are availéle, as well as mathematical expressions, file import, an interface for exgneaties from ASCII
databasg, an Excel interfaceand a userdefined interface where any program may be used for result
extraction. Theesponsealialogs are accessible from tB¢agedialog Histories, Multihistories, Responses
andMultiresponsestab, respectively.

6.1. Defining histories, multihistories,responsesand multiresponses

A history, multihistory,responseor multiresponsean be defied by using the interfaces in thistories,
Multihistories, ResponsesandMultiresponsestab of theStagedialog, respectivelyf-igure6-1. To add a
new definition, select the respective ifidee from the list on the right hE available interfaces are explained
in Table6-1. To edit an already defindthulti)history or(multi)response, doublelick on the respective entry
from the list on the left(Multi) Histories andmulti)responses may be deleted usingdbketeicon on the
right of the respective definition.

There aresix types of interfaces

o Standard LDYNA or LS OPT result interfacesTheseinterfaces provide access to the HSYNA
binary databases (d3plor binout, d3hsp or d3eigvand the LSOPT database, respectiveljhe
interfaces arean integral part of LOPT.

User specified interface programs. These can reside anywhere. Thpewsées the full path.
Mathematical expressions.
GenEx. This interface allows the user to extract selected field values from a t-xt file.

Excel.

©O O O o o

Cora.

The extractiorof responsesonsists of a defition for each responsand a single extraction command or
mathematical expression. A response is often the result of a mathematical operation of a respon&eihistory
can be extracted directly using the st SDYNA interface (see Sectidh1.]) or a usedefined interface.
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Each extracted@multi)responseor (multi)historyis identified by a nameTable 6-2, and thesettings to be
specified using the respective interface.

Stage CRASH e &

Setupl Pammetersl Remote Histories ‘ Multihistoriesl Responsesl Multiresponses | File Operations

History definitions Add new -
N1_vel x | Generic —i
NODOUT: x_velocity of node with ID 2061916 USERDEFINED
N2_Vel X | GENEX
NODOUT: x_velocity of node with ID 2061917
EXCEL
N1_Disph * | EXPRESSION
NODOUT: x_displacement of node with ID 2061916
FUNCTION
N2_Disph X | NIURY
NODOUT: x_displacement of node with ID 2061917
Derived
N1_Accel X
NODOUT: x_acceleration of node with ID 2061916 Crossplot
N2_Accel X LS-DYNA
NODOUT: x_acceleration of node with ID 2061917 ABSTAT
Avg_Vel x | ABSTAT_CPM
EXPRESSION: (N1_Vel+N2_Vel)/2 BNDOUT
Avg_Disp x |D3PLOT
EXPRESSION: (N1_Disph+N2_Disph)/2 DBBEMAC
Avg_Accel x | DBESI
EXPRESSION: (N1_Accel4+N2_accel)s2 DEFORC
ELOUT B
GCEOUT
GLSTAT
INTFORC
MATSUM
NCFORC
NODOUT -
File Histories ‘
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 script or Section6.13
program
FILE Result extraction from a text file Section6.14

(Response only)
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GENEX Tool for extracting results from text  Chapter7
files

EXCEL Result extraction from an Excel Section6.16
document

EXPRESSION Definition of mathematical expressior 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 Binout interface 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 onl' 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
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MASS D3hsp interface (Response only) Section6.2.4
MATSUM Binout interface Section6.2.1
NCFORC Binout interface Section6.2.1
NODOUT Binout interface Section
6.2.],
NODFOR Binout interface Section6.2.1
PSTRESS Metal Forming results (Response onl' Section6.3.3
RBDOUT Binout interface 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 onl' 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 Mont Section
Carlo analysis (Response only) 6.15.3
CORA Interface to cora output file Section6.18
result_ CORAplus.txt
File Histories Global file histories Section6.18
File Multihistories Global file multihistories Section6.20
Copy Copy the seleetd History/Response
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Paste

Paste a previously copied
History/Response, also possible
between stages. The next free numbe
Is automatically appended to the nam

Table 6-2: General(Multi) History and(Multi) Response options for all interfaces

Option Description

Name History/Response name

Subcase Integer CASE ID associated with the *CASE parameter kDIYBIA. This
option is mandatory for disciplines that use the *CASE parametes-in
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, th

Offset final response is computed as (the extracted response x Multiplier ) +

Offset.

Not metamodel linkec

(Response only$omeimes itis beneficial to create intermediate respons
without associated ni@models although the task is metamodbielsedThis
promotes efficiencyResponses that are not metamodel linked cannot b
included directly in compositeascomposits rely on metamodebased
calculations

Dump formula file

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

Dump to ASCII file

(Multihistory and Multiresponse only)

DEFINE_CURVE

(History only) *DEFINE_CURVE definition of historySection6.1.2

Principal Component
Analysis

(History and Multiresponse only) Do Principal Component Analysis,
Section6.1.3

6.1.1.Result extraction

Eachindividual simulation run is immediately followed by a result extraction to creatdigiery

multihistory .n, response .n and multiresponse.

n,

distributed simulation runs, this extraction process is executed on the remote machihestdrige .n,

multihistory .n,response .n andmultiresponse.
run directory. If the extraction on the remote machine is not succeastlthe solver database is locally
available|t is repeatedn the local machine. Hence pragrs and scripts needed for result extraction do not

have to be accessible from the remote machine. These results are stored
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AnalysisResults_n.csv, AnalysisResults n.ls da and AnalysisResults n.lsox
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 apprate text box. See e.gigure6-15.

Edit history N *
Name Subcase
|F_vs_d ‘
Filename LCID
~+| DEFINE_CURVE
- his.k Browse 100002

] principal Component Analysis

A crossplot will create the history F(z), given F(t) and z(t).
General expressions are allowed.

z(t)

‘—Displ ﬂ

Flt)

‘FOI’CE]. v

Number of points (blank for default)

e

From time To time

| ] El

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

6.1.3.Principal Component Analysis

The Principal Component Analysis (PCA) selection is available for histories andrespitinses as soon as
a metamodel task is selected. It performs a Principal Component Analysis for the selected entity at eve
iteration.

The Principal Component Analysis is a multivariate statistical technique converting correlated observatio
into a set of linearly uncorrelated components called Principal Components. The Principal Components .
sorted in decreasing order according to thianance, so that the first Principal Component has the largest
variability in the data set, and so,@ection23.5

In LS-OPT, PCA is used as a sensitivity anayiol to rank variables according to their influence on the
Principal ComponentsSectionl6.3.4

The advantage of this analysis tool is that you can visuakziafiaence of parameters on histories and multi
responsesonsidering temporal and special correlations, respectively
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6.2. Extracting history and response quantitiesLS-DYNA

LS-OPT provides interfaces for history and response result extraction from binout, d3plot, d3hsp and d3ei
Multihistories and multiresponses are extracted from the d3plot datali@saiser must ensure that the
LS-DYNA program will provide the otput files required by L®PT, however, an option to check for missing
*DATABASE cards is enabled by default, seection5.3.1

Theoptionsfor the extractiorof LS-DYNA responses and historiageidentical, except for th8electn time
option, which is used to specify the evaluation time for responses

Aside of the standard interfacésr extracting any data item from th€ S-DYNA database, specialized
responsedor metatforming are also available. The computation and extraatiothese responses are
discussed in Sectioh 3,

6.2.1.LS-DYNA binout results

All LS-DYNA history and esponse result extraction options excepbD@PLOT,MASS, FREQUENCYand

the metal forming response8.3 interface with the LDYNA binout output. The BINARY flagn the
respective *DATABASE_OPTION card and the desired entity ID in the *DATABASE_HISTORY_OPTION
card has to be set correctly in the-DS'NA input file. Note that the LDYNA executable is interpreted as

a single process (SMP) by KSPT, hence the defaditnary flag value 0 is not supported, Sectio8.1

Results can be extracted for the whole model or a finite element entity such as a node oy @égraeding
on the selected interfacéor shell and beam elements the throtigbkness position can be specified as well
by selecting an integration point

The response options are an extension of the history ojtaohistory will be extracted as part of the resgm®
extracton. TheSelectn timeoption has to be specified to extract a scalar value from the curve. The optiona
attributesFrom timeand To timecan be specified to slice the curve before extracting the requested scala
value. The defaults are the lire@nd the end value of the history.

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

The available results types and components aedlis Appendix A: LS-DYNA Binout Commandsand
Appendix B: LS-DYNA Binout Components

The NODOUT componenf3eformationandDistanceare describd in detail in Sectiof.2.2
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Edit response ¥ & &
Name Subcase Multiplier offset
x_displ |1 |0
[] Mot metamodel-linked [] Dump formula file
Component Direction
O Coordinate (® X Component
(®) Displacement (O Y Component
O Velocity (O Z Component
(O Acceleration (O Resultant

(O Rotational Displacement
(O Rotational Velocity

() Rotational Acceleration
O Deformation

O Distance

IdentifierType ID

ID - |300105

Select in time From time To time
Maximum Value - ‘ |
Filtering
None - ‘
g@gancel |

Figure 6-3: Response extraction: L®YNA NODOUT interface

6.2.2.Kinematics
Additional kinematics such afistance anddeformationsan be computed directly using NODOUT results
by defining two nodes on the finite element mesh. Kinematics consist of two main quantities:

o0 The distance vectaycomputed using the differences betw#en coordinates of the two nodes.

o The deformation derived using the difference between the distance vector computed anhtrttee
original distance vectot € 0).

These quantities can be computed in
o0 the global coordinate sysn,
o alocal coordinate system or
o local coordinates referred to the global reference fram®).

The local axes are computed using the convention defined in Sécfi&to define the rotation matrid
whereA is a function of time. The quantities are therefore defined as fol'ows.
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Table 6-3: Definitions of thekinematics of a displaced rigid body

Frame Distance Deformation
Global ., O A AT

Local B _—5a0 0 M —qmam
Local in reference B — =040 0 B Ln

The orthogonal matripA(t) is defined by a local coordinate systexnd yid Eigdire 6-4) which in turn is
defined by three nodes on the finite element mesh as it displaces over time2ldnd8sepresent the local
x-axis directionFigure6-4, while rodel represents the third node. This is the same convention as defined ir
Section6.4.5

The second and third kinematic categories are b
for pure rigid body system#.the triangles 12-3 a R2dRBjN} Na r e rCeothey represamtta rigimbdy,

the quantity defined alsocal in reference frames 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 displayed in thgob _log (run
directory) or Isopt_output files. The ratio for a node is defined as the ratio of the side length opposite the nc
i at timetinal divided by the same quantity apgdi to the undeformed structure, see equation bélbvee
values are therefore printed. The ideal ratio is unity, signifying a perfectly rigid body.

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 rela@ to the 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 s
can be evaluateith a part or over the whole mogend multihistories or multéssponses may be extracted
Results camlsobe extracted for a finite element entity such as a node or element. For shell and beam eleme
the througkthickness position can be specifigsing theThrough thickness Imenu Element results such as
stresseareaveraged in order to createdalresults.

If the location of extraction is specified Byy,zcoordinats, e quantity will be extracted from the element
nearest tx,y,zat the time of reference stqteE interpolationoptionNearest nodg or an interpolation at the
exact location is calculate&[ interpolationoption Elemeny.

The response options are an extension of the history ojpteohstory will be extracted as part of the response

extraction.For responses, tigelecin timeoptionhas to be specified to extract a scalar value from the curve.
The optional attributegrom timeand To time can be specified to slice the curve before extracting the
requested scalar value. The defaults are the begin and the end value of the history.

If the selection must be done over parts as wedlmaximum, minimum or average daa selected for the
part (Select in regioj followed by the selection of the maximum, minimum, or average tivex or a
specific time

The available results types andngmonents are listed iAppendix C: LS-DYNA D3Plot Commandsnd
Appendix D: LS-DYNA D3Plot Components

The LSPREPOST fringe plot capability can be used for the graphical exploratibinableshooting of the
data.
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Name

Edit response

Subcase

v o) Y

Multiplier Offset

max_xx_stress

NIk o

[] Not metamodel-linked [] Dump formula file

Results Type Component
) Ndvw (®) xx_stress
(®) Stress O yy_stress
(O Result (O zz_stress
() Strain (O xy_stress
O Misc (O yz_stress
) Infinitesimal (O zx_stress
) FLD (O pressure
(O Beam

Source

(® Part

O ID

() Coordinate

Parts to be included Select in time

® All Parts Maximum Value

O von_mises

(O 1st_prin_dev_stress
(O 2nd_prin_dev_stress
(O 3rd_prin_dev_stress
(O max_shear stress
(O 1st_principal_stress

(O Green-5t Venant (O plastic_strain O 2nd_principal_stress

(O 3rd_principal_stress

From time

To time

v“

(O List of parts:

Select in region

Maximum Value | w |

Through thickness IP

Maximum Value | ‘

Figure 6-5: Response extramn from d3plot

D3Plot FLD results

%gancel ‘

If FLD results are requested then the FLD curve can be specified ujsthgt(andn coefficients or if) a
curve in the LSDYNA input deck. The interpretation of thieand n coefficients is the same as in
LS-PREPOSTNote that tha'HICK, FLD andPSTRES$terface options aran alternativeSection6.3.

D3Plot Multihistories and Multiresponses

Multihistories and multiresponsesffer the possibility to extract historiesnd responses, respectivedy,
multiple points on the model, hence the spatial dimension is considered as well. The available options

described ifmable6-4.
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Multihistoriesand multiresponsesan be extracted for shells and solids. If 8wirceoption is selected as
Coordinate File the coordinates of the extraction points must be specified-DYI$A format in a file ugng

the *NODE keyword. The user should ensure that the IDs used are different from the IDs used in tf
LS-DYNA model and the data is terminated ¥ND.

Multihistoriesand multiresponsesan also be interfaced with digital imaging systems. If the mulbityiss
defined for comparison to test results generated by the optical measurement system XRAMMRAMIS
point locations can be used heBogrceoption ARAMIS. The respective ARAMIS File Multihistory, see
Section6.20 has to be selected from the ARAMIS multihistory menuQFST will automatically extract the
coordinates of the points from the ARAMIS output defined by the File Multihistory.

Table 6-4: D3PIlot Multihistory options

Option Description

Source ARAMIS Multihistory, Coordinate Fileor PartsetThe file should
be in the LSDYNA *NODE keyword format to define extraction
locations.

ARAMIS Multihistory Name of File Multihistory which defines coordinates. Coordinatt

(Source optioARAMISonly) are extracted from ARAMIS output files.

File name File in LSDYNA format that contains the extraction point

(Source optiorCoordinate coordinates using the *NODE keyword format.

File only)

FE Interpolation Nearest node: averaged element reshle&sment: exact coordinate,

(Element results only) value interpolated using a bilinear interpolation

Cluster source points to Reduces theumber of points to be similar to the number of nodt

neareshodes in the region of theourcepoint set The cluster represents those
points that are closest to the FE nouhethe region of theource
point set

Distance Tolerance Tolerance in distance units usedittering 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

14 GOM GmbH, Braunschweig
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Open in LSPP An LS-PrePost display is created showing the alignment selecte
for 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
nearest elemenWhen selecting the element option, the quantity is extracted at the exact coordinate with tt
value interpolated within the element usitigear finite element shape functioris order to create the nodal
results dement resultsvill be averaged.

Theextraction pints can be filteredh two ways. The first is to select a cluster of points which are the nearest
neighbors to the point set. The seconoyispecifying a tolerance on the distabe#wveen a point and a node

If no node is found within thdistance tolerance, the point is discarded for extraction. The tolerance can b
applied together with the cluster in which case the number of cluster points may be further reduced. Applyi
the cluster and/or tolerance improves the spatial matching pbtheset and FE mesh, which in turn improves
the accuracy and efficiency.

Since the position of test and simulation geometry might be different, a transformation can be defined to al
test and simulation data in three dimensions. SeledtelaeAlignment button to open thAlignment dialog,
Figure6-6.

At least three points need to be specified for test and simulation, respectively, to calculate the transformati
The test points can be defined by coordinates, or for ARAMIS the ARAMIS point IDs can be used. For tt
simulation, also coordinates can be used or nodal IDs. Additionally, if the dimensions of test and simulatis
geometry are not the sanaeitomatic scalingan be used, @ scaling factor can be specified to scale the test
geometry to the simulation geometry. The alignment is done using a least squares distance.

Alignment LAt &
Defined transformations
. Transformation Name
trans_tensile x
trans_tensile
Add new -
Test Simulation
Coordinates v ‘ Node ID v
Test x coord Test y coord Test z coord | Node ID | |
-8.47391 .78577 2.02715 495
17.57689 6.08299 2.38189 1435
-8.19484 -6.23842 2.0387 1925
16.96481 -3.20172 2.38046 2771

lAdd

Scaling

(® No scaling

(O Automatic scaling
(O scaling factor

Figure 6-6: Alignment dialog
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Table6-5: Alignment options

Option

Description

Transformation Name

Name of transformation

Test Format of alignment point specification for test data. The alignment
points can be specified lmpordinates, 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.

Scaling No scaling Only translation and rotation is calculat

from alignment points

Automatic scaling Isotropic €aling is calculated from
alignment points

Scaling factor Useisotropicscale factor if dimensions
of test and simulation geometry are
different. The test coordinates are scale

Open in LSPPlaunches LSPrePost with the L®YNA input file and the coordinate file that is specified for
the multihistory locationgsigure6-7. The alignment of test and simtitan geometry is considered.

i L'S"PrePost(R) Va2 - 15A1G2015(09:00)-64bit T/SHELL/GOM/Lochflachzig/Strain/NODE test transformed 0llspp PEE
Fle Misc View Geometry FEM Application Settings Help
- »LS-DYNA keyword deck by LS-PrePost % o]
2] Assembly 1 selPart  RefGeo
MFEMFM! o
[7] Geom Parts e ] U
) Part 1 Keywrd  Curve
= <
CreEnt  Surf
& @
PartD Solid
-
Display GeoTol
oy
vl &
RefChk i
Mesh
Senem
| =1
M Renum aJ\
Mode!
Ao @
"' section
yee
&z
i B
”’ Mselect
” Post
y @
Subsys M5
@ Ms
%l
Groups "ﬁ:
D Favorl
i‘- Views
PtColor

2 299@9 o @e@e U  BwE UyrREEOed - & WEHEe”

[>

Jz00mhere 0137652 -0 015110 0 663157 E‘ &

Top

Fast Renderer

Figure 6-7: D3PLOT Multihistory: Test points superimposed on H{3YNA model
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6.2.4.Massi Interfacing with d3hsp

The MASSresponse interfaces with the IL85YNA output file d3hsp . Themass and related entitigsSigure
6-8 andTable6-6, can be extracted for the whole model or a list of parts.

Edit response mAL 2

Name Subcase Multiplier Offset

mass | J |1 |0

[] Not metamodel-linked [] Dump formula file

Parts to be included Attribute

O All Parts Mass =

(®) List of parts:

1001, *1002,
®*1003, *1004, =10(

3 cancel ‘

Figure 6-8: Interface for extraction of Mass and related entities from 4{LBYNA output d3hsp

Values are summed imore than on@art 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 the quantities.

Table 6-6: Massitem description

Item Description

Parts to be included Entity is extracted forhte entire model or for the pdRs specified in the list.

Attribute Type of masgjuantity:

Mass Mass

Principal Inertias Componentll, 122, 133

Inertia Tensor ComponentXX, IXY, IXZ, IYX, IYY,
IYZ, 1ZX, IZY,1Z2Z

Mass Center ComponeniX-Coordinate)Y-Coordinate oZ-
Coordinate of mass center
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6.2.5.Frequencyi Interfacing with d3eigv

The FREQUENCNesponse interfaces thithe LSDYNA output file d3eigvFigure6-9. SeeTable6-7 for a
description of the available extraction options.

Edit response 2 8 2%
Name Subcase Multiplier Offset
frequency |1 |0

[] Mot metamodel-linked [] Dump formula file

Baseline Mode Number

|2

Modal Output Option

(® Frequency of Mode
() New Mode Number
() Modal Assurance Criterion

Mode Tracking Status

(®) On
O off

Figure 6-9: Interface for extraction of frequencies from L®YNA output d3eigv

Table6-7: Frequency item description

Item Description

Baseline Mode
Number

The numbergequence) of the baseline modal shape to be traitked.
cannot exceed 99%he user must identify which baseline mode is of
interest by viewing the baselin@eigv file in LS-PrePost.

Modal Output Option

Type of malal quantity

Frequency of Mode

Frequency of current mode corresponding
modal shape 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 A@G066

Mode Tracking Status Enable or csable mode trackingsee Theory section below
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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 vahmabidsr to extract the frequency

of a specified mode, L-®PT calculates the modassurance criterio®MAC). The scalaMAC value provides

the degree of consistency between baseline modal shape and each mode shape of the current design
maximumMAC value indicates the mode most similar in shape to the original mode selecite@®Tt8ads

the eigenvectors from the d3eigv files, for calculating M#C values. TheMAC value for the reference

modal vectoy/ o and the jth modal vector of the current desi/ j Is calculated as:

D06 —— (6-2)

whereH is the Hermitian operator. The MAC value corresponding to the most simolde can be extracted
using the respective Modal @ut Option(see Table6-7).

In certain cases, the user may be interested in the frequency corresponding to a specific mode number
enable this option, the abifito trn mode tracking off is provid@y default,this feature is on, but turning it

off enables one to extract the responses corresponding to a specific mode number, irrespective of the n
shape.

It should be noted thatlculation ofMAC for mode tracking requires tlegenvectors for each design to be
compatible with theeference modal vecty ,, i.e. their lengths and ordering must be equivalent. This is

often the case with sizing optimization, but may not beitnibe presence of shape changesranteshing
Therefore, if mode tracking is on, ESPT automatically detects whether the two modal vectors are of
equivalent length. If not then the two meshes with potentially different shapes are mapped to ehaledther
on their geometric features using a point set registration method called Coherent Point Driff4|CPR9
equivalent modal vectors for theew designs arebtained usinginterpolaton based orthe pairwise
probability of associations between th meshes calculated from the mappifige m" componen{(d ~

ph) ) of thej™ modal vectois obtained as follows, wheM is the number of nodes in the reference mesh
andNi s t he number of nodes in the new designbés m

. —B n - (6-2)

The revised similarity measuyree. the interpolated MAANIAC) is calculated as:
VOO0 —— (6-3)

Remarks

1. While IMAC works for slightly differenshape and topology changes, it is best not to attempt mapping
of vastly differant topologies.

2. The CPD basethapping can be computationally expensavel should be limited to smaller models
up t020,00030,000n0des For large models mode tracking is redommended remeshing is done
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Improvements are crently beinginvestigated to enhance the computational efficiency by a few
ordersand also to enable part specific mappiag in most casemly a small subset ddll the parts
undergoes shape changes

6.3. Extracting metal forming responsequantities: LS-DYNA

Responses directly related to sheettal formingcan be extracted, namely the final sheet thickness (or
thickness reductignForming 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 be incorporated into the simulatrom.

The user must ensure that tti8plot  files are produced by the ESYNA simulation Note that the
D3PLOT interface options aran alternative.

6.3.1.Thicknessand thickness reduction

Either thickness or thickness reductman be specified using tA¢lICK interface Figure6-10.

Edit response FA R &

Name Subcase Multiplier Offset
Thickness_thi_max |1 |0

[] net metamodel-linked [] Dump formula file

Parts to be included Reported Value Type Extracted response

O all Parts Final shell thickness - ‘ Maximum - ‘
(® List of parts:

®3, @

Figure 6-10: Thickness or Thicknesseduction interface

Table6-8: 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
selected parts
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6.3.2.FLD constraint

The FLDconstraint is shown iRigure6-11. Two cases are distinguished for the Fténstraint:

o0 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 distanceasfy strainpoint above the FLBurve to the FLD curve.

o All the values of the straipoints are located below the FL&urve. In this cas the constraint is
computed as
g=-d

min

with dmin the minimum smallest distance of any stramue to the FLOTurve Figure6-11).
It follows that for a feasible design the constraint should be set sg(xhat O.

S

1€

Constraint Active

0 = Omax

2

a) FLOConstraintactive

1€

Constraint Inactive

9 =1 dmin

2¢

b) FLDConstraintinactive
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Figure 6-11: FLD curvei constraint definition

General FLD constraint

A more general FLIZriterion is available if the forming limit is represented by a general curve. Any of the
upper, lower or middle shell surfaces can be considered.

FLD constraint

general |w

Parts to be included Sampling location

QO all Parts Lower surface | v
(® List of parts:

L

Load curve ID

el

*1, @

Figure 6-12: Definition of General FLD constraint

Remarks

1. A piecewise linearcurve is defined by specifying a list of interconnected poiftts. abscissaed, )
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 directions pfTthe first and
last segments are used for this purpose.

3. The computation of the constraint value is the same as shdvigure6-11.

FLD Fraction constraint

This option calculates the fraction of elements that violate the FLD constraint(s). Thus, it is usefud in cas
where a certain fraction of failure is tolerated. It also allows the definition of multiple zones, each defined
either one curve or two curves. The curves define the upper and lower bounds of the allowable principle st
states. The zones can overkaith each other, and the fraction calculated represents failure based on any ¢
the defined criteria.
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FLD constraint

fraction |w

Parts to be included Sampling location

S ==

(®) List of parts:

Load curve IDs

X1, ®¥2, *3, @

Lower ‘ Upper ‘ Delete

o0 |

add...

Figure 6-13: Definition of FLD fraction constraint
The following must be defined for the model &fd curve:

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 modelfor the parts IDs specified in the
list.

Sampling location  Lower, middle or uppesurface of the sheet

Load curve ID(s) Identification number of a load curve in the-D¥NA input file. The
*DEFINE_CURVE keyword must be used. Referto theDSY NA Us ¢
Manual for an explanation of this keyword.

Remarks

1. The interface program produces an outputFilé curve which contains th& and e values in
the first and second columns respectively. Since the program first looks for this file, it can be specifie
in lieu of the keyword specificatiorhe user should take care to remove an old version of the
FLD_curve if the curve specification is eimged in the keyword input fil#. a structured input file
is used for LEDYNA input data,FLD_curve mustbe created by the user.

2. The scale faor and offset values feature of tHeEFINE_CURVE keyword are not utilizeo.
6.3.3.Principal stress

Any of the principal stresses or the mean can be compsted tle PSTRESSnterface The values are nodal
stresses.
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Edit response

MName Subcase

b o~ x

Multiplier Offset

principal_stress

R E

[] Not metamodel-linked [] Dump formula file

O all Parts

Parts to be included Stress value to extract

Extracted response

Maximum principal stress |« ‘ Maximum stress| v ‘

(® List of parts:
*3, @

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
Secoml principal stress S2
Minimum principal stress 53

Mean of principal stress

(S1+52+53)/3

Extracted response Minimum, maximum or average computed over all the elements of the

selected parts

6.4. Generic Interfaces for History, Multihistory and Response extraction

6.4.1.Expressions

Mathematicakexpressions using previously defined entities can be defined here. The expression syntax &

the available mathematical functions are describeppendix F..

Response Expressions

A history may be evaluated at a specific time anhultiresponse may be evaluated at a particular spatial

point, respectively, to get a response.
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Examples

history_name(0.05)
multiresponse_name(13)

Multiresponse Expressions

Multiresponses used in an expression must be written with the independent variable "pt" as a functic
my_multiresp( pt)

Example

The expression

a(pt) +b(pt)

defines the sum of two multiresponses a and b.

6.4.2.Crossplot history

A special historyand multihistoryfunction Crossplot  is provided to construct a curi®@a given 00
anda 0 . File histories and file multihistories can also be used. For the Multihistory Crossplot, a bistory
multihistory can be selected to represerit or "00 .

Edit history AR &

Name Subcase

|F_\.rs_d J

] DEFINE_CURVE

[ principal Component Analysis

A crossplot will create the history F(z), given F(t) and z(t).
General expressions are allowed.

z(t)

‘-Displ ﬂ

F(t)

‘Forcel -

Number of points (blank for default)

e

From time To time

| =] E

Figure 6-15: Interface to define a crossplot history
Theoptionsare explained iTable6-11.

Table6-11: Description ofCrossplot  arguments

Option Description Default
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ao History or Multihistory of abscissa -

"00 History or Multihistory of ordinate -

Number of points ~ Number of points created in crossplo Smallest of the numbers of points
defining f andg

From time Begin time Largesto -value of Oandd

To time End time Smalles® -value of'Oanddg,

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 are described below.
Derivative history

A special history functio®erivative is provided to construct a curve— given"Qo . Finite differene

weights based on afint template are used for the calculafi®h The grid spacing of the reference brgt
can be arbitrary.

Edit history 2 & 2
Name Subcase

|Deri vativeHistory_a_5

] DEFINE_CURVE

[] principal Component Analysis

Function History

(=) Derivative 2 b
) Filter

O Truncate

() Remesh

Figure 6-16: Interface to define derivative history

Remarks

1. Since the derivative approximation is based on a multipoint scheme, it is recommended to avoid havi
too few pointgn the history

2. lrregular grid spacing is automatically supported.
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Filtered history
A special historyand multihistoryfunctionFilter  is provided to construct a filtered curve.

Edit history &) S %
Name Subcase

|a_ﬁ|tered J

] DEFINE_CURVE

[] principal Component Analysis

Function History
() Derivative 2 »
O iz Filtering
O Truncate
O Remesh SAE Filter - ‘
Freguency Time unit
|60 w | Seconds -

Figure 6-17: Interface to define a filtered history

Table6-12: Description of Filter arguments

Argument name  Description

History Predefined history

Filtering Filtering type:SAE Filter,Butterworth Filter or Time Average
Frequency Filtering frequency in Hz

Time unit Units of time

Number of points Number of averaging points

Curve truncation

Special history and multihistofunctions areprovided to truncate curvebjgure6-18.
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Edit multipoint history AN E-) e

Name Subcase
mh_first_principal_strain_trunc_o1_inf

[] Dump to AsCII file

Function Multihistory

O Filter mh_first_principal_strain
(®) Truncate

Algorithm

(®) Trailing end

(O Partial Dynamic Time Warping
() Partial Curve Mapping

Lower Upper
01 v | =

[] omit spatial point

Curve truncation type

Tail v‘

Figure 6-18: Interface to define a truncated multihistory

Table6-13: Descriptionof Truncate aguments

Argument name

Description

History Predefined history
Algorithm Trailing end If the tail of the function lies
within the bounds, iis truncated
see below.
Partial Dynamic Time Warping Partial curve used in-BTW
calculation, Sectiog.4.4
Partial Curve Mapping Partial curve used in PCM
calculation, Sectiog.4.4
Lower limit Lower limit
Upper limit Upper limit. Tail end of curve truncated for trailing poibttween limits.

Omit spatial point

If a trailing time state falls within the limits so that the constraint is act
omit the spatial point (e.g. DIC point). Only multihistories.

Curve truncation type

Only multihistories.
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Tail Removes pointsutside the interval from the
end of the curve

All Removes points outside the interval for the
whole curve. The first point is kept.

Target History Previously defined history, file history, multihistory or file multihistory
Target Multihistory containing target values, Sectiért.4

Regression points Regression points used to cdlte response, Secti@y.4
From target curve
Fixed number (equidistant, interpolated)

Experimental curves may have trailing ends (tails) which do not represent actual data (dead signal). On
simulation side, the solver may produce curves which exhibit trailing ends representing the vibration
behavior of a coupon after fracture.

Severatruncation options are available to generate partials of curves. Using the Trailing endwgtiturve
truncat i o,rbounds pnehe fuficdon Valoe of the curve may be specified for truncating the trailing
end of a curvelf the tail of the furtion lies within the bounds, i$ truncated. The function loops ovitre

curve points starting from the tahdand stops at the first point it finds outside the lingigng backwards

To fill in the gap, an additional point is constructed on the basitth the intersected curve segment (edge)

Mathematically, the interval islosed:[L,U], sothat the limits arencluded.Thusif an experimental curve
hasa dead trailing signakkact Oflatlined tail), [0,0] will truncate the tailThe curve can bbounded from
one side ([, B] O]y by pniitting the other bound value, i.e. the curvprisservedelowL or aboveU
respectivelyThe transformation is ignored if both bounds are omitted.

If the lastcurvepoint is outside therescribedimits, the arve is fully preserved

I f the tr unc adl points withig theebounds aré delgtexcept forthe first pointwhich is
always kept since this point often has coordinate (0,0).

For a detailed description of Partial Dynamic Time WarpingReudial Curve Mapping see Secti6i.4
Remesh

History applications may require remeshing of the curves. The number of points of the result cube may
specified. The new points are distributed uniformly along the normalized curve (i.e. scaled to [0,0];[1,1]).
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~ X

Edit history AR

Name Subcase
|reﬁne_1000

[] DEFINE_CURVE

[] principal Component Analysis

Function History

) Derivative m
O Filter

O Truncate

{®) Remesh

Number of points

‘1000 =

Figure 6-19: Interface to remesh a history

6.4.4.Curve Matching Response

The Curve Matching interte provides metrics for comparison of target curves and curves extracted from
simulation runsFigure6-20. Both histories and multipoint histories may be used. The options are explainec

in Table6-14.
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Name

Edit response SR &

Subcase Multiplier Offset

|Residua|

Match
() Histories

[

(= Multihistories

Algorithm

(®) Mean Square Error

(O Partial Curve Mapping
(O) Discrete Frechet

C Dynamic Time Warping

Target multihistory

|test_tensi|e

ﬂ Add new file multihistory

Computed multihistory

|cp_mh_ﬁrst_principal_strain v

Regression Points
(®) From target curve

(O Fixed number (equidistant, interpolated)

Figure 6-20: Curve Matching Response dialog

Table6-14: Curve Matching Response options

Option Description Reference
Match Histories or Multihistories
Algorithm Curve matching metric t cSection28.2

target and computed curve:

Mean Square Error Section28.2.1
Partial Curve Mapping Section28.2.4
Discrete Frechet Section28.2.2
Dynamic Time Warpig Section28.2.3
Partial DTW(Truncate computed using target) Section28.2.3

Target history
Target multihistory

Previously defined history, file history, multihistory or
file multihistory containing target values.

Add new file history
Add new file
multihistory

If the file history or file multihistory to be used as Tar( Section6.18
curve is not already defined, this can be done here. Sections.20

Computed history
Computed multihistory

Previously defined history, multihistory or Crossplot
extracted from snulation results.
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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, anc
extracting components of the matrix as response functions or réduttsese operations are defined using
the MATRIX_EXPRESSIONnterface Figure6-21.

There are two functions available to initialize a matrix, nanatrix3x3Init and Rotate . Both
functions create 3x3 matrices.

The component of a matris extracted using the forméta ij (or the GbasedA[i-1][ j-1]) e.g.
Strain.a23 (or Strain[1][2] ) wherei andj are limited to 1,2 or 3.

The matrix operatiod i | (wherel is the unit matrix) is coded &s 1.

Edit response =) X

Name Subcase Multiplier Offset

Jrs = |

] Mot metamaodel-linked [] Dump formula file

Matrix-Expression
|Matrix3;-:3Init{Rl_l,R2_1.R3_1,R4_1.0.0,0,0,0)

Figure 6-21: Matrix Expression: Initialization of a matrix
Initializing a matrix
The ®mmand to initialize the matrix

e, a, a;o

€ u
éa'21 8 azsl]

B, a;, auf

Matrix3x3lnit(all,al2,al3, a2l,a22,a23, a3l,a32,a33)

wherea; is any previously defined variable (typically a response or result).

Creating a rotation matrix using 3 specified points

Theexpression is
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Rotate(x1,y1,z1, x2,y2,z2, x3,y3,z3)

where the three triplets represent points 1, 2 and 3lim&nsional spacespectively.
0 The vecto.s connecting points 2 and 3 forms the logalirection.
0 Z=Va3zXV21
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, X0
T= 23& Y, ysg
€2 Z; Z

where’Y O

6.5. Injury criteria

All of the injury criteria were developed according to the specificatioBrior! Reference source not
found..

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 the abbnaation 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 Uppenad-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]
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D Distance between the force sensor axis and the Condyle axis,

depends on the dummy typeable6-16.

Table6-15: Options for MOC

Option Description Symbol
Neck Force x Neck axial force resultant F

Neck Moment y Neck smomentresultant M
Dummy_type Dummy type -
Length unit Length units -

Force unit Force units -

Table6-16: Input constants for various dummy types

Dummy Type D[m]
Hybrid IIl, male 95% 0.01778
Hybrid Ill, male 50% 0.01778
Hybrid Ill, female 5% 0.01778
Hybrid Ill, 10-year 0.01778
Hybrid Ill, 6-year 0.01778
Hybrid I, 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
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BioRID 0.01778

WORLDSID 0.0195

6.7.2.NIC (rear impact)

NIC is the abbreviation for Neck Injury CriteridnS-OPT calculates the NIC value specified for rear impact.
The NIC value is calculated with the following formula:
relative

N lC = a'relative 2 + V2

. — ATl Head
with Aejative — Ay "8

_—
Vrelative - melative

relative xacceleration

Table6-17: Options for NIC

Option Description Symbol
Ac_celeration 1. thorax x-acceleration of first thorax spine al'
spine

Acceleration head x-acceleration at the height of the c.o.g. of the he 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 (compressifiexion).

The Nij value is the maximal value of Nte, Ntf, Nce fldadis calculated with the following formula

NIJ = F +M_OC
FC MC
with  F Force at the point of transition from head to neesh@ar resultant)
F, Critical force (depending on dummy type)
MOC Total Moment (sedOC, section6.7.])
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M. Critical moment (depending on dummy type)

Table6-18: Options for Nij arguments

Option Description Symbol

Neck Force x 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 -

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 IlI; female In position 4287 -3880 155 -67

5%

Hybrid Ill; female Out of 3880 -3880 155 -61

5% position

Hybrid III; 6-year Out of 2800 -2800 93 -37
position

Hybrid IlI; 3-year Out of 2120 -2120 68 -27
position

Hybrid 1ll; 12 month Out of 1460 -1460 43 -17

position

6.7.4.Nkm (Nfa, Nea, Nfp, Nep)

Nkm corresponds to the four neck criteria Nfa (flexaorterior), Nea (extensieanterior), Nfp(flexion-

posterior) and Nep (extensiqosterior).

The Nkm value is calculated with the following formuy;:
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F(t) , MOC()
F M

int

Nkn(t) =

int

with F Force at the point of transition from head to ngokal force resultant)

F, Critical force
MOC Total Moment (see MOC, secti@n7.])

M.,  Critical moment

Table6-20: Options for Nkm arguments

Option Description Symbol

Neck Force x Neck axial force resultan 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 Shearik 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 forne Lower Neck Load Indexithe LNL value iscalculated with the following

formula:
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with M

O Z

momen

T

<

(@)

shear

I:Z
Ctension

off

F, +off |
C

tension |

LNL:‘/M§+M’3 +\/|:y2+|:x2
C

+

moment shear ‘

s-Moment resultant
Torsional resultant
Critical moment
s-Shear resultant
Axial force resultant

Critical force

t-Shear resultant

Critical force

offset to include préoad, depends on dummy position

Table6-22: Options for LNL arguments

Option Description Symbol
y Force Axial force resultant Fy

x Force s-Shear resultant F,

z Force t-Shear resultant F,

y Moment s-Moment resultant M y

x Moment Torsional resultant M,
Length unit Length units -

Force unit Force units -
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Table6-23: Input constants

Force/Moment Description Value

Crnoment Critical moment 15 [Nm]
Cshear Critical force 250 [N]
Ciension Critical force 900 [N]

6.8. Chest Criteria

6.8.1.Chest compression

Maximum relative rotatiomultiplied by a constant:
C, ma{Q()

Table 6-24: Options for Chest Compression arguments

Option Description Symbol
History relative rotation history Q)
Dummytype dummytype -

Table 6-25: Input constants for various dummy types

Dummy Type Scaling factorCy
Hybrid 1ll; male 95% 130.67
Hybrid 11I; male 50% -139.0
Hybrid Ill; female 5% -87.58
Remarks

The user isesponsible for any required filters of the input history.

LS-OPT Version 202 R1 131



CHAPTERG: History and Response Results

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 momentatr
product of the thorax deformation speed and the thorax deformatioh.gBantities are determined by
measuring the rib deflection (side impact) or the chest deflection (frontal impact). The formula is:

- min%Y(t)%
Table6-26: Options for Viscous Criterion argumesst
Argument name Description Symbol
History Thoracic deformation (m) Y(t)
Dummy type Dummy type -
Time unit Time units -
Length unit Length units -

Table6-27: Input constants for various dummy types

Dummy Type Scaling factorCy Deformation constantC; (m)
Hybrid 1ll; male 95% 1.3 0.254
Hybrid 1ll; male 50% 1.3 0.229
Hybrid Ill; 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. Thederivative is computed using th¥ drder (template size = 5) finite difference approximation:

fip-8fi +8f, - f
12h

df i+2 4
—= 2 +0(h
pm (h%)
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whereh is the time interval between the single measurements.

3. The user is responsible for any required filters of the input history.

6.8.3.Thoracic Trauma Index (TTI)

TTIl is the abbreviation for Thoracic Trauma Index (Thorax Trauma Index).

The TTI value is calculated using the following formula:

T = A(max.rib) + A(lwr .sping
2

T

A(max.rib) = max{A(upr.rib), A(lwr .rib)}

with  A(upr.rib)  Maximum y-acceleration of the upper rib
A(lwr.rib)  Maximum y-acceleration of the lower rib
A(lwr.sping Maximum y-acceleration of the lower spine

The result is divided by the gravitational acceleratig88y0nmm/s?)

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.sping
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 Tibiadex.
The calculation of the Tl value in based on the equation

F

Fe

T|:ﬂ+
MC
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M = J(M,)? +(M,)?
with M

Mc  Critical bending moment

F Axial compression [kN] (shear resultant)

Fo Critical compression force

Table6-29: Options forTl arguments

xy Bending moments [Nm] (torsional resultantnement resultant)

Argument name Description Symbol
Bending moment x Bending moment, torsional resultant M,
Bending moment y Bending moment,-snoment resultant M y
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 1ll, male 95% 307.0 44.2
Hybrid III, male 50% 225.0 35.9
Hybrid Ill, female 5% 115.0 22.9
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6.10.Additional Criteria
6.10.1.A3ms

The smallest resultant aderation level maintained fom3s. Iy is computed as the level 6= \/# + #f +#

exceeded for the specified time interdal (3ms). The resulting acceleration level is divided by the
gravitational acceleratiog,= 9810mm/s2

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( #) are optional.

2. The user is responsible for any required filters of the input history.

6.11.LS-DYNA Binout injury criteria

The injury criteriaHIC, HIC (3 nodes), Chest Severity Index, CLIP3m and CLIP3m (3 nadesjnly be
compute for LEDYNA. The acceleration componeiits the specified nodesill be extractedrom binout
the magnitude computed, and the injury criterimpated from the acceleration magnitude history.

Note
o The length and time units are used to compute the gravity value based on 8.81 m/s

6.12.The GenEXx tool for extracting responses and histories from a text file.

The GenEXx tool is descriden Chapted 2.
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6.13.User-defined interface for extracting results

The user may provide an ovextractionroutineor any program, e.g. a postprocessorget response or
history results. For responses, the command hastfut a single floatingoint number testandard output.
For histories, the values have to be output to a 8leptHistory in two columns. The command has to
be specified in th®efinition field in theUSERDEFINEDnterface dialogFigure6-22.

Examples of the output statement in such a prodoamesponse extracticare:
o The C language

printf ("%lf \ n", output_value);
or
fprintf (stdout, "%lf \'n", output_value);

o The FORTRANanguage:
write (6,*) output_value
0 The Periscript language:

print ~ "$output_value \n";

Edit history ¥ & &

Name Subcase

|F0rce J

[] DEFINE_CURVE

[ principal Component Analysis

Definition

|Isprepost c=../../get_force -nographics|

%gance\| CBQK |

Figure 6-22:. Extracting a Response using a usdefinedprogram

Examples

1. The user has an owa x ec ut ab | d&xtrgetFoocgr @m wé i ¢ h 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/owrbin/ExtractForce
3. If Perlis to be used to execute the user s@®ynaFLD2, the command may be:

$LSOPT/perl $LSOPT/DynaFLD2 0.5 0.25 1.833"

LS-OPT Version 202 R1 136



CHAPTERG: History and Response Results

4. In this exampleéhe postprocessor LPREPOSTis used to produce a histdrle from the LSDYNA
database. The -BREPOST command filget_force

open d3plot d3plot
ascii  rcforc  open rcforc O

ascii rcforc plot4 Ma -1
xyplot 1 savefile xypair LsoptHistory 1
deletewin 1

quit

produces thé&soptHistory file. SeeFigure6-22for the LSPREPOST command.
Note: Thercforc history in this examplean be obtained nne easily by direct extractiosge Section
6.2.1and AppendixA.1l.
Remarle
1. An alias must not be used for an interface program.
The program should be run in batch mode.
The program is called from the run directories. This has to be considered if relative paths are used.

WD

Single quotes cannot be accommodated in the-defered 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 walteutaed
response value to the specified file during the simulation. The default for the filename is the name of t
responsekFigure 6-23 shows the dialog.

Edit response % & %
Name Subcase Multiplier Offset

f J 1 o

[ Not metamodel-linked [] Dump formula file

Filename

|fso| Browse

Figure 6-23: 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@PILSstage
evaluation, involves an inner optimization. The results of these evaluations consist of entities that &
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optimized with respect to the inner levaables, which can be defined by the user as responses for the oute
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. Theeg#@ies can be the optimized inner level variables or
the corresponding optimized responses, composites, objective functions or con§ligunes{25). It is also
possible to extract responses at any specific inner level iteration by clickinglthte e rradio buttam énd
providing the required iteration number.

Since the inner level can also be a Monte Carlo analysis, statistical values such as standandl, deséaati
and probability of failure are available in thBOPT_STATISTICSterface, Sectios.15.3

Stage 1 E ! &

Setupl Pammetersl Remotel Historiesl Multihistories Responses Multiresponsesl File Opemtionsl

Response definitions Add new

Disp2_1 x | LS-OPT —
LSOPT: Optimized entity "Disp2 LSOPT
Displ_1 % | LSOPT_STATISTICS
LSOPT: Optimized entity "Displ" .
Generic
Acc_max_1 x

LSOPT: Optimized entity "Acc_max" USERDEFINED

Mass1 x
LSOPT: Optimized entity "Mass"

HIC_1 x
LSOPT: Optimized entity "HIC" EXPRESSION
FUNCTION

INJURY

Curve Matching
MATRIX_EXPRESSION =

Figure 6-24: Main dialog for the extraction of LSOPT stage responses. A special category (LSOPT
STATISTICS) is available for statistical results produced by a Monte Carlo analysis.
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Edit response 2 &

Name Subcase Multiplier Offset

Disp2_1 J | |

[ Mot metamodel-linked [] Dump formula file

Component Iteration

P variables (®) Last iteration

¥ Responses () Iteration:

Displ

Acc_max

Mass

HIC
B Composite responses
b Objectives
B Constraints

Figure 6-25: Dialog for the extraction of LSOPT optimal response results

6.15.2.LS-OPT histories

Figure6-26 depicts the dialog for defining an £SPT history. Optimal histories produced by an optatian
run can be extracted and converted to afDIYSNA *DEFINE_CURVEkeyword file, Sectior.1.2 This file
can then be inserted into a subsequent stage analgsisragude file. Multiple DEFINE_CURVEdata sets
can be dumped in the same file.

Name Subcase

|INCLUDE_DEF_CURV_F_vs_d |

Filename LCID

DEFINE_CURVE -
d - his_outer.k Browse 200013

[] Principal Component Analysis

Component Iteration
< Histories (®) Last iteration
Displ O lteration:
Forcel
F ws_d

INCLUDE_DEF_CURV_Displ
INCLUDE_DEF_CURV_Forcel

Figure 6-26: Dialog for defining an LSOPT history. The DEFINE_CURVE option has been selected to
produce an LSDYNA keywad file.

6.15.3.LS-OPT reliability statistics

TheLSOPT_STATISTICSterface is a special category of the OB T solver type responses which represent
statistical values produced by a Monte Carlo analysis (direct or metaivaskl). Values can be extracted
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for global statistics (seigure6-27) or for individual entities such as constraints (Segire6-28), variables,
dependents, responses and composites.

Name Subcase Multiplier Offzet

|exceededTota| ‘ J | |

[] Not metamodel-linked [] Dump formulz file

Component Iteration
(O Last iteration
b Variables (® Iteration: |1 =
b Dependents
b Responses Statistical entity
b Composite responses O NL{mber =i sarj"u_ples
b Objectives O Failure probablllty-
b Constraints (®) Number of exceeding bounds

Figure 6-27: Dialog for extraction of global statistics produced by a Monte Carlo analysis

Name Subcase Multiplier Offset
|C3_C0nstr_exceededHighVaI ‘ | |

[] Not metamodel-linked [] Dump formulz file

Component Iteration
Global (®) Last iteration
b Wariables O Iteration:
b Dependents
b Responses Statistical entity
P Composite responses O Ll =i ==l =
b Objectives &Ll .
< Constraints O standard deviation
c1 (O P[Resp=LB]
(O P[Resp=>UB]
2 (O Number of samples < LB

(® Number of samples > UB

Figure 6-28: Dialog for extraction of constraint statistics produced by a Monte Carlo analysis

6.16.Excd

The histories and responses specifidvicrosoft Excelcan be defined usingXCEL option listed under
Generichistory and responsesterfaces. The cells and/or array of cells oEaneldocument can be defined

as LSOPT histories or responses and hence can also be utilized as design objective/constraints baset
analysisTask
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Edit history .~ »

Mame Subcase

%

|xacce|_432_mod
[] DEFINE_CURVE

[] principal Component Analysi

File

Edit response AN %

Name Subcase Multiplier Offset

|intru5ion_di5' J | |
5

[] Mot metamodel-linked [] Dump formula file

|data.x|sx Browse File
|data.>:|s>: Browse

Worksheet

Sheet2 Refresh Worksheet
. ‘Sheetz Refresh
X/uume range Yivalue range

‘ ‘xacce|_432_l Value cell

Auto increment

,g@gancel

Cﬂgl( # cancel

intrusion_disJ

Figure 6-29: Microsoft Excel History (left) and Response (right) interface

Figure6-29 shows the interface for
6-32

Table6-32 Description of Excel H

definirigxcelhistories and responses. The optiomsdescribed iffable

istory and Response options

Option Description
File Exceldocument for extraction
Worksheet Worksheets of thexceldocument 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
isused startingérm 1 (1, 2, 3é).

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.
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6.17.Matlab

The histories and responses for a Matlab stage, Sexfalv 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
5.3.16 Upon specifying an appropriate file, {CPT automatically populates the history and response dialogs.
The response/history name cannot be edited manually, as only the responses and histories defined ir
Matlab input files are allowed. Thus the effort associated with manual definition is avoided while avoidin

errors at the same time.

Setupl Pammetersl Remotel Historiesl Multihistories Responses Multiresponsesl File Operations

Response definitions Add new
f | Generic
MATLARB: Result from MatlLab Edit response Yol DEFINED
Name Multiplier Offset E
| |1 |C| NEX

[] Mot metamodel-linked [] Dump formula file g

8§ cancel ‘ [ Box | emession

NCTION

|URY
rve Matching

P ATRIY EYDRESSIAM

Figure 6-30: Matlab response dialog. The response name cannot be edited marsialtg i isread from
the Matlab output file

6.18.CORA

The CORA responses interface with @®RAplus output file results_ CORAplus.txtDepending on the
CORA rating method, relevant entities may be extracted. If additional values are desired, GenEx could
used for extraction, ChaptérThe loadcase, subloadcase and signal selection options are read from the COR

configuration file specified in Stage Set&p3.6
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Edit response oA 2%
Name Subcase Multiplier Offset
CORA_cael_magnitude J | |
] Not metamadel-linked [] Dump formula file

CORA Results
(O Total Result
(®) Loadcase

Testl 1 =

) Loadcase Rating
(® Subloadcase

B

(O subloadcase Rating

O corridor Signal

O Phase S1HEADOOOOH3ACXD w
(®) Magnitude

) Slope

Figure 6-31: CORA response interface for CORA rating according to 1ISO18571

6.19.File Histories

File Histories may be used to extract data from a text file containing a curve. File Hiaterigpically used
to import test data forggameter identification problems.

Three file history types are available:

1. A history can be provided in a text file with arbitrary format. Coordinate pairs are found by assumin:
that any pair of numbers in a row is a legitimate coordinate Avaiexample $ given below.

2. GenEx can also be used to extract a curve from a text files (see Chapter

3. An interface to extract data from files generated @y dptical measurement system ARAMIS
Supported versions are ARAMIS Professional v6.3 and ARAMIS Professional 2019.

File histories are global curveBhey are neither sampling nor stage dependurice they are not listed in
the Stagedialog histoy list.

5 GOM GmbH
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File Histories R x

Defined file histories History Name Preview

—_— x [test1 /
- A
Add new ® File 1.1E+04
O GENEX 1.2E+04 /
® -1.3E+04
Filename
:| 7 g -1.4E+04
A Testl.txt i Browse i
: : 4| -1.5E+04 <
Show plot 166404
-1.7E+04

-0.5
Save image
<ok

Figure 6-32: File Histories

File History Text FileExample:

Time Displacement
1.2, 143.97
1.4, 156.1
1.7, 923.77

6.20.File Multihistories

File Multihistories may be used to extract data frosehof 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 to extract datiiom files generated by the optical measurement system ARKMIS
Supported versions are ARAMIS Professional v6.3 and ARAMIS Professional2Z20D6

2. GenEx can also be used to extract curves from multiple text files (see Chapter interface requires
one file per time step.

3. A file option is also available for curves in a single text file using théte&d?ost fixed format. An
example is given below.

Remark

In options1 and?2, intermediate files are created using theRr8Post formatThis format is also used to
createhistory.  nandmultihistory .nfiles for file- and other types of histories and multihistories.)
18 GOM GmbH
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File MultiHistories o & &

Defined file multihistories MultiHistory Name Preview

|test_tensi|e

Add new

@ ARAMIS
(O GENEX
) File

Filename Template (wildcard)

|DATA,-'SUBSET;’exampI e_data-Stufe-  Browse |

:X-Component

5|AD-1 Ll
|

Y-Component

strain_pl-logarithmic

IMa]or Strain

Show plot

Plot options ;
[] show points B
Save image AD-1

Figure 6-33: File Multihistory: ARAMIS interface showing preview

Example:Curves in LSPrePost format (repeat for any number of curves)

header line 1 (any content or blank)
header line 2

header line 3

header line 4

header line 5

m #pts=n

X0 y0

x1yl

Xnyn
endcurve

Table6-33: File Multihistory options

Option Description

MultiHistory Name Name of Multifilehistory

ARAMIS Interface to data generated by optical measurement systel
ARAMIS

GENEX GenEx interface, Chapté&r

File Option to specify data in single file in ErePost format
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Filename Template (wildcard)

Name of files, in wildcard form, for extracting data. One file
per time step.

X-Component (oryi ARAMIS)

X component (scalar or vector) of file multhistory. At least
one of the components has to be a vector.

Y-Component (only ARAMIS)

Y component (scalar of vector) of file multhistory. At least
one of the components has to be a vector.

Input GenEx

GenEXx 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 Name of file containing curves in EBrePost format
Show plot Show/hide preview plot

Show points Show data points in plot

Save image Save preview image

File multihistories are global curveEhey areneither sampling nor stage dependgaence they are not listed
in the Stagedialogmultihistory list.
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and hi stori es fr

A user may choose to use a AOB-DYNA solver for his application in which case the only elegant option,
except for using commercial extraction tools (see e.g. Se6ihf, is to use a special graphical tool for
identifying andextractingresponse values and history vectors from an output text file containing the analysi
results. This chapter describes the use of the GenEx tool for extracting responses éuhlarsfories
(vectors) from such a text file. GenEximeluded in the LSOPT distribution as the executable fijenex

and can be activated from the Responses, Histories or File Multihistories dialog.

7.1. The main window

GenEx can be started from the comuihdine by typinggenex <filename> or by selecting th€reate/Edit
button after selecting GenEx on th®esponsesor Histories page or from the File Histories and
Multihistories dialog, respectively

When first starting GenEx, there will be two predefinadhers in the tree on the le8tart of File andEnd
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 symbols for anchors and entities. The curre
entity/anchor will be highghted 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 certain position in the data file. This can be done with searching dod&eyw
or with an absolute position.

Entities

An entity is a quantity we want to extract from-CFT. Entities describe both what the number should look
like as well as where, relative to the parent, to find it. There are three types of entities, sicatar,acw
repeated anchor vectors (s&ectionOptions specific for entitiesfor the difference between them).
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File Edit
&0
- Start of File 1399. 361 «  Anchorname:
200. 362
New Anchor 3 201 263 Mew Anchor 3
End of File 202. 364 Origin:
203, 365 ]
204. 366 Start of File -
205. 2367
Type:
206. 368 o
207. 369 Flain search =
208. 370
' Text to search for:
209. 371
210. 372
211. 373
212, 374 o
213, 375 Direction
214. 376 ®) Forward Backward
215. 377 .
216. 378 atc
® Anywhere

Start of line only

End of line only

nodal point velocities

Skip over | O : matches
node id x-vel v-vel z-wel Relative location:
1 -1.5640E+04 0.0000E+00 0.0000E+00 0.000  lines
2 -1.5640E+04 0.0000E+00 0.0000E+00 0.001 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 0.000 Column separators
6  -1.5640E+04 0.0000E+00 0.0000E+00 0.001
7 -1.5640E+04 0.0000E+00 0.0000E+00 0.000
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
1 |

Figure 7-1. GenEXx dialog

Options

When an anchor or an entity is selected, it is possible to change the options shown in the dialog box. A r
search will be performed whenever an option is changed that requifég ibnly exception is th€ext to

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 taachor/entity.
Column separator If columns are selected Relative positionsit is possible to change wha

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 searches. Three of them are keyvbaskd (seareh
phrase based).

Plain text: This is the most basic seardihe 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 any number afites and the question mark matches any chara
one time.

Regular expression searciThe asterisk matches the preceding element
zero or more times and the dotnatches any character one time. If letters
are put inside brackets this matches any singgeacter inside the brackets
If a "' is put inside the brackets this means that we should match any
character not inside the brackets.

Absolute searchin this search the user positions the anchor simply by
specifying theow andthe column awhich theanchorshould be positioned
in 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 text will havenédch.
Skip over Since the input file can contain several instances of the search term it is

possible to skip some of them to find the desired position.

Relative Location

WhenAbsolute searchis selected, this section will be enabled. Here it is
possibleto enter the absolute position of the anchor if known.

Move to start of line

Example

Glob search

*abc

When this is checked the anchor will be positioned at the start of the lin
even if it is found somewhere else.
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will match any word ending witabc (xxxabc, yyyabc , etc.) and the anchor will be placed where the
match begins ((Axxabc , (A)yyyabc ).

a?c
will match all three letter words starting witti and ending withc" (axc, a5¢c |, etc.) and the anchor will be
placed before the match begins (&t , (A)a5c).

Regular expressionsearch

ab*c
matches dc", "abc ", "abbbc ", etc.

a.c

matches all three letter strings starting wathand 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 expregsikjfrdzh]*esp[ohjd]n.e " will match
"response " (but also espdnle " for example).

Plain text globandregularexpression search searches for a specific text string. The absolute search positio
the anchor relative to the parent. Tgleb andregular expessionsearches 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

Type of entity Here there are three options, scalar, column vector anc
repeated anchor vector

Scalar The scalar entity is used for extracting responses and i
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 plac:
in the input file

Number format Here it is possible to specify what a number looks like
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RelativeLocation Thisis the position of the entitselative to the parent
anchor
Maximum length The default behavior is that an entity starts at the speci

position and ends with a white space. Here it is possibl
specify the length of the entity if this not the case.

Number ofentities When using GenEx to extract histories the default beha
is to keep extracting until a match is not found, this opti
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 i s 0fAre
a menu with valid anchors. Start of file and End of file w
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 froFiléheenu: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 then
on the anchor or entity button in the menu depending on what is needed. This will create a new uninitia
child. By selecting the new anchar 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 Geéate Anchor Hereor
Create Entity Here. This will create a new childt @hat 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 a set®n in the text and drag that selection to the anchor we want to use as parer
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, this requir
sone 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 ) (& x

Name Subcase Multiplier Offset

|SWEner J | |

[ Not metamodel-linked [] Dump formula file

Input GenEx file

|SWEnergy.g6 Browse ‘ Create,fEdit|

Input data file

|d3hsp Browse

Entities

Yvelocity

InternalEnergy

Reread entities

Figure 7-2: Definition of a GenExResponse

From theResponsegpanel select GENEX as a response. This epkn up a dialoghowng a few options
related to GenEx .

The first selection to be made is whig® file to use. This option provides a list of available entities to

choose from. Thent i ti es need to be of the #AScalaro ty]
Create/Edit button. If no file name is given the default action is to create ag@wfile.

Secondly, enter the name of the input dataffden which the respases are to be extractddS-OPT will
look for thisfile in each otthe run directaes

7.3.1.An example using GenEx to extract responses

This example explains how to extract a number of responses from4b¥ N8 d3hsp file. Different search
options are emplad to demonstrate the various options.

o Open the GenEx GUI by selectir@reate/Edit. Then select d3hsp as the input file by using
Fil eYSel ecThe d3nsp filetis displaled in the middle. We are interested in 3 responses &
various cycles andfaurth 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 Use a plain search to search for the struiigof cycle 4800 ". If you want tochange the
string in the text box, remember to hit the "Enter” key on the keyboard. The anchor is displayed as
small anchor icon in the leftmost column of the line that matches the search string. The next step wot
be to find the desired field relative this anchor.
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File Edit
&0
= Start of File
-
E SWEner
E Yvelocity
s Cycled4T00_Glob
= InternalEnergy_Absclute
E InternalEnergy
= End of File
i LastCycle

E Energy4300

average cpu time per zon
average clock

4737 t 2.9998E-02 dt

E of cycle

kinetic energy.
internal energy
stonewall energy
stonewall Energy.ssssass
spring and damper ensrgy
system damping energy...

eroded kinetic energy
erocded internal energy.

total ENErgyY . s snsnnnnns

total energy / initial energy..

energy ratioc w/o eroded
glokal
global
global

cpu time per =mone cycle.

®x velocity
v velocity

= velocity.......

average cpu time per zZon

time per mone cycle..

= cycle....
735

7.93E-06 write d3plot

4800 is controlled by shell

.04581E-02
.93994E-06
.35794E+08
.GB588E+07
.65915E+05
55782E+06
.00000E-20
-00000E+00D
.566T70E+04
.00000E+D0D
.00000E+D0D
.00000E+D0D
.24930E+08
.65837E-01
.B5837E-01
.35505E+04
.G2088E+00
. .31214E-01
........... o
e cycle.... T34

1w

Energy.

[ = BT R* = T = = R SR = T R R

Figure 7-3: GenEx dialog; definition of an anchor

Defining an entity:

nancseconds

nancseconds
file

element

wall# 1
wall# 2

nancseconds

Dancseconds

< Anchor name:
Cycled4800_Plain
Crigin:
Start of File
Type:
Flain search

Text to search for:

dt of cycle  4B00
Direction

® Forward Backward

Match
® Anywhere

Start of line only

End of line only

Skip over | 0 : matches
Relative location:

-

- lines,

a

b4

2 e e e b

o Define a new entitySWEner by using the leftmost-icon or theEdit option.

o Choose the previously defined anchor as@hmigin.

o Find the desired field by searching 6 lines below the anchor, 2 columns across

displayed as highlighted in yellow with a black border. See figure below.

File

E & T

= Start of File
S Cycled800_Plain
8
E Yvelocity
= Cycle4900_RegExp
E Energy4900
== Cycled700_Glob

Edit

== InternalEnergy_Absolute
E InternalEnergy
End of File

4737 t 2.95938E-02 dt

dt of cycle

time StEp. .. einnnnnans
kinetic energy..........
internal energy
stonewall snergy.
stonewall snergy
spring and damper energy
system damping energy...

sliding interface energ

eroded kinetic energy
eroded internal snergy..
total EDergy.e-cececncnans

total energy / initial energy..

energy ratio w/o eroded
global x velocity
global ¥ velocity
global = velocity
cpu time per zone cycle.

average cpu time per zon

T.23E-06 write d3plot

4800 is controlled by shell

2.04981E-02
T.93994E-06
4.35T794E+08
8.68588E+07

1.55T82E+06
1.00000E-20
0.00000E+00
-4.56670E+04
0.00000E+00
0.00000E+00
0.00000E+00
5.24930E+08
2.65837E-01
2.65837E-01
-1.35505E+04
-1.62068E+00
. 1.31314E-01
........... [u}
T34

Energy .

2 cyvcle....

Figure 7-4: GenEx dalog; definition of an entity

-65315E+05)

file

element

wall# 1
wall# 2

nancseconds

nancseconds

4 Entity name:
SWEner
Crigin:
Cycle4200_Plain
Mumber format
*%| Decimal separator(s):
*%| Exponent character(s): | Ee

Thousands separators:
Space

Relative location:
-
4] ~ lines,
a
2 ~ | Columns

Column separators

Tab Space *® Whitespace

|
Cther:

Ma=imum length
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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 shown Relaive locationdialog below:

File Edit
&0
- Start of File « Entity name:
. 4737 t 2.9938E-02 dt T7.93E-06 write d3plot file i
v Cycle4800_Plain Yvelocity
E SWE R X R - Crigin:
ner dt of cycle 4800 is controlled by shell element 37
& CycledB00_Plain
2.04%81E-02
= Cycle4700_Glob Mumber format
- 7.93994E-06 .
e InternalEnergy_Absolute 4.35794E+08 X| Decimal separator(s):
[x InternalEnergy 8.68588E+07 *®| Exponent character(s): | Ee
. T.65915E+05 wall# 1
= End of File N Thousands separators:
1.55782E+06 wall# 2
¥ LastCycle 1.00000E-20 Space
[x Energy4s00 0.00000E+00 Relative location:
sliding interface energy....... -1.566T70E+04 18 : lines,
external work ... ..o iiiaans 0.00000E+00
ded kineti Veennrnraan 0.00000E+00 -
=ro inetic energy - | columns -
eroded internal SNErgy......... 0.00000E+00
LOLAL EHEETY .+ ennerrernnnerneenn 5.24930E+08 Column separators
total energy / initial emergy.. 9.65837E-01 Tab Space % Whitespace
energy ratio w/o eroded ensrgy. 2.65837E-01 . |
global x velocity -1.35505E+04 !
global y velocity -1 .620588E+00)| Cther:
global =z velocity 1.21314E-01
cpu time per monme oycle.....i.eae . 0 nanoseconds Maximum length
average cpu time per zome cycle.... 734 nanoseconds 4 character(s)
-

average clock time per zone cycle.. 736 nanoseconds

Figure 7-5. GenEx dialog; definition of an entity

o Define a second anchor using a global search for the s#if@"is controlled ". The origin
of this anchor is also the start of the file and the search is forward from that point. Note the anch
placement on the figure below just before the strifigp0 is controlled "

File

® &0

Edit

« Anchor name:

= Start of File average cpu time per zone cycle.... 734 nancseconds
- CycledB00_Plain average clock time per zone cycle.. 734 pnanoseconds Cycled4700_Glob
[x swEner 4610 t 2.8993E-02 dt 7.91E-06 write diplot file Origin:
[x vvelocity Start of File -
= Cycle4700_Glob dt of cycle @DD is controlled by shell element 37
Type:
-
Tz ISRy A REeE B ¢ ettt et e e s 2.97048E-02
E InternalEnergy time step 7.92546E-06 Glob search -
- End of File kinetic energy 4.37773E+0E
internal EOErgY....accnansenans 8.52571E+07
S LastCycle =
stonewall energy. 7.65915E+05 wall$# 1
[x Eneray4500 stonewall SOErgy....... 1.55782E+06 walll 2 Direction
spring and damper energy 1.00000E-20 ® Forward Backward
system damping SDSErgy ... 0.00000E+0D0
5liding interface energy....... -4 .59854E+04 Match
external work.........oooiiaa.n 0.00000E+00 ®) Anywhere
i i Voaeemnnaans . + .
eroded kinetic energy 0.00000E+00 Start of line only
eroded internal E0EEgY..e..ea.. 0.00000E+0D0
total energy 5.25308E+08 End of line only
total energy / initial energy.. 2.66533E-01
-
energy ratio w/o eroded energy. 9.66533E-01 Skip over | 0 » Matches
global x welocity -1.35898E+04 Relative location:
global v wvelocity 8.30546E+00 Fe i
ines,
global = welocity. 1.31277E-01 -
cpu time per mome cycleE. ... i 0 pnanoseconds o =

Figure 7-6: GenEx dialog; definition of an anchor
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o Now define an anchdnternalEnergy Absolute relative to the previous anchor by setting the
origin asCycle4700_Glob , then searching 5 lines down and one column across. Note the ancho
icon just before the yellowmighlighted number in the figure below.

File Edit
& O
averajge Cpu Tlime per Zone CYyCle.... 34 Danoseconds .
: Anch 2
e Start of File average clock time per =mone cycle.. 734 nanoseconds = nehor name
- Cycle4800_Plain InternalEnergy_Absclute
E SWEner 4610 t 2.8923E-02 dt 7.91E-06 write d3plet file Origin:
[x vvelocity dt of cycle 4700 is controlled by shell element 37 Cycle4700_Glob -
s Cycled700_Glob
- EAME . e iie s iane i 2.97048E-02 Type:
InternalEnergy_Absclute
time BLEp. ...ttt it 7.92546E-06
Absolute 7
[x internalEnergy FADELiC EHEITY « e ennererennnenn 41.37773E+08
= End of File internal EOEIgY .sssssssnnsnnnnn 52571E+07
= LastCycle stonewall ENErgV...ve v nnsnns T.65915E+05 wall# 1
l: E 4900 stonewall EDEergy ... v v nnsans 1.55782E+06 wall# 2 Direction
£ nergy: spring and damper ENErgY ....... 1.00000E-20
system damping SE0ergy .......... 0.00000E+00 ®) Forward Backward
8liding interface energy....... -4.59854E+04 Match
external work... ..o 0.00000E+00 ® A h
eroded Kinetic EnErgy....e.se:. 0.00000E+00 b=
eroded internal EDEXgY......ua. 0.00000E+00 Start of line only
total EDErgy ... v 5.25308E+08 .
total emergy / initial emergy.. 9.66533E-01 End of line only
energy ratio w/o eroded energy. 2.66533E-01 . -~
global x velocity -1.35898E+04 Skip over | 0 - matches
glokal v velocity 8.30546E+00 Relative location:
global = velocity. 1.31277E-01 [ - lines
- 8
opu time per mome oycle. ... .iiiiaas 0 manocseconds
average cpu time per zone cycle.... 735 pnancseconds 1 : columns il
average clock time per =mone cycle.. 735 nanoseconds
Column separators
4737 t 2.9998E-02 dt 7.93E-06 write d3plot file Tab Space %] Whitespace
Figure 7-7: GenEx dialog; definition of an anchor
o Define a new entityinternalEnergy using thelnternalEnergy Absolute anchor as
reference point. The desired field is immediately found since the anchor is already at the desir
location.
File Edit
&0
- Start of File dt of cycle 4700 is controlled by shell element 37 ~ Entity name:
v Cycle4800_Plain InternalEnergy
- EAME . v vt e v nssnnrnnnnssnnnnnnn 2.970428E-02 S
[x swener EAME BEEPwr e v vinnnnnnenenens 7.92546E-06 -
[x Yvelocity KAiNetic EOErgY ..oeereerencrnnss 4.377T73IE+08 InternalEnergy_Absclute M
A Cycled700_Glob internal energy B.52571E+07] MNumber format
- stonewall energy. T7.65915E+05 wall# 1 %| Decimal separator(s):
InternalEnergy_Absolute StoneWall EMETGY ..seroereneanes 1.55782E+06 wall# 2 :
E spring and damper energy....... 1.00000E-20 X Exponent character(s): | Ee
kd End of File system damping emergy.... 0.00000m+00 Thousands separators:
= LastCycl s5liding interface energy...s s -4.59854E+04 Space
i external work........ooiiiiann. 0.00000E+00 ’ )
[x Energy4s00 eroded kinetic energy.......... 0.00000E+00 Relative location:
eroded internal EnErgy......... 0.00000E+00 V] - lines.
= .
total ENErgy ... cveennrnnnnnns 5.25208E+08
total energy / initial energy.. 9.66533E-01 1] o characters -
energy ratio w/o eroded energy. 9.66533E-01

-1.35898E+04 Column separators

8.30546E+00
1.31277E-01

global = velocity

global v velocity

global = wvelocity

Figure 7-8: GenEx dialog; definition of an entity
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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 thi

case we will set the reference anchor callastCycle

backwards (Direction).

0 The search string iddtal energy

to find the anchor are shown below.

File Edit
F & O
B Start of File sliding interface emergy....... -2.54389E+04
- CycledB00_Plain external work......... 0.00000E+00
|: eroded kinetic energy. 0.00000E+00
X SWEner eroded internal ENErgY......e.. 0.00000E+00
[x Yvelocity OLAL EOETAY +rennrrnrennnrsnnes 5.17577E+08
- Cycle4700_Glob jotc\l energy / initial emergy.. 9.52308E-01
= energy ratio w/o eroded energy. 2.52308E-01
itegEIEy ey Sh=al U S global x velocity -1.26595E+04
E InternalEnergy global ¥ veloci 4.14072E+01
A4 End of File global = wvelocity. . oo ieevnnanns 4.47599E-01
cpu time per mone cycle. . .. ieiies 0 nanoseconds
hd LastCycle . N -
average cpu time per mone cycle.... 751 nanoseconds
E Energy4300 average clock time per zmone cycle.. 762 nanoseconds

7000 t 4.9819E-02 dt 9.94E-08 write runrsf file

7019 t 4.9938E-02 dt 9.35E-06 write d3plot file

7019 t 5.0002E-0Z dt 9.95E-06 write d3dumpll file
****kxx+% termination time reached ***x*xx*

7019 t 5.0002E-02 dt 9.35E-06 write d3plot file

Hormal termination

Figure 7-9: GenEx dialog; definition of an anchor

to bethe end of the file (Origin) and search

" and the regular expression search type is used. The settings

« Anchorname:

LastCycle
Crigin:

End of File 57
Type:

Regular Expression =

Text to search for:

total energy
Direction

Forward (®) Backward

Match
® Anywhere

Start of line only
End of line only
-
Skip over | 0 -~ Mmatches

Relative location:

-
» lines,

0 The entity is found by usingastCycle  as the anchor and searching in the sixth columnrebaste/e

location dialog box below.

File Edit

&0

A Start of File sliding interface snergy....... -2.54389E+04
- CycledB00_Plain external Work.ososssssuss 0.00000E+00
eroded kinetic enmergy.......... 0.00000E+00

E SWEner eroded internal EDEXgV....uves.s 0.00000E+D0

[x velocity EOTAL EMEITY . e v rnrenrnnenenns 5.17577E+08

= Cycled4700_Glob
e InternalEnergy_Absolute

E InternalEnergy

total emergy / initial energy..
energy ratio w/o eroded energy.

global x velocity.

global v velocity

P.52308E-01

3.52308E-01
-1.26595E+04
4.14072E+01

- End of File global =z velocity .o iiiinnnnnns 4.47599E-01
cpu time per mome oyole. .. iee e 0 nanocssconds
- LastCycle . -
average cpu time per zone ovcle.... 751 nanoseconds
E Energy4300 average clock time per zone cycle.. 762 nanoseconds

7000 t 4.9819E-02 dt 5.94E-06 write runrsf file
7019 t 4.59998E-02 dt 5.95E-06 write d3plot file
7012 t 5.0008E-02 dt 9.95E-06 write d3dumpOl file

***xxxx% termination time reached **x*#x+++

Figure 7-10: GenEx dialog; definitionof an entity

-

Entity name:
Energy4300
Origin:
LastCycle -
MNumber format
®| Decimal separator(s):
R Exponent character(s): | Ee
Thousands separators:
Space
Relative location:

-~
0 ¥ lines,

5] columns ~

-

Column separators
® Whitespace

Tab Space
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o0 This completes the GenEx setup. Save the file.

o Now open thé&tagedialogon theResponsepage and select tReENEX response type on thight.
Open the Input GenEx file. A browse option is available. Importing the file will display the selected
entities in theEntities box.

o Select the input data file, named3hsp . This file must be available in the run directory during the
LS-OPT run.

o Select a entity, define a response name atttipeof thedialogandhit Ok. The responseill appear
in the liston theResponsepage

0 Repeat the procedure for the remaining three response entities.

LS-OPT can now be run and the respoastties 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 p LS-DYNA. 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 creatéBhanchor to search for the string we are
looking for, in this caseKinetic energy "

As seen irFigure7-11, this entity is of the Scalar type and needs to be chandeeieated anchor vectar
When creating a repeated anchor vector the default ¥atuEnchor 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 firdt '0f cycle ", then search forward for
"kinetic en ergy " and extract the first element of the vector. Then, it will find the next occurrence of
"dt_of cycle " and repeat, extracting the other elements of the vector.

After we have changed thenchor to repeatto dt_of cycle , we will have the correct resulthe 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
E & O
< Start of File

= dt_of_cycle
v . KE_anchor

FR KE_Entity
End of File

dt of cycle 1 is controlled by shell

0. 00000E+00

time step..... 5.00040E-07
kinetic energy.. B.67699E+08]

.96128E-06
. O0OOOE+00
.60000E - 19
. O0OOOE+00
. O0OOOE+00

internal energy................ 7
stonewall ener 0
spring and damper energy....... 1
joint internal energy.......... 0
hourglass energy 0
system damping energy.......... 0. 0000OE+00
sliding interface energy....... 0.00000E+00
external work.........ooovuuiin 0.00000E+00

0

0

3

1

L

1

7

2

eroded kinetic energy.......... . O0OOOE+00
eroded internal energy.. . O0OOOE+00
total ener .67699E+08
total energy / initial energy.. .00189E+00
energy ratio w/o eroded energy. .00189E+00
global x velocity.............. .40547E-02
global y velocity.............. .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 WaSs. .. nurvwvmmnwscae 5.69522E-03

Figure 7-11: GenEx dialog; definition of an entity

File Edit

&0

element 51474

wall# 1

™ Start of File
»: dt_of_cycle
v . KE_anchor

End of File

CARAVAN MODEL (NCAC VO1) (Fully integrated shell)

1s-dyna mpp971sR4.2..53450

|.dt of cycle 1 is controlled by shell
tMe. o 0. 00000E+00
time step: L SRR S 5.00040E-07

| kinetic energy................. B.67699E+08]

| internal energy................

.96128E-06

. O000OE +00
. 6O0OOE - 19
. O000OE+00
. O00OOE+00

74
stonewall energy...... 0
spring and damper energy. SLS |
joint internal energy.......... 0
hourglass energy .............. 0
system damping energy.......... 0.00000E+00
sliding interface energy....... 0.00000E+00
external work.................. 0.00000E+00
eroded kinetic energy.......... 0.00000E+00
eroded internal energy......... 0.00000E+00
totalienergy ot s o is 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.: o simsanun s am 5.69522E-03
percentage increase............ 1.62208E-01

dt of cycle 400 is controlled by shell

tine step s RIS
kinetic energy.................
internal energy................
stonewall ener

2.05286E+07
0.00000E+00

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

element 51474

wall# 1

element 1948

wall# 1

Figure 7-12 GenEx dialog; definition of arepeat anchor vector

date -

Entity name:
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Origin:
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O Repeated anchor vector
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Thousands separators:
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[KE_Entity |
Origin:
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7.4.2.An example using "Column vector" to extrad histories

Column vectors are useful for extracting vectors in tables. In this example we extract a position vect
generated by a fictitious solver. Just as in the previous example we start with the creation of the entity
want to be the first. We thashange the type tGolumn vector.

|l tds possible to create the vector bWewEatityecti ng

File Edit
o
E &0
¥ i Start of File ) || Entity name:
Gravity: -9.82 e o
< % Header = |Position
FEEEE Time Position Speed S0
PR Position | | I ot peed. Origin:
End of Fil o 0? 15 901-2 Header -

0.03 15 7084 Type of entity
0.04 15.6072 ) Scalar
0.05 15.509 _
0.06 15.4108 @ Column vector
g'gg Egﬁg’ (O Repeated anchor vector
0602 15]5 lé% Number format
0.11 14.9198 W Decimal separator(s): |. ‘
0.12 14.8216 ",
0.13 14,7234 W Exponent character(s): |Ee |
g' ]12 141"163; Thousands separators:
0.16 14,4288 0O .0 . 0O Space
0.17 14,3306 > ;
0.18 14.2324 Relative location:
0.19 14,1342 S A
0.2 14.036 2 [+ lines,
0.21 13.9378 — ‘
0.22 13.8396 (11 2| characters &
0.23 13.7414 —_— . 2
0.24 13.6432 Column separators
0.25 13.545
0.26 13.4468 ]
0.27 13.3486
0.28 13.2504
0.29 13,1522
0.3 13.054
0.31 12.9558 ) )
0.32 12.8576 ¥ Maximum horizontal length
0.33 12.7594 T~
0.34 12.6612 B || character(s)
0.35 12.563 S
0.36 12.4648 [J Maximum number of components
0.37 12.3666
0.38 12.2684
%32 1ié lé% Anchor to repeat
0.41 11.9738
0.42 11.8756 L
0.43 11.7774 (v

Figure 7-13: GenEx dialog; definition of a column vectagntity

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 that y«
have to select two entities define the historyone for the »axis and one for the-gxis. 6 s possi bl
"Auto increment” for the xaxis, in which casetheaxi s val ues will simply b
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Edit history AR &
Name Subcase
|Kinetic_E

[] DEFINE_CURVE

] Principal Component Analysis

Input GenEx file

| Browse | Create}Edit|

Input data file

|g|'3tat Browse

X/time vector Yfvalue vector

KineticEnergy

Reread entities

Figure 7-14: Interface to define a GenEx History

When creating the entities in GenEx they nedoeteitheiColumn vector or Repeated anchor vectoto be
used for history extraction.

7.5. Command line options

GenEx can be started by selecting@meate/Editbutton after selecting GenEx on tResponsesr Histories
page or from theFile Multihistories dialog, or the executablgenexlocated in the LSOPT installation
directory may be calleftom the command line.

genex[ -h][ -Xx][ -d][ -g<str>][ -i<str>] [ -f<str>] [ -v<str>] | -el<str>] | -
e2 <str>] [ - ¢ <str>] [file]

Table16-3 explains the command line options.

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
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-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 GenEx 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 1DDeafliongi ng
Vari abl es

This chaptediscusses the conversion of parameters defined in input files to design variables of differe
types. Graphical features allow the user to view file sources of parameters and the activatiactivatien
of variables for selected samplings.

Resource daifitions 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 displayeBanaimeter Setuppanel,
Figure8-1. The names of these parameters are not editable, and they cannot be deleted as indicated by
lock symbol displayed in theeletecolumn. If only a name and value are specified in the stage input file, the
parametetype is set taConstanty default. The default starting value is O.

Problem global setup 2l % &

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

[ show advanced options Reset Farameters
Type | Name ‘ Starting ‘ Minimum ‘ Maximum | Sampling T... | Delete ‘
‘Continuous v | | 3| 1 | 5 &
‘Continuous b4 | | 1.6| 1.5 | 5 3l
‘Discrete v | | 2.0 Values: |1.5. 2.0,2.5 50 .. |Discrete Ll
‘Discrete v | | 2.5 Values: |1.5. 2.0, 2.5, 5.0 j|C0ntinuou * [
‘Continuous - | 0.1] 0.1 0.9 &
‘Constant v | | 1.0 &
‘Constant - | | 280 5
‘Constant b4 | | 10 3l
Add...

Figure 8-1: Setup Dialogi Parameter Setup panel in L®PTui
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Other attributes such as parameter values or discrete sets defined in the input files are also displayed here
can be overridden. The desired parameter type and other appropriate options can also be Epeleified,

Advanced options, such as initial range, that are not required can be specified by seleStiogvtadvanced
optionscheckbox;Table8-2.

Additional (nonfile) parameters, although unusual, can be defined usindtibutton at the bottom of the
panel.

Table8-1: Parameter Setumptions to be specified for each parameter

Option Description Reference
Type Parameter type:
Continuous Continuous variable -
Constant Constant value Section8.1.1
Dependent Parameter depending on other Section8.1.2
parameters
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 uppel 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 of a 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 stac -

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 parame Section8.1.2
Distribution Statistical distribution used to define a probabilistic variab Section8.1.7

Sampling Type

Sampling type for discrete variable: continuous or discret Section8.1.3

Edit Input Set the relation of a transfer variable with another variable Section8.1.4
Parameter

References

Variable Dialog to definecorrelation between variables. Only Section8.1.8
Correlation available for probabilistic tasks.

Table8-2: Parameter Setumdvancedptions

Option

Description Reference

Init. Range

Size of subregion of the design space used in the first Section8.1.8
iteration

Saddle Direction

Saddle direction specification used for werase design Section8.1.10

Table8-3: Parameter Setup options

Option Description Reference
Show advanced Shows Init. Range and Saddle Direction optionefach Table8-2
options parameter

Reset Parameters

Resets values and possibly types from values read in inp
files. Variables not found in input files anet removed.

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 stand
deviations away from the mean; the default being two
standard deviatiaof the distribution. In general, a noise
variable is bounded by the distribution specified and does
have upper and lower bounds similar to control variables.

LS-OPT Version 202 R1

164



CHAPTER8:Set up Di alog 1 Def.

Enforce Variable Assigning a distribution to a control value may resultin -
Bounds designs exceeding the bounds on the control variables. T
default is not to enforce the bounds.

8.1.1.Constants

Each variable above can be modified to be a constant. A constant can be a number or a string. Constant
used:

1. to define constant values in theput file such ag, e 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 aszgiton parameters.

3. to convert a variabl® a constant. This requires only changing the designation variable to constant il
the command file without having to modify the input templatee number of optimizatiovariables
is thus reduced without interfering with the template files. Variables can also be eliminated b
unchecking them in the Sampling matrix (see Se@i@h

8.1.2.Dependentvariables

Dependenvariablesare functions of the basic variables and are required to define quantities that have to |
replaced in the input template fildsut which are dependent on the optimizatianables. They diherefore
not contribute to the size of the optimization prohl&ependents can be functions of dependents.

Dependentvariables are specified using mathematical expressions @&ppendix F: Mathematical
Expressionk

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 allowabigues has to be specified. This can be done iRéin@meter Setup
dialog using the button to the right of th&aluestextfield of the respective parametBigure8-2. A list
opens up showing the already defined values, a textfield to enter a new value appears by seléatthg the
new valuebutton or by using the return key.

For String variables, allowald string values are defined in the same way. The string values are internally
treated as integers in ESPT. The mapping of these integer values and the actual strings is stored in th
Stringvar.Isoxdatabase in the work directory.

In addition to a list ovalues, the sampling type has to be specified for discrete variables. By default, th
discrete variables are treated as continuous variables for generating experimental designs. The optimal ve
will assume an allowable value. If discrete sampling liscsed, all experimental design points use allowable
values. If possible, a continuous sampling is recommended, because it usually leads to a better distributio
the points within the design space and hence to a better metamodel quality.
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Problem global setup
Parameter Setup | Stage Matrix | Sampling Matrix | Resources | Features |

[] show advanced options

Type ‘ Name ‘ Starting ‘ Minimum ‘ Maximum ‘ Sampling T... ‘ Delete ‘

|Ccntinuou9 j| | 3 | 1 | 5

&
|Discrete ﬂ| | 1 Values: |1, 2,3, 4,5 |Continuouj &

Add...
Add new value
Jok
Figure 8-2: Definition of discrete values
8.1.4.Transfer variables
Input Parameter References ) 2 X
Mame Starting ‘ Minirnum Maximum
it1 Set Set Set —
t2 Set Set Set
] * £73 - |Set Set
4 Set Set Set
Its Set Set Set
It6 Set Set Set —
It10 Set Set Set B
| [ ]

Figure 8-3: Input Parameter References. Transfer Variable t73 is set as the starting value for t3.
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Transfer vaables are used in the context of multilevel optimization &esdion5.3.10. These variables are
sampled in one of the levels, but these sanplees are passed down to the lower levels where these are
treated as constants. Transfer variables can be referenced by preceding higher levels or by other variabls
the same level. Within the same level, a transfer variable can be the startingrihkiédower/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 valasparfges. The main purpose is to
allow substitution of response values in input files. The response must be calculated in an ancestor of the s
in which the substitution is done.

1. The main parameter setup allows the user to link a parameter to a re§peeBSgure 8-5). This
selection causes the selected parameter value to be replaced by a response value defined in an anc
stage. The transferred response vadugubstituted into the input file(s) of stages downstream where
the parameters are defined.

2. The response value to be linked can be any response value which was directly extracted from
solver database or a mathematical expression involving any varialdpendents, histories or
responses defined in any parent stages.

3. Response variables can be transferred between any two stages of a particular thread. They do not |
to be consecutive as long as the response is defined in a stage which comesebstage thhhere the
substitution is done.

4. A specific response can be linked to any number of parameters.
5. Response variables are not independent design variables, so have no effect on the sampling.

Example

The example is explained using the series of fighedsw. The optimization consists of an outer loop with
three stages. The first stage is also an optimization loop which calibrates a parameter YMod to prodt
YMod_OPT. The second stage uses the optimized YMod_OPT as a constant parameter but optiroizés a se
variable Yield to produce Yield_OPT.

After the first two stages, YMod_OPT and Yield OPT are converted using mathematical expressions a
then transferred as material constants to a vehicle simulation stage. The outer loop optimizes the veh
designvariables tbumper and thood.

Figure8-4 throughFigure8-10 show various pas of the problem setup.
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B & 4+ / P I~ Metamodel-based optimization XX il = sSequential with Domain Reduction £ 7
- - - - - -

‘ Setup ] ( Sampling sampling&

4 parameters | 2wars, 4 d-opt designs

o
. ¢
‘ Domain reduction il ymOD OPT

! Finish (SRSM} 2 resps
x |
' o 10 — 1 IS Y
Verification Termination criteria uﬂpr
A el ; ; YIELD_OPT
Ign 3 iterations =

— - 2 resps

( Optimization Y

|' 1 objective | SIMULATION
!| 0 constraints | °

| 4 pars, 2 resps

Composites | Build Metamodelsé
e

1 definition | & linear surfaces

L — - —

|MULTILEVEL WITH RESPONSE-VARIABLES
|imond Laguerre

Figure 8-4: LS-OPT Problem multilevel setup. The first two stages (YMOD_OPT) and (YIELD_ _O&€)
sublevel optimization stages. YMOD_OPT produces an optimal material parameter Y®O®d _and
converts it to YMod_OPT_EXPR using an expression. This value is transferred to the parameter YModRV
defined as an input parameter to the YIELD_OPT stage. The YIELD_OPT stage therefore uses this value
as a constant but optimizes a second variablel&ito produce Yield OPT which is then converted to
Yield_ OPT_EXPR. Both YMod_OPT_EXPR and Yield OPT_EXPR are then transferred to the
SIMULATION stage as input parameters. The outer loop depicted here optimizes over design variables
tboumper and thood to mimize vehicle intrusion.

Parameter Setup ‘ Stage Matrix | sampling Matrix | Resources | Features |

[] show advanced options

Type | Name ‘ Starting ‘ Minirmum | Maximum Delete ‘
‘Response Variableﬂ| YMod_OPT_EXPR - |5
‘Response Variablej| Yield_OPT_EXPR - |@
‘Continuous ﬂ| | 3| 1 | 58
Continuous j| | 1| 1 | 58

Al

Figure 8-5: The main parameter setufclicking green Setup box at top left ¢dfigure 8-4) to define two
responsevariables YModRV and YieldRV. These respectively link to YMod OPT_EXPR and
Yield_OPT_EXPR produced by thearent optimization stages. The parameters tbumper and theoe
optimization variables used in the outer loop.
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Problem global setup AR &

Parameter Setup | Stage Matrix | sampling Matrix | Resources | Features |

[ show advanced options

Type Name ‘ Starting ‘ Minimum ‘ Maximum ‘ Delete ‘
|Continuous j| | 700000 | 500000 | 2e+06 [
|Ccmstant j| | 1500 8
Add...

Figure 8-6: Input parameters for the YMOD_OPT stage. YMod is an optimization variatd@énedin this
stage while YieldC is a constant.

Stage YMOD_OPT xS %

Setup Pammetersl Remotel Historiesl Multihistories Responses | Multiresponses | File Operations

Response definitions Add new
YMod_OPT x |LS-OPT
LSOPT: Optimized entity "YMod LSOPT
YMod_OPT_EXPR x LSOPT_STATISTICS
EXPRESSION: exp ( log ( YMod_OPT ) )
Generic

USERDEFINED

FILE
GENEX
EXCEL Ed|
Figure 8-7: Response output definition for Stage YMOD_OPT.
Problem global setup R &
Parameter Setup ‘ Stage Matrix | Sampling Matrix | Resources | Features |
[ show adwvanced options
Type ‘ Name ‘ Starting ‘ Minimum ‘ Maximum ‘ Delete |
|C0ntinuous j| | 1500 | 500 | 2000
|Constant j| | 700000 8
Add...

Figure 8-8: Input parameters for the YIELD_OPT stage. Yield is an optimization variatbdinedin this
stage. YModR is a response&ariable replaced by YMod_OPT_EXPR (déigure 8-5 for definition).
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Stage YIELD_OPT v n X

Setup Pammetersl Remotel Hi5tories| Multihistories Responses [ Multiresponses | File Operations

Response definitions Add new
Yield_ OPT X LS-OPT
" 1 1 1 ey n
LSOPT: Optimized entity "Yield LSOPT
Yield_OPT_EXPR X LSOPT_STATISTICS
EXPRESSION: sqrt{ Yield OPT ) * sqrt( Yield oPT) ]
Generic

USERDEFINED

FILE
GEMEX
EXCEL ka|
Figure 8-9: Respons@utput definition for Stage YIELD_ OPT.
GenEx: job_log ) e x
[STDOUT] B
[STDOUT] Extractor pre-processor.
[STDOUT] N
[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" = sqrit{ Yield OPT )} * sqgrtl{ Yield OPT) = 1823.06.
[STDOUT]
[STDOUT] Number of response-variables = 2
[STDOUT]
[STDOUT] Creating variable definitions from job results.
[STDOUT]
[STDOUT] System command "/bin/fcp main.k DynaOpt.inp" successful
[STDOUT] System command "/bin/rm -f DynaOpt.inp" successful
[STDOUT]
[STDOUT] A4
[ | IO

Search ‘ Dismiss ‘

Figure 8-10: Job log of SIMULATION stage of the example (the display represents thegpoeessor phase
prior to simulation). Note the linking of the two parametersresponses.

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 becausehovg/ban 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. Therefore, a separ
chapter(Chapterld) is dedicated to probabilistic tasks and problem setup.

Probabilistic variables can either be control variables, whose nominal values are modifigebgtinization

to get a more suitable design, or noise variables that are not controlled during optimization and only serve
purpose of introducing uncertainty in the problem. The variable type can be selected in the Parameter Se
panel Figure8-11).
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8.1.7.Probabilistic distributions

Problem global setup

Parameter Setup

Stage Matrix | Sampling Matrix | Resources | Features |

[ show advanced options
[] Enforce Variable Bounds

Variable Correlation

Type ‘ Name ‘ Starting ‘ Minimum | Maximum | Distribution ‘ Delete |
‘Continuous A | | 2| D.2| 4 |area_dist j@
‘Noise hd | base_dist j@

Add...

Figure 8-11: Parameter setup panel for probabilistic tasks

In order to represent varibuncertainties, they are associated with probabil

istic distributions, which are alsc

part of the Parameter Setup panel when the selected task is probalbilgatie 8-11). Several types of
distributions are available in EOPT. Further details of how to set up probabilistic variables and distributions

are provided in Chaptdd.

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 panektorrelation will be considered in Monte

Carlo simulation (including metamodel based simulations) as well as in re

liability based design optimizatic

and robust parameter dgs, respectivelyOnly correlation between normally distributed variables is allowed.

Variable Correlation

"

&

First Variable ‘ Correlation | Second Variable ‘ Delete ‘
x2 - | -0.5 wd - ‘
indd...

Figure 8-12: Variable Correlation dialog, accessible from Parameter Setup panel.
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8.1.9.Size and locationof initial region of interest (range)
If an initial range is specified, the initial subregion is definef$@sting 1 range/2, starting + range/2]

Remarks
1. The fulldesign space is used if the range is omitted.

2. The region of interess centered on a given design and is used as-apade of the design space to
define the experimental design. If the region of interest protrudes beyonditiregfexce, 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 objectiveofuncti
with respect tsomevariables, while maximizing (or minimizing) it with respect to teeainingvariables

in the variable set. The maximization variables are set using the Maximize option in the Saddle Direction fie
of theParameter Setuppanel. Thedefault selection is Minimize.

8.2. Stage Matrix

Problem global setup AR %

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

2
=
L 2 g < E
£ 9% 2 E w93 b
g = > 5 @ B E «
L g g 0 c 8 >202
_g ZE g < Jom E o
oy o E W W
E oo @a < q:| o o
o EE £ EE _I-aao
ESS35EJdEBEE
m e
H22822c2z=+=
dyna_1 [ T
t_inner 1 T R O O IO
t_outer 1 T R I I I
t_middle 1 O A A N R N |
Gate_location 1 O O O
Injection_time 1 Y Y A A |
Melt_temperature 1 T R I I D
Tool_temperature 1 T A Y |
Legend: [% - Parameter found in file(s) (hover mouse above to see filename(s) = - Parameter manuzlly added
T - Parameter defined upstream ¥ - Parameter linked to a response

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 stage input file, manually added to a stage, or defined in an upstream stage. Hoverir
the mouse over a file icon shows a list of the files where the respective parameter is defined.
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8.3. Sampling Matrix

Problem global setup AN el

Parameter Setupl Stage Matrix Sampling Matrix | Resources | Features |

Reset

cradle_rails
shotgun_inner
shotgun_outer
rail_inner
rail_outer
aprons

& & & [ O & crasH
[ A A A AR NV

Figure 8-14: Sampling Matrix

For multidisciplinary desigmoptimization(MDO) certain variables could be relevant for some but not all
disciplines. In such examples, several samplings (or cases) can be defitteel\aarthbles assigned to some
but not all samplings. The assignment of a variable to a sampling can be selected in the Sampling Matrix
a variable is absent in a particular sampling, it assumes the current global value as generated by the pre\
iteration for substitution in the input files of the next iteration. The number of variables selected for a samplir
directly affects the number of sampling points (and hence the computational effort) required for that samplir
Each column is coupled to tiective Variablestab of the respectivBampling Dialog Section9.4.

Clicking theResebutton reassigns the variables to the samplings as defirled imput files.

If a variable has been deselected for all the Samplings, it is treated as a constant value. Therefore the bas
value will be assumed throughout the optimization. This option can be selected in lieu of explicitly definin
the parametesis a constant.

The sampling matrix can be changed between iterations. Variables detected as insensitive in the first or
other iteration could be switched off for the following iterations.

SeeSection20.5for an MDO example.
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8.4. Resources

Problem global setup ) X
Parameter Setup | Stage Matrix | Sampling Matrix Resources | Features |
Resource ‘ Global limit ‘
LSDYNA 1
LSO_EXTRACTOR 12
USERPOST 12
USERDEFINED 1
METAPOST 1
LSDYNA_IMPLICIT 50
MOLDFLOW_LICENSE 33
IANSA_LICENSE 22
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 t
Setup dialog. The Resources tab shows a summary of all resources defined for all thBestiges,4.1

The resource LSO_EXTRACTOR is generated automatically BDP$ and used for result extraction on
the local machine. Theefaultglobal limitis the number of logical CPUsvailableon the local machine.

8.5. Features

Problem global setup & % 2

Parameter Setup | Stage Matrixl Sampling Matrix | Resources Features

[] Evaluate Metamodel;
.csv file with variable values

|UserPoints Browse

Figure 8-16: Setupi Features

Samplingindependenteatures are available in theaturestab of theSetupdialog, Figure8-16.
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8.5.1.Evaluate Metamodel

The response values of any number of points can be computed using an existing metamodel and written
.csv file (file with commaseparated variables that can be read by most spreagsbg@ms). The input data
is sampling independent.

There are two simple steps to obtain a table with response data.

1. Browse for the file with the sampling point information using Bvaluate Metamodadption in the
Featuredab in theSetupdialog. The fie must be incsv format although spaces, commas or tabs are
allowed as delimitersOnly files with ASCII characters are supportéthe file must contain two
header lines. The first header line contains the variable names. The second header line lv@ntains
variable types; inthiscasev® (desi gn variable) suffices. T
Afdco (discrete variable) or fisto (string var
also AppendixE.4.1). It should be noted that the entry for a string variable is the corresponding
mapped integer value that can be found in the StiengVar.lsox The variable coordinates are
specifiedas one row for each design point. See example below.

2. Use theSetupdialog or command linRepairoption EvaluateMetamodelsSection2.2.1and3.5.

o Input: Each sampling point file must represent all the variablesOBPS checks whether all the
variables defined in the file are represented in th€PS input. Variable order is not important.

0 Output: The ExtendedResults output can be found as METAfile in the main working
directory, e.gExtendedResults METAMaster_3.csv . TheExtendedResults file has
variable, dependent, response, composite, objective, constraint;objalttive and constraint
violation values.

o If sampling points are defined before the startan 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
416.23.3

LS-OPT Version 202 R1 175



9.Sampl i ng & Met a

This chapter describes the specification of sam@ettings, i.e. the metamodel types, point selection schemes
(design of experiments or DOE), and related options available in the Sampling Biglog9-1. The terms
point selectiorandexperimental desigmre used interchangeably.

Sampling CRASH u & x

sampling & Metamodel Settings | Active Variables | Features | Constraints | Comparison Metamodels |

Metamodel Pointselection

(® Polynomial O Full Factarial

(O sensitivity () Linear Koshal

() Feedforward Neural Network () Quadratic Koshal
() Radial Basis Function Network (O Composite

() Kriging (®) D-Optimal

(O Support Vector Regression (O Monte Carlo

(O Metamodel of Optimal Prognosis| | Latin Hypercube
O Userdefined O space Flling
. O Oﬁhogoﬁal Array
® Linear ) User-defined

(O Linear with interaction Number of Simulation Points (per Iteration per Case)
O Quadratic |10 (default)

O Elliptic

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 shoigure9-1 andTable9-1, respectively. The default
selection for the metamodel type and the point selection scheme depends on the choice of task
optimization strategyChapter4. For the sequential response surface method (SRSM) strategy, the defau
choice is the polynomial response surface method (RSM) where response surfaces are fitted to results at
points using polynomials. For global approximasiditted in the single iteration and sequential strategies, the
radial basis function networks are set as the default approximation models. For all steatege<EGO,
Section4.8.4 the feeeforward neural networkKriging, Support Vector Regressioletamodel of Optimal
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Prognosisind useidefined approximation modedse also available. Sensitivithata (analytical or numerical)
can also be used for optimization. This method is more suitable for éinabsis solvers. For details see the
sections referred to inable9-1.

Table9-1: Sampling dialog option$ Metamodétypes

Metamodel Type Description Reference
Polynomial Polynomial approximations up to quadratic order Section
9.1.1
Sensitivity Uses gradients to determine linear metamodels.  Section
9.1.2
Feedforward Neural An artificial Neural network with sigmoid basis Section
Network functions 9.1.3
Radial Basis Function A Neural Network with radial basis functions Section
Network 9.1.3
Kriging A Gaussian process. Form of Bayesian inference. Section
9.14
Support Vetor Regression  Support Vector Regression Section
9.15
Metamodel of Optimal A metamodebased method, integrated from Section
Prognosis optiSLang (an Ansys product), which relies on the 9.1.6
automatic selection of metamodels.
Userdefined Interface for usedefined, dynamically linked Section
metanodel. 9.1.6

9.1.1.Polynomial

When polynomial responseirfaces are constructed, the user can sdfech different approximation order

The available options are linear, linear with interaction (linear andiaffonal terms), elliptic (linear and
diagonal terms) and quadrati8ection23.1.1 In theSamplingdialog, the approximation ordes set in the
Order field, Figure9-1. Increasing the order of the polynomial results in more terms in the polynomial, anc
therefore more coefficients that need to be determined, hence more simulation rwedlack he default
number of simulation runs is automatically updated for the polynomial type (S8idn

The polynomial terms can be used during the variabteeningprocess $ection23.4 to determine the
significanceof certain variablegmain effects) and the creg#luence (interaction effes) between variables
when determining responsédese results can be viewed graphically (Sedt®8.4.

The recommended poinélection scheme for polynomial response surfaces usd3-tiptimality criterion
(Section9.3.2.
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9.1.2.Sensitivity

In this approach, sensitivities are used to gendiatar metamodels. Both analyticahd numerical
sensitivities can be used for optimizatiéigure9-2.

Sampling 1 AR &

Sampling & Metamodel Settings

Active Varizables | Features | Constraints | Comparison Metamodels

Metamodel

O pPolynomial

(® Sensitivity

() Feedforward Neural Network

() Radial Basis Function Network
(O Kriging

(O support Vector Regression

(O Metamodel of Optimal Prognosis
() User-defined

Sensitivity Type
(® Numerical
O Analytical

Perturbation relative to design space

|0.001 (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 hame
Gradient . The values (one value for each variable)@madient should be placed on a single line,

separated by spaces.
In the Sampling dialagheSensitivity Typemust be set ténalytical

A complete example igiven inSection20.7.

Numerical sensitivities

To use numericaensitivities, seledtumericalin the Sensitivity Type field in the Sampling dialog and assign
the perturbation as a fraction of the design spliceire9-2.

Numerical sensitivitie are computed by perturbingoints relative to the current design poifitwhere the
j-th perturbed point is:

X =x’+d e(x, - %)
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o =o if i, jand 1.0 ifi=j. The perturbation constar® is relative to the design space size. The same

ij

value applies to all the variables. The value@tan be specified by the user, the default is 0.001.

9.1.3.Feedforward Neural networks and radal basis function networks

To apply feedforward neural netwaok radial basis function approximatigrselect the appropriate option in
the Metamodefield in theSamplingdialog seeFigure9-3 andFigure9-6, respectively. The recommended
Point Selection scheme for feedforward neural networks and radial basis furgti@space filling method

(which is also the default), SectifrB.4

FFNN Efficiency Options*
Sampling RUN1 % & S

Sampling & Metamodel Settings

Active Variables | Features | Constraints | Execution | Comparison Metamodels

Metamodel Pointselection

O Palynomial ) Full Factorial

(O sensitivity (O Latin Hypercube

(®) Feedforward Neural Network (® space Flling

() Radial Basis Function Netwark () Userdefined

O kKriging Number of Simulation Points (per Iteration per Case)

(O Support Vector Regression
(O Metamodel of Optimal Prognosis
O User-defined Set Advanced Options ==

|10 (default)

First iteration Linear D-Optimal

Include pts of Previous Iterations

Reset

Parallel Builder

Number of Hidden Nodes in Ensemble, Transfer Function Average Type
i 1 2 3 () Linear O Mean
a 5 e 7 (® Sigmoid (®) Median
18 (]9 []10 &z s _ _ Regression Algorithm
Default = Lin-1-2-3-4-5 (O Hardy's Multi-Quadrics ® Levenberg-Marquardt
Number of Committee Members Output Transfer Function—, |O BFGS
|g (default) (®) Linear (O Backpropagation
(O sigmoid
Half Number of Discarded Nets @ e
|2 {default) (O Hardy's Multi-Quadrics

Number of Layers
|3 (default)

Figure 9-3: Feedforward Neural Network Efficiency Options

Neural Network construction calculation may be tiocmmsuming because of the following reasons:
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1. The committee size is large
2. The ensemble size is large.

Committee siz& he default committee size as specified above is largely required because the default numt
of points when conducting an iterative optimize
to have larger variability when supplied with fewer ngej committees are relied on to stabilize the
approximation through averaging. When a large number of points has been simulated however, the commi
size can be reduced to a single neural net by settimgber 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 thamber of Hiden Nodes in Ensembdgtions. Higher order neural
nets are more expensive to compute.

FFNN efficiency options are available in tBamplingdialog if theSet Efficiency Optiobuttonis pressed,
and may be reset to the default settings usinésebutton,Figure9-3. The available options are explained
in Table9-2.

Please refer to Sectiod.3and26.5for recommendations on how to use metamodels.

Table9-2: Feedforward Neural Network Efficiency Options

Option Description

Number of Hidden Nodes in  Ensemble size frorwhich one will be selected according to the
Ensemble minimum Generalized Cross Validation (GCV) value across tt
ensemble. The default is L-ir2-3-4-5.

Number of Committee Because of the natural vability of neural networksSection

Members 24.1.9), the user is allowed to select the number of members i
neural necommittee To ensure distinct members, the regressi
procedure uses new randomly selected starting weights for
generating each committee member.

Half Number of Discarded Net The discard option allows the user to discard committee mem
with the lowest mean squared fitting error and committee
members wittthe highest MSE. This option is intended to
exclude neural nets which are either underoverfitted. The
total number of nets excluded is therefore 2 times the specifie
number.The discardeature is activated during the regression

procedure.
Transfer Function Activation function of intermediate layer (typically sigmoid)
Output Transfer Function Activation function of output layer (typically linear)

LS-OPT Version 202 R1 180



CHAPTER9: Sampling & Metamodel Dialog

Average Type Mean or Median

Regression Algorithm Algorithm to solve nodinear regression pldem. Levenberg
Marquardt, BroydeiirletcherGoldfarbShanno(BFGS) or
Resilient Backpropagation (RPROP)

Execution options for FFNN calculation (Parallel Builder)

FFNNs can be solved concurrently. Select Bagallel Builder option in theSettingstab to emable the
Executiontab.

The Parallel Builder involves the application of the job scheduler to treat each response and each membe
a neural network ensemble as a job to be run in parallel. The committee (which constitutes a particu
ensemble member amnhich is solved using a serial Monte Carlo analysis) is solved selfédjyre 9-4
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 diajage
9-5. All the features that apply to the monitoringsohulations (except LrePost) are also available
for FFNN calculation.

2. Remote computation is supported, so if a cluster setup is available for ed¥NLS jobs, the FFNN
solution setup may only involve a few special settings. See Séchfor a description of the remote
options.

Figure 9-4: Dialog for Parallel FFNN builder
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