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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 in 

the Department of Aerospace Engineering, 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 automotive 

industry. Thanks are due to these partners for their cooperation and also for providing access to high-end 

computing hardware. 

 

At LSTC, the author wishes to give special thanks to colleague and co-developer 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 LS-OPT evolved from Version 1 and differs in many significant regards. These can be 

summarized as follows: 

 

1. The addition of a mathematical library of expressions for composite functions. 

2. The addition of variable screening through the analysis of variance. 

3. The expansion of the multidisciplinary design optimization capability of LS-OPT. 

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

5. The interface to the LS-DYNA binary database. 

6. Additional features to facilitate the distribution of simulation runs on a network. 

7. The addition of Neural Nets and Kriging as metamodeling techniques. 

8. Probabilistic modeling and Monte Carlo simulation. A sequential search method. 

 

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

automotive industry. Several developments were also contributed by Nely Fedorova and Serge Terekhoff of 

SFTI. Invaluable research contributions have been made by Professor Larsgunnar Nilsson and his group in 

the Mechanical Engineering Department at Linkºping University, Sweden and by Professor Ken Craigôs 

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

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

 

Nielen Stander, Ken Craig, Trent Eggleston and Willem Roux 

Livermore, CA 

January, 2003 
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PREFACE TO VERSION 3 

The development of LS-OPT has continued with an emphasis on the integration with LS-DYNA and LS-

PREPOST and differs from the previous version in the following significant regards: 

 

1. 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 to LS-DYNA (Version 971) to provide the capability of modeling 

geometric and shell thickness variability. 

4. Extended visualization of statistical quantities based on multiple runs were implemented by further 

integrating LS-PREPOST. 

5. An internal d3plot  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 generalize response 

variability. 

8. Mixed discrete-continuous optimization is now possible. 

9. Parameter identification is enhanced by providing the necessary graphical pre- and postprocessing 

features. Confidence intervals are introduced to quantify the uncertainty of the optimal parameters. 

10. The importation of user-defined 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 part) 

to identify the spatial location. The coordinate can be referred to a selected state. 

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

14. A utility is provide to both reduce the d3plot file sizes by deleting results and to transform the d3plot 

results to a moving coordinate system. 

15. Checking of LS-DYNA 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 runs on queuing systems. 

18. 3-Dimensional point plotting of results is introduced as an enhancement of metamodel plotting. 

19. Radial basis function networks as surrogate models. 

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

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 considered at fixed coordinates. 

These capabilities allow the viewing of metalforming robustness measures in LS-PREPOST. 

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 user-defined metamodel is supported. 

27. User-defined 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 metamodel-based optimization are provided as GUI options 

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

32. User-defined sampling points can be evaluated using an existing metamodel. 

33. The Adaptive Simulated Annealing algorithm has been added as a core optimization solver. Hybrid 

algorithms such as the Hybrid SA and Hybrid GA have also been added. 

34. Kriging has been updated and accelerated. 

35. Enhancements were made to the Accuracy selection in the viewer by allowing color-coded point 

attributes such as feasibility and iteration number. 

36. The Tradeoff selection has also been enhanced by converting it to a 3-D application with color 

coding for the 4th dimension as well as color status of points for feasibility and iteration number. 

 

As in the past, these developments were strongly influenced by industrial partners, particularly in the 

automotive industry. LS-OPT is also being applied, among others, in metal forming and the identification of 

system and material parameters.  

In addition to long-time participants: Professor Larsgunnar Nilsson (Mechanical Engineering Department, 

Linköping University, Sweden), significant contributions have been made by Dr. Daniel Hilding, Mr. David 

Björkevik and Mr. Christoffer Belestam of Engineering Research AB (Linköping) as well as Dr.-Ing. Heiner 

Müllerschön, Dipl.-Ing. Marko Thiele and Dipl.-Math. Katharina Witowski of DYNAmore GmbH, 

Stuttgart, Germany. 

 

Nielen Stander, Willem Roux and Tushar Goel 

Livermore, CA 

January, 2009 
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PREFACE TO VERSION 4 

The development of LS-OPT has continued with an emphasis on the integration with LS-DYNA and LS-

PREPOST. The main focus of Version 4 has been the development of a new graphical postprocessor as well 

as the improvement of the job scheduling 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 a multi-window format using a split-

window and detachable window feature. 

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

3. For visualizing the Pareto Optimal Frontier, Hyper-Radial Visualization and Parallel Coordinate 

plots have been added to the more traditional scatter plot.  Multiple points can be selected to create a 

table of response values. Point highlighting is cross-connected between plot types. 

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

5. Topology optimization LS-OPT®/Topology has been added as a separate module. Please refer to the 

LS-OPT/Topology User's Manual. 

6. Many of the features such as the Reliability-Based Design Optimization have been significantly 

accelerated. 

7. The Blackbox queuing system has been streamlined in terms of providing better diagnostics and a 

special queuing system Honda has been added. 

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

 

Version 4.1: 

1. Discrete sampling can be done on a variable by variable basis for most sampling schemes including 

D-Optimality, Space Filling and Full Factorial. 

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

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

queuing systems. 

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

of the run.  

5. Three injury criteria: a3ms, Chest Compression and Viscous Criterion have been added. 

6. SPH, DBBEMAC and NODFOR groups have been added to the LS-DYNA response interface. 

7. GenEx, the LS-OPT Generic Extractor provides features for extracting entities from text files. This 

allows LS-OPT to be used with any solver code that produces a text database. 

8. Responses can be linked to LS-DYNA cases (*CASE keyword). 
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9. In addition to polynomials, Radial Basis Functions can now be used for parameter identification. 

10. The following features have been added to the Viewer: Self-Organizing Maps (for multi-objective 

optimization), two-dimensional interpolation matrix using metamodels, global sensitivities (Sobol), 

Computed (simulation) and Predicted (metamodel) histories, Parallel Coordinate plot for simulation 

results. 

11. Experiments can be replicated for stochastic fields. Improvements have been made to Stochastic 

Fields (*PERTURBATION) in LS-DYNA. Special coordinate systems have been added. 

*PERTURBATION_MATERIAL has been added for MAT24. 

12. To avoid synchronization errors, the Experiments and AnalysisResults databases have been 

converted to self-contained .csv files. 

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

14. A selected subset of Pareto optimal points can be exported to a standard format. The file can be used 

to schedule the points as simulations. 

Version 4.2: 

15. The algorithm for constrained experimental design has been greatly improved. An optimization 

algorithm was introduced to locate design points within specified constraint bounds. 

16. LSTCVM has been added as a Secure Proxy Server for distributing solver jobs across a computer 

cluster. Running LS-OPT on a Windows machine controlling solver jobs on a Linux cluster is now 

possible. 

17. Individual jobs can be stopped using LSKILLJOB from the LS-OPT GUI. This feature has been 

implemented to kill lagging jobs which tend to hold up the entire optimization run. Accelerated job 

killing is provided as an option. A job can also be flagged for restart. LSTCVM and LSKILLJOB 

combined with LSCHEDULER and other auxiliary programs provide a sophisticated job distribution 

system. 

18. More injury criteria are now available, namely MOC, NNIC, NIC, Nkm, LNLI, TTI and TI. A 3-

node version of the injury criterion Clip3m has been added. 

19. Kinematics for NODOUT-based responses and histories. Includes the calculation of deformation and 

distance in global, local and local-in-reference-frame coordinate systems. 

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

21. Curve Mapping has been added to improve the curve matching metric for material identification, 

especially for hysteretic curves, curves with steep sections and cases where only partial test data is 

available. A newly developed Partial Curve Mapping algorithm is used. 

22. Metamodel prediction accuracy based on PRESS error has been added as a stopping criterion for the 

Sequential Response Surface Method (SRSM). 

23. Automatic internal constraint scaling based on the constraint bounds has been added to the GUI. 

This feature ensures that constraint violations are treated equally irrespective of their magnitudes. 

24. The Dominated Hypervolume method as a stopping criterion for multi-objective optimization 

methods (GA). Crowding Distance and Spread of the Pareto Optimal Front can be monitored 

graphically. 
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25. Self-Organizing Maps is available to visualize simulation results. 

26. Refinements have been made to the 2D Metamodel Cross-Section display by adding simulation 

points. The History display was improved by allowing the selection and display of multiple histories. 

There is stronger unification amongst the different types of displays. 

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

28. Histories have been added to the GenEx (generic extraction) result extraction feature. In the past, 

only responses could be extracted. 

29. The input file environment can be used to store include files. LS-OPT will in this case automatically 

be able to parse and transmit the files (e.g. to a cluster). 

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

acceleration from velocity. 

31. A general filtering feature for time histories has been added. Filtering has been available for LS-

DYNA-extracted data, but can now be applied to any time history, also those produced using 

expressions or generic extraction. 

Version 4.3 

32. The MAC criterion replaces the Generalized Mass criterion for mode tracking (merged to Version 

4.2). An option to turn off mode tracking was added. 

33. Mode tracking is supported for all versions of LS-DYNA, including LS-DYNA MPP (merged to 

Version 4.2). 

34. Sampling of the Pareto Optimal Front as a sampling option. A Space Filling algorithm, to maximize 

the distance between any two points in the design space, is used. 

35. Option for selecting the number of verification runs for the trade-off curve of multi-objective 

optimization. Space Filling sampling is done to obtain a well-distributed trade-off set. 

36. Head injury criterion (HIC) using three nodes for the different coordinate directions. 

37. Support Vector Regression introduced as a metamodeling type. 

38. User-defined postprocessor option. 0. 

 

The automotive and other industries have again made significant contributions to the development of new 

features in LS-OPT. In addition to long-time participant Professor Larsgunnar Nilsson (Mechanical 

Engineering Department, Linköping University, Sweden), Dr. Daniel Hilding, Mr. David Björkevik and Mr. 

Christoffer Belestam of Engineering Research AB (Linköping) as well as Dr.-Ing. Heiner Müllerschön and 

Dipl.-Math. Katharina Witowski of DYNAmore GmbH, Stuttgart, Germany have made major contributions 

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

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

 

Nielen Stander and Anirban Basudhar 

Livermore, CA 

August, 2012 
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PREFACE TO VERSION 5 

The development of LS-OPT has continued with an emphasis on the integration with LS-DYNA. The main 

focus of Version 5 has been the development of a new graphical pre-processor to accommodate design 

processes, in which the design stages are dependent on one another, as well as the improvement of the job 

scheduling system to enable handling of job dependencies. Transparency of the job scheduling process has 

also been improved. The following features have been added: 

 

Version 5.0: 

1. A process consisting of a chain of dependent stages can be analyzed. The process can be defined in 

the form of a flow chart which can merge and branch. Solver stages have been added as a new 

concept and building block for defining a flow chart. 

2. File operations such as deleting and copying between dependent stages are available.   

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

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

run directory can be viewed. 

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

6. Variables can be de-activated 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 variables allow the definition of discrete variables sets with names as might 

be used for include file names. GUI support is provided. 

9. The recovery of databases from remote servers has been added as a GUI feature. 

10. A sorting feature has been added to the Correlation Matrix in the Viewer. The cross-correlations for 

any entity can be sorted. 0. 

 

Version 5.1: 

1. Multilevel optimization. An LS-OPT solver type can be selected to allow the nesting of any LS-OPT 

task. 

2. Parallel Feedforward Neural Networks. This feature allows the concurrent building of multiple 

networks and network ensemble components. FFNN building can also be done remotely, e.g. on a 

cluster. Job monitoring is provided in the GUI. 

3. Significant enhancements have been made to histogram displays in the Viewer. Manual axis control 

is allowed while statistical quantities such as mean and standard deviation as well as constraints are 

depicted. Histogram types have been added. 

4. Subregion-based sensitivity analysis is available using Sobol indices. Multiple subregions can be 

analyzed in the same run and stored for display. Global Sensitivity Analysis can now be activated 

from the GSA icon (as a post-processing function). 
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5. Design categories can be specified for user-selected simulation points. Name, color and type 

attributes can be chosen for each category display. Responses and histories are supported. 

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

7. A new third party Finite Element solver is now supported. The support includes parameter 

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

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

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

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 continuous 

problems only). 

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

 

Version 5.2: 

1. A new integrated progress window has been created to unify Windows and Linux progress 

monitoring. The window features separate tabs for text output and thermometer type progress 

monitoring. Warnings and errors are displayed in a separate tab window. Global progress is 

displayed. The window can be hidden while the older option via the stage dialog LED is still 

available. 

2. Navigation tools are available in the GUI for navigating between levels when using multilevel 

optimization. E.g. the input setup and progress can be accessed with full functionality for lower 

levels by navigating from the start (top) level. 

3. Response variables were created to allow the substitution of simulation results in input files of a 

child stage during a multi-stage process flow. Histories from simulation output can also be 

transferred to LS-DYNA input files as *DEFINE_CURVE data sets. Response and history 

expressions are fully supported. 

4. The generation and display of comparison metamodels. A set of different metamodels based on the 

same set of analysis results can be selected by the user for display. Parallel Neural Networks are also 

available as comparison metamodels. 

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

6. Reliability statistics, e.g. as a result of direct or metamodel-based Monte Carlo analysis can be 

extracted in a multilevel setup. This allows the setup of, for instance, tolerance optimization or 

robust design problems using the direct Monte Carlo method. Mean values, standard deviation as 

well as the probability of failure are supported for individual constraints as well as globally. 

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

8. LS-OPT metamodels (DesignFunctions.x file format) can be imported. This is useful for problems in 

which a metamodel has already been constructed. Importing and optimization/Monte Carlo analysis 
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can be executed as a single step to allow for automatic importation preceding the inner level analysis 

of a multi-level optimization. 

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

local machine is automatically detected. 

10. Mode tracking now runs in parallel. 

11. Box plot options are available for histogram displays (reliability analysis). This includes whisker 

type options for min./max., interquartile range, standard deviation and 9%/91%. 

12. The FE postprocessor can be customized. 

13. Encryption features are available to encrypt the LS-OPT (.lsopt) input file. 

14. The efficiency of the Curve Mapping algorithm has been improved. 

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

of histories. 

16. A response file option allows the specification of an output file with a single value that needs to be 

extracted (user-defined response). This feature solves a portability issue by obviating ñtypeò 

(Windows) or ñcatò (Linux) commands to write such a file to standard output as is required for user-

defined responses. 

17. Retry and timeout attributes required by the job scheduler to handle abnormal termination can now 

be specified in the GUI. 

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

curve is allowed. 

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

 

As in previous years, the automotive and other industries have made significant contributions to the 

development of new features in LS-OPT. In addition to long-time participant Professor Larsgunnar Nilsson 

(Mechanical Engineering Department, Linköping University, Sweden), Dr. Daniel Hilding, Mr. David 

Björkevik, Mr. Åke Svedin and Mr. Christoffer Belestam of DYNAmore Nordic, Linköping as well as Dr.-

Ing. Heiner Müllerschön and Dipl.-Math. Katharina Witowski of DYNAmore GmbH, Stuttgart, Germany 

have made major contributions as developers. Special thanks go to Katharina for patiently editing and 

managing the manual, a major task in this version. 

Dr. Trent Eggleston redesigned the job scheduler to accommodate the launching and load balancing of jobs 

with dependencies. Thanks also go to Prof. Satoshi Kitayama of Kanazawa University, Japan for providing 

the Differential Evolution algorithm. 

 

Nielen Stander and Anirban Basudhar 

Livermore, CA 

July, 2015 
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PREFACE TO VERSION 6 

The following features have been added: 

Version 6.0: 

1. Classifiers have been introduced to provide a new constraint handling approach for optimization or 

probabilistic analysis. The basic idea is to construct a decision boundary in the design space that 

predicts whether a given design is feasible or not. The support vector classification algorithm, a 

pattern recognition and machine learning method, is now available to approximate the boundaries. It 

focuses only on the decision boundary based on the pre-defined feasibility criteria and not on the 

prediction of response values. This approach is especially attractive for discontinuous or binary 

responses, and in the case of multi-disciplinary failure criteria.  

2. Similarity measures. The Discrete Fréchet distance and Dynamic Time Warping (DTW) methods are 

introduced for computing the distance between two curves represented by respective point sets.  

DTW is highly effective for addressing noisy histories. 

3. Multi-point histories have been introduced as a means to accommodate the full-field response of 

shell structures. The multi-point histories are defined at a user-specified coordinate set. Element or 

nodal values can be extracted from the LS-DYNA d3plot database. These can be used for parameter 

identification using Digital Image Correlation. A truncation function is available for filtering the 

multi-point histories. 

4. Similarity measures for curve comparison. Based on multi-point histories, general expressions 

including Mean Squared Error, Discrete Fréchet and Dynamic Time Warping similarity measures as 

well as cross-plotting functions have been added. Multi-point cross-plots can be constructed to 

incorporate both histories and multi-point histories. The similarity measures can be used to compute 

the distance between any two curves or multi-point curves. All expressions apply to curves and 

multi-point curves imported from files as well. 

5. Digital Image Correlation. Parameter identification can be done using full-field experimental data. 

Generic file-based as well as standard interfaces have been added for extracting full-field data. 

GenEx has been extended to accommodate multi-point histories. The gom/ARAMIS DIC system is 

supported. 

6. Binary databases have been introduced as a replacement of critical older XML databases to speed up 

interactivity during post-processing and to accommodate the potential growth in data volume 

brought about by the introduction of full-field data. Temporary databases (such as the JobResults 

and multihistory databases) have been converted to binary, and are also deleted after use. 

7. Taguchi Method is now available as a classical parametric study method. It uses orthogonal arrays to 

study the effects of variables on the responses. These arrays enable the calculation of main and some 

interaction effect using a relatively small number of samples, but do not calculate higher order 

effects. 

8. Efficient Global Optimization (EGO) has been added as an optimization strategy. 

9. Stage library. To allow standardization of a design problem setup, solver stages or processes (stage 

groups) can be imported and exported to and from user-specified locations. 
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10. Interactive tables. Previously available simple (dumb) tables for design data have been enhanced to 

assume a more spreadsheet-like behavior. Multiple tables can be generated. Tables now allow new 

design point generation in a selected region of interest as well as the simulation of newly generated 

points. Using an existing metamodel, responses can be interpolated using user-specified parameter 

values. The highlighting of infeasibility has been enhanced and table rows can be re-ordered 

according to a selected column. As in the past, tables also interact with plots. The point categories 

feature has been enhanced. The current development progression is intended as a precursor to an 

independent graphical tool including many functions currently only available in the pre-processor 

GUI. 

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

12. Training examples are packaged together with the LS-OPT installation and can be run from the 

starting menu. 

 

The authors wish to thank Åke Svedin and Christoffer Belestam of DYNAmore Nordic, Linköping as well 

as Katharina Witowski and Charlotte Keisser of DYNAmore GmbH, Stuttgart who have made major 

contributions as developers. We also wish to thank interns Sophie Du Bois and Denis Kirpicev for their 

contributions to the development of similarity measures used in material identification applications. 

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

 

Nielen Stander and Anirban Basudhar 

Livermore, CA 

January, 2019
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1. Introduction  

In the conventional design approach, a design is improved by evaluating its response and making design 

changes based on experience or intuition. This approach does not always lead to the desired result, that of a 

óbestô design, since design objectives are sometimes in conflict, and it is not always clear how to change the 

design to achieve the best compromise of these objectives. A more systematic approach can be obtained by 

using an inverse process of first specifying the criteria and then computing the óbestô design. The procedure 

by which design criteria are incorporated as objectives and constraints into an optimization problem 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 where 

complex nonlinear problems can be analyzed routinely. Many examples can be found in the simulation of 

impact problems and manufacturing processes. The responses resulting from these time-dependent 

processes are, as a result of behavioral instability, often highly sensitive to design changes. Program logic, 

as for instance encountered in parallel programming or adaptivity, may cause spurious sensitivity. Roundoff 

error may further aggravate these effects, which, if not properly addressed in an optimization method, could 

obstruct the improvement of the design by corrupting the function gradients. 

Among several methodologies available to address optimization in this design environment, response 

surface methodology (RSM), a statistical method for constructing smooth approximations to functions in a 

multi-dimensional space, has achieved prominence in recent years. Rather than relying on local information 

such as a gradient only, RSM selects designs that are optimally distributed throughout the design space to 

construct approximate surfaces or ódesign formulaeô. Thus, the local effect caused by ónoiseô is alleviated 

and the method attempts to find a representation of the design response within a bounded design space or 

smaller region of interest. This extraction of global information allows the designer to explore the design 

space, using alternative design formulations. For instance, in vehicle design, the designer may decide to 

investigate the effect of varying a mass constraint, while monitoring the crashworthiness responses of a 

vehicle. The designer might also decide to constrain the crashworthiness response while minimizing or 

maximizing any other criteria such as mass, ride comfort criteria, etc. These criteria can be weighted 

differently according to importance and therefore the design space needs to be explored more widely. 

Part of the challenge of developing a design program is that designers are not always able to clearly define 

their design problem. In some cases, design criteria may be regulated by safety or other considerations and 

therefore a response has to be constrained to a specific value. These can be easily defined as mathematical 

constraint equations. In other cases, fixed criteria are not available but the designer knows whether the 

responses must be minimized or maximized. In vehicle design, for instance, crashworthiness can be 

constrained because of regulation, while other parameters such as mass, cost and ride comfort can be treated 

as objectives to be incorporated in a multi-objective optimization problem. Because the relative importance 

of various criteria can be subjective, the ability to visualize the trade-off properties of one response vs. 

another becomes important. 
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Trade-off curves are visual tools used to depict compromise properties where several important response 

parameters are involved in the same design. They play an extremely important role in modern design where 

design adjustments must be made accurately and rapidly. Design trade-off curves are constructed using the 

principle of Pareto optimality. 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 no 

further improvement of a Pareto optimal design can be made: it is the best compromise. The designer still 

has a choice of designs but the factor remaining is the subjective choice of which feature or criterion is more 

important than another. Although this choice must ultimately be made by the designer, these curves can be 

helpful by limiting the number of possible solutions. An example in vehicle design is the trade-off 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 tools. To facilitate this process, and allow the designer to focus on 

creativity and refinement, it is important to provide suitable interfacing utilities to integrate these design 

tools. Designs are bound to become more complex due to the legislation of safety and energy efficiency as 

well as commercial competition. It is therefore likely that in future an increasing number of disciplines will 

have to be integrated into a particular design. This approach of multidisciplinary design requires the 

designer to run more than one case, often using more than one type of solver. For example, the design of a 

vehicle may require the consideration of crashworthiness, ride comfort, noise level 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 more powerful, the integration of design tools will 

become more commonplace, requiring a multidisciplinary design interface. 

Modern architectures often feature multiple processors and all indications are that the demand for 

distributed computing will strengthen into the future. This is causing a revolution in computing as single 

analyses that took a number of days in the recent past can now be done within a few hours. Optimization, 

and RSM in particular, lend themselves very well to being applied in distributed computing environments 

because of the low level of message passing. Response surface methodology is efficiently handled, since 

each design can be analyzed independently during a particular iteration. Needless to say, sequential methods 

have a smaller advantage in distributed computing environments than global search methods such as RSM. 

The present version of LS-OPT also features Monte Carlo based point selection schemes and optimization 

methods. The respective relevance of stochastic and response surface based methods may be of interest. In a 

pure response surface based method, the effect of the variables is distinguished from chance events while 

Monte Carlo simulation is used to investigate the effect of these chance events. The two methods should be 

used in a complimentary fashion rather than substituting the one for the other. In the case of events in which 

chance plays a significant role, responses of design interest are often of a global nature (being averaged or 

integrated over time). These responses are mainly deterministic in character. The full vehicle crash example 

in this manual can attest to the deterministic qualities of intrusion and acceleration pulses. These types of 

responses may be highly nonlinear and have random components due to uncontrollable noise variables, but 

they are not random.  

Stochastic methods have an important purpose when conducted directly or on the surrogate (approximated) 

design response in reliability based design optimization and robustness improvement. This methodology is 

currently under development and will be available in future versions of LS-OPT. 
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1.1. Overview of the manual 

This LS-OPT® manual consists of four main parts.  

I - Userôs Manual 
This part guides the user in the use of LS-OPTui, the graphical user interface. 

II - Examples 
Examples are used to illustrate the application of LS-OPT to a variety of practical applications.  

III - Theory 
Fundamentals are provided for the various features in LS-OPT.  

IV - Appendix 
Appendices contain interface features, database file descriptions, a mathematical expression library, a 

Glossary, etc. Two appendices are dedicated to helping the user install LS-OPT. The second of these is more 

advanced and dedicated to remote job scheduling, e.g. using a queuing system. 

1.2. How to read this manual 

Most users will start learning LS-OPT by consulting the Userôs Manual section beginning with Chapter 2 

(Getting Started).  

The Examples (Chapters 20 through 22) are included to demonstrate the features and capabilities and can be 

read together with Chapters 2 to 19 to help the user to set up a problem formulation.  

The Theoretical Manual (Chapters 23 through 29) serves mainly as an in-depth reference section for the 

underlying methods.  

The items in the Appendices are included for reference to detail, while the Appendix J:  Document Type 

Definition (DTD) provides an overview of all the features. 

The manual functions as a hypertext document such that links in the manual body can be used for cross-

referencing and will take the reader to the relevant item such as Section 3.2.1, Reference [4] or Figure 24-5 

(just click on any of the afore-mentioned references). Alt+Left Arrow  returns to the original reference 

point. 

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

2.1. Installation of LS-OPT 

Refer to Appendix H:  (Installing LS-OPT) for information on the installation of LS-OPT. 

Table 2-1 describes the LS-OPT execution commands. 

Table 2-1: LS-OPT execution commands 

Command Description 

lsoptui file_name.lsopt Execute the graphical user interface 

lsopt file_name.lsopt LS-OPT batch execution 

lsopt env Check the LS-OPT environment setting. The LS-OPT 

environment is automatically set to the location of the lsopt 

executable. 

viewer file_name.lsopt Execute the graphical postprocessor (also accessible from main 

GUI) 

com2lsopt com.abcde abcde.lsopt Converts a legacy ócomô file (LS_OPT version < 5.0) to a .lsopt 

file in XML format 

2.2. Name conventions in LS-OPT 

2.2.1. Variable names 

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

 Variables are identified by their names. A name length is limited to 61 characters. In addition to numbers 

0- 9, upper or lower case letters, a name can contain a period (. ) and/or an underscore ( _ ). Spaces are not 

allowed.  

The leading character of a variable must be alphabetical. Variables must be given unique names, because 

mathematical expressions can be constructed using various entities in the same formula. 
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2.2.2. Stage and sampling names 

For entities that cannot be used in mathematical expressions, i.e. stage , sampling , distribution  

and resource , the name can also include the characters - +%=. Spaces are not allowed.  

Stage and Sampling names are limited by the software to 1023 characters (no spaces allowed). These names 

are used as sub-directory names, so stricter limits may apply depending on the operating system. 

2.2.3. Environment variable names 

Envvar  names may also include - +%.  

2.3. A modus operandi for design using response surfaces 

2.3.1. Preparation for design 

Since the design optimization process is 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 and 

the designer needs to be familiar with the model, procedure and design tools well in advance. The following 

points are considered important:  

1. The user should be familiar with and have confidence in the accuracy of the model (e.g., finite 

element model) used for the design. Without a reliable model, the design would make little or no 

sense. 

2. Select suitable criteria to formulate the design. The responses represented in the criteria must be 

produced by the analyses and be accessible to LS-OPT. 

3. Request the necessary output from the analysis program and set appropriate time intervals for time-

dependent output. Avoid unnecessary output as a high rate of output will rapidly deplete the 

available storage space. 

4. Run at least one simulation using LS-OPT (baseline design). To save time, the termination time of 

the simulation can be reduced substantially. This exercise will test the response extraction 

commands and various other features. Automated response checking is available, but manual 

checking is still recommended. 

5. Just as in the case of traditional simulation it is advisable to dump restart files for long simulations. 

LS-OPT will automatically restart a design simulation if a restart file is available. For this purpose, 

the runrsf file is required when using LS-DYNA as solver. 

6. Determine suitable design parameters. In the beginning, it is important to select many rather than 

few design variables. If more than one discipline 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 parameters. The starting values are an estimate of 

the optimum design. These values can be acquired from a present design if it exists. The starting 

design will form the center point of the first region of interest. 

8. Choose a design space. This is represented by absolute bounds on the variables that you have 

chosen. The responses may also be bounded if previous information of the functional responses is 
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available. Even a simple approximation of the design response can be useful to determine 

approximate function bounds for conducting an analysis. 

9. Choose a suitable starting design range for the design variables. The range should be neither too 

small, nor too large. A small design region is conservative but may require many iterations to 

converge or may not allow convergence of the design at all. It may be too small to capture the 

variability of the response because of the dominance of noise. It may also be too large, such that a 

large modeling error is introduced. This is usually less serious as the region of interest is gradually 

reduced during the optimization process.  

10. If the user has trouble deciding the size of the starting range, it should be omitted. In this case the 

full design space is chosen. 

11. Choose a suitable order for the design approximations when using polynomial response surfaces (the 

default). A good starting approximation is linear because it requires the least number of analyses to 

construct. However, it is also the least accurate. The choice therefore also depends on the available 

resources. However, linear experimental designs can be easily augmented to incorporate higher order 

terms.0. 

Before choosing a metamodel, please also consult Sections 24.3 and 26.5. 

After suitable preparation, the optimization process may now be commenced. At this point, the user has to 

decide whether to use an automated iterative procedure (Section 24.3) or whether to firstly perform variable 

screening (through ANOVA or Global Sensitivity Analysis) based on one or a few iterations. Variable 

screening is important for reducing the number of design variables, and therefore the overall computational 

time. Variable screening is illustrated in two examples (see Sections 20.5 and 20.6). 

An automated iterative procedure can be conducted with any choice of approximating function. It 

automatically adjusts the size of the subregion and automatically terminates whenever the stopping criterion 

is satisfied. The feature that reduces the size of the subregion can also be overridden by the user so that 

points are sequentially added to the full design space. This becomes necessary if the user wants to explore 

the design space such as constructing a Pareto Optimal front. If a single optimal point is desired, it is 

probably the best to use a sequential linear approximation method with domain reduction, especially if there 

is a large number of design variables. See also Section 26.5. 

A step-by-step semi-automated procedure can be just as useful, since it allows the designer to proceed more 

resourcefully. Computer time can be wasted with iterative methods, especially if handled carelessly. It 

mostly pays to pause after the first iteration to allow verification of the data and design formulation and 

inspection of the results, including ANOVA and GSA data. 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 one 

iteration. 

A suggested step-by-step semi-automated procedure is outlined as follows: 

2.3.2. A step-by-step design optimization procedure 

1. Evaluate as many points as required to construct a linear approximation. Assess the accuracy of the 

linear approximation using any of the error parameters. Inspect the main effects by looking at the 

ANOVA and GSA results. This will highlight insignificant variables that may be removed from the 

problem. An ANOVA/GSA is simply a single iteration run, typically using a linear response surface 
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to investigate main and/or interaction effects. The ANOVA and GSA results can be viewed in the 

post-processor of LS-OPT (see Section 16.3.4). 

2. If the linear approximation is not accurate enough, add enough points to enable the construction of a 

quadratic approximation. Assess the accuracy of the quadratic approximation. Intermediate steps can 

be added to assess the accuracy of the interaction and/or elliptic approximations. Radial Basis 

Functions (Section 24.1.3) can also be used as more flexible higher order functions (They do not 

require a minimum number of points). 

3. If the higher order approximation is not accurate enough, the problem may be twofold: 

o There is significant noise in the design response. 

o There is a modeling error, i.e. the function is too nonlinear and the subregion is too large to 

enable an accurate quadratic approximation. 

In case (3a), different approaches can be taken. Firstly, the user should try to identify the source of 

the noise, e.g. when considering acceleration-related responses, was filtering performed? Are 

sufficient significant digits available for the response in the extraction database (not a problem when 

using LS-DYNA 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 case, the user could implement 

reliability-based design optimization techniques as described in Section 29.8. Thirdly, other less 

noisy, but still relevant, design responses could be considered as alternative objective or constraint 

functions in the formulation of the optimization problem.  

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

In most cases the source of discrepancy cannot be identified, so in either case a further iteration 

would be required to determine whether the design can be improved. 

4. Optimize the approximate subproblem. The solution will be either in the interior or on the boundary 

of the subregion.0. 

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 verify its accuracy. If 

the accuracy of any of the functions in the current subproblem is poor, another iteration is required 

with a reduced subregion size. 

If the solution is on the boundary of the subregion the desired solution is probably beyond the 

region. Therefore, if the user wants to explore the design space more fully, a new approximation has 

to be built. The accuracy of the current response surfaces 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 when 

selecting a larger number of iterations initially. 

2.4. Recommended test procedure 

A full optimization run can be very costly. It is therefore recommended to proceed with care. Check that the 

LS-OPT optimization run is set up correctly before commencing to the full run. By far the most of the time 

should be spent in checking that the optimization runs will yield useful results. A common problem is to not 
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check the robustness of the design so that some of the solver runs are aborted due to unreasonable 

parameters which may cause distortion of the mesh, interference of parts or undefinable geometry. 

The following general procedure is therefore recommended: 

1. Test the robustness of the analysis model by 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-

dependent analysis). Two important designs are those with all the design variables set at their 

minimum and maximum values. The starting design can be run by selecting Baseline Run from the 

control bar Run menu. 

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

3. For a time dependent analysis or non-linear analysis, reduce the termination time or load 

significantly to test the logistics and features of the problem and solution procedure. 

4. Execute LS-OPT with the full problem specified and monitor the process.0. 

Also refer to Section 2.2. 

2.5. Pitfalls in design optimization 

A number of pitfalls or potential difficulties with optimization are highlighted here. The perils of using 

numerical sensitivity analysis have already been discussed and will not be repeated in detail. 

2.5.1. Global optimality  

The Karush-Kuhn-Tucker conditions govern the local optimality of a point. However, there may be more 

than one optimum in the design space. This is typical of most designs, and even the simplest design problem 

(such as the well known 10-bar truss sizing problem with 10 design variables), may have more than one 

optimum. The objective is, of course, to find the global optimum. Many gradient-based as well as discrete 

optimal design methods have been devised to address global optimality rigorously, but as there is no 

mathematical criterion available for global optimality, nothing short of an exhaustive search method can 

determine whether a design is optimal or not. Most global optimization methods require large numbers of 

function evaluations (simulations). In LS-OPT, global optimality is treated on the level of the approximate 

subproblem through a multi-start method originating at all the experimental design points. If the user can 

afford to run a direct optimization procedure, a Genetic Algorithm (Section 26.9) can be used. 

2.5.2. Noise 

Although noise may evince the same problems as global optimality, the term refers more to a high 

frequency, randomly jagged response than an undulating one. This may be largely due to numerical round-

off and/or chaotic behavior. Even though the application of analytical or semi-analytical design sensitivities 

for ónoisyô problems is currently an active research subject, suitable gradient-based optimization methods 

which can be applied to impact and metal-forming problems are not likely to be forthcoming. This is largely 

because of the continuity requirements of optimization algorithms and the increased expense of the 

sensitivity analysis. Although fewer function evaluations are required, analytical sensitivity analysis is 

costly to implement and probably even more costly to parallelize. 
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2.5.3. Non-robust designs 

Because RSM is a global approximation method, the experimental design may contain designs in the remote 

corners of the region of interest which are prone to failure during simulation (aside from the fact that the 

designer may not be remotely interested in these designs). An example is the identification of the parameters 

of a monotonic load curve which in some of the parameter sets proposed by the experimental design may be 

non-monotonic. This may cause unexpected behavior and possible failure of the simulation process. This is 

almost always an indication that the design formulation is non-robust. In most cases poor design 

formulations can be eliminated by providing suitable constraints to the problem and using these to limit 

future experimental designs to a óreasonableô design space (see Section 23.2.9). 

2.5.4. Impossible designs 

The set of impossible designs represents a óholeô in the design space. A simple example is a two-bar truss 

structure with each of the truss members being assigned a length parameter. An impossible design occurs 

when the design variables are such that the sum of the lengths becomes smaller than the base measurement, 

and the truss becomes unassemblable. It can also occur if the design space is violated resulting in 

unreasonable variables such as non-positive sizes of members or angles outside the range of operability. In 

complex structures it may be difficult to formulate explicit bounds of impossible regions or óholesô. 

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 under-defined parameter identification problems. The underlying problem is 

that of a singular system of equations having more than one solution. The symptoms of non-uniqueness are: 

o Different solutions are found having the same objective function values 

o The confidence interval for a non-linear 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 could 

be that the data set is large but that some of the parameters are insensitive to the functions corresponding to 

the data. An example is the determination of the Youngôs modulus (E) of a material, but having test points 

only in the plastic range of deformation (see example Section 21.1). In this case the response functions are 

insensitive to E and will show a very high confidence interval for E (Section 21.1.4). 

The difference between a non-robust design and an impossible one is that the non-robust design may show 

unexpected behavior, causing the run to be aborted, while the impossible design cannot be synthesized at 

all. 

Impossible designs are common in mechanism design. 

2.6. Setup of a simple optimization problem 

2.6.1. Working directory  

Create a working directory for keeping the main command file, input files and other command files as well 

as the LS-OPT program output. Make sure there are no blanks in the path names. 
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2.6.2. Startup 

Open the graphical user interface of LS-OPT as described in Section 3.1 and enter the required 

specifications to generate an LS-OPT project file to start from, Figure 2-1. Selecting Create will open up the 

main LS-OPT GUI window, Figure 2-2. 

Several training examples are accessible from the button Training Examples é and can be opened in the 

main GUI directly, Section 2.7. 

 

Figure 2-1: LS-OPT Startup dialog. Select the working directory, enter a name for the LS-OPT project 

file and a name for the initial sampling and initial stage to generate a new project. 
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Figure 2-2: The main LS-OPT GUI window visualizes the optimization process flow. Selecting a box 

opens the respective dialog. The stage box (CRASH) can be moved freely using the left mouse button. 

2.6.3. Task 

Open the Task dialog by selecting the corresponding icon from the control bar (). Select the task to run, 

Figure 2-3, e.g. Metamodel-based Optimization with Strategy: Sequential with Domain Reduction, Chapter 

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

 

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

Set up the process chain. In the simplest case, a single Stage is required to interface with a solver, e.g. LS-

DYNA. Select the already available Stage box, Figure 2-4. Select the solver Package Name, the solver 

Command and the parameterized Input File, Chapter 5. In more complex cases further stages can be added, 

e.g. for a pre-processor or post-processor. 

Then switch to the Parameters tab to check the parameters found in the solver input file, Figure 2-5.  

Next, switch to the Responses and 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 6.  

 

Figure 2-4: Stage dialog - Setup. Select the solver package name, the command and the solver input file 
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Figure 2-5: Stage dialog ï Parameters. Displays the parameters found in the input file specified in Setup 

 

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

response definition. 

2.6.5. Setup 

Select the Setup box at the top left of the main GUI, Chapter 8. All parameters that are defined in stage 

input files should automatically be available as constants, Figure 2-7.  

Select the desired variable Types. In most cases Continuous variables are used.  

Then enter the requested values, e.g. the Starting value and Minimum and Maximum values to define the 

design space for a continuous variable. 
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Now follow the arrows to the next box in the optimization process flow to define the respective settings and 

options. 

 

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

2.6.6. Sampling and Metamodels 

Select the Sampling box, Chapter 9. Select the Metamodel and Point Selection types, or just use the default 

values, Figure 2-8. 

The Build Metamodels box is coupled to the same dialog as the Sampling box. It is displayed at the end of 

the process to correctly represent the optimization process. Hence the Build Metamodels box can be 

skipped. 

 

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

Select the Optimization  box, Chapter 12. From the previously defined Responses, select the objectives, 

Figure 2-9.  

Switch to the Constraints tab. From the previously defined Responses, select the constraints and specify 

lower and upper bounds, respectively, Figure 2-10. Use the default setting for the algorithm. 

 

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

 

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, Chapter 13. Specify the Maximum number of Iterations, e.g. 5 

iterations. Use the default values for the other options.  

 

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 control bar Run menu (

), Section 3.3.  

It is recommended to first run a Baseline Run to check if the stage process chain works correctly and the 

results are extracted as expected. Then run the full task using the Normal Run option. 

2.6.10. Viewer 

Use the Viewer (Chapter 16) to evaluate the results by selecting  from the the main GUI window control 

bar. The Viewer provides features to display metamodels and plot simulation results and optimization 

progress. 

2.7. Training examples 

Training examples are accessible from Startup dialog. Pressing the button Training Examples é 

opens the LS-OPT Training Examples dialog, Figure 2-12 with the list of available examples on the left, and 

a description of the selected example on the right. 
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Figure 2-12: Training Examples dialog 

The tutorial accessible through the button Training Tutorial explains how to set up and evaluate the training 

examples. 
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3. Graphical User Interface 

This chapter introduces the graphical user interface of LS-OPT. The LS-OPT GUI enables the user to 

construct a simulation process, using a flowchart to define the stage dependencies. The process can then be 

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 interface is launched with the command 

  lsoptui [command_file.lsopt]  

On Windows, the user interface is launched using lsoptui.exe. A command file can be opened directly by 

drag and drop or by double-clicking on the .lsopt  filename. 

If the user interface is launched without a command file argument, the Startup Dialog opens up, where the 

user can either define a new LS-OPT project, or select an existing project to open, see Figure 3-1. The 

options are explained in Table 3-1. Otherwise the specified LS-OPT project is opened in the user interface, 

Figure 3-2. 

Legacy com.abcde  files generated with previous LS-OPT versions (4.x and older) can be opened with 

the command 

  lsoptui [com.abcde]  

Saving the GUI contents produces a file abcde.lsopt in .xml format. 

The file abcde.lsopt can also be generated by executing the following command in the command 

prompt: 

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

Option Description Reference 

Working 

Directory 

Directory where the LS-OPT project input files and some of the 

results are stored. 

 

Filename Name of the .xml file that stores the LS-OPT project. The extension 

.lsopt  is automatically appended to the selected name. 

 

Problem 

Description 

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

echoed in the lsopt_input  and lsopt_output  files, in the 

plot file titles and in the GUI display (table at bottom right). 

(optional) 

 

Author Author information (optional)  

Initial Sampling 

name 

Each LS-OPT project requires at least one Sampling definition. The 

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

provided. 

Chapter 9 

Initial Stage 

name 

Each LS-OPT project requires at least one Stage definition. The 

Stage definition includes the solver type and command as well as the 

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

here. A default name is provided. 

Chapter 5  

Create Creates a new LS-OPT project and opens it in the main GUI Section 3.2 

Open recent 

project 

A project from the list of the last ten LS-OPT projects can be 

opened. 

Section 3.2 

Training 

Examples 

Open list of training examples Section 2.7 

Open other 

project é 

Option to open any existing LS-OPT project Section 3.2 

Manual Open LS-OPT Userôs Manual  

Quit Quit lsoptui   
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Figure 3-1: Startup Dialog of lsoptui 

3.2. The GUI main window 

The flowchart in the main GUI of LS-OPT (Figure 3-2) mimics the process of the selected task, e.g. starting 

from global parameters defined in Setup, through the sampling, the simulation process chain defined by the 

stages and dependencies, the building of metamodel, the metamodel optimization, checking of convergence, 

and domain reduction in one or more loops, and finally the verification run for a metamodel based, 

sequential optimization. Refer to Chapter4 for details on the available tasks. 

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

adjusted. The dialogs and options are explained in the respective chapters, see Table 3-3. 

The control bar menus are described in Table 3-1. 
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Figure 3-2: Main LS-OPT GUI window for a setup of a Metamodel-based optimization 

Table 3-2: Main GUI Control Bar options 

Icon Option Description Reference 

 New Opens the Startup Dialog (Figure 3-1) to create a new 

optimization project. 

Section 3.1 

Open Option to open an existing LS-OPT project  

Save Save current project  

Save as é Save current project as é  

Encrypt project Encrypt the project file Section 3.7 

Exit Exit lsoptui   
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 Input Open the lsopt_input  file  

Output Open the lsopt_output  file  

Summary Report Open the lsopt_report  file  

Warnings Open the WARNING_MESSAGE file  

Errors Open the EXIT_STATUS file  

Open project 

folder 

Opens up the working directory  

Other fileé Option to open any other text file  

 Add Sampling Add additional Sampling. The name of the sampling 

will be used as the name of a subdirectory used for 

sampling related databases such as 

Experiments_n.csv and 

AnalysisResults_n.lsox . 

Chapter 9 

Add Stage in 

Sampling 

Add additional Stage in selected sampling. The name 

of the stage will be used as the name of a sub-

directory to the working directory. Stage-related 

databases are stored in this directory. 

New stages may be generated by specifying a name, 

or previously exported stages can be imported. 

Chapter 5 

 

 

Section 3.2.2 

Add Composite Add Composite Chapter 10 

Add Domain 

Reduction 

Use Domain Reduction (same as Sequential with 

Domain Reduction option in Task dialog) 

Section 4.9 

Add Termination 

Criteria 

Switch to sequential Strategy Chapter 13 

Add Verification 

Run 

Run an additional simulation using the parameter 

values of the predicted optimum or Pareto optimal 

solutions at the end of the optimization run. 

 Section 4.12 

Add Global 

Sensitivities 

Calculates Global Sensitivities on the meta-model. Section 4.11 

 Add Classifier Add Classifier Chapter 11 

 Re-layout stages Layout the stage boxes according to the defined  
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dependencies. 

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

Repair Global repair or modification of an existing run. A 

local repair can be done by right-clicking on a Stage 

or Sampling. 

Section 3.5 

Clean Clean from current iteration [iter]: Removes all 

simulation data as well as optimization data from the 

specified iteration iter onwards. 

Clean Verification Run: Removes the simulation data 

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. 

Section 3.4.1 

Archive LS-OPT 

Database 

This option collects relevant files and creates a single 

tar-zipped (on *nix operating systems) file or zipped 

(on windows operating systems) file. 

Section 3.6 

Save Flowchart 

image 

Saves an png image of the LS-OPT main GUI 

Window 

 

DynaStats Opens DynaStats Chapter 18 

 

 

Normal Run Run task  Section 3.3.1 

Baseline Run Run a single design, sampled at the initial values. Section 3.3.2 

 

 

Stop Button is only available while LS-OPT is running. 

Stops the current optimization and all running jobs. 

 

 Viewer Opens the viewer for post-processing. Chapter 16 

 Task Opens Task Dialog. Chapter 4 

 Iteration While running LS-OPT, this visualizes the current 

running iteration. It is also used to select the current 

iteration for restarting or repair. 

Section 3.4 

 Settings Settings dialog.  Section 3.8 

 Manual Opens the LS-OPT Userôs Manual  

About Information about LS-OPT  
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Table 3-3: Process Boxes 

Box Description Reference 

Setup Parameters (global set), Global optimization settings, 

variable connectivity, resource data. 

Chapter 8 

Sampling Point selection and metamodel settings  Chapter 9 

Stage Interface to solver such as solver command and input file. Chapter 5 

File Transfers Transfer files to a downstream stage. Section  3.2.2 

Build Metamodels Same as Sampling Chapter 9 

Composites Define composites Chapter 10 

Classifiers Define classifiers Chapter 11 

Global Sensitivities Calculate global sensitivities Section 4.11 

Optimization Definition of objectives, constraints and optimization 

algorithms 

Chapter 12 

Monte Carlo Monte Carlo settings Section 12.5 

Termination Criteria Termination criteria for sequential strategies Chapter 13 

Domain Reduction Domain reduction settings for strategy sequential with 

domain reduction 

Section 4.9 

Verification Run Perform (specified number of) verification run(s) Section 4.12 

3.2.1. Setting up a Process Flow 

A process can be constructed for the purpose of running a sequence of dependent simulations. A typical 

simple process is a sequence: pre-processor ̠  solver ̠  post-processor which can be constructed by 

defining three sequential stages. However, a process of high complexity can also be created. For instance 

the flow of the process is allowed to merge and branch, Figure 3-3. 

The process can be constructed in multiple steps by adding stages and connecting the stages using the 

mouse to create dependencies of one stage on another.  

On creating a new optimization project, a first stage is generated. Additional stages can be added using the 

Add stage option of the  menu in the control bar. New stages can be generated or previously exported 

stages can be imported, Section 3.2.2. A sampling has to be selected to which the new stage is assigned. By 

default, the new stage is added in parallel to the already existing stages.  
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Figure 3-3: Setup of a complex optimization problem 

If similar stages are needed for e.g. a multi-case optimization, a stage can be added by using the Clone 

option when right-clicking an already defined stage. This creates a new stage with the same definitions as 

the original stage. History and response names are updated to ensure uniqueness of names. If the name of 

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

prepended. 

Stages can also be copied using the Copy option when right-clicking an already defined stage and then 

pasted in another project. Uniqueness of names is ensured. The next free number is appended to the stage 

name if a stage with the same name already exists, and the response and history names are updated 

accordingly. 

The desired dependencies are created as follows, see Figure 3-4: 

1. Hover the mouse cursor over the Stage box. A circle appears at the lower edge of the box.  

2. Move the mouse cursor to the circle (it should highlight in yellow) and drag the circle to the desired 

dependent stage box. 

3. A connection will be created between the two boxes. 
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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 inter-stage file operations, Section 3.2.2. 

Stages can be deleted by right-clicking on the stage and then selecting the delete function. 

The layout of the stage boxes can be controlled by the user. Left-click and hold down on a stage box to 

move it freely. For complex process setups, it could be helpful to use the Re-layout Stages option from the 

Tools menu in the control bar. 

If separate samplings 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 be 

assigned to the relevant samplings. 

3.2.2. Export and Import Stages 

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

To export a stage, right-click on the respective stage box to open the Export stage dialog, Figure 3-5. The 

stage name is used as filename to store the stage definition. The stage can be renamed in the Export dialog. 

The extension .lsstage is appended by LS-OPT. The description will be displayed in the Import dialog. The 

default directory to store the stage information is ~/.LSOPT/version/stages on Linux machines, and 

Application Data\LSOPT\version\stages in the userôs home directory on Windows, respectively. The Save in 

directory textfield can be used to specify any other directory.  

All stages of a sampling can be exported at once by selecting Export Stages from the right mouse menu of 

the respective Sampling dialog. The sampling name with the extension .lsstage is used as filename to store 

the stage definitions. 

To import a previously exported stage, select Add Stage in Sampling from the control bar  menu and 

select Import and the desired directory to display the list of available stages, Figure 3-6. Multiple stages can 

be imported at a time by using the Ctrl key. 

The imported stages are added in parallel, but the user can define dependencies to reorder the stages. If all 

stages of a sampling are imported, the dependencies are kept. Uniqueness of names is ensured. The next free 

number is appended to the stage name if a stage with the same name already exists, and the response and 

history names are updated accordingly. 
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Figure 3-5: Export stage dialog accessible from right-mouse menu of Stage box. 

 

Figure 3-6: Dialog to add a new stage or import a previously exported stage. 



CHAPTER 3: Graphical User Interface 

LS-OPT Version 6.0  29 

3.2.3. File Transfers between Stages 

 

Figure 3-7:  File transfers between dependent stages 

To use results of upstream stages, LS-OPT allows file transfers between dependent Stages. The File 

Transfer dialog is accessible by selecting the dependency icon located on the arrow connecting the stages, 

see Figure 3-7 and Table 3-4. The requested file transfers are executed for all the run directories related to 

the Stages, e.g. if the dependency is between CRASH and PRE_CRASH, file transfer will be executed 

between PRE_CRASH/1.1 and CRASH/1.1 , PRE_CRASH/1.2 and CRASH/1.2 , etc. 

Table 3-4: File transfer options between stages 

Option Selections Description 

Operation Copy 

Move 

Available operations 

Source File  Name of source file, wildcards are supported 

Destination File  Name of destination file 

On Error fail 

warn 

ignore 

What to do if operation fails 



CHAPTER 3: Graphical User Interface 

LS-OPT Version 6.0  30 

3.3. Run LS-OPT 

3.3.1. Normal Run 

This option runs the selected task.  

An incomplete run can be restarted using the current state of the optimization and solver databases. 

Completed simulation jobs are recognized by the presence of the finished file in each respective run 

directory and the termination status of its contents. The presence of the finished file allows LS-OPT to avoid 

a repeat of the simulation for either error or normal terminations. A clean start option is available, Section 

3.4. 

3.3.2. Baseline Run 

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

The design is sampled at the initial values specified in the Parameter Setup panel, Section 8.1. The 

simulations are executed in the Stage sub-directory 1.1 of the respective stage. This option facilitates a 

verification of the design, i.e. it allows checking 

1. the correct solver command, 

2. communication between LS-OPT and the queuing system, if any, 

3. presence of all relevant control cards, database formats,  

4. data extraction from simulation results, and 

5. validity of responses and histories.0. 

It is therefore recommended to use a single simulation using the ñBaseline Runò option as a ñdryò run before 

launching a full scale optimization run in LS-OPT. A successful baseline run will be recognized as a 

complete run, so will not have to be repeated in the full optimization run. 

3.4. Restarting 

3.4.1. Clean from Current Iteration  

If the user wants to restart an existing optimization run from a specified iteration, the Clean - Clean from 

Current Iteration [iter] feature available from the control bar  menu can be used.  

The current iteration is specified by the selection of the iteration number (using up/down arrows) in the 

iteration icon located in the control bar. It is important to note that the clean option removes all simulation 

data as well as optimization data from the specified iteration onwards.  

The task is restarted by selecting Normal Run from the run menu. 

3.4.2. Augmentation of an existing design 

To retain existing (expensive) simulation data in the optimization process, it is advantageous to be able to 

augment an existing metamodel with additional sampling points and simulations. In this manner, new 
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simulations can be added to old simulations to obtain a more accurate metamodel. This is performed by 

increasing the number of sampling points in the Sampling dialog and restarting e.g. the metamodel-based 

optimization.  

When running the optimization, the experimental design table will be augmented, the additional simulations 

will be executed, a new metamodel will be constructed and a new predicted optimum will be computed. 

Note that if a verification run was previously calculated (e.g. Simulation 2.1), the Clean option Clean 

Verification Run should be used before restarting in order to replace the verification run in directory 2.1. 

3.5. Repair or modification of an existing job 

Several types of repairs and modifications are possible for an existing optimization iteration or a 

probabilistic analysis. The repair depends on the status of the LS-OPT database files as described in 

Appendix E: Database and Output Files.  

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

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

o Local repair tasks are executed by right clicking on the relevant step (Stage or Sampling) in the main 

GUI window.  

The available repair tasks are: 

o Add points. Points are added to the existing sampling. This option is only available for the following 

sampling types: D-Optimal, space-filling, and Latin Hypercube. The D-Optimal and space-filling 

samplings will augment the previously computed points. The Latin Hypercube experimental design 

points will be computed using the number of previously computed points as a seed to the random 

number generator. If the database for the experimental design (Experiments_ n.csv file for 

iteration n) does not exist, new points will be created. 

o Read points. The Experiments _n .csv  file is reconstructed from the data in the XPoint 

database fi les in the run directories. 

o Import results. Import results from a .csv (comma separated variables) file (Section 9.5.3). 

o Run Jobs. The stage jobs will be scheduled. Designs previously analyzed will not be analyzed again. 

o Rerun jobs. The jobs of the respective stage will be resubmitted. 

o Rerun failed jobs. The jobs that failed to run will be resubmitted. The stage input files used will be 

regenerated from the files specified for the respective stage. If multiple stages are defined in the 

process chain, all stages will be rerun. 

o Extract Results. The results will be extracted from the runs for all stages. This option also allows the 

user to change the responses for an existing iteration or Monte Carlo analysis. 

o Rerun Verification Run. The verification run will be resubmitted. 

o Build Metamodels.  The metamodels will be built. This option also allows revision of the 

metamodels for an existing iteration or Monte Carlo analysis. The ñExtendedResultsò file will be 

updated. Metamodels can for instance be built from imported user results (see section on Import 

results above). 
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o Evaluate Metamodels. Create a table with the error measures of a given set of points (Section 9.5.2) 

or create a table (.csv file) with response values interpolated from a metamodel (Section 8.5.1). 

o Import Metamodels. Imports metamodels from an .xml file (Section 9.5.4) 

o Calculate Global Sensitivities. Global Sensitivities are recalculated using the metamodels.  

o Optimize. The metamodels are used for metamodel optimization. A new optimum results database is 

created. The ñExtendedResultsò file will be updated. The optimization history database is deleted so 

the history will not be displayed in the Viewer. 

Remarks 

1. All the subsequent operations must be explicitly performed for the iteration. For example, 

augmenting an experimental design will not cause the jobs to be run, the results to be extracted, or 

the metamodels to be recomputed. Each of these tasks must be executed separately. 

2. After repair of iteration n, and if the user is conducting an optimization task, verification runs of the 

optimized result must be done by switching back to the Metamodel-based optimization task and 

specifying the starting iteration (for a clean start) as n+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 LS-OPT Database option in the Tools menu, the database can be gathered up and 

compressed in a file called lsopack.tar.gz  (lsopack.zip  on Windows) after completing the run. 

The packed database is suitable for post-processing on any computer platform. 

 

Figure 3-8: Dialog to specify options for archiving the LS-OPT database 

By default, the files generated by LS-OPT 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 residing in the run 

directories and all input files. The history/response files (e.g. history.0 , etc.) are required to view history 
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plots using the DynaStats tool. The inclusion of both histories and input decks results in 

lsopack_h_i.tar.gz  (lsopack_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.lsox file included in the basic archiving selection. 

Table 3-5: Archive LS-OPT database options 

Option Description 

Include Histories and 

Responses 

Also gather the history and response files residing in the run 

directories. The file produced is lsopack_h.tar.gz  

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

only required for the use of DynaStats. 

Include Input Deck/Extra Input 

Files 

Various input files and other files required to run the LS-OPT job 

seamlessly are added to the packed database file. The file produced 

is lsopack_ i .tar.gz  (lsopack_ i .zip  in Windows). 

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

manually. 

3.7. Encryption  

The lsopt project file can be encrypted with a password by selecting ñEncrypt projectò from the file menu. 

Only the project file itself will be encrypted and not any input files defined in stages. The file is encrypted 

using 256-bit AES encryption. 

When selecting ñEncrypt projectò, a dialog is shown where the encryption password should be entered. 

When clicking OK, the encryption mode is enabled. This can be confirmed by the checkmark next to the 

ñEncrypt projectò menu item. Note that the project itself is not encrypted on disk until you save it. This is to 

make it possible to save the file under a different filename. The temporary file ñlsopt_dbò which mirrors the 

lsopt project file but is used by the engine, will also be encrypted on the next run. 

A password needs to be entered when opening an encrypted project file. There is no way to directly run the 

engine on encrypted projects. This needs to be done through the GUI. 

The encryption can be removed by clicking the ñEncrypt projectò when itôs checked. Remember to save the 

project after this change. 

3.8. Settings 

3.8.1. Simulation postprocessor and text viewer 

Both the simulation (e.g. Finite Element analysis) postprocessor and the text viewer used throughout the 

LS-OPT GUI and Viewer can be set. The default settings are LS-PrePost v2 and GenEx which are both 
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included in the LS-OPT distribution. The example in Figure 3-9 shows the selection of a late version of 

LS-PrePost (FE postprocessor) under the name LSPP_4. 

 

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

The specified postprocessors are available from the Progress dialog, Section 15.3, and the Viewer Tables, 

Chapter 1. 
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4. Task Dialog ī Selecting a Task 

and Strategy 

This chapter explains the available design tasks and strategies. 

4.1. Task selection 

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

two basic branches are Metamodel-based and Direct optimization methods (Figure 4-1). The method 

selections can be made in the GUI using the Show task settings icon ( ) in the control bar in the top menu 

bar of the main GUI window. The available tasks and options are listed in Table 4-1. 

 

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

Option  Description Reference 

Metamodel based Optimization Optimization using meta-models Section 4.2 

DOE-study DOE study using meta-models Section 4.3 

Monte Carlo 

analysis 

Monte Carlo analysis using meta-models Section 4.5.2 

RBDO Reliability based design optimization 

using meta-models 

Section 4.6 

Direct simulation Optimization Direct optimization using the Genetic 

Algorithm 

Section 4.4 

Monte Carlo 

analysis 

Direct Monte Carlo analysis Section 4.5.1 

 Taguchi analysis Direct optimization/parametric study 

using Orthogonal Array sampling 

Section 4.7 

Strategy for 

Metamodel based 

optimization 

(Available for Main 

Task 1 and 4) 

Single Iteration Sampling and optimization are done in a 

single iteration. Suitable for global 

design exploration. 

Section 4.8.1 

Sequential Sampling points are added sequentially 

in the full design space. Suitable for 

global design exploration. 

Section 4.8.2 

Sequential with 

Domain Reduction 

Sampling points are added sequentially 

in an adaptive subregion. Metamodels 

are then constructed using the current 

iteration samples (in the subregion) or 

using all the samples. The optimum 

solution is located based on the 

metamodels. Suitable for finding a 

converged solution. Generally 

unsuitable for global exploration. 

Section 4.8.3 

Efficient Global 

Optimization 

Sampling points are added sequentially 

in the full design space. The optimum 

solution is located based on a Kriging 

metamodel and balances local and 

global search through compromise 

between good objective function value 

Section 4.8.4 
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and high prediction uncertainty. Suitable 

for global exploration. 

Available for Main 

Task 1, 2, 3, 4. 

Global 

Sensitivities 

Option to calculate Global Sensitivities 

on the metamodel. 

Section 4.11 

Available for Main 

Task 1 and  4 

Do verification run Run an additional simulation using the 

parameter values of the predicted 

optimum. Multiple simulations can be 

run for Multi-Objective optimization 

problems. 

Section 4.12 

Available for global 

strategies with 

multiple objectives. 

Create Pareto 

Optimal Front 

Option, for Multi-Objective 

Optimization problems, to create Pareto 

optimal solutions instead of a single 

optimum. 

Section 4.10 

 Baseline Run Only Batch Mode option to run only the 

Baseline Run 

Section 3.3.2 

 Import metamodel Automated Import metamodel on run 

instead of manually importation, 

Section 9.5.4 

4.2. Metamodel based optimization 

Metamodel-based optimization is used to create and optimize an approximate model of the design instead of 

optimizing the design through direct simulation. The metamodel is thus created as a simple and inexpensive 

surrogate of the actual design. Once the metamodel is created it can be used to find the optimum or, in the 

case of multiple objectives, the Pareto Optimal Front. The basic steps are as follows: 

1. Point selection 

2. Run the simulations 

3. Build the metamodels 

4. Execute the metamodel optimization0. 

4.3. DOE study 

A DOE study is also a metamodel-based method used to explore the design space or to calculate 

sensitivities. The DOE study has three steps: 

1. Point selection 

2. Run the simulations 

3. Build the metamodels 
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4.4. Direct optimization 

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

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

simulations. 

4.5. Probabilistic Analysis Tasks 

This category of probabilistic tasks deals with the study of the effect of design parameter uncertainties on 

the responses. The goal is to obtain the statistics of response variations caused due to the uncertainties in a 

given design as well as the probability of failure for that design. Any probabilistic task requires the 

definition of random variables associated with distributions, Section 8.1.5. The point selection scheme for a 

probabilistic analysis depends on whether it is direct or metamodel-based, Section 14.5 and Section 14.6. 

More specific details about the available probabilistic analysis tasks are provided in Section 14.5 and 

Section 14.6. Two probabilistic analysis tasks are currently available in LS-OPT - Direct Monte Carlo 

Analysis and Metamodel-based Monte Carlo Analysis. 

4.5.1. Direct Monte Carlo Analysis 

Sampling is based on the distribution of random variables (Section 14.4). No metamodel is constructed to 

perform this task. 

4.5.2. Metamodel-based Monte Carlo Analysis 

Sampling is not based on the distribution of random variables (Section 14.4). Statistics are calculated based 

on metamodel approximations. 

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

This task allows one to perform an optimization under the effect of uncertainties. Considering the effect of 

uncertainties can be important to avoid unforeseen failure of the design due to variations of loading 

conditions, manufacturing process etc. In reliability-based 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 it is insensitive to 

uncertainties in certain design parameters. More specific details about the available probabilistic analysis 

tasks are provided in Section 14.7. 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. Taguchi 

The Taguchi method is a direct single-iteration optimization and parametric study technique. It involves a 

careful selection of process parameters using Orthogonal Arrays to analyze the variable effect on the results 

and, if required, obtain the optimum results based on a Signal-to-Noise (S/N) ratio. 
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4.8. Selecting strategies for metamodel-based 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 or whether he is only 

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 certain number 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 metamodel-based optimization procedure. These 

strategies only apply to the tasks Metamodel-based Optimization and RBDO, Table 4-1. In the GUI, the 

strategies are selected in the "Task selection" dialog (Figure 4-1). The available optimization strategies are 

1. Single iteration 

2. Sequential 

3. Sequential with Domain Reduction (SRSM) 

4. Efficient Global Optimization (EGO)   

A strategy selection resets the Sampling Dialog (a warning is given!) with recommended selections for 

Metamodel type and Point selection scheme, Chapter 9 .  

The strategies are discussed one by one in the following sections. 

4.8.1. Single iteration 

In this approach, the experimental design for choosing the sampling points is done only once. The 

metamodel selection defaults to Radial Basis Function Networks with Space Filling as the sampling scheme. 

4.8.2.  Sequential strategy 

In this approach, sampling is done sequentially. A small number of points is typically chosen for each 

iteration and multiple iterations can be requested in the Termination Criteria dialog, Chapter 13. The 

approach has the 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 Chapter 9):  

1. Radial Basis Function networks 

2. Space Filling sampling. 

3. The first iteration is Linear D-Optimal. 

4. Choose the number of points per iteration to not be less than the default for a linear approximation 

( 1)1(5.1 ++n ) where n is the number of variables.0. 

It was demonstrated in Reference [16] that, for Space Filling, the Sequential approach had similar accuracy 

compared to the Single Stage approach, i.e. 10 × 30 points added sequentially is almost as good as 300 

points. Therefore both the Single Stage and Sequential methods are good for design exploration using a 
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metamodel. Both these strategies work better with metamodels other than polynomials because of the 

flexibility of metamodels such as RBF's to adjust to an arbitrary number of points. 

4.8.3. Sequential strategy with domain reduction 

This approach is the same as that in section 4.8.2, but in order to accelerate convergence, an adaptive 

domain reduction strategy is used to reduce the size of the subregion, Section 26.6. During a particular 

iteration, the new points are located within a subregion of the design space. This strategy is typically only 

used for optimization in which the user is only interested in the final optimal point and not in any global 

exploration of the design. For example, the method is often used in parameter identification, Section 27.3. 

This method cannot currently be used to construct a Pareto Optimal Front. 

The default domain reduction approach is sequential response surface method (SRSM), which is the original 

LS-OPT design automation strategy. By default, a linear response surface is used and points belonging to 

previous iterations are ignored.  

The default settings for sampling are listed below (see Sampling dialog, Chapter 9): 

1. Linear polynomial 

2. D-optimal sampling 

3. Default number of sampling points based on the number of design variables. 

4.8.4. Efficient Global Optimization  

This approach is the same as that in section 4.8.2, but differs in the selection of the first sample of the 

successive iterations. Instead of minimizing the metamodel approximation of the objective function, this 

sample is located by maximizing an expected improvement (EI) function (Section 26.7). The primary idea is 

that the metamodel approximation can be locally inaccurate due to sparse sampling, and therefore, 

minimizing the current objective function approximation may not be the best or most efficient option. 

Instead, the EI function strikes a balance between objective function minimization and sampling of sparse 

regions. This method is currently limited to the Kriging metamodel and cannot be used to construct a Pareto 

Optimal Front. 

The default settings for sampling are listed below (see Sampling and Metamodeling dialog, Chapter 9): 

1. Kriging metamodel 

2. Linear trend 

3. Space-filling sampling 

4. Default number of sampling points based on the number of design variables. 

4.9. Domain reduction in metamodel-based optimization 

The Domain reduction dialog is displayed in Figure 4-2. Table 4-2 describes the options. 
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Figure 4-2: Domain reduction dialog 

Table 4-2: Restart Settings and Subdomain parameters 

Option Description Reference 

Reset to Initial Range on 

Iteration 

Resetting the subdomain range to the initial range for 

a specified iteration. 

Section 4.9.1 

Freeze Range from Iteration Freeze the subdomain range from a specified 

iteration 

Section 4.9.1 

Panning Contraction parameter gpan Section 4.9.2 

Oscillation Contraction 

parameter 
gosc Section 4.9.2 

Proximity Zoom parameter Zoom parameter h Section 4.9.2 

4.9.1. Changing the behavior of the subdomain 

Resetting the subdomain range 

It is possible to reset the subregion range to the initial range, e.g. for adding points in the full design space 

(or any specified range around the optimum) after an optimization has been conducted. This feature is 

typically only used in a restart mode. The GUI option is "Reset to Initial Range on Iteration" (Figure 4-2). 

The point selection of the specified iteration will be conducted in the initial range around the most recent 

optimum point. The subdomain will be adaptively updated again starting with the next iteration. 

Freezing the subdomain range 

This feature allows for points to be added without changing the size of the subregion. Adaptivity can be 

frozen at a specified iteration number. The GUI option is "Freeze Range from iteration" (Figure 4-2). 
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The subdomain range will be adaptively updated up to the previous iteration. Therefore the specified 

iteration and higher will have the same range (although the region of interest may be panning). The flag is 

useful for adding points to the full design space without any changes in the boundaries. 

4.9.2. Setting the subdomain parameters*  

To automate the successive subdomain scheme for SRSM, the size of the region of interest (as defined by 

the range of each variable) is adapted based on the accuracy of the previous optimum and also on the 

occurrence of oscillation (see theory in Section 26.6). 

The following parameters can be adjusted in the GUI, Figure 4-2. The options are described in Table 4-2 

(refer also to Section 26.6). A suitable default has been provided for each parameter and the user should not 

find it necessary to change any of these parameters. 

4.10. Create Pareto Optimal Front  

This option is only available if multiple objectives are defined. If Create Pareto Optimal Front is selected, 

multiple Pareto optimal solutions are calculated instead of a single optimum, see Section 26.10.2. If a 

metamodel-based method is used, available strategy options are limited to the global strategies Single Stage 

and Sequential (Section 4.8.2 and 4.8.3). Selection of the Create Pareto Optimal Front option resets the 

optimization algorithm used on the metamodel to Genetic Algorithm, because this is the only algorithm that 

has the capability to calculate Pareto optimal solutions. 

4.11. Global sensitivity analysis 

While the ANOVA (Analysis of Variance, Section 23.4) is a very popular method to assess the contribution 

of different regression terms, Global Sensitivity Analysis (Sobolôs method, based on ANOVA) is widely 

used to study the importance of different variables for higher order models. In this method, a function is 

decomposed into sub-functions of different variables such that the mean of each sub-function is zero and 

each variable combination appears only once. Then, the variance of each sub-function represents the 

variance of the function with respect to that variable combination. The theory of Sobolôs global sensitivity 

analysis (GSA) method is described in Section 29.7.2. The GSA is carried out by selecting the appropriate 

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

menu in the GUI. The GSA dialog is shown in Figure 4-3. The number of Monte-Carlo integration points 

used to compute sensitivities is 10000 by default, but this number can be changed by the user. Except for the 

linear case, the sensitivities depend on the region of design space under consideration. By default, the 

sensitivities are calculated for the region defined by the variable bounds specified in the Global Setup. 

These sensitivity indices are stored in the Sobol_GSA.iteration XML database files in the work directory. 

Existing GSA results can be repaired by checking on the óOverwrite global computationsô box. This may be 

needed, for example, if the metamodel is changed after carrying out an earlier sensitivity analysis; the old 

Sobol_GSA.iteration files are then deleted and recreated based on the new analysis. 
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Figure 4-3: Global Sensitivities Dialog 

Table 4-3: Global Sensitivities options 

Option Description Reference 

Number of Points for 

Integration 

Number of Monte-Carlo integration points required to 

compute sensitivities 

 

Overwrite global 

computations 

GSA results overwritten for the global region defined 

by the variable bounds in Setup dialog. 

 

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

possible to have the same bounds as the entire design 

space (e.g. same domain analyzed with different 

metamodels). 

Section 4.11.1 

Remarks 

1. In LS-OPT, global sensitivities are evaluated on the metamodels. Therefore, the accuracy depends 

on the quality of the metamodel.  

2. Unless a subregion is considered (Section 4.11.1), the sensitivities are calculated for the global 

bounds of the variables. Sampling constraints are not considered while calculating the sensitivities.  

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

function metamodels. 

4. The composite expressions and subregion sensitivities are always evaluated using the Monte-Carlo 

integration. 

5. The default number of sampling points for Monte-Carlo integration is 10000. This number should be 

increased for better accuracy of sensitivity coefficients.0. 

4.11.1. Sensitivity Analysis in Subregions 

The Global Sensitivities dialog also provides the option to define subregions for GSA (Figure 4-4). The 

sensitivities can be calculated for different variable ranges using this feature, which can be different from 
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the bounds specified in the Global Setup. By default, the subregions are created with the same ranges as the 

global design space. The subregion variable ranges can, however, be modified by clicking on Edit, which 

opens up another dialog. The dialog for variable bound definition or the Subregion Dialog is shown in 

Figure 4-5. The definition of a GSA subregion requires a name to be associated with it. The corresponding 

GSA results are stored in Sobol_GSA.RegionName.iteration files in the work directory. 

 

Figure 4-4: Global Sensitivities dialog with subregion definitions 

Table 4-4: GSA Subregion definition options 

Option Description 

Name Subregion name 

Active GSA is performed for the Subregion (default on) 

Overwrite Existing GSA results deleted (default off). GSA performed again if Active is on  

Edit Open GSA Subregion dialog (Figure 4-5) to define variable bounds of subregion  

All active All subregions active 

All overwrite Overwrite existing GSA results for all subregions 



CHAPTER 4: Task Dialog ī Selecting a Task and Strategy 

LS-OPT Version 6.0  45 

 

Figure 4-5: GSA Subregion dialog 

Table 4-5: 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 again if Active is on  

Bounds Define subregion lower and upper bounds for variables. The global region bounds 

defined in Setup dialog are used for other variables 

4.12. Verification runs  

After the last full iteration a verification run of the predicted optimal design is executed. This run can also 

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 GUI either in the Task dialog or using the ñAdd éò menu 

option in the control bar. 

For multi-objective optimization problems, multiple verification runs can be done. A discrete Space Filling 

algorithm is used to select Pareto Optimal points which are evenly distributed in the design space. The 

number of verification runs can be set in the GUI using the Verification Run box, Figure 4-6. 
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Figure 4-6: Verification Run dialog 
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5. Stage Dialog ī Defining the 

Solver 

This chapter describes how to interface LS-OPT with simulation packages, parametric preprocessors or 

postprocessors. Standard interfaces as well as interfaces for user-defined executables are discussed.  

The main entity discussed here is the Stage dialog which allows the user to define a step in the simulation 

process. 

5.1. Introduction  

Since an executable program is considered to be a key part of the stage definition it is often simply referred 

to as the solver. Therefore, in addition to its normal meaning as a program to, for instance, solve a physics 

problem, it can also refer to a pre- or postprocessor or any other executable program or script that is 

essential to the execution or management of a step within a simulation process. 

5.2. General Setup 

Figure 5-1 shows the general setup dialog for a Stage in the process. The options are described in Table 5-1. 

Table 5-1: Stage dialog Setup options: General options 

Option Description Reference 

Package Name The following software package identifiers are available:  

 LS-DYNA Section 5.3.1 

LS-INGRID Section 5.3.3 

LS-OPT Section 5.3.8 

LS-PREPOST Section 5.3.2 

ANSA Section 5.3.5 
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Excel Section 5.3.9 

HyperMorph Section 5.3.6 

Matlab Section 5.3.11 

META Post Section 5.3.7 

TrueGrid Section 5.3.4 

User-Defined Section 5.3.10 

User-Defined Postprocessor Section 5.3.13 
 

Command Command to execute the solver. Section 5.2.1 

Do not add input 

file argument 

Prevents LS-OPT from appending a standard input deck 

name to the execution command during run-time.  

Section 5.2.1 

Use default 

command 

Path to the solver executable filled in automatically (only 

available for LS-OPT stage). 

Section 5.3.8 

Display graphics Omit the ïnographics option in the LS_PrePost command 

for debugging (only available for LS-PrePost stage). 

Section 5.3.2 

Input File Parameterized input file for the preprocessor or solver. The 

specification of an input file is not required for a user-

defined solver. The parameterization of the input file is 

explained in Section 5.2.4.  

Section 5.2.2 

(n includes) LS-OPT displays the number of include files parsed for 

parameters and copied to the run directories. A list 

containing the include file names is accessible by clicking 

on the hyperlink.  

Section 5.3.1 

Name of standard 

input deck 

Default standard input deck name depending on package. 

This can be edited in case another file name is required. 

Changes are only required in exceptional cases. 

Section 5.2.1 

Extra input files A list of extra input files can be provided. The files are 

copied to the run directories from any user-defined source 

directory. Parameter values are substituted by default, but 

parsing can be omitted. 

LS-DYNA Include files do not have to be specified as they 

are automatically and recursively searched by LS-OPT 

when given the name of the main input file. This feature is 

also supported for certain packages under the user-defined 

Section 5.2.2 



CHAPTER 5: Stage Dialog ī Defining the Solver 

LS-OPT Version 6.0  49 

solver type (Section 5.3.10).  

Model Database 

(ANSA) 

ANSA binary database file, typically with the extension 

.ansa 

Section 5.3.5 

Output File 

(HyperMorph, 

µETA, Matlab) 

HyperMorph: nodal output file produced by Templex Section 5.3.6 

µETA: output file used for parsing the history and response 

names 

Section 5.3.7 

Matlab: output file containing response and history 

definitions 

Section 5.3.11 

Session file (µETA) File containing information about which results to extract Section 5.3.7 

Excel File Input File template for parameterizing and running Excel 

jobs. 

Section 5.3.9 

Do not copy Excel 

file to job folder 

Avoid copying of potentially big Excel input file to each run 

directory and modify the original file instead. Option 

available only if one job is run at a time. 

Section 5.3.9 

Input definitions Parameterization of the Excel input file Section 5.3.9 

LS-DYNA 

Advanced Options 

Advanced interfacing options for LS-DYNA. Section 5.3.1 



CHAPTER 5: Stage Dialog ī Defining the Solver 

LS-OPT Version 6.0  50 

 

Figure 5-1: Stage dialog Setup panel 

5.2.1. Command 

The command to execute the solver must be specified. The command depends on the solver type and can be 

an executable program or a script. Since a standard input deck name (also called the base file name) is 

automatically appended during run-time the solver input file name argument should be omitted by default. 

See respective package interface sections for details. In the case of the standard solvers, the appropriate 

syntax is automatically used (e.g. i=DynaOpt.inp for LS-DYNA). The execution command may 

include any number of additional arguments. 

The base file name can be changed. This is useful when the output file of one stage becomes the input of the 

dependent stage (see Section 5.8). 

Remarks 

1. The command must be specified in one of the following formats: 
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o Browse. If browsing the project directory or a directory relative to the project directory, LS-OPT 

automatically prepends the project directory environment ${LSPROJHOME} to the execution 

command. 

o Absolute path, e.g. "/origin/users/john/crash/runmpp" 

o If the executable is located in a directory which is in the execution path, the command can be 

specified using only the name of the respective executable, e.g. "ls971_single" 

2. Any path containing spaces must be surrounded with quotation marks. Quotation marks are 

automatically added if the file is added via browsing. 

E.g. ñC:\Program Files\LSTC\LS-DYNA\ls-dyna.exeò 

3. Linux: Do not specify the command nohup before the solver command and do not specify the 

UNIX background mode symbol &. These are automatically taken into account. 

4. Linux: The command name must not be an alias. 

5.2.2. Input Files 

LS-OPT handles two main types of solver input files, namely  

1. the main input file and  

2. extra input files. 

LS-OPT converts the input template to an input deck for the preprocessor or solver by replacing the original 

parameter values (or labels) with new values determined by the sampling procedure. The specification of an 

input file is not required for a user-defined solver. 

For LS-DYNA and most of the preprocessor interfaces, LS-OPT automatically searches for include files 

specified in the main input file, see Table 5-2. Include files can be specified recursively, i.e. there can be 

include file specifications in include files. The user-defined stage type also supports these features, but only 

for certain solver types (see 5.3.10). 

Input files are copied to the run directories, parsed to substitute parameter values and renamed. Each stage 

type has its own standard input file name, e.g. for LS-DYNA, the file is renamed to DynaOpt.inp. For 

remote runs, input files are automatically transmitted to a computer cluster. 

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

lsopt_input  file. 

5.2.3. Extra input files 

Extra files can be added for copying to run directories and substituting variables, Figure 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 format (e.g. *PARAMETER for LS-DYNA) or 

the generic LS-OPT format (<<parameter>> ), see Section 5.2.4. LS-OPT will parse the files for variable 

names if the Parse option is selected. In this case, parameters are listed on the Parameters page and 

imported to the Setup dialog as constants. The user can then change them to variables.  
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If the user wants a file to be copied to the run directories, but not parsed for parameters, parsing can be 

skipped by leaving Parse unchecked. This feature is typically used to move binary files to the run 

directories. 

Extra files are also used in a multi-level setup (Section 5.3.8) to move input files to the lower level. In this 

case, Parse should also be left unchecked to avoid premature substitution at the upper level, before 

processing by the lower level LS-OPT run. 

 

Figure 5-2: Definition of Extra Input Files 

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

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

MyFiles/geometry.inc ) or absolute path (/home/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. Some user-

defined solver types also support this feature (see 5.3.10). 

*INCLUDE specifications pertaining to extra files should not include any path specifications since the files 

are automatically copied to the run directory and will reside together with the main input file. 

5.2.4. Parameterization of Input Files 

For all stage types, input files can be parameterized using the User-defined parameter format, Section 5.2.5. 

For the packages listed in Table 5-2, LS-OPT supports native parameters, see the respective package 

interface section for details. Native parameter types are also supported for certain solvers specified under 

user-defined solver types (see 5.3.10).  

LS-OPTui will automatically recognize the native and User-defined parameters for the formats indicated in 

the table and list them on the Parameters panel, Figure 5-3. Parameters found in input files are also 

displayed as óConstantsô in the Setup dialog óParameter Setupô panel. The user can then change these 
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constants to variables or dependents. The parameter names cannot be changed in the GUI so, if desired, 

must be changed in the original input file(s). A lock icon adjacent to the variable name indicates that the 

parameter names were imported from the input or include files. 

Table 5-2: Parameters and include files 

Package 

Native parameters 

recognized in input 

file 

User-defined 

Parameter Format 

recognized (see 

Section 5.2.4) 

Include files 

recognized in 

input file 
Reference 

LS-DYNA ® Yes Yes Yes Section 5.3.1 

LS-PREPOST® Yes Yes Yes Section 5.3.2 

ANSA1 Yes Yes Yes Section 5.3.5 

HyperMorph2 Yes Yes No Section 5.3.6 

Matlab Yes Yes No Section 5.3.11 

TrueGrid3 No Yes Yes Section 5.3.4 

LS-INGRID No Yes Yes Section 5.3.3 

LS-OPT Yes No No Section 5.3.8 

Excel N/A No No Section 5.3.9 

User-defined N/A Yes No Section 5.3.10 

                                                 
1 BETA CAE Systems S.A. 
2 Registered Trademark of Altair Engineering, Inc. 
3 Registered Trademark of XYZ Scientific Applications, Inc. 
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Figure 5-3: Parameter panel:  list of parameters found in stage input files 

The óincludeô files are also scanned wherever this feature is available making it nonessential to define extra 

files. Include files which are specified with a path, e.g. ñ../../car5.k ò or 

ñ/home/jim/ex4a/car6.k ò are not copied to the run directories and no parameter substitutions will be 

made in these files. This is solely to prevent unnecessary file proliferation. The user must however ensure 

that files, which are to be distributed to remote nodes through a queuing system (see Appendix H.3 , Remote 

job scheduling), do not contain any path specifications. These files are automatically transmitted to the 

relevant nodes where the solver will be executed. See also Section 5.3.1. 

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, Section 5.2.2. 

The User-defined parameter format described next is recognized in all types of input files. 

5.2.5. The User-defined parameter format 

LS-OPT provides a generic format that allows the user to substitute parameters in any type of input file, 

except LS-OPT stage .lsopt input file. The parameters or expressions containing parameters must be labeled 

using the double bracketed format <<expression :[i] field - width >> in the input file.  

The expression field is for a FORTRAN or C type mathematical expression that can incorporate constants, 

design variables or dependents. The optional i character indicates the integer data type. The field width 

specification ensures that the number of significant digits is maximized within the field width limit. The 

default width is 10 (commonly used in e.g. LS-DYNA input files) for numeric fields. E.g. a number of 

12.3456789123 will be represented as 12.3456789  and 12345678912345 will be represented as 

1.23457e13  for a field-width of 10. 

A field width of zero implies that the number will be represented in the ñ%gò format for real numbers or 

ñ%ldò format for integers (C language). For real numbers, trailing zeros and a trailing decimal point will not 

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

be truncated if specified as integers, so if rounding is desired the ñnearest integerò expression should be 

used, e.g. <<nint( expression )>> .  



CHAPTER 5: Stage Dialog ī Defining the Solver 

LS-OPT Version 6.0  55 

String parameters are indicated by the character c, <<expression : c field - width >>. For string 

parameters, the default width is the length of the replacement string up to a maximum of 64 characters. A 

field width of zero implies that the entire replacement string is printed (same as not specifying a width). 

Examples 

Inserting the relevant design variable or expression into the preprocessor command file requires that a 

preprocessor command such as 

create fillet radius=5.0 line 77 line 89  

be replaced with 

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

where the design variable named Radius 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 specified. 

An alternative option would be to specify: 

create fillet radius=<<Radius_scaled:0>> line 77 line 89  

while specifying the dependent Radius_scaled as a function of independent variable Radius, such that 

Radius_scaled = Radius * 25.4 . This specification is done in the óSetupô dialog.  

Similarly if the design variables are to be specified using a Finite Element (LS-DYNA) input deck then 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 example of an input line in a LS-DYNA structured input file is: 

* shfact z - integr printout quadrule  

.0 5.0 1.0 .0  

* thickn1 thickn2 thickn3 thickn4 ref.surf  

<<Thick_1:10>><<Thick_1:10>><<Thick_1:10>><<Thick_1:10>> 0.0  

The field-width specification used above is not required since the default is 10. Consult the relevant Userôs 

manual for rules regarding specific input field-width limits. 

5.2.6. System variables 

System variables are internal LS-OPT variables. There are two system variables, namely iterid and 

runid. iterid represents the iteration number while r unid represents the run number within an 

iteration. Hence the name of a run directory can be represented by: iterid.runid . System variables are 

useful for using files such as postprocessing files that were already created in an earlier stage, but which are 

re-used in the current stage. An LS-DYNA example of using system variables is as follows: 
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*INCLUDE 

../../Case1/<<iterid:i0>>.<<runid:i0>>/frontrail.k  

After substitution the second line might become: 

../../Case1/1.13/frontrail.k  

so that the current stage will always include the file in the corresponding directory in Case1.  

The i0 format forces an integer specification (see Section 5.2.5 for a more detailed description). 

Unfortunately the feature cannot be used with LS-DYNA  *PARAMETER parameters.  

In an alternative, simpler approach to achieve similar efficiency, LS-OPT also allows pre-processing 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 the same files. These files are copied from the preprocessing Stage to the 

simulation Stages. See Section 3.2.2. 

5.2.7. How to avoid copying and parsing an include file 

In some cases files might be very large, but they contain no parameters, so need not be parsed. For very 

large files, this can save a considerable amount of time. The steps are the following: 

1. Unset ñDo basic check for missing *DATABASE cardsò. 

2. Specify the name of the include file with an absolute path, e.g. ñ../../largeincludefile.kò. 

3. Specify the exact full pathname of the include file as an extra input file. E.g. if the file was specified 

as ñ../../largeincludefile.kò in the keyword file, it should also be specified as extra file 

ñ../../largeincludefile.kò. 

4. Do not select the ñParseò check box for this file. 

It should be noted that if a file is not parsed, include files without paths specified in this file (for the purpose 

of copying to the run directory) cannot be detected. 

5.3. Package Interfaces 

5.3.1. LS-DYNA 

The file DynaOpt.inp  is created from the LS-DYNA input template file. By default, LS-OPT appends 

i=DynaOpt.inp  to the solver command. Parameterization of the input file can be done using the User-

defined parameter format or the *PARAMETER keyword.  Include files in input files are recognized and 

parsed, see below for further information. 

The LS-DYNA restart command will use the same command line arguments as the starting command line, 

replacing the i= input file with r=runrsf . 

The *PARAMETER  format  

This is the recommended format. The parameters specified under the LS-DYNA *PARAMETER keyword 

are recognized by LS-OPT and will be substituted with a new value for each of the multiple runs. These 

parameters should automatically appear in the Parameter list of the GUI upon specification of the solver 
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input file name. LS-OPT recognizes the ñi ò, ñrò and ñcò formats for integers, real numbers and strings 

respectively and will replace the number or string in the appropriate format. Note that LS-OPT will ignore 

the *PARAMETER_EXPRESSION keyword so it may be used to change internal LS-DYNA parameters 

without interference by LS-OPT. 

For details of the *PARAMETER format please refer to LS-DYNA Userôs Manual. 

LS-DYNA include files 

The handling (parsing, copying and transmitting) of include files by LS-OPT is automated. The following 

rules apply: 

1. Include files may also contain parameters and are also parsed and copied (or transmitted) if the 

include file is specified in the keyword file without a path, for example: 

 *INCLUDE 

 input.k  

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

  *INCLUDE 

 C:\path\myinputfiles\input.k 

the file will not be copied, parsed or transmitted. 

3. If the main input file is placed in a subdirectory of the main working directory and is specified with a 

relative path, e.g. myinputfiles/input.k , the directory (in this case myinputfiles ) 

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 sub-directory (myinputfiles ) to the run directories. 

LS-DYNA/MPP 

The LS-DYNA MPP (Message Passing Parallel) version can be run using the LS-DYNA option in the Stage 

dialog of LS-OPTui. The following run command is an example of how an MPP command can be specified: 

mpirun - np 2 lsdynampp  

where lsdynampp  is the name of the MPP executable. 

LS-DYNA Advanced Options 

LS-DYNA advanced options are available in the Stage dialog by selecting the LS-DYNA Advanced Options 

button, Figure 5-4. 
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Figure 5-4: Stage Setup LS-DYNA advanced options 

Table 5-3: LS-DYNA Advanced Options 

Option Description 

Do Basic check for Missing 

*DATABASE Cards 

Check if the required binout data types and the required nodes and/or 

elements are requested in the LS-DYNA input deck. For further 

details, see below. 

d3plot compress Compress the d3plot database. All results except displacements, 

velocities, and accelerations will be deleted. 

d3plot Part Extraction File Write the results for a user selected set of parts. A file specifying the 

list of parts to be included/excluded is required. The file consists of 

multiple lines with a single entry per line. The syntax of the file is:0. 

id includes the part with id, 

id1-id2 includes the parts from id1 to id2, 

ïid excludes the part with id. Only parts included with id or id1-id2 

can be excluded. 

For example:       5 

        7-20 

        -9. 

d3plot Reference Node File Transforming the results to a local coordinate system specified by 

three nodes. The first node is the origin and the other two nodes are 

used to define the coordinate systems. The coordinate system moves 

with the nodes. A file specified the three nodes consisting of a single 

line is required. An example of the possible contents of the file: 

1001 1002 1003. 

Remarks 

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

2. The *DATABASE_EXTENT_BINARY option in LS-DYNA also allows control over the size of the 

d3plot databases. 
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Checking the *DATABASE cards 

LS-OPT can perform some basic checks of the *DATABASE  cards in the LS-DYNA input deck. The 

checks will be done using the input deck of the first run of the first iteration. The items checked are: 

Whether the required binout data types are requested in the LS-DYNA input deck. For example, if LS-OPT 

uses airbag data, then the LS-DYNA deck should contain a *DATABASE_ABSTAT  card requesting 

binout output. Note that LS-DYNA smp does not write the results into the binout file when the default 

settings are used. Therefore, the BINARY option in the card must be set to either 2 or 3 for both LS-DYNA 

smp and mpp.  

Whether the required nodes and/or elements are requested in the LS-DYNA output. For example, if the 

LS-OPT output request refers to a specific beam, then a *DATABASE_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 using *SET_option_GENERAL  or *SET_option_COLUMN  may be flagged incorrectly 

as missing; switch off the checking in this case. 

5.3.2. LS-PREPOST 

The file LsPrepostOpt.inp  is created from the LS-PREPOST input template file. LS-OPT 

automatically appends ñïnographics c=LsPrepostOpt.inp 2> /dev/null > /dev/null ò to the 

command. 

LS-PREPOST input file example with include: 

test01.cfile: 

$# LS- PrePost command file  created by LS - PREPOST 3.0 -  1Mar2010(17:08)  

$# Created on Apr - 06- 2010 (13:42:14)  

cemptymodel  

openc command "para01.cfile"  

genselect target node  

occfilter clear  

genselect clear  

genselect target node  

occfilter clear  

genselect clear  

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

&num 

ac  

meshing boxshell accept 1 1 1 boxshell  

genselect target node  

occfilter clear  

refcheck modelclean 9  

ac  

mesh 

save keyword "lsppout"  

exit  
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para01.cfile 

parameter size  1.0  

parameter num 2 

5.3.3. LS-INGRID  

The file ingridopt.inp  is created from the LS-INGRID input template file. LS-OPT appends 

automatically ñi=ingridopt.inp  ïd TTYò to the command. Only the User-defined parameter format 

is supported. 

5.3.4. TrueGrid  

The file TruOpt.inp is created from the TrueGrid input template file. LS-OPT appends automatically 

ñi=TruOpt.inp" to the command. Only the User-defined parameter format is supported. 

The TrueGrid input file requires the line: 

write end  

at the very end. 

5.3.5. ANSA (BETA CAE Systems SA) 

 

Figure 5-5: Stage Setup for ANSA 

The ANSA preprocessor can be interfaced with LS-OPT allowing for shape changes to be specified. Several 

files must be specified: 

1. Command: ANSA executable, typically named ansa.sh. Do not use an alias.  

Using the ANSA command line option ïlm_retry is recommended. 

2. DV File: ANSA Design parameter file, typically with the extension .txt or .dat. This file is generated 

using ANSA and LS-OPT will read the ANSA design parameter names, types and values from this 

file. If LS-OPT already has a design variable with the same name then this variable will be used to 

drive the value of the ANSA parameter. 

3. Model Database: ANSA binary database, typically with the extension .ansa.  
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ANSA can produce multiple output files. These files can be used as LS-DYNA input files or include files 

(specified under *INCLUDE) in downstream stages. Make sure to specify the output files in the ANSA 

optimization task without a path to generate them in the respective run directory. 

5.3.6. HyperMorph  

 

Figure 5-6: Stage Setup for HyperMorph 

To allow the specification of shape variables, the geometric preprocessor HyperMorph4 has been interfaced 

with LS-OPT.  Several files must be specified: 

1. Command: templex command 

2. Input file: At the top, the variables are defined as: 

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

3. Output File: Templex produces a nodal output file, this file can e.g. be used as an include file in a 

downstream stage. 

The command will enable LS-OPT to execute the following command in the default case: 

/origin 2/john/mytemplex/templex input.tpl > nodes.include  

or if the input file is specified as in the example: 

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

Remarks 

LS-OPT uses the name of the variable on the DVARi line of the input file:0. 

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

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

to replace the variables and bounds at the end of each line by the current values. This name, e.g. Radius_1 is 

recognized by LS-OPT and automatically displayed in the óSetupô dialog. The lower and upper bounds (in 

                                                 
4 Registered Trademark of Altair Engineering, Inc. 
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this case: [0.5,3.0] ) are also automatically displayed. The DVARi designation is not changed in any 

way, so, in general there is no relationship between the number or rank of the variable specified in LS-OPT 

and the number or rank of the variable as represented by i in DVARi. 

5.3.7. ɛETA (BETA CAE Systems SA) 

The ɛETA interface allows extraction of data from any database it supports, so makes LS-OPT accessible to 

interface with any such supported solvers. This allows ɛETA to read results from the solver database and 

place them in a simple text file. 

 

Figure 5-7: MetaPost interface 

Several files must be specified: 

1. Command: The ɛETA executable 

2. Session File: The session file containing information about which results to extract. This can be 

created interactively using µETA. 

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

automatically displayed in the GUI) during the LS-OPT setup phase (see below). The output file 

(result file) is the name of a file containing those results requested in the input (session) file. This is a 

text file so it can be easily parsed. This file has a predetermined format so that LS-OPT can 

automatically extract the individual results. The specified path + name is not used during the 

optimization run, but only during the setup phase while the user is preparing the LS-OPT input data. 

During this phase, the responses are parsed from a baseline result file and automatically displayed in 

the "Histories" and "Responses" pages of the GUI. 

4. Database File: This is the path for finding the solver database. The default "./" means that ɛETA will 

look for the database locally. This specification has no effect during the optimization run as LS-OPT 

will always force ɛETA to look for the solver database locally, e.g. in the run directory Stage_A/1.1. 

Setting up an LS-OPT problem: 

1. Run ɛETA and use the session file thus created to create the result file. This is done manually, 
separately from the LS-OPT data preparation (an integrated feature might be provided in the future).  

2. Open the LS-OPT GUI on the Stage dialog and select METAPost as the package name. 
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3. Specify the ɛETA settings in the LS-OPT GUI (see Figure 5-7). The user can browse for the ɛETA 

executable, session file and result file. The result file 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 optimization problem setup: define composites, objectives and 

constraints, etc. 

5. After completion of the optimization setup, run LS-OPT.0. 

5.3.8. LS-OPT 

The LS-OPT stage allows one to extract optimized LS-OPT response values, which can then be used in 

another optimization with respect to a different set of variables. The LS-OPT stage can also be used to call a 

reliability task from an optimization task, e.g. for tolerance optimization or a robust design task using the 

direct Monte Carlo method at the lower level.  

The LS-OPT stage simply executes another instance of the LS-OPT software in a nested optimization 

framework. Thus, it allows a user to set up a Multilevel Optimization problem, explained in Section 19.7. 

The LS-OPT stage setup dialog is shown in Figure 5-8.  

 

Figure 5-8: LS-OPT stage interface 

The fields that need to be specified for an LS-OPT stage are as follows. 

1. Command: Like all other solver interfaces, the user needs to provide the command to run LS-OPT. 

There is a Use default command option that automatically fills in the path to the LS-OPT executable 

being used for the setup.   

2. Input file: The input file for an LS-OPT stage is a .lsopt file itself that contains the setup for an inner 

level LS-OPT sub-problem. The file LsoOpt.inp  (or a user specified name) is created from the 

LS-OPT input template file. By default, LS-OPT appends LsoOpt.inp  to the solver command. 

Parameterization of the input file is done using Transfer Variables (Figure 5-9).  
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3. Extra Files: An important aspect to note in the LS-OPT stage setup is the use of extra input files with 

the Parse option unchecked (Figure 5-14). 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 level variables 

in the upper level. The details of the directory structure for multilevel problems are presented in 

Appendix E.1 . 

LS-OPT input file parameterization 

The LS-OPT input file, i.e. the .lsopt file, is parameterized using Transfer Variables. The transfer variables 

are indicated using type=òiconstantò in the LS-OPT stage input file. Continuous and Discrete variables can 

be set as a Transfer Variables using the LS-OPT GUI (Figure 5-9); these are then considered as constants at 

that level, but can be set as variables in preceding levels. These variables are automatically detected as 

constants by LS-OPT and populate the outer level Global Setup (for which the parameterized .lsopt file is a 

stage input file). The user can either use them as constants in the outer level or set them as variables.  

 

Figure 5-9: Parameterization of inner level LS-OPT setup using Transfer Variables. The values of 

transfer variables are passed down from the upper level(s). 

 

Figure 5-10: Outer level global setup. SIGY and YM are automatically detected in the input file (i.e. inner 

level .lsopt file) and locked as they are Transfer Variables in the inner level.  

Remarks 

1. The user-defined parameter format <<variable_name>> is not allowed for the LS-OPT stage. 

2. LS-OPT stage responses are extracted using the LSOPT response type (Section 6.15). 
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Navigating to view lower level setups and progress 

Because of the complex recursive nature of a multilevel setup, simple navigation options are provided so 

that lower level setups can be inspected or edited recursively starting at the main (upper level) setup. During 

runtime, job progress can also be viewed recursively starting at the main progress window. 

1. The Open button opposite the Input file text box allows the user to navigate down to the next level 

and will display the GUI for inner.lsopt, see Figure 5-8.  

2. While a multilevel run is in progress, the user can also navigate to display the progress of a selected 

lower level job by clicking on the LS-OPT button in the progress dialog. Lower level job progress 

can also be monitored using the View log button to display the text output, see Figure 5-11.  

 

Figure 5-11: Progress window for the LS-OPT stage. Selecting the LS-OPT button for the selected job 

displays the LS-OPT GUI for that job which allows the user to monitor a lower level optimization run.  
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5.3.9. Excel 

An Excel stage can be used as a solver or a post-processor. 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 within an LS-OPT task, the Excel input file 

needs to be parameterized. This is achieved using Input definitions specified in the Stage dialog itself. These 

inputs may correspond to a single Excel cell or a group of cells in the input file, and are substituted for each 

sample (Figure 5-12). 

 

Figure 5-12: Excel stage interface 

The attributes used for Input definitions are Sheet, Cell, Type, Value and Fill Direction. The details are 

given below. 

1. The Sheet and Cell options direct LS-OPT to a unique location within the Excel document. A Cell 

can be assigned using the Excel row-column format (i.e. by typing A2, B4 etc). If cell names have 

been already defined in the parsed Excel document, LS-OPT displays all the existing names as a list 

under Cell option and the required cell can be selected directly. The displayed names under Cell 

option can also correspond to an array of Excel cells, used to assign LS-OPT histories.   

2. Type and Value options are used to link LS-OPT design parameters, histories and responses with 

corresponding fields of the parsed Excel document. There are four different options within Type - 

Parameter, Responses, History and User-Defined.  

o Parameter is used to link the global LS-OPT parameters defined in Setup dialog to the specified 

cells of the Excel document. When Parameter is selected as type, all the global LS-OPT 

parameters defined in Setup dialog are listed under the Value option.  

o Response as a parameter type facilitates the use of LS-OPT responses defined in previous stages 

as input parameter for the current Excel stage. A list of responses defined in the previous stages 

is displayed under Value option and the user can select which response has to be written to the 

Excel document. 

o History as a type allows LS-OPT to input histories obtained from previous stages to the Excel 

document.  

o User-defined option as a type can be used to write histories and responses of previous stages to 

the Excel document using a command. For example the command ótype response.0ô will write 

the value present in file response.0 of previous stage, to the Excel document; provided a file 



CHAPTER 5: Stage Dialog ī Defining the Solver 

LS-OPT Version 6.0  67 

transfer operation is defined to transfer the file response.0 from previous stage directories to the 

run directories of current Excel stage directory.  

3. Fill Direction specifies how the history values are written to the Excel fields i.e. in Vertical or 

Horizontal directions. 

If the Global limit for Execution Resources is set to 1, the option óDo not copy Excel file to job folderô is 

available in the Excel stage setup dialog. If the option is checked on then the original Excel input file 

template is modified for each sample analysis. This avoids copying of the (potentially large) input file to 

each run directory. All the possible combinations of Input definitions are illustrated in Figure 5-12. These 

are also listed below. 

1. The first input definition in Figure 5-12 shows a parameter x1 defined in Setup dialog of main GUI 

(also populated under Value option), has been assigned a cell A3 in Sheet1 of Excel document 

data.xlsx.  

2. Similarly, if a user has assigned a name to the cell using Name Manager within Excel, all the Sheet 

specific cell names are populated as a list. In the second input definition, Param2 is a name defined 

to a cell in Sheet1 which is assigned to parameter x2 using Value option.    

3. The third input definition writes the response Stage1_out_resp obtained from previous stage to the 

cell Stage2_in_resp1 of the Excel document data.xlsx.  

4. The fourth input definition writes the history Stage1_out_hist obtained from previous stage to an 

array of Excel fields defined with name Stage2_in_hist in Sheet2 of data.xlsx in Vertical direction.  

5. The last input definition shows a response obtained from previous stage (where response.2 is the file 

with response value) is being written to a cell with name Stage2_in_resp2 of Sheet2 using User-

defined option. This option allows writing values available in the output files of previous stages to 

the Excel document.  

5.3.10. User-defined program 

A user-defined solver or preprocessor can be specified by selecting User-defined in LS-OPTui. The 

command can either execute a command, or a script. The substituted input file UserOpt.inp  will 

automatically be appended to the command or script. Variable substitution will be performed in the input 

file (which will be renamed UserOpt.inp) . The specification of an input file is optional. In its simplest 

form, the user-defined program can be used in combination with the design point file: XPoint  to read the 

design variables from the run directory. 

If the user-defined program does not generate a óNormalô termination command to standard output, the 

solver command must execute a script that has as its last statement the command 

echo óN o r m a lô 

on successful execution of the program. The script could e.g. check for the existence of a file that is 

generated after program termination, or search for a specific string in an output file that gives information 

on the status of the program. If the program is not terminated successfully, the output of the script should be 

`E r r o r´. 
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5.3.11. Matlab 

A Matlab stage can be specified by selecting MATLAB as the package name in the stage setup dialog of 

LS-OPTui (Figure 5-13).  

 

Figure 5-13: Matlab stage interface 

The input file is a Matlab script consisting of the variable definitions using the input  function in Matlab 

(e.g. variable1 = input(ódescription of the variableô);). LS-OPT parses the input 

file and identifies the variable name. It then replaces the input  function with a value during the run. 

Before replacement, the input file is copied to subdirectories under the stage directory. The default name for 

the copied file is MatlabOpt.m. It should be noted that this file must have the suffix .m. The Matlab input 

file must write the histories and responses in the METAPost format described in 5.3.13. In addition, it must 

write the termination status, as shown below, using  try-catch and diary. 

Try  

  % Definition of variables x1 and x2  

  x1 = input('x1 - ');  

  x2 =input('x2:');  

   

  % Computation of response(s) and histories  

  s = x1+x2;  

  h = [0 s;1 s+1;2 s+4;3 s+9];  

 

  % Write responses and histories to MatlabOutput file  

  fid = fopen('MatlabOutput','w');  

  fprintf(fid,'# \ n');  

  fprintf(fid,'RESPONSES \ n');  

  % response 1  

  fprint f(fid,'%d, %s, %f \ n',0,'s',s);  

  fprintf(fid,'END \ n');  

  fprintf(fid,'# \ n');  

  % history 1  

  t=1:size(h,1);  

  fprintf(fid,'HISTORY 99: h \ n');  

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

  end  

  fprintf(fid,'END \ n');fprintf(fid,'# \ n');  

  ChkClose=fclose(fid);  

 

  % Write Normal termination status  

  diary matstatus;  

  disp('N o r m a l   t e r m i n a t i o n');  

  diary off  

catch  

  % Write error termination status  

  diary matstatus;  

  disp('E r r o r   t e r m i n a t i o n');  

  diary off;  

end  

exit  

An output file also needs to be provided in the stage dialog that contains the response and history 

definitions. LS-OPT automatically populates the histories and responses to be extracted based on the 

definitions in this file. The output file must have the same format as METAPost or User-defined post-

processor (See Section 5.3.13). 

5.3.12. Third Party solvers 

LS-OPT supports certain popular Finite Element Analysis solvers under the User-defined solver type. For 

these solver types 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 to the LS-OPT setup dialog.  

LS-OPT recognizes the solver type by initially parsing the 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  

o GenEx (Chapter 7) 

o the user-defined post-processor (Section 5.3.13)  

o commercially available post-processors supported by LS-OPT (see e.g. Section 5.3.7) 

o user-defined history or response interface (Section 6.13). 

5.3.13. User-defined post-processor 

The postprocessor allows extraction of data from any database it supports, so makes LS-OPT accessible to 

interface with any such supported solvers. This allows the postprocessor to read results from the solver 

database and place them in a simple text file or files for individual extraction of results. 

In the case of user-defined post-processor, the full command needs to be provided, because LS-OPT does 

not internally construct the command using the input, database and result files. The output file needs to be 

written in the same format as for the ɛETA package. The format is as follows: 

# 

RESPONSES 

0, Weight, 0.591949043101576  
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1, StressL, 3.74281176328897  

2, StressR, 1.99975762786926  

END 

# 

HISTORY 99 : his1  

0,0  

0.0795849328001081,0.23516125192977  

0.159169865600216,0.274354793918065  

0.238754798400324,0.31354833590636  

0.318339731200433,0.352741877894655  

0.397924664000541,0.39193541988295  

# 

END 

# 

RESPONSES 

END 

# 

HISTORY 100 : his2  

0,0  

0.0795849328001081,0.627096671812721  

0.159169865600216,0.666290213801015  

0.238754798400324,0.705483755789311  

0.318339731200433,0.744677297777606  

0.397924664000541,0.783870839765901  

# 

END 

Setting up an LS-OPT problem is similar to ɛETA, except that User-defined Postprocessor is selected as 

the package, and the session file and database path need not be provided as the related information is 

available in the command. 

It is also possible to run ɛETA as a user-defined post-processor. In this case, the command provided in 

ñfullcommandscript ò is: 

<meta post_executable>  - b - s - foregr <path/sessionfile> "<database_path>" 

"<path/result_file>"  

Unlike in the case of ɛETA, the full command is not constructed internally by LS-OPT. Therefore, 

metapost_executable, path/sessionfile, database_path, and path/result_file need to be provided in 

fullcommandscript . Because all the information is available in the command, it is not necessary to 

provide the input and database files separately in this case.  

The output file name must however be specified for the following reason. The output file is parsed for 

history and response names to import and display in the relevant GUI pages. These can then be used to 

complete the optimization problem setup: define composites, objectives and constraints, etc. 
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5.4. Solver Execution 

 

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

Table 5-4: Stage dialog Setup options: Execution options 

Option Description Reference 

Resources Settings for concurrent processing Section 5.4.1 

Use Queuing Interfacing with load sharing facilities to enable running 

simulation jobs across a network. 

Section 5.4.2 

Use LSTCVM 

proxy 

Enabling LSTCVM, Secure Proxy Server, for distributing 

solver jobs across a computer cluster. 

Section 5.4.3 

Environment 

Variables 

Environment variables that will be set before executing a 

solver command. 

Section 5.4.4 

Run jobs in 

Directory of Stage 

If multiple stages are defined, the command can be executed in 

the directory of another stage.  

- 

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

available if a queuing system interface is used 

Section 5.4.5 

Advanced execution 

options 

Options related to retry of job submissions for  

A b n o r m a l Termination 

Section 5.4.6 
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5.4.1. Specifying Computing Resources for Concurrent Processing 

Multiple resource limits can be defined for each stage. The resource attributes consist of Units per job as 

well as the Global limit (see Figure 5-15). This feature is non-dimensional and therefore allows the user to 

specify limits on any type of computing resource such as number of processors, disk space, memory, 

available licenses, etc.  

Example 

A user has 10,000 processors available and wants to execute an optimization run using MPP simulations 

requiring 128 CPUs per job. She therefore specifies the units per job as 128 and the global limit as 10,000. 

For this same optimization run, the user has 5,000Gb disk space available while using 40 Gb of disk space 

per job (which is deleted after the completion of each job). A second resource therefore has to be specified 

with attribute values 40 units per job and a global limit of 5,000. The resource setup is shown in Figure 

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

 

Figure 5-15: Definition of Resources for a Stage 

Resources must be defined at the Stage level, but can be viewed in the Resource tab of the Setup dialog (see 

Section 8.4 ). 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 for 

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 a Global limit of 1 is assumed for each stage at the 

beginning of the creation process. The default name is the solver type name. That also implies that if 

multiple stages use the same solver type, there will by default be only one resource definition. Resources 

can then be added or deleted as desired. To change a resource name, a new resource has to be added and the 

old resource deleted. 

Remark 

A resource definition related to e.g. the number of processors to be used for a simulation run does not 

replace the specification of the number of processors as a command line option or in the command script. 

The resource definitions are only used to calculate the number of jobs that are submitted concurrently.  
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5.4.2. Interfaces to Queuing Systems 

The LS-OPT Queuing Interface interfaces with load sharing facilities (e.g. LSF5
 or LoadLeveler6) to enable 

running simulation jobs across a network. LS-OPT will automatically copy the simulation input files to each 

remote node, extract the results on the remote directory and transfer the extracted results to the local 

directory. The interface allows the progress of each simulation run to be monitored via LS-OPTui. See 

Appendix H.5  for information on how to setup the interface. 

Table 5-5: Queuing options 

Option Description Reference 

LSF LSF  

PBS/TORQUE PBS7 and TORQUE  

PBSPRO PBS PRO  

SLURM SLURM  

AQS AQS  

LoadLeveler LoadLeveler  

NQE NQE8  

NQS NQS9  

Black-Box Black box Appendix H.7  

Honda dedicated queuer Appendix H.8  

SGE/UGE SGE/Univa Grid Engine  

User-Defined User Defined Appendix H.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 for 

distributing solver jobs across a computer cluster, e.g. for running LS-OPT on a Windows machine 

controlling solver jobs on a Linux cluster. See Appendix H.11 for information on the installation of 

LSTCVM. 

                                                 
5 Registered Trademark of Platform Computing Inc. 
6 Registered Trademark of International Business Machines Corporation 
7 Portable Batch System. Registered Trademark of Veridian Systems 
8 Network Queuing Environment. Registered Trademark of Cray Inc. 
9 Network Queuing System 
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5.4.4. Environment Variables 

 

Figure 5-16: Definition of Environment Variables 

LS-OPT provides a way to define environment variables that will be set before executing a solver 

command. The desired environment variable settings can be specified in the Stage dialog if the Environment 

Variables checkbox is selected. 

Passing environment variables to stage commands can be a convenient way to control the behavior of a 

command. For example, the command might be a script which queues a job on a remote machine; the 

environment variable settings might be used by the script to select various queuing options. Or, the 

environment variable settings might be passed along through the queuing system to set options for the 

remotely executed job, such as license server locations, input file names, whether to run the MPP version of 

LS-DYNA, whether to run a single or double precision solver, etc.  

Select the button Add manually to define a single environment variable. After selecting this option, a new 

line will appear in the Environment Variables list where you can enter the variable name and an arbitrary 

value. We do not allow the names of variables to contain anything other than upper- or lower-case letters, 

numbers, and underscore ( _ ) characters. This guarantees that all environment variable definitions can be 

used on all platforms. Variable values are not so limited. 

The Set by Browsing option is used to set variables in bulk. This is done by running a user-supplied 

program or importing a user-supplied file (see Appendix H: Installing LS-OPT for further information). 

Activate the Set by browsing button 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 all the specified variables into the Environment Variables 

list in bulk. In addition to these Browse List variables, a special browse variable is created that should not be 

edited. This variable records the program name used to create the Browse List. 

NOTE: Strings in the Environment Variables list appearing above the browse line are all part of the Browse 

List. Strings that appear below browse are never part of the Browse List. User-defined environment 

variables will always follow after the browse variable definition. 

Selecting the Edit 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 Browse 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 standard 

output and immediately terminating. Otherwise the current Browse List may be deleted. If the browse 

command abnormally terminates, then an error box will appear with a title bar indicating that the command 

failed. 

How the browse list is used by LS-OPT 

The Browse List (indeed, the complete Environment Var iables List) is used to set environment variables 

before running the solver command specified by LS-OPT. However, if the first variable returned by the 

browse command is exe, then a pre-processing command is run before running the actual solver command. 

The pre-processing command is the value of the exe variable. The pre-processing command has a command 

line  

$exe var1=$var1, var2=$var2, ... varN=$varN  

That is, the command executed is the value of the exe variable; additional command line arguments consist 

of all Browse List strings with a comma delimiter appended to each intermediate one. (The final argument 

is not followed by a comma.) 

Note: Such a pre-processing command is always run from within the current LS-OPT Job Directory. 

Therefore, any file that the pre-processing command references must be specified by a fully-qualified path 

or must be interpreted relative to the current LS-OPT Job Directory. So, the LS-OPT Stage Directory  

will be ".."  and the LS-OPT Project Directory will be "../.." . 

5.4.5. Recovering Output Files 

 

Figure 5-17: Database recovery options 

This option is only available if a queuing system interface is used, Section 5.4.2. When distributing the 

simulation runs, the information needed by LS-OPT is automatically extracted and transferred to the local 

node in the form of files response. n and/or history. n. 

If the user wants to recover additional data to the local machine to do local post-processing (e.g. using LS-

PREPOST), the Recover Files options can be used. 

For LS-DYNA, the Select file type option can be used to recover d3plot, d3hsp, binout, d3eigv or eigout 

files. Each name is a prefix, so that e.g. d3plot01, d3plot02, é will be recovered when specifying 

d3plot. 

Any database can be recovered by using the Add file manually option. Each name is a wildcard. 
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The requested database files will appear in the local run directory. The details of the recovery procedure is 

logged and available in the job_log  file in the run directory on the local machine. Job logs can be viewed 

by double-clicking on the Stage LED during or after running. See Section 15.3. 

5.4.6. Advanced Execution Options 

It may be prudent to retry job submissions for certain types of abnormal termination. For this purpose, the 

user can specify an A b n o r m a l signal for terminations which are neither normal nor error termination. A 

job that has terminated in this way can then be retried by the LS-OPT job scheduler. The related options are 

described in Table 5-6. More information on abnormal termination is available in Appendix H.9 . 

Table 5-6: Advanced execution options 

Option Description Reference 

Abnormal retry timeout Submission script timeout (seconds) Appendix H.9.1  

Abnormal retry count Number of retries if submission fails Appendix H.9.1  

Queuer timeout Time LS-OPT will wait for the wrapper to 

connect, otherwise it sets an abnormal 

termination status. 

Appendix H.9.2  

5.5. File Operations 

 

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

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

The requested Stage file operations are executed for all the run directories related to the Stage, e.g. 

CRASH/1.1 , CRASH/1.2 , etc. Within a Stage run directory, several file operations can be executed on 

files previously copied to the run directories or generated by the stage command before or after executing 

the stage command. See Figure 5-18 and Table 3-4. 

File operations between stages are discussed in Section 3.2.2. 
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Table 5-7: File Operations 

Option Selections Description 

Operation Copy 

Move 

Delete 

Available operations 

Source File  Name of source file 

Destination File  Name of destination file, wildcards are supported 

Sequence before 

after 

Execute operation before or after executing the stage 

command 

On Error fail 

warn 

ignore 

What to do if operation fails 

5.6. The óN o r m a lô termination status 

LS-OPT can only detect the solver termination status by reading the information that the solver prints to the 

screen (also called standard output or stdout ). The LS-DYNA solver type as well as late versions of 

ANSA automatically outputs the phrase óN o r m  a l ô which LS-OPT detects as a normal termination. 

If óN o r m a l ô is absent, LS-OPT assumes an error termination status and will not attempt to extract 

any results from the database. For all other solvers, the user has the responsibility to write the status to 

standard output. This can be accomplished by inserting the solver command into a script or program in 

which the óN o r  m a l ô string is written at the end using a print statement. See also Appendix H.9 . 

5.7. Managing disk space during run time 

As multiple result output sets are generated during a parallel run, the user must be careful not to generate 

unnecessary output. The following rules should be considered: 

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

o A significant amount of disk space can be saved by judiciously specifying the time interval between 

outputs (DT) e.g., in many cases, only the output at the final event time may be required. In this case 

the value of DT can be set slightly smaller than the termination time. 

o The result extraction is done immediately after completion of each simulation run. Database files can 

be deleted immediately after extraction using the óDeleteô file operation after the solver run (see 

Section 5.5).   

o Database files can also be deleted by using the clean  file (see Section 5.7.1). 
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o If the simulation runs are executed on remote nodes, the responses of each simulation are extracted 

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 each run while keeping 

all the necessary data and status files (see Appendix E.3.4 ). For this purpose the user can provide a file 

named clean  (clean.bat  on Windows) containing the required erase statements such as 

rm - rf d3*  

rm - rf elout  

rm - rf nodout  

rm - rf rcforc  

on Linux or 

del d3*  

del elout  

del nodout  

del rcforc  

on Windows, respectively. 

The clean  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 files started , finished , response . n or history . n (which must 

remain in the lowest level directories). These directories and log files indicate different levels of completion 

status which are essential for effective restarting. Each file r esponse. response_number contains the 

extracted value for the response: response_number. The essential data is thus preserved even if all solver 

data files are deleted. The response_number starts from 0. 

Complete histories are similarly kept in history . history_number. 

The minimal list to ensure proper restarting is: 

XPoint  

started  

finished  

response .0  

response .1  

.  

.  

history .0  

history .1  

.  

.  

Remarks 

1. The clean  file must be created in the work directory. 

2. If the clean  file is absent, all data will be kept for all the iterations.  

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

The easiest way of running a pre-processor is to define a separate stage for the pre-processor and solver and 

to make the solver stage dependent on the pre-processor stage. Because the output file of the pre-processor 

has to be used as input by the solver, the setup is important. There are at least three ways of setting up a pre-

processor run: 

1. Specify the output file of the pre-processor as an include file of the solver.  

2. Copy the output file to the base file of the solver. E.g. if lsppout is the output file name of the 

pre-processor, copy lsppout to DynaOpt.inp which is the standard base file name for the 

LS-DYNA solver type. An inter- or intra-stage file operation is used for this purpose. 

3. Rename the base file name of the solver to the output file name of the pre-processor (see Section 

5.2.1). E.g. if the output file name of the pre-processor is lsppout rename the basefile of the 

solver (in this case the LS-DYNA type) from DynaOpt.inp to lsppout . LS-DYNA wil l then 

use i=lsppout as part of the solver command. 

It should be noted that both the pre-processor and the solver can be run in the same directory by selecting 

the óRun Job in Directory of Stageô option in the Setup tab of the Stage dialog. They can both be run in the 

directory of the pre-processor or the solver. 

If they are both run in the pre-processor directory, a copy file operation (Section 5.5) should be specified in 

the óFile Operationsô tab to copy the file after the pre-processor stage. 

If they are both run in the solver directory, a copy file operation should be specified in the óFile Operationsô 

tab to copy the file before the solver stage (Section 5.5). 

If they are run in different directories (i.e. their own home directories), an inter-stage copy operation should 

be specified (Section 3.2.2). 0. 
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6. History and Response Results 

This chapter describes the specification of the history, multi-point history or response results to be extracted 

from the stage database. A history is a vector representing curve data, whereas a response is a scalar value. 

A multi-point history additionally considers the spatial dimension and hence consists of multiple histories. 

Responses can be used to define objectives or constraints (Chapter 12). Histories and multi-point histories 

are intermediate entities that can be used to calculate responses or composites (Chapter 10). Interfaces for 

result extraction from LS-DYNA output files are available, as well as mathematical expressions, file import, 

an interface for extracting values from ASCII databases, an Excel interface, and a user-defined interface 

where any program may be used for result extraction. The response dialogs are accessible from the Stage 

dialog: Histories, Multihistories  and Responses tab, respectively. 

6.1. Defining histories, multihistories and responses 

A history, multihistory or a response can be defined by using the interfaces in the Histories, Multihistories 

and Responses tab of the Stage dialog, respectively, Figure 6-1. To add a new definition, select the 

respective interface from the list on the right. The available interfaces are explained in Table 6-1. To edit an 

already defined (multi)history or response, double-click on the respective entry from the list on the left. 

Histories and responses may be deleted using the delete icon on the right of the respective definition.  

There are five types of interfaces: 

o Standard LS-DYNA or LS-OPT result interfaces. These interfaces provide access to the LS-DYNA 

binary databases (d3plot or binout, d3hsp or d3eigv) and the LS-OPT database, respectively. The 

interfaces are an integral part of LS-OPT.  

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

o Mathematical expressions. 

o GenEx. This interface allows the user to extract selected field values from a text file.o 

o Excel. 

The extraction of responses consists of a definition for each response and 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 standard LS-DYNA interface (see Section 6.1.1) or a user-defined 

interface. 

Each extracted response or (multi)history is identified by a name, Table 6-2, and the settings to be specified 

using the respective interface. 
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Figure 6-1: Histories definition in the GUI 

Table 6-1: Interfaces for Response and History extraction 

Option Description Reference 

Generic USERDEFINED Result extraction using any script or 

program 

Section 6.13 

FILE Result extraction from a text file 

(Response only) 

Section 6.14 

GENEX Tool for extracting results from text files Chapter 7 
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EXCEL Result extraction from an Excel 

document 

Section 6.16 

EXPRESSION Definition of mathematical expressions 

using previously defined entities 

Section 6.4.1 

FUNCTION Expressions using previously defined 

histories 

Section 6.4.3 

INJURY Injury criteria Section 6.5 

Curve Matching Metrics  for comparison of two multi-

point curves (Response only) 

Section 0 

MATRIX_EXPRESSION  (Response only) Section 0 

Derived Crossplot Crossplot (History only) Section 6.4.1 

LS-DYNA ABSTAT Binout interface Section 6.2.1 

ABSTAT_CPM Binout interface Section 6.2.1 

BNDOUT Binout interface Section 6.2.1 

D3PLOT D3plot interface Section 6.2.3 

DBBEMAC Binout interface Section 6.2.1 

DBFSI Binout interface Section 6.2.1 

DEFORC Binout interface Section 6.2.1 

ELOUT Binout interface Section 6.2.1 

FLD Metal Forming results (Response only) Section 6.3.2 

FREQUENCY D3eigv interface (Response only) Section 6.2.5 

GCEOUT Binout interface Section 6.2.1 

GLSTAT Binout interface Section 6.2.1 

JNTFORC Binout interface Section 6.2.1 

MASS D3hsp interface (Response only) Section 6.2.4 

MATSUM Binout interface Section 6.2.1 
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NCFORC Binout interface Section 6.2.1 

NODOUT Binout interface Section 6.2.1,  

NODFOR Binout interface Section 6.2.1 

PSTRESS Metal Forming results (Response only) Section 6.3.3 

RBDOUT Binout interface Section 6.2.1 

RCFORC Binout interface Section 6.2.1 

RWFORC Binout interface Section 6.2.1 

SBTOUT Binout interface Section 6.2.1 

SECFORC Binout interface Section 6.2.1 

SPCFORC Binout interface Section 6.2.1 

SPHOUT Binout interface Section 6.2.1 

SWFORC Binout interface Section 6.2.1 

THICK Metal Forming results (Response only) Section 6.3.1 

LS-OPT LSOPT Optimized inner level variables, 

responses, composites, objective 

functions, constraints, histories and 

reliability statistics 

Section 

6.15.2, 

Section 

6.15.1 

LSOPT_STATISTICS Statistical values produced by a Monte 

Carlo analysis (Response only) 

Section 

6.15.3 

File Histories Global file histories  Section 6.18 

File Multihistories Global file multihistories Section 6.19 

Copy Copy the selected History/Response  

Paste Paste a previously copied 

History/Response, also possible between 

stages. The next free number is 

automatically appended to the name. 
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Table 6-2: General (Multi) History and Response options for all interfaces 

Option Description 

Name History/Response name 

Subcase Integer CASE ID associated with the *CASE parameter in LS-DYNA. This 

option is mandatory for disciplines that use the *CASE parameter in LS-

DYNA input files but is not required for other cases. For all other cases, 

first/last commands should be used. 

Multiplier 

Offset 

(Response only) If scaling and/or offsetting of the response is required, the 

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

Not metamodel linked (Response only) Sometimes it is beneficial to create intermediate responses 

without associated metamodels, although the task is metamodel-based. This 

promotes efficiency. Responses that are not metamodel linked cannot be 

included directly in composites, as composites rely on metamodel-based 

calculations. 

Dump formula file (Response only) Dump metamodel formula to file 

formula_dump_responsename.iteration in the working directory. 

DEFINE_CURVE (History only) *DEFINE_CURVE definition of history, Section 6.1.2 

6.1.1. Result extraction 

Each individual simulation run is immediately followed by a result extraction to create the history .n, 

multihistory .n and response .n files for that particular design point. For distributed simulation runs, 

this extraction process is executed on the remote machine. The history .n, multihistory .n and 

response .n files are subsequently transferred to the local run directory. If the extraction on the remote 

machine is not successful, and the solver database is locally available, it is repeated on the local machine. 

Hence programs and scripts needed for result extraction do not have to be accessible from the remote 

machine. These results are stored in the AnalysisResults_ n.lsox and 

AnalysisResults_ n.lsox databases. 

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

The DEFINE_CURVE selection allows the creation of an LS-DYNA include file (e.g. his.k) with the 

*DEFINE_CURVE keyword and history data. The LCID, which represents the load curve ID required by 

LS-DYNA, should be entered in the appropriate text box. See e.g. Figure 6-15. 
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Figure 6-2: DEFINE_CURVE creates file his.k  containing the *DEFINE_CURVE keyword with LCID 

100002  together with the generated history data. 

6.2. Extracting history and response quantities: LS-DYNA 

LS-OPT provides interfaces for history and response result extraction from binout, d3plot, d3hsp and 

d3eigv. Multihistories are extracted from the d3plot database. The user must ensure that the LS-DYNA 

program will provide the output files required by LS-OPT, however, an option to check for missing 

*DATABASE cards is enabled by default, see Section 5.3.1. 

The options for the extraction of LS-DYNA responses and histories are identical, except for the Select 

option.  

Aside of the standard interfaces for extracting any a data item from the LS-DYNA database, specialized 

responses for metal-forming are also available. The computation and extraction of these responses are 

discussed in Section 6.3.  

6.2.1. LS-DYNA binout results  

All LS-DYNA history and response result extraction options except for D3PLOT, MASS and 

FREQUENCY interface with the LS-DYNA binout output. The BINARY flag in the respective 

*DATABASE_OPTION card and the desired entity ID in the *DATABASE_HISTORY_OPTION card has 

to be set correctly in the LS-DYNA input file. Note that the LS-DYNA executable is interpreted as a single 

process (SMP) by LS-OPT, hence the default binary flag value 0 is not supported, Section 5.3.1. 
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Results can be extracted for the whole model or a finite element entity such as a node or element, depending 

on the selected interface. For shell and beam elements the through-thickness position can be specified as 

well. 

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

response extraction. The Select option has to be specified to extract a scalar value from the curve. The 

optional attributes From time and To time can be specified to slice the curve before extracting the requested 

scalar value. The defaults are 0 and the end value of the history. 

Filtering and averaging options are available for histories and responses. 

These operations will be applied in the following order: averaging or filtering, and slicing. 

The available results types and components are listed in Appendix A:   LS-DYNA Binout Commands and 

Appendix B:  LS-DYNA Binout Components. 

The NODOUT components Deformation and Distance are described in detail in Section 6.2.2. 

 

Figure 6-3: Response extraction: LS-DYNA NODOUT interface 
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6.2.2. Kinematics 

Additional kinematics such as distances and deformations can be computed directly using NODOUT results 

by defining two nodes on the finite element mesh. Kinematics consist of two main quantities: 

o The distance vector q computed using the differences between the coordinates of the two nodes.  

o The deformation derived using the difference between the distance vector computed at time t and the 

original distance vector (t = 0). o 

These quantities can be computed in  

o the global coordinate system,  

o a local coordinate system or  

o local coordinates referred to the global reference frame (t = 0). o  

The local axes are computed using the convention defined in Section 6.4.5 to define the rotation matrix A 

where A is a function of time. The quantities are therefore defined as follows. o 

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

Frame Distance Deformation 

Global  ▀ ▲ ◊ ▲ ▲π 

Local ▀ ═ὸ▲ὸ ◊ ▀ᴂ ═π▲π 

Local in reference ▀ ═ π═ὸ▲ὸ ◊ ▀ᴂᴂ▲π 

The orthogonal matrix A(t) is defined by a local coordinate system (xôyôzô in Figure 6-4) which in turn is 

defined by three nodes on the finite element mesh as it displaces over time. Nodes 2 and 3 represent the 

local x-axis direction, Figure 6-4, while node 1 represents the third node. This is the same convention as 

defined in Section 6.4.5.  

The second and third kinematic categories are both denoted ñlocalò since deformation should be totally 

absent for pure rigid body systems. If the triangles 1-2-3 and 1ǋ-2ǋ-3ǋ are congruent, i.e. they represent a rigid 

body, the quantity defined as Local in reference frame is 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, A Congruence ratio for each history or response is displayed in the job_log (run 

directory) or lsopt_output files. The ratio for a node is defined as the ratio of the side length opposite the 

node i at time tfinal 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. 
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Kinematic quantities are available as both histories and responses. 
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Figure 6-4: Local and global coordinate systems 

6.2.3. LS-DYNA d3plot results  

The D3PLOT interface is related to the Binout interface. The D3PLOT results differ from the Binout 

commands in that a response or history can be collected over a whole part. For example, the maximum 

stress can be evaluated in a part or over the whole model. Results can also be extracted for a finite element 

entity such as a node or element. For shell and beam elements the through-thickness position can be 

specified (currently not available in the GUI). Element results such as stresses are averaged in order to 

create nodal results. 

If the location of extraction is specified by x,y,z coordinates, the quantity will be extracted from the element 

nearest to x,y,z at the time of reference state. Only elements included in the *SET_SOLID_GENERAL 

element set are considered (only the PART and ELEMENT options). 

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

response extraction. For responses, the Select in time option has to be specified to extract a scalar value from 

the curve. The optional attributes From time and To time can be specified to slice the curve before extracting 

the requested scalar value. The defaults are 0 and the end value of the history (not available for d3plot).  

If the selection must be done over parts as well, the maximum, minimum or average can be selected for the 

part (Select in region), followed by the selection of the maximum, minimum, or average over time.  

The available results types and components are listed in Appendix C:  LS-DYNA D3Plot Commands and 

Appendix D:  LS-DYNA D3Plot Components. 

The LS-PREPOST fringe plot capability can be used for the graphical exploration and troubleshooting of 

the data. 
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Figure 6-5: Response extraction from d3plot 

D3Plot FLD results 

If FLD results are requested then the FLD curve can be specified using (i) the t and n coefficients or (ii ) a 

curve in the LS-DYNA input deck. The interpretation of the t and n coefficients is the same as in LS-

PREPOST. Note that the THICK, FLD and PSTRESS interface options are an alternative, Section 6.3.  

D3Plot Multihistories 

Multihistories offer the possibility to extract histories at multiple points on the model, hence the spatial 

dimension is considered as well. The available options are described in Table 6-4. 

Multihistories can be extracted for shells and solids. If the Location option is selected as Coordinate File, 

the coordinates of the extraction points must be specified in LS-DYNA format in a file using the *NODE 

keyword. The user should ensure that the IDs used are different from the IDs used in the LS-DYNA model 

and the data is terminated by *END. 

Multihistories can also be interfaced with digital imaging systems. If the multihistory is defined for 

comparison to test results generated by the optical measurement system ARAMIS10, the ARAMIS point 

locations can be used here (Source option ARAMIS). The respective ARAMIS File Multihistory, see Section 

6.19, has to be selected from the ARAMIS multihistory menu. LS-OPT will automatically extract the 

coordinates of the points from the ARAMIS output defined by the File Multihistory. 

 

                                                 
10 GOM GmbH, Braunschweig 
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Table 6-4: D3Plot Multihistory options 

Option Description 

Source ARAMIS Multihistory or Coordinate File. The file should be in the 

LS-DYNA *NODE keyword format to define extraction locations. 

ARAMIS Multihistory 

(Source option ARAMIS only) 

Name of File Multihistory which defines coordinates. Coordinates 

are extracted from ARAMIS output files. 

File name 

(Source option Coordinate 

File only) 

File in LS-DYNA format that contains the extraction point 

coordinates using the *NODE keyword format. 

FE Interpolation 

(Element results only) 

Nearest node: averaged element results 

Nearest element: exact coordinate,  

value interpolated using a bilinear interpolation 

Cluster source points to nodes Reduces the number of points to be similar to the number of nodes in 

the region of the source point set. The cluster represents those points 

that are closest to the FE nodes in the region of the source point set. 

Distance Tolerance Tolerance in distance units used to filtering source points. A point is 

discarded if the tolerance is exceeded.  

Align points and simulation 

geometry 

Transformation to align point set and simulation data 

New alignment Definition of transformation to align point set with simulation 

geometry 

Open in LSPP An LS-PrePost display is created showing the alignment selected for 

the point set and FE mesh. 

For element results such as stresses, the user can select whether to use the result of the nearest node or the 

nearest element. When selecting the element option, the quantity is extracted at the exact coordinate with the 

value interpolated within the element using a bilinear interpolation. In order to create the nodal results, 

element results will be averaged.  

The extraction points can be filtered in two ways. The first is to select a cluster of points which are the 

nearest neighbors to the point set. The second is by specifying a tolerance on the distance between a point 

and a node. If no node is found within the distance tolerance, the point is discarded for extraction. The 

tolerance can be applied together with the cluster in which case the number of cluster points may be further 

reduced. Applying the cluster and/or tolerance improves the spatial matching of the point set and FE mesh, 

which in turn improves the accuracy and efficiency. 
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Since the position of test and simulation geometry might be different, a transformation can be defined to 

align test and simulation data in three dimensions. Select the New Alignment button to open the Alignment 

dialog, Figure 6-6. 

At least three points need to be specified for test and simulation, respectively, to calculate the 

transformation. The test points can be defined by coordinates, or for ARAMIS the ARAMIS point IDs can 

be used. For the simulation, also coordinates can be used or nodal IDs. Additionally, if the dimensions of 

test and simulation geometry are not the same, a scaling factor can be specified to scale the test geometry to 

the simulation geometry. The alignment is done using a least squares distance. 

 

Figure 6-6: Alignment dialog 

Table 6-5: Alignment options 

Option Description 

Transformation Name Name of transformation 

Test Format of alignment point specification for test data. The alignment points 

can be specified by coordinates, or by ARAMIS point ID. 

Simulation Format of alignment point specification for simulation model. The 

alignment points can be specified by coordinates or by node ID. 

Scale factor Use scale factor if dimensions of test and simulation geometry are 

different. The test coordinates are scaled. 

 

Open in LSPP launches LS-PrePost with the LS-DYNA input file and the coordinate file that is specified 

for the multihistory locations, Figure 6-7. The alignment of test and simulation geometry is considered. 
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Figure 6-7: D3PLOT Multihistory: Test points superimposed on LS-DYNA model 

6.2.4. Mass ï Interfacing with d3hsp 

The MASS response interfaces with the LS-DYNA output file d3hsp . The mass and related entities, Figure 

6-8 and Table 6-6, can be extracted for the whole model or a list of parts. 

 

Figure 6-8: Interface for extraction of Mass and related entities from LS-DYNA output d3hsp 
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Values are summed if more than one part is specified (so only the mass value will be correct). However for 

the full model (part specification omitted) the correct values are given for all the quantities. 

Table 6-6: Mass item description 

Item Description 

Parts to be included Entity is extracted for the entire model or for the part IDs specified in the list. 

Attribute Type of mass quantity: 

Mass Mass 

Principal Inertias Component I11, I22, I33  

Inertia Tensor Component IXX, IXY, IXZ, IYX, IYY, 

IYZ, IZX, IZY, IZZ  

Mass Center Component X-Coordinate, Y-Coordinate or Z-

Coordinate of mass center 

6.2.5. Frequency ï Interfacing with d3eigv 

The FREQUENCY response interfaces with the LS-DYNA output file d3eigv, Figure 6-9. See Table 6-7 for a 

description of the available extraction options. 

 

Figure 6-9: Interface for extraction of frequencies from LS-DYNA output d3eigv 
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Table 6-7: Frequency item description 

Item Description 

Baseline Mode Number The number (sequence) of the baseline modal shape to be tracked. It cannot 

exceed 999. The user must identify which baseline mode is of interest by 

viewing the baseline d3eigv  file in LS-PrePost. 

Modal Output Option Type of modal quantity 

Frequency of Mode Frequency of current mode corresponding in 

modal shape to baseline mode specified. 

New Mode Number Number of current mode corresponding in 

modal shape to baseline mode specified. 

Modal Assurance Criterion Modal assurance criterion: 

ÍÁØ
• • • •

• • • •
 ÍÁØὓὃὅ 

Mode Tracking Status Enable or disable mode tracking, see Theory section below 

Mode Tracking - Theory 

Mode tracking is required during optimization using modal analyses as mode switching (a change in the 

sequence of modes) can occur as the optimizer modifies the design variables. In order to extract the 

frequency of a specified mode, LS-OPT calculates the modal assurance criterion (MAC). The scalar MAC 

value provides the degree of consistency between baseline modal shape and each mode shape of the current 

design. The maximum MAC value indicates the mode most similar in shape to the original mode selected. 

LS-OPT reads the eigenvectors from the d3eigv files, for calculating the MAC values. The MAC value for 

the reference modal vector 0j  and the 
thj  modal vector of the current design jj  is calculated as: 

 
MAC

j
=

{ű0}
H
{űj}{űj}

H
{ű0}

{ű0}
H
{ű0}{űj }

H
{űj}  (6-1) 

where H is the Hermitian operator. The MAC value corresponding to the most similar mode can be 

extracted using the respective Modal Output Option (see Table 6-7).  

In certain cases, the user may be interested in the frequency corresponding to a specific mode number. To 

enable this option, the ability to turn mode tracking off is provide. By default this feature is on, but turning it 

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

shape. 
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6.3. Extracting metal forming response quantities: LS-DYNA 

Responses directly related to sheet-metal forming can be extracted, namely the final sheet thickness (or 

thickness reduction), Forming Limit criterion and principal stress. All the quantities can be specified on a 

part basis as defined in the input deck for LS-DYNA. Mesh adaptivity can be incorporated into the 

simulation run. 

The user must ensure that the d3plot  files are produced by the LS-DYNA simulation. Note that the 

D3PLOT interface options are an alternative.  

6.3.1. Thickness and thickness reduction 

Either thickness or thickness reduction can be specified using the THICK interface, Figure 6-10. 

 

Figure 6-10: Thickness or Thickness reduction interface 

Table 6-8: THICK options description 

Item Description 

Parts to be included Entity is extracted for the entire model or for the parts IDs specified in the list. 

Reported Value 

Type 

Final shell thickness 

Percentage thickness reduction 

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

parts 

6.3.2. FLD constraint 

The FLD constraint is shown in Figure 6-11. Two cases are distinguished for the FLD constraint: 
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o The values of some strain points are located above the FLD curve. In this case the constraint is 

computed as 

maxdg=
  

with dmax the maximum smallest distance of any strain point above the FLD curve to the FLD curve. 

o All the values of the strain points are located below the FLD curve. In this case the constraint is 

computed as 

mindg -=  

with dmin the minimum smallest distance of any strain value to the FLD curve (Figure 6-11). 

It follows that for a feasible design the constraint should be set so that g(x) < 0. 

 

Constraint Active 

 

 g = dmax 

 e1 

 e2 

 d1 

 d2 

 d3 

 
a) FLD Constraint active 

Constraint Inactive 

 

 g = ïdmin 

 e1 

 e2 

 d1 

 d2 

 d3 

 
b) FLD Constraint inactive 

Figure 6-11: FLD  curve ï constraint definition 
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General FLD constraint 

A more general FLD criterion is available if the forming limit is represented by a general curve. Any of the 

upper, lower or middle shell surfaces can be considered. 

 

Figure 6-12: Definition of General FLD constraint 

Remarks 

1. A piece-wise linear curve is defined by specifying a list of interconnected points. The abscissae (
2e) 

of consecutive points must increase (or an error termination will occur). Duplicated points are 

therefore not allowed. 

2. The curve is extrapolated infinitely in both the negative and positive directions of (
2e). The first and 

last segments are used for this purpose. 

3. The computation of the constraint value is the same as shown in Figure 6-11.0. 0. 

FLD Fraction constraint 

This option calculates the fraction of elements that violate the FLD constraint(s). Thus, it is useful in cases 

where a certain fraction of failure is tolerated. It also allows the definition of multiple zones, each defined 

by either one curve or two curves. The curves define the upper and lower bounds of the allowable principle 

strain states. The zones can overlap with each other, and the fraction calculated represents failure based on 

any of the defined criteria. 
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Figure 6-13: Definition of FLD fraction constraint 

The following must be defined for the model and FLD curve: 

Table 6-9: LS-DYNA General FLD constraint options description 

Option Description 

FLD constraint  General or fraction 

Parts to be included Entity is extracted for the entire model or for the parts IDs specified in the list. 

Sampling location Lower, middle or upper surface of the sheet 

Load curve ID(s) Identification number of a load curve in the LS-DYNA input file. The 

*DEFINE_CURVE keyword must be used. Refer to the LS-DYNA Userôs 

Manual for an explanation of this keyword. 

Remarks 

1. The interface program produces an output file FLD_curve which contains the e1 and e2 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 specification. The user should take care to remove an old version of 

the FLD_curve if the curve specification is changed in the keyword input file. If a structured input 

file is used for LS-DYNA input data, FLD_curve must be created by the user. 

2. The scale factor and offset values feature of the *DEFINE_CURVE keyword are not utilized.0. 



CHAPTER 6: History and Response Results 

LS-OPT Version 6.0  99 

6.3.3. Principal stress 

Any of the principal stresses or the mean can be computed using the PSTRESS interface. The values are 

nodal stresses. 

 

Figure 6-14: Principal Stress Interface 

Table 6-10: Principal Stress options description 

Item Description 

Parts to be included Entity is extracted for the entire model or for the parts IDs specified in the list. 

Stress value to 

extract 
Maximum principal stress s1 

Second principal stress s 2 

Minimum principal stress s 3 

Mean of principal stress (s1 + s 2 + s 3)/3 

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

parts 

6.4. Generic Interfaces for History, Multihistory  and Response extraction 

6.4.1. Expressions 

Mathematical expressions using previously defined entities can be defined here. The expression syntax and 

the available mathematical functions are described in Appendix F: . 
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6.4.2. Crossplot history 

A special history and multihistory function Crossplot  is provided to construct a curve Ὂᾀ given Ὂὸ 

and ᾀὸ. File histories and file multihistories can also be used. For the Multihistory Crossplot, a history or 

multihistory can be selected to represent ᾀὸ or Ὂὸ. 

 

Figure 6-15: Interface to define a crossplot history 

The options are explained in Table 6-11. 

Table 6-11: Description of Crossplot  arguments 

Option Description Default 

ᾀὸ History or Multihistory of abscissa - 

Ὂὸ History or Multihistory of ordinate - 

Number of points Number of points created in crossplot Smallest of the numbers of points  

defining  f and g  

From time Begin time Largest ὸ-value of Ὂ and ᾀ  

To time End time Smallest ὸ-value of Ὂ and ᾀ, 
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6.4.3. Function Interface 

The functions available for the extraction of response values from previously defined histories are explained 

in Appendix F.3 .  

The History and Multihistory functions are described below. 

Derivative history 

A special history function Derivative  is provided to construct a curve ὨὪὸȾὨὸ given Ὢὸ. Finite 

difference weights based on a 3-point template are used for the calculation [3]. The grid spacing of the 

reference history can be arbitrary.  

 

Figure 6-16: Interface to define derivative history 

Remarks 

1. Since the derivative approximation is based on a multipoint scheme, it is recommended to avoid 

having too few points in the history. 

2. Irregular grid spacing is automatically supported. 

Filtered history 

A special history and multihistory function Filter  is provided to construct a filtered curve. 

 

Figure 6-17: Int erface to define a filtered history 
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Table 6-12: Description of Filter arguments 

Argument name Description 

History Pre-defined history 

Filtering Filtering type: SAE Filter, Butterworth Filter or Time Average 

Frequency Filtering frequency in Hz 

Time unit Units of time 

Number of points Number of averaging points 

Curve truncation 

A special multihistory function TruncateMultiHistory  is provided to truncate curves, Figure 6-18. 

 

Figure 6-18: Interface to define a truncated multihistory 

Table 6-13: Description of TruncateMultiHistory  arguments 

Argument name Description 

History Pre-defined history 

Lower limit Lower limit 

Upper limit Upper limit. Tail end of curve truncated for trailing points between limits. 

Omit point If a trailing time state falls within the limits so that the constraint is active, omit 

the spatial point (e.g. DIC point). 

Experimental curves may have trailing ends (tails) which do not represent actual data (dead signal). On the 

simulation side, the solver may produce curves which exhibit trailing ends representing the vibrational 

behavior of a coupon after fracture.  
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Bounds on the function value of the curve may be specified for truncating the trailing end of a curve. If the 

tail of the function lies within the bounds, it is truncated. The function loops over the curve points starting 

from the tail end and stops at the first point it finds outside the limits going backwards. To fill in the gap, an 

additional point is constructed on the bound using the intersected curve segment (edge). 

Mathematically, the interval is closed: [L,U] , so that the limits are included. Thus if an experimental curve 

has a dead trailing signal (exact 0-flatlined tail), [0,0] will truncate the tail. 

The curve can be bounded from one side ([L,Ð] or [Ð,U]) by omitting the other bound value, i.e. the curve is 

preserved below L or above U respectively. The transformation is ignored if both bounds are omitted. 

If the last curve point is outside the prescribed limits, the curve is fully preserved. 

6.4.4. Curve Matching Response 

The Curve Matching interface provides metrics for comparison of target curves and curves extracted from 

simulation runs, Figure 6-19. Both histories and multipoint histories may be used. The options are explained 

in Table 6-14. 

 

Figure 6-19: Curve Matching Response dialog 
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Table 6-14: Curve Matching Response options 

Option Description Reference 

Match Histories or Multihistories  

Algorithm Curve matching metric to calculate ñdistanceò between 

target and computed curve: 

Mean Square Error 

Partial Curve Mapping 

Discrete Frechet 

Dynamic Time Warping 

Section 28.2 

 

Section 28.2.1 

Section 28.2.4 

Section 28.2.2 

Section 28.2.3 

Target history 

Target multihistory 

Previously defined history, file history, multihistory or 

file multihistory containing target values. 

 

Add new file history 

Add new file 

multihistory 

If the file history or file multihistory to be used as Target 

curve is not already defined, this can be done here. 

Section 6.18 

Section 6.19 

Computed history 

Computed multihistory 

Previously defined history, multihistory or Crossplot 

extracted from simulation results. 

 

Regression points Regression points used to calculate response: 

From target curve 

Fixed number (equidistant, interpolated) 

 

6.4.5. Matrix operations 

Matrix operations can be performed by initializing a matrix, performing multiple matrix operations, and 

extracting components of the matrix as response functions or results. All these operations are defined using 

the MATRIX_EXPRESSION interface, Figure 6-20. 

There are two functions available to initialize a matrix, namely Matrix3x3Init  and Rotate . Both 

functions create 3×3 matrices.  

The component of a matrix is extracted using the format A.a ij  (or the 0-based A[ i - 1][ j - 1] ) e.g. 

Strain.a23 (or Strain[1][2] ) where i and j are limited to 1,2 or 3.  

The matrix operation A ï I  (where I  is the unit matrix) is coded as A- 1. 
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Figure 6-20: Matrix Expression: Initialization of a matrix 

Initializing a matrix  

The command to initialize the matrix 
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is 

Matrix3x3Init(a11,a12,a13,  a21,a22,a23,  a31,a32,a33) 

where aij is any previously defined variable (typically a response or result).  

Creating a rotation matrix using 3 specified points 

The expression is 

Rotate(x1,y1,z1,  x2,y2,z2,  x3,y3,z3) 

where the three triplets represent points 1, 2 and 3 in 3-dimensional space respectively.  

o The vector v23 connecting points 2 and 3 forms the local X direction.  

o Z = v23 × v21  

o Y = Z × X  

The vectors X, Y and  Z are normalized to x , y  and z which are used to form an orthogonal matrix: 
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where  Ὕ Ὅ.  
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6.5. Injury criteria  

All of the injury criteria were developed according to the specification in [1].  

Injury criteria must 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 Section 6.11. 

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 Upper-Load-Cell is calculated as follows 

)( FDMMOC Ö-=  

with MOC   Total moment [Nm] 

 F   Neck axial force resultant [N] 

 M   Neck s-moment resultant [Nm] 

 D   Distance between the force sensor axis and the Condyle axis, 

depends on the dummy type, Table 6-16. 

Table 6-15: Options for MOC 

Option Description Symbol 

Neck Force x Neck axial force resultant F 

Neck Moment y Neck s-moment resultant M 

Dummy_type Dummy type - 

Length unit Length units - 

Force unit Force units - 
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Table 6-16: Input constants for various dummy types 

Dummy Type D[m] 

Hybrid III, male 95% 0.01778 

Hybrid III, male 50% 0.01778 

Hybrid III, female 5% 0.01778 

Hybrid III, 10-year 0.01778 

Hybrid III, 6-year 0.01778 

Hybrid III, 3-year 0 

Crabi 12, 18 month 0.00584 

TNO P1,5 0.0247 

Crabi 6 month 0.0102 

TNO P 3/4, P3 0 

ES-2 0 

TNO Q series 0 

SID-IIs 0.01778 

BioRID 0.01778 

WORLDSID 0.0195 

6.7.2. NIC (rear impact)  

NIC is the abbreviation for Neck Injury Criterion. LS-OPT calculates the NIC value specified for rear 

impact. The NIC value is calculated with the following formula: 

22.0 relativerelative vaNIC +Ö=
 

with 
TI Head

relative x xa a a= -  relative x-acceleration 

 ñ= relativerelative av
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Table 6-17: Options for NIC 

Option Description Symbol 

Acceleration 1. thorax spine x-acceleration of first thorax spine TI

xa  

Acceleration head x-acceleration at the height of the c.o.g. of the head Head

xa  

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 (tension-flexion), Nce (compression-extension) and Ncf (compression-flexion).  

The Nij value is the maximal value of Nte, Ntf, Nce, Ncf and is calculated with the following formula: 

cc M

MOC

F

F
NIJ +=

 

with F   Force at the point of transition from head to neck (t-shear resultant) 

 cF    Critical force (depending on dummy type) 

 MOC  Total Moment (see MOC, section 6.7.1) 

 cM   Critical moment (depending on dummy type) 

Table 6-18: Options for Nij arguments 

Option Description Symbol 

Neck Force x Neck axial force resultant See MOC 

Neck Moment y Neck s-moment resultant See MOC 

Neck Force z Force at the point of transition from head to neck F 

Dummy type Dummy type - 

Length unit Length units - 

Force unit Force units - 
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Table 6-19: Input constants for various dummy types 

Dummy type Test FC [N]  

Tension 

FC [N]  

Compression 

MC [Nm] 

Flexion 

MC [Nm] 

Extension 

Hybrid III; male 50% In position 6806 -6160 310 -135 

Hybrid III; female 5% In position 4287 -3880 155 -67 

Hybrid III; female 5% Out of position 3880 -3880 155 -61 

Hybrid III; 6-year Out of position 2800 -2800 93 -37 

Hybrid III;  3-year Out of position 2120 -2120 68 -27 

Hybrid III;  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 (flexion-anterior), Nea (extension-anterior), Nfp (flexion-

posterior) and Nep (extension-posterior). 

The Nkm value is calculated with the following formula, [2]: 

intint

)()(
)(

M

tMOC

F

tF
tNkm +=

 

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

 intF  Critical force 

 MOC  Total Moment (see MOC, section 6.7.1) 

 intM  Critical moment 
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Table 6-20: Options for Nkm arguments 

Option Description Symbol 

Neck Force x Neck axial force resultant F 

Neck Moment y Neck s-moment resultant See MOC 

Dummy type Dummy type - 

Length unit Length units - 

Force unit Force units - 

Criterion Nfa, Nea, Nfp, Nep - 

Table 6-21: Input constants 

Criteria Description Value 

*_anterior Positive Shear Fint  845 N 

*_posterior Negative Shear Fint -845 N 

flexion_* Flexion Mint 88.1 Nm 

extension_* Extension Mint -47.5 Nm 

6.7.5. LNL  

LNL is the abbreviation for the Lower Neck Load Index. The LNL value is calculated with the following 

formula: 

tension

z

shear

xy

moment

xy

C

offF

C

FF

C

MM
LNL

+
+

+
+

+
=

2222

 

with yM   s-Moment resultant 

 xM   Torsional resultant 

 momentC  Critical moment 

 xF   s-Shear resultant 

 yF   Axial force resultant 
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 shearC   Critical force 

 
zF   t-Shear resultant 

 tensionC   Critical force 

 off   offset to include pre-load, depends on dummy position 

Table 6-22: Options for LNL arguments 

Option Description Symbol 

y Force Axial force resultant 
yF  

x Force s-Shear resultant 
xF  

z Force t-Shear resultant 
zF  

y Moment s-Moment resultant 
yM  

x Moment Torsional resultant 
xM  

Length unit Length units - 

Force unit Force units - 

Table 6-23: Input constants 

Force/Moment Description Value 

Cmoment Critical moment 15 [Nm] 

Cshear Critical force 250 [N] 

Ctension Critical force 900 [N] 

6.8. Chest Criteria  

6.8.1. Chest compression 

Maximum relative rotation multiplied by a constant: 

)]([max1 tC
t
Q
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Table 6-24: Options for Chest Compression arguments 

Option Description Symbol 

History relative rotation history )(tQ  

Dummy type dummy type -  

Table 6-25: Input constants for various dummy types 

Dummy Type Scaling factor C1 

Hybrid III; male 95% 130.67 

Hybrid III; male 50% -139.0 

Hybrid III; female 5% -87.58 

Remarks 

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

6.8.2. Viscous criterion (VC) 

VC is an injury criterion for the chest area. The VC value [m/s] is the maximum crush of the momentary 

product of the thorax deformation speed and the thorax deformation. Both quantities are determined by 

measuring the rib deflection (side impact) or the chest deflection (frontal impact). The formula is: 

1

2

( )
min ( )

C dY t
Y t

C dt
-

 

Table 6-26: Options for Viscous Criterion arguments 

Argument name Description Symbol 

History Thoracic deformation (m) Y(t) 

Dummy type Dummy type -  

Time unit Time units -  

Length unit Length units -  
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Table 6-27: Input constants for various dummy types 

Dummy Type Scaling factor C1 Deformation constant C2 (m) 

Hybrid III; male 95% 1.3 0.254 

Hybrid III; male 50% 1.3 0.229 

Hybrid III; female 5% 1.3 0.187 

BioSID 1.0 0.175 

EuroSID-1 1.0 0.140 

EuroSID-2 1.0 0.140 

SID-IIs 1.0 0.138 

Remarks 

1. The derivative is computed using the 4th order (template size = 5) finite difference approximation: 

)(
12

88

d

d 42112 hO
h

ffff

t

f iiii +
-+-

= ++--

 

where h is the time interval between the single measurements. 

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

6.8.3. Thoracic Trauma Index (TTI)  

TTI is the abbreviation for Thoracic Trauma Index (Thorax Trauma Index). 

The TTI value is calculated using the following formula: 

2

).().(max spinelwrAribA
TTI

+
=

 

)}.(),.(max{).(max riblwrAribuprAribA =  

with ).( ribuprA  Maximum y-acceleration of the upper rib 

 ).( riblwrA  Maximum y-acceleration of the lower rib 

 ).( spinelwrA  Maximum y-acceleration of the lower spine 

The result is divided by the gravitational acceleration g (9810mm/s²). 
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Table 6-28: Options for TTI arguments 

Option Description Symbol 

Acceleration upper rib y-acceleration of the upper rib ).( ribuprA  

Acceleration lower rib y-acceleration of the lower rib ).( riblwrA  

Acceleration lower spine y-acceleration of the lower spine ).( spinelwrA  

Time unit Time units - 

Length unit Length units - 

6.9. Criteria for the Lower Extremities  

6.9.1. Tibia Index (TI)  

TI is the abbreviation for the Tibia Index. 

The calculation of the TI value in based on the equation 

CC F

F

M

M
TI +=

 

22 )()( yx MMM +=
 

with yxM /  Bending moments [Nm] (torsional resultant, s-moment resultant) 

 CM  Critical bending moment 

 F  Axial compression [kN] (t-shear resultant) 

 CF  Critical compression force 
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Table 6-29: Options for TI  arguments 

Argument name Description Symbol 

Bending moment x Bending moment, torsional resultant 
xM  

Bending moment y Bending moment, s-moment resultant 
yM  

Axial compression z Axial compression, t-shear resultant F  

Dummy type Dummy type - 

Length unit Length units - 

Force unit Force units - 

Table 6-30: Input constants for various dummy types 

Dummy type Critical bending moment [Nm] Critical compression force [kN] 

Hybrid III, male 95% 307.0 44.2 

Hybrid III, male 50% 225.0 35.9 

Hybrid III, female 5% 115.0 22.9 

6.10. Additional Criteria  

6.10.1. A3ms 

The smallest resultant acceleration level maintained for 3ms. trD is computed as the level of 

222 zyxr ###### ++=  exceeded for the specified time interval tD(3ms). The resulting acceleration level is 

divided by the gravitational acceleration, g = 9810mm/s². 
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Table 6-31: Options for a3ms arguments 

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 -  

Length unit Length units -  

Remarks 

1. y History ( y##) and z History ( z##) are optional. 

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

6.11. LS-DYNA Binout injury criteria  

The injury criteria such HIC, HIC (3 nodes), Chest Severity Index, CLIP3m and CLIP3m (3 nodes) can only 

be compute for LS-DYNA. The acceleration components for the specified nodes will be extracted from 

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 9.81 m/s2o 

6.12. The GenEx tool for extracting responses and histories from a text file. 

The GenEx tool is described in Chapter 12. 

6.13. User-defined interface for extracting results 

The user may provide an own extraction routine or any program, e.g. a postprocessor, to get response or 

history results. For responses, the command has to output a single floating-point number to standard output. 

For histories, the values have to be output to a file LsoptHistory  in two columns. The command has to 

be specified in the Definition field in the USERDEFINED interface dialog, Figure 6-21. 

Examples of the output statement in such a program for response extraction are: 

o The C language: 

printf ("%lf \ n", output_value);  
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or 

fprintf (stdout, "%lf \ n", output_value);  

o The FORTRAN language: 

write (6,*) output_value  

o The Perl script language: 

print  "$output_value \ n";  

 

Figure 6-21: Extracting a Response using a user-defined program 

Examples 

1. The user has an own executable program òExtractForce ò which is kept in the directory 

$HOME/own/bin . The executable extracts a value from a result output file.  

2. The relevant response definition command must therefore be as follows: 

$HOME/own/bin/ExtractForce  

3. If Perl is to be used to execute the user script DynaFLD2, the command may be: 

$LSOPT/perl $LSOPT/DynaFLD2 0.5 0.25 1.833"  

4. In this example the post-processor LS-PREPOST is used to produce a history file from the 

LS-DYNA database. The LS-PREPOST command file get_force : 

open d3plot  d3plot  

ascii rcforc  open rcforc 0  

ascii rcforc  plot 4 Ma - 1 

xyplot 1 savefile xypair LsoptHistory 1  

deletewin 1  

quit  

produces the LsoptHistory file. See Figure 6-21 for the LS-PREPOST command. 

Note : The rcforc history in this example can be obtained more easily by direct extraction, see 

Section 6.2.1 and  Appendix A.1 . 
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Remarks 

1. An alias must not be used for an interface program. 

2. The program should be run in batch mode. 

3. The program is called from the run directories. This has to be considered if relative paths are used. 

4. Single quotes cannot be accommodated in the user-defined history and response command, 

respectively. 

6.14. Response file 

This is also a user-defined option, typically used in conjunction with a user-defined solver type. An output 

filename can be specified for extracting a single response output value. The user must write the calculated 

response value to the specified file during the simulation. The default for the filename is the name of the 

response. Figure 6-22 shows the dialog. 

 

Figure 6-22: Dialog for extracting a response value from a file 

6.15. Extraction of LS-OPT entities 

6.15.1. LS-OPT responses 

The LS-OPT 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, i.e. LS-OPT stage 

evaluation, involves an inner optimization. The results 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 LS-OPT setup.  

The response dialog of the LS-OPT stage type provides the option to define an 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 (Figure 6-24). It is 

also possible to extract responses at any specific inner level iteration by clicking the óIterationô radio button 

and providing the required iteration number.  

Since the inner level can also be a Monte Carlo analysis, statistical values such as standard deviation, mean 

and probability of failure are available in the LSOPT_STATISTICS interface. 
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Figure 6-23: Main dialog for the extraction of LS-OPT stage responses. A special category (LSOPT 

STATISTICS) is available for statistical results produced by a Monte Carlo analysis. 

 

Figure 6-24: Dialog for the extraction of LS-OPT optimal response results 
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6.15.2. LS-OPT histories 

Figure 6-25 depicts the dialog for defining an LS-OPT history. Optimal histories produced by an 

optimization run can be extracted and converted to an LS-DYNA *DEFINE_CURVE keyword file, Section 

6.1.2. This file can then be inserted into a subsequent stage analysis as an include file. Multiple 

*DEFINE_CURVE data sets can be dumped in the same file.  

  

Figure 6-25: Dialog for defining an LS-OPT history. The DEFINE_CURVE option has been selected to 

produce an LS-DYNA keyword file. 

6.15.3. LS-OPT reliability statistics 

Reliability statistics is a special category of the LS-OPT solver type responses which represent statistical 

values produced by a Monte Carlo analysis (direct or metamodel-based). Values can be extracted for global 

statistics (see Figure 6-26) or for individual entities such as constraints (see Figure 6-27), variables, 

dependents, responses and composites. 

 

Figure 6-26: Dialog for extraction of global statistics produced by a Monte Carlo analysis 
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Figure 6-27: Dialog for extraction of constraint statistics produced by a Monte Carlo analysis 

6.16. Excel 

The histories and responses specific to Microsoft Excel can be defined using EXCEL option listed under 

Generic history and responses interfaces. The cells and/or array of cells of an Excel document can be 

defined as LS-OPT histories or responses and hence can also be utilized as design objective/constraints 

based on analysis Task.  



CHAPTER 6: History and Response Results 

LS-OPT Version 6.0  122 

 

Figure 6-28: Microsoft Excel History (left) and Response (right) interface  

Figure 6-28 shows the interface for defining Excel histories and responses. The options are described in 

Table 6-32. 

Table 6-32: Description of Excel History and Response options 

Option  

 

Description  

  

File  

 

Excel document for extraction 

 

Worksheet  Worksheets of the Excel document are listed  

X/time range This field lists all the Excel names defined for cells and cell arrays. 

The name corresponding to the abscissa values of the history 

(typically time) should be selected. If auto increment is used, a 

positive integer sequence of length equal to the number of Y values 

is used starting from 1 (1, 2, 3é).  

Y/value range Lists all the cell names assigned to array of cells used for ordinate 

values of the histories.  

Value cell  Excel cell assigned to response value.  

6.17. Matlab 

The histories and responses for a Matlab stage, Section 5.3.11, are defined in an output file specified in the 

stage setup dialog. The output file has the same format as for a METAPost or a User-defined stage, Section 

5.3.13. Upon specifying an appropriate file, LS-OPT automatically populates the history and response 

dialogs. The response/history name cannot be edited manually, as only the responses and histories defined 

in the Matlab input files are allowed. Thus the effort associated with manual definition is avoided while 

avoiding errors at the same time.  
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Figure 6-29: Matlab response dialog.  The response name cannot be edited manually. 

6.18. File Histories 

A history can be provided in a text file with arbitrary format. Coordinate pairs are found by assuming that 

any pair of numbers in a row is a legitimate coordinate pair. History files are typically used to import test 

data for parameter identification problems. 

File histories are global curves. They are neither sampling nor stage dependent; hence they are not listed in 

the Stage dialog history list. 

 

Figure 6-30: File Histories 
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File History Text File Example: 

Time   Displacement  

1.2,   143.97  

1.4,   156.1  

1.7,   923.77  

6.19. File Multihistories  

File Multihistories may be used to extract data from a set of text files containing multiple curves e.g. from 

full -field measurement. File Multihistories are typically used to import test data for parameter identification 

problems. 

Three file multihistory types are available: 

1. An interface to extract data from files generated by the optical measurement system ARAMIS11.  

2. GenEx can also be used to extract curves from multiple text files (see Chapter 7). The interface 

requires one file per time step. 

3. A file option is also available for curves in a single text file using the LS-PrePost fixed format. An 

example is given below.  

Remark 

In options 1 and 2, intermediate files are created using the LS-PrePost format. This format is also used to 

create history. n and multihistory .n files for file- and other types of histories and multihistories.) 

 

Figure 6-31: File Multihistory: ARAMIS interface showing preview 

Example: Curves in LS-PrePost format (repeat for any number of curves) 

header line 1 (any content or blank)  

header line 2  

                                                 
11 GOM GmbH 
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header line 3  

header line 4  

header line 5  

m #pts=n  

x0 y0  

x1 y1  

.  

.  

.  

xn yn  

endcurve  

Table 6-33: File Multihistory options 

Option Description 

MultiHistory Name Name of Multifilehistory 

ARAMIS Interface to data generated by optical measurement system 

ARAMIS 

GENEX GenEx interface, Chapter 7 

File Option to specify data in single file in LS-PrePost format 

Filename Template (wildcard) Name of files, in wildcard form, for extracting data. One file 

per time step.  

X-Component (only ARAMIS) X component (scalar or vector) of file multhistory. At least one 

of the components has to be a vector. 

Y-Component (only ARAMIS) Y component (scalar of vector) of file multhistory. At least one 

of the components has to be a vector. 

Input GenEx GenEx file (.g6) 

Input data files (wildcard) Data file template, assumes one file per stage/timestep. 

Wildcard is supported 

Preview Preview of multi-point data 

X/time X entity (scalar or vector) of file multihistory 

Y/value vector Y entity (scalar or vector) of file multihistory 

Filename Name of file containing curves in LS-PrePost format 

File multihistories are global curves. They are neither sampling nor stage dependent; hence they are not 

listed in the Stage dialog multihistory list. 
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7. GenEx: Extracting responses 
and histories from a text file 

A user may choose to use a non-LS-DYNA solver for his application in which case the only elegant option, 

except for using commercial extraction tools (see e.g. Section 5.3.7), 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 describes the use of the GenEx tool for extracting responses (scalars) and 

histories (vectors) from such a text file. GenEx is included in the LS-OPT distribution as the executable file 

genex  and can be activated from the Responses, Histories or File Multihistories dialog. 

7.1. The main window 

GenEx can be started from the command line by typing genex  <filename> or by selecting the Create/Edit 

button after selecting GenEx on the Responses or Histories page, or from the File Multihistories  dialog. 

When first starting GenEx, there will be two predefined anchors in the tree on the left, Start of File and 

End of File, Figure 7-1. It is not possible to change or remove these two anchors. 

The middle part of the window displays the data file, with symbols for anchors and entities. The current 

entity/anchor will be highlighted or have a thin black border around it. 

On the right is the dialog box for specifying options for the currently selected anchor/entity. 

Anchors 

Anchors describe how to find a certain position in the data file. This can be done with searching for 

keywords or with an absolute position.  

Entities 

An entity is a quantity we want to extract from LS-OPT. Entities describe both what the number should look 

like as well as where, relative to the parent, to find it. There are three types of entities, scalar, column and 

repeated anchor vectors (see Section Options specific for entities for the difference between them). 
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Figure 7-1: GenEx dialog 

Options 

When an anchor or an entity is selected, it is possible to change the options shown in the dialog box. A new 

search will be performed whenever an option is changed that requires it. The only exception is the Text to 

search for, this requires the user to hit Enter (on the keyboard) to start the new search.  

Table 7-1: Options 

Option Description 

Origin This is the parent anchor of the anchor/entity. 

Column separator If columns are selected in Relative positions it is possible to change what 

separates the columns in the input file. 
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Options specific for anchors 

Table 7-2: Options specific for anchors 

Option Description 

Type There are four types of searches. Three of them are keyword-based (search-

phrase based). 

Plain text: This is the most basic search. The search looks for the given text in 

the file and positions the anchor in front of the match. 

Glob search: The main goal of the glob search is to be able to match the strings 

with the aid of the wild cards, '* ' and '?'. The asterisk matches any character 

any number of times and the question mark matches any character one time. 

Regular expression search: The asterisk *  matches the preceding 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 a '^ ' is 

put inside the brackets this means that we should match any character not 

inside the brackets. 

Absolute search: In this search the user positions the anchor simply by 

specifying the row and the column at which the anchor should be positioned in 

the file. 

Text to search for This is the text/regular expression/glob to search for. 

Direction Starting from the origin, this is the direction to search in. 

Match This is where on the line the search text will have to match. 

Relative Location When Absolute search is selected, this section will be enabled. Here it is 

possible to enter the absolute position of the anchor if known. 

Skip over Since the input file can contain several instances of the search term it is 

possible to skip some of them to find the desired position. 

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 somewhere else. 

Examples 

Glob search 

*abc  

will match any word ending with abc  (xxxabc, yyyabc , etc.) and the anchor will be placed where the 

match begins ((A)xxxabc , (A)yyyabc ). 



CHAPTER 7: GenEx: Extracting responses and histories from a text file 

LS-OPT Version 6.0  130 

a?c 

will match all three letter words starting with 'a' and ending with 'c ' (axc, a5c , etc.) and the anchor will 

be placed before the match begins ((A)axc , (A)a5c ). 

Regular expression search 

ab*c 

matches "ac ", "abc ", "abbbc ", etc. 

a.c 

matches all three letter strings starting with 'a' and ending with'c ' (ahc, a8c, aHc , etc.) 

[csad]bc 

matches all strings starting with c , s , a or d followed by 'bc ' (cbc, sbc, abc , and dbc ). 

[^csad]bc 

matches all strings not starting with c , s , a or d followed by 'bc ' (xbc , 5bc ,  kbc , etc.). 

These can all be combined into a larger regular expression,"[skj frdzh]*esp[ohjd]n.e " will match 

"response " (but also "espdn1e " for example). 

Plain text, glob and regular expression search searches for a specific text string. The absolute search 

positions the anchor relative to the parent.  The glob and regular expression searches are very similar to the 

search capabilities in the Perl language or the Unix/Linux scripting language. 

Options specific for entities 

Table 7-3: Options specific for entities 

Option Description 

Relative Location This is the position of the entity relative to the parent anchor 

Type of entity Here there are three options, scalar, column vector and 

repeated anchor vector 

Scalar The scalar entity is used for extracting responses and it 

extracts one result 

Column vector A column vector extracts a column of data 

Repeated anchor vector A repeated anchor vector repeats the search of the 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 
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Maximum length The default behavior 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 default behavior 

is to keep extracting until a match is not found, this option 

limits the number of extracted results 

Stopping anchor An anchor can be defined as a stopping criterion if the 

number of components of a column vector is unknown 

Anchor to repeat If the entity type is ñrepeated anchor vectorò this will show a 

menu with valid anchors. Start of file and End of file will 

not be available since they cannot be repeated. 

7.2. Creating a .g6 file for LS-OPT 

First we have to select the input file in which to search. This is done from the File menu: Select input file. 

The file will be displayed in the middle window of the application. 

Creating an anchor or entity 

There are three ways to create anchors or entities. The first is to select the anchor used as parent and then 

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 select Create Anchor Here or 

Create Entity Here. This will create a new child at that position with the currently selected anchor as the 

parent anchor. It is also possible to select a column of numbers from the text file to create a column vector. 

The column entity uses white space as the delimiter. 

The third option is to make a selection in the text and drag that selection to the anchor we want to use as 

parent in the tree. 

Creating a .g6  file without an input file  

It is possible to create a .g6 file without access to the input file we want to extract from. However, this 

requires some knowledge of the file format and syntax. 

Editing a .g6  file 

From the ñFileò menu, select ñOpen GenEx fileò. 
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7.3. How to use GenEx from LS-OPT for extracting responses 

 

Figure 7-2: Definition of a GenEx Response 

From the Responses panel select GENEX as a response. This will open up a dialog showing a few options 

related to GenEx . 

The first selection to be made is which .g6  file to use. This option provides a list of available entities to 

choose from. The entities need to be of the ñScalarò type. It is also possible to edit a file by clicking the 

Create/Edit button. If no file name is given the default action is to create a new .g6  file.  

Secondly, enter the name of the input data file from which the responses are to be extracted. LS-OPT will 

look for this file in each of the run directory. 

7.3.1. An example using GenEx to extract responses 

This example explains how to extract a number of responses from the LS-DYNA d3hsp  file. Different 

search options are employed to demonstrate the various options. 

o Open the GenEx GUI by selecting Create/Edit. Then select d3hsp as the input file by using 

FileŸSelect input file. The d3hsp file is displayed in the middle. We are interested in 3 responses at 

various cycles and a fourth response to be the last one in the file. 

Defining an anchor:  

o Define an anchor with the name Cycle4800_Plain  by clicking on the anchor icon or using the 

Edit  option.  

o Use a plain search to search for the string "dt of cycle    4800 ". If you want to change the 

string in the text box, remember to hit the "Enter" key on the keyboard. The anchor is displayed as a 

small anchor icon in the leftmost column of the line that matches the search string. The next step 

would be to find the desired field relative to this anchor. 
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Figure 7-3: GenEx dialog; definition of an anchor 

Defining an entity:  

o Define a new entity SWEner by using the leftmost x-icon or the Edit  option.  

o Choose the previously defined anchor as the Origin.  

o Find the desired field by searching 6 lines below the anchor, 2 columns across. The desired field is 

displayed as highlighted in yellow with a black border. See figure below. 

 

Figure 7-4: GenEx dialog; definition of an entity 
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o Now define a new entity referred to the same anchor Cycle4800_Plain . This entity is 18 lines 

below the anchor and 3 columns across as shown in the Relative location dialog below: 

 

Figure 7-5: GenEx dialog; definition of an entity 

o Define a second anchor using a global search for the string "4700 is controlled ". The origin 

of this anchor is also the start of the file and the search is forward from that point. Note the anchor 

placement on the figure below just before the string "4700 is controlled ".  

 

Figure 7-6: GenEx dialog; definition of an anchor 
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o Now define an anchor InternalEnergy_Absolute  relative to the previous anchor by setting 

the origin as Cycle4700_Glob , then searching 5 lines down and one column across. Note the 

anchor icon just before the yellow-highlighted number in the figure below. 

 

Figure 7-7: GenEx dialog; definition of an anchor 

o Define a new entity InternalEnergy  using the InternalEnergy_Absolute  anchor as 

reference point. The desired field is immediately found since the anchor is already at the desired 

location. 

 

Figure 7-8: GenEx dialog; definition of an entity 
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o The next desired entity is the final total energy ratio (i.e. the one in the last cycle in the file). In this 

case we will set the reference anchor called LastCycle  to be the end of the file (Origin) and 

search backwards (Direction).  

o The search string is "total energy " and the regular expression search type is used. The settings 

to find the anchor are shown below. 

 

Figure 7-9: GenEx dialog; definition of an anchor 

o The entity is found by using LastCycle  as the anchor and searching in the sixth column. See 

relative location dialog box below. 

 

Figure 7-10: GenEx dialog; definition of an entity 
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o This completes the GenEx setup. Save the file. 

o Now open the Stage dialog on the Responses page and select the GENEX response type on the 

right. Open the Input GenEx file. A browse option is available. Importing the file will display the 

selected entities in the Entities box.  

o Select the input data file, namely d3hsp . This file must be available in the run directory during the 

LS-OPT run. 

o Select an entity, define a response name at the top of the dialog and hit Ok. The response will appear 

in the list on the Responses page.  

o Repeat the procedure for the remaining three response entities. o 

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 histories of the value for "kinetic energy" in the "glstat" file 

created by LS-DYNA. We first start by creating the anchor dt_of_cycles . This anchor will be the base 

for further anchors. With this anchor as parent we now create the KE_anchor  to search for the string we 

are looking for, in this case "kinetic energy ".  

As seen in Figure 7-11, this entity is of the Scalar type and needs to be changed to Repeated anchor vector. 

When creating a repeated anchor vector the default value for Anchor to repeat is the parent of the entity. 

Since "kinetic energy " appears twice between every dt_of_cycle  the result is not what we want 

yet. In order to skip "eroded kinetic entity", we pick the grandparent dt_of_cycle  anchor as the one to 

repeat. 

The result of this setup will be that the extractor will find "dt_of_cycle ", then search forward for 

"kinetic energy " and extract the first element of the vector. Then, it will find the next occurrence of  

"dt_of_cycle " and repeat, extracting the other elements of the vector. 

After we have changed the Anchor to repeat to 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, Figure 7-12. 

We are now finished with the GenEx part and the file can be saved. 
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Figure 7-11: GenEx dialog; definition of an entity 

 

Figure 7-12: GenEx dialog; definition of a repeat anchor vector 
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7.4.2. An example using "Column vector" to extract histories 

Column vectors are useful for extracting vectors in tables. In this example we extract a position vector 

generated by a fictitious solver. Just as in the previous example we start with the creation of the entity we 

want to be the first. We then change the type to Column vector. 

Itôs possible to create the vector by selecting a column in GenEx and right click to choose New Entity. 

 

Figure 7-13: GenEx dialog; definition of a column vector entity 

7.4.3. How to extract the histories from LS-OPT 

Using GenEx for extracting histories is very similar to using it for responses. The main difference is that 

you have to select two entities to define the history, one for the x-axis and one for the y-axis. Itôs possible to 

use "Auto increment" for the x-axis, in which case the x-axis values will simply be 0,1,2,3é 
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Figure 7-14: Interface to define a GenEx History 

When creating the entities in GenEx they need to be either Column vector or Repeated anchor vector to 

be used for history extraction. 

7.5. Command line options 

GenEx can be started by selecting the Create/Edit button after selecting GenEx on the Responses or 

Histories page, or from the File Multihistories  dialog, or the executable genex located in the LS-OPT 

installation directory may be called from the command line. 

genex [ - h] [ - x] [ - d] [ - g <str>] [ - i <str>] [ - f <str>] [ - v <str>] [ - e1 <str>] [ -

e2 <str>] [ - c <str>] [file]  

Table 16-3 explains the command line options. 
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Table 7-4: GenEx command line options 

Option Description 

-h, --help Show help message 

-x, --extract Extract 

-d, --delete Delete the file when program exits (be careful) 

-g, --g6file=<str> The g6-file used for entities 

-i, --datafile=<str> The data file containing the data 

-f, --filename=<str> Output to 'filename' 

-v, --view=<str> View a text file 

-e1, --entity1=<str> First entity in histories 

-e2, --entity2=<str> Second entity in histories 

-c, --create=<str> Create or Edit a GenEx file 

7.6. Small car crashworthiness example using GenEx to extract 

histories/responses from data files 

Refer to Section 20.9 for the GenEx example. 
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8. Setup Dialog ī Defining the 

Variables 

This chapter discusses the conversion of parameters defined in input files to design variables of different 

types. Graphical features allow the user to view file sources of parameters and the activation or de-

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 displayed in the Parameter Setup 

panel, Figure 8-1. The names of these parameters are not editable, and they cannot be deleted as indicated 

by the lock symbol displayed in the Delete column. If only a name and value are specified in the stage input 

file, the parameter type is set to Constant by default. The default starting value is 0. 

 

Figure 8-1: Setup Dialog ï Parameter Setup panel in LS-OPTui 
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Other attributes 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 be specified, Table 

8-1.  

Advanced options, such as initial range, that are not required can be specified by selecting the Show 

advanced options checkbox, Table 8-2.  

Additional (non-file) parameters, although unusual, can be defined using the Add button at the bottom of the 

panel. 

Table 8-1: Parameter Setup options to be specified for each parameter 

Option Description Reference 

Type Parameter type:   

Continuous Continuous variable - 

Constant Constant value Section 8.1.1 

Dependent Parameter depending on other parameters Section 8.1.2 

Discrete Discrete variable Section 8.1.3 

String Discrete variable using string values Section 8.1.3 

String Constant Constant using string values Section 8.1.1 

Transfer Variable Parameter treated as variable at upper 

level and constant at lower level (multi-

level optimization) 

Section 8.1.4 

Transfer String 

Variable 

Transfer Variable using string values Section 8.1.4 

Response 

Variable 

Variable which inherits the value of a 

response 

Section 8.1.5 

Noise Probabilistic variable described by a 

statistical distribution 

Section 8.1.5 

Name Parameter name. If the parameter is imported from a stage 

input file, the name is not editable 

- 

Starting Initial value of the variable, used in baseline run (1.1) - 

Minimum Lower bound of the design space - 
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Maximum Upper bound of the design space - 

Values List of allowable values for discrete and string variable Section 8.1.3 

Definition Mathematical expression specifying a dependent parameter Section 8.1.2 

Distribution Statistical distribution used to define a probabilistic variable Section 8.1.7 

Sampling Type Sampling type for discrete variable: continuous or discrete Section 8.1.3 

Edit Input 

Parameter 

References 

Set the relation of a transfer variable with another variable Section 8.1.4 

Variable 

Correlation 

Dialog to define correlation between variables. Only available 

for probabilistic tasks. 

Section 8.1.8 

Table 8-2: Parameter Setup advanced options 

Option Description Reference 

Init. Range Size of subregion of the design space used in the first iteration  Section 8.1.8 

Saddle Direction Saddle direction specification used for worst-case design Section 8.1.10 

Table 8-3: Parameter Setup options 

Option Description Reference 

Show advanced 

options 

Shows Init. Range and Saddle Direction option for each 

parameter 

Table 8-2 

Noise Variable 

Subregion Size  

(in Standard 

Deviations) 

Bounds are required for noise variables to construct the 

metamodels. The bounds are taken to a number of standard 

deviations away from the mean; the default being two standard 

deviations of the distribution. In general, a noise variable is 

bounded by the distribution specified and does not have upper 

and lower bounds similar to control variables. 

- 

Enforce Variable 

Bounds 

Assigning a distribution to a control value may result in 

designs exceeding the bounds on the control variables. The 

default is not to enforce the bounds. 

- 
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8.1.1. Constants 

Each variable above can be modified to be a constant. A constant can be a number or a string. Constants are 

used: 

1. to define constant values in the input file such as p, e or any other constant that may relate to the 

optimization problem, e.g. initial velocity, event time, integration limits, etc. 

2. if native parameters defined in the input file are not to be used as optimization parameters.  

3. to convert a variable to a constant. This requires only changing the designation variable to constant 

in the command file without having to modify the input template. The number of optimization 

variables is thus reduced without interfering with the template files. Variables can also be eliminated 

by unchecking them in the Sampling matrix (see Section 8.3)0. 

8.1.2. Dependent variables 

Dependent variables are functions of the basic variables and are required to define quantities that have to be 

replaced in the input template files, but which are dependent on the optimization variables. They do 

therefore not contribute to the size of the optimization problem. Dependents can be functions of dependents. 

Dependent variables are specified using mathematical expressions (see Appendix F: Mathematical 

Expressions). 

The dependent variables can be specified in an input template and will therefore be replaced by their actual 

values. 

8.1.3. Discrete and String variables  

For Discrete variables, a list of allowable values has to be specified. This can be done in the Parameter 

Setup dialog using the é button to the right of the Values textfield of the respective parameter, Figure 8-2. 

A list opens up showing the already defined values, a textfield to enter a new value appears by selecting the 

Add new value button 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 LS-OPT. The mapping of these integer values and the actual strings is stored in the 

StringVar.lsox database in the work directory. 

In addition to a list of values, the sampling type has to be specified for discrete variables. By default, the 

discrete variables are treated as continuous variables for generating experimental designs. The optimal 

values will assume an allowable value. If discrete sampling is selected, all experimental design points use 

allowable values. If possible, a continuous sampling is recommended, because it usually leads to a better 

distribution of the points within the design space and hence to a better metamodel quality.  



CHAPTER 8: Setup Dialog ī Defining the Variables 

LS-OPT Version 6.0  146 

 

Figure 8-2: Definition of discrete values 

8.1.4. Transfer variables 

 

Figure 8-3: Input Parameter References. Transfer Variable t73 is set as the starting value for t3. 
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Transfer variables are used in the context of multilevel optimization (see Section 5.3.8). These variables are 

sampled in one of the levels, but these sample values are passed down to the lower levels where these are 

treated as constants. Transfer variables can be referenced by preceding higher levels or by other variables in 

the same level. Within the same level, a transfer variable can be the starting value or the lower/upper bound 

for another variable (Figure 8-3). The dialog to define the parameter references is accessible from the 

Parameter Setup dialog. 

8.1.5. Response variables 

Response variables are used to define variables which inherit the values of responses. The main purpose is 

to allow substitution of response values in input files. The response must be calculated in an ancestor of the 

stage in which the substitution is done. 

1. The main parameter setup allows the user to link a parameter to a response (See Figure 8-5). This 

selection causes the selected parameter value to be replaced by a response value defined in an 

ancestor stage. The transferred response value is substituted into the input file(s) of stages 

downstream where the parameters are defined. 

2. The response value to be linked can be any response value which was directly extracted from the 

solver database or a mathematical expression involving any variables, dependents, histories or 

responses defined in any parent stages.  

3. Response variables can be transferred between any two stages of a particular thread. They do not 

need to be consecutive as long as the response is defined in a stage which comes before the stage 

where the substitution is done. 

4. A specific response can be linked to any number of parameters. 

5. Response variables are not independent design variables, so have no effect on the sampling. 

Example 

The example is explained using the series of figures below. The optimization consists of an outer loop with 

three stages. The first stage is also an optimization loop which calibrates a parameter YMod to produce 

YMod_OPT. The second stage uses the optimized YMod_OPT as a constant parameter but optimizes a 

second variable Yield to produce Yield_OPT.  

After the first two stages, YMod_OPT and Yield_OPT are converted using mathematical expressions and 

then transferred as material constants to a vehicle simulation stage. The outer loop optimizes the vehicle 

design variables tbumper and thood.  

Figure 8-4 through Figure 8-10 show various parts of the problem setup. 
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Figure 8-4: LS-OPT Problem multilevel setup. The first two stages (YMOD_OPT) and (YIELD_OPT) are 

sublevel optimization stages. YMOD_OPT produces an optimal material parameter YMod_OPT and 

converts it to YMod_OPT_EXPR using an expression. This value is transferred to the parameter 

YModRV defined as an input parameter to the YIELD_OPT stage. The YIELD_OPT stage therefore uses 

this value as a constant but optimizes a second variable Yield to produce Yield_OPT which is then 

converted to Yield_OPT_EXPR. Both YMod_OPT_EXPR and Yield_OPT_EXPR are then transferred to 

the SIMULATION stage as input parameters. The outer loop depicted here optimizes over design 

variables tbumper and thood to minimize vehicle intrusion. 
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Figure 8-5: The main parameter setup (clicking green box at top left of Figure 8-4) to define two 

response-variables YModRV and YieldRV. These respectively link to YMod_OPT_EXPR and 

Yield_OPT_EXPR produced by the parent optimization stages. The parameters tbumper and thood are 

optimization variables used in the outer loop. 

 

Figure 8-6: Input parameters for the YMOD_OPT stage. YMod is an optimization variable defined in this 

stage while YieldC is a constant. 
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Figure 8-7: Response output definition for Stage YMOD_OPT. 

 

Figure 8-8: Input parameters for the YIELD_OPT stage. Yield is an optimization variable defined in this 

stage. YModRV is a response-variable replaced by YMod_OPT_EXPR (see Figure 8-5 for definition). 

 

Figure 8-9: Response output definition for Stage YIELD_OPT. 
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Figure 8-10: Job log of SIMULATION stage of the example (the display represents the pre-processor 

phase prior to simulation). Note the linking of the two parameters to responses. 

8.1.6. Probabilistic Variables - Noise and Control Variables 

Probabilistic variable values, unlike deterministic variables, cannot be stated with absolute confidence. In 

other words, there is uncertainty associated with these variables because of which we can only state that 

their value will lie within a certain interval with specific level of confidence. This difference makes 

probabilistic analysis and optimization much more involved than their deterministic counterparts. Therefore, 

a separate chapter (Chapter 14) is dedicated to probabilistic tasks and problem setup. 

Probabilistic variables can either be control variables, whose nominal values are modified during 

optimization to get a more suitable design, or noise variables that are not controlled during optimization and 

only serve the purpose of introducing uncertainty in the problem. The variable type can be selected in the 

Parameter Setup panel (Figure 8-11). 

8.1.7. Probabilistic distributions  

 

Figure 8-11: Parameter setup panel for probabilistic tasks 
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In order to represent variable uncertainties, they are associated with probabilistic distributions, which are 

also part of the Parameter Setup panel when the selected task is probabilistic (Figure 8-11). Several types of 

distributions are available in LS-OPT. Further details of how to set up probabilistic variables and 

distributions are provided in Chapter 14. 

8.1.8. Variable Correlation  

For probabilistic tasks, the correlation between variables can be specified, Figure 8-12. The Variable 

Correlation dialog is accessible from the Parameter Setup panel. This correlation will be considered in 

Monte Carlo simulation (including metamodel based simulations) as well as in reliability based design 

optimization and robust parameter design, respectively. Only correlation between normally distributed 

variables is allowed. 

 

Figure 8-12: Variable Correlation dialog, accessible from Parameter Setup panel. 

8.1.9. Size and location of initial region of interest (range) 

If an initial range is specified, the initial subregion is defined as [starting ï range/2, starting + range/2]. 

Remarks 

1. The full design space is used if the range is omitted. 

2. The region of interest is centered on a given design and is used as a sub-space 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.0. 

8.1.10. Saddle direction: Worst-case design 

Worst-case or saddle-point design is defined as a method to minimize (or maximize) the objective function 

with respect to some variables, while maximizing (or minimizing) it with respect to the remaining variables 

in the variable set. The maximization variables are set using the Maximize option in the Saddle Direction 

field of the Parameter Setup panel. The default selection is Minimize. 
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8.2. Stage Matrix 

 

Figure 8-13: Stage Matrix 

The Stage Matrix provides an overview of the parameters defined in each stage. A parameter influences a 

stage if it is defined in a stage input file, manually added to a stage, or defined in an upstream stage. 

Hovering the mouse over a file icon shows a list of the files where the respective parameter is defined. 

8.3. Sampling Matrix  

 

Figure 8-14: Sampling Matrix 



CHAPTER 8: Setup Dialog ī Defining the Variables 

LS-OPT Version 6.0  154 

For multidisciplinary design optimization (MDO) certain variables could be relevant for some but not all 

disciplines. In such examples, several samplings (or cases) can be defined and the variables assigned to 

some but not all samplings. The assignment of a variable to a 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 by 

the previous iteration for substitution in the input files of the next iteration. The number of variables 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 the Active Variables tab of the respective Sampling Dialog, 

Section 9.4. 

Clicking the Reset button 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 constant value. Therefore the 

baseline value will be assumed throughout the optimization. This option can be selected in lieu of explicitly 

defining the parameter as a constant. 

The sampling matrix can be changed between iterations. Variables detected as insensitive in the first or any 

other iteration could be switched off for the following iterations. 

See Section 20.5 for an MDO example. 

8.4. Resources 

 

Figure 8-15: Setup ï 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 for all the stages, Section 5.4.1. 

The resource LSO_EXTRACTOR is generated automatically by LS-OPT and used for result extraction on 

the local machine. The default global limit is the number of logical CPUs available on the local machine. 
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8.5. Features 

 

Figure 8-16: Setup ï Features 

Sampling independent features are available in the Features tab of the Setup dialog, Figure 8-16. 

8.5.1. Evaluate Metamodel 

The response values of any number of points can be computed using an existing metamodel and written to a 

.csv file (file with comma-separated variables that can be read by most 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 the Evaluate Metamodel option in the 

Features tab in the Setup dialog. The file must be in .csv  format although spaces, commas or tabs 

are allowed as delimiters. Only files with ASCII characters are supported. The file must contain two 

header lines. The first header line contains the variable names. The second header line contains the 

variable types; in this case "dv" (design variable) suffices. The variable types ñnvò (noise variable), 

ñdcò (discrete variable) or ñstò (string variable) can also be used and will achieve the same result 

(see also Appendix E.4.1 ). It should be noted that the entry for a string variable is the corresponding 

mapped integer value that can be found in the file StringVar.lsox. The variable coordinates are 

specified as one row for each design point. See example below. 

2. Use the Setup dialog Repair option Evaluate Metamodels.0. 

o Input: Each sampling point file must represent all the variables. LS-OPT checks whether all the 

variables defined in the file are represented in the LS-OPT input. Variable order is not important. 

o Output: The ExtendedResults  output can be found as a META fi le in the main working 

directory, e.g. ExtendedResults METAMaster_3.csv . The ExtendedResults  file has 

variable, dependent, response, composite, objective, constraint, multi-objective and constraint 

violation values. 

o If sampling points are defined before the start of an optimization run, the META file will be 

automatically computed for each iteration. 

Example .csv file: 

x1 x2 x3  

dv dv dv  

1.0 2.0 3.0  

2.0 3.0 4.0  

4.1 6.2 3.3  
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9. Sampling & Metamodel Dialog 

This chapter describes the specification of sampling settings, i.e. the metamodel types, point selection 

schemes (design of experiments or DOE), and related options available in the Sampling dialog, Figure 9-1. 

The terms point selection and experimental design, are used interchangeably. 

 

Figure 9-1: Sampling dialog ï metamodel and point selection settings 

9.1. Metamodel types 

The user can select one of the metamodel types shown in Figure 9-1 and Table 9-1, respectively. The default 

selection for the metamodel type and the point selection scheme depends on the choice of task and 

optimization strategy, Chapter 4. For the sequential response surface method (SRSM) strategy, the default 

choice is the polynomial response surface method (RSM) where response surfaces are fitted to results at 

data points using polynomials. For global approximations fitted in the single iteration and sequential 

strategies, the radial basis function networks are set as the default approximation models. For all strategies, 



CHAPTER 9: Sampling & Metamodel Dialog 

LS-OPT Version 6.0  157 

the feed-forward neural network, Kriging, Support Vector Regression and user-defined approximation 

models are also available. Sensitivity data (analytical or numerical) can also be used for optimization. This 

method is more suitable for linear analysis solvers. For details see the sections referred to in Table 9-1. 

Table 9-1: Sampling dialog options ï Metamodel types 

Metamodel Type Description Reference 

Polynomial Polynomial approximations up to quadratic order Section 9.1.1 

Sensitivity Uses gradients to determine linear metamodels.  Section 9.1.2 

Feedforward Neural Network An artificial Neural network with sigmoid basis 

functions 

Section 9.1.3 

Radial Basis Function 

Network 

A Neural Network with radial basis functions  Section 9.1.3 

Kriging A Gaussian process. Form of Bayesian inference. Section 9.1.4 

Support Vector Regression Support Vector Regression Section 9.1.5 

User-defined Interface for user-defined, dynamically linked 

metamodel.  

Section 9.1.6 

9.1.1. Polynomial 

When polynomial response surfaces are constructed, the user can select from different approximation 

orders. The available options are linear, linear with interaction (linear and off-diagonal terms), elliptic 

(linear and diagonal terms) and quadratic, Section 23.1.1. In the Sampling dialog, the approximation order is 

set in the Order 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 default number of simulation runs is automatically updated for the polynomial type (Section 

9.3.1). 

The polynomial terms can be used during the variable screening process (Section 23.4) to determine the 

significance of certain variables (main effects) and the cross-influence (interaction effects) between 

variables when determining responses. These results can be viewed graphically (Section 16.3.4). 

The recommended point selection scheme for polynomial response surfaces uses the D-optimality criterion 

(Section 9.3.2). 

9.1.2. Sensitivity 

In this approach, sensitivities are used to generate linear metamodels. Both analytical and numerical 

sensitivities can be used for optimization, Figure 9-2. 
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Figure 9-2: Sampling Dialog: Sensitivity options 

Analytical sensitivities 

If analytical sensitivities are available, they must be provided for each response in its own file named 

Gradient . The values (one value for each variable) in Gradient  should be placed on a single line, 

separated by spaces. 

In the Sampling dialog, the Sensitivity Type must be set to Analytical. 

A complete example is given in Section 20.7. 

Numerical sensitivities 

To use numerical sensitivities, select Numerical in the Sensitivity Type field in the Sampling dialog and 

assign the perturbation as a fraction of the design space, Figure 9-2. 

Numerical sensitivities are computed by perturbing n points relative to the current design point x0, where the 

j-th perturbed point is: 

)(0

iLiUiji

j

i xxxx -+= ed
 

0=ijd  if ji ¸  and 1.0 if ji = . The perturbation constant e is relative to the design space size. The same 

value applies to all the variables. The value of eis assumed to be 0.001. 
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9.1.3. Feedforward Neural networks and radial basis function networks 

To apply feedforward neural network or radial basis function approximations, select the appropriate option 

in the Metamodel field 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 functions is the 

space filling method (which is also the default), Section 9.3.4. 

FFNN Efficiency Options* 

 

Figure 9-3: Feedforward Neural Network Efficiency Options 

Neural Network construction calculation may be time-consuming because of the following reasons: 

1. The committee size is large 

2. The ensemble size is large.0. 

Committee size. The default committee size as 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 NNôs to have larger variability when supplied with fewer points, committees are relied on to stabilize the 
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approximation through averaging. When a large number of points has been simulated however, the 

committee size can be reduced to a single neural net by setting Number of Committee Members to 1. 

Ensemble size. The ensemble size can be reduced in two ways:  

1. by exactly specifying the architecture of the ensemble and 

2. by providing a threshold to the RMS training error. 0. 0. 

The architecture is specified using the Number of Hidden Nodes in Ensemble options. Higher order neural 

nets are more expensive to compute. 

FFNN efficiency options are available in the Sampling dialog if the Set Efficiency Option button is pressed, 

and may be reset to the default settings using the Reset button, Figure 9-3. The available options are 

explained in Table 9-2. 

Please refer to Sections 24.3 and 26.5 for recommendations on how to use metamodels. 

Table 9-2: Feedforward Neural Network Efficiency Options 

Option Description 

Number of Hidden Nodes in 

Ensemble 

Ensemble size from which one will be selected according to the 

minimum Generalized Cross Validation (GCV) value across the 

ensemble. The default is Lin-1-2-3-4-5.  

Number of Committee Members Because of the natural variability of neural networks (Section 

24.1.2), the user is allowed to select the number of members in a 

neural net committee. To ensure distinct members, the regression 

procedure uses new randomly selected starting weights for 

generating each committee member. 

Half Number of Discarded Nets The discard option allows the user to discard committee 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 under- or over-fitted. The total number of nets 

excluded is therefore 2 times the specified number. The discard 

feature is activated during the regression procedure. 

Transfer Function Activation function of intermediate layer (typically sigmoid) 

Output Transfer Function Activation function of output layer (typically linear) 

Average Type Mean or Median 

Regression Algorithm Algorithm to solve non-linear regression problem. Levenberg-

Marquardt, Broyden-Fletcher-Goldfarb-Shanno(BFGS) or Resilient 

Backpropagation (RPROP) 
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Execution options for FFNN calculation (Parallel Builder) 

FFNNs can be solved concurrently. Select the Parallel Builder option in the Settings tab to enable the 

Execution tab. 

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 a particular 

ensemble member and which is solved using a serial Monte Carlo analysis) is solved serially. Figure 9-4 

shows the dialog. The main features are as follows: 

1. Job monitoring is available by clicking on the LED on the Metamodel box of the main dialog, Figure 

9-5. All the features that apply to the monitoring of simulations (except LS-PrePost) are also 

available for FFNN calculation. 

2. Remote computation is supported, so if a cluster setup is available for e.g. LS-DYNA jobs, the 

FFNN solution setup may only involve a few special settings. 

 

Figure 9-4: Dialog for Parallel FFNN builder 
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Figure 9-5: Job progress display for parallel FFNNs 

Advanced RBF options: Basis functions and optimization criterion for RBF* 

The performance of the RBFs can significantly vary with the choice of basis function and the optimization 

criterion. Two basis functions available for selection are Hardyôs multi-quadrics (HMQ), and Gaussian 

RBF. HMQ is often preferred and has therefore been set as the default. The user is also allowed to select the 

optimization criterion to be generalized cross-validation error or the pointwise ratio of the generalized cross 

validation error, Figure 9-6.  

The options are available in the Sampling dialog if the Set Advanced RBF Options button is pressed, and 

may be reset to the default settings using the Reset button, Figure 9-6. The available options are described in 

Table 9-3. 
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Table 9-3: RBF Advanced Options 

Option Description Options Description 

Transfer 

Function 

Basis function Hardyôs Multi-Quadrics 
Ὣ ὼȟȣȟὼ ρ ὶȾ„  

Gaussian Ὣ ὼȟȣȟὼ ὩὼὴὶȾς„  

Topology 

Selection 

Criterion 

Optimization 

criterion 

Leave-one-out Generalized cross-validation error (PRESS) 

GCV-Ratio Pointwise ratio of the generalized cross 

validation error 

Noise variance Variance of the fitting error 

 

Figure 9-6: Radial Basis Function Network Advance Options 
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9.1.4. Kriging parameters 

 

Figure 9-7: Kriging Advanced Options 

The Kriging fit depends on the choice of appropriate correlation function and the trend model, Section 24.2. 

Two correlation functions available for selection are Gaussian and exponential. The user can also select 

either a constant, linear, or quadratic trend model. The available options are displayed in Table 9-4. 

Table 9-4: Advanced Kriging Options 

Option Options Description 

Correlation 

Function 

Gaussian, 

Exponential 

Correlation function used in stochastic component of metamodel 

function, see Section 24.2. 

Trend Model Constant, 

Linear, 

Quadratic 

Polynomial component of metamodel function. 

The linear trend model requires at least ὲ ς design points, a 

quadratic trend model requires at least  ρ design 

points, where n is the number of variables. 

Fixed theta for all responses By default, a single set of theta values is fit to all responses, 

however the user can also fit individual set of correlation function 

parameters (theta) for each response by selecting this option. 
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9.1.5. Support Vector Regression 

The support vector regression fit depends on the choice of appropriate kernel function (similar to correlation 

function), Section 24.3. Two kernel functions available for selection are Gaussian and polynomial. The 

available options are displayed in Table 9-5. 

Table 9-5: Advanced Support Vector Regression Options 

Option Options Description 

Kernel Type Gaussian, 

Polynomial 

Basis function used in SVR expansion that maps the input variable 

space to a high dimensional feature space, see Section 24.3 . 

 

Figure 9-8: Metamodel selection Support Vector Regression 

9.1.6. User-defined metamodel* 

 

Figure 9-9: User Defined Metamodel Options 
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The user-defined metamodel distribution is available for download at 

http://ftp.lstc.com/user/ls - opt/Add_O n_Libraries/ .  

Please ask LSTC or your local LS-DYNA distributor for the password. 

Building the example 

Under Linux, issue the command "make" while in this directory. Your resulting metamodel is called 

umm_avgdistance_linux_i386.so  (or umm_avgdistance_linux_x86_64.so  if running 

under 64-bit OS). 

Under Windows, open usermetamodel.sln  in Visual Studio. Open the Build menu, select "Build 

solution". Your resulting metamodel is called umm_avgdistance_win32.dl l  

Along with the metamodel binary you also get an executable called "testmodel". This program can be used 

for simple verification of your metamodel. Just give the name of your metamodel as a parameter, i.e.: 

testmodel avgdistance  

Note that you are not supposed to supply the full .dll/.so  filename as a parameter. 

Using the example as a template 

If you wish to use the example as a template for your own metamodel, do the following steps (in this 

example, your metamodel is called mymetamodel): 

Copy avgdistance.* to mymetamodel.* 

Replace any occurrence of the string "avgdistance " with "mymetamodel " in the following files: 

Makefile, mymetamodel.def, mymetamodel.vcproj, Makefile, usermetamodel.sln 

Distributable metamodel 

When compiled, your metamodel binary will be called something like: 

umm_mymetamodel_win32.dll  

or 

umm_mymetamodel_linux_i386.dll  

This is the only file that is needed in order to use the metamodel from LS-OPT. 

Referring to user-defined metamodels in the Sampling dialog 

In order to use a user-defined metamodel for a certain sampling, select the User-defined option in the 

metamodel selection in the Sampling dialog and add the metamodel name to the Name textfield, (e.g. 

umm_mymetamodel _linux_i386.so ), Figure 9-9.  

Note that the name should not include the "umm_" prefix or the platform dependent suffix. LS-OPT will 

look for the correct file based upon the current platform.  This allows for cross platform operation. 

http://ftp.lstc.com/user/ls-opt/Add_On_Libraries/
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9.2. General Options for Non-Polynomial Metamodels 

Additional options available for Feedforward Neural Networks, Radial Basis Functions, Kriging and 

Support Vector Regression are summarized in Table 9-6. 

Table 9-6: FFNN, RBF, Kriging and SVR options 

Option Description Reference 

First iteration Linear 

D-Optimal 

Use linear metamodels and the D-optimality point selection 

criterion for the first iteration instead of the selected types. 

Section 9.2.1 

Include pts of 

previous iterations 

The new points for each iteration are selected within the new 

subregion while considering the locations of points from 

previous iterations.  

The metamodels are constructed using the new points as well 

as points from all previous iterations.  

Section 9.2.2 

Parallel Builder Only FFNN, calculates metamodels in parallel Section 9.1.3 

9.2.1. First It eration Linear D-Optimal  

For Feedforward Neural Networks, Radial Basis Functions, Kriging and Support Vector Regression, the 

main scheme can be replaced in the first iteration by linear polynomials with D-optimal point selection, 

using the ñFirst iteration Linear D-Optimalò option, because 

1. D-optimality minimizes the size of the confidence intervals to ensure the most accurate variable 

screening, usually done in the first iteration. 

2. It addresses the variability encountered with neural networks due to possible sparsity (or poor 

placement) of points early in the iterative process, especially in iteration 1, which has the lowest 

point density. 0. 

9.2.2. Include points of previous iterations 

Updating the experimental design involves augmenting an existing design with new points. Updating only 

makes sense if the response surface can be successfully adapted to the augmented points such as for neural 

nets, Radial Basis Function networks or Kriging surfaces 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, is 

maximized (space filling only). 0. 
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9.3. Point selection schemes 

9.3.1. Overview 

Table 9-7 shows the available point selection schemes (experimental design methods). The default point 

selection scheme depends on the selected metamodel type, e.g., the D-optimal point selection scheme (basis 

type: Full Factorial, 11 points per variable (for 2=n )) is the default for linear polynomials, and the space-

filling scheme is the default for the Feedforward Neural Network, Radial Basis Function Network, Support 

Vector Regression and Kriging methods. 

Table 9-7: Point selection schemes 

Point Selection Scheme Description Reference 

Full Factorial - Section 23.2.1 

Linear Koshal Saturated design for first order Polynomials Section 23.2.2 

Quadratic Koshal Saturated design for quadratic Polynomials  Section 23.2.2 

Composite Central Composite design Section 23.2.3 

D-optimal Design obtained by minimizing the determinant of the 

moment matrix 

Section 9.3.2, 

Section 23.2.4 

Latin Hypercube Stratified random design  Section 9.3.3, 

Section 23.2.5 

Monte Carlo Random design  

Space Filling Design obtained by maximizing the minimum distance 

between any two points. 

Section 9.3.4, 

Section 23.2.6 

Space Filling of Pareto 

Frontier 

Design obtained by maximizing the minimum distance 

between any two points sampled from the Pareto Optimal 

Frontier. 

Section 9.3.5 

Orthogonal Array Fractional Factorial design Section 9.3.6 

User-defined - Section 9.3.7 
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Figure 9-10: Point selection schemes 

9.3.2. D-Optimal point selection 

 

Figure 9-11: D-optimal point selection: advanced options 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































