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PREFACE TO VERSION 1

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

Much of the later development at LSTC was influenced by industrial partners, particularly in the automotiv
industry. Thanks are due to these partners for thepem@tion and also for providing access to fegh
computing hardware.

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

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

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

The addition of a mathematical library of expressions for composite functions.
The adlition of variablescreeninghrough the analysis of variance.

The ex@nsion of the multidisciplinary desigmtimizationcapability of LSOPT.

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

The interface to the L®YNA 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 sequential search method.

N~ WNE

As in the past, these developmemése been influenced by industrial partners, particularly in the

automotive industry. Several developments were also contributed by Nely Fedorova and Serge Terekhoff of
SFTI. Invaluable research contributions have been made by Professor LarsgunnaraNidsisisngroup in

the Mechanical Engineering Department at Link©?pi

group in the Department of Mechanical Engineering at the University of Pretoria, South Africa. The authors

also wish to give special thantesMike Burger at LSTC for setting up further examples for Version 2.

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

The development of L®PT has continued with an emphasis on the integratibnLS-DYNA and LS
PREPOST and differs from the previous version in the following significant regards:

LS-OPT is now available for Microsoft Windows.

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

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

4. Extended visualization of statistical quantities based on multiplewaresimplemented 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 network committees were introduced as a means to quantify and genespbinsee
variability.

8. Mixed discretecontinuous optimization is now possible.

9. Parameter identification is enhanced by providing the necessary graphicig@ostprocessing
features. Confidence intervals are introduced to quantify the uncertainty gitimalgparameters.

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

11.Matrix operations have been introduced.

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

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

14. A utility is provide to both reduce the d3plot file sizes by deleting results and to transform the d3plo
results toa moving coordinate system.

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

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

17.A feature is introduced to retry aborted rungjoruing systems.

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

19.Radial basis function networks as surrogate models.

20. Multi-objective optimization for converging to the Pareto optimal front (direct & metarhadeld).

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

22.Mapping of results to the FE mesh of the base design: the results are considerectabfkedtes.
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 been redesigned completely (Version 3.4)

=
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30. Strategies for metamedbased optimization are provided as GUI options

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

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

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

34.Kriging has been updated and accelerated.

35.Enhancements were made to the Accuracy selection in the viewer by allowingaidal point
attributes such as feasibility and iteration number.

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

As in the pat, these developments were strongly influenced by industrial partners, particularly in the
automotive industry. LPT is also being applied, among others, in metal forming and the identification of
system and material parameters.

In addition to longtime participants: Professor Larsgunnar Nilsson (Mechanical Engineering Department,
Link6ping University, Sweden), significant contributions have been made by Dr. Daniel Hilding, Mr. David
Bjorkevik, Mr. Christoffer Belestam and Mr. Al&vedin of Engineering Research AB (Linkoping) as well

as Dr:Ing. Heiner Mullerschon, Dipling. Marko Thiele and DipiMath. Katharina Witowski of
DYNAmoreGmbH, 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 development of a new graphical postprocessor as:
as the improvement of the job sduéing system, especially with regard to scheduling on computer clusters.
The following features have been added:

Version 4.0:

1.

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

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

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

plots have been added to the more traditional scatter plot. Multiplespain be selected to create a
table of response values. Point highlighting is ciasmected between plot types.

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

5. Topology optimization LSOPT®/Topology has been added as a separate moduleeRéfasto the
LS-OPT/Topology User's Manual.

6. Many of the features such as the ReliabiBgsed Design Optimization have been significantly
accelerated.

7. The Blackbox queuing system has been streamlined in terms of providing better diagnostics anc
specidqueuing systerklondahas been added.

8. The NASTRAN interface for frequency extraction and mode tracking has been added.

Version 4.1:
9. Discrete sampling can be done on a variable by variable basis for most sampling schemes includ

D-Optimality, Space Hing and Full Factorial.

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

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

gueuing systems.

12.Job data is displayed on the run progress batsavselection to view the solver log file at any stage

of the run.

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

allows LSOPT to be used with any solver code that produces a text database.

16.Responses can be linked to-D¥NA cases (*CASE keyword).
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17.1n addition to polynomials, Radial Bastsinctions can now be used for parameter identification.

18.The following features have been added to the Viewer:@gjanizing Maps (for mukobjective
optimization), twedimensional interpolation matrix using metamodels, global sensitivities (Sobol),
Conmputed (simulation) and Predicted (metamodel) histories, Parallel Coordinate plot for simulation
results.

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

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

21.The Run page has been rationalized. Clean start ogtrensow available for all tasks.

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

Version 4.2:

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

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

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

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

27.Kinematics for NODOUTbased responses and histories. Includes the calculation of deformation and
distance in global, local and loealreferenceframe coordinate systems.

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

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

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

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

32.The Dominated Hypervolumenethod as a stopping criterion for midthjective optimization
methods (GA).Crowding Distanceand Spreadof the Pareto Optimal Front can be monitored
graphically.
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33. SelfOrganizing Maps is available to visualize simulation results.
34.Refinements have been made to the 2D Metamodel Gestson display by adlag 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.
35.LS-OPT database archiving has been expanded to include extraiffeassolver input files.

36. Histories have been added to the GenEx (generic extraction) result extraction feature. In the pe

only responses could be extracted.

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

38.A derivative history function has been added to compute the derivative of a time history, e.c

acceleration from velocity.

39. A general filtering feature for time histories has been additerirg 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

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

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

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

43.0ption for selecting the number of verification runs for the tw@fflecurve of multiobjective
optimization. Space Filling sampling is done to obtain a-distributed tradeff set.

44.Head injury criterion (HIC) using three nodes for the different coordinate directions.
45. Support Vector Regression introduced as a metamodeling type.
46.Userdefined postprocessor opticn.

The automotive and other industries havearagsade significant contributions to the development of new
features in LSOPT. In addition to longime participant Professor Larsgunnar Nilsson (Mechanical
Engineering Department, Linkdping University, Sweden), Dr. Daniel Hilding, Mr. David Bjorkevikand
Christoffer Belestam of Engineering Research AB (Linkdping) as well am@rHeiner Mullerschén and
Dipl.-Math. Katharina Witowski of DYNMmoreGmbH, Stuttgart, Germartyave made major contributions
as developer®r. Trent Eggleston has recentlyeated 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 hascontinued with an emphasis on the integration withCYQNA. The main

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

Version 5.0:

1.

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

2. File operations such as deleting and copying between dependentsstageailable.

3. GUI features have been added to easily identify sources of design parameters.

4. Job monitoring has been enhanced by allowing progress visualization on-bystigge basis. Any

run directory can be viewed.

5. Resource definitions have beerdad 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 forming failure criteria.

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

9.

be 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 CdroglaViatrix in the Viewer. The crossorrelations for

any entity can be sorterl.

Version 5.1;

1.

Multilevel optimization. An LSOPT solver type can be selected to allow the nesting of arf9R’B
task.

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

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

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

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

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

8. De-activation of variables in iterative methods. The user can seamlessly deactivate variables at a
stage of the iterative process. This is useful for variable screening.

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

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

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

12.Responses and/or histories can be cloned (Stage dialog in GUI).

As in previous years, the automotive and other industries have made significant contributites
development of new features in {GBPT. In addition to longime participant Professor Larsgunnar Nilsson
(Mechanical Engineering Department, Linkoping University, Sweden), Dr. Daniel Hilding, Mr. David
Bjorkevik, Mr. Ake Svedin and Mr. ChristoffereBestam of DYNAnoreNordic, Linképing as well as Dr.

Ing. Heiner Millerschon anBipl.-Math. Katharina Witowski of DYNAore GmbH, Stuttgart, Germany
have made major contributions as develop8ecial thanks go to Katharina for patiently editing and
managng 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 dependencies. Thanks also go to Prof. Satoshi Kitayama of Kanazawa University, Japan for providin:
the Differential Evolution algorithm.

Nielen Stander and Anirban Basudhar
Livermore, CA
May, 2014
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1.l nt roducti1 on

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

Obestd design, since design objectives are SO0mMme
design to achiex the best compromise of these objectives. A more systematic approach can be obtained
using an inverse process of first specifying tt

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

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

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

Among several methodologies available to address optimizatiathis designenvironment,response
surfacemethodology (RSMa statistical method for constructing smooth approximatiorfanctions in a
multi-dimensional space, has achieved prominence in rgeans. Rather than relying on local information
such as a gradient only, RSM selects designs that are optimally distributed throughout the design spac
construct approximate surfaces or 0desd gins falrlne
and the method attempts to find a representation of the design response within a bounded design spac
smaller region of interesthis extractiorof global information allows the designer tepéore the design
space, using alternative design formulations. For instance, in vehicle design, the designer may decide
investigate the effect of varying a mass constraint, while monitoring the crashworthiness resp@nses
vehicle. Tre designer might also decide to constrain the crashworthiness response while minimizing
maximizing any other criteria such as mass, ride comfort criteria, etc. These criteria can be weight
differently according to importance and therefore the degignesneeds to be explored more widely.

Part of the challenge of developing a design program is that designers are not always able to clearly de
their design problem. In some cases, design criteria may be regulated by safety or other considerations
therefore a respong®s to be constrained to a specific value. These can be easily defined as mathemati
constraint equations. In other cases, fixed criteria are not available but the designer knows whether
responsegnust be minimized or maximized. In vehicle design, for instance, crashworthiness can b
constrained because of regulation, while other parameters such as mass, cost and ride comfort can be tr
as objectives to be incorporated in a malijective optimzation problem. Because the relative importance
of various criteria can be subjective, the ability to visualize the “wéfdproperties of oneesponse vs.
another becomes important.
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Tradeoff curvesare visual tools used to depict compromise properties where several important response
parameters are involved in the same design. They play an extremely important role in modern design where
design adjustments must be made accurately gndlyaDesign tradeff curves are constructed using the
principle of Pareto optimaity. This implies that only those designs of which the improvement of one
response will necessarily result in the deterioration of any other response are represented. In this sense n
further improvement of a Pareto optimal design can be made: it is the best compromise. The designer still
has a choice ofebigns but the factor remaining is the subjective choice of which feature or criterion is more
important than another. Although this choice must ultimately be made by the designer, these curves can be
helpful by limiting the number of possible solutionsi A&xamplen vehicle design is the traddf between

mass (or energy efficiency) and safety.

Adding to the complexity, is the fact that mechanical design is really an interdisciplinary process involving
a variety of modeling and analysis teolTo facilitate this process, and allow the designer to focus on
creativity and refinement, it is important to provide suitable interfacing utilities to integrate these design
tools. Designs are bourid become more complex due to the legistabf safety and energy efficiency as

well as commercial competition. It is therefore likely that in future an increasing number of disciplines will
have to be integrated into a particular design. This approach of multidisciplinary degigres the
designer to rumore than onease, often using more than one type of solFer examplethe design of a
vehicle may require the congration of crashworthiness, ride comfort, ndeseel as well as durability.
Moreover, the crashworthiness analysis may require more than one analysis case, e.g. frontal and side
impact. It is therefore likely that as computers become morefolvthe integration of design tools will
become more commonplace, requiring a multidisciplinary design interface.

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

The present version of LOPT also features Monte Carlo based point selection schemes and optimization
methods. The respective relevance of stochastic and respofas® ©iased methods may be of interest. In a

pure response surface based method, the effect of the variables is distinguished from chance events whil
Monte Carlo simulation is used to investigate the effect of these chance events. The two methodsg should b
used in a complimentary fashion rather than substituting the one for the other. In the case of events in which
chance plays a significant role, responses of design interest are often of a global nature (being averaged o
integrated over time). These resges are mainly deterministic in character. The full vehicle crash example

in this manual can attest to the deterministic qualities of intrusion and acceleration pulses. These types of
responses may be highly nonlinear and have random components dgeritrallable noise variables, but

they are not random.

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

This LSOPT® manual consists of four main parts.

|-User 6s Manual

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

Il - Examples

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

Ill - Theory

Fundamentals are provided for the various featuwr&S-OPT.

IV - Appendix

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

1.2. How to read this manual

Most users will start learning LOPT by consulting the Userds 2Mani
(Getting Started)

The Examples (Chapteis$ through18) areincluded to demonstrate the features and capabilities and can be
read together with Chapte2go 15to help the user to set up a problem formulation.

The Theoretical Manual (Chaptet8 through23) serves mainly as an-olepth reference section for the
underlying methods.

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

The manual functions as a hypertext document such that links in the manual body can be used for crc
referencing and will take the reader to the relevant item such as Se@ityrReferencé4] or Figure 20-5

(just click on any of the aformentioned referenceshlt+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 EOPT.
Table2-1 describes the L®PT execution commands.

Table2-1: LS-OPT execution commands

Command Description

Isoptui commandfile_name Execute the graphat user interface

Isopt commandfile_name LS-OPT batch execution

Isopt env Check the LSOPT environment setting. The GPT
environment is automatically set to the location of dapt
executable.

viewer command_file_ name Execute the graphicadostprocessor (also accessible from
GUI)

com2Isopt com.abcde abcde.lsoConverts a | egacy 6écombé fil

2.2. Name conventions in LSOPT

Entities such as variablesesponsesetc. are identified by their names. A name length is limited to 61
charactersln addition to number8- 9, upper or lower case letters, a name can contain any of the following

characters:. . Spaces are not allowed

For entities that can not be used in matherah&xpressions, i.stage , sampling , distribution
and resource , the name can contain the charactei%= as well.Envvar names can additionally
contain-+%.

For entities that can be used in mathematical expressionsariable, history, response ,
composite  and filehistory , the leading character must be alphabeti¢aloseentities must be
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given unique name$ecause mathematical expressions can be constructed using\enttgies in the same
formula.

2.3. A modus operandifor design using responssurfaces

2.3.1.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 planned ar
the designer needs to be familiar with the model,gmtace and design tools well in advance. The following
points are considered important:

1. The user should be familiar with and have confidence in the accofaitye model (e.g., finite
element model) used for the design. Witha reliable model, the design would make little or no
sense.

2. Select suitable criteria to formulate the design. The respaoepessented in the criteria must be
produced by the analyses and be accessibleORE.

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

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

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

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

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

8. Choose a design space. This is represented by absolute bounids wariablesthat you have
chosen. The responsemy also be bounded if previous information of the functional responses is
available. Even a simple approximation of the design respeoase be useful to detaine
approximate function bounds for conducting an analysis.

9. Choose a suitable starting design range for the design varidlblesrange should be neither too
small, nor too large. A small design region is conservative but may require iteegiyons to
converge or may not allow convergence of the design at all. It may be too small to capture the
variability of the responsbecause of the dominance of noifemay also be too large, such that a
large modeling ermois introduced. This is usually less serious as the region of intergstdually
reduced during the optimizatigmmocess
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10.1f the user has trouble deciding the size of the starting range, it should be omitted. In this case t
full design space is chosen.

11.Choose a suitable order for the design approximatdmes using polynomial responsafaces (the
default). A good starting approximation is lindscause it requires the least number of analyses to
construct. However, it is also the least accurate. The choice thereforeepéswld on the available
resources. However, linear experimental designs can be easily augmented to incorporate higher ol
terms.

Before choosing a metamodel, please also coBsuditions20.3and21.5

After suitable preparation, the optimizatiproeessmay now be commenced. At this point, the user has to
decide whether to use an automated iterative proce8ei¢n20.3 or whether to firstly perform variable
screening(through ANOVA or Global Sensitivity Analysjsbased on oner a few iterations. Variable
screening is important for reducing the number of design variables, and therefore the overall computatio
time. Variable screeng is illustrated in two examples (s8ectionsl6.5and16.6).

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

A stepby-step semautomated procedure can be just as useful, since it allows the designer to proceed mc
resourcefully. Computer timean be wasted with iterative methodspexsally if handled carelessly. It
mostly pays to pause after the first iteration to allow verification of the data and design formulation ar
inspection of the results, including ANOVA and G8ata. In many cases, it takes only 2 to 3 iterations to
achieve a reasonably optimal design. An improvement of the design can usually be achieved within c
iteration.

A suggested stepy-step semautanated procedure is outlined as follows:

2.3.2.A step-by-step design optimizationprocedure

1. Evaluate as many points as required to construct a lapaoximation. Assess the accuradythe
linear approximation using any of the error parameters. Inspect the main effects by looking at tf
ANOVA and GSA results. This will highlight insignificant variableat may be removed from the
problem. An ANOVA/GSA is simply a single iteration run, typically using a linear response surface
to investigate main and/or interaction effects. AMOVA and GSA results can be viewed in the
postprocessor of LSOPT (see Sectioh3.3.9.

2. If the linearappoximation is not accurate enough, add enough points to enable the construation of
guadraticapproximation Assess the accuraoythe quadratic approximation. Intermediate stes
be added to assess the accuracy of the interaction and/or elliptic approxsmRieial Basis
Functions (Sectior20.1.3) can also be used as more flexible higher order functions (They do not
require a minimum number of points).

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

LS-OPT Version 5.1 7



CHAPTERZ2: Getting Started

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

In case (3a), different approaches can be taken. Firstly, the user styanlddentify the source of

the noise e.g. when considering acceleratimhated responses, was filtering performed? Are
sufficient significant digits available for the response in the extraction database (not a problem when
using LSDYNA since data is extracted from a binary database)? Is mesh adaptivity used correctly?
Secondly, if the noise cannot be attributed to a specific numerical source, the process being modeled
may be chaotic or random, leading to a noisy response. In this casgsetheould implement
reliability-based design optimizatiotechniques as described 8ection23.8 Thirdly, other less

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

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

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

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

If the approximate solution is in the interior, the solution may be good enough, especially if it is close to
the starting point. It is recommended to analyze the optimum design to verdgcisacy If the
accuracy of any of the functions in the current subprob$epoor, another iteration is required with a
reduced subregion size

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

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

2.4. Recommended test procedure

A full optimizationrun can be very costly. It is therefore recommended to proceed with care. Check that the
LS-OPT ogimization run is set up correctly before commencing to the full run. By far the most of the time
should be spent in checking that the optimization runs will yield useful results. A common problem is to not
check the robustness of the designtkat some of the solveruns 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 tlamalysis modeby running 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 time
dependentanalysis). Twoimportant designs are those with all the design variabétsat their
minimum and maximum values. The starting design can be run by selBesefjne Rurirom the
control barRun menu.

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

LS-OPT Version 5.1 8
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3. For a time dependentanalysis or no#linear analysis, reduce the terminatidime or load
significantly to test the logistics and features of the problem and solution procedure.

4. Execute LSOPT with the full problem specified and monitor the procea2ss.
Also refer to Sectio.2

2.5. Pitfalls in design optimization

A number of pitfallsor potential difficulties with optimizatiormre highlighted here. Enhperils of using
numericalsensitivityanalysishave already been discussed and will not be repeated in detalil.

2.5.1.Global optimality

The KarushKuhn-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 probl
(such as the well known far truss sizing problem with 10 design variaphlesay have more than one
optimum. The objective is, of courde, find the global optimum. Many gradiebased as well as discrete
optimal design methods have been devised to address global optimality rigorously, but as there is
mathematical criterion available for global optimality, nothing short of an exhaisstareh method can
determine whether a design is optimal or not. Most global optimizatethods require large numbers of
function evaluations (simulations). In £&PT, global optimality is treated on the level of the approximate
subprollem through a multistart method originating at all the experimental design points. If the user can
afford to run a direct optimization procedure, a Genetic AlgoritBati{jon21.8 can be used.

2.5.2.Noise

Although noise may evincéhe same problems as global optimalitiie term refers more to a high
frequency, randomly jagged respon&n an undulating on&his may be largely due to numericaund

off and/or chaotic behavior. Even though the application of analyicggmianalytical design sensitivities
for 6noisy®é problems is curr ent |-basechaptimaatidmethadds r e
which can be applied to impact and mdtaiming problems are ndikely to be forthcoming. This is largely
because of the continuity requirements of optimization algostland the increased expense of the
sensitivity analysis Although fewer faction evaluations are required, analytical sensitivity analysis is
costly to implement and probably even more costly to parallelize.

2.5.3.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 examj@ethe 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 possibte faf the simulation process. This is
almost always an indication that the design formulation is-robost. In most cases poor design
formulatiors can be eliminated by providing suitable constraints to the problem argithese to limit
future experi ment al desi gnSectidnk®.2.§. 60reasonabl ed d
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CHAPTERZ2: Getting Started

2.5.4.Impossible designs

The set of 1 mpossi blbée idne stihgen sd erseipgrne ssepaatwsbararugé hsoil ne
structure with each of the truss members beisgjgned a length parameter. An impossible design occurs
when the design variablese such that the sum of the lengths becomes smaller than the base measurement,
and the truss becomes unassemblalilecan alsooccur if the design space is violated resulting in
unreasonable variables such as-positive sizes of members or angles outside the range of operability. In
complex structures it may be difficult etscd.f or mul

2.5.5.Non-unique designs

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

o Different solutions are found having the same objective function values
o 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 coulc
be that the data set is large but that some of the parameters are insensitive to the functions corresponding t
the data. An example isthedettrm at i on of t h eE) of @ mategaf sut haming tedt pomits (
only in the plastic range of deformation (see exanf@etion17.1). In this case the response functions are
insensitive tde and will show a very high confidence interval B(Sectionl17.1.4.

The difference between a noobust design and an impossible esi¢hat the nommobust design may show
unexpected behavior, causing the tarbe aborted, wtal the impossible design cannot be synthesized at
all.

Impossible designare common in mechanism design.

2.6. Setup of a simple optimization problem

2.6.1.Working directory

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

2.6.2.Startup

Open the graphical user interface of -OPT as described irSection 3.1 and enter the required
specifications to generate an-C8°T project file to start fronkigure2-1. SelectingCreatewill open up the
main LSOPT GUI window,Figure2-2.
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&

LS-OPT User Interface
Version 5.0 (Revision 79865)
by

(C) Copyright 2000-2011 - All Rights Reserved

com.iterate.correct

singlestage.correct.lsopt
/home/katharina/LSTC/optQA/CLASS_EXA
com_real_kaw.lsopt
/home/katharina/download/05_Test_130

/home/katharina/download/05_Test_130

com.frequency.iterate.correct

com .frequency.iterate.correct
msehistory.single.correct.lsopt
fhome/katharina/LSTC/optQA/CLASS_EXA

fhcmeﬂ(atharinafSINGLECASE;msehistorm

B

o7 LS-OPT 5.0
& M’“”‘%LSTC
Mummom Software Livermore Software Technology Corporation
“ mm Technology Corp.
New project Open recent project
Working Directory
[EITERATE I l com.iterate.correct
Filename
[srsm ].Isopt
Problem Description
[ l com_real.lsopt
Author
Initial Sampling name
[Sampling_CRASH l
— msehistory.lsopt
Initial Stage name
[CRASH l ] w [
Create |
| Help |

|Open other project ... |

| ouit |

Figure 2-1: LS-OPT Startup dialog. Select the working directory, enter a name for theQFST project
file and a name for the initial samplig and initial stage to generate a new project.

srsm.|sopt - L5-OPT 5.0

EE + £

Metamedel-based optimization 0@ =

Setup I |Samp|ing Sampling_C
0 parameters | 0 vars, 0 sp filling design:

v

CEIEY
?

R Optimization

werification 97
L 0 objectives

= |l oconstraint: ]

LS-DYNA CRASH

Build Metamodels

|;'ho me/katharina/L5TC/optQA/CLASS EXAMPLES/DESIGN OPTIMIZATION/SIMPLEITERATE/srsm.Isop

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

2.6.3.Task

Open theTask dialog by selecting the corresponding icon from the control &2

Figure2-3, e.g.Metamodebased Optimizatiomvith

1)( Select the task to run,
Strategy Sequential with Domain Reductio@hapter

4. The main GUI displays the process flow of the selected task.

LS-OPT Version 5.1
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Gad Task selection [z3)

Main task
Metamodel-based

@ Optimization

() DOE study

() Monte Carlo analysis

() RBDO/Robust Parameter Design

Direct simulation
() Optimization
() Monte Carlo analysis

Strategy for Metamodel-based Optimization
) Single Iteration

() Sequential

@ Seguential with Domain Reduction (SRSM)

-

Sampling points are added sequentially
in an adaptive subregion.
Metamodel optimization is done at each iteration
and is limited to the current subregion.
. Suitable for finding a converged solution
(e.g. system identification).
. Generally unsuitable for global exploration.

¥

w

'S

[[] Global Sensitivities
Do verification run

Batch Mode Options
[_| Baseline Run Only

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

2.6.4.Stage

Set up the process chain. In the simplest case, a Stageis required to interface with a solver, e.g.-LS
DYNA. Select the already availab&tage box, Figure 2-4. Select the solvePackage ldme the solver

Commanaand the parameterizedput File, Chapterb. 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 inpuFidggire 2-5.

Next, switch to theResponsesand Histories panel,Figure 2-6, to define results to be extracted from the

solver output database (to be used as objectives or constraints in the optimization phase);.Chapter

LS-OPT Version 5.1
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(o Stage CRASH =)
Setup | Parameters = Histories = Responses  File Operations
General
Package Name[ LS-DYNA Cl
Commandllsg?l_single ” Browse l

[] Do not add input file argument

Input File [main.k ” Browse l

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

[[] Extra input files

LS-DYNA Advanced Options

Execution

Resources

Resource Units per job Global limit Delete
1 1 H4 x

Create new resource

[] Use Queuing

[[] Use LSTCWM proxy

[ Environment Variables

[] Run Jobs in Directory of Stage

oK

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

e Stage CRASH =)
Setup |PE|T ameter 5| Histories = Responses  File Operations
Name Found in file(s)
thumper main.k
thood main_k
Add

oK

Figure 2-5: Stage dialog Parameters. Displays the parameters found in the input file specified in Setup
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PT Stage GRASH (&)
Setup | Parameters Histories | Responses | File Operations
Response definitions Add new
Disp2 Generic B
NODOUT: Last registered X Component of Displacement of node with USERDEFINED
ID 432
GENEX
Displ
NODOUT: Last registered X Component of Displacement of node with EXCEL E
ID 167 EXPRESSION
Acc_max m
NODOUT: Max X Component of Acceleration of node with ID 167 INJURY
filtered with SAE Filter |
MATRIX_EXPRESSION
Mass LS-DYNA
MASS: Mass of parts 2,34 and 5
ABSTAT
HIC *
INJURY: Head Injury Coef, maximum of 15ms, for Acceleration of node ENDOUT
with 1D 432 D3PLOT
DBBEMAC
DBFSI
DEFORC
ELOUT E
ook |

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

2.6.5.Setup

Select theSetup box at the top left of the main GUGhapter8. All parameters that are defined in stage
input files should automatittg be available as constantsgure2-7.

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

Then enter the requested values, e.g.Stating value andMinimum and Maximumvalues to define the
designspace for a continuous variable.

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

&)

["] Show advanced options

Type Name

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

conmms || |

conmums || |

Starting Minimurm Maximum Delete
3 1| 5|
1) Al 5|

Add...

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

2.6.6.Sampling and Metamodels

Select theSampling box, Chapte®. Select theMetamodelndPoint Selectiontypes, or just use the defa

values Figure2-8.

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

skipped.

Lt

Sampling 1

=

Metamodel

@ Polynomial

) Sensitivity

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

() Support Vector Regression

() User-defined

Order

@ Linear

() Linear with interaction
) Quadratic

() Elliptic

| Sampling Metamodel Settings | Active Variables | Features | Constraints

Pointselection

) Full Factorial

() Linear Koshal

() Quadratic Koshal
() Composite

@ D-Optimal

() Monte Carlo

() Latin Hypercube
(_) Space Filling

) User-defined

Nurmber of Simulation Points (per Iteration per Case)

|5 {default) |

Set Advanced D-Optimal Options }}l

Figure 2-8: Sampling dialog. Select the metamodel type and point selection scheme.
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2.6.7.0ptimization

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

Switch to theConstraints tab. From the previously defind@esponsesselect the constraints and specify
lower and upper bounds, respectivéiigure2-10. Use tke default setting for the algorithm.

Bt ©ptimization =

Objectives || Constraints | Algerithms

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

Objective components: Add new

Response/Composite Weight Responses

x HIC . 1 tdefault).

Composites

Intrusion

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

(ad ©ptimization =

Objectives || Constraints || Algarithms

[[] Constraint scaling

Optimization constraints: Add new
Response Lower Bound  Strict Upper Bound  Strict Responses
x Mass Set lower bound x | 0.5_| O Displ
., Acc_max
® Intrusion Set lower bound ® | 550_| O HIC
Composites

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

Select the Termination criteria box, ChapiilSHINCIISSOUSICERONNICHNICHINGEINNCCHINSTRE!

Specify theMaximum number of Iterations.g. 5 iterationdJse the default values for the other options.

(Kad Termination Eriteria (=)

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

Design Change Tolerance

|_D.Dl (default) |

Objective Function Tolerance

|_D.Cll (default) |

Maximum number of Ilterations
E B

»

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

After setting up the optimization problem, run the task using the options from the contRalrbarenu (}
), Section3.3.

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

2.6.10.Viewer

Use the ViewerChapterl3) to evaluate the results by selectiﬁ:(gfrom the the main GUI window control
bar. The Viewer provides features to display metamodels and plot simulation results and optimizatic
progres.

2.7. REFERENCES

[1] Stander, N. Goel, T. Metamodel sensitivity to sequential sampling strategies in crashworthiness
design. InProceedings of the 2AIAA/ISSMO Multidisciplinary Analysis and Optimization
Conference,Victoria, British Columbia, Canad&ep 1012, 2008
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3.Graphi cal Us er

This chapter introduces the graphical user interface eOPS$. The LSOPT GUI enables the user to
construct a simulation process, using a flowchart to define the stage dependencies. The process can then &
subjected to any of the available analysis tasks such as simulation, optimization, Monte Carlo analysis, etc.
Using progress bars and LEDs, the GUI also provides a window on the progress of each of the optimization
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 ussogtui.exe A command file can be opened directly by
drag and dropr by doubleclicking on the.lsopt  filename

If the user interface is launched without a command file argurtten$tartup Dialogopens up, where the
user can either define a ndvs-OPT project, or select an existing project to open, Biggire 3-1. The
options are explained ihable3-1. Otherwise the specifieldS-OPT project is opened in the user interface
(seeFigure3-2).

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

Isoptui [com.abcde]
Saving the GUI contents produces a fabcde.lsopt in .xml format.

The file abcde.lsopt can also be generated by executing the folhgwtommand in the command
prompt:

com2xml com.abcde abcde.lsopt
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LSTC

Livermore Software
Technology Corp.

New project

Working Directory

DESIGN_OPTIMIZATION

<

Filename

[mdo ].Isopt

Problem Description

[Multi—disciplinary optimization l

Author

| l

Initial Sampling name

[Sampling_CRASH l

Initial Stage name

[CRASH l

LS-OPT 5.0 [e3)

LS-OPT User Interface
Version 5.0 (Revision 79744)
by
Livermore Software Technology Corporation
(C) Copyright 2000-2011 - All Rights Reserved

Open recent project

iterate.correct.lsopt
Jhome/katharina/LSTC/optQAJCLASS _EXA
Isopt_db
Jhorme/katharina/LSTC/optQA/DYNASTAT
multi_stage.lsopt
/home/katharina/LSTC/optQA/PROCESS_|
com.rod.meta

com.rod.meta

MC.lsopt
/home/katharina/LSTC/optQA/DYNASTAT
basf3.lsopt
fhome/katharina/LSTC/optQA/PROCESS_
frequency.iterate.pack.lsopt
fhome/katharina/LSOPT/Schulungsunterl|

< | |)]

lOpen other project ]

Figure 3-1: Startup Dialog of Isoptui
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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.

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

sopt is automatically appended to the selected name.

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

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

Author Author information (optional)

Initial Sampling Each LSOPT project requires at least cBamplingdefinition. The Chapter@

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

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

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

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

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

project

Quit Quit Isoptui

3.2. The GUI main window

Theflowchartin the main GUI of LSOPT (Figure3-2) mimics the process of tiselectedask, e.g. starting
from globalparameterslefined inSetup through the sampling, the simulation process chain defined by the
stages and dependencies, the building of mmtdels, the metamodel optimization, checking of
convergence, and domain reductioroime or mordoops, and finally the verification run for metamodel
based, sequential optimizatidRefer toChapter4 for details on the available tasks.

Double clicking on any of the boxes opens the correspondinggdialbere settings can be viewed and
adjusted. The dialogs and options are explained in the respective chapt€ed)le8eS.
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The control bar menus are described able3-1.

s mdollsopt - LS OPT 50 SDEE)]
E E + /" } M Metamodel-based optimization OO = ‘?
Setup ] _| Sampling Samplingl
0 parameters J ..|. 0 wars, 0 sp filling design:
B - ]_S-I:I|YNA Stagel
‘ Finish J \

r ) [ ) ' [ Core Optimizer | B -
Verification — .p - —. Build Metamodels
1 desi | 0 objectives |
\ Sl ,|L 0 constraints J| !

Multi-disciplinary optimization
Mhomefkatharina/LSTC/optQA/CLASS EXAMPLES/DESIGN OPTIMIZATION/mda.lsop

Figure 3-2: Main LS-OPT GUI window for a setup of a Metamodbhse 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 apxisting LSOPT project
Save Save current project

Save as Save current project a

Exit Exit Isoptui
5 Input Open thdsopt_input file
Output Open thdsopt_output file

Summary Report Open thdsopt_report file
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Warnings Open theVARNING_MESSAGIEe

Errors Open theEXIT_STATUSfile

Open project Opens up the working directory
folder

Ot her f i Optionto open any other text file

-+ Add Sampling  Add additional Sampling. The name of the samplii Chapete®
will be used as the name afubdirectory used for
sampling related databases such as
Experiments_n.csv and
AnalysisResults _n.Isox

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

directoryto the working directory. Stagelated

databases are stored in this directory.

Add Composite Add Composite Chapterl0

Add Domain Use Domain Reduction (same Ssquential with Sectior4.8

Reduction Domain Reductiomption in Task dialog)

Add Termination Switch to sequential Strategy Chapterrehler!

Criteria Verweisquelle
konnte nicht
gefunden
werden.

Add Verification Run an additional simulation using the parameter Section4.11
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. Section4.10
Sensitivities
Ve Relayout stages Layoutthe stage boxes according to the defined

dependencies.

Show XML Tree Show the XML Tree for the current settings.

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

LS-OPT Version 5.1 22



CHAPTER3: Graphical User Interface

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

Clean Clean from current iterationtgr]: Removes all Section3.4
simulation data as well as optimization datarfrihe
specified iteratiorter onwards.

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

Clean All: The directory structure created by-LS
OPT and all the files in this directory structure are

deleted
DynaStats Opens DynaStats Chapterl4
3 Normal Run Run task Section3.3.1

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

[ | Stop Button is only available while L®PT is running.
Stops the current optimization and all running jobs

|4 Viewer Opens the viewer for pegrocessing. Chapterl3
on Task Opens Task Dialog. Chapterd
s 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.

? Manual Opensthe LOPT User 06s Manual

About Information about LSOPT
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Table3-3: Process Boxes

Box Description Reference
Setup Parameters (global set), Global optimizatsattings, Chapter8
variable connectivity, resource data.
Sampling Point selection and metamodel settings Chapter9
Stage Interface to solver such as solver command and input fi Chapter5
File Transfers Transfer files to a downstream stage. Section 3.2.2
Build Metamalels =~ Same as Sampling Chapter9
Composites Define composites Chapterl0
Global Sensitivities Calculate global sensitivities Sectiond.10
Optimization Definition of objectives, constraints and optimization Chapterl1
algorithms
Monte Carlo Monte Carlo settings Section11.5
Termination Criteria Termination criteria for sequential strategies Chapter~ehler!

Verweisquelle
konnte nicht
gefunden
werden.

Domain Reduction Domain reduction settings for strategy sequential with  Section4.8
domain reduction

Verification Run Perform (specified number of) verification run(s) Sectiond.11

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

simple process is a sequengee-processor solver postprocessorwhich canbe constructed by

defining three sequential stagéowever, a process of high complexity can also be created. For instance
the flow of the process is allowed to merge and branchFgeee3-3.
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e multi stagelsopt - [LS-OPT 5.0 SEE
i ?

Metamodel-based optimization om =

Setup 1 | Sampling sampling_M
8 parameters ‘5 wvars, 10 sp flllmg design:
ANSA

ANSA -
FE Morpher Molding_ Mcrpher FE Morpher Mcda\ ?FE MGVPth StFESS
Epars Epars ipars L 3 pars
|

- |
Finish Sl ""-.‘ Mcldmg_Analyys
reduction 4 pars
\ k .
Cooling_Analysis
L _
— — — L - Warping_Analysis
Verification } Termination J T

100 designs criteria !

aNsy

." "" .\ -

?Map fiber_to_| mesh %ap fiber_to mEShJ %ﬂap fiber_to | mesh

‘ Core Optimizer

- ~ L ‘ i
}%' WA Crash_Analysis Modal Ana\yS\S M‘M SIS Ana\ys\
L constraints J | 2 ek 2 e 1resp Lresp
BETA BETA

| METAPost DYNA |METAPcst NASTRA% METAPOSt_DYNA_ Strw

. I T T A
| Glcbal Sensmwtles Composites I | Build Metamodels
10000 points 2 definitions J ‘ 5 rbf surfaces

|Integrativa optimization of injection-molded plastic parts
|.:‘homa;‘kathar|na;‘LSTC;‘othNPROCESS SIMULATION/BASF/DEMO/3/multi stage.lsop

Figure 3-3: Setup of a complex optimization problem

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

On creating a new optimization project, a first stage is generated. Additional stages can be added using
Add stageoption of thet menu in the control bar. A sampling has to be selected to which the new stage i
assignd. By default, the new stage is added in parallel to the already existing stages.

If similar stages are needed for e.g. a rtdise optimization, a stage can be added by usin@liree
option when rightlicking an already defined stage. This creates a new stage with the same definitions ;
the original stage. History and response names are updated to ensure uniqueness of names. If the nar
the original stage is found in the origin@mes, it is replaced, otherwise the name of the new stage is
prepended.

The desired dependencies are created as follows)gpae 3-4:
1. Hover the mouse cursor ovitie 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.
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3. A connection will be created between the two boxes.

LEONA crash Analysis  ©
1 par, 2 resps

'!_].: I'A ) -‘."- +

r--1ET£;go~;t DYNA |—

Figure 3-4. Creating stage dependencies

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

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

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

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

3.2.2.File Transfers bdaween Stages

L File Transfers (22
Files to be copied from the run directory of FE_Morpher to Map_fiber_to_mesh:
Operation Source File Destination File Cn Error Delete
[Ccpg,r e ||bumpermesh.k ||bumpermesh.k |[fai| ~ |=
[Muve ~ ||bumper.inc ||bumper.inc |[fai| ~ |=
Add ..
(9]¢

Figure 3-5. File transfers between dependent stages
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To use results of upstream stages QBT allows file transfers between dependent Stages.Filee
Transfer dialog is accessible by seledithe dependency icon located on the arrow connecting the stages
seeFigure3-5 andTable 3-4. The requested file transfers are executed for all the run directories related t
the Stages, e.g. if the dependency is betweBASHand PRE_CRASHf(ile transfer will be executed
betweerPRE_CRASH/1.1 andCRASH/1.1 , PRE_CRASH/1.2 andCRASH/1.2 , etc.

Table 3-4: File transfer options between stages

Option Selections Description
Operation Copy Available operations
Move
Source File Name of source filewildcards are supported
DestinationFile Name of destination file
On Error fall 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 databas
Completed simulation jobs are recognized by the presence dinikked file in each respective run
directory and the termination status of its contefii® presence of tHeishedfile allows LSOPT to avoid

a repeat of the simulation for eitherror or normal terminations. A clean start option is available (See
Section3.4).

3.3.2.Baseline Run

This feature provides the user with an option to run a single d@sign 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 suigirectory 1.10of the respective stagdhis option facilitates a
verification of the design.e. it allows checking

1. the correct solvecommand,

2. communication between LOPT and the queuing system, if any,
3. presence of all relevant control cards, database formats,

4. data extraction from simulation results, and
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5. validity of responses and historiess.

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

3.4. Restarting1 Clean from Current Iteration

If the user wants to restart an existimgtimizationrun from aspecifiedi t e r a t Clean-,Cledan fran
Current lteration[ite r ] 0 f eat dre can be use

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

The task is restarted BglecingfiNormalRu® f r om t he run menu.

3.4.1.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, new
simulations can be added to old simulations to obtain a more accurate metamodel. This is pegformed b
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 augmented, the additional simulations
will be executed, a new metadel will be constructed and a new predicted optimum will be computed.
Note that if a verification run was previously calculatedy(Simulation 2.1), theClean option Clean
Verification Rurshould be used before restarting in order to replace thecatiof run indirectory2.1.

3.5. Repair or modification of an existing job

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

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

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

The available repair tasks are:

0 Add points Points are added to the existing sampling. This option is only available for the following
sampling tpes: DOptimal, spacdilling, and Latin Hypercube. The Dptimal and spac#lling
samplings will augment the previously computed points. The Latin Hypercube experimental design
points will be computed using the number of previously computed points eedasthe random
number generator. If the database for the experimental desigrerfments_  n.csv file for
iterationn) does not exist, new points will be created.
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0 Read points The Experiments _n.csv file is reconstructed from the data in th&Point
databaefiles in the run directories.

o Import resultsimport results from a .csv (comma separated variables) fileS@seteon9.5.3.
o0 Run JobsThe stage jobs will be scheduled. Designs previously analyzed will not be analyzed agair

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

o Extract ResultsThe resultwill 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.

o Rerun Verification Runlhe verification run will be resubmitted.

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

o Evaluate Metamodel€reate a table with the error measures of a given set of pSetsidn9.5.2
or create a table (.csv file) with response valuespaiated from a metamod&édction8.5.7).

o0 Calculate Global Sensitivitie&lobal Sensitivities are recalculated using the metamodels.

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

Remarks:

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

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 Metarl@deld optimization task and
specifying the starting iteration (for a cleanrgtasn+1. 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 be gathered up and
compressed in a file callddopack.tar.gz (Isopack.zip on Windows) after completing the run.
The packed database is suitable for yppetessing on any computer platform.
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o Pack database )

[ ] Include Histories and Responses

[ ] Include Input Deck/Extra Input Files
Additional Fles To Pack

Filenarme

Browse Add manually Delete

Cancel Create Archive

Figure 3-6: Dialog to specify options for archive LOPT datalase

By default, the files generated by {G3PT in the working directory and the stage and sampling directories
are gathered, the run directories are omitted.

More sophisticated options are available to also gather the history and response files resdnigimn

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

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

Table3-5: Archive LSOPT 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 Input Various input files and other files required to run the@BT job

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

Additional Files to Pack List of additional files to pack. Files may be added by browsing
manually.
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Strategy

This chapter explains the available design tasks and strategies.

4.1. Task selection

C

st

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

two basic branches amgletamodelbased and Direct optimization methodsg(re 4-1). The method
selections can be made in the GUI usingShew task settingson in the control bar in thtop menu bar of
the main GUI window. The available tasks and options are list€dbte4-1.

ST Task selection [

Main task
Metamodel-based

(@ Optimization

) DOE study

() Monte Carlo analysis

() RBDO/Robust Parameter Design

Direct simulation
() Optimization
() Monte Carlo analysis

Strategy for Metamodel-based Optimization
() Single Iteration

) Sequential

@ Sequential with Domain Reduction (SRSM)

-

Sampling points are added sequentially
in an adaptive subregion
Metamodel optimization is done at each iteration
and is limited to the current subregion.
. Suitable for finding a converged solution
(e.g. system identification)
4. Generally unsuitable for global exploration

=l

w

[] Global Sensitivities
Do verification run

Batch Mode Options
[_] Baseline Run Cnly

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

Option

Metamodel based

Description Reference
(1) Optimization  Optimization using metanodels Sectiond.2
(2) DOEstudy DOE study using metmodels Section4.3

(3) Monte Carlo
analysis

Monte Carlo analysis using metaodels  Section4.5.2

(4) RBDO

Reliability based design optimization usit Section4.6
metamodels

Direct simulation

(5) Optimization

Direct optimization using the Genetic Sectiord.4
Algorithm

(6) Monte Carlo
analysis

Direct Monte Carlo analysis Sectior4.5.1

Strategy for
Metamodel based
optimization
(Available for Main
Task 1 and 4)

Single Iteration

Sampling and optimization are done in a Sectior4.7.1
single iteration. Suitable for global desigr
exploration.

Sequential

Sampling points are added sequentially i Section4.7.2
the full design space. Suitable for global
design exploration.

Sequential with
Domain
Reduction

Sampling points are added sequentially i Section4.7.3
an adaptive subregioMetamodels are

then constructed using the current iterati

samples (in the subregion) wsing all the

samples. The optimum solution is locate:

based on the metamodeBuitable for

finding a converged solution. Generally

unsuitable for global exploration.

Available for Main
Task 1, 2, 3, 4.

Global
Sensitivities

Option to calculate Global Sensitivities 0 Section4.10
the metamodel

Available for Main
Task 1 and 4

Do verification
run

Run an additional simulation using the  Section4.11
parameter values of the predicted

optimum. Multiple simulations can be rur

for Multi-Objective optimization problem:s

Available for global
strategies with

Create Pareto
Optimal Front

Option, for MultiObjective Optimization Section4.9
problems, tareate Pareto optimal
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multiple objectives. solutions instead of a single optimum.
Baseline Run Batch Mode option to run only the Reference
Only Baseline Run Section3.3.2

4.2. Metamodel based optimization

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

1. Point selection

2. Run the simulations

3. Build the metamodels

4. Execute the metamodel optimization

4.3. DOE study

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

1. Point selection
2. Run the simulations
3. Build the metamodels

4.4. Direct optimization

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

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

4.5. Probabilistic Analysis Tasks

This category of probabilistic tasks deals with the study of the effect of design parameter uncertainties
the respases. The goal is to obtain the statistics of response variations caused due to the uncertainties
given design as well as the probability of failure for that design. Any probabilistic task requires th
definition of random variables associated witktdbutions Section8.1.5. The point slection scheme for a
probabilistic analysis depends on whether it is direct or metarbadeld(SectionFehler! Verweisquelle
konnte nicht gefunden werden. SectionfeHiCENCICSIUCICIRoNRCIneNCUNtERIVEEEh . \ore
specific details about the available probabilistic analysis tasks are providesledtion Fehler!
Verweisquelle konnte nicht gefunden werden.and Section Fehler! Verweisquelle konnte nicht
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gefunden werden.Two probabilistic analysis tasks are currently klde in LSOPT - Direct Monte Carlo
Analysis and Metamodddased Monte Carlo Analysis.

4.5.1.Direct Monte Carlo Analysis

Sampling is based on the distribution of random varial$estionFehler! Verweisquelle konnte nicht
gefunden werden). No metamodel is constructed to perform this task.

4.5.2.Metamodelbased Monte Carlo Analysis

Sampling is not based on the distribution of random varigBlestionFehler! Verweisquelle konnte nicht
gefunden werden). Statistics are calculated based on metamodel approximations.

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

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

of failure (typically small) is defined for the constraints to ensure that the optimal design cannot have a
higher failure probability. In robust design, an optimal design is searched such that gnsitins to
uncertainties in certain design parameters. More specific details about the available probabilistic analysis
tasks are provided iSectionFehler! Verweisquelle konnte nicht gefunden werden.The difference with
deterministic optimization lies in the definition variables that are associated with probabilistic distributions,
as well as in the definition of objectives (robust design) and constraints (RBDO).

4.7. Selecting strategies for metamoddbased optimization

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

There are three available strategies for automating the methivesbsel optimization procedure. These
strategies only apply to the taskketamodebased Optimizatiomnd RBDQ, Table 4-1. In the GUI, the
strategies are selected in ti@sk selectiohdialog (Figure4-1). The available optimization strategies are

1. Single Stage,
2. Sequential and
3. Sequential with Domain Reduction (SRSM).

A strategy selection resets tlsampling Dialog(a warning is given!with recommended selectiorfigr
Metamodel type and Point selection ecte, see Chaptér.

The strategies are discussed one byioniee following sections
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4.7.1.Single iteration

In this approach, the experimental design for choosingstrapling points is done only once. The
metamodel selection defaults to Radial Basis Function Networks with Space Filling as the sampling scher

4.7.2. Sequential strategy

In this approach, sampling is done sequentially. A small number of points is typicafigrctor each
iteration and mul tipl e i TeennaioniCoiterid odral b cHENEE O @ ¢

SR CiNEERSIEe, . The approach habe advantage that the iterative process

can be stopped as soon as the metamodels or optimum points have achieved sufficient accuracy.
The default settings for sampling follow below (see Sampling dialog, C@pter

Radial Basis Function networks

Space Filling sampling.

The first iteration is Linear EDptimal.

» w0 DnhPE

Choose the number of points per iteration to not be less than the default for a linear approximatiot
1.5(n+1) +1) wheren is the number of variable:.

It was demonstrated iReferencd16] that, for Spacéilling, the Sequential approach had similar accuracy
compared to the Single Stage approach, i.e. 10 x 30 points added sequentially is almost as good as
points. Therefore both the Single Stage and Sequential methods are goedidor ekploration using a
metamodel. Both these strategies work better with metamodels other than polynomials because of
flexibility of metamodels such as RBF's to adjust to an arbitrary number of points.

4.7.3.Sequential strategy with domain reduction

This approach is the same as that in secloh2 but, in order to accelerate convergence, an adaptive
domain reduction strategy is used to reducesibe of the subregiofseeSection21.6). During a particular
iteration, the new points are located within a subregion of the design space. Tagysragpically only
used for optimization in which the user is oimyerested in the final optimaloint and not in any global
exploration of the desigr-or example, the method is often usegamameter identificatiofiseeSection
22.3. This method cannaturrentlybe used to construct a Pareto Optimal Front.

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

The default settings for sampling are listed below &maplingdialog, Chapr 9):
1. Linear polynomial
2. D-optimal sampling
3. Default number of sampling points based on the number of desitbles.
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4.8. Domain reduction in metamodelbased optimizaton
The Domain reduction dialog is displayed Figure 4-2.

Table4-2 describes the options.

= Domain reduction =
RESTART SETTINGS SRSM PARAMETERS

[ ] Reset to Initial Range on lteration = Proximity Zoom parameter

[] Freeze Range from iteration |.'3-EI (default) |

Oscillation Contraction parameter

|_D.6 (default) |

Panning Contraction parameter

|.1 (default) |

Figure 4-2: Domain reduction dialog

Table4-2: Restart Settings and Subdomaparameters

Option Description Reference

Reset to Initial Range on Resetting the subdomain range to the initial range Section4.8.1

Iteration a specified iteration.

Freeze Range from Iteration Freeze the subdomain range from a specified Section4.8.1
iteration

PanningContraction paramete g, Section4.8.2

Oscillation Contraction Osc Section4.8.2

parameter

Proximity Zoom parameter  Zoom parametenh Section4.8.2
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4.8.1.Changing the behavior of the subdomain

Resetting the subdomain range

It is possible to reset the subregion range éoititial range, e.g. for adding points in the full design space
(or any specified range around the optimum) after an optimization has been conducted. This feature
typically only used in a restart mode. The GUI option is "Reset to Initial Range diohél&igure4-2).

The point selection of the specified iteration will be conducted in the initial range around the most rece
optimum point. The subdomain will lz@laptively updated again starting with the next iteration.

Freezing the subdomain range

This feature allows for points to be added without changing the size of the subregion. Adaptivity can |
frozen at a specified iteration number. The GUI optidiFiseze Range from iterationFigure4-2).

The subdomain range will be adaptively updated up to the previous iteration. Therefore the specifis
iteration and higher iV have the same range (although the region of interest may be panning). The flag i
useful for adding points to the full design space without any changes in the boundaries.

4.8.2.Setting the subdomain parameters*

To automate the successive subdansiheme for SRSM, the sipé the region of interegias defined by
the range of each variables adapted based on the accuradythe previous optimum and also on the
ocaurrence of oscillation (see theorySection21.6).

The following parameters can be adjustedhe GUI, Figure4-2. The options are described Table 4-2
(refer also tdSection21.6). A suitable default has been provided for each pararaatethe user should not
find it necessarto change any of these parameters.

4.9. Create Pareto Optimal Front

This option is only available if multiple objectives are definedCriéate Pareto Optimal Frons selected,
multiple Pareto optimal solutions aralculated instead of a single optimusge Section21.9.2 If a
metamodebased method is usealailablestrategyoptionsare limitedto theglobd strategiesSingle Stage

and SequentialSection4.7.2and 4.7.3. Selection of theCreate Pareto Optimal Fronbption resets the
optimization algorithm used on the metamodel to Genetic Algorithm, because this is the only algorithm th
has the capability to calculate Pareto optimal solutions.

4.10.Global sensitivity analysis

While the ANOVA (Analysis of Variance, Sectid®.4) is a very popular method to assess the contribution
of different regression terms, Gl obal Sensitiwv
used to study the importance of di#at variables for higher order models. In this method, a function is
decomposed into stioinctions of different variables such that the mean of eacHusudbion is zero and
each variable combination appears only once. Then, the variance of eaftincigln represents the
variance of the function with respect to that
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analysis (GSA) method is describedSaction23.7.2 The GSA is carried out by selecting the appropriate

flag (Global Snsitivitieg in the Task dialog or by selecting Add Global Sensitivities fromAtd ()

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

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

These sensitivity indices are stored in 8@bol GSA.iteratiotcKML database files in thevork directory.

Existing GSA results can be repaired by checking orotklev e r wr i t e g | obbxaThismaybep ut a
needed, for example, if the metamodel is changed after carrying out an earlier sensitivity analysis; the old
Sobol_GSAterationfiles are then deleted and recreated based on the new analysis.

ad Global Sensitivities =

Number of Points for Integration

10000 (default) |

[[] Overwrite global computations

Define subregions

Figure4-3: Global Sensitivities Dialog

Table4-3: Global Sensitivitieptions

Option Description Reference

Number of Points for Number of MonteCarlo integration points required tc

Integration compute sensitivities

Overwrite global GSA results overwritten for the global region define

computations by the variable bounds tBetupdialog.

Define subregions Define a subregion of the design space for GSA. It Section4.10.1

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

Remarls:

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

2. Unless a subregion is considered (Sectoi0.]), the sensitivities are calculated for the global
bounds of the variables. Salmg constraints are not considered while calculating the sensitivities.

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

LS-OPT Version 5.1 38



CHAPTERA4: TaskDialog1 Selecting a Task and Strategy

4. The composite expressions and subregion sensitivities are ahwalymted using the Montearlo
integration.

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

4.10.1.Sensitivity Analysis in Subregons

The Global Sensitivities dialog also provides the option to define subregions for(fé@se 4-4). The
sensitivities can be calculated for different variable esngsing this feature, which can be different from
the bounds specified in tl&lobal SetupBy default, the subregions are created with the same ranges as the
global design space. The subregion variable ranges can, however, be modified by clidkdity which
opens up another dialoghe dialog for variable bound definition or t&eibregion Dialogis shown in
Figure4-5. The definition of a GSA subregion requires a name to be associated with it. The correspondir
GSA results are stored Bobol_GSA.RegionName.iteratifiles in the work directory.

(Zad Global Sensitivities B
Mumber of Points for Integration

10000 (default) |

[] Overwrite global computations

Subregion definitions

Narme Active Owerwrite Delete
|subsec0nd | (vl O Edit x

Add...

All active [] All overwrite

Figure 4-4. Global Sensitivities dialog with subregion definitions
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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 agaetifzeis on
Edit Open GSA Subregion dialogigure4-5) to define variable bounds of subregion
All active All subregions active

All overwrite Overwrite existing GSA results for all subregions

- GSAsubregion =
Name

|.subﬁrst |

. Active .

] Overwrite

Bounds - Global bounds used for variable if not specified below

Variable Lower bounds Upper bounds Delete
thumper = |1 | |3 |x
thood |1 IE E

Add...

Figure 4-5: GSA Subregion dialog

Table4-5: GSA Subregion dialog options

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

Overwrite  Existing GSA results deleted (default off). GSA performed agahativeis on

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

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

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

For multiobjective optimization problems, multiple verification runs can be done. A discrete Space Filling
algorithm is used to select Pareto Optimal points which are evenly distributee design space.

The number of verification runs can be set in the GUI using the Verification Rurrigoxeg4-6).

" Verification Run =)

NMumber of verification runs:

(Always 1 for non-pareto problems)

oK

Figure 4-6: Verification Run dialog
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Sol ver

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

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

5.1. Introduction
Since an executable program is considered to be a kegfphe 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 physics

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

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

Table5-1: Stage dialog Setup options: General options

Option Descriptbn Reference

Package Name The following software package identifiers are availal
LS-DYNA Section5.3.1
MSC-NASTRAN Section5.3.2
ANSA Section5.3.6
LS-INGRID Section5.3.4
LS-PREPOST Section5.3.3
LS-OPT Section5.3.9
HyperMorph Section5.3.7
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TrueGrid Section5.3.5
META Post Section5.3.8
Excel Section5.3.10
UserDefined Section5.3.11
UserDefined Postprocessor Section5.3.12
Command Command to execute the solver Section5.2.1

Do not add input file
argument

Preventd.S-OPTfrom appending standard input deck Section5.2.1
name to the execution commaahating runtime.

Use default commant

Path to the solver executable filled in automatically  Section5.3.9
(only available for LSOPT stage).

Input File Parameterizethputfile for the preprocessar solver Section5.2.2
The specification o&n input file is not required for a
userdefined solverThe parameterization of the input
file is explained in Sectiof.2.3

(nincludes) LS-OPT displays the number of include files parsed f Section5.3.1

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

Nameof standard
input deck

Default standard input deck namepending on Section5.2.1
package. This can be edited in case another file nam
required. Changes are only required in exceptional ci

Extra input files

A list of extra input files can be provided. The files ar¢ Section5.2.2
copied to the run directoriédsom any usedefined

source directoryParameter values asabstituted by

default, but parsing can be omitted

LS-DYNA Include filesdo not have to bspecified as
they are automatically and recursively searched by L
OPT when given the name tbfe main input fileThis
feature is also supported for certain packages under
userdefined solver typésee5.3.11).

Model Database
(ANSA)

ANSA binary database fiJeéypically with the extension Section5.3.6
.ansa

Output File
(HyperMorph, uETA)

HyperMorph: nodal output file produced by Templex Section5.3.7

UETA: output file usedor parsing the history and Section5.3.8
response names
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Session file (UETA) File containing informatiombout which results to Section5.3.8
extract

Excel File Input Filetemplate for parameterizing and running Ex Section5.3.10
jobs.

Do not copy Excel  Avoid copying of potentially big Excel inpdile to each Section5.3.10
file to job folder run directory and modify the original file instead. Opti
available only if one job is run at a time.

Inputdefinitions Parameterization of the Excel input file Section5.3.10
LS-DYNA Advanced Advanced interfacing options for EBYNA. Section5.3.1
Options

o Stage 1 £

Setup | Parameters | Histories | Responses  File Operations

General
Package Name| LS-DYNA < |

Commandllsg?l_single || Browse |

[] Do not add input file argument

Input File |main.k || Browse |

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

[[] Extra input files

LS-DYNA Advanced Options

Execution

Resources
Resource Units per job Global limit Delete

Create new resource

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

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

The command to execute the solwaust be specified. The command depends on the solver typaabd c
an executable program ar script Since a standard input deck name (also called the base file iame)
automatically appended during rtime the solver input file name argumestiouldbe omitted by default.
See respective package interface sections for deliaithe case of the standard solvers, the appropriate
syntax isautomaticallyused (e.g.i=DynaOpt.inp for LS-DYNA). The execution command may

include any number afdditional argments.
The base file name can be changed. This is useful when ting @ile of one stage becomes the input of the
dependent stage (see Secttod).
Remarks:
1. The command must be specified in af¢he following formats:

o Browse If browsing the project directory or a directory relative to the project directorDRS
automatically prepends the project directory environngfhSEPROJHOME} to the execution
command.

o0 Absolute pathe.g. "/origin/users/john/crash/runmpp"

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 eabte, e.g.:

o0 1s971_single

2. Linux: Do not specify the commanmabhup before the solvecommandand do not specify the
UNIX background mode symb@&l. These are automatically taken into account.

3. Linux: Thecommand name must not be an alias

4. Windows:A path toa program or file cannot contain any blanks @@ash) symbols.

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 detemiyethe sampling procedure. The specificatioarof
input file is not required for a uselefined solver.

For LSDYNA and most of the preprocessor interfaces; QST automatically searches for include files
specified in the main ing file, seeTable5-2. Include files can be specified recursively, i.e. there can be
include file specifications in include files. The uskefined stage type alsaggports these features, but only
for certain solver types (s&e3.17).

Input files are copied to the run directories, parsed to substitute parameteraraluagsamed.Each stage
type has its own standard input file name, éog LS-DYNA, the file is renamed t®ynaOpt.inp For
remote runs, input files are automatically transmitted to a computer cluster.
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A record of the specified input files and parameters iglaygd in the GUI but can also be checked in the
Isopt_input file.

Extra input files

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

The files can be placed in any directory and are copied to the run directories during the setup phase.
Parameters can be specified in the extra files using the native formaP@ERAMETERor LS-DYNA) or

the generic LSOPT format €<parameter>> ), see Setion 5.2.3 LS OPT will automatically parse the

files for variable names and list them on ®P@&ameterspage and in th&etup dialog as constants.h&

user can then change them to variables.

If the user wants a file to be copied to the run directories, but not parsed for parameters, parsing can be
switched off using th&kip Parsecheckbox. This feature is typically used to move binary files touhe r
directories.

Extra input files

Flename Skip Parse Delete
[extraﬁle_Gz_l | J x
[Extrajextraﬁle_Gz_B | J x
[Extrajextraﬁle_Gz_z | J x

Add file by browsing Add file manually

Figure 5-2: Definition of Extra Input Files

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

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

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

these include files must be specified as extra input files in order to force copying to the run directory. The
path option is mainly used to prevent the copying (and hence duplication) of very large files. Seme user
defined solver types alssupport this feature (s&e3.1J).

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

5.2.3.Parameterization of Input Files

For all stage types, input files can be parameterized using thedefssed parameter format, Sectibi?.4

For the packages listed ihable 5-2, LSOPT supports native parameters, see the respective package
interface section for details. Native parameter types are also supported for certain solvers specified under
userdefined solver types (sé&e3.1).
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LS-OPTui will automatically recognize the native and Udefined parameters for the formats indicated in
the table and list them on tHearameters panel, Figure 5-3. Parameters found in input files are also
di splayed as 6&d@updsbahogs®Panaméteter Setupd panel
constants to variables or dependents. The parameter names loarst@nged in the GUI so, if desired,
must be changed in the original input file(8)lock icon adjacent to the variable nameicates that the
parameter names were imported from the input or include files.

Table5-2: Parameters and include files

Native parameters Userdefined Include files

recognized in input Parameter Format recognized in input
Package . . . Reference

file recognized (see file

Section5.2.3

LS-DYNA® Yes Yes Yes Section5.3.1
LS-PREPOS? Yes Yes Yes Section5.3.3
MSC-NASTRAN! Yes Yes No Section5.3.2
ANSA? Yes Yes Yes Section5.3.6
HyperMorpﬁ Yes Yes No Section5.3.7
TrueGrid No Yes Yes Section5.3.5
LS-INGRID No Yes Yes Section5.3.4
LS-OPT Yes No No Section5.3.9
Excel N/A No No Section5.3.10
Userdefined N/A Yes No Section5.3.11

! Registered Trademark of MSC Software, Inc.

2BETA CAE Systems S.A.

% Registered Trademark of Altair Engineering, Inc.

4 Registered Trademark of XYZ Scientific Applications, Inc.
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Ll Stage CRASH <!

Setup | Parameters | Histories | Responses  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 ..

QK

Figure 5-3: Parameter panel: list of parameters found in stage input files
The d6included files ar e avaikaoe nsaking it meedsentahte dene extra t h
files. Il nclude files whi ch ar el./lcas.peciof i eod !
fYhome/jim/ex4al/car6.k 0O are not copied to the run directo

made in these files. This solely to prevent unnecessary file proliferation. The user must however ensure
that files, which are to be distributed to remote nodes through a queuing sys¢t&pgendixH.3 ,Remote

job scheduling), do not contain anpath specificationsThese files are automatically transmitted to the
relevant nodes where the solver will be executed. See also Se&ibn

If parameters are specified in include files 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.

5.2.4.The Userdefined parameter format

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

The expres®n field 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 numbersigiificant digits is maximized within the field width limit. The
default width is 10 (commonly used in e.g.-D&NA input files) for numeric fields. E.g. a number of
12.3456789123 will be represented 48.3456789 and 12345678912345 will be represented as
1.23457e13 for a fieldwidth of 10. For string, the default width is the length of the replacement string up
to a maximum of 64 charecters.

A field width of zero implies that the number wi
i %l d oat forantegers@ language). For real numbers, trailing zeros and a trailing decimal point will not
be printed. This format is not suitable for-D¥ NA as the field width is always limited. Real numbers will
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be truncated if specified as integers, soimdi ng i s desired the fAnear e
used, e.g <<nint( expression )>>. For strings, a field width of zero implies that the entire
replacement string is printed (same as not specifying a width).

Examples

Inserting the relevant desigrariable or expression into the preprocessmmmand 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

wherethe design variableaamedRadius 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 b® 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 variableare 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 LYNA 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 fiedwi dt h specification used above is not requ.i
manual for rules regarding specific input figladth limits.
5.2.5.System variables

System variables are internal {CBPT variables. There are two system vddapnamely iterid and
runid. iterid represents the iteration number whiteunid represents the run number within an
iteration. Hence the name of a run directory can be representdatehg:runid . System variables are
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useful for using files such as posipessing files that were already created in an earlier stage, but which are
re-used in the current stage. And8'NA example of using system variables is as follows:

*INCLUDE
..I..ICasel/<<iterid:i0>>.<<runid:i0>>/frontrail .k
After substitution the secorithe might become:
..I..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 SectBoh4 for a more detailed description).
Unfortunately the feature cannot be used withkNA *PARAMETERparameters.

In an alternative, simpler approach to achieve similar efficiencyQDBS 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
parallel simulation Stages using thene files. These files are copied from the preprocessing Stage to the
simulation StagesSee Sectiol.2.2

5.2.6.How to avoid copying and parsing an include file

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

1. UnsetbafisDoc check for missing *DATABASE cardso.

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

as Agefnchluaefil e. ko i n t he keyword file,
A../ ../l argeincludefile. ko.

4. Sel ect the ASkip Parsedo check box for this fi

It should be noted that if a file is not parsed, include files without paths specified in tkisrfilee purpose
of copying to the run directory) cannot be detected.

5.3. Package Interfaces

5.3.1.LS-DYNA

The file DynaOpt.inp  is created from the L®YNA input templatefile. By default, LSOPT appends

i=DynaOpt.inp  to thesolver command. Parameterization of the input file can be done using the User
defined parameter format or the *PARAMETER keyword. Include files in input files are recognized and
parsed, see below for further information.

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

This is the recommended format. The parameters specified under 4D& NS *PARAMETERceyword

are recognized by L®PT and will be substituted with a new value for each of the multiple runs. These
parameters should automatically appear in the Parameter list of the GUI upon specification of the sol
input file name. LSOPT recognizes thd 0 ,ro i aood ffior mats for integers,
respectively and will replace the number or string in the appropriate format. Note tHRRTSill ignore

the *PARAMETER_EXPRESSIOKeyword so it may be used to change internatD¥NA parameers
without interference by L®PT.

For details of th¢éPARAMETERformat please referto c-BYNA User 6 s Manual

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

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

*INCLUDE
input.k

2. If a path is specified for an include file, e.qg.

*INCLUDE

C:\pathmyinputfilesinput.k
the file will not be copied, parsed or transmitted.
3. If the main input file is placed in a subdirectory of the main working directory and is specified with &
relative path, e.gmyinputfiles/input.k , the directory (in this casenyinputfiles )
becomes a file environment for any include files which may also be placed in this directory

Therefore all include files specified without a path will automatically be copied (or transmitted) from
this subdirectory fnyinputfiles ) to the rurdirectories.

LS-DYNA/MPP

The LSDYNA MPP (Message Passing Parallel) version can beusing the LSDYNA option in the
0St ageo dORIUL dhe folbowinglrud command is an example of how an MPP command can be
specified:

mpirun - np 2 Isdynampp

wherelsdynampp is the name of the MPP executable.
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LS-DYNA Advanced Options

LS-DYNA advanced options are available in the Stage dialog by selecting-h& NA Advanced Options
button,Figure5-4.

LS-DYNA OptiDHS [LS-DYNA Advanced Options l

Do Basic Check for Missing *DATABASE Cards ?|
ese

[] d3plot compress
[ | d3plot Part Extraction File
[] d3plot Reference Mode File

Figure 5-4: Stage Setup L®YNA advanced options
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Table5-3: LS-DYNA Advanced Options

Option Description

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

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

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

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

T'id excludes the part wittd. Only parts included witkd or id1-id2
can be excluded.

For example: 5
7-20
-9.

d3plot Reference Node Ftle Transforming the results to a local coordinate system specified by
three nodes. The first nodetige origin and the other two nodes are
used to define the coordinate systems. The coordinate system m
with the nodes. A file specified the three nodes consisting of a sir
line is required. An example of the possible contents of the file:

1001 10021003.

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

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

Checking the *DATABASE cards

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

1. Whether the required binout data types are requested IoSHEYNA input deck. For example, if
LS-OPT uses airbag data, then the D¥NA deck should contain ©DATABASE_ABSTAT card
requesting binout output.
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2. Whether the required nodes and/or elements are requested in-BDNéNAS output. For example, if
the LSOPT autput request refers to a specific beam, theDATABASE_HISTORY_BEAM or a
*DATABASE_HISTORY_BEAM_SET card must exist and refer to the beam in question. Note
that*SET_option GENERAL or *SET_option_COLUMN card will not be interpreted and that an
output entity specified usingSET_option GENERAL or *SET_option_COLUMN may be
flagged incorrectly as missing; switch off the checking in this case.

5.3.2.MSC-NASTRAN® (SOL 103)

The user can inteaite with the NASTRAN implicit solver (sol 103) for modal analysis by selecting the
MSC-NASTRAN option in the LSOPTui. Thecommandcan either execute a command, or a script. The
substituted input file NastranOpt.inp will automatically be appended to the command or script.
Variable substitutionwill be performed in thénput file (which will be renamedNastranOpt.inp
TheNASTRANs ol ver i s reqNiormeal tdéd tgernneonmrerditostandard output

at the end of simulation. This can be done by executing NASTRAN using a script with its last statement
being the command (see remark 2):

echo 6N o r m a | 6.

Remarks

1. The NASTRAN solver mst not be run in the batch mode. This can be done by specifying the
‘batch=no’  option with theNASTRAN command.

2. AGNormal Termination 0 statement must be issued after finishing the
NASTRAN job. This can be easily done by using the followsogpt as the solver command:

Ir == =_=== =_-=== =_=== == b —p—

/| home/ bin/ nastran O6batch=noo6 $1

(@)

echo 6N o r m a | T e r m i n a t i o0 n

Ir == =_=== =_-=== =_=== == b —p—

3. Design ParametersThe design parameters can be speciigidg one of the following two options:

o defrepsym : The design variables can be specified using the

defrepsym varname default

statement. The design variable value is accessed Usiagname%The user must be careful to use
the appropriate fieldwidth peitted by NASTRAN. This is the preferred option.

0 The Userdefined parameter format discussed in Sedi@n3

4. Creating the Database In order to facilitate the creation of appropriate @BT readable database,
the user must include the followil@MAP code at the beginning of the input deck.
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$ open the binary file

ASSIGNOUTPUT 4 =06nast Ei gout . op4d UNIT=39 UNFORMATTED

$

$ solver

SOL 103

DIAG 5, 6, 8, 56
$

$ Matrix manipulation

MALTERG c a |l | modef srsoé $ after modes are calcul at ec

LAMX,,LAMA/LMAT/ - 1/0 $ convert eigenvalue table to matrix
MPYAD, MAA, PHA,/MTP/1 $ matrix multiplication

OUTPUT4 PHA, LMAT, MTP,,/l - 1/39///16 $ output desired matrices

The name of the output fileg@stEigoutoppand matri ces ( PHA, MA A,
be changed fosuccessful reading of the binary file.

5. Extracting data: To extract NASTRAN modal analysis results, the users mustNas&ran -
Frequency type on the response panel insteaBREQUENCYpe that is used for LBYNA.

5.3.3.LS-PREPOST

The file LsPrepostOpt.inp is created from the LBREPOST input templatdile. LS-OPT
aut omat i c alihoyaphi@ p pcedPrdpsstOptiinp 2> /dev/null > /dev/null 0 to
command.

LS-PREPOST input file example with incled

testO1.cfile:

$# LS- PrePost command file created by LS - PREPOST 3.0(Beta) - 31Mar2010(17:08)
$# Created on Apr - 06- 2010 (13:42:14)

cemptymodel

openc command "para0l.cfile"
genselect target node
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occfilter clear

genselect clear

genselect target node

occfilter clear

genselect  clear

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

ac

meshing boxshell accept 1 1 1 boxshell
genselect target node

occfilter clear

refcheck modelclean 9

ac

mesh

save keyword "Isppout”

exit

paraOl.cfile

parameter size 1.0
parameter num 2

5.3.4.LS-INGRID

The file ingridopt.inp is created from the L8NGRID input templatefile. LS-OPT appends
aut omat=ingridopting A 1TdTTY0O t o t he c¢ ommadefthed pdametgr fotmhate
is supported.

5.3.5.TrueGrid

The file TruOpt.inp is createdrom the TrueGrid input template file. SOPT appends automatically
i 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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5.3.6.ANSA (BETA CAE Systems SA)

General B
Package Name[ ANSA |€|
Command |lAN5A || Browse |
[] Do not add input file argument
DV File |.ansa_uariable_def.txt || Browse |
copies ansa_variable def txt (0 includes) to Stagel/it.run/ | ANSAOpt.inp |
and substitutes parameters
[ | Extra input files
Model Database|_data_base_name.ansa || Browse |

Figure 5-5: Stage Setup for ANSA

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

2. CommandANSA executableypically namedinsa.shDo not use an alias.

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

4. Model DatabaseANSA binary databas¢ypically with the extensioransa

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

General

Package Name| HyperMorph = |

Cummand|temple>: || 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

Output File|nodes.inc|ude || Browse

Figure 5-6: StageSetup for HyperMorph
1. To allow the specification of shape variables, the geometric preproddgperMorplt has been
interfaced with LSOPT. Several files must be specified:
2. Command: templex command
Input file: At thetop, the variablesare defined as:

{parameter(DVAR1,"Radius_1",1,0.5,3.0)}
4. Output File: Templexproduces a nodal output file, this filan e.g. be used as an include file in a
downstream stage.

The command will enable -OPTto execute the following command in the default case:
forigin 2/john/mytemplex/templex input.tpl > nodes.include

or if the input file is specified as in the example

forigin 2/user/mytemplex/templex a.tpl > h.output

Remarks:
1. LS-OPT uses thaame of the variablen the DVARI line of the input file:

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

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

to replacethe variablesand bounds at the end of each line by the current values. This name, e.g.
Radius_1lisrecognized by tSPT and automatically displayed i
upper bounds (in this cad€.5,3.0] ) are also automatically displayed. The DViAdesignation

® Registered Trademark of Altair Engineering, Inc.
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is not changed in any way, so, in general there is no relationship between the number or rank of |
variablespecified in LSOPT and the number or rank of the variable as represenied ByWARI.

5.3.8.eETA (BETA CAE Systems SA)

Thee ETA interface all ows extraction ofOPHdactessibléto on

nterface with any such supported solvers. Thi

place them in a simple text file.

General
Package Name| METAPost

O

Command |METAP05t | Browse
Session File |sessionﬁ|e.txt | Browse
Output File |METAP05t_resuIt5.txt | Browse
Database File| ¥ | Browse

Figure 5-7: MetaPost interface

1. Several files must be specified:
2. Command: The E TeXecutable
3. Session File: The session file containing informatidnout which results to extracthis can be

created interactively usinggTA.

. Output File: This specification is only used for parsing the history and response names (to

automatically displayed in the GUI) during the-OFT setup phase (see belovhe output file
(result file) is the name of a file containing those reselsiested in the inpsession) file. This ia

text file so t can be easily parsed.his file has a predetermined format so that@ST can
automatically extract the individual results. The specified path + name is not used during th
optimization runput only during the setup phase while the user is preparing #@ATSinput data.
During this phase, the responses are parsed from a baseline result file and automatically displaye
the "Histories" ad "Responses” pages of the GUI.

. Database File: Thiss t he path for finding the solver ¢

look for the database locally. This specification has no effect during the optimization rurO#3TLS
wi | | al ways force €ETA to | o t¢herurfdoectorfsthgeA/BlIo| v e

Setting up an L®PT problem:

1. Run ceETA and us e t he session file t hus cCr e:

separately from the L®PT data preparation (an integrated feature might be provided in the future).

2. Open the LSOPT GUI on thesStage dialogand select METAPst as the package name.
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3. Speci fy the ¢ET-APTGYIt(dediguges-7)i.n Tthlree uls®&r can br oy
executable, session file and result file. Theutefile is the one that was created in the manual step
(Step 1. above). The database path need not be changed.

4. The result file is parsed for history and response names to display in the relevant GUI pages. These
can then be used to complete the optinmraproblem setup: define composites, objectives and
constraints, etc.

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

5.3.9.LS-OPT

The LSOPT stage allows one to extract optimized@BT response values, which can then be used in
another optimization with respect to a different set of variables. TRORSE stage simply executes another
instance of the LOPT software in a nested optimization framework. Thus, it allows one to set up a
Multilevel Optimization problem, explained irsedion 15.7. The LSOPT stage setup dialog is shown in
Figure5-8.

General
Package Mame LS-OFT W
Command |sopt Browse
Use default command
Do not add input file argument
Input fle | innerlsopt Browse

copies inner.lsopt and 1 include to 1At.run/ inner.lsopt (default is LsoOpt.inp)
and substitutes parameters

| Extra input files

Flename Skip Pa... : Delete
rigid2 v x
cars. k o x
main.k ol x

Add file by browsing Add file manually

Figure 5-8: LS-OPT stage interface

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

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

2. Input file: The input file for a LS-OPT stage is an .Isopt file itself that contains the setup for an
inner level LSOPT subproblem. The fileLsoOpt.inp (or a user specicied nama} created

from the LSOPT input templatdile. By default, LSOPT appendd.soOpt.inp  to the solver
command. Parameterization of the input file can be done Usantsfer Variablesinclude files in
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input files are recognized and parsed, see below for further information. The .Isopt input file i
parameterized usingransfer Variablegsee below)

3. Extra Files: An important aspect to note in the@BT stage setup is the use of extra input files with
the Skip Parseoption checked onHFjgure 5-12). This is important because the input files of the
lower level(s) need to be passed down from the upper level while not considering the lower lev
variables in the upper level. The details of the directory structure for multilevel psoldem
presentedn Sectionl2.5

LS-OPT input file parameterization

The LSOPT input file, i.e. thelsopt file, is parameterized usifigansfer VariablesThe transfer variables

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

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

Problem global setup [ x|

Parameter Sekup |Stage Matrix I Sampling Matrix I Resources I Features |

I Shew advanced options Edit Input Parameter References |
Type | Mame | Skarking | Minirnurn | Maxirnurn | Delete |
IContinuous jltbumper | 3| 1 I 5
IContinuous jlthood I 1| 1 I 5
Transfer Variable j ISIGV I 400 & A
Zonki =
cgz;&uﬁc;us I\:M | 200000 A
Dependent
Discrete
StrinE

Figure 5-9: Parameterization of inner level L®PT setup usingTransfer Variables The values b
transfer variables are passed down from the upper level(s).

ablem global setup
|COF TR Prablem global setup

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

Show advanced options

Type Narme Starting Minirnurm Maxirnumm Delete
Continuous ~ 400 350 450
Continuous w 200000 150000 250000

Figure 5-10: Outer level global setuSIGY and YMare automatically detected in the input file (i.e. inner
level .Isopt file) and locked as thi@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 using3@P Tresponse typeSection6.16).

LS-OPT Version 5.1 61



CHAPTERS: Stage Dialog Defining the Solver

5.3.10.Excel

An Excel stage can be used as a solver or agposessor. It can be seen as being similar to any other
solver,with the main differences lying in its parameterization and in the response and history definitions.
Because the results need to be computed for several samples withinRGITLE&SK, the Excel input file

needs to be parameterized. This is achieved usmg befinitions specified in the Stage dialtsglf. These

inputs may correspond to a single Excel cell or a group of cells in the input file, and are substituted for each
sample Figure5-11).

Setup | Parameters | Histories | Responses | File Operations

General
Package Name Excel

Excel File/ dataxlsx Browse Refresh

Do not copy Excel file to job folder

Input definitions

Sheet Cell Type Fill direction Delete
Sheet1 A3 Parameter x1 Vertical

Sheet1 Param2 Parameter x2 Vertical
Sheet2 StageZ2_in_resp1 Response Stagel1_out_resp Vertical
Sheet2 Stage?2_in_hist History Stage1_out_hist Vertical

Sheet2 Stage?2_in_resp2 User-defined type response.2 Vertical
\Add...

Execution

Resources

Resource Units per job Global limit Delete
EXCEL 1 1 x
Create new resource

[[]Use Queuing

[]Use LSTCVM proxy

[ Environment Variables
[]Run Jabs in Directary of Stage

Figure 5-11: Excel stage interface

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

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

. Typeand Value options are used to link LOPT design parameters, histories and responses with

corresponding fields of the parséstceldocument. There are four different options witAiype-
Parameter Responses, HistogndUserDefined.

o Parameterns used to link the global LOPT parameters defined 8etupdialog to the specified
cells of the Excel document. WherParameteris selected as type, all the global -C&T
parameters defined Betupdialog are listed under théalueoption.

0 Responsasa parameter type facilitates the use of@BT responses defined in previous stages
as input parameter for the currdntcelstage. A list of responses defined in the previous stages
is displayed undeYalueoption and the user can select which respomasetdt be written to the
Exceldocument.

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

0 Userdefinedoption as a type can be used to write histories and responses of previous stages
the Exceldocume n t using a command. tFyopre erxeasippolites et. |
the value present in fileesponse.®f previous stage, to thExcel document; provided a file
transfer operation is defined to transfer the fideponse.@rom previous stage diceories to the
run directories of curreriExcelstage directory.

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

If the Global limit for Execution Resourcéds set to 1, the optiod Do not copy Exdcdsel
available in the Excel stage setup dialog. If the option is checked on then the original Excel input fi
template is modified for each sample analysis. This avoids copying of the (potentially large) input file t
each run directory. All the possible combinationdrgfut definitionsare illustrated inFigure5-11. These

are also listed below.

1.

The first input definition inFigure5-11 shows a parasterx1 defined inSetupdialog of main GUI
(also populated undevalue option), has been assigned a o&8 in Sheetlof Excel document
data.xIsx

Similarly, if a user has assigned a name to the cell dsamge Managewithin Excel all theSheet
specific cell names are populated as a list. In the second input defiftaoam2is a name defined
to a cell inSheetlwhich is assigned to paramet&usingValueoption.

The third input definition writes the responStagel out respbtained from previcai stage to the
cell Stage2_in_respaf theExceldocumentdata.xIsx.

The fourth input definition writes the histo§tagel out_histbtained from previous stage to an
array ofExcelfields defined with nam&tage2_in_hish Sheet2f data.xIsxin Vertical direction.

The last input definition shows a response obtained from previous stage (espoese.2s the file
with response value) is being written to a cell with nédtege2_in_resp®f Sheet2using User
definedoption. This option allows wiing values available in the output files of previous stages to
the Exceldocument.
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5.3.11.User-defined program

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

If theown sol ver does not g e n e rcamimand & starddo qutpLa, [theé sotver r mi r
command must execute a script that has as its last statement the command:

echo 6N o r m a | 6.

Third Party solvers

LS-OPT supports certain popular Finite Element Analysis solvers undéiseredefinedsolver type. For
these solver yes all the syntax rules (e.g. recursive include files, parameter keywords, etc.) associated with
the input file are obeyed so that parameters can automatically be imported te@RI Lsetup dialog.

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

Special response interfaces are not available, but response and history extraction are supported using
0 GenEx (Chapter)
0 the userdefined posprocessorg.3.129
o commercially available pogtrocessors supported by {CHPT (see e.b.3.8.

5.3.12.Use -defined postprocessor

The postprocessor allows extraction of data from any database it supports, so makes a&essible to
interface with any such supported solvers. This allows the postprocessor to read results from the solver
database and placeeth in a simple text file or files for individual extraction of results.

In the case of usatefined posprocessor, the full command needs® provided, becaudeS-OPT does
not internally construct the command using the input, database and resufHéesutput file needs to be

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

0, Weight, 0.591949043101576

1, StressL, 3.74281176328897

2, StressR, 1.99975762786926

END

#

HISTORY 99 : hisl

0,0

0.0795849328001081,0.2 3516125192977
0.159169865600216,0.274354793918065
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0.238754798400324,0.31354833590636
0.318339731200433,0.352741877894655
0.397924664000541,0.39193541988295

#

END

#

RESPONSES

END

#

HISTORY 100 : his2

0,0
0.0795849328001081,0.627096671812721
0.15916986560021 6,0.666290213801015
0.238754798400324,0.705483755789311
0.318339731200433,0.744677297777606
0.397924664000541,0.783870839765901
#

END

Setting up an LOPT problem s si mi | ar t o UserHefied Postprocessois seledted as
the package, and the session file and database path need not be provided as the related informatic
available in the command.

|t I's al so possi bidefined posprnoaessor. dnEhisAcasa the @mmasdeprovided in
fifullco mmandscript 0 i s :
<meta post_executable> -b -s -foregr <path/sessionfile> "<database_path>"

"<path/result_file>"

Unl i ke in the case of EeETA, intereally foyUISHOPT ¢ Tthenafoaen d
metgost_executable, path/sessionfile, databpeiy 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 fit=paratelyn this case.

The output file name must however bpecified for the following reason. The output file is parsed for
history and response names to import and display in the relevant GUI pages. These can then be use
complete the optimization problem setup: define composites, objectives and congti@ints,
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5.4. Solver Execution

|' [ Stage Stagel =

Setup ‘ Parameters ‘ Histories ‘ Responses ‘ File Operations l

General
Package Name[ LS-DYNA 3]
Cammand[lsg?l_single H Browse ]

[l Do not add input file argument

Input File [main.k H Browse ]

copies main.k (0 includes) to Stagel/it.runf| DynaOpt.inp ]
and substitutes parameters

[[] Extra input files

LS-DYNA Advanced Options

Execution

Resources

Resource Units per job Global limit Delete

Create new resource

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

[J Run Jobs in Directory of Stage

Figure 5-12: Stage dialog Setup panel
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Table5-4: Stage dialog Setup options: Execution options

Option Description Reference
Resources Settings for concurrent processing Section5.4.1
Use Queuing Interfacing with load sharing facilities to enable running Section5.4.2

simulation jobs acrossreetwork.

Use LSTCVM Enabling LSTCVM, Secure Proxy Server, for distributing  Section5.4.3
proxy solver jobs across a computer cluster.

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

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

Directory of Stage the directory of another stage.

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

5.4.1.Specifying Computing Resources for Concurrent Processing

Multiple resource limits can be defined for each stage. The resource attributes consist of Units per job
well as the Global limit (seEigure5-13). This feature ision-dimensional and therefore allows the user to
specify limits on any type of computing resource such as number of processors, disk space, memc
available licenses, etc.

Example:

A user has 10,000 processors available and wants to execute an ojimmzatusing MPP simulations
requiring 128 CPUs per job. She therefore specifies the units per job as 128 and the global limit as 10,0
For this same optimization run, the user has 5,000Gb disk space available while using 40 Gb of disk sp
per job (whch is deleted after the completion of each job). A second resource therefore has to be specifi
with attribute values 40 units per job and a global limit of 5,000. The resource setup is sHeguren
5-13. 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 E
cPU |128 || 10000 E

Create new resource

Figure 5-13: Definition of Resources for a Stage
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Resources must be defined at 8tage level, but can be viewed in the Resource tab of the Setup dedog (
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 defined f
multiple stages.

When using multiple computer clusters, independent resources are typically defined 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 @@&ldmit of 1 is assumed for each stage at the
beginning of the creation process. The default name is the solver type name. That also implies that if
multiple stages use the same solver type, there will by default be only one resource definition. Kesource
can then be added or deleted as desired. To change a resource name, a new resource has to be added and
old resource deleted.

Remark

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

5.4.2.Interfaces to Queuing Systems

The LSOPT Queuing Interfacimterfaces with load sharing facilities (e.g. 1°®F LoadLevelef) to enable
running simulation jobs across a network-Q8T will automatically copy the simulation input files to each
remote node, extract the results on thmote directory and transfer the extracted results to the local
directory. The interface allows the progress of each simulation run to be monitored-@RTuS See
AppendixH.5 for information on how to setup the interface.

® Registered Trademark Blatform Computing Inc.
" Registered Trademark of International Business Machines Corporation
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Table5-5: Queuing options

Option Description Reference
LSF LSF

PBS PBS

PBSPRO PBS PRO

SLURM SLURM

AQS AQS

LoadLeveler LoadLeveler

NQE NQE’

NQS NQSlo

Black - Box Black box Appendix il
Honda dedicated queuer AppendixH.8
SGE SGE

UserDefined User Defined AppendixH.7

5.4.3.Using the LSTCVM secure proxy server

Selecting this option enables the interface to use LSTCVM. LSTCVM is a Secure Proxy Server fc
distributing solver jobs across a computer cluster, e.g. for runnin@RB on a Windows machine
controlling solver jobs on a Linux clustebee AppendixH.10 for information on the installation of
LSTCVM.

8 Portable Batch System. Registered Trademark of Veridian Systems
 Network Queuing Environment. Registered Trademark of Cray Inc.
19 Network Queuing System
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5.4.4.Environment Variables

Environment Variables

Name Value Delete

|.DYN.6._EXPLICIT | |'fhomefbin,-’mlvers,-’mppdyna |
Add manually Set by browsing Edit browse list

Figure 5-14: Definition of Environment Variables

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

Passing environment variables to stage commands can be a convenient way to control the behavior of &
command. For example, the command might be a script which queues a job on a remote machine; the
environment vaable settings might be used by the script to select various queuing options. Or, the
environment variable settings might be passed along through the queuing system to set options for the
remotely executed job, such as license server locations, inpoafiles, whether to run the MPP version of
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 Vabkes list where you can enter the variable name and an arbitrary
value. We do not allow the names of variables to contain anything other than aiplmvercase letters,
numbers, and underscore ( _ ) characters. This guarantees that all environmble defiaitions can be
used on all platforms. Variable values agg so limited.

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

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

NOTE: Stings in the Environment Variables list appearing abovétbesseline are all part of the Browse
List. Strings that appear belorowse are never part of the Browse List. Uskafined environment
variables will always follow after the browse variableiwigbn.

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

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

How the browse list is used by LSOPT

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

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

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

Note: Such a pregrocessing command is always run from within the curtsSHOPT Job Directory.

Therefore, any file that the pmroaessing command references must be specified by adudlified path
or must be interpreted relative to the curreBOPT Job Directory. So, theLSOPT StageDirectory will

be".." and theLSOPT Project Directory will be "../.." .

5.4.5.Recovering Output Files

Recover Files

Filename/Filetype Delete
d3plot v
' binout* | %

Add file manually Select file type

Figure 5-15: Database recovery options

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

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

For LSDYNA, the Select file typeption can be used to recow#Bplot, d3hsppinou, d3eigvor eigout
files. Each name is a prefix, sothaged 3 pl ot 0 1, d 3 p Iwil bedrétqveredl when specifying
d3plot

Any database can be recovered by usirecAdd file manuallyoption.Each name is a wildcard.
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The requested database dilgill appear in the locatun directory. The details of theecovey 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 Sectioi2.3

5.5. File Operations

Setup FParameters @ Histories = Responses | File Operations

Operation Source File Destination File (wildcard ok)  Sequence on Error De...
o [~]m s o o o)
Move v ||cas .k [[cark || atter v | |fail v [x
Delete | v [junk || after v |[ignore | v |x
Add ..

Jox

Figure 5-16: File Operations within a Stage run directory

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

The requested Stage file operations are executed for all the run directories related to the Stage, e.g
CRASH/1.1, CRASH/1.2, etc. Within a Stage run directory, several file operations can be executed on
files previously copied to the run directories or g@ted by the stage command before or after executing

the stage comman8eeFigure5-16 andTable3-4.

File operations between stages are discussed in S8c2@n

LS-OPT Version 5.1 72



CHAPTERS: Stage Dialog Defining the Solver

Table5-6: File Operations

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

LS-OPT can only detect the solver termination status by reading the information that the solver prints to t
screen (also called standard outputstifout ). The LSDYNA solver type as well as late versions of

ANSA automati cal I Noranutagludt swhti OB dathSts asaenormal termination.
| fNodmal 6 1 s adoBTeassumes dn@rror termination status and will not attempt to extract

any results from the database. For all other solvers, the user has the responsibility to wratighi® st
standard output. This can be accomplished by inserting the solver command into a script or program
whi chNotrimal 6 6 string is written at the enH9lusi nc

5.7. Managing disk space during run time

As multiple result output sets are generated during a paralletheruser must be careful not to generate
unne@ssary output. The following rules should be considered:

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

o0 A significant amount of disk space can be saved by judiciously specifying thentenel betwen
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 terminéitiosn

0 The result extraction is done immediately after completion of each simulatioDatabase files can
be deleted I mmedi at el RPeletébf tfeirl ee xotprearcattiioonseeuasfit

Section5.5).
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o Database files cassobe deleted busing theclean file (seeSection5.7.1).

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

5.7.1.Using the clean file to delete solver output files

During a sequential approximation procedure, superfluous data can be erased after edde keeping
all the necessary data and status figEeSection12.6). 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

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 to delete the lowest
level directories or the log filestarted , finished , response . n or history . n (which must

remain in the lowest level directories). Theleectories and log files indicate different levels of completion
status which are essential for effective restartiBgch fileresponse. response_numbecontains the
extracted value for the responsesponse_numbeiThe essential data thus preserved even if all solver
data files are deleted. Tihesponse _numbestarts from O.

Complete histories are similarly kepthistory . history _number

The minimal list to ensure proper restartiag

XPoi nt
started
finished
response .0
response .1

history .0
history .1

Remarks:

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

3. For remote simulations, tlidean file will be executed on the remote machine

5.8. Alternative setups for running pre-processors

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

to make the solver stage dependent on theopmreessor stage. Because the output file of thgppreessor

has to be used as input by 8wver, the setup is important. There are at least three ways of setting Hp a pre
processor run:

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

2. Copy the output file to the base file of the solver. E.glsfppout  is the owput file name of the
pre-processor, copylsppout  to DynaOpt.inp  which is the standard base file name for the
LS-DYNA solver type. An inter or intratage file operation is used for this purpose (see Pbitts
3 below).

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

It should be noted that both the gmecessor and the solver can be run in the same directory by selecting
the 6Run Job in Directory of Staged o fhtoéronnnthen
directory of the prgorocessoor the solver.

1. If they are both run in thpre-processordirectory, a copy file operation (Secti@n5) should be
speci fied in the O6Fi | e afeptlepredracessorstége.t ab t o cop

2. If they are both run in theolverd i r ect or vy, a copy file operat
Operati ons 6 t mforethesolver stquey/(Sectioted). f 1 | e

3. If they are run in different directories (i.e. their own home directories), anstage copy operation
should be specified (Secti@?2.29.
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This chapter describes the specification of the history or response results to be extracted from the stage
database. A history is a vector or curve data, whereas a response is a scalRegalmgses can be used to
defineobjectives or constraint€hapterll), histories are intermediate entities that can be used to calculate
responses or composite€h@pter 10). Interfaces for result extraction from UIYNA and MSG
NASTRAN output files are available, as well as mathematical expressions, file import, an interface for
extractionof values from ASCII database aadiserdefined interface where any program may be used for
result extraction. The dialogs are accessible from $iege dialog Histories and Responsestab,
respectively.

6.1. Defining histories and respnses

A history or a responsean be defined by using the interfaces in khistories and Responsedab of the
Stagedialog, respectivelykigure6-1. To add a new definition, select the respective fiater from the list
on the right. he available interfaces are explainedTiable 6-1. To edit an already defined history or
response, doublelick on the respective entry from the list on the.léfistories and responses may be
deleted using thdeleteicon on theright of the respective definition.

There ardive types of interfaces

o Standard LDYNA, MSC-Nastranor LSOPTresult interfacesThis interface provides access to the
LS-DYNA binary databases (d3plot binout, d3hsp or d3gv). The interface is an integral part of
LS-OPT.

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

GenEx. This interface allows the user to extract selected fialév&lom a text file.

o O O O

Excel.

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

Each extracted response identified by a nameTable 6-2, and thesettings to be specified using the
respective interface.
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Ber Stage CRASH =)
Setup  Parameters | Histories || Respaonses | File Operations
History definitions Add new
N1_Vel x | | Generic ¥
NODOUT: x_velocity of node 2061916 USERDEFINED
N2_vel * | | GEMEX
NODOUT: x_velocity of node 2061917 EXCEL
N1_Disph * | | EXPRESSION
MNODOUT: x_displacement of node 2061916
FUNCTION
N2_Disph x INJURY
NODOUT: x_displacement of node 2061917
Derived =
N1_Accel x
NODOUT: x_acceleration of node 2061916 Crossplot
N2_Accel x | | LS-DYNA
NODOUT: x_acceleration of node 2061917 ABSTAT
Avg_Vel x | | BNDOUT
EXPRESSION: (N1_Vel+N2_Vel)/2 D3PLOT
Avg_Disp x | | DBBEMAC
EXPRESSION: (N1_Disph+N2_Disph}/2 DBESI
Avg_Accel x | | DEFORC
EXPRESSION: (N1_Accel4+N2_Accel)/2 ELOUT
GCEOUT
GLSTAT
NTFORC
MATSUM
NCFORC
[¥]
File Histories |
o< |
Figure 6-1: Histories definition in the GUI
Table6-1: Interfaces for Response and History extraction
Option Description Reference
Generic USERDEFINED Result extraction using any script oI Section6.14
program
GENEX Tool for extracting results from text Chapter7
files
EXCEL Tool for extracting results from an  Section6.12

Excel document.
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EXPRESSION Definition of mathematical Section6.4.1
expr_essions using previously define
entities
FUNCTION Expressions using previously define Section6.4.3
histories
INJURY Injury criteria Section6.5
MATRIX_EXPRESSION (Response only) Section6.4.4
Derived Crossplot Crossplot (History only) Section6.4.1
LS-DYNA ABSTAT 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  Section6.3.2
only)
FREQUENCY D3eigv (Response only) Section6.2.5
GCEOUT Binout interface Section6.2.1
GLSTAT Binout interface Section6.2.1
JNTFORC Binout interface Section6.2.1
MASS D3hsp interface (Response only)  Section6.2.4
MATSUM Binout interface Sedion6.2.1
NCFORC Binout interface Section6.2.1
NODOUT Binout interface Section6.2.1,
NODFOR Binout interface Section6.2.1
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PSTRESS Metal Forming results (Response  Section6.3.3
only)
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  Section6.3.1
only)
MSC- NAST_FREQUENCY (Response only) Section6.15
NASTRAN
LS-OPT LSOPT Optimized inner level variables, Section6.16
responses, composites, objective
functions and constraints (Respons
only)
File Histories Global file histories (History only)  Section6.17
Copy Copy theselected History/Response
Paste Paste a previously copied

History/Response, also possible
between stages. The next free num
is automatically appended to the
name.
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Table6-2: General History andResponse options for all interfaces

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

option is mandatory for disciplines that use the *CASE parameter-in LS
DYNA input files but isnot required for other cases. For all other cases,
first/last commands should be used.

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

Not metamodel linked (Response onlypomedimes itis beneficial to create intermediate response
without associated metamodeddthough the task imetamodebasedThis
avoids efficiency losResponses that are not metamodel linked cannot b
included directly in compositeascomposits rely on metamodebased
calculations

6.1.1.Result extraction

Each simulation run is immediately followed by a result extraction to createhithery .n and
response .n files for that particular design point. For distributed simulation runs, thisotixinaprocess

is executed on the remote machine. Tilggory .n andresponse .n files are subsequently transferred

to the local run directory. If the extraction on the remote machine isuggessful, it is done again on the

local machine. Hence programs and scripts needed for result extraction do not have to be accessible fron
the remote machine. These results are stored irAteysisResults_ n.lsox database.

6.2. Extracting history and response quantitiesLS-DYNA
LS-OPT provides interfaces for history and response result extraction from binout, d3plot, d3hsp and
d3eigv.The user must ensure that the DSNA program will provide the otput files required by L®PT.

The optionsfor the extractiorof LS-DYNA responses and historiese identical, except for the selection
attribute

Aside of the standard interfacélsat are used to extract any particular data item from the database,
specialized responsder metalforming are also available. The computation and extractibrihese
secondary responses are discussed in Segton

6.2.1.LS-DYNA binout results

All LS-DYNA history and esponse result extraction options except f@BPLOT, MASS and
FREQUENCY interface with the LSDYNA binout output. The BINARY flag in the respective
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*DATABASE_OPTION card and the desired entity ID in the *DATABASE_HISTORY TGPN card has
to be set correctly in the EBYNA input file.

The response options are an extension of the history opti@nkistory will be extracted as part of the
response extraction.

Results can be extracted for the whole model or a finite elemetyt &nth as a node or element. For shell
and beam elements the throtiiickness position can be specified as well.

Filtering and averaging options are available for histories and responses.

For responses, thgelectattributehas to be specified to exttae scalar value from the curve. The optional
attributesFrom timeand To timecan be specified to slice the curve before extracting the requested scala
value. The defaults are 0 and the end value of the history.

These operations will be appliedthme following order: averaging diitering, and slicing.

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

The NODOUT component@eformationandDistanceare described in detail in Sectiér2.2

= New response (3]
Name Subcase Multipiler Offset
|_ %_displ | | | 1 | |O |

[ Not metamodel-linked

Component Direction

() Coordinate @ X Component
@ Displacement () ¥ Component
) Velocity () Z Component
) Acceleration () Resultant

() Rotational Displacement
() Rotational Velocity

) Rotational Acceleration
) Deformation

() Distance

IdentifierType ID

ID 2| |300105 |
Select From time To time
Maximum Walue o | | | |
Filtering

None |C

Cancel oK

Figure 6-2: Response extraction: L®YNA NODOUT interface
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6.2.2.Kinematics
Additional kinematics such afistance anddeformationan be computed directly using NODOWAsults
by defining two nodes on the finite element mesh. Kinematics consist of two main quantities:

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

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

These quantities can be computed in

o the global coordinate system,

o alocal coordinate system or

o local coordinates referred to the global reference fram@®).
The local axes are computed using the convention defined in S@d¢tatdine the rotation matriXA where
A'is a function of time. The quantities are therefore defined as foliows.

Table 6-3: Definitions of the kinematics of a displaced rigid body

Frame Distarce Deformation

Global d=q u=q-q(0)

Local d'= A(t)q(t) u'=A(t)q(t) - A0)a(0)
Local in reference d'=A"(QA(t)q(t) u'=AT(0)A(t)a(t) - a(0)

The orthogonal matripA(t) is defined by a local coordinate systémné yid Rigdire 6-3) which in turn is
defined by three nodes on the finite element mesh as it displaces over time.2NoE3 represent the
local x-axis directon (seeFigure 6-3) while Nodel represents the third node. This is the same convention
as defined in Section

The second and third kinematic categories are b
absent for pure rigid body systems.

If the triangles 12-3 a nr2ABjNf Nar e congr uent id bodyg the quinttydefinesl s e s e
Local 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, £ongruenceaatio for each history or respge is displayed in th@b_log (run
directory) or Isopt_output files. The ratio for a node is defined as the ratio of the side length opposite the
nodei at timetsny divided by the same quantity applied to the undeformed structure (see equation below).
Three values are therefore printed. The ideal ratio is unity, signifying a perfectly rigid body.

r = |Xi-1(t)' Xi-z(t)| i =

. = i1 =123
I |Xi-1(o)'xi-2(0)| -
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Kinematic quantities are available as both ie®and responses.

A

Figure 6-3: Local and global coordinate systems

6.2.3.LS-DYNA d3plot results

The D3PLOTinterface is related téhe Binout interface. The D3PLOfesultsdiffer from the Binout
commands in that a response or history can be collected over a whole part. For example, the maxim
stresscan be evaluateith a part or wer the whole modeResults caralsobe extracted for a finite element
entity such as a node or element. For shell and beam elements the -thiokigass position can be
specified as wellElement results such as stresses will be averaged in ordeate ttre NODE results.

If the location of extraction is specified lyy,zcoordinats, the quantity will be extracted from the element
nearest tax,y,zat the time of reference stat®nly elements included in tHe&SET_SOLID _GENERAL
element set are considered (only BARTandELEMENToptions).

The response options are an extension of the history opti@nkistory will be extracted as part of the
response extractioior responses, tHgelectattributehas to be specified to extract a scalar value from the
curve. The optional attributésom timeandTo timecan be specified to slice the curve before extracting the
requested scalar value. The defaults are 0 and the end value of the Higtergeletion must be done over
parts as well, firstly the maximum value will be selected for the part, followed by the selection of the
maximum, minimum, or average ovéne.

The available results types and components are listégppendix C: LS-DYNA D3Plot Commandsnd
Appendix D: LS-DYNA D3Plot Components
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The LSPREPOST fringe plot capability can be used for the graphical exploratbtr@ubleshoabg of

the data.

-

New response

&

Name

Subcase

Multipiler

Offset

max_xx_stress

J

Location
® Part O D
() Coordinate

@ All Parts
() List of parts:

Parts to be included pacits Type

O Ndv

Stress

) Result
() Strain
() Misc
) FLD

) Beam

Component
@ xx_stress
() yy_stress
() zz_stress
() xy_stress
() yz_stress
(O zx_stress

) plastic_strain

() pressure

Select

) von_mises

() 1st_prin_dewv_stress
( 2nd_prin_dev_stress
0 3rd_prin_dev_stress
() max_shear_stress
) 1st_principal_stress

2nd_principal_stress

) 3rd_principal_stress

From time To time

Maximum Value

L JL ]

i

| [o

] Mot metamodel-linked

Cancel

Figure 6-4: Response extraction from d3plot

D3Plot FLD results

If FLD results are requested then the FLD curve can be specified usthgt(andn coefficients orif) a
curve in the LSDYNA input deck. The interpretation of thteand n coefficients is the same as in 1S

PREPOSTNOote that theTHICK, FLD andPSTRES$iterface options aran alternativeSection6.3.

6.2.4.Massi Interfacing with d3hsp

The MASSresponse interfaces with the {L5¢YNA output file d3hsp. The Mass and related entitiégure

6-5 andTable6-4, can be extracted for the whole model or a list of parts.

Values are summed if more than queet 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.
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m New response )]
Name Subcase Multipiler Offset
[ma55| l [ |1 | |CI |

[ Mot metamodel-linked

Parts to be included Attribute
'_ All Parts Mass A

@ List of parts:

x1001, =1002,

x1003, =1004,
x1005, @

| Cancel || (8] 4 |

Figure 6-5: Interface for extractionof Mass and related entities from LBYNA output d3hsp

Table6-4: Massitem description

Item Description

Parts to be included Entity is extracted forte entiremodel or for the paitDs specified in the list.

Attribute Type of mass quantity:
Mass Mass
Principal Inertias Componentll, 122, 133
Inertia Tensor ComponentXX, IXY, IXZ, IYX, IYY,

IYZ, 1ZX, 1ZY, |22

Mass Center ComponeniX-Coordinate)Y-Coordinate oZ-
Coordinate of mass center

6.2.5.Frequencyi Interfacing with d3eigv

TheFREQUENCKesponse interfaces thithe LSDYNA output file d3eigv Figure6-6. SeeTable6-5 for a
description of the available extraction options.
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- New response [
Name Subcase Multipiler Offset
frequency ] [ |1 | |D |

[] Mot metamodel-linked

Baseline Mode Number

2

Modal Qutput Option
@ Frequency of Mode
) New Mode Number

1 Modal Assurance Criterion

Mode Tracking Status
@ On
O Off

Cancel | oK

Figure 6-6: Interface for extraction of frequencies from L®YNA output d3eigv

Table6-5: Frequency item description

ltem Description

Baseline Mode Numbe The number (sequence) of thaseline modal shape to be trackédannot
exceed 999The user must identify which baseline mode is of interest by
viewing the baselind3eigv file in LS-PrePost.

Modal Output Option  Type of malal quantity

Frequency of Mode Frequency of current mode corresponding
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 assuranceriterion.

-, H o .y -y
5.5 2 B T

oy o Y

Mode Tracking Status Enable or sable mode trackingee Theory section below
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Mode Tracking - Theory

Mode tracking is required during optimizatiaising modal analyses as mode switching (a change in the
sequence of modes) can occur as the optimizer modifies the design vardabteder to extract the
frequency of a specified mode, {GPT calculates the modal assurance criterMAQ). The scalaMAC

value provides the degree of consistency between baseline modal shape and each mode shape of the ci
design. The maximurMAC value indicates the mode most similar in shape to the original mode selected
LS-OPT reads the eigenvecsoirom the d3eigv files, for calculating thMAC values. TheMAC value for

the reference modal vect/ , and the i™ modal vector of the current desi/ ; Is calculated as:

B T
J {Go}H {ioXG, }H {u;} (6-1)

where H is the Hermitian operator. The MAC value corresponding to the most simidde can be
extracted using the respective Modal Output Opfsaa Table6-5).

In certain cases, the user may be interested in the frequency corresponding to a specific mode number
enable this option, the ability tortumode tracking off is providdy default this feature isng but turning it

off enables one to extract the responses corresponding to a specific mode number, irrespective of the
shape.

6.3. Extracting metal forming responsequantities: LS-DYNA

Responses directly related to shewttal formingcan be extracted, namely the final sheet thickness (or
thickness reductign Forming Limit criterion and principal stress. All the quantities can be specified on a
part basis as defined in the input ddck LS-DYNA. Mesh adaptivitycan be incorporated into the
simulaton run.

The user must ensure that tt8plot  files are produced by the EBYNA simulation Note that the
D3PLOT interface options aran alternative.

6.3.1.Thicknessand thickness reduction

Either thickness or thickness reductman be specified using tA¢ICK interface Figure6-7.
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- Edit response =l
Name Subcase Multipiler Offset
Thickness_thi_max l [ | 1 | |D |

[] Not metamodel-linked

Parts to be included Reported Value Type Extracted response

) All Parts Final shell thickness S| | Maximum =
@ List of parts:

%3, 0

Cancel oK

Figure 6-7: Thickness or Thickness reduction interface

Table6-6: THICK optionsdescription

Item Description

Parts to be includec Entity is extracted for the entire model or for the parts IDs specified in the

Reported Value Final shell thickness
Type Percentage thickness reduction

Extracted response Minimum, maximum or average computed over all the elements of the sel
parts

6.3.2.FLD constraint

The FLDconstraint is shown iRigure6-8. Two cases are distinguished for the Rtdhstraint.

o The values of some strapoints are located above the FldDrve. In this case the constraint is
computed as:

g=d

max

with dnaxthe maximum smallest distance of any stgomt above the FLRurve to the FLD curve.

o All the values of the straipoints are located below the FLEdrve. In this case the constraint is
computed as:
g=-d

min

with dmin the minimum smallest distance of any stnaatue to the FLOcurve (Figure6-8).
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1€

Constraint Active

g= Omax

o€

a) FLD Constraintactive

1€

Constraint Inactive

g =1 dmin

o€

b) FLD Constraintinactive
Figure 6-8: FLD curvei constraint definition
It follows that for a feasible design the constraint should beosthatg(x) < 0.
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 midé shell surfaces can be considered.
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Remarks:

0 A piecewise linearcurve is defined by specifying a list of interconnected poiftte. abscissaes()

of consecutive points must increase (or aaror terminationwill occur). Duplicated points are
therefore not allowed.

o The curve is extrapolated infinitely in both the negative and positive directiors)oTfe first and
last segments are used for this pwgo

o The computation of the constraint value is the same as shdviguire6-8.
The following must be defirefor the model and FLDBurve:

] Edit/ response =
Name Subcase Multipiler Offset
|FLD1 | | |_1 | |.D |

[] Mot metamodel-linked

Parts to be included Sampling location

O All Parts Lower surface |2

@ List of parts:
Load curve ID

x], & —_—
|90 |

Cancel [s]'4

Figure 6-9: Definition of General FLD constraint

Table6-7: LS-DYNA General FLD constraint optionslescription

Option Description

Parts to be includec Entity is extracted for the entire model or for the parts IDs specified in the

Sampling location  Lower, middle or uppesurface of the sheet

Load curve ID Identification number of a load curve in the-D&¥NA input file. The
*DEFINE_CURVE keyword must be used. RefertotheDSYy NA Us e
Manual for an explanation of this keyword.

Remarks:

o0 The interface program produces an outputFilé curve which contains thea and & values in

the first and second columns respectively. Since the program first looks for this file, it can be
specified in lieu of the keyword specificatiorhe user should take care to remove an old version of
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theFLD_curve if the curve specification is changed in the keyword input ffla. structured input
file is used for LSDYNA input data,FLD_curve mustbe createdby the user.

0 The scale factor and offset values feature ofBieFINE_ CURVE keyword are not utilizec.
6.3.3.Principal stress

Any of the principal stresses or theean can be computessing thePSTRESSinterface The values are
nodal stresses.

- Edit response =
Narme Subcase Multipiler Offset

PStress1 l [ |1 ‘ |0 |

[] Not metamodel-linked

Parts to be included Stress value to extract Extracted response

O All Parts Maximum principal stress = | | Maximum stress &
@ List of parts:

%3, Q@

Figure 6-10: Principal Stress Interface

Table6-8: 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 Maximum principal stress S1
extract
Secomnl principal stress S2
Minimum principal stress S3
Mean of principal stress (51+S52+53)/3

Extracted response Minimum, maximum or average computed over all the elements of the sel
parts

LS-OPT Version 5.1 91



CHAPTERG: History and Response Results

6.4. Generic Interfaces for History and Response extraction

6.4.1.Expressions

Mathematical expressions using previously defined entities can be defined here. The expression syntax anc
the available mathematical functions are describeppendix F-..

6.4.2.Crossplot history

A special history functiol€rossplot is provided to construct a curgéf) givenf(t) andg(t).

= )

Name Subcase

Force_ws_Displ ] l

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

z(t)

[Displ ~

F(t)

[Force =

Number of points (blank for default)

]

Cancel oK

Figure 6-11: Interface to define a crossplot history

Additional ogions are available if the Crossplot is defined using a history ExpresgeAppendix F.3
for details.

Theoptionsare explained iTable6-9.

Table6-9: Description ofCrossplot  arguments

Option Description Default
z(t) History of abscissa -
F(t) History of ordinate -

Number of points Number of points created in crossplot Smallest of the numbers of points
defining f andg
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6.4.3.Function Interface

The functions available fdhe extraction of response values from previously defined histories are explainec
in AppendixF.3.

The History functions are described below.
Derivative history

df (t)

A special history functioerivative  is provided to construct a curve(r givenf(t),
daf(t) , - f(x 2h) 8f(x hr 8Hx h - f(x+21
dt 12h
- New history E
Name Subcase
Der_N1_vel| ] [
Function History
@ Derivative | N1_Vel <
1 Filter
Cancel QK

Figure 6-12 Interface to define derivative history

Remarks:
o0 The derivatives assume a linear, positive abscissa with equal intervals (typically time history).

o Since the derivative approximation is based on a multipoint scheme, it is recommended to avo
having too few points.

o Thederivatives of the first tiee and last three points are the same as the third and third last points
respectively.

Filtered history

A special history functiofrilter  is provided to construct a filtered curve.
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= New history: )
Name Subcase

N1_Wel_SAEGQ| ] [

Function History
() Derivative | N1_Vel <
@ Filter Filtering
SAE Filter 4
Fregquency Time unit
Cancel oK
Figure 6-13: Interface to define a filtered history
Table6-10: Description of FilterHistory 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

6.4.4.Matrix operations

Matrix operations can be performed by initializing a matrix, performing multiple matrix operations, and
extracting components of the matrix as response functions or réduttsese operations are defined using
the MATRIX_EXPRESSIONnterface Figure6-14.
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= Edit response ]

Name Subcase Multipiler Offset

M1 | [

[] Not metamodel-linked

Matrix-Expression

[Matri:-:3>:3|nittR1_1,R2_1,R3_1,R4_1,D,D,D,D,D)| ]

Cancel oK |

Figure 6-14: Matrix Expression: Initialization of a matrix

There are two functions available to initialize a matnamely Matrix3x3Init and Rotate . Both
functions create 3x3 matrices.

The component of a matrix is extracted using the forfatij (or the GbasedA[i - 1][ j-1]) e.q.
Strain.a23 (or Strain[1][2] ) wherei andj are limited to 1,2 or 3.

The matrix operatioA i | (wherel is the unit matrix) is coded s 1.
Initializing a matrix

The command to initialize the matrix:

e, a, a,g
e u
o1 A By

8, 3, auf

Matrix3x3lnit(all,al2,al3, a2l1,a22,a23, a3l,a32,a33)

wherea; is any previously defined variable (typically a response or result).

Creating a rotation matrix using 3 specified points
Theexpressions:
Rotate(x1,y1,z1, x2,y2,z2, x3,y3,z3)

where the three triplets represent points 1, 2 and 3lim&nsional spacespectively.
0 The vecton,z connecting points 2 and 3 forms the logalirection.
0 Z=Vo3X\Vyp
0 Y=ZxX

The vectorsX, Y and Z are normalized to<, y and z which are used to form an orthogonal matrix:
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& X X@
T= Vs Yay
€z z, z{

whereT'T =1.

6.5. Injury criteria

All of the injury criteria were developed according to the specificatigh]in

Injury criteria mus be defined as responses, 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 abbreviation for total Moment about Occipital Condyle. The criterion for the Total Moment
calculates the total moment in relation to the moment measurement point.

The Total Moment MOC value for the Upplenad-Cell is calculated as follows

MOC=M - (D&F)

with  MOC Total moment [Nm]
F Neck axial force resultant [N]
M Neck smoment resultant [Nm]
D Distance between the force sensor axis an€tralyle axis,

depends on the dummy typeable6-12.
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Table6-11: Options for MOC

Option Description Symiol
Neck Force x Neck axial force resultant F
Neck Moment y Neck smoment resultant M
Dummy_type Dummy type -
Length unit Length units -
Force unit Force units -

Table6-12: Input constants for variousilummy types

Dummy Type D[m]
Hybrid 111, male 95% 0.01778
Hybrid IIl, male 50% 0.01778
Hybrid 111, female 5% 0.01778
Hybrid 1ll, 10-year 0.01778
Hybrid 1ll, 6-year 0.01778
Hybrid 1ll, 3-year 0

Crabi 12, 18 month 0.00584
TNO P1,5 0.0247
Crabi 6month 0.0102
TNO P 3/4, P3 0

ES2 0

TNO Q series 0
SID-lIs 0.01778
BioRID 0.01778
WORLDSID 0.0195

LS-OPT Version 5.1

97



CHAPTERG: History and Response Results

6.7.2.NIC (rear impact)

NIC is the abbreviation for Neck Injury CriteriohS-OPT calculates the NIC value specified for rear
impact.The NIC value igalculated with the following formula:

— g 2
NIC = a1'e|ative @.2+ Vrelative

Head

Wlth arelative = al—(I _ax

—_—
Vrelative - rp'relative

relative xacceleration

Table6-13: Options for NIC

Option Description Symbol
Acceleration 1. thorax spinc x-acceleration of first thorax spine a
Acceleration head x-acceleration at the height of the c.o0.g. of the hee ate
Time unit Time units -
Length unit Length units -

6.7.3.Nij (Nce, Ncf, Nte, Ntf)

Nij is the abbreviation for Normalized Neck Injury Criterion and is the four neck criterion Nte (tension
expression), Ntf (tensiefiexion), Nce (compressieaxtension) and Ncf (compressifiaxion).
The Nij value is the maximal value otéy Ntf, Nce, Ncf.

The Nij value is calculated with the following formula

N1 =+ MOC
FC MC

with F Force at the point of transition from head to neesh@ar resultant)

F. Critical force (depending on dumntype)
MOC Total Moment (se®OC, section6.7.1)
M.  Critical moment (depending on dummy type)
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Table6-14: Options for Nij arguments

Option Description Symbol
Neck Force x Neck axial force resultant See MOC
Neck Moment y Neck smoment resultant See MOC
Neck Force z Force at the point of transition from heachtck F
Dummytype Dummy type -

Length unit Length units -

Force unit Force units -

Table6-15: Input constants for various dummy types

Dummy type Test Fc[N] Fc[N] Mc [Nm] Mc [Nm]
Tension Compression Flexion Extension

Hybrid 11l; male 50% In position 6806 -6160 310 -135
Hybrid 1ll; female 5% In position 4287 -3880 155 -67
Hybrid 1lI; female 5% Out of position 3880 -3880 155 -61
Hybrid 1lI; 6-year Out of position 2800 -2800 93 -37
Hybrid 1lI; 3-year Out of position 2120 -2120 68 -27
Hybrid 1ll; 12 month  Out of position 1460 -1460 43 -17

6.7.4.Nkm (Nfa, Nea, Nfp, Nep)

Nkm corresponds to the four neck criteria Nfa (flexeéorterior), Nea (extensieanterior), Nfp (flexion
posterior) and Nefextensiorposterior).

The Nkm value is calculated with the following formyL2;:

F(t) , MOC(H)
F M

int

NKn(t) =

int
with F Force at the point of transition from head to neck (axial force resultant)

F.. Critical force
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MOC Total Moment (see MOC, secti@n7.])

M,,. Critical moment

Table6-16: 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 -

Table6-17: Input constants

Criteria Description Value

* anteria Positive Shear ki 845 N

*_posterior Negative Shear;k -845 N

flexion_* Flexion Mt 88.1 Nm

extension_* Extension M -47.5 Nm
6.7.5.LNL

LNL is the abbreviation forhte Lower Neck Load Indexthe LNL value is calculatedith the following
formula:

Fz+off|
C

tension

\/MS'FME +\/|;y2+|:x2 .

shear ‘

LNL=

moment

with My s-Moment resultant

M Torsional resultant

X

Cromen Critical moment
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F, s-Shear resultant

F,  Axial force resultant
Cqhear Critical force

F, t-Shear resultant

Ceensior Critical force

off  offset to include préoad, depends on dummy position

Table6-18: Options for LNL arguments

Option Description Symbol
y Force Axial force resultant F,

x Force s-Shear resultant F

z Force t-Shear resultant F,

y Moment s-Momentresultant M,

X Moment Torsional resultant M,
Length unit Length units -
Forceunit Force units -

Table6-19: Input constants

Force/Moment Description Value

Cmoment Critical moment 15 [Nm]
Cshear Critical force 250 [N]
Ctension Critical force 900 [N]
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6.8. Chest Criteria

6.8.1.Chest compression

Maximum relative rotation multiplied by a constant:
C, maxQ(t)]

Table6-20: Options for Chest Compression arguments

Option Description Symbol
History relative rotation history Q(t)
Dummytype dummy type -

Table6-21: Input constants for various dummy types

DummyType Scaling factorC,

Hybrid 11l; male 95% 130.67

Hybrid 111; male 50% -139.0

Hybrid 1ll; female 5% -87.58
Remarks:

o0 The user is responsible for any required filters of the input history.

6.8.2.Viscous criterion (VC)

VC is an injurycriterion for the chest area. The VC value [m/s] is the maximum crush of the momentary
product of the thorax deformation speed and the thorax deformation. Both quantities are determined by
measuring the rib deflection (side impact) or the chest defle@tmmtal impact). The formula is:

c, ' dt
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Table6-22: Options for Viscous Criterion arguments

Argument name Description Symbol
History Thoracic deformation (m) Y(t)
Dummy type Dummy type -

Time unit Time units -
Length unit Length units -

Table6-23: Input constants for various dummy types

Dummy Type Scaling factoiC, Deformation constar, (m)
Hybrid 11I; male 95% 1.3 0.254
Hybrid 11l; male 50% 1.3 0.229
Hybrid 1lI; 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:

o The derivative is computed using tHeatder (template size = 5) finite difference approximation:

i = fip-8f +8f.,- fi., +O(h4)
dt 12h

whereh is the time interval between the single measurements.

0 The user is responsible for any required filters of the input history.

6.8.3.Thoracic Trauma Index (TTI)

TTI is the abbreviation for Thoracic Trauma Ind@&@rax Trauma Index).
The TTI value is calculated using the following formula:
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1= A(max.rib) + A(lwr .spine
2

T

A(max.rib) = max{ A(upr.rib), A(lwr .rib)}

with  A(uprrib)  Maximum yacceleration of the upper rib
A(wr.rib)  Maximum yacceleration of the lower rib
A(lwr .sping Maximum yacceleration of the lower spine

The result is divided by the gravitational acceleratig@8i0mm/s?)

Table6-24: 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 Tibia Index.
The calculation of the Tl value in based on the equation

F

T|:£+_
MC

C

M =/(M,)2+(M,)>

with M Bending moments [Nm] (torsional resultanrtnement resultant)

xly
M. Critical bending moment

F Axial compression [kN] @shear resultant)
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F.  Critical compression force

Table6-25: Options forTl arguments

Argument name Description Symbol
Bending moment x Bending moment, torsional resultant M,
Bending moment y Bending moment,-snoment resultant M,
Axial compression z Axial compressiont-shear resultant F
Dummytype Dummy type -
Lengthunit Length units -

Force unit Force units -

Table6-26: Input constants for various dummy types

Dummy type Critical bending moment [Nm] Critical compression force [KN]
Hybrid 111, male 95% 307.0 44.2
Hybrid 111, male 50% 225.0 35.9
Hybrid 1ll, female 5% 115.0 22.9

6.10.Additional Criteria
6.10.1.A3ms

The smallest resultanticcderation level maintained for m3s. ryis computed as the level of

r={%+¥+% exceeded for the specified time interal (3ms). The resulting acceleration level is
divided by the gravitational accelarat, g = 9810mm/s?
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Table6-27: Options fora3msarguments

Argument name Description Symbol

x History x-acceleration history X

y History y-acceleration history y

z History z-acceleration history Z

Time unit Time units -

Lengthunit Length units -
Remarks:

o Yy History(Y) andz History(Z) are optional.

0 The user is responsible for any required filterghefinput history.

6.11.LS-DYNA Binout injury criteria

The injury criteria suclHIC, HIC (3 nodes), Chest Severity Index, CLIP3m and CLIP3m (3 nadesnly
be compute for LSDYNA. The acceleration componerits the specified nodewill be extractedrom
binout the magnitude computed, and the injury criteria computed from the acceleration magnitude history.

Note:

o The length and time units are used to compute the gravity value based on §.81 m/s

6.12.The GenEXx tool for etracting responses and histories from a text file.

The GenEx tool is described in Chaptér

6.13.Excel

The histories and responses specifidviigrosoft Excelcan bedefined usingeXCEL option listed under
Generic history and responses interfaces. The cells and/or array of cells BXahdocument can be
defined as LSOPT histories or responses and hence can also be utilized as design objective/constraints
based oranalysisTask
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Name Subcase Multipiler Offset
Responsel v| n/a n/a
[] Not metamodel-linked

Name Subcase

.history1

File
data.xlsx Browse

File
data.xlsx
Worksheet Worksheet
Sheet1 v Refresh Sheet1 v Refresh

X/time range Y/value range Value cell
hist_1 Stress

Auto increment

(@) (b)

Figure 6-15: Microsoft Excel (a) History and (b) Response interface

Figure 6-15 shows the interface for definingxcel histories and responses. The options are described in
Table6-28.

Table6-28: Description of Excel History and Response options

Option Description

File Exceldocument for extraction

Worksheet Worksheets of th&Exceldocument 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,
positive integer sequence of length equal to the number of Y vi
is used starting from 1 (1,

Y/value range Lists all the cell names assigned to array of cells used for ordir
values of the histories.

Value cell Excelcell assigned to response value.

6.14.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 to standard output.
For histories, the values have to be output to a 8eptHistory  in two columns. The command has to
be specified in th®efinitionfield in theUSERDEFINEDnterface dialogFigure6-16.
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Examples of the output statem@mssuch a prograrfor response 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 Perlscript language:

print "$output value \n";

- New response &)
Name Subcase Multipiler Offset
[Force J g | [o |

[] Not metamodel-linked

Definition

[Isprepost c=.././get_force —nographics| ]

Cancel oK |
Figure 6-16: Extracting a Response using a usdefined program
Examples:
4. The user has an owa x ec ut ab | é&xtrgetFascgr @am whi ch i s kept

$HOME/own/bin . The executable extracts a value from a result output file.
5. The relevant responskefinition command must therefore be as follows:
$HOME/ownbin/ExtractForce
6. If Perlis to be used to execute the user s@®ymaFLD2, the command may be:

$LSOPT/perl $LSOPT/DynaFLD2 0.5 0.25 1.833"

7. In this examplethe postprocessor LS?REPOSTis used to produce a histofje from the LS
DYNA database. The LBREPOST command filget_force

open d3plot d3plot

ascii rcforc open rcforc O
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ascii rcforc plot4Ma -1

xyplot 1 savefile xypair LsoptHistory 1

deletewin 1

quit

produces thé&soptHistory file. SeeFigure6-16 for the LSPREPOST command.

Note: The rcforc history in this examplean be obtained more easily by direct extraction (see
Section6.2.1and AppendixA.1 : Binout Histories)
Remark:
1. An alias must not be used for amerface program.
2. The program should be run in batch mode.
3. The program is called from the run directories. This has to be considered if relative paths are used.

6.15.Nastran Frequency

The Nastran Frequency feature allows the user to extract the frequency, matched mode number or M
value from the Nastran database. This interface is similar to #igINPA Frequency interface. Please refer
to Section6.2.5

= New response )
Name Subcase Multipiler Offset
Frequency ] [ | 1 | |CI |

[ Not metamodel-linked

Baseline Mode Number
E

Modal Output Option

@ Frequency of Mode
) New Mode Nurmber
) Modal Assurance Criterion

Cancel | oK

Figure 6-17: Interface for Extraction of Frequencies from Nastran results
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6.16.LS-OPT stage responses

The LSOPT stage is used in the context of multilevel optimization, which involves running an inner level
optimization within an outer level optimization. Each outer level sample evaluation, @PILSstage
evaluation, involves an inner optimization. Thesults of these evaluations consist of entities that are
optimized with respect to the inner level variables, which can be defined by the user as responses for the
outer level LSOPT setup. The response panel ofQBT stage provides the option to defenr@LSOPT
response, which lists the available entities optimized in the inner level. These entities can be the optimized
inner level variables or the corresponding optimized responses, composites, objective functions or
constraints Kigure 6-18). It is also possible to extract responses at any specific inner level iteration by
clicking the6 1 t e rradio buttam &nd providing the required iteration number.

Response definitions Add new
Disp2 1 x  Stage specific
LSOPT: Optimized entity "Disp2 LSOPT
orT S Mew response ) & 2% x .
Generic
Marme Subcase Multipiler Offset
LSOPTL i USERDEFINED
GENEX
Not met del-linked
ot metamodel-linke EXCEL
®
Compeonent Ilteration EXPRESSIOM
v Variables ®  Last iteration x FUNCTION
tﬁumdper lteration: INIURY
thee MATRIX_EXPRESSION
S1EY
M
¥ Responses
Disp2
Displ
Acc_max
Mass
HIC

v Composite responses
Intrusion

¥ Objectives
HIC

v Constraints
Intrusion

Figure 6-18: Interface for Extraction of LSOPT stage results

6.17.File Histories

A history can be provided in a text file with arbitrary format. Coordinate pairs are found by assuming that
any pair of numbers in a rows & legitimate coordinate pair. History files are typically used to import test
data for parameter identification problems.

File histories are global curveBhey are neither sampling nor stage dependwarice they are not listed in
the Stagedialoghistory list.
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= File Histories (2]

Defined file histories
< | History Name

Testl |

Test2 x
Filenarme

Add new
[Testl.txt || Browse |

Preview

1.6E+04

1.4E+04

1.2E+04

0.5

Figure 6-19: File Histories

File History Text FileExample:

Time Displacement
1.2, 143.97

1.4, 156.1

1.7, 923.77
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A user may choose to use a AdBDYNA solver for his application in which case the only elegant option,
except for using commercial extraction tools (see e.g. SebtkhB, is to use a special graphical tool for
identifying and extracting response values and history vectors from an output text file containing the
analysis results. This chapter descsilibe use of the GenEx tool for extracting responses (scalars) and
histories (vectors) from such a text file. GenExduded in the LSOPT distribution as the executable file
genex and can be activated from the Responses or Histories dialog.

7.1. The main window

GenEx can be started from the command line by tygemex <filename> or by selecting th€reate/Edit
button after selecting GenEx on tResponse®r Histories page.
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File Edit
E &0
= Start of File 193, 361 « Anchorname:
200. 362
New Anchor 3 201 153 New Anchor 3
End of File 202, 364 Qrigin:
203. 365 -
204, 366 Start of File -
205. 367
Type:
206, 368 2
207. 269 Plain search ~
208, 370
: Text to search for:
2053, 371
210. 372
211. 373
212, 374 . .
213, 375 Direction
214. 376 ® Forward Backward
215. 377 o
218. 378 atc
® Anywhere

Start of line only

End of line anly

nodal point velocities

Skipover | 0 : matches
node id H-wel y-vel z-vel Relative location:
1 -1.5640E+04 0.0000E+00 0.0000E+00 0.00 4 lines
2 -1.5640E+04 0.0000E+00 0.0000E+00 0.001 e 3
3 -1.5640FE+04 0.0000E+00 0.0000E+00 0.00 & -
4 -1.5640E+04 0.0000E+00 0.0000E+00 0.00 v
5 -1.5640E+04 0.0000E+00 0.0000E+00 0.00 Column separators
6  -1.5640E+04 0.0000E+00 0.0000E+00 0.00
7 -1.5640E+04 0.0000E+00 0.0000E+00 0.00
& -1.5640E+04 0.0000E+00 0.0000E+00 0.00
9 -1.5640E+04 0.0000E+00 0.0000E+00 0.00
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{+ Move to start of line
1 |

Figure 7-1: GenEx dialog.
When first starting GenEx, there will be two predefined anchors in the tree on th8téeftof File and
End of File. 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 atidserithe current
entity/anchor will be highlighted or have a thin black border around it.

On the right is the dialog box for specifying/selecting options for the currently selected anchor/entity.

Anchors

Anchors describe how to find a certain positiontiie data file. This can be done with searching for
keywords or with an absolute position.

Entities

An entity is a quantity we want to extract from-C&T. Entities describe both what the number should look
like as well as where, relative to the pareatfihd it. There are three types of entities, scalar, column and
repeated anchor vectors (see fAOptions specific
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Options

When an anchor or an entity is selected, it is possible to change the options stieevdiatog box. A new
search will be performed whenever an option is changed that requires it. The only exceptidreid the
search for, this requires the user to l&hter (on the keyboard) to start the new search.

Origin
This is the parent anchof the anchor/entity.
Column separator

If columns are selected Relative positionsit is possible to change what separates the columns in the input
file.

Options specific for anchors

Type
There are for types of searches. Three of them are keyvaset{searchphrase based).

o Plain text: This is the most basic seardrhe search lookir the given text in the file and positions
the anchor in front of the match.

0 Glob search:The main goal of theglob search is to be able to matble strings with the aief the
wild cards, *' and ?'. The asterisk matches any character any number of times and the question
mark matches any character one time.

Example:
*abc

will match any word ending witlabc (xxxabc, yyyabc , etc.) and the anchor will be placed
where the ratch begins ((A&xxabc , (A)yyyabc ).

a?c

will match all three letter words starting with' 'and ending withc" (axc, a5c , etc.) and the
anchor will be placed before the match beginsdi&), (A)a5c).

0 Regular expression searchfhe asterisk matches the neceding element zero or more times and
the dot. matches any character one time. If letters are put inside brackets this matches any single
character inside the brackets. If*ais put inside the brackets this means that we should match any
character nbinside the brackets.

Examples:

ab*c

matches dc", "abc", "abbbc ", etc.

a.c

matches all three letter strings starting wathend ending witle" (ahc, a8c, aHc  , etc.)
[csad]bc
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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 expredgsikjirdzh]*esp[ohjd]n.e " will
match tesponse " (but also espdnle " for example).

0 Absolute searchin this search the user positions the anchor simplggegifying therow andthe
column atwhich the anchoshould be positioneith the file.

Plain text glob and regular expression search searches for a specifit $&ing. The absolute search
positions the anchor relative to the parent. @lod andregular expressiosearches are very similar to the
search capabilities in the Perl language or the Unix/Linux scripting language.

Text to search for

This is the tedregular 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 have to match.
Relative Location

When Absolute searchis selected, this section will be enabled. Here it is possible to enter the absolut:
position of the anchor if known.

Skip over

Since the input file can contain several instances of the search term it is possible to skip some of then
find the desiregbosition.

Move to start of line

When this is checked the anchor will be positioned at the start of the line, even if it is found somewhe
else.

Options specific for entities

Relative Location

This is the position of the entity, relative to the paremchar.

Type of entity

Here there are three options, scalar, column vector and repeated anchor vector.
Scalar

The scalar entity is used for extracting responses and it extracts one result.
Column vector

A column vector extracts a column of data.
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Repeate@nchor vector

A repeated anchor vector repeats the search of the selected anchor to extract several entities found in
different places in the input file.

Number format
Here it is possible to specify what a number looks like.
Maximum length

The defaultbehavior is that an entity starts at the specified position and ends with a white space. Here it is
possible to specify the length of the entity if this is not the case.

Maximum number of components

When using GenEx to extract histories the defaehavior is to keep extracting until a match is not found,
this option limits the number of extracted results.

Anchor to repeat

|l f the entity type is Arepeated anchor vectoro t
of flewilnotbe avail able since they candét be repeated.

7.2. Creatinga.gb6 file for LS-OPT

First we have to select the input file in which to search. This is done froRil¢heenu: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 the
click on the anchor or entity button in the menu depending on what is needed. This will create a new
uninitiated child.By selecting the new anchor or 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 Geéade Anchor Hereor
Create Entity Here. This will create a new child at that position with the currently selected anchor as the
parent anchor. ltdés possible to select a col umn

The third option is to make a selection in the text and drag that selection tactier sve want to use as
parent in the tree.

Creating an.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
requires some knowledge of the file format and syntax.

Editing a.g6 file

From the AFil ed menu, select AO0Open GenEx fil eo.
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7.3. How to use GenEx from LSOPT for extracting responses

- Edit response 3)
Name Subcase Multipiler Offset

SWEner [

Input GenEx file

[SWEnergy.gﬁ l | Browse | | Create/Edit

Input data file
[d3h5p l

Entities

Ywelocity

InternalEnergy

(e T ¢ |

EnormuwAann

Reread entities

Cancel | [ oK

Figure 7-2: Definition of a GenEx Response
From theResponsegpanel select GENEX as a respenThis willopen up a dialoghowng a few options
related to GenEx .

The first selection to be made is whigf6 file to use. This option provides a list of available entities to
choose from. The entities neediblettwmedibaefile by clicking the fi S
Create/Edit button. If no file name is given the default action is to create ag@wfile.

Secondly, enter the name of the input dataffien which the responses are to be extract&OPT will
look for thisfile in each ofthe run directory.

7.3.1.An example using GenEXx to extract responses
This example explains how to extract a number of responses from tB'N8 d3hsp file. Different
search options are employed to demonstrate the various options.

o Open the GenEXGUI by selectingCreate/Edit. Then select d3hsp as the input file by using
Fi |l e YSel e cThe d3nsp filetis disgdlaied in the middle. We are interested in 3 responses &
various cycles and a fourth response to be the last one in the file.

Definingan anchor:
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o Define an anchor with the nan@ycle4800_Plain
Edit option.

by clicking on the anchor icon or using the

0 Use a plain search to search for the striiigof cycle 4800 ". If you want to change the
string in the text box, remember to hit thenter" key on the keyboard. The anchor is displayed as a
small anchor icon in the leftmost column of the line that matches the search string. The next step
would be to find the desired field relative to this anchor.

File Edit
Pl
= Start of File average cpu time per zone cycle.... 735 nanoseconds 4 Anchorname:
- CycledB00_Plain average clock time per zone cycle.. 735 nanoseconds Cycled4B800_Plain
[x sweEner 4737 t 2.9998E-02 dt 7.93E-06 write d3plot file Origin:
[x rvelocity Start of File
A Cycled700_Glob E of cycle 4800 is controlled by shell element 37
Type:
-
IEmE SN A E EAME. 4 v e v e 3.04981E-02 )
[x internalEnergy EAME BEED . e e e e 7.93994E-06 Plain search
- End of File kinetic eDergy ... cvacvrannanss 4.35734E+08 Textto search for:
= LastCycl internal EOEXgY .« vaarannrnnn 8.68588E+07 dt of ' 4800
astCycle cle
Y SLONEWALl EOEEGY .« -« neeneenn - 7.659158+05 wall# 1 &
[x Eneray4c00 Stonewall SOErTY....oueeeeneeennn 1.55782E+06 wall# 2 Direction
spring and damper Energy . ...... 1.00000E-20 ® Forward Backward
system damping S0ergy.....o.ou.s 0.00000E+00D
sliding interface energy....... -4.56670E+04 Match
external work......coeiiiianean 0.00000E+00 ®) Anywhere
1 i Fooosnsrans . + .
eroded kinetic energy 0.00000E+00D Start of line only
eroded internal ENErgy ... ..ca. . 0.00000E+00D
total EDergy .« cesrarn e nnn 5.24930E+08 End of line only
total emergy / inmitial energy.. 2.65837E-01
-
energy ratio w/o eroded energy. 2.65837TE-01 Skip ower | 0 »~ Matches
global x velocity . e e eenn -1.35505E+04 Relative location:
global ¥ velocity .o ianrnnnn -1.62068E+00 - i
ines,
global = velocity...ee.u. 1.31314E-01 e
cpu time per zonme oycle....iieenan 0 nanoseconds s =
averaje cpu time per mone cycle.... 734 pnanoseconds v
average clock time per zone cycle.. 736 nanoseconds Column separators
482632 t 2.0999E-02 dt 7.95E-06 write d3plot file
dt of oycle 4900 iz controlled by shell elament 37

Figure 7-3: GenEx dialog; definition of an anchor

Defining an entity:
o Define a new entitySWEner by using the leftmost-icon or theEdit option.
0 Choose the previously defined anchor as the Origin.

o Find the desired field by searching 6 liredow the anchor, 2 columns across. The desired field is
displayed as highlighted in yellow with a black border. See figure below.
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File Edit
&0
= Start of File

== Cycle4B00_Plain
5
E Yvelocity

B Cycle4300_RegExp
E Energy4200

== Cycle4700_Glob

= InternalEnergy_Absolute
E InternalEnergy
End of File

4737 t 2.9938E-02 dt

8t of cycle

time BEtEp..v .t inn i innnrnnnns 7

kinetic energy

internal energy
stonewall enerdq;

stonewall energy...... L1

spring and damper energy. 1
system damping energy... o

-4

o
eroded kinetic energy .. 0
eroded internal Energy......... o
total ENErgY ... eee e annsrnnnns =i
total energy / initial epergy.. g
energy ratic w/o eroded energy. 2
global 3 veloCity.oeeeeeeennn. -1
global ¥ weloci -1
global = veloCity..eeons .. 1

cpu time per mome cycle....iiiiinas
average cpu time per zone cycle....
average clock time per =zone cycle..

4863 t 3.0999E-02 dt

Figure 7-4. GenEx dialog; definition of an entity

o Now define a new entityeferred to the same anch@ycle4800_Plain

4800 is controlled by shell

3.04981E-02
.93934E-06
4.35754E+08
8.68588E+07
.S5T7E2E+06
.00000E-20
.00000E+00
L5GETOE+04
.00000E+00
.00000E+00
.00000E+00
.24930E+08
.G5837E-01
.G5837E-01
.355058+04
LG2Z068E+00
+31314E-01

a
734
736

7.95E-06 write d3plot

7.93E-06 write d3plot file

element 27

wall# 1
wall# 2

nanoseconds
nanoseconds
nanoseconds

file

«  Entity name:
SWEner
Crigin:
Cycle4B00_Plain
Number format

X| Decimal separatoris): | .

¥| Exponent characteris): | Ee

Thousands separators:

Space
Relative location:

-
5] - lines,

-
2 ~ | columns

Column separators

Tab Space

Cther:

Maximum length

+ character(s)
-

. This

X| Whitespace
|

entity is 18 lines

below the anchor and 3 columns across as shown Relagive locationdialog below:

File

&0
= Start of File
B CycledB00_Plain
E SWEner

o

B Cycled700_Glob

Edit

B InternalEnergy_Absolute
E InternalEnergy
= End of File
B LastCycle
E Energy4300

4737 t 2.3939BE-02 4t

8t of cycle

time step....
kinetic energy

internal energy
stonewall energs
stonewall ENETgY...cceeeeeen...
Spring and damper energy.......

system damping smergy.

eroded kinetic energy
eroded internal energy.........
total EDErgY .. .o nnsesnnnns

total energy / inmitial energy

energy ratio w/o eroded epergy.

global x velocity

global ¥ wveloci

global z velocity

cpu time per zZone cy¥cle......eianan
average cpu time per zone cycle....

average clock time per zome cycle..

ARET + T NA9AR-NT A+ 7 98F-NA

Figure 7-5: GenEx dialog; definition of an entity

4800 is controlled by shell

«043B1E-02
.93994E-06
«35734E+08
.6B5BBE+0T
«65315E+05
.55T7E2E+06
.00000E-20
.00000E+00
-566T0E+04

Q0000E+00

-00000E+00
.00000E+00D
-24930E+08
.65837E-01
.G5837E-01

35505E+04

writa AInlar

7.93E-06 write d3plot file

element 37

wall# 1
wall# 2

nanoseconds
nanoseconds

nanoseconds

Fila

« Entity name:
Yvelocity
Crigin:
CycledB00_Plain
Number format

X| Decimal separator(s):

*®| Exponent character(s): | Ee

Thousands separators:
Space
Relative location:

-
18 ~ lines,

.
EN—

Column separators
Tab

columns

Space

Cther:

Maximum length

+ character(s)
-

o Define a second anchor using a global search for the s#in@0'is controlled

controlled

*®| Whitespace

". 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
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File Edit
&0
~ Start of File
= Cycled4g00_Plain
E SWEner
E Yvelocity
-
™ InternalEnergy_Absolute
[ mnternalEnergy
= End of File
B LastCycle

E Energy4900

average cpu time per zome cycle....

average clock time per zmome cycls..

4610 t 2.8333E-02 dt 7.91E-06 write d3plot

dt of cycle

L L R L T 2
time step....

kinetic emergy.

internal energy

stonewall energ:

Stonewall SOErgy..e:ssssee.sees 1
spring and damper Energy....... 1
system damping energy... o
sliding interface energy -4
extarnal work ... ... ...t a
eroded kinetic emergy

ercded internal emerg

total EOSrgY..ceeeeneaaanns

total emergy / initial energy..
energy ratio w/o sroded energy.
global x velocity -1
global ¥ velocity 8
global = velocity 1
cpu time per zome cycle............
average cpu time per zone cycle....
average clock time per mome cycle..

- e

wowom oo

E*«'DD is controlled by shell

3704BE-02

92546®-06
37772E+08
52571E+07
65915E+05

55782E+06
.00000E-20
.00000E+00D
59E54E+04
.00000®E+00
.00000E+00

0o000E+00
25308E+08
66533E-01

«66533E-01
3582EE+04
«30546E+00
L31277E-01

a
T35
735

4737 t 2.9338E-02 dt 7.33E-06 write d3plot

at of cycle

4

Figure 7-6. GenEx dialog; definition of an anchor

4800 is controlled by

shell

o Now define an anchdnternalEnergy_Absolute

the origin asCycle4700_Glob

nanoseconds

nancseconds

file

element

wall# 1
wall# 2

nanoseconds

nancseconds

nancseconds

file

element

s

Anchor name:

Cycle4700_Glob
origin:

Start of File 7
Type:

Glob search 7

Direction

® Forward Backward

Match
® Anywhere

Start of line only

End of line only

Skip over | 0 : matches
Relative location:

-

- lines,

-

-

Column separators

relative to the previous anchor by setting

, then searching 5 linedown and one column across. Note the

anchor icon just before the yellemghlighted number in the figure below.
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File Edit
E & O
average cpu L1Me PEr ZOOE CYClE.... /34 Danoseconas .
= il 4 Anchorname:
Start of File average clock time per zome cycle.. 734 nanoseconds =
- Cycle4B00_Plain [ InternalEnergy_Absolute ]
[ SWEner 4610 t 2.8993E-02 dt 7.91E-06 write diplot file Origin
[x vvelocity dt of cycle 4700 is controlled by shell slement 37 [ Cycle4700_Glob |'l
b Cycled4700_Glob
- - Type:
- et e e ELlE . et s vaes i cnn i raases 2.57048E-02 yP!
EAME BEED et et ene et 7.92546E-06 [Ab | l
solute =
[x internalEnergy kinetic energ 4.37773E+08
= End of File internal ener E 52571E+07
4 LastCycle stonewall energy 7.65915F+05 wall# 1 [ ]
stonewall energy 1.55782E+06 wall# 2 —
E Energy4900 . _ - _ Direction
spring and damper ENSrgY....... 1.00000E-20 ® O
System damping SOErgy....eee... 0.00000E+00 Forward Backward
sliding interface energ -4.59854E+04 Match
external wWork...usiecosiecaaios 0.00000E+00 @® Anywh
sroded Rinstic SRErgy.......... 0.00000E+00 TECLERE
eroded internal energy 0.00000E+00 () Startof line only
total ENErgY . .eeessanns 5.25308E+08
total energy / initial energy.. 9.66533E-01 ) End ofline enly
energy ratic w/oc eroded ener 9.665338-01 ) ~
global x velocity -1.35898E+04 ey We’Dv B
global v wvelocity 2.30546E+00 Relative location:
global =z velocity. 1.312778-01 : lines,
Cpu time per zZone C¥Cle...eeiasnsas 0 nanoseconds
average cpu time per zone cycle.... 735 nanoseconds 1 2| columns |vl
average clock time per zone cycle.. 735 nanoseconds col "
clumn separators
4727 t 2.9992E-02 dt 7.93E-06 write d3plot file [ Tab [ space X| Whitespace

dt of cycle 4800 is controlled by shell

™| 5 my

| ||™] 5
R -

[T |

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

E Entity name:

~ Start of File dt of cycle 4700 is controlled by shell element 37
- Cycle4800_Plain InternalEnergy ]
3 2.97048E-02 Origin:
[x swener EAME BEED . e e e 7.92546E-06 :
E Yvelocity kinetic esnergy. 4.37773E+08 [ InternalEnergy_Absclute |']
= Cycled700_Glob internal ener oS Number format
- stonewall energy. T7.65315E+05 wall# 1 @ Decimal separator(s): -
InternalEnergy_Absclute stonewall energy. 1.55782E+06 wall# 2 )
E InternalEnergy Spring and damper Snergy....... 1.00000E-20 @ Exponent character(s): _
- End of File system danping EDergy....ssss.s 0.00000E+00 Thousands separators:
sliding interface energ: -4.59854E+04
= LastCycle [, [ [ space
& sxternal work..... 0.00000E+00
[x Energy4soo eroded kinetic energ 0.00000E+00 Relative location:
eroded internal Energy......... 0.00000E+00 - lines,
- s
£Otal EOEIgY ..eseeernnernnannnn 5.25302E+02
total energy / initial argy. . 9.665338-01 C]: characters |']
energy ratic w/c eroded smergy. 9.66533E-01 — q
global X veloCit¥.eeiee v nnnnnnns -1.35898E+04 T L) B B
global vy velocity. 2.30546E+00
global = velocity 1.31277E-01
Ccpu time per Zone CyCle...veeiensan 0 nancseconds
average clock time per =zone cycle.. 735 nanoseconds D M | th
aximum leng
4737 t 2.9998E-02 dt 7.33E-06 write d3plot file :]: LIRS
dt of cycle 4800 is controlled by shell element 37

3.04381E-02

Figure 7-8. GenEx dialog; definition of an entity
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0 The next desed entity is the final total energy ratio (i.e. the one in the last cycle in the file). In this
case we will set the reference anchor calledgtCycle to be the end of the file (Origin) and
search backwards (Direction).

0 The search string igdtal energ y" and the regular expression search type is used. The settings
to find the anchor are shown below.

File Edit
E & T
- Start of File sliding interface energy -2.54389E+04 ~ Anchorname:
= Cycle4800_Plain sternal work.......... 0.00000E+00 LastCycle
eroded kinetic SOETgY.......... 0.00000E+00
[x swener eroded internal EmErgY......... 0.00000E+00 Origin:
E Yvelocity B e 5.17577E+08 End of File -
- Cycled700_Glob jotc\l energy / initial emergy.. 9.52308E-01
energy ratio w/o eroded energy. 9.52308E-01 Type
-
TSR global % velocity. u e nn.n.... -1.26595E+04
[x internalEneray Flobal ¥ ¥EloCitye . eeneen.ernns 1.140728+01 HEIanEguEss v
- End of File global = welocitye e enene e ens 1.17599E-01 Text to search for
1 time per mone cycle............ 0 nancseconds
- LastCycle o per e ¥ ~ total energy
average cpu time per zeme cycle.... 751 mamossconds
[x Energy4soo average clock time per zone cycle.. 762 nancseconds Direction

Forward (@ Backward
7000 t 4.9819E-02 dt 2.94E-06 write runrsf file
7019 t 4.99598E-02 dt 9.95E-06 write diplot file
701% t 5.0008BE-02 dt 9.95E-06 write d3dump0l file ® Anywhere

Match

Start of line only

End of line only
701% t 5.0008E-02 dt 2.95E-06 write diplot file

Skip over | O : matches
Mormal terminatdion Relative location:
-
- lines,
- -
storage allocatioan T
Column separators
Memory reguired to complete soluticon : 286361
mdditional dynamically allocated memory: 5283
Total: 291644
Timing dinformation
cPU(seconds)  %cPU  clock (seconds) %cloc | Move to start of line
Initializaticn .. .. B.0000E-02 1.27 7.4480E-02 1.0
Flement processin . 3.3000E+00  52.55 3.3588E+00  52.7
Binary databases «ax 2.1000E-01 3.24 1.0776E-01 1.t
ASCII database ....... 6.6000E-01  10.51 7.96459E-01  12.%

Figure 7-9: GenEx dialog; definition of an anchor

o0 The entity is found by usingastCycle as the anchor ansearching in the sixth column. See
relative location dialog box below.
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File Edit
s
' w O
v Start of File sliding interface energy....... -2.54389E+04 « Entity name
- Cycle4800_Plain external Work.....coveiienaann, 0.00000E+00 Energy4300
eroded kinetic energy.......... 0.00000E+00
[x swEner Origin
eroded internal EDErgy......... 0.00000E+00
[x vvelocity TOLAL EHEITY e r et vrrnsrnreanns 5.17577E+08 LastCycle A
- Cycled700_Glob total emergy / initial emergy.. [9.52308E-01) Number format
energy ratio w/o eroded emergy. 2.52308E-01 .
- ® Decimal separator(s): | .
Itz global % VELOCITY «nnereenenn. -1.26595F+04 3 L
E InternalEnergy global ¥ velocity.ereewerearanas 4.14072E+01 ¥ Exponent character(s): | Ee
- End of File global =z velocity..oeeiinnnnnns 4.47593E-01 Thousands separators:
CPu time per zome cyole....eee..o.. 0 nancseconds
= LastCycle = ~ . . Space
average cpu time per zone cycle.... 751 nanoseconds
E Energy4300 average clock time per zone cycle.. 762 nanoseconds Relative location:

-
0 - lines,
7000 t 4.9B19E-02 dt 5.%4E-06 write runrsf file
7019 t 4.9998E-02 dt 9.95E-06 write d3plot file 6
7012 t 5.0008E-02 dt 3.95E-06 write d3dump0l file

- | columns =

Column separators
Tab Space X Whitespace
|

7019 t 5.0008E-02 dt 9.95E-06 write d3plot file
Other

HNormal termination )
Maximum length

“+ character(s)
-

Etorage allocation

Memory required to complete solutiom 286361
Additional dynamically allocated memory: 5283
Total: 251644

Figure 7-10: GenEx dialog; definition of an entity

0 This completes the GenEx setup. Save the file.

o Now open theStagedialog on theResponsegage and select tHBENEX response type on the
right. Open the Input GenEx file. A browse option is available. Importing the file will display the
selected entities in thentities box.

0 Select the input data file, named@hsp . This file must bevailable in the run directory during the
LS-OPT run.

0 Select an entity, define a response name abihef 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 response entities will be extracted for each simulation run.

7.4. Extracting histories

7.4.1.An example using "Repeated anchor vector" to extract histories

In this example we will use GenEx to extract historiethe value for "kinetic energy" in the "glstat"” file
created by LDYNA. 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 creati€Ehanchor to search for the stringre
are looking for, in this caséihetic energy
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File Edit
@,
&0
v i Start of File ’ : 2 Entity name:
dt of cycle 1 is controlled by shell element 51474 - .
. dt_of_cycle | [ KE_Entity
T i o R S 0. 00000E+00 SR
¥ L KE_anchor EERG (5 TeD i s s e 5. 00040 - 07 Origin:
E KE_£ntity: klnetlc energy.....oovviiiiinin B.67699E +08| ‘ KE anchor 5
End f‘F'I\ pe— internal energy................ 7.96128E-06 o
nd of rile stonewall energy............... 0.00000E+00 wall# 1 :
spring and damper energy....... 1. 60000E - 19 T}'pe of entity
joint internal energy.......... 0.00000E+00 @ Scalar
hourglass energy .............. 0.00000E+00 - col t
system damping energy.......... 0.00000E+00 Lfaiumn.vector
sliding interface energy....... 0. 00DOOE+00
external WOrkK. ..o vin v 0. 0000OE+00 O Repeated anchor vector
eroded kinetic energy.......... 0.00000E+00
eroded internal energy......... 0.00000E+00 Number. format P
10tal ENergY. . ....vussrresrnees 3.67699E+08 Wl Decimal separator(s): |. |
total energy / initial energy.. 1.00189E+00 7 reoummmm—
energy ratio w/o eroded energy. 1.00189E+00 Exponent character(s): |Ee ]
global x velocity.............. 1.40547E-02 2 =
global y velocity.............. 7.24379E-11 Thousands separators:
global z velocity.............. -2.15360E-11 0.0 .0 space
time per zone cycle. (nanosec).. 649 2 T
Relative location:
P—
number of shell elements that IO vJ lines,
reached the minimum time step.. 0 T y
[34 12| | characters 2|
added WaBs ...« 5.69522E-03 Column separators
percentage increase............ 1.62208E-01 7
dt of cycle 400 is controlled by shell element 1948
il [t et R e P e 1.99516E-04
time step.........ooiiiiniinnn 5.00040E-07 ) .
kinetic energy................. 3.44904E+08 W Maximum horizontal length
internal energy................ 2.05286E+07 o
stonewall energy............... 0.00000E+00 wall# 1 '11 Z| character(s)
spring and damper energy....... 1. 60000E - 19 -
joint internal energy.......... 3.35910E-02
hourglass energy .............. 2.09104E+06
system damping energy.......... 0. 000OOE+00
sliding interface energy....... 8.07489E+04
external WO K. vume s it v 2.78063E+00 Anchor to repeat
eroded kinetic energy.......... 0.00000E+00 I
eroded internal energy......... 0. 000OOE+00 L
totallenergy. ..o s it c swini 3.67604E+08 [v]

Figure 7-11: GenEx dialog; definition of an entity

As seen in the screenshot above, this entity is of the Scalar type and needs to be chRegedténl
anchor vector. When creating a repeated anchor vector the default valdeébror to repeatis the parent
of the entity. SinceKinetic energy " appears twice between evaly of cycle the result is not
what we want yet. In order to skip "eroded kinetititgty we pick the grandparemntt_of cycle anchor
as the one to repeat.

The result of this setup will be that the extractor will firdt 'of cycle ", then search forward for
"kinetic energy " and extract the first element of the vector. Then, it will finel tiext occurrence of
"dt_of cycle " and repeat, extracting the other elements of the vector.
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File Edit
F &0
[ < i I | Entity name:
Startorfie dt of cycle 1 is controlled by shell element 51474 - 1 ~
¥ i dt_of cycle 3 [KE_Entlty |
g REH [ R e e S 0. 00000E+00 S
¥ Kenchor: tine step..... .. 5.00040E-07 Origin: :
F2{ KE_Entity | kinetic energy.. ‘ KE_anchor o

internal energy............‘.:: .96128E-06

End of File stonewall energy...............
spring and damper energy.......
joint internal energy..........
hourglass energy .............. . ODOOOE+00 o= I
system damping energy.......... . ODOOOE+00 O Column vector

7
0.00000E+00 wall# 1
1
0
0
0
sliding interface energy....... 0.00000E+00
0
0
0
3
1
1

-60000E - 19 dype of enkity
. 000OOE+00 O Scalar

el i A - 000BOE +00 @ Repeated anchor vector

eroded kinetic energy..........
eroded internal energy.. =0
totaliienergy s sios s ca simga
total energy / initial energy..
energy ratio w/o eroded energy.

- 0000OE+0D L e —
.67699E+08 Decimal separator(s): |.
.00189E+00

.00189E+00 Exponent character(s): |Ee

global x velocity.............. 1.40547E-02 \
global y velocity.............. 7.24379E-11 Thousands separators:
global z velocity.............. -2.15360E-11 0.0 .0 Space
time per zone cycle. (nanosec).. 649

t Relative location:
i

| number of shell elements that 0 2;‘ lines,
reached the minimum time step.. 0

[34 ]:\ | characters 2
BOded  WaBS v v cununmuvamnaziea 5.69522E-03 Column separators
percentage increase............ 1.62208E-01 . 7
dt of cycle 400 is controlled by shell element 1948
B S
LENA B oo S R R . 00040E - 07 ) .
kinetic energy................. ; ; ¥ Maximum horizontal length
internal energy... .05286E+07 o
stonewall energy......... .000OOE+00 wall# 1 11 v‘ character(s)

2
A
spring and damper energy....... 1. 60000E- 19 Z
joint internal energy.......... 3.35910E-02 [J Maximum number of components
hourglass energy .............. 2.09104E+06 3
system damping energy.......... 0. 000OOE+00
sliding interface energy....... 8.07489E+04
external work........covviivins 2.78063E+00 Anchor to repeat
eroded kinetic energy.......... 0
0
3

A -00000E+08 "7 KE_anchor IC‘
eroded internal energy......... 17

. O00OOE+00
| total energy............ovuiis . 67604E+08 v

Figure 7-12. GenEXx dialog; definition of an repeat anchor vector

After we have changed thfenchor to repeatto dt _of cycle , we will have the correct result. The color
of the other vector elements will be in light yellow with a dotted border.
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File Edit
@
E &0
| < % Start of File | [ CARAVAN MODEL (NCAC Ve1) (Fully integrated shell) | Entity name:
1s-dyna mpp971sR4.2..53450 dat ( :
v 1 dt_of cycle |_KE_Ent|ty \
b KE:anchor_ ) dt of cycle 1 is controlled by shell element 51474 Origin:
Ml KE Entity )
. dEf - time....... ... ©0.00000E+00 GSE Jachion ¢
na or rile time step.... 5.00040E-07 e
kinetic energy B.67699E+08 TY”e B ey
internal energy. ... 7.96128E-06 O Scalar
stonewall energy............... 0.00000E+00 wall# 1 o col t
spring and damper energy....... 1. 60000E - 19 O Column vector
joint internal energy.......... 0. 00000E+00 ™~
hourglass energy .............. 0.00000E+00 ® Repeated anchor vector
system damping energy.......... 0.00000E+00
sliding interface energy....... 0.00000E+00 Number' format —
external Work.................. 0.00000E+00 W Decimal separator(s): |. |
eroded kinetic energy.......... 0. 00000E+00 7 e
eroded internal energy......... 0.00000E+00 Exponent character(s): ]Ee ]
totalienergy i ivis i is e 3.67699E+08 2 —
total energy / initial energy.. 1.00189E+00 T_housands separators:
energy ratio w/o eroded energy. 1.00189E+00 0.0 . DO space
| global x velocity.............. 1.40547E-02 : .
| global y velocity.............. 7.24379E-11 Relative location:
global z velocity.............. -2.15360E-11 —\i‘ li
time per zone cycle. (nanosec).. 649 [0 v| lIn€s,
[34 J:i | characters s
number of shell elements that : 2t 4
reached the minimum time step.. 0 Column separators
v
added: NasS s o s nrms s 5.69522E-03
percentage increase............ 1.62208E-01
dt of cycle 400 is controlled by shell element 1948 . )
¥ Maximum horizontal length
TIMe. v 1.99516E-04 ( ™
BING Staptls i e e R 5., 00040E - 07 [11 2| character(s)
kinetic energy................. 5.24904E+08 =
internal energy................ 2.05286E+07 [J Maximum number of components
stonewall energy............... 0.00000E+00 wall# 1
spring and damper energy....... 1. 60000E - 19
joint internal energy.......... 3.35910E-02
hourglass energy .............. 2.09104E+06 M?a.t
system damping energy..... i 0. 00000E+00 dt_of _cycle | ¢
sliding interface energy..... 8.07489E+04 i — - -
| external work.................. 2.78063E+00 [v]

Figure 7-13: GenEx dialog; definition of a history

We are now finished witthe GenEx part and the file can be saved.

7.4.2.An example using "Column vector" to extract histories

Column vectors are useful for extracting vectors in tables. In this example we extract a position vector
generated by a fictitious solver. Just as in the prevexample we start with the creation of the entity we
want to be the first. We then change the typ€dtumn vector.

|l td6s possible to create the vector bWewkEatityect i ng
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File Edit
E & O
¥ | Start of File ] . | Entity name:
Gravity: -9.82 Ay
v Header |_Pos:t|on
8 Position [N | ISR Tlme ........................... SPEEd Origin:
End of File 0 16 =

0.01 15.9018 Header °
0.02 15.8036 :
0.03 5. 76054 Type of entity
0.04 15.6072 ) Scalar
8;82 ]5]5.45182 @ Column vector
0.07 15.3126
0.08 15.2144 () Repeated anchor vector
0602 ]515 1(1)% Number format
0.11 14,9198 | Decimal separator(s): [
0.12 14.8216 A
0.13 14.7234 Exponent character(s): |Ee |
g' llg 1‘1&6_,323 Thousands separators:
0.16 14.4288 0.0 . O space
0.17 14.3306
0.18 14.2324 Relative location:
0.19 14,1342 e
0.2 14.036 2 [Z]tines,
0.21 13.9378 S <
0.22 13.8396 (12 2] | characters 2
0.23 13.7414 : ! )
0.24 13.6432 Column separators
0.25 13.545
0.26 13.4468 ! 4
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 =~
0.34 12,6612 B 2| character(s)
0.35 12.563 —
0.36 12.4648 [ Maximum number of components
0.37 12.3666
0.38 12.2684
0.39 12.1702
0.4 12.072 Anchor to repeat
0.41 11.9738 f
0.42 11.8756
0.43 11.7774 (v

Figure 7-14: GenEx dialog; definition of a column vector entity

7.4.3.How to extract the histories from LSOPT

Using GenEXx for extracting histories is very similar to using it for responses. The main difference is thi
you have to select two entitiés define the historyone for the axis and one for theg x i s . It 6s
use ‘Auto increment” for the xaxs, in which casethea x i s val ues will simply
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- Edit history =
Name Subcase

Kinetic_E [

Input GenEx file

SPONSES/a.g6| | Browse | | Create/Edit

Input data file

glstat

¥ftime vector Yivalue vector

KineticEnergy

Reread entities|

| Cancel || OK

Figure 7-15: Interface to define a GenEx History

When creating the entities in GenEx they need to be etbkimn vector or Repeated anchor vectoto
be used for history extraction.

7.5. Small car crashworthiness example using GenEx to extract
histories/responses from data files

Refer to Sectiorl6.9for the Gelex example.
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8.Set up 1mMDeafliongl ng
Varil abl es

This chapter discusses the conversion of parameters defined in input files to design variables of differ:
types. Graphical features allow the user to view file sources of parameters and the actival#on or
activation of variables for selected samplings.

Resource definitions and other global features are also available in this dialog.

8.1. Parameter Setup

Parameters defined in the input files of the stages are automatically displayedFardmeeter Setup
pané, Figure8-1. The names of these parameters are not editable, and they cannot be deleted as indice
by the lock symbol displayed in tiizeletecolumn. If only a namand value are specified in the stage input
file, the parameter type is set@onstantoy default. The default starting value is O.

L Problem' global 'setup x
Parameter Setup | Stage Matrix | Sampling Matrix | Resources | Features

[] Show advanced options

Type Name Starting Minimum Maximum Sampling Ty... Delete

@ v | 2.5Values: |1.5,2.0,2.5.50 | ... | Continuot| v
@ v | 0.1 0.1 0.9
|
|
|

3 il 5|

16| 15| 5

2.0|Va|ues: 1.5,2.0,25,50 |..||Discrete | v

B B B B

Hi

Constant ~ 1.0-|
Constant w
Constant ~

280/

b B B

10:|

Add...

Figure 8-1: Setup Dialogi Parameter Setup panel in L®PTui
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Other attrilutes such as parameter values or discrete sets defined in the input files are also displayed here
but can be overridden. The desired parameter type and other appropriate options can also beTsdeified,
8-1.

Advanced options, such as initial range, that are not required can be specified by selecBhgwhe
advanced optionsheckbox,Table8-2.

Additional (nonfile) parameters, although unusual, can be defined usingdtibutton at the bottom of the
panel.

Table8-1: Parameter Setup options 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 paramet Section8.1.2
Discrete Discrete variable Section8.1.3
String Discrete variable using string values Section8.1.3

Transfer Variable Parameter treated as variable at upper Section8.1.4
level and constant at lower level (multi
level optimization)

Noise Probabilistic variable described by a Section8.1.5
statistical distribution

Name Parameter name. If the parameter is imported from a stage
input file, the name is not editable

Starting Initial value of the variable, used in baseline run (1.1) -
Minimum Lower bound of the design space -
Maximum Upper bound of the desigpace -
Values List of allowable values for discrete and string variable Section8.1.3
Definition Mathematical expression specifying a depenganameter Section8.1.2
Distribution Statistical distribution used to define a probabilistic variable Section8.1.6
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Sampling Type  Sampling type for discrete variable: continuous or discrete Section8.1.3

Edit Input Set the relation of a transfer variable with another variable Section8.1.4
Parameter
References

Table8-2: Parameter Setumdvancedptions

Option Description Reference
Init. Range Size of subregion of the design space used in the first itera Section8.1.7
Saddle Direction Saddle direction specification used foorstcase design Section8.1.8

Table 8-3: Parameter Setup options

Option Description Reference

Show advanced Shows Init. Range and Saddle Direction option for each ~ Table8-2
options parameter

Noise Variable Bounds are required for noise variables to construct the -

Subregion Size  metamodels. The bounds are taken to a number of standa

(in Standard deviations away from the mean; the default being two stan

Deviations) deviations of the distribution. In general, a noise variable is
bourded by the distribution specified and does not have up
and lower bounds similar to control variables.

Enforce Variable Assigning a distribution to a control value may result in -
Bounds designs exceeding the bounds on the control variables. Th
defaultis 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 the input file suchpas or any other constant that may relatehe
optimizationproblem, e.g. initial velocity, event timmtegration limits, etc.

2. if native parameters defined in the input file are not to be used as optimization parameters.

3. to convert a variabléo a comstant. This requires only changing the designation variable to constant
in the command file without having to modify the input templdtee number of optimization
variabless thus reduced without interfag with the template files. Variables can also be eliminated
by unchecking them in the Sampling matrix (see Se@&ign
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8.1.2.Dependentvariables

Dependenvariablesare functions of the basic variables and are required to define quantities that have to be
replaced in the input template filebut which are dependent on the optimizati@riables. They do
therefore not contribute to the size of the optimization probl2ependents can be functions of dependents.

Dependentvariables are specified using mathematical expressions @&ppendix F: Mathematical
Expressions

The dependentariablescan be specified in an input templated will therefore be replaced ltyeir actual
values.

8.1.3.Discrete and String variables

i) Problem global setup x|

Parameter Setup | Stage Matrix = Sampling Matrix = Resources
Type Name Starting Init. Range Minirmurm Maxirmurm Sampling Ty... Saddle Dire... De...
[Continuous ~ |:tbumper | | 3” “ 1| | 5| Minimize | w
[Discrete v |:thood || 1:|Value5: 1,2,3,4,5 [Continum v [Minimize v

1 |m
Add ... 2 | =

3 | oK

B |

'|

Add new value

Figure 8-2: Definition of discrete values

For Discrete variables, a list of allowable values has to be specified. This can be donPamatheter
Setupdialog using theé button to the right of th¥aluestextfield of the respective parametErgure 8-2.

A list opens up showing the already defined values, a tektitebnter a new value appears by selecting the
Add new valudutton or by using the return key.

For String variables, allowable string values are defined in the same way. The string values are internally
treated as integers in ESPT. The mapping of thesnteger values and the actual strings is stored in the
Stringvar.Isoxdatabase in the work directory.
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In addition to a list of values, the sampling type has to be specified for discrete variables. By default, tl
discrete variables are treated as comtusuvariables for generating experimental designs. The optimal
values will assume an allowable value. If discrete sampling is selected, all experimental design points
allowable values. If possible, a continuous sampling is recommended, becauselytleadalto a better
distribution of the points within the design space and hence to a better metamodel quality.

8.1.4.Transfer Variables

Transfer variables are used in the context of multilevel optimizatiorSgseton5.3.9. These variables are
sampled in one of the levels, but these sample values are passed down to the lower levels where thes
treated as constants. Transfer variables can be reéetdary preceding higher levels or by other variables in
the same level. Within the same level, a transfer variable can be the starting value or the lower/upper bo
for another variableHigure8-3).

- Input/Parameter References &3)
Name Starting Minimum Maximum
tl Set Set Set
t2 Set Set Set
t3 x| t73 < |5et Set
t4 Set Set Set
t5 Set Set Set
te Set Set Set
t1l0 Set Set Set
ted Set Set Set
ook |

Figure 8-3: Input Parameter References. Transfer Variable t73 is set as the starting value for t3.

8.1.5.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 because of which we can only state
their value will lie within a certain ietval with specific level of confidence. This difference makes
probabilistic analysis and optimization much more involved than their deterministic counterparts. Therefor
a separate chapter (Chapteehler! Verweisquelle konnte nicht gefunden werden.is dedicated to
probabilistic tasks and problem setup.

Probabilistic variables can either be control variables, whose nominal values are modified durir
optimization to get a more salile design, or noise variables that are not controlled during optimization anc
only serve the purpose of introducing uncertainty in the problem. The variable type can be selected in-
Parameter Setup pané&ligure8-4).
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8.1.6.Probabilistic distributions

In order to represent variable uncertainties, they are associated with probabilistic distributions, which are
also part of the Parameter Setup panel when the selected faskabilistic Figure8-4). Several types of
distributions are available in ESPT. Further details of how to set up probabilistic variables and
distributions argorovided in ChapteFehler! Verweisquelle konnte nicht gefunden werden.

*Zbarrbdo.comectlsopt- LS-0OPT 5.0

[OF S

iv ﬁ. +v /: ’v M RBDO/Robust Parameter Design

[oPT IS Problemn global setup g & &

Parameter Setup = Stage Matrix  Sampling Matrix =~ Resources Features

Enforce Variable Bounds
Type Name Starting Init. Range Minimum Maximum Distribution Saddle Direct... : Delete
Continuous v |Area 2 4 0.2 4| area_dist W | Minimize v ox

Noise v | Base base_dist | v My x

Add...

Figure 8-4. Parameter setup panel for probabilistic tasks

8.1.7.Size and locationof initial region of interest (range)
If an initial range is specified, the initial subregion is defineftsting i range/2, staihg + range/2]

Remarks:
1. The full design space is used if the range is omitted.

2. The region of interess centered on a given design and is used as-aade of the design space to
define the experimental design. If the region of interest protrudes beyond the design space, it is
moved without contraction to a location flush with the design space boundary

8.1.8.Saddle direction: Worst-case design

Worstcase or saddipoint design is defined as a method to minimize (or maximize) the objective function
with respect tsomevariables, while maximizing (or minimizing) it with respect to temainingvariables

in the variable set. The maximization variables are set using the Maximize option in the Saddle Direction
field of theParameter Setuppanel. The default selection is Minimize.
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8.2. Stage Matrix

- Problem global setup )

Parameter Setup || Stage Matrix || sampling Matrix | Resources

T

w
2z
Uz
cradle_rails OGO
cradle_csmbr [4 [
shotgun_inner [§ [4
shotgun_outer [4 [4
rail_inner ]
rail_outer OGO
aprons ]

Legend: [ - Parameter found in file(s) (hover mouse above to see filename(s) (= - Parameter manually added 1 - Parameter defined upstream

oK

Figure 8-5: Stage Matrix

The Stage Matrix provides an overview of the parameters defined in each stage. A parameter influence
stage if it is defined in a stage input file, manually added to a stage, or defined in an upstream sta
Hovering the mouse over a file icon shows a list of the files where the respective parameter is defined.

8.3. Sampling Matrix

i Problem global setup &)

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

Reset

cradle_rails
shotgun_inner
shotgun_outer
rail_inner
rail_outer
aprons

< & & & O & CRASH
HNEERJER NH

Figure 8-6: Sampling Matrix

For multidisciplinary desigmptimization(MDO) certain variables could be relevant for some but not all
disciplines. In such examples, several samplings (or cases) can be defined and the variables assigne
some but not all samplings. The assignment of a varisbla sampling can be selected in the Sampling
Matrix. If a variable is absent in a particular sampling, it assumes the current global value as generated
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the previous iteration for substitution in the input files of the next iteration. The numberatfies selected

for a sampling directly affects the number of sampling points (and hence the computational effort) required
for that sampling. Each column is coupled to Awtive Variables tab of the respectivampling Dialog
Section9.4.

Clicking theResebutton reassigns the variables to the samplings as defined in the input files.

If a variable has been deselected for all the Samplings, it is treated as a constanthexkefere the
baseline value will be assumed throughout the optimization. This option can be selected in lieu of explicitly
defining the parameter as a constant.

The sampling matrix can be changed between iterations. Variables detected as insensgifiestrotrany
other iteration could be switched off for the following iterations.

SeeSectionl6.5for an MDO example.

8.4. Resources

ai Problem| global setup &)
Parameter Setup | Stage Matrix | Sampling Matrix | Resources | Features
Resource Global limit
USERPOST |'12 |
USERDEFINED |'1 |
METAPOST |'1 |
LSDYNA_IMPLICIT [50 |
MOLDFLOW_LICENSE |'33 |
ANSA_LICENSE |'22 |
NASTRAN_LICENSE |'66 |
LSTC_LICENSE |'99 |

The above list is the union of the resources defined in stages

Figure 8-7: Setupi Resources

Resources are defined in the Stage dialogs, but, for convenience, allows editing of the global limits in the
Setup dialog. The Resources tab shows a summary of all resources defined fatafjdbBection5.4.1
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8.5. Features

b

Problem| global setup =)

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

Evaluate Metamodel
.csv file with variable values

|UserP0int52 Browse

Figure 8-8: Setupi Features

Samplingindependenteatures are ailable in the~eaturestab of theSetupdialog, Figure8-8.

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 readnogt spreadsheet programs). 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 Metamodelption in the

Featurestab in theSetip dialog. The file must be ircsv format although spaces, commas or tabs
are allowed as delimiters. The file must contain two header lines. The first header line contains tl
variable names. The second header line contains the variable types; in éhi%hcagdesign
variable) suffices. The variable types HfAnvo
used and will achieve the same result (see also Appdn@ixd ). The variable coordinates are
specified as one row for each design point. See example below.

2. Use theSetupdialog Repairoption EvaluateMetamodels

o Input: Each sampling point file must represent all the variablesOPS checks whether all the
variables defined in the file are represented in th®ES input. Variable order is not important.

o Output: The ExtendedResults output can be found as METAfile in the main working
directory, e.gExtendedResults METMAMaster_3.csv . TheExtendedResults file has
variable, dependent, response, composite, objective, constraint;objalttive and constraint
violation values.

o If sampling points are defined before the std#rian optimization run, the META file will be
automatically computed for each iteration.
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Example.csv file

X1 X2 X3
dv dv dv
1.02.03.0
2.03.04.0
4.16.23.3
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9.Sampl i ng & Met a

This chapter describes the specification of sampling settings, i.e. the metamodel types, point select
schemes (design of experiments or DOE), and related options available in the Samplindg-idjate®: 1.
The termgoint selectiormandexperimental desigmre used interchangeably.

Ber sampling ERASH 2]

Sampling & Metamodel Settings l Active Variables | Features | Constraints

Metamodel Pointselection

@ |Polynomial 2 Full Factorial

) Sensitivity 1 Linear Koshal

) Feedforward Neural Network () Quadratic Koshal
) Radial Basis Function Network () Composite

() Kriging @ D-Optimal

) Support Vector Regression () Monte Carlo

1 User-defined () Latin Hypercube
- () Space Filling

() Space Filling of Pareto Frontier

@ Linear } )
i 1 User-defined

1 Linear with interaction
1 Quadratic NMumber of Simulation Peints (per lteration per Case)

) Elliptic 10 (default) |

Set Advanced D-Optimal Options ==

Figure 9-1: Sampling dialogi metamodel and point selection settings

9.1. Metamodel types

The user can select one of the metamodel types shorgure9-1 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 defaul
choice is the polynomial response surface method (RSM) whgyenss surfaces are fitted to results at
data points using polynomials. For global approximatiditted in the single iteration and sequential
strategies, the radial basis function networks are set as the default approximates. for all strategies,

the feedforward neural networkKriging, Support Vector Regression and udefined approximation
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modelsare also available. Sensitividata (analytical or numerical) can also be used for optimization. This
method is more suitable for lineanalysis solvers. For details see the sections referredrable9-1.

Table9-1: Sampling dialog option§ Metamodel types

Metamodel Type Description Reference

Polynomial Polynomial approximations up to quadratic order  Secton9.1.1

Sensitivity Uses gradients to determine linear metamodels. Section9.1.2

Feedforward Neural Networl An artificial Neural network with sigmoid basis Section9.1.3
functions

Radial Basis Function A Neural Network with radial basis functions Section9.13

Network

Kriging A Gaussian process. Form of Bayesian inference. Section9.1.4

Support Vetor Regression  Support Vector Regression Section9.1.5

Userdefined Interface for usedefined, dynamically linked Section9.1.6
metamodel.

9.1.1.Polynomial

When polynomial responssurface are constructed, the user can select from different approximation
ordes. The available options are linear, linear with interaction (linear andiagbnal terms), elliptic

(linear and diagonal terms) and quadra®iection19.1.1 In theSamplingdialog, the approximation ordex

set in theOrder field, Figure 9-1. Increasing the order of the polynomial results in more terms in the
polynomial, and therefore more coefficients that need to be determined, hence more simulation runs are
needed. The defautumber of simulation runs is automatically updated for the polynomial type.

The polynomial terms can be used during the varistieeningorocess (se8ectionl19.4) to determine the
significance of certain variables(main effects) and the croeg#luence (interaction effects) between
variables when determining responsEsese results can be viewed graphically (Sed®83.4.

The recommended point selection scheme for polynomial response surfaces iseptihelity criterion
(Section9.3.2.

9.1.2.Sensitivity

In this approach, sensitivities are used to generate linear metamodels. Both anahdicaimerical
sensitivities can be used for optimizatiéigure9-2.
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ad Sampling 1 [

Sampling Metamaodel Settings | Active Variables | Features | Constraints

Metamodel

() Polynomial

@ |Sensitivity

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

() Support Vector Regression

) User-defined

Sensitivity Type
(@ MNumerical

) Analytical

Perturbation relative to design space

|.0.01 (default)

Figure 9-2: Sampling Dialog: Sensitivity options
Analytical sensitivities

If analytical sensitivites are available, they must be provided for each response in its own file name
Gradient . The values (one value for each variable)Gradient should be placed on a single line,

separated by spaces.
In the Sampling dialggheSensitivity Typemust be set ténalytical.
A complete example is given Bection16.7.

Numerical sensitivities

To use nmerical sensitivities, select Numerical in the Sensitivity Type field in the Sampling dialog and
assign the perturbation as a fraction of the design spapege9-2.

Numerical sensitivities are computed by perturbimpints relative to the current design poifitwhere the
j-th perturbed point is:

X =X +de(xy - %)

g, =0 1if i, j and 1.0 ifi = j. The perturbation constamt is relative to the design space size. The same
value applies to all the variables. The valueeas assumed to be 0.001.
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9.1.3.Feedforward Neural networks and radialbasis function networks

To apply feedforward neural netwodk radial basis function approximatigrselect the appropriate option
in the Metamodelfield in the Sampling dialog see Figure 9-3 and Figure 9-6, respectively. The
recommended Point Selection scheme for feedforward neural networks and radial basis fisthiens
space filling method (which is alsbe default).

FFNN Efficiency Options*

Neural Network construction calculation may be tiocomsuming because of the following reasons:
1. The committee size is large
2. The ensembile size is large.

Committee sizeThe default committee sizas specified above is largely required because the default
number of points when conducting an iterative optimization process is quite small. Because of the tendency
of NNés to have | arger variability wlomrtastabilizptpel i e d
approximation through averaging. When a large number of points has been simulated however, the
committee size can be reduced to a single neural net by déttmber of Committee Membeos1.

Ensemble siz&.he ensemble size can belueed 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 tRkeamber of Hidden Nodes in Ensembf#ions. 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 usingRésetbutton, Figure 9-3. The available options are
explained inTable9-2.

Please refer to Sectio@8.3and21.5for recommendations on how to use metamodels.
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S AR R R -

) Sensitivity

(1 Radial Basis Function Netwo
) Kriging

) Support Vector Regression
0 User-defined

First iteration Linear D-Optim
Include pts of Previous Iterat

] Parallel Builder

Default = Lin-1-2-3-4-5

Number of Committee Members

| Feedforward Neural Network

Set Efficiency Options Reset
Number of Hidden Nodes in Ensemb
Lin 1 2 3

4 5 e 07
(] 19 110

| run racLwnE
) Latin Hypercube
) Space Filling

rk () Space Filling of Pareto Frontier

) User-defined

Number of Simulation Points (per Iteration per Case)

|:10 {default) |

al

lons

|'9 (default)

Half Number of Discarded Nets

|.2 (default)

Figure 9-3: Feedforward Neural Networ

Table9-2: Feedforward Neural Network

k Efficiency Options

Efficiency Options

Option

Description

Number of Hidden Nodes in
Ensemble

Ensemble size from which one will be selected according
the minimum Generalized Cross Validation (GCV) value
across the ensemble. The default is-1i8-3-4-5.

Number of Committee Members

Because of the natural variability of neural networks (see
Secton 20.1.2, the user is allowed to select the number of
members in a neural nebmmittee To ensure distinct
members, the regression proceduses new randomly
selected starting weights for generating each committee
member.

Half Number of Discarded Nets

The discard option allows the user to discard committee
members with the lowest mean squared fitting error and
committee members with the highest MSE. This option is
intended to exclude neural nets which are either urer
overfitted. The total numberfmets excluded is therefore 2
times the specified numbérhe discardeature is activated
during the regression procedure.
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Execution options for FFNN calculation (Parallel Builder)

FFNNs can be solved concurrently. Select Bagallel Builder option in the Settings tab to enable the
Executiontab.

The Parallel Builder involves the application of the job scheduler to treat each response and each member of
a neural network ensemble as a job to be run in parallel. The committee (which constitutes arparticul
ensemble member and which is solved using a serial Monte Carlo analysis) is solved Beguaky9-4

shows the dialog. The main features are as follows:

1. Job moitoring is available by clicking on the LED on the Metamodel box of the main dialog (see
Figure9-5). All the features that apply to the monitoring of simulationsépkt SPrePost) are also
available for FFNN calculation.

2. Remote computation is supported, so if a cluster setup is available for el@YNL& jobs, the
FFENN solution setup may only involve a few special settings.

Sampling & Metamodel Settings  Active Variables | Features | Constraints Execution

Execution options for FFNN calculation

Resources

Fesource Units per job Global limit Delete

FFBUILDER B |[120 |
Create new resource

n »

Use Queuing
SLURM &
Use LSTCVM proxy

Command | ${LSPROJHOME}/fbuilder_script | Browse

ok

Figure 9-4: Dialog for Parallel FFNN builder
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Show status for: | Metamodel Casel ‘ w ] Tools
Job ID/FID Component Iter FesplD  Modes Status [~] View log

T T N e

27626 Case] 1 0 4 NormalTermination

27628 CaseT 1 0 € NomalTermination

27630 CaseT 1 0 € Normal Termination

27634 Casel 1 0 8 Normal Termination

27637 Case 1 0 5 Normal Termination

27640 Casel 1 o] 10 Running...

27643 CaseT 1 1 1 Normal Termination

27647 Casel 1 1 2 Normal Termination

27650 Casef 1 1 3 Normal Termination

27654 Case 1 1 4 Normal Termination

FTERE Casel 1 1 a Runninn E

Figure 9-5: Job progress display for parallel FFNNs

Advanced RBF options: Basis functions and optimization criterion for RBF*

The performance of the RBFs can significantly vary with the choice of basis function and the optimizatic
criterion. Two basis functi on s-quadica (HM@)pdne Gafissian ¢
RBF. HMQ is often preferred and has thereforerbset as the default. The user is also allowed to select the
optimization criterion to be generalized crasdidation error or the pointwise ratio of the generalized cross
validation errorFigure9-6.

The options are available in ti8amplingdialog if theSet Advanced RB®ptiors buttonis pressed, and
may be reset to the default settings usingRbsebutton,Figure9-6. The available options are described in
Table9-3.
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Table9-3: RBF Advanced Options

Option Description Option Description

Transfer Function Basis function Ha r dy 0-Quadlfiosl t g, (e, ) = /1+(r2/sﬁ).

Gaussian 0, (%% ) =expl- r?/2s]
Topology Optimization Leaveoneout Generalized crosgalidation
Selection Criterion criterion error (PRESS)

GCV-Ratio Pointwise ratio of the
generalized cross validation
error

Noise variance Variance of the fitting error

L Sampling 1 =)
| Sampling Metamodel Settings | Active Variables | Features Constraints

Metamodel Pointselection

) Polynomial ) Full Factorial

) Sensitivity () Latin Hypercube

) Feedforward Neural Network @ Space Filling

@ Radial Basis Function Network ) User-defined

() Kriging

Number of Simulation Points (per Ilteration per Case)

() Support Vector Regression -
|5 (default) |

) User-defined

First iteration Linear D-Optimal

Include pts of Previous Iterations

Set Advanced RBF Optionsl | Reset

Transfer Function
@ Hardy's Multi-Quadrics

() Gaussian

Topology Selection Criterion
@ Leave_one_out
() GCV-Ratio

() Moise variance

Figure 9-6: Radial Basis Function Network Advance Options
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9.1.4.Kriging parameters

o Sampling 1 E
| Sampling Metamodel Settings e e e

Metarmodel Pointselection

) Polynomial ) Full Factorial

) Sensitivity () Latin Hypercube

() Feedforward Neural Network @ Space Filling

) Radial Basis Function Network ) User-defined

@ Kriging

Number of Simulation Points (per lteration per Case)

(Z) Support Vector Regression
5 (default) |

) User-defined

First iteration Linear D-Optimal

Include pts of Previous lterations

Set Advanced Kriging Opticns] | Reset

Correlation Function
@ Gaussian

() Exponential

Trend Model
() Constant
(@ Linear

() Quadratic

[[] Fixed theta for all responses

Figure 9-7: Kriging Advanced Options

The Kriging fit depends on the choice of appropriate correlation function and the trend Geadiein20.2
Two correlation functions available for selection are Gaussian and exponential. The user can also se
either a constant, linear, or quadedtiend model. The available options are display€elhinie 9-4.
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Table9-4: Advanced Kriging Options

Option Option

Description

Correlation Function Gaussian

Correlation function used in stochiastomponent of
metamodel function, se®ection20.2

Exponential
Trend Model Constant Polynomial component of metamodel function.
Linear, . _ _ _
o The linear trend model r r | n poin
Quadratic e linear trend model requires at least- 2) design points,

: . +1)(n+2
a quadratic trend model requires at Ieg]st% +1

design points, wheneis the number of variables.

Fixed theta for all responses

9.1.5.Support Vector Regression

By default, a single set difieta values is fit to all responses,
however the user can also fit individual set of correlation
function parameters (theta) for each response by selecting
option.

The support vector regression fit depends on the choiapprybpriate kernel function (similar to correlation
function), Section20.3 Two kernel functions available for selection are Gaussian and polghoiffie
available options are displayedTiable9-5.
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Table9-5: Advanced Support Vector Regression Options

Option Option Description
Kernel Type Gaussian, Basis function used in SVR expansion thmaps the input variable
Polynomial space to a high dimensional feature space, see S20tidn
) Kriging ) User-defined

(@ Support Vector Regression
) User-defined

Number of Simulation Peints (per Iteration per Case)

|10 (default)

First iteration Linear D-Optimal

Include pts of Previous Iterations

Set Advanced SVR Opticns] | Reset

Kernel Type
@ Gaussian

) Polynomial

Figure 9-8: Metamodel selection Support Vector Regression

9.1.6.User-defined metamodel*

[orT} Ssampling 'L

| Sampling Metamodel Settings | Active Variables | Features Constraints

Metamodel Pointselection

) Polynomial ) Full Factorial

() Sensitivity () Linear Koshal

) Feedforward Neural Network ) Quadratic Koshal
() Radial Basis Function Network () Compaosite

) Kriging ) D-Optimal

() Support Vector Regression () Monte Carlo

@ |User-defined () Latin Hypercube
@ Space Filling
Name )

) User-defined

mymetamodel |

Number of Simulation Points (per Iteration per Case)

5 (default)

Figure 9-9: User Defined Metamodé&Dptions

The userdefined
http://ftp.Istc.com/user/ls

metamodel

distribution is
- opt/Add_On_Libraries/

available

for

download
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Please ask LSTC or your local {LBYNA distributor for the pasword.

Building the example

Under Linux, issue the commandnake" while in this directory.Your resulting metamodel is called

umm_avgdistance_linux_i386.so (or umm_avgdistance_linux_x86_64.so if running
under 64bit OS).
Under Windows, openusermetamodel.sin in Visual Studio. Open th8uild menu, select "Build

solution”. Your resulting metamodel lledumm_avgdistance_win32.dll

Along with the metamodel binary ycalso get an executable callédstmodel”. This program can beed
for simple verification ofyour metamodel. Just give the name/afir metamodel as a parametes,:

testmodel avgdistance

Note that you are not supposed to supply thedllllso filenameas a parameter.

Using the example as a template

If you wish to use thexample as aemplate for your own metamodelp the following steps (in this
example, your metamodel is calledymetamodel):
Copyavgdistance.to mymetamodel.*

Replace any occurrencd the string avgdistance " with "mymetamodel " in the following files:
Makefile, mymetamodel.defymetamodel.vcproj, Makefile, usermetamodel.sin

Distributable metamodel
When compiled, your metamodel binary will be called something like:
umm_mymetamodel_win32.dll

or
umm_mymetamodel_linux_i386.dll

This is the only file that iseeded in order to use the metamddeh LS-OPT.

Referring to user-defined metamodelsn the Sampling dialog

In order to use a uselefined metamodel for aedain sampling, select the Us#gfined option in the
metamodel selection in th®amplingdialog and add the metamodel name to theame textfield, (e.g.
umm mymetamodel _linux_i386.s0 ), Figure9-9.

Note that the namshould notinclude the tmm" prefix or the platform dependent suffikS-OPT will
look for the correct file based upon tberrent platform. This allows for cross ptatin operation.
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9.2. General Options for NonPolynomial Metamodels

Additional options available for Feedforward Neural Networks, Radial Basis Functions, Kriging anc
Support Vector Regression are summarizetahle9-6.

Table9-6: FFNN, RBF, Kriging and SVR options

Option Description Reference
First iteration Linear Uselinear metamodels arttie D-optimalty pointselection 9.21
D-Optimal criterionfor the first iteration instead of the selected types.
Include pts of Thenewpoints for each iteratioare selectedithin the new 9.2.2
previous iterations subregion while considering the locations of points from previc

iterations.

The metamodels are constructed using the new points as well
points from all previous iterations.

Parallel Builder Only FENN, calculates metamodels in parallel 9.1.3

9.2.1.First Iteration Linear D -Optimal

For Feedforward Neural Networks, Radial Basis Functions, Kriging and Support Vector Regréssion
main scheme can be replaced in the first iteration by linear polynomials wefitiidal point selection,
us n g Firshiteration Linear DOptimab o pt i on, because

1. D-optimality minimizes the size of the confidence intervals to ensure the most accurate variab
screening, usually done in the first iteration.

2. It addresses the variability encountered with neunetivorks due to possible sparsity (or poor
placement) of points early in the iterative process, especially in iteration 1, which has the lowe
point density.

9.2.2.Include points of previous iterations

Updating the experimental design involves augmenting an existing design with new points. Updating or
makes sense if the response surface can be successfully adapted to the augmented points such as for |
nets, Radial Basis Function networks or Krggsurfaces in combination with a space filling scheme.

The new points have the following properties:
1. They are located within the current region of interest.

2. The minimum distance between the new points and between the new and existing points,
maximized(space filling only).
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9.3. Point selection schemes

9.3.1.0verview

Table 9-7 shows the available point selection schemes (experimental desitpods).The default point
selection scheme depends on the selected metamodeétgpeheD-optimal point selection scheme (basis
type: Full Factorial, 11 points per variable (for 2)) is the default for lineapolynomials, and the space
filling scheme is the default for the Feedforward Neural Network, Radial Basis Function NeBupgort
Vector Regressioand Kriging methods.

i Sampling CRASH =

| Sampling & Metamodel Settings | Active Variables | Features = Constraints

Metamodel Pointselection

@ |Polynomial 1 Full Factorial

) Sensitivity ) Linear Koshal

) Feedforward Neural Network () Quadratic Koshal
(_) Radial Basis Function Network () Composite

) Kriging @ D-Optimal

() Support Vector Regression ) Monte Carlo

) User-defined () Latin Hypercube

) Space Filling
Order

) (_) Space Filling of Pareto Frontier
(@ Linear

) o ) ) User-defined
() Linear with interaction

() Quadratic Number of Simulation Points (per Iteration per Case)

) Elliptic 10 (default) |

| Set Advanced D-Optimal Options >> |

Figure 9-10: Point selection schemes
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Table9-7: Point selection schemes

Point Selection Description Reference
Scheme
Full Factorial - Section19.2.1
Linear Koshal Saturated design for first ordeolPnomials Section19.2.2
Quadratic Koshal Saturated design for quadratiolihomials Section19.2.2
Composite Central Compositdesign Section19.2.3
D-optimal Design obtained by minimizing the determinant of the mom Section9.3.2
matrix Section19.2.4
Latin Hypercube  Stratified random design Section9.3.3
Section19.2.5
Monte Carlo Random design
Space Filling Design obtained by maximizing the minimum distance betw Section9.3.4
any two points. Sectionl9.2.6
Space Filling of Design obtained by maximizing the minimum distance betw Section9.3.5
Pareto Frontier any two points sampled from the Pareto Optimal Frontier.
Userdefined - Section9.3.6
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9.3.2.D-Optimal point selection

L Sampling| 1 (&

Sampling Metamodel Settings | Active Variables | Features | Constraints

Metamodel Pointselection Basis Type
@ Polynomial () Full Factorial @ Full Factorial
) Sensitivity () Linear Koshal () Latin Hypercube
() Feedforward Neural Network () Quadratic Koshal () Space Filling
) Radial Basis Function Network () Composite

Points per Variable

) Kriging (@ D-Optimal i i i i i
i : i 02 O3 04 O5 06
_) Support Vector Regression () Monte Carlo i i i i i
. ) . . O7 O8 O9 Olo@ 11
) User-defined () Latin Hypercube
) Space Filling Reset Basis to Default
Order ] '
- ) User-defined
@ Linear
() Linear with interaction Number of Simulation Points (per Iteration per Case)
) Quadratic |5 (default) |
() Elliptic

Set Advanced D-Optimal Options :—:-l

Figure 9-11: D-optimal point selection: advanced options

The D-Optimality design criterion is available for Polynomial and Udefined metamodels and can be

used to select the best (optimal) set of points for a response surface from a given set of points. The basis se
can be determined using any of the other point selectioenses The default basis experiment for the D
optimal design is based on the number of varialle§or small values o, the Full Factorial desig is

used, whereas larger employs aSpaceFilling method for the basis experiment. The Latin Hypercube
design is also useful to construct a baseexnenal design for the Ebptimaldesign for a large number of
variableswhere the cost of using Rull Factorial design is excessive. E.g. for désign variables, the
number of basis points for al@vel design is more than 14 million.

The basis experiment attributes can be overridden usingséheAdvanced {@ptimal Optionsin the
Sampling Dialog.

The type and order of the metamodel used hasfarente on the distribution of the optimal experimental
design. The default number of points selected forDRhaptimal design is int(1.5(+ 1)) + 1 for linear,
int(1.5( + 1)) + 1 for elliptic, int(0.750%+ n+ 2)) + 1 for interaction, and int(0.76¢ 1)(n + 2)) + 1 for
guadratic. As a result, about 50% more points than the minimum required are generated. If the user wants tc
override this number of experiments, this can be done using the respective textfielamisiang dialog.

TheD-optimal scheme is the recommended point selection scheme for polynomial response surfaces.
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9.3.3.Latin Hypercube Sampling

The LatinHypercube point selection scheme is typically used for probabilistic analysis. Like Monte Carlc
and Space-illing point selection schemes, it requires a tsgEcified number of experiments.

Latin Hypercube Sampling may be used to fit a response surface, but even if the Latin Hydesigibe
has enough points to fit a resporseface there is a likelihood of obtaining poor predictive qualities or
near singurity (when fitting polynomials) during the regression procedure. It is therefore better to use th
Di optimal experimental design for RSM.

For details on the algorithm, see the description of AlgorithmSetion19.2.6

9.3.4.Space Filling

The Space Filling algorithm maximizes the minimum distance between experimental design points for
given number of points. For details on the algorithm, see the description of Algorithm 5 in SEXRo6

The only data required is the number of samplpoints that has to be specified in the Number of
Simulation Points texield in the Sampling dialog. The default number of points depends on the number o
variables, the metamodel type and also on the task and strategy. SpacésHtitaple for the Radial Basis
Function, Neural NetworkSupport Vector Regression as well as Kriging methods (see Sectién

9.3.5.Space Filling of Pareto Optimal Frontier

By selecting to create the Pareto Optimal Frontier (POF) as a strategy, a Space Filling algorithm whi
applies discrete Space Filling sampling of the POF is available. This sampling raséisoithe POF created

in the previous iteration as a basis design point set. The distance between the points is maximized and
also be maximized with respect to previous simulation points by selecting to augment the design points. T
user can specifyne number of points required.

How to use the Pareto Optimal Frontier as a basis set for sampling

The following procedure can be followed to conduct simulations based on the POF. It is assumed that
user has conducted one or more metambdsédterations and that the POF has been created based on the
metamodel.

1. Task If not selected already, select @dgquentiabtrategy in th@ask selectionlialog.
2. Sampling
a. Choose to condu@pace Filling of Pareto Fronties a Sampling option.

b. Choose whetdr previous simulation points are to be considered in the Space Filling
al gorithm (locludeptek of Pravious ftevationd) .

c. Choose the number of simulation points required usingNim@ber of Simulation Points
textfield. The simulation will st automatically if the POF basis set is too small.

d. I f the number of simulations requiboea d
augment sampling before iteration i n t h e S &eatprestaimand sétithe ltecatpon
number at which you wamb restart. For example, if one iteration is already available, set the
starting iteration to 2, Secti¢h5.4
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e. Constraints: The constraint values can be adjustedfitter POF points. Select those
constraints which are to be applied as sampling filterSa®pling Constraintsn the
Sampling dialog Constraints tab, Sectihf.

The constraints can be added or changed immediately before the final run, so do not have to be
precise from the very beginning.

3. Termination Criteria:Increase the iteration limit by 1 assuming only 1 more iteration is to be done.

Run: To delete any @asting runs which may exist in the current iteration (such as a previous
veri fi cat i oQleanrfranmGurrentdtéraiiafi @ fir oloolsmdneand set the current
iteration in the top menu bar.

9.3.6.User-defined point selection

ad Sampling 1 =

Sampling Metamodel Settings | Active Variables | Features | Constraints

Metamodel Pointselection

@ Polynomial ) Full Factorial

) Sensitivity () Linear Koshal

) Feedforward Neural Network ) Quadratic Koshal

~ Radial Basis Function Network () Composite

() Kriging ) D-Optimal

() Support Vector Regression ) Monte Carlo

O User-defined () Latin Hypercube
) Space Filling

O_rde.r @ User-defined

(@ Linear

() Linear with interaction Import file

) Quadratic sampling.csv| ]

) Elliptic

Browse

Figure 9-12 Sampling Dialog: Userdefined point selection

The Userdefined point selection option allows the user to specify own sampling points. This may be useful
if LS-OPT is used as a process manager. There are two formats supported to import ts¥ @a@ama
separated variables) and a free format.

Comma separated variables

A userdefined experimental design can be specified in a text file using the .csv (comma separated
variables) format. This allows the user to import a table from a text file with the following keypased
format:
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"Point","tboumper”,“th ood",

"sk","dv","dv",
1,3.0000000000000000e+00,1.0000000000000000e+00,
2,5.0000000000000000€e+00,1.0000000000000000e+00,
3,1.0000000000000000e+00,1.0000000000000000e+00,
4,1.0000000000000000e+00,5.0000000000000000e+00,
5,5.0000000000000000e+00,5.0000000000000000e+00,

The two header lines are required. The varialpedyare design variables (dupise variables (nydiscrete
variables (dc) or string variables (stgspectively(see also Appendik.3.1). The variable names assure
that each column is tied to a specific name and
in the Setup dialog. The variable typesfided in the user file will take precedence over other type
definitions of the same variable (e.g. from the input files).

The sk variable type can be used to screen out variables. Therefore variables of the sk type will not apg
on the Parameter setppge when importing the file.

This format is convenient for use with Microsoft Excel which allows the export of a .csv text file. The
browser for specifying an input file has a filter for .csv files. This feature is also ideal for setting up an LS
OPT run wth using an exported file of Pareto Optimal points. Such a file can be produced using the Viewe

Free format

A userdefined experimental design can also be specified in a text file using the following kdyased
free format:

Iso_numvar 2
Iso_numpoints 3

Iso_varname t_bumper t hood

Iso_vartype dv nv

This is a comment Iso_point 1.0 2.0
Iso_point 2.0 1.0
Iso_point 1.0 1.0

The keywords (e.g. Iso_numvar) except Iso_vartype are required but can be preceded or followed by :
other text or commnts. The variable types are design variables (dv) or noise variables (nv) respectivel
The variable names assure that each column is tied to a specific name and will be displayed as variable
the Parameter setup pane in theSetup dialog. The variable types defined in the user file will take
precedence over other type definitions of the same variable (e.g. from the input files).

This format is convenient for use with Microsoft Excel which allows the export of a .txt text file. The
browser for specifying an input file has a filter for .txt files.

9.3.7.Replicate experimental points

For direct Monte Carlo analysis,hen using stochastic fields, any particular design point can be (re
)analyzed using different stochastic fields. These are thplicate evaluations of the same desiGine
Number of Replicate Simulations can be specified in the Sampling didtpge9-13. The stochastic field

is controled using the LOYNA® *PERTURBATION and *PARAMETER cards. Note that the RND
(random number seed) field of the card can be set to 0 to allow the field to vary freely, or set to a positi
number to get a specific stochastic field.
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w Sampling| 1 =

| Sampling Metamodel Settings | Active Variables

Pointselection
() Monte Carlo

@) Latin Hypercube
) User-defined

Number of Simulation Points (per Case)

|:1D (default) |

Number of Replicate Simulations

|:5 (default is 1) |

Figure 9-13: Sampling Dialog options for direct Monte Carlo Analysis

So, in the abovehe oiginal experimental design has 10 point, henc&EA evaluations will be done. See
also the example in Sectid7.1

9.3.8.Remarks: Point selection

1.

The database files Experiments_ n.csv , AnalysisResults Nn.Isox and
AnalysisResults n.csv are synchronous, i.e. they will always have the same experiments
after extraction of results. These files also mirror the result directories for a specific iteration.

Design points that replicate the starting point are omitted during the sampling phase.
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9.4. Active Variables

- Sampling CRASH (&)

sampling Metamodel Settings | Active Variables | Features | Constraints

t1
t2
t3
O t4
ts
t6
O t10
t64
t73

Figure 9-14: Sampling Dialog: Active Variables panel

The Active Variablepanel shows a list of all previously defined variabkgure9-14. Each variable has a
checkbox that allows the user to select or deselect it for the respective sampling. Deselected variables
treated as constants using the optimal valueeprevious iteration.

The selection in théctive Variablesdialog is coupled to the respective column of Sampling Matrix
shown in theSetup DialogSection8.3.

If a variable has been deselected across all the available samplings it will assume the baseline value ove
iterations. It will therefore effectively be assumed to be a constant.

The active variable selection can also be chahgédeen iterations.
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9.5. Sampling Features

-

ad Sampling CRASH )

Sampling & Metamodel Settings = Active Variables | Features | Constraints

[ |Approximate Histories
Verify Metamodel using Checkpoints

.csv file with variable and response values

| Erowse
[ Import User Analysis Results
Restart Settings
[ | Do not augment sampling before iteration
oK
Figure 9-15. Sampling Features
Table9-8: Sampling Features
Feature Description Reference
Approximate Histories Extension of the metamodel concept to curves. Section9.5.1

Verify Metamodel using  Calculate error measures of the metamodel using Section9.5.1
Checkpoints given metamodel and set of checkpoints (variables
and response values)

Import UserAnalysis Import table of design poin{sariable and response Section9.5.3
Results values)

Do not augment sampling Use larger number of sampling points from a Section9.5.4
before iteration specified iterabn

9.5.1.Approximate histories

Each history curve can be pointwise (at each sampledsiiepg approximated using metamodels. These
approximations of the entire history curves in tidmmain are callegbredictedhistories. These history
approximations are used to study the influencecludnges in the variables as well as for parameter
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identification problems. The approximation of his#s is enabled by setting tAg@proximate Historieflag

on theFeaturespageof the Samplingdialog as shown irFigure 9-15. The user can approximate the data
using either linear or quadratic polynomials or by radial basis functions. The approximations are carried c
on the sampling points used fosponse approximations. While the approximation models for the histories
and responses can be different, the number and location of sampling points remain the same such the
options for history approximation may not be suitable depending on the nufehailable data points, for
example, if the response sampling is linear polynomial the number of points sampled would not |
sufficient to approximate the histories using a quadratic polynomial and that option should be avoided. It
also important to e that approximation of histories may take significantly long as approximations at
thousand®f time-steps are carried out.

Remarks:

1. Itis assumed that the each history curve has the same number-stdpador all points.

2. For sequential strategies] pbints sampled so far would be used for creating RBF approximations,
whereas only the points sampled in the current iteration are used for polynomial approximations.

9.5.2.Verify Metamodel using Checkpoints

The error measures of any numioé designs (checkpoints) can be evaluated using an existing metamodel
There are two simple steps to obtaining a table with error data.

Browse for the file with tVarify Metdmodekupirg Cmetkpoiots fo @ it a
in the Features tab in theSampling panel. The file must be irtsv format although spaces, commas or
tabs are allowed as delimiters. The file must contain two header lines. The first header line contains 1
variable and response names. The second header line sah&ivariable and response types; in this case
"dv', onvo and fdcand frgd for responsesa (Bele ealso AppenHi8.1). The variable
coordinates are then specified as one row for each design point. See example below.

Use theEvaluate Metamodelsoption from theTools menuRepair option to run (se&ection3.5).
Cases without checkpoint files will be ignored.
The results are available in Isopt_report.

Exampleof a checkpoints file:

x1, x2, x3, Disp, Acc
dv, dv, dv, rs, rs

1.0, 1.3, 1.2,123.6, 1278654.7
2.1, 2.2, 639.2, 2444588.1

9.5.3.Importing user-defined analysis results

A table (in text form) of existing analysis results can be used for analysis.

Browse for the file with the analigsresults to importising thelmport User Resultsption in theFeatures
tab in theSampling panel.

Two header lines are required. The first header line contains the variable names. The second header
contains the variable types. The following lines contain the varetderesponse values for each design
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point, see exampleelow. The types are defined as describet@lahle9-9 (see also Appendik.3.1). The
parsing code looks fatouble quotescommasspacesand/ortabsas delimiters.

Table9-9: Variable types

Symbol Explanation

dv Designvariable

nv Noise variable

rs Response

sk Ignore
Example:

An example of a analysis results file (with 2 simulation points) is:

"varl","var2","var3","Displacement","Intrusion","Acceleration"
"dv", "dv", "nv", "rs", "rs", "rs"

1.23 2.445 3.456 125.448 897.2 223.0
0.01,2.44,1.1,133.24,244,89,446.6

The steps for importing uselefined analysis result files are as follows:

1. Sampling panel, Features taBrowse for the text file in thémport User Resultsextfield. The
browser has a preference focsv  and .txt files. Variables and responses are imported
automatically into the GUI, the responses are added to the first stage of the respective sampling.

2. Sampling panelCheck that the number of points defined in the sampling panel is the same as the
number of points in the userovided file. If fewer points are available in the file,-O®T will
augment the sampling points and try to run simulations.

3. Sampling pane, righmouse menwselect "Repair”, "Import results". This is a critical step to convert
the.csv format to the LSOPT database format ready for analysis.

4. The user can now choose the type of analysis ifaés&dialog.

a. DOE Study: Change to tHdetamodelbasedDOE Studytask andRun Metamodels will be
created and the Viewer can be used to study the metamodel results.

b. Optimization: Define the Objectives and/or constraints. For RBDO, define the distributions
for the input variables as well as the probabilityaoiure.

Change to theMetamodebased Optimizatioor Metamodelbased RBDQask, choose th8ingle Stage
strategy andRun An optimization history is created.

9.5.4.Changing the number of points on restart*

The number of points to be analyzed can be changddhgtaith any iteration. This feature is useful when
the user wants to restart the process with a different (often larger) number of points. This option avoids
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adding points in iterations prior to the specified iteration. The feature is sarspkegic,so must be added
to all the sampling definitions.

Example 1:

In the first analysis, the following sampling scheme was specified: a single iteration witiptihial points
was performed. By default, a single verification run is done in iteration 2.

After the first analysis, the user wants to restart, using 10 points per iteration and 3 iterationsiDio toal.
augment sampling before iterati@set to 2. Iterations 2 and 3 will then be conducted with 10 points each
while iteration one will be left irtct.

Example 2:

Starting with a single iteration with 5aptimal points and restarting with 1@ogtimal points, but nowDo
not augment sampling before iteratienset to 1. Iteration 1 of the restart will be augmented with 5 points
(to make a total of0), before continuing with 10 points in further iterations.

Note: The user will have to delete the single verification point generated in the first analysis befor
restarting the run. For this example, this can be done by usinBRuhewith clean startrém current
iteration run option, and setting the current iteration to 2. The restart will then generaestarting point

for iteration 2 and conduct 10 simulations altogether.

9.6. Sampling Constraints

Sampling constraints are used to specify an irreglgargn space. An irregular (reasonable) design space
refers to a region of interetftat, in addition to having specified bounds on the variaidesso bounded by
arbitrary constraints. This may result in angukarshape of the design spadéis region of interest is thus
defined by constraint bounds and by varidideinds. The purpose of an irregular design space is to avoid
designs which may prove be impossible to analyze.

Sampling constraints are defined in @enstraints tab of theSampling dialog, Figure 9-16. Previously
defined constraints are available for selection inAtld newlist, new constraints may be defined using the
Sampling constraint wizaréigure9-17, accessible by th€reate sampling constraitutton.

Only explicit constraints, i.e. constraints that do not require simulations, can be specified for the reasona
design spaceA typical explicit constraint could be a simple inequality relationship between the desigr
variables.
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- Sampling'2 =
Sampling Metamaodel Settings | Active Variables | Features | Constraints
Sampling Constraints Add new
REASL x Constraints
REAS2 x c3

Create sampling constraintl

Figure 9-16: Definition of Sampling Gnstraints by selection from list or new creation.

= Sampling constraint wizard =)
Enter a variable expression and any upper/flower bounds:
[ Lower bound: Expression: Upper bound:
|x_2-2%y_2 <o |
Name:|REAS]] |

Upon clicking "Create”, a composite and a constraint will be created.

| Create | | Cancel

Figure 9-17. Sampling constrain wizard: definition of an expression and bounds

This specification of the Sampling constragmsures that the pus are selected such that the bounds are
not violated.

Remark:

A reasonable design spacan be created using tlizoptimal experimental design as well as the Space
Filling experimental design. These are the most commonly used options that accompany the choice of
polynomials, Radial Basis Function Networks, Neural Networks or Kriging as metamodels.
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10. CompoBii aleog

Composite functios can be used to combine respossdaces and variableas well as other composites.
The response components can belong to any stage. The objectives and constraints can then be constr
using the composite functions.

10.1.Introduction

10.1.1. Composite vs. response expressions

There is an important distinction betweesponse expressions and composites. This distinction can have &
major impact on the accuracy of the result. Response expressions are converted to response surfaces
applying the expression to the results of each sampling point in the design spapesites, on the other
hand, are computed by combining response surface results. Therefore the response expression will alv
be of the same order as the chosen response surface order while the composite can assume any comp
depending on the formukpecified for the composite (which may be arbitrary).

Example

If a response function is defined &%, y) = xy and linear response surfaces are used, the response
expression will be a simple linear approximate»n+ by whereas a composite expressioncsjed asxy
will be exact.

10.2.Defining Composites

A compositecan be defined by using the interfaces in @mnpositesdialog, Figure 10-1. To add a new
definition, select the respective intece from the list on the right.HE available interfaces are explained
Table10-1. To edit an already definembmposite doube-click on the respective entry from the list on the
left. Compositesnay be deleted using tlieleteicon on theright of the respective definition.

Remarks:

1. An objective definitionnvolving more than oneesponser variablerequires the use of a composite
function

2. In addition to spcifying more than on&nction per objective, multiple objectives can defined
(seeSectionll.?.
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BT T — B
Composite definition Add new
Disp_scaled x | | Composites
Standard Composite: Targeted composite with components Disp EXPRESSION
Frequency_scalgd . _ * | | Curve Matching
Standard Composite: Targeted composite with components Frequency Standard
Mass_scaled x | | Composite
EXPRESSION: Vehicle_Mass_MVH/99.078 Standard
Deviation
StagelPulse_scaled x
EXPRESSION: StagelPulse/14 512408
Stage2Pulse_scaled x
EXPRESSION: Stage2Pulse/17.586303
Stage3Pulse_scaled x
EXPRESSION: Stage3Pulse/20.745213
0K
Figure 10-1: Composites Dialog
Table10-1: Composite types
Compositetype Description Reference
EXPRESSION Mathematical expression using previously defined entities Section
10.3
Curve Matching Curve matching metrics Section
10.5
Standard Composite Weighted or targeted composites Section
10.4
Standard Deviation  Standard deviation of another response or composite Section
10.6
Copy Copy the selected Composite
Paste Paste a previously copied Composite. The next free numbe

automatically appended to the name.
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10.3.Expression composite

Name:

REAS2 |
Expressiun: _
|_2+:>-:_2 -y _2 |

Figure 10-2: Definition of a CompositeExpression

A mathematicalexpression can be specified for a composite. The composite can therefore consist
previously definedonstants, variableslependenvariablesresponseand other composites (sA@pendix
F: Mathematical Expressiohs

10.4.Standard composite

The Standard composite dialog is displayedrigure 10-3. First the composite function type has to be
selected,Table 10-2. Then select the Response or Variable components to be used to calculate tt
composite from the list on the right. The selected components appear in the list on the left with text fields
specify weighting ad scaling factors and target values, respectively. Selected components can be delet
from the list by using thdeleteicon on the left of the entity name.

The composite function types are explained in detail in the following secliabe10-2.
Note that each formulation could alternatively be defined as a composite expression, examples are givel
the following sections. Using the Standard Composite interfammigenient in many cases.

Table10-2: Standard Composite function types

Composite function type Reference

Weighted Section10.4.3
MSE Section10.4.2
Sqrt MSE Section10.4.1
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Mame for composite Composite function type
Intrusion | | Weighted $|
Composite components Add new
Entity Multiplier Divisor Responses E
_ o ) Acc_max
® Intru_2 |.-l (default is 1}.| | 1 Edefault)] Mass
® Intru_1 | 1 idefault}] | 1 Edefault]l] Variables )
t_hood
t_bumper
t_arill
t_roof
t_rail_front [ |
t_rail_back
[~]

Figure 10-3: Standard Composite Interface

10.4.1.Targeted composite (square root of MSE)

This is a standard composite in which a taigetpecified for each responee variable in thelargettext
field. The composite is formulated as the 06distance
components can be weighted and normalized.

N 2 2
m ef(X)-F @ n éx-Xg
= & S; @ = é G q

wheres andc are scale factors (to be specified in Digisor text fields) and W anav are weight factors
(to be specified in theMultiplier text fields). These are typically used formulate a multobjective
optimizationproblem in whichF is the distance to the targetlues of design and responsgiables.

In the GUI this type is selected as gt MSEcomposite function type.
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" El :h.;. O ;3‘3' @"

Mame for composite Composite function type

|:F_damage | | Sqrt MSE o |

Composite components Add new

Entity Multiplier Divisor Target Responses

_ N » | | Disp2
x intrusion_3 | 1 I:default]lJ | 30 (default is 1,‘.'_| | ED] Disp1

Acc_max

x intrusion_4 | 1 Edefault]l] |:25 (default is lIIH I35]

intrusion 3

intrusion 4

Variables

thurmper
thood

| Cancel || oK

Figure 10-4: Definition of targeted (Root MSE) composite response inO®8Tui

A suitable application is parameter identificat In this application, the targetalues F are the
experimental results that have to be reproduced by a numerichd| as accurately as possible. The scale
factorss; andc; are used to normalize the responsédse second component, which uses the variabées,

be used to regularize the parameter identification problem. Only indemevatiables can be includesee
Figure10-4 for an example of a targeted composite response definifiere, F_damage will be calculated
as

F _ [éintrusion, - 20 2@ +éintrusiom- 35
damage 8 30 H g 25 H

The equivalent the expression composite is:
sqrt(((intrusion_3 - 20)/30)**2 + ((intrusion_4 + 35)/25)**2)}

10.4.2.Mean squared error composite

This standard composite is the same as the targeted composite, except that the squareatioat ispe
omitted. This allows for composites to be added to make a larger comgosilar(to the vector ordinate
based Measquared eor composite in Sectioh0.5.7).
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10.4.3.Weighted composite

Weighted responséunctions and independent variablasee summed in this standard composite. Each
function component or variabls scaled(to be specified in th®ivisor text fields)and weightedto be
specified in theMultiplier text fields)

F:\/gwjﬂ+§mi. (102)

j=1 S iz G
These are typically used to construct objectives or constraints in which the respuhsasiables appear in
linearcombination
An example is given ifrigure10-3.
The equivalent expression composite is

Intru_1l 7 Intru_2.

Needless to say, this is the preferable way to define this composite.

10.5.Curve Matching Composite
The Curve Matching interface provideso metrics for comparison of a target curve and curves extracted
from simulation runskigure10-5. The options are explained Trable10-3.

To evaluate these composites, predicted histories (histories approximated by metamodels) are used, se
Section9.5.1for details.

— History matching|composite (=)
Mame:

|MSE1 ]
Algorithim:

@ Mean Sguare Error (difference in curve Y values)
() Curve Mapping (size of area between curves)

Target curve:

[Testl | w | add new file history

Computed curve:

[Fl_vs_dl | e |

Regression points
@ From target curve
(O Fixed number (equidistant, interpolated)

You can convert this composite to an expression for further fine-tuning.

Figure 10-5: History Matching Composite Dialog
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Table10-3: History Match Composite options

Option

Description Reference

Algorithm

Curve matching metric to c¢
and computed curve:

Section
o0 Mean Square Error (Ordinabased) 10.5.1
o Curve Mapping Section

10.52

Target Curve

Previously defined File history containing targetues.

add new file history

If the file history to be used as Target curve is not already Section6.17
defined, this can be done here.

Computed curve

Previously defined history or Crossplot extracted from
simulation results

Regression points

Regression points used to calculate composite:
From target curve
Fixed number (egdistant, interpolated)

convert this
composite to an
expression

Use a composite expression to define curve matching me Appendix F:

to be able to add further arguments

10.5.1. Ordinate-based Curve Matching

A composite
curves:

1.0
P oz

It is constructed so tha&®, , p= 1 ,

function is provided to comput e

2 2

ef (X)-G,g 1F ée(X)o
&g U =paWe —u, (10:3)

6 S 0 Pem &S 1

P a@re the values on the target curve G §(x) the corresponding
components of the computed curvd{x) are represented internally by response surface vatuesthe

t

h

design vectors, = max Gpl, p= 1, P.By using the default values, the user should obtain a dimensionless

error U of

Note:

1. Only points within range of both curves are included in Equatiof8j180 P will be automatically

reduced during

tSeecSeatiod. 2 Ifor noofe datail. i t vy .

the evaluation if there are missing points. A warning is issued
WARNING_MESSAGE.
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2. TheMean Square Error composite makes use of response surfaces to avoid the nonlinearity
(quadratic nature) of the squared error functional. Thus if the response aungdif(ear in terms of
the design variables the composite function will be exactly represented.

3. Mean Square Error composites can be added together to make a larger MSE composite (e.g.
for multiple test cases).

4. The simplest target curve that can be defined has only one point.

5. Ordinatebased Curve Matching shoutmt be used for a nemonotonic abscga (e.g. as found in
hysteretic behavior) of the target curve. For this purpose, Curve Mapping (SE@ttod Section
22.3.9 is available.

10.5.2.Curve Mapping

In contrast to the Mean Square Error cumvatching metric described in Secti@0.5.1 Curve Mapping
incorporates the ordinate and the abscissa into the -ocumtehing metric Points of the one curve are
mapped onto the second curve and the volume (area) between the twoicwa@puted. It is therefore

highly suited to matching hysteretic curves. Both curves are normalized internally to adjust the magnitude of
ordinate and abscissa, respectively. Since the curves could be of significantly different length, partial
mapping isdone.

Please refer to Secti@?.3.2for the theory of Curve Mapping.

Note:

It is recommended that both curves be filtered before matching to aotai@s which are as noibee as
possible. This avoids discrepancies in curve length which will affect the result. A general history filtering
feature is available (see Secti@n
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10.6.Standard Deviation Composite

The standard deviation of another response or composite can be specified to be a cdrgpositd)-6.
The dialog shws a list containing all previously defined responses and composites. The one to be used
calculate the standard deviation has to be selected.

- Standard Deviation 3
Mame for composite
|5td_5trt—:'55 |

¥ Stage SOLVER_1
Weight

Composites

Cancel oK

Figure 10-6: Definition of a Standard Deviation composite

Thevariation of response approximated using response surfaces is computed analytically as documentec
the LSOPT stochastic contribution analysBection23.7. For neural nets and composites a quadratic
response surface approximation is created locally around the design, and this response surface is use
compute the robustness. Note that theirgion of composites (the standard deviation of a composite of a
composite) may result in long computational times especially when combined with the use of neur
networks. If the computational times are excessive, then the problem formulation must lgedhan
consider the standard deviations of response surfaces.
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This chapter describes the specification of objectives and constraints for the design formulation and the
optimization algorithms used for metamodel optimization.

11.1.Formulation of the optimization problem

Multi-criteriaoptimal design problems can be formulated. These typically consist of the following:
1. Multiple objectives (multiobjective formulation)
2. Multiple constraints:.

Mathematicdly, the problem is defined as follows:

F(Fl’F2’> ’FN)

Minimize
subject to
Ll ¢ gl ¢ Ul
L2 ¢ gZ ¢U2
@
Lm ¢ gm ¢ Um

where F represents the mul@ibjective function,F, :Fi(xl,x2,> ,Xn) represent the various objective
functions andg; =g, (xl,x2,> ,xn) repregnt the constraint functisnThe symbols represents design
variables

In order to generate a trad& design curve involving objective functions, more than oljective F.
must be specified so that the mudbjective
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N
F=4 wmF,.

k=1

(11-1)

A component function must be assigned to each objective function wherentiperant function can be
defined as @omposite functiofr (see Chaptet0) or aresponsdunction f(see Chaptes).

11.2.Defining objective functions

Objectives are defined in th@bjectives tab of the Optimization dialog, Figure 11-1. To define an
objective, select a response composite from the list on the right, that contains all previously defined
responses and composites. The entity will show up in the list on the left. For each objective, a weight has
be speified using theWeighttext field. If multiple objectives are defined, {&PT uses the weights to build

a multiobjective function as described in Sectithl The weightapplies to each objective as represented
by n in Equation (11.1). Note that the optimization result depends in the specified weights.

The weights are not used in Muflibjective Optimization, except to record the scalar roldjedive value.

Additional options are described Trable11-1.

oPT| Optimization

&

Objectives | Constraints | Algorithms

[C] Maximize the Objective Function (instead of minimize)
[[] Create Pareto Optimal Front (Multi-Objective Mode)

Objective components:

Response/Composite Weight
x Disp_scaled | 1 ldefault)]
x Mass_scaled | 1 tdefault)]

Add new
Responses
Disp
time_to_184
time_to_334
time_to_max
Integral_0_184
Integral_184_334
Integral_334_max
StagelPulse
Stage2Pulse
Stage3Pulse

Vehicle_Mass_NWVH

Freguency
Mode

Generalized_Mass
Composites

Frequency_scaled

StagelPulse_scaled
Stage2Pulse_scaled | |
Stage3Pulse_scaled [~]

o

Figure 11-1: Objectivepanel in LSOPTui Optimization dialog.
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Table11-1: Objective options

Option Description

Maximize Objective The default is to minimize thabjective functions. The program can
Function (instead of however be set to maximize the objective functions.

minimize)

Create Pareto Optimal Front Pareto optimal solutions are calculated instead of a single optimu
(Multi-Objective Mode) This option is only available if multiple oligves are defined.

11.3.Defining a constraint

Constraints are defined in th@éonstraints tab of theOptimization dialog, Figure 11-2. To define a
constraint, select a response composite from the list on the right, that contains all previously defined
responses and composites. The selected entity will sipoiv the list on the left. To specify a lower or an
upper bound, select the respective hyperlink and enter the desired value in the text field.

Additionally, for Reliability Based Design Optimization, the probability of exceeding a bound on a
constraint an be set.

Internal onstraint scalingcan be defined by selecting tl@@onstraint scalingoption and defining the
respective scaling factors in the Divisor text field, Sectibr8.1

To delete a constraint definition or a bound, use the respeigieteicon.
If Show advanced optioms selected, th8trict option is available. For details, see Sectidr3.2
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Objectives | Constraints | Algorithms

Constraint scaling (interna

[] Show advanced options

Optimization constraints: Add new
Response Lower Bound Divisor Upper Bound Divisor Responses —

_ . o Disp

x StagelPulse x | 14.512408| |14.5124 (def| Set upper bound time to 184
) o o time_to_334

x Stage2Pulse x | 17.586303| |17.5863 (def| Set upper bound time to max
: . - Integral_0_184

x Stage3Pulse x | 20.745213| |20.7452 (def| Set upper bound
L )1 I Integral_184 334 =
r V[ IR VT ) Integral_334_max

x Frequency x | 41.384691| |41.3847 (def| x | 42.381509| |42.3815 (def|

Disp_scaled
Wehicle_Mass_NWVH

Mode

Generalized_Mass

Mass_scaled

Composites

Figure 11-2: Constraints panel in LSOPTui

11.3.1.Internal scaling of constraints

Constraints can be scaled internally to ensure normalized constraint violations. This may be important wt
having several constraints and an infeasible solution so that when the maximum violation over the defin
constraints is minimized, the comparissnndependent of the choice of measuring units of the constraints.
The scale factos (to be specified in the respectilpavisor test field)is applied internally to constraipgs
follows:

- gj(X)+Lj ¢ O gj(x)'Uj

L ! V]
Sj Sj

¢0

A logical choice for the selection efs SJ-L =L, and S‘jJ =U,, so that the above inequalities become

“9,( 1¢0£-1¢o
u

j j

internally and in the infeasible phase:
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-0 (X .
9, ( )+1¢e;g’—(x)- 1¢ee2 0.
L U

i ]

11.3.2.Minimizing the maximum responseor violation*
Refer to Section 22.1 for the theory regarding strict and slacknstraints To specify hard(strict)
constraints, set the respectivstrictcheckboxes. Otherwise constraints are @bick) constraints.
The purpose of a formulation using strict and slack constraints is to compromise only on the slack
constraints if a feasible design cannot bentbu
Remarks:
1. The objective function is ignored if the problem is infeasible.
The variablébounds of both the region of interestd the design space are always hard
Soft constraints will be strictly satisfigida feasible design is possible.
If a feasible design is not possipthe most feasible desigvill be computed.

a s~ D

If feasibility must be compromised (there is no feasible design), the salautomatically use the
slacknes®f the softconstraints to try and achieve feasibility of the hawdstraints. However, there

is always a possibility that hard constraints must still be violated (even when allowing soft
constraints). In this case, the variableunds may be violated, which is highly undesirable as the
solution will lie beyond the region of interemtd perhaps beyond the design space. This could cause
extrapolation of the responseirfaceor worse, a future attempt to analyze a design which is not
analyzable, e.g. a sizing variable might have become zero or negative.

6. Soft and strict constraints can also be specified for search methods. If there are feasible designs with
respect to ha constraints, but none with respect to all the constraints, including soft constraints, the
most feasible design will be selected. If there are no feasible designs with respect to hard constraints,
t he pr obhennh eiass i h aeréd a nrchinateb with angerror message.t i on t e

11.4.Algorithms

Optimization algorithms for metamodeased optimization can be selected in the Algorithms tab of the
Optimization dialogFigure11-3.

The core solvers that can be used for metamodel optimization are LFOP, the Genetic Algorithm (GA),
Adaptive Simulated Annealing (ASA) and Differential Evolution. Hybrid algorithms may also be selected
by selectingSwitch b LFOP, namely the Hybrid GA and Hybrid ASA. The hybrid algorithms start with the
GA and ASA to find an approximate global optimum after which LFOP is used to sharpen the solution. The
solution to a hybrid algorithm will be at least as good as the onédprbby the global optimizer (GA and
ASA).

Hybrid Simulated Annealing is the default.
For each algorithm, advanced settings are available using the resgwe** Settingdutton.
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eer Optimization &)

Objectives = Constraints AIgnrithm;l

Optimization Algorithm
) LFOP

) GA

@ ASA

() Differential Evolution

Switch to LFOP

Show LFOP Settings

Show ASA Settings

Figure 11-3: Selectnhg the optimization algorithm used for the optimization on the metamodel

Table11-2: Algorithms options

Option Description Reference

LFOP Leapfrog Optimizer Sectionl1.4.] Section21.7
GA Genetic Algorithm Sectionl1.4.2 Section21.8
ASA Adaptive Simulated Annealing Sectionl1.4.3 Section21.10
Differential Differential Evoltion Section21.11

Evolution

Switch to LFOP  Hybrid version Section21.12

11.4.1.Setting parameters in the LFOPCalgorithm*

The values of the responsase scaled with the values at the initial design. The default parameters in
LFOPC should therefore be adequate. Should the user have more stringent requirements, the followi
parameters may be set for LFOPIhese can be set in the GUIShow LFOP Settings selected. See
Section21.7for the theory of LFOPC.
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L ‘Optimization (=)
Objectives | Constraints | Algorithms
Optimization Algorithm Number of Multi-Start Points
@ LFOP |tdefault) |
J GA Penalty Parameter mu
) ASA . !
| 100 (default) |
Show LFOP Settings l Penalty Parameter mumax

10000 (default) |

Convergence Criterion xtol

| 1e-08 (defautt) |

Convergence Criterion eg

|:1e—05 (default) |

Maximum Step Size

| 1 (default) |

Maximum Number of Steps

1000 (default) |

Print Control Number
|1D {default) |

| Reset Defaults |

oK
Figure 11-4: LFOP settings
Table11-3: LFOPC parameters and default values

Option Parameter Remark

Number of MultiStart Points Number of MultiStart Points

Penylty Parametenu Initial penalty valuen
Penalty Parametenumax Maximum penalty valuerax 1
Convergence Criterioxtol Convergence toleranag on the step movement 2

Convergence Criteriorsy Convergence toleranaeon the norm of the gradient 2

Maximum Step Size Maximum step size/ 3
Maximum Number of Steps Maximum number of stegser phase 1
Print Control Number Printing interval 4
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Remarks:

1. For higher accuragyat the expense of economy, the valuermpf.x can be increased. Since the
optimizationis done on approximate functions, economy is usually not impoitaet.maximum
number of stepmust then be increased as well.

2. The optimizatioris terminated when either of the convergence criteg@mes active that is when

o) <e,

or
IBf (x)] < e

3. It is recommended that the maximum step ,siZebe of the same order of magnitude as the
Adi ameter of tbe Tegeomabbé &ansteaaneévetapproxamators i z

scheme, the maximum step size has been defaulige Q)OS,lé inzl(range2 .

4. If the Rint Control Number= Maximum umber of steps 1, then the printing is done on step 0 and
exit only. The values of the design varialdes suppressed on intermediate steps if the Print Control
Number <0.

In the case of an infeasible optimizatiproblem, the solvewill find the most feasible desigwithin the
given region of interesiounded by the simple upper and lower bounds. If LFOP is selected ashghmimh
optimizer, aglobal solution is attempted by multiple starts from a set of random points.

11.4.2.Setting parameters in the genetic algorithm*
The default parameters in the Ghould be adequate for most problems. However, if the user needs tc

explore different methods, the following parameters may bendbe GUI (sedrigure 11-5). SeeSection
21.8for the theory of the Genetic Algorithm.

Objectives | Constraints | Algorithms

Optimization Algorithm Constraint Handling Selection Operator Crossover Type Mutation Distribution
) LFOP Deb ECH ¢ | | Tournament < | | SBX e |W|
. GA Restart Interval Tournament Size  Crossover Distribution ~ Mutation Probability

O ASA |.25 (default) | |.2 (default) | |.10 (default) | |Ml

] switch to LFOP ] - ] = g
Max Repeat Optimum/Generations Number of Elites Crossover Probability

|:0.1 (default) | |2 (default) | |:1.CI (default) |

Population Size
1100 (default)

Number of Generations feseLf e

250 (default) |

| Show GA Settings |

Figure 11-5: GA settings
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Table11-4: GA parameters and default values

Option

Parameter Remark

Population Size

Population size (always even)

Number of Generations

Number of generations

Selection Operator

Selection operator: TournameRpulette, SUS

Tournament Size

Tournament size for tournament selection opere

Elitism

Switch elitism for single objective GA: ON/OFF

Number of Elites

Number of elites passed to next generation

Encoding variable

Type ofencoding for a variable: Binary=1, Real=

Numbits variable

Number of bits assigned to a binary variable

Crossover type

Type of real crossover: SBX, BLX

Crossover probability

Real crossover probability

Alpha value for BLX

Value of U for BLX op

Crossover distribution

Distribution index for SBX crossover operator

Mutation probability

Mutation probability in reakpace

Mutation distribution

Distribution index for mutation operator

Algorithm Subtype

Multi-objective optimization algorithm: NSGA2,
SPEA2

Restart Interval

Frequency of writing restart file. For multi
objective problems, this parameter governs the
frequency of writing TradeOff files

Max Repeat
Optimum/Generations

Maximum number of genations allowed to repes
as a fraction of the total number of generations
allowed.

Constraint Handling

Constraint handling types: Deb Efficient
Constraint Handling, Penalty
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11.4.3.Setting parameters in the simulated annealing algorithm*

The adaptive simulated annealing parameters can be modified in thd-iGle 11-6. SeeSection21.10
for the theory of Adaptive Simulated Annealing.

bl Optimization @
Objectives | Constraints | Algorithms
Optimization Algorithm Trmin/Tmax (Ratio)
O LFOP [16-6 (default) |
O GA ' )

Annealing Scale

1000 (default) |

@ ASA

] Switch to LFOP -
Cost-Parameter Anneal Ratio

Show ASA Settings l | 1.0 (default) |

Maximum Function Evaluations

10000 (default) |

Function Evaluations/Temp step

| 1 (default) |

Reset Defaults

Figure 11-6: ASA settings

Table11-5: ASA parameters and default values

Option Parameter
Tmin/Tmax (Ratio) Ratio of minimum and maximum temperature
Annealing $ale Annealing scale

CostParameter Anneal Ratio Ratio of cost temperaturatio and parameter temperature ratio

Maximum Function Exaluations Maximum number of function evaluations

Runction Evaluations/Temp steg Number of function evaluations at some temperature
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11.5.Algorithms for metamodel based Monte Carlo analysis

BpT Optimization x

Objectives | Constraints | Algorithms

[[] Use Approximation Residuals

Reliability Resolution
|.le+06 (default)

Figure 11-7: Algorithm Options for Metamodel based Monte Carlo Analysis

Table11-6: Algorithm Options for Metamodel based Monte Carlo Analysis

Option Descriptbn

Use Approximation Residuals If noise was found when the metamodel was created, then this r
may be reproduced whenever the metamodel is used for reliabil
computations. This is possible only for the response surfaces ar
neural nets. The noisemermally distributed with a zero mean anc
standard deviation computed from the residuals of the least squ:
fit.

Reliability Resolution The number of Monte Carlo samples to be analyzed can be set
user. These samples are evaluated based on thenogels and not
using the actual solver.
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This chapter explains simulation joblated information and how to execute a design fask the
graphical user interface as well as monitoring the status of the task and the simulation runs from the GUI

12.1.Running the design task

After setting up the task, run the design task uslognal Runor Baseline Rurfrom theRun menu (} )
in the control bar of the main GUI as described in Se@i@nlIf needed, previous results can be deleted

using theClean options in the Tools menl/('), Section3.4.

12.2.Analysis monitoring

Setup
G parameters

mdo.iterate.correct.lsopt - LS-OPT 5.0

Metamodel-based optimization @

Sampling CRASH

Finish

__|

Domain
reduction

i

Werification
1 design

T

Termination
criteria

1

| Core Optimizer

| 1 objective

:|L 3 constraints

'@

1

Composites
1 definition

3 wvars, 7 d-opt designs

-
-

LE-DYNA

CRASH

6 pars, 5 resps

@

Build Metamodels

5 linear surfaces

o |

o

} LE-DYNA

Sampling NVH
4 vars, 8 d-opt designs

NWVH

5 pars, 3 resps

)
o

Build Metamodels
3 linear surfaces

o

Crash-Modal MDO problemn (small car). lterative solutior

Mhomefkatharina/LSTCloptQA/CLASS EXAMPLES/DESIGN OPTIMIZATION/MDOJITERATE/mdo.iterate carrectlsop

Figure 12-1: Main GUI while optimization is running
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While running LSOPT, the status and progress of the task can be visualized in the makigbicd,12-1.

The currently running iteration number is displayed in the control bar at th C\). The stage LED of
the currently running task process e¢6 hiagdhti gmt
LED visualizes the solver progress. Moorrmtahe st
andError terminations, respectively. Doubblicking on a stage LED launches tReogressdialog
described in Sectioh2.3

12.3.Job monitoring i the Progress dialog
[F— e g )

Show status for: lStagE CRASH | w ] Tools
Job ID/PID Component lter Exp Status [~] View log
T T Open folder

14367 CRASH 1
14677 CRASH 1 - Running 11% _
- Accelerated kill
14691 CRASH 1 s\ Running 9%
14707 CRASH 1 ?I Running 2% show plot
Plot . B
o Time History

Kinetic Energy 3E-05
Internal Energy

o 2.5E-05
Total Energy @

B
Energy Ratio ‘3 2E-05
Global X Velocity E 1.5E-05

. [ :
Global ¥ Velocity
Global Z Velocity 0 2 Fil
Total CPU Time Simulation Time
-

Figure 12-2: Progress dialog displaying progress of stage runs
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Table12-1: Tools for selected run

Tool Description Reference

View log Opengob_logfile of selected run Sectionl2.6

Open folder Opens run directory of selected job -

LS-PREPOST Opens selected run in EBREPOSTLS-DYNA only) -

Kill Kills selected job Appendix|.2
Accelerated kill Appendix|.2
Show plot Show Time History plot

The progress of the simulation jobs can be displayed for a selected stage or for all stages. If a job is selectec
from the list, the tools described Tiable12-1 areenabled.

When using LSDYNA, the user can also view the progress (thmetory) of the analysis by selecting oo
the available quantities from tfot list (Time Step, Kinetic Energy, letnal Energy, etc.Figure12-2.

The Progressdialog allows a graphical indication of the job progress with the green horizontal bars linked
to estimated completiotime, Figure 12-2. This progress is only available for {L¥NA jobs. The job
monitoring is also visible when running remotely through a supported job distribution (queuing) system.
The job status iautomatically reported at a regular interval.

The text screen output while running both the batch and the graphical version also reports the status as
follows:

JobID Status PID Remaining
1 Normaltermination !

2 Running 8427 00:01:38 (91% complete)
3 Running 8428 00:01:16 (93% complete)
4 Running 8429 00:00:21 (97% complete)
5 Running 8430 00:01:13 (93% complete)
6 Running 8452 00:21:59 (0% complete)
7 Waiting ...

8 Waiting ...

In the batch version, the user may also type coi@irta get the following response

Jobs started

Got control C. Trying to pause scheduler
Enter the type of sense switch:

swl: Terminate all running jobs

sw2: Get a current job status report for all jobs
t: Set the report interval

v: Toggle the reporting status level to verbose
stop: Suspend all jobs
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cont: Continue all jobs
c: Continue the program without taking any acti on
Program will resume in 15 seconds if you do not enter a choice switch:

If v is selected, more detailed information of the jobs is provided, namely eventitimeestep, internal
energy, ratio of total to internal energy, kinetic energy atal velocity.

12.3.1.Error termination of a solver run

The job scheduler will mark an errtgrminated job to avoid terminatiaf LS-OPT. For errorterminated
solver jobs, the progress bars in the GUI are colored in red. Results of abnormally terminated jobs
ignored, hence they are not used in the optimization, e.g. to construct metamodels. If there are not eno
results to continue, @. to construct the approximate design surfacesOPF will terminate with an
appropriate error message.

12.4.Restarting

Restartingis conducted by selecting the appropriate option fromRte menu (} ) in the control bar
pane of LS-OPTul

Completed simulation runs will be ignored, while half completed runs will be restarted automatically
However, the user must ensure that an appropriate restart file is dumped by énebgadpecifying its
name and dump frequency.

The following procedure must be followed when restaréirgsign run

1. As a general rule, the rudirectorystructure should not be erased. The reason is that on restart, LS
OPT will determine the status of progress made during a previous run from status and output files
the directories. Important data such as response valasgofse. n files), responsehistories
(histor y. n files) are kept only in the run directories amay not available elsewhere (with the
exception of theAnalysisResults_ n.lsox daabase in the sampling directory).

2. In most cases, after a failed run, the optimization can be restarted as if starting from the
beginning. There are a few notable exceptions:

o0 A single iteration has been carried out but the desigmdtation is incorrect and must be
changedln this case the design formulation must be corrected befayptirizing Iteration 1

using the Optimize repair function in the Tool!() menu (see SectioB.5). If histories or
responses are added, the O6Extract Resul-tsb
extract the data.

o0 Incorrect data was extracted, e.g., for the wrong node or in the wrong dirdctibis case, the
usermustre xt ract the results using the O0Extrac
correcting the response definitions.

o0 The user wants to change the response surface type, but keep the original experasigntaind
this case the wuser mu s t use the O6Buil d Met
correcting the metamodel type.
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After completing the repair functions mentioned above, a normal restart can be ex&u)ted (

Note:A restart will only be able teetain the data of the first iteration if more than deeation were
completed. The directories of the other higher iterations must be deleted in their eftiileyan be
accompl i s he dCleényronucsirennitgrationHier]l66 s el ect i on iUnless he T
the database was deleted (by, e.g., using the leamr a &6 Del et ,eée Séctioh.6), oper
no simulations will be unnecessarily repeated, an@ptienization procedure will continue

3. A restart can be made from any paraguiteration by selecting th€lean from current iteration
[iter] option from the Tools men see Section3.4, and selectingthe iteration number. The
subdirectories representing this iteration and all higluenbered iterations will be deleted after
confirmation Then select a Run option to restart.

4. The number of points can be changed for a restarS@e#n9.5.4).

12.5.Directory structure

When running an optimization, ESPT will generate a directory in the work directory for each sampling
and for each stage using the sampling or stage name, respectively. If a sampling and a stage have the san
name, the same directory will be used.

In the stage directories a subdirectory will be created for each simulation.

These suldlirectories are named mmm.nnnn, where mmm represents the iteration number and nnnn is a
number starting from..

The work directoryneeds to contain agst the command file.

An example of a subdirectoryname, defined by L®PT, is side _impact/3.11 , where 3.11

represents the design point number 11 of iteration 3. The creation of subdirectoriesatialwgnd the user
only needs to deal with the working directory.

In the case of simulation runs being conducted on remote nodes, a replica of the run directory is
automatically created on the remote machine.résponse. n andhistory. n files will automaically

be transferred back to the local run directory at the end of the simulation run. These are the only files
required by LSOPT for further processing. More files can be transferred back by using the recover files
options, se&ection5.4.5

If some of the stages are of type LSOFSe¢tion5.3.9 then the sb-directories mmm.nnnn act as the
working directories for inner level LOPT processes. Therefore, these directories have further sublevel
directories. InFigure12-4, the directory structure is shown for multilevel optimization with a sih§@PT
stage named St 209 e
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Isopt file, input files, Work Directory

Stagedatabasef | Stage 3 | | Stage 2 | | Stage 1 | mm:srcw Samplingl |
| l
I I

[ | [ | | | | [ |
£J|1.?]|1.3||1.4| [1a][12][13|[1a] [11]|12]|13

| 14
Run directories
Simutation files, Sompling
- status fles, resile files dotabase
Figure 12-3: Directory structure in LSOPT
' Isopt file, input files, |
' output files Work Directory
o a i Dependency
 Stagedatabase | I stage3 Stage2 [ Stage 1 [ Sampling1
Lower level (LSOPT stage)
directories | =, = I | | I I [ I I
1.1 1.n 1.1 1.2 || 1.3 1.n 1.1 (1.2 || 1.3 1.n
1 ... e
Stage {_Sampling| iSampling: | Stage Stage |_[Sampling| Sampling | Stage |
fl[ 2 idatabase! :database! T 2 'database! |database!
[11][22][13]|1m| [11][12][13][1m]
Lower Ievél Run directories
. Lower level status files, result files . . Simulation files,
T  status files, result files o S moling .
Upper level status files, result ~© ‘oot T - ampiing
database

Figure 12-4 : Directory structurefor multilevel optimization with one LSOPT stage.
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12.6.Log files and status files

Status filesstarted |, finished , history .n,response .n andEXIT_STATUS are placed in the run
directories to indicate the status of the solution progiss.directories can be cleaned to free disk space
but selected status filesust remain intact to ensure that a restart can be executed if necessary.

A brief explanation is given below.

Table12-2: Status and log files generated by L&GPT

File Description Directory

job_log The simulation run/extraction log it Simulation home
saved in that file in the local run  directory
directory.

job_command Contains the command of the job Simulation home
executed directory

started The runhas been started Simulation home

directory

finished The runhas been completed. The Simulation home
completion status is given in the  directory
file.

response Response numberhas been Simulation home
extracted. directory

history. n History numbenmn has been Simulation home
extracted. directory

EXIT_STATUS Error message after termination.  Project directory

The user interfaceS-OPTui uses
the message in the EXIT_STATUS
file as a popup message.

Ifop.log Thefile contains a log of the core Project directory
optimizationsolversolution.

| scheduler.debug This file is generated by the Project directory
Ischedulerexecutable and is used
for debugging purposes.

Isopt.debug Traceback of the solver terminatio Project directory
Used for debugging purposes.
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13. Vi ewi ng Result

This chapter describes the ppsbcessing of LSOPT result data using the Viewer.

13.1.Viewer overview

13.1.1.Plot Selector

Figure 13-1: Plot Selector

To start the Viewer, select the respective icon () from the control bar of the main GUI or start the
executablesiewerlocated in the LSOPT installation directory (SectidB.1.7).
The plots are grouped infive categoriegFigure13-1):

o0 Simulations,

0 Metamodel,
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