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Introduction

This comsor® Multiphysics Programming Reference Manual details features
and techniques that help you control COMSOL Multiphysics® using the
application programming interface (API) for use with the ]ava® programming
language. The COMSOL API can be used in the Application Builder, from a
standalone Java application, and from the LiveLink™ for MATLAB® interface. Ifyou
are using the COMSOL API from the Application Builder, see also the Application
Programming Guide for useful information when creating methods for

applications.
In this chapter:

¢ About the COMSOL API

¢ Getting Started



About the COMSOL API

You can use the COMSOL API to develop custom applications based on COMSOL. The easiest way to create such
applications is by using the Application Builder available with the COMSOL software.

You can run Java class files with COMSOL API-based applications in different ways:

* In the Application Builder as part of methods that you add using the Method Editor in the Application Builder’s
development environment (see also the Application Programming Guide)

¢ From the COMSOL Desktop®. A model created using a class file appears automatically in the Desktop.

* From a batch sequence in a study.

* Using the comsol batch command.

The LiveLink™ for MATLAB® operates using the COMSOL API and additional utility M-file functions. See the
LiveLink™ for MATLAB ®User’s Guide for additional information.

Code examples for the individual APT functions in this guide show what the code looks like when using ]ava® and
when using the LiveLink™ for MATLAB®.

Where Do I Find Move Information?

A number of internet resources have more information about COMSOL, including licensing and technical
information. The electronic documentation, topic-based (or context-based) help, and the application libraries are
all accessed through the COMSOL Desktop.

Ifyou are reading the documentation as a PDF file on your computer,
the blue links do not work to open an application or content
referenced in a different guide. However, if you are using the Help

n system in COMSOL Multiphysics, these links work to open other
modules (as long as you have a license), application examples, and
documentation sets.

CONTACTING COMSOL BY EMAIL

For general product information, contact COMSOL at info@comsol.com.

To receive technical support from COMSOL for the COMSOL products, please contact your local COMSOL
representative or send your questions to support@comsol.com. An automatic notification and a case number are
sent to you by email.

COMSOL ONLINE RESOURCES

COMSOL website www.comsol.com

Contact COMSOL www.comsol.com /contact

Support Center www.comsol.com/support

Product Download www.comsol.com/product-download
Product Updates www.comsol.com/support,/updates
COMSOL Blog www.comsol.com/blogs

Discussion Forum www.comsol.com,/community

Events www.comsol.com/events
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COMSOL Video Gallery www.comsol.com /video

Support Knowledge Base www.comsol.com/support/knowledgebase
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In this section:

e The Model Object

* Compiling a Model File for Java®

¢ The Model File for Java

¢ Running a Compiled Model File for Java from the Desktop

* Running a Compiled Model File as a Batch Job from the Desktop

* Running a Compiled Model File with the COMSOL Batch Command
* Getting the COMSOL Installation Path from the Windows Registry

* Setting up Eclipse for Compiling and Running a Java® File

The Model Object

In the COMSOL API you access models through the model object, which contains all algorithms and data
structures for a COMSOL model. The COMSOL Desktop also uses the model object to represent your model.
This means that the model object and the COMSOL Desktop behavior are virtually identical.

You use methods to create, modity, and access your model. The model object provides a large number of methods,
including methods for setting up and running sequences of operations to create geometry, meshes, and for solving
your model. The methods are structured in a tree-like way, much similar to the nodes in the model tree in the Mode!
Builder window on the COMSOL Desktop. The top-level methods just return references that support further
methods. At a certain level the methods perform actions, such as adding data to the model object, performing

computations, or returning data.

You must have a basic understanding of the ]ava® programming language in order to fully appreciate how to work
with the model object. However, the Application Builder includes tools like code recording, auto-completion, and

predefined code templates that make it easier to create methods.

Compiling n Model File for Java®

The Application Builder also contains a compiler for code using the COMSOL API and Java.

[

First make sure that COMSOL Multiphysics is installed. See the COMSOL Multiphysics Installation Guide for

more information if required.

Before getting started, also download and install a ]ava® Development Kit (JDK) from www.oracle.com/
technetwork /java/index.html; you need a JDK of version 1.8 to compile the Java file that COMSOL generates.

To test compiling a model files for Java, load feeder_clamp.mph from the COMSOL Multiphysics Applications
Libraries into the COMSOL Desktop.
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You can learn most of the syntax for creating a model using the COMSOL API by first creating a model using the
COMSOL Desktop and then saving the model as an application file for Java.

To open the Application Libraries window:
* From the Home toolbar, Windows menu, select Application Libraries ( ﬂ]]] ). When a toolbar is
compressed, you sometimes select it from the Windows> menu.

* You can also customize the Quick Access Toolbar and then click the Application Libraries ( [[[]] )

button on the toolbar.

¢ Select Application Libraries from the File menu.

To open the Application Libraries window:

* On the Main Toolbar, click the Application Libraries ( [[ff| ) button.

¢ Sclect Windows>Application Libraries.

In the Application Libraries tree, expand COMSOL Multiphysics and then Structural Mechanics. Sclect the feeder_clamp
model, then click the Open button to open it. To get a Java file to compile, choose Save As from the File menu and
choose Model file for Java (*.java) as the file type. It is suggested that you save the file as feeder_clamp.java in

your home directory.
To compile feeder_clamp. java, enter

<COMSOL path>\bin\win64\comsolcompile -jdkroot <JDK paths> feeder_clamp.java
on Windows and

<COMSOL path>/bin/comsol compile -jdkroot <JDK path> \ feeder_clamp.java

on Linux and Mac, where <CoMSOL path> is the COMSOL installation directory and <JDk path> is the installation
directory for the JDK.

The Model File for Java

The model file for Java has the following structure:

import com.comsol.model.*;
import com.comsol.model.util.*;

public class feeder_clamp {

public static void main(String[] args) {
run();

}

public static Model run() {
Model model = ModelUtil.create("Model");

return model;

}
}
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Any model that you create in the COMSOL Desktop can be saved as a model file for Java.

When you compile a model file for Java into a class file and run it, COMSOL runs exactly those
instructions that are included in the model file for Java. When opening an MPH-file and saving it
as a Java file only those sequences that have been explicitly run are run in the Java file. But saving

it as a model file for Java, the file does not contain a runAll command for the solver sequence. To

[

run a solver sequence, add a line similar to model.sol("sol1").runAll();
(where sol1 is the tag for the solver to run) at the bottom of the Java file, above the line that
contains return modelj;.

Running a Compiled Model File for Java from the Desktop

Select Open on the File menu. In the Open dialog box, under File name, select Compiled Model File for Java (*.class).
Click Open. The file is run and appears as the model in the COMSOL Desktop.

Running o Compiled Model File as a Batch Job from the Desktop

Right-click Job Sequences in a study and add a study. In the added study, right-click and add External Class under
Other. Then right-click the batch sequence and select Compute.

Runs the main function of a compiled class with the system property cs.currentmodel set to the tag of the model

calling the class. Thus you can retrieve the current model using the steps:
import java.io.*;

tag = System.getProperty("cs.currentmodel");
model = ModelUtil.model(tag);

Running a Compiled Model File with the COMSOL Batch Command

To run the file, enter

<COMSOL path>\bin\win64\comsolbatch -inputfile feeder_clamp.class
on Windows, or enter

<COMSOL paths>/bin/comsol batch -inputfile feeder_clamp.class

on Linux and Mac, where <coMsOL paths is the COMSOL Multiphysics installation directory.

Getting the COMSOL Installation Path from the Windows Registry

If you want to have your application find your COMSOL Multiphysics installation automatically, you can have your
application examine the registry key

HKEY_LOCAL_MACHINE\SOFTWARE\COMSOL \COMSOL53\

The value name COMSOLROOT contains the installation path.

Setting up Eclipse for Compiling and Running a Java® File

Instead of using the COMSOL commands for compiling and running a ]ava® file that uses the COMSOL API one
can use an Integrated Development Environment for doing these tasks. Using Eclipse makes it easier to write the
Java code because Eclipse has built-in support for code completion and syntax highlighting. Furthermore, the

debugger that comes as a part of Eclipse can be used to run the code line by line to verify the function of the code
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and check for any programming errors. Eclipse is free and can be downloaded from www.eclipse.org. To set up

Eclipse for running an exported Java file, perform the following actions in Eclipse:

I Create a new Java Project and click Next.

2 Go to the Libraries tab and click Add External JARs. Add all JAR files placed in the plugins directory under the
COMSOL installation directory (typically C: \Program Files\COMSOL\COMSOL53\Multiphysics). This allows
Eclipse to find the definitions of the classes used by the COMSOL API and to run the code in client/server
mode. Click Finish.

3 Select the Environment tab. Click the New button. Use the Name PATH (on Windows), LD_LIBRARY_PATH (on
Linux), or DYLD_LIBRARY_PATH (on Mac) and enter the following text in Value: <comsolinstalldir>/1lib/
<platformname>, where <comsolinstalladir> is the directory where COMSOL Multiphysics is installed, and
<platformname> is onec of win64/glnxa64/maci64 depending on your platform. Click Apply.

4 Drag and drop your exported Java file the src folder of your Eclipse project.
5 Add this line to the beginning of the main method
ModelUtil.initStandalone(false);
The argument should be false for programs that do not use graphics and true for applications that do.

6 The Java program can now be started in either Run or Debug mode from Eclipse. The Java program is run as a
single process where the COMSOL libraries are being loaded as requested. This is the preferred way of running

normal, small model files.

7 For large simulation where the application itself has to hold many megabytes in memory in addition to the
memory requirement of COMSOL, it can be beneficial to run in client/server mode. Open the Java file in the
editor and go to the main method. Now you have to remove the line added in step 4 and add two new lines that
control the connection to the COMSOL server from your own program. The main method needs to look like
this:
public static void main(String[] args) {

ModelUtil.connect("localhost", 2036);

run();
ModelUtil.disconnect();

}
When you have edited the main method you must save the file. Eclipse automatically compiles the file.

8 You also need to call System.exit(0) at the end of the Java program if ModelUtil.initStandalone() has

been called.

9 To run the code you must first start the COMSOL server. When the server has started note the port number
that is written in the console. If this number does not match the number written in the call to

ModelUtil.connect you have to edit this call and save the file again.

The Java program can now be started in either Run or Debug mode from Eclipse. Notice that the COMSOL server

window responds by writing that a connection has been set up when your application starts.
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General Commands

This chapter contains reference information about general commands for creating
and moditying the main parts of the model object and for creating general-purpose
functionality in a model, such as functions, variables, units, coordinate systems, and
component couplings. It also includes information about the available shape

functions (element types). In this chapter:

¢ About General Commands

* Errors and Warnings

23



About General Commands

Overview of General-Purpose Commands

The following table contains the available general-purpose commands and methods:

TABLE 2-1: GENERAL COMMANDS GROUPED BY FUNCTION

FUNCTION PURPOSE

get* and Selection Access Methods Access objects of the basic data types

set() Assign objects of the basic data types

setEntry () Set vector property value at specified entry

setIndex() Assign objects at indices of the basic data types

Selections Selections

ModelUtil Model object utility methods

model Model object

model.attr() Model entity list methods

model.attr(<tag>) Model entity methods

model.batch() Batch jobs

model.bem() Boundary elements (BEM)

model.capeopen() CAPE-OPEN thermodynamics interface

model.coeff () Coefficient form equations

model.component () Model component nodes

model.constr() Constraints

model.coordSystem() Coordinate systems, PMLs, infinite elements, and absorbing
layers

model.cpl() Component couplings

model.elem() Elements

model.elementSet () Mesh element sets

model.extraDim() Extra dimensions

model.field() Fields

model.frame() Frames

model.func() Functions

model.geom() Geometry sequences

model.group() Load groups and constraint groups

model.init() Initial values

model.intRule() Integration orders

model.massProp() Mass properties

model.material() Materials

model.mesh () Meshing sequences

model.modelNode () Model nodes (component nodes; see
model.component())

model.multiphysics() Multiphysics features container

model.ode() Global equations

model.opt() Optimization interface
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TABLE 2-1: GENERAL COMMANDS GROUPED BY FUNCTION

FUNCTION PURPOSE
model.pair() Pairs

model.param() and model.result().param() Parameters
model.physics() Physics
model.probe() Probes
model.result() Postprocessing interface
model.savePoint () Manage selections and hide features used by result features
model.selection() Named selections
model.shape() Shape functions
model.sol() Solver sequences
model.solverEvent () Events

model.study() Studies
model.unitSystem() Unit systems
model.variable() Variables
model.view() Views

model.weak () Weak form equations

ABOUT VALID TAGS
A tayg is a string that you use to refer to a model feature. When specifying a tag, it must fulfill the following format
requirements: Begin with a character a-z or A-Z followed by any number of _ (underscores), numerals 0-9, or

characters a—z or A-Z.

ABOUT ASSIGNING VALUES TO PROPERTIES

Even if'a property is numeric, it is also possible to use a string or string array. The strings can contain expressions
defined in terms of parameters defined in Global Definitions>Parameters. See Table 2-2 under set () below for
examples of syntaxes for assignment methods.

ABOUT FILE PATHS

In general, the file paths in methods for saving and opening files, for example, are client paths (on the client
computer’s file system). The exceptions are methods that explicitly performs an operation on the server, such as
ModelUtil.loadOnServer (), which takes a server path as its argument.

The syntax that includes the component level, such as
model.component (<ctag>) .geom(<tag>) ... is the default and is used throughout this chapter
for parts of the model object that are stored inside a model component. To use the earlier

[

model.geom(<tag>) ... syntax, clear the Use component syntax check box on the Methods page in
the Preferences dialog box. You can also run existing scripts without this syntax.

get* and Selection Access Methods

Use these methods to access properties of the different parts of the model object.
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SYNTAX
The following syntax is used for all of these access methods (exemplified there with the getStringArray method for

returning the value of the a string array with the name <name> for the something object.

something.getStringArray (<names);

Note that throughout this manual, the access methods are collectively referred to as get* (<name>), where * can
be any of the basic data types used below. Use these methods to read property values. The names of the access
methods indicate the data type for the data that they return.

something.getString(<name>)

returns the value as a string.

something.getStringArray (<names)
returns the value as a string array.
something.getStringMatrix (<name>)
returns the value as a string matrix.
something.getInt (<name>)
returns the value as an integer.
something.getIntArray (<name>)
returns the value as an integer array.

something.getIntMatrix (<name>)

returns the value as an integer matrix.

something.getDouble (<name>)

returns the value as a double.

something.getDoubleArray (<names)
returns the value as a double array.

something.getDoubleMatrix (<name>)
returns the value as a double matrix.

something.getBooleanArray (<name>)
returns the value as a Boolean array.

something.getBooleanMatrix (<name>)

returns the value as a Boolean matrix.

something.selection(<name>)

returns the value as a selection object, which can be edited. This is not simply an access function. Itis used to obtain

a selection object both for editing and for accessing data from.
In addition,

something.getEntryKeyIndex (<names, <key>)
returns the index of a given key in a property, and

something.getEntryKeys (<name>)

returns the possible entry keys for a given property.
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NOTES

All arrays that are returned contain copies of the data; writing to the array does not change the data in the model

object. This observation applies to all access methods of the model object that return arrays of basic data types.

SEE ALSO
set()

set()

Use this method to assign values to objects of the basic data types.

SYNTAX

Use these methods to assign property values. All assignment methods return the object itself, which means that

assignment methods can be appended to each other.

The basic method for assignments is

something.set (name,<values);

The name argument is a string with the name of the property. The <value> argument can be of different types as
indicated in Table 2-2, where the two different syntaxes for assignment in the COMSOL API and the LiveLink™
for MATLAB® are listed.

TABLE 2-2: SYNTAXES FOR ASSIGNMENT METHODS.

TYPE

JAVA® SYNTAX

MATLAB® SYNTAX

string

string array

double string
array

integer
integer array

integer matrix

double
double array

double matrix

boolean
boolean array

boolean matrix

set("name","value")

set("name",
new String[]1{"vali","val2"})

set("name" ,new String[][]{{"1","2"},
{II3|I,|I4|I}})

set("name",17)

set("name",new int[]1{1,2})

set("name",new int[]1[]1{{1,2},
{3,41}1})

set("name",1.3)

set("name",new double[]{1.3,2.3})

set("name",new double[][]1{{1.3,2.3},
{3.3,4.3}})

set("name",true)
set("name",new boolean[]{true,false})

set("name" ,new boolean[][]
{{true, false},{false, false}})

set('name', 'value')

set('name',{'valil','val2'})

set('name',{'1','2';'3"','4"})

set('name',17)
set('name',[1 2])
set('name',[1 2; 3 4])

set('name',1.3)
set('name',[1.83 2.3])
set('name',[1.3 2.3; 3.3 4.3])

set('name',true)
set('name',[true,false])

set('name',
[true,false;false,false])

For matrix-type properties, set (name,<string>) splits the string at spaces and commas.

The following example shows how two set methods can be appended:

model.result("pg1").set("edgecolor",

This is equivalent to:

model.result("pg1").set("edgecolor", "black");
model.result("pgl1").set("edges", "on");

That is, in this case, the set method returns the plot group "pg1".

"black").set("edges",

"on");
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The following methods using set are deprecated in version 5.1 (use setIndex () instead):

set (name, pos,<value>)
set (name,posl,pos2,<value>)

The following methods using set are deprecated in version 5.0:

com.comsol.model.ParameterEntity.set(String, int, double)
com.comsol.model.ParameterEntity.set(String, int, double[])
com.comsol.model.ParameterEntity.set(String, int, int)
com.comsol.model.ParameterEntity.set(String, int, int[])
com.comsol.model.ParameterEntity.set(String, int, int, double)
com.comsol.model.ParameterEntity.set(String, int, int, int)
com.comsol.model.ParameterEntity.set(String, int, int, String)
com.comsol.model.ParameterEntity.set(String, int, String)
com.comsol.model.ParameterEntity.set(String, int, String[])

SEE ALSO
get* and Selection Access Methods, setIndex()

setEntry()

Use the setEntry method to set property values at specified entries using a key instead of an index to locate the

row to change

SYNTAX

Use this method to assign property values of different types at specified entries:
setEntry(name, key, value);
where all input arguments are strings:
* name, representing the property name.
* key, representing the index key.
* value, representing the property value.
The value can also be a double, an integer, or (with limited applicability; primarily for part links) a Boolean.
For example, if pi1 is a part instance feature with input parameters a and b in a geometry, the following lines

GeomFeature f = model.component("comp1").geom("geomi1").feature("pil");
f.setEntry("inputexpr", "a", "2");
f.setEntry("inputexpr", "b", "3");

set the value of the input expression for parameter a to the string 2 and for parameter b to the string 3. You can

also set the values of the input expressions to numerical values (doubles):

f.setEntry("inputexpr", "a", 4);
f.setEntry("inputexpr", "b", 5.0);

setEntry lets you use a key to access rows in the table, defined by the content in one of the columns (in this case,

the column that contains parameter names.

setIndex()

Use this method to assign values at indices in array properties of the different parts of the model object. When there
are no indices, you can use set () instead.

SYNTAX

To use the setIndex method, use one of these syntaxes:
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something.setIndex (name,<value>,<index>);
for array properties, or
something.setIndex (name,<value>,<firstIndex>,<secondIndex>);

for matrix properties.

Use these methods to assign values to an element in array or matrix properties, defined by specific indices (0-based).
All assignment methods return the parameter object, which means that assignment methods can be appended to

each other.

If <index> points beyond the current size of the array, then the array is extended as needed before element <index>
is set. The values of any newly created intermediate elements are undefined.

The name argument is a string with the name of the property. <values is a string representation of the value to set.
A double array element, for example, can still be set from a string representation of the double, typically used when

the property value depends on a model parameter. The values can also be a Boolean or a Boolean array. For example:

something.setIndex (name,<value>,2)

This code assigns the value for the element with the third index in the array (because the indices are 0-based) of an
array property name to be the value value. If the parameter later changes, this property changes accordingly. You

can also use an additional input argument for a second index value, for a 2-dimensional array (matrix), for example,
something.setIndex (name, <value>,1,4)

This code assigns the value <values to the (1, 4) element in a matrix.

For double arrays the modifying method is also of use when assigning the value in MATLAB®, if not all arrays have
the same length. When using a cell matrix, all rows must have the same length. The method

something.setIndex (name, <value>,<index>)

can be used to get around that limitation. It inserts an array in the indexed position in the double array. The
MATLAB code

something.setIndex('name',{'1','2','3'},0)
something.setIndex('name',{'4','5'},1)

is equivalent to the ]ava® code

something.set("name",new String[]1[1{{"1","2","3"},{"4","5"}})

SEE ALSO
set()

Methods Associated to Set, Setlndex, and the Various Get Methods

The following methods are available where the set, setIndex, and get<Type> methods are available:
String[] properties();

which returns the names of all available properties.
boolean hasProperty(String name);

which returns true if the feature has the named property.

String[] getAllowedPropertyValues(String name);

which returns the allowed values for a named properties, if it is a finite set.

ABOUT GENERAL COMMANDS | 29



30 |

Selections

This section contains information about the selection methods that are available for handling selections on the

finalized geometry.

SYNTAX

This section describes the general syntax for selections on the finalized geometry. For selections in the geometry
sequence, see Geometry Object Selection Methods under model.geom()and Selections under Editing a
Geometry Feature. Many objects use selections, but most of them only support a subset of the assignment
methods described here. The methods supported by the named selections in model.selection() are listed in
model.selection(). Other objects that use a selection support the methods relevant for the type of feature they
represent. For example, a physics boundary condition feature requires a boundary selection. Therefore is does not
support selection.global(), which makes the selection global, or selection.allGeom(), which makes the

selection apply to the whole geometry at all levels. Using an unsupported assignment method results in an error.

There can also be a filtering of the entities assigned to a selection. Again, take a physics boundary condition as an
example. Some boundary conditions only apply to the boundaries exterior to the domains where the physics
interface is active, other boundary conditions only to boundaries interior to where the physics interface is active,
and so on. Therefore selection.entities(dim) can sometimes return less entities than have been assigned using
selection.set(<entlist>). On the other hand selection.inputEntities () always returns all entities used
in the assignment selection.set(<entlist>). selection.inputEntities() returns the domains used as
input to the selection. If the selection is of the type interior, exterior, or meshinterior, this method returns the
unfiltered list of domains at the higher dimension that are used as the input. If the selection is not a selection of
domains at a certain level, or the selection is not of the types Explicit or FromGeom (derived from a geometry

feature), this method returns null.

Some selections only allow a single geometric entity, a single domain, a single boundary, edge, or point. Such
selections are called single selections. Single selections cannot be defined by another selection and therefore do not
support selection.named(<stag>).

selection.global() sets the selection to be the global selection.
selection.geom(<gtag>) sets the selection to be all domains in the geometry <gtags.

selection.geom(<gtag>,dim) specifies that subsequent calls to all, set, add, and remove refer to domains at
the dimension dimon the geometry <gtags>. If there is only one possible geometry, using selection.geom(dim)
is equivalent. Also, if there is only one allowed dimension dim, then all, set and remove can be used directly as
it is then unambiguous to which geometry and dimension their arguments apply to.

selection.geom(<gtag>,highdim,lowdim, typelist) specifies that subsequent calls to all, set, add, and

remove refer to domains of dimension highdimon the geometry <gtag>. The domains that are obtained are those

that are both of dimension Iowdimand of any of the types listed in <typelists. It is required that

highdim > lowdim. The available types are:

e exterior: All domains of dimension Iowdim that lie on the exterior of the domains at dimension highdim.

e interior: All domains of dimension lowdim that lie in the interior of the domains at dimension highdim.

¢ meshinterior: All mesh boundaries of dimension Iowdim that lie in the interior of the domains at dimension
highdim.

selection.allGeom() sets the selection to a whole geometry. Can be used instead of selection.geom(<gtag>)

when the geometry tag is unambiguous.

selection.geom(dim) specifies that subsequent calls to all, set, add, and remove refer to domains at the
dimension dim. Can be used instead of selection.geom(<gtag>,dim) when the geometry tag is unambiguous.
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selection.all() sets the selection to use all geometric entities in the geometry at the dimension where the

selection applies.

selection.set(<entlist>) sets the selection to use the geometric entities in <ent1list>. Note that the list of
domain numbers is always sorted in ascending order and duplicates are removed before storing the numbers in the

selection object.

selection.add(<entlist>) adds the geometric entities in <entlists in the geometry to the set of geometric

entities that the selection uses to obtain the selection. The list can be vectorized, as the following example shows:

selection.add(new String[1{"arr1(2,1,1)", "arr1(3,1,1)"}, new int[]1[1{{1, 2, 3, 4, 5, 6},
{1, 2, 3, 4});

In the Java history, such a vectorized method is replaced by the following code if there are at most 5 objects, to

improve readability:

selection.add("arr1(2,1,1)", new int[]{1, 2, 3, 4, 5, 6});
selection.add("arr1(3,1,1)", new int[]{1, 2, 3, 4});

selection.remove (<entlist>) removes the geometric entities in <entlist> in the geometry from the set of

geometric entities that the selection uses.

selection.inherit(boolean) indicates whether the selection should include all geometric entities that are
specified by any of the other methods and all geometric entities at lower dimensions that are adjacent to the ones

already specified.

selection.named(<stag>) specifies that the selection is defined by the selection model.selection(<stag>).
selection.isGlobal() returns true if the selection is global.

selection.isGeom() returns true if the selection is a whole geometry.

selection.geom() returns the geometry tag of the selection as a string. If the selection is global, null is returned.
selection.dimension() returns the dimensions on a geometry where the selection applies as an integer array.

selection.entities(dim) returns the geometric entities of the selection on the given geometry at the given

dimension as an integer array.

selection.interiorEntities(dim) returns the interior mesh domains as an integer array.
selection.isInheriting() returns true if the selection is inherited to lower dimension levels.
selection.inputDimension () returns the dimension of the domains used as input to the selection.
selection.inputEntities() returns the entities used as input to the selection.

If the selection is defined by another selection, selection.named () returns the tag of that selection. Otherwise
selection.named() returns an empty string.

Selections of the class XDLocalSelection have the following additional methods:

selection.extraDim() returns the tag of a feature of type AttachDimension in model.extraDim(), or an

empty string if no extra dimension attachment is used.

selection.extraDim(<attachdimtag>) sets the extra dimension attachment feature. <attachdimtag> must be
the tag of a feature of type AttachDimension in model.extraDim() or an empty string to indicate no extra

dimension attachment.

selection.extraDimSel (<xdgeomtag>) returns the selection in extra dimension geometry <xdgeomtag>.
<xdgeomtag> should be the tag of the geometry in one of the extra dimensions attached by the extra dimension
attachment feature defined by selection.extraDim().

ABOUT GENERAL COMMANDS | 3l



32 |

extraDimSel () returns all extra dimension geometry tags that are valid arguments of
extraDimSel (<xdgeomtag>) as a string array.

NOTES
The methods global(), geom(<gtag>), geom(<gtag>,dim), geom(<gtag>,highdim,lowdim, typelist),and
geom(dim) clear the data set by other methods.

Not all assignment methods are supported by all model entities. The list of supported methods also serves as a guide
for the restriction to those named selections that can be used by that entity. All access methods are always

supported.

SEE ALSO
model.geom()

The loadFile and saveFile Methods

The methods loadFile () and saveFile() are now available to load and save files for the following features:

e model.param() and model.result().param()
e model.variable() and model.component(<ctags).variable()

e model.result().table()

You can use the following syntax for loadFile:

loadFile(String path) where the path is the path to any file type that COMSOL Multiphysics supports.
loadFile(String path, char delim) where delim is the delimiter used in the file.

loadFile(String path, String sheet, String range), where the string sheet is the name of the sheet to
read from (null or empty means the first in the file), and range is range of cells to read. The range can be a single

cell, which then indicates the top-left cell to read. If range is empty, it starts in the top-left corner.
For the saveFile method, the following syntax is available:

saveFile(String path)

saveFile(String path, char delim)

saveFile(String path, String sheet, String range, boolean includeHeaders, boolean
overwrite), where includeHeaders determines whether to include headers or not, and overwrite determines if

nonempty existing cells in a spreadsheet can be overwritten in the file. For example, a call like
model.param().saveFile(tempFile, "sheet", "C7", false, true);

starts saving at cell C7, does not include headers, an allows overwriting of nonempty cells.

For model.result().table, there are no delimiter functions.

ModelUtil

Model object utility methods such as methods to create and remove model objects, showing progress information,
and listing and saving preferences. See also model.
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SYNTAX
This section describes general methods that handle the environment for the model object. It also describes methods

for the client/server machinery.

import com.comsol.model.*;
import com.comsol.model.util.*;

The import statements above make all model and model utility methods available.

ModelUtil.create(<tag>) creates a model with tag <tag>. Returns a reference to the model. If there is already

a model with this tag the previous model is removed.

ModelUtil.remove (<tag>) removes the model tagged <tag>.
ModelUtil.clear() removes all models.

ModelUtil.tags () obtains the current list of model tags.
ModelUtil.model(<tag>) returns a reference to the model tagged <tags.
ModelUtil.closeWindow(<windowtag>) closes the window tagged <windowtags.
ModelUtil.closeWindows () closes all windows on the server.

ModelUtil.createApplication(<tag>,<appnames) creates a new application model with the tag <tag> and

the name <appname> using the given application file reference.
ModelUtil.createUnique (<prefixs>) creates a model with a unique tag that begins with the prefix <prefixs.

ModelUtil.getOpenGeometryKernel() returns the geometry kernel to use when opening models. Valid values
are model for the geometry kernel used by the model file, and comsol to convert the geometry to the COMSOL
kernel.

ModelUtil.getDefaultGeometryKernel() returns the default geometry kernel in new models. Valid values are
comsol for the COMSOL kernel and cadps for the CAD kernel (Parasolid kernel). The CAD kernel requires the
CAD Import Module.

ModelUtil.setOpenGeometryKernel (<openkernels) specifies the geometry kernel to use when opening
models. Valid values are model for the geometry kernel used by the model file, and comsol to convert the geometry
to the COMSOL kernel.

ModelUtil.setDefaultGeometryKernel(<defaultkernels) specifies the default geometry kernel to use in
new models with the string <defaultkernels. Valid values are comsol for the COMSOL kernel and cadps for
the CAD kernel (Parasolid kernel). The CAD kernel requires the CAD Import Module.

ModelUtil.getEntityPath(<entity>,<dividers>) creates the path from the root of the model object for the

given entity <entitys>. <dividers specifies a divider to use between entities in path.

ModelUtil.load(<tag>,<filename>) loads a model from a file <£ilename> in the client’s file system and names
it <tag>. Loading a file from a directory sets the model directory. The model directory is used for saving files if you
do not provide an absolute path to the file. The model directory is the directory where the model is saved. If the
model has not been saved there is no model directory. You can get the model directory from a saved model using
model.getFilePath.

ModelUtil.loadCopy(<tag>,<filename>) loads a copy of a model from a file <filenames in the client’s file
system and names it <tag>. The loadCopy method is the same as 1oad except that the loaded model is not
associated with the file, so model.save () does not work. You have to specify the filename the first time you save
it again.
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ModelUtil.loadOnServer(<tags,<filenames) works like ModelUtil.load except that the filename is a path
on the server computer. The client does not have to have access to the file.

ModelUtil.loadProtected(<tag>,<filenames,<password>) works like ModelUtil.loadOnServer but with

password protection.

ModelUtil.loadProtectedOnServer(<tag>,<filename>,<passwords) works like
ModelUtil.loadOnServer but with password protection.

ModelUtil.loadRecovery(<tags,<foldername>) loads a model from a recovery directory or folder structure
in the client’s file system and names it <tag>.

ModelUtil.showProgress(bool) turns on or oft showing of progress in a window or on a file when running
lengthy tasks when connected to a server. The return value is a Boolean value that is true if showing progress is

possible.

ModelUtil.showProgress(<filenames) turns on logging of progress to the file <filenames in the client’s file
system. If <filename> is null progress is logged to the standard output.

ModelUtil.initStandalone(bool) Initializes the environment for using the COMSOL API from a standalone
]ava® application. You should 7oz use this command from the LiveLink™ for MATLAB®. Set the argument to true

if support for plotting in a GUI using Java Swing widgets should be available.

ModelUtil.initStandalone(bool, <guiToolkit>) allows to specify that support for using a given Java GUI
toolkit should be available. The optional <guiToolkits> parameter can have the values "swing" or "swt" telling
that Swing widgets or widgets from the Standard Widget Toolkit (SWT) can be used.

ModelUtil.getPreference (<prefsName>) returns the value of a preference.
ModelUtil.setPreference (<prefsName>, <values) sets the value of a preference.
ModelUtil.listPreferences() returns a string with a listing of the preferences names and their descriptions.

ModelUtil.loadPreferences() loads the preferences from file. Use this is standalone Java application which do

not load the preferences at launch time.
ModelUtil.savePreferences() saves the preferences to file.
ModelUtil.uniquetag() returns a unique model tag that is not in use.

License Commands
ModelUtil provides functionality to check availability for and control the checkout of COMSOL product licenses.

ModelUtil.hasProduct(String... product) checksifthe current license allows to run the specified COMSOL
products given as the input (as an array of strings).

ModelUtil.hasProductForFile(String file) checks if the current license allows the specified COMSOL
products needed to use that COMSOL MPH file.

ModelUtil.hasProductForFileonServer (String file)is similar to hasProductForFile but checks if the
license allows the specified COMSOL products needed for a file on the server.

ModelUtil.checkoutLicense(String. .. product) checks outlicenses for the COMSOL products given as the
input (as an array of strings).

ModelUtil.checkoutLicenseForFile(String file) checks out the licenses needed to use that COMSOL
MPH file.

ModelUtil.checkoutLicenseForFileonServer(String file)is similar to checkoutLicenseForFile but
checks out the licenses needed to use that COMSOL MPH file on the server.

CHAPTER 2: GENERAL COMMANDS



The following table lists the available products for which licenses can be checked for availability and checked out

using the names in the Name column:

PRODUCT NAME
AC/DC Module ACDC
Acoustics Module ACOUSTICS

Batteries & Fuel Cells Module

CAD Import Module

CFD Module

Chemical Reaction Engineering Module
Cluster computing functionality
Corrosion Module

Design Module

ECAD Import Module
Electrochemistry Module
Electrodeposition Module

Fatigue Module

File Import for CATIA V5
Geomechanics Module

Heat Transfer Module
LiveLink™ for AutoCAD®
LiveLink™ for PTC® Creo® Parametric™
LiveLink™ for Excel®

LiveLink™ for Inventor®
LiveLink™ for MATLAB®

LiveLink™ for Revit®

LiveLink™ for PTC® Pro/ENGINEER®
LiveLink™ for Solid Edge®
LiveLink™ for SOLIDWORKS®
MEMS Module

Microfluidics Module

Mixer Module

Molecular Flow Module

Multibody Dynamics Module
Nonlinear Structural Materials Module
Optimization Module

Particle Tracing Module

Pipe Flow Module

Plasma Module

Ray Optics Module

RF Module

Rotordynamics Module
Semiconductor Module

Structural Mechanics Module

BATTERIESANDFUELCELLS
CADIMPORT, CADREADER
CFD

CHEM

CLUSTERNODE
CORROSION

DESIGN

ECADIMPORT
ELECTROCHEMISTRY
ELECTRODEPOSITION
FATIGUE

CATIA5
GEOMECHANICS
HEATTRANSFER
LLAUTOCAD
LLCREOPARAMETRIC
LLEXCEL

LLINVENTOR

LLMATLAB

LLREVIT
LLPROENGINEER
LLSOLIDEDGE
LLSOLIDWORKS

MEMS

MICROFLUIDICS

MIXER

MOLECULARFLOW
MULTIBODYDYNAMICS
NONLINEARSTRUCTMATERIALS
OPTIMIZATION
PARTICLETRACING
PIPEFLOW

PLASMA

RAYOPTICS

RF

ROTORDYNAMICS
SEMICONDUCTOR
STRUCTURALMECHANICS
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PRODUCT NAME

Subsurface Flow Module SUBSURFACEFLOW
Woave Optics Module WAVEOPTICS
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Client-Server Commands
ModelUtil provides functionality to control COMSOL client-server options. You can connect/disconnect and

control connections from multiple clients to a server.

ModelUtil.connect () connects to a COMSOL server. The COMSOL command arguments -Dcs . host=<host >
and -Dcs.port=<ports can provide host name and port number. In case those are not provided, and the both

client and server access the same file system, the host and port can be automatically transferred.

ModelUtil.connect (<host>, <ports>) connects to a COMSOL server. The arguments <host> and <port»>
provide the host name (a string) and port number (an integer) for the COMSOL server.

ModelUtil.connect(<host>, <ports>, <users, <password>) connects to a COMSOL server. The arguments
<host>, <port>, <user> and <password> provide the host name (a string), port number (an integer), user (a

string), and password (a string) for the COMSOL server.

ModelUtil.connect (<hosts, <ports,<encryption>) and
ModelUtil.connect (<host>, <ports,<encryptions,<users,<passwords>) connects to a COMSOL server
using encryption. With the Boolean <encryptions set to false, it uses the ws WebSocket URI scheme; when set

to true, it uses the secure wss (SSL) WebSocket URI scheme.
ModelUtil.disconnect() disconnects from a COMSOL server.

ModelUtil.setServerBusyHandler (<ServerBusyHandler>) Several clients can be connected to the same
server, but only one client at a time can ask the server to perform an operation. The default behavior when
attempting to call the server when it is busy is to throw an exception. By registering a ServerBusyHandler it is
possible to make the client wait until the server is free again, and to set a time-out for how long to wait.

ServerBusyHandler is a class which controls how long a client waits for a busy server to become free again. It also
has hooks to perform any action on the client side before starting to wait and just after stopping to wait. Implement

a subclass in Java to ServerBusyHandler to change the default behavior.
ServerBusyHandler () creates a server-busy handler that waits for the server to be free without any time-out.

ServerBusyHandler (<timeOut>) creates a server-busy handler that waits for the server to be free. The time to

wait, <timeOut >, is given in milliseconds.
postWaitForServer (<boolean>) isahook to perform any action right after waiting for the server to become free.

preWaitForServer(<host>, <ports) isahook to perform any action before beginning to wait for the server to

become free.

ModelUtil.setModelChangedHandler (<ModelChangedHandler>) registers a handler of changes to models
made by other clients. If any other client changes any model in use by this client, the model change handler is

notified.

ModelChangedHandler is an interface for handling updates of the client when another client has modified any

models in use by this client. Implement the interface in Java to change the default behavior.

handleModelChangeOnServer (<modelChangeInfo>) is called when another client has changed any models in
use by this client.

ModelChangeInfo is a class with information about changes to models by other clients.

getModelTags () returns the tags of the models that have changed.
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model

Model object methods that set up basic parts of a model object such as the model history and saving model files.

SYNTAX
model is a model object that you can create, for example, using ModelUtil.create(<tag>).

model.baseSystem(<systems>) sets the unit system for the entire model to the given system. The default is the
SI system, which has the tag SI. Other supported unit systems are bft (British engineering units), cgs, mpa, emu,
esu, fps, ips, and psi.

model.dateModified() returns the modification date of the model.
model.disableUpdates () returns the current status of the disable state for the model object.

model.disableUpdates (boolean) Temporarily disables and re-enables the update of variables in entities that
automatically generates other entities (for example, physics or coordSystem). Disable updates to speed up the
evaluation of long execution sequences. Leaving this flag disabled can cause strange side effects during modeling.
For example, some parameter values in a feature of a physics interface might not be valid until an update has been
made. The model inputs are such parameters, which end with the suffix _src. Trying to set a value to any of these
parameters with updates disabled might give an error message. Other effects are that the generated variables are
unknown to the unit evaluator and equation view readings can be incomplete. When the disabled state goes from

true to false, the program performs a full update of the variables, so the model is in a fully functional state.

model.fontFamily (<family>) sets the font family to be used in plots. The font default is always available. If
using Windows, most system fonts can also be used.

model.fontSize(<size>) sets the font size to be used in plots.

model.getComsolVersion () returns the COMSOL version used to save the model or the current version if the
model has never been saved.

model.getFilePath () returns the absolute path of the model or an empty string if the model has not been saved.

model.getLastComputationTime(string time format) returns the last computation time for the model or
application as a string. Use model.getLastComputationTime () to get the time measured in ms, which you can
then use as an input to model.setLastComputationTime. Other supported time formats are "hr:min:sec",
"h:min:s", and "detailed", which returns the time in seconds and also includes more readable units for longer

times.
model.getUsedProducts () returns the products that this model uses.

model.hist().complete(bool) enables or disables history logging for methods where the arguments typically
are very large objects.

model.hist().isComplete () returns true if history logging is enabled for methods where the arguments
typically are very large objects.

model.hist().disable() Disables logging of top-level API calls to the history. Use this method sparingly; the
normal state is that the history is logged.

model.hist().enable() Removes the most recent disabling of top-level API calls to the history. Calling
enable () can be viewed as removing an entry from a stack of disable records; logging only occurs if the stack is

empty.
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model.isReadOnly () returns whether the file where the model is saved is read-only and cannot be overwritten or
not. The file can be read-only for two reasons:

* The COMSOL process does not have permission to write to the file.

¢ On Windows, the file can be locked by another COMSOL instance.
If the model has not been saved, this method returns false.
model.lastModifiedBy () returns the last user to modify the model.

model.modelPath(<path>) sets the model path. The model path is used for reading files required by the model,
if no path is provided to the file. <path> is a list of directories separated by semicolon. When reading an external
file, COMSOL Multiphysics attempts to find a file in the following locations:

I The absolute path as given in the filename. If the path given in the filename is relative, it is resolved relative to
the following directories.

2 The model directory, if provided.

w

If searching for a geometry part, the user part libraries. These are given by the preference property
geometry.library.userpartlibraries.

If searching for a geometry part, the COMSOL Multiphysics installation’s parts directory.
The directories defined by model.modelPath (ordered and semicolon separated).

The directories in the cs.path setting (ordered and semicolon separated).

N o0 1N

The current directory, which is given by the Java system property user.dir and is the directory where you
launch COMSOL Multiphysics, unless you have changed the value of user.dir.

The model directory is used for saving and exporting files if you do not provide an absolute path to the file.

model.modelPath () returns the model path; that is, the path to the location where the model was last saved, if
such a location exists, or the path set in a call to model.modelPath.

model.resetHist () rebuilds the model from scratch to generate a compacted model’s Java- or M-file history (that
is, creating a compact history). If the model has errors, or has invalid property values, the method fails and the old

history is kept.

model.save(<filenames) saves the model as a multiphysics model file in <filenames. If you do not provide a

path, the model is saved in the directory from where you have launched COMSOL Multiphysics.

model.save (<filename>, <type>) saves the multiphysics model in <filenames. If the type is java, a model file
for use with Java® is saved. If the type is m, this command saves a model file as an M-file for use with the LiveLink™
for MATLAB®. If the type is VBA, this command saves a model file as a VBA-file for use with VBA (Visual Basic for
Applications) in Microsoft Excel®.

model.setLastComputationTime (long time) sets the last computation time for the model or application as the

measured computation time (in ms) that you provide as the input.

SEE ALSO
model.modelNode (), model.unitSystem()

model.attr()

Model entity list methods such as copying, duplicating, clearing, and removing model entities.
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SYNTAX
model.attr() returns a model entity list. The string attr denotes a method name for accessing the model entity
list.

model.attr().clear() removes all tagged model entities.

model.attr().copy(<tag>, <copytags) createsa new model entity with the tag <tag>, which is a copy of the
model entity with the tag <copytags. The <copytag> should be combination of tags separated by slashes to
uniquely identify the entity. For example, pg1/surfi/htgh1 identifies
model.result("pgl").feature("surfi1").feature("htght"). How to interpret the combined tag depends
on the context. The difference between duplicate and copy is that copy can use a source anywhere in the model,
whereas duplicate requires that the source is in the same list. Not all model entities support the copy operation.
The difference between copy and copyTo is that copyTo copies the entity to a specific position in the list, whereas
copy copies to a default position in the list. Not all model entities support the copyTo operation.

model.attr().copy(<tag>, <copytag>, <modeltags>) createsa copy and assigns it to the model <modeltags.

model.attr().copyTo(<tag>, <copytags, <insertafters) creates a copy and inserts it in the list after the
entity with tag <insertafters. If <insertafters is an empty string, the entity is inserted first in the list. Not all

model entities support the copyTo operation.

model.attr().duplicate(<tag>, <copytags) creates a new model entity with the tag <tag> which is a
duplicate of the model entity with tag <copytag>. Not all model entities support the duplicate operation.

model.attr().duplicateTo(<tag>, <copytags>, <insertafters>) createsa new model entity and inserts it in
the list after the entity with tag <insertafters. If <insertafters is an empty string, the entity is inserted first in

the list. Not all model entities support the duplicateTo operation.

model.attr().get(<tag>) returns the entity with tag <tag> from the entity list model.attr().
model.attr().remove (<tag>) removes the model entity with tag <tag>.
model.attr().size() returns the number of model entities.

model.attr().tags() returns a string array with the tags of all model entities.
model.attr().uniquetag(<tag>) returns a unique tag in the list context.

SEE ALSO
model

model.attr (<tag>)

Model entity methods for adding and accessing name, tag, version, comments, date created, and the author

information for a model entity.

SYNTAX
model.attr(<tag>) returns a model entity with tag <tag>. The string attr denotes a method name for accessing

a model entity with tag <tags>.

model.attr(<tag>).active (bool) makes the entity with tag <tags active or inactive.
model.attr(<tag>).author() returns the author of the entity.
model.attr(<tag>).author(<authors) sets the author of the entity.
model.attr(<tag>).comments () returns the comments of the entity.

model.attr(<tag>).comments (<comments>) sets the comments of the entity.

ABOUT GENERAL COMMANDS | 39



40

model.attr(<tag>).dateCreated() returns the creation date of the entity.
model.attr(<tag>).isActive() returns true if the entity with tag <tag> is active.
model.attr(<tag>).label() returns the label of the entity.

model.attr(<tag>).label(<labels) scts the label of the model entity. The label is an arbitrary nonempty

string.

model.attr(<tag>).resetAuthor(<authors>) sets the author of the entity and all its children. In particular,
when used on the model itself, the method sets the author on all model entities of the model.

model.attr(<tag>).tag() returns the tag of the entity.
model.attr(<tag>).tag(<newtag>) assigns the new tag <newtag> to the entity <tag>.

model.attr(<tag>).timeCreated() and model.attr(<tag>).timeModified () return the creation time of
the entity and the time when the entity was last modified, respectively. The times are reported in milliseconds since
January 1, 1970, 00:00:00 GMT.

model.attr(<tag>).version(<versions) sets the version of the entity. The version is a user-defined string.
model.attr(<tag>).version() returns the version of the entity.

model.attr(<tag>).help() and model.attr(<tag>).help(string), where stringis the name ofa type
within the model object, return a query URL string for looking up HTML documentation for the model entity of

the given type using a COMSOL Documentation server running either locally or online at doc.comsol.com.

model.attr(<tags>).docMarker() and model.attr(<tag>).docMarker (string), where string is the name
of'a type within the model object, return the topic key for the model entity of the given type to use as the argument
to the public static method com.comsol.doc.client.DocRemoteClient.showHelp(String) of the COMSOL
Documentation application, which shows documentation with the help of a COMSOL Documentation server. If
the COMSOL Documentation application is closed, it will automatically relaunch the next time you call the
showHelp(String) method. If desired, it is possible to close a COMSOL Documentation application launched in
this way programmatically by calling the method com.comsol.doc.client.DocRemoteClient.shutdown().

SEE ALSO
model

model.batch()

Create batch jobs.

SYNTAX

Jobs
model.batch().create(<tag>, jobtype); creates a batch job tagged <tag> of type jobtype, where jobtype
is Parametric, Batch, or Cluster.

model.batch().remove(<tag>) removes a batch job.
model.batch().size() returns number of batch jobs.
model.batch().tags() returns the tags of the batch jobs.

model.batch(<tag>).attach(<stag>) attaches a batch job with tag <tag> to a study with tag <stag>, which
makes it visible under that study.

model.batch(<tag>).create(<jtag>,<opers>) creates a batch job sequence.

CHAPTER 2: GENERAL COMMANDS



model.

model

model.

model

model.

model.

model.

batch(<tag>)

.batch(<tag>).
batch(<tag>).
.batch(<tag>)
batch(<tag>).

batch(<tag>).

batch(<tag>)

.detach(<stag>) detaches a batch job from a study with tag <stag>.
remove (<ttag>) removes the task.

run() runs the batch job.

.set(jprop, <jvalues) sets the property jprop to the value <jvalues.
study (<stag>) assigns a batch job to a study tag <stag>.

study () returns the study tag of batch job with tag <tag>.

.feature(<ttag>)).getAllowedPropertyValues(property) returns the set of allowed

values for a property if the set is a finite set of strings; otherwise, it returns null.

Batch Job Properties
The Parametric job type has the following properties:

PROPERTY VALUE DEFAULT  DESCRIPTION

accumtable String new Accumulated probe table

accumtableall on]|off of f Use all probes for the accumulated probe table
control String user Controlling study

param String array Name of parameter and its value (output)
pdistrib on|off off Distributed (in parallel) the parameter values
pname String array Parameter name(s) to vary

plist String array Parameter values

plot on|off of f Update a plot group while solving

plotgroup String default Update this plot group while solving

pwork int I Limit for the number of work groups
pworkactive on|off off Use a limit for the number of work groups
stopcond String A stop condition expression

err on|off off Stop sweep if error

error String array The logged error

useaccumtable on|off off Produce an accumulated probe table while solving

The Optimization job type sets its property through the Optimization study node, which has the following

properties:

PROPERTY VALUE DEFAULT DESCRIPTION

optobj String Objective function to be optimized

descr String Description of optimization objective function

objectivetype minimization| minimization Sets whether the objective should be minimized or
maximization maximized

objectivesoluti auto|first| auto Determines how the objective should be evaluated for

on last|sum|min]| studies with more than one available PDE solution, for
max example time-dependent problems.

pname String array Names of control parameters

initval String array Initial values for control parameters

lbound String array Lower bounds on control parameters

ubound String array Upper bounds on control parameters
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PROPERTY VALUE DEFAULT DESCRIPTION
optsolver coordsearch | neldermead Optimization solver

montecarlo |

neldermead |

bobyqga
useseed on|off off Use random seed for Monte Carlo solver
randseed int 0 Random seed for Monte Carlo solver
nsolvemax int 1000 Maximum number of objective evaluations
opttol double 1e-2 Optimization tolerance
useobjtable on|off off Produce a table with all objective evaluations
objtable String new Reference to table with objective evaluations
convinfo off | on| on Detail of log messages from optimization solver

detailed

The Batch job type has the following properties:

PROPERTY VALUE DEFAULT DESCRIPTION
control String user Name of controlling study
np integer auto Number of cores to use
graphics on|off off Enable graphics
maxallow integer 1 Maximum allowed number of batch jobs to start
simultaneously
maxrestart integer 0 Maximum number of restarts before a batch job is failed
maxalive integer 300 Maximum number of seconds before the batch job must
say it is running
starttime now | O | now The time, as an hour for a 24-hour clock, when the
[3]4]5 batch job should start
7|89
11121
14151
17181
20|21 |2
23
batchdir String home The directory to store files used by the batch job
directory
client on|off off Run the batch job as client
port integer 2036 The host port number
host String localhost Name of host
batchfile String batchmode Name of batch model file
1.mph
clear on|off on Clear the previous model file
clearmesh on|off off Clear meshes before saving model
clearsolution on|off off Clear solutions before saving model
savefile on|off on Save model after run
specbatchdir on|off off Specify different directory for batch process than used
by the current process
rundir String home The directory used by the batch job when specbatchdir
directory json
speccomsoldir on|off off Specify different directory for the COMSOL installation

than used by the current process

4?2
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PROPERTY VALUE DEFAULT DESCRIPTION
comsoldir String ComMSoL The COMSOL installation directory used by the batch
installat job when speccomsoldir is on
ion
directory
synchsolutions on|off off Synchronize solutions after batch job finishes
synchaccumprobetable on|off off Synchronize accumulated probe tables after batch job
finishes
probesel all | none all The probes to compute
[manual
probes String array Probes to compute
useaccumtable on|off off Use the accumulated probe table
accumtable String new Name of table to use
accumtableall on|off on Use all probes
client on|off off Run as client
host String localhost Name of server
port integer Server port number

The Cluster job type has the following properties:

PROPERTY VALUE DEFAULT DESCRIPTION

batch String Tag of batch job to run

clustertype general | whpc2008 | general The type of cluster job

wccs2003 | sge |
slurm | none

control String user Name of controlling study

corespernode integer 0 Minimum number of cores per node on
whpc2008

exclusive on|off on Demand exclusive right to nodes on
wcces2003, whpc2008, and SLURM

filetransfercmd none | scp | user none Command to transfer files

filetransferfromusercmd String Command to transfer files from remote
location

filetransfertousercmd String Command to transfer files to remote
location

hostfile String Path to hostfile

memorypernode integer 0 Minimum amount of memory per node on
whpc2008 and SLURM

mpd on|off of f If an mpd is running on the computer or
not

mpiargs String Additional MPI arguments

mpibootstrap String Name of bootstrap server

mpirsh String Path to rsh or ssh

nn integer 1 Number of processes to start

nodegran node | socket| core node Node granularity on whpc2008

nodegroup String Name of Named selection of Compute
nodes in whpc2008

perhost integer 1 Number of processes / host
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PROPERTY VALUE DEFAULT DESCRIPTION
postcmd String DOS/Linux command to execute after the
batch job finished
precmd String DOS/Linux command to execute prior to
the batch job
priority Highest | Normal Priority of job on wees2003 and
AboveNormal | Normal whpc2008
| BelowNormal |
Lowest
remote on|off off Run on remote server
remotecmd none | ssh | user none Command to use when invoking a
command on a remote server
remotehosts String List of remote hostnames
remoteos native | windows | native OS used on remote hosts
linux
remoteusercmd String Command to run on remote server
regqnodes String array Requested nodes on wces2003,
whpc2008, and SLURM
runtime DD:HH:MM | Infinite  Infinite Maximum time to run before stopping on
weces2003, whpc2008, and SLURM
schedargs String Additional scheduler arguments
scheduler String localhost Name of the scheduler on wces2003,
whpc2008, and SLURM
scpargs String Additional SCP arguments
scpemd scp | putty | user scp SCP command
scpkey String SCP key file
scppath String Directory where SCP resides
scpuser String Username used by SCP
scpusercmd String Command for copying files to remote
location
sgegran host | slot | manual  host Node granularity on SGE
sgenn integer 1 Number of slots in SGE
sgepriority integer 0 Priority of job on SGE and SLURM
sgequeue String Name of SGE and SLURM queue
sshargs String Additional SSH arguments
sshcmd ssh | putty | user ssh SSH command
sshkey String SSH key file
sshpath String Directory where SSH resides
sshporthost String Port host
sshports String Ports that should be forwarded by SSH
sshuser String Username used by SSH
sshusercmd String User-defined SSH command
user String Username on wccs2003, whpc2008, and

SLURM
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Tasks
model.batch(<tag>).create(<ttag>, tasktype); creates a task of type tasktype tagged <ttag>. Find
options for tasktype in Table 2-3 below.

TABLE 2-3: BATCH TASK TYPE OPTIONS

TASK TYPE DESCRIPTION

Geomseq A geometry sequence to build
Meshseq A mesh sequence to build
Solutionseq A solver sequence to compute
Jobseq A job sequence to run
Postseq A post sequence to run

Evalnumericalseq A numerical results seq (derived value) to run (replaced Numericalseq)

Numericalseq A numerical results seq to run (deprecated)

Exportseq An export sequence to run

Save Saves the state of the model at this point in the job sequence

Class Runs the main function of a compiled class with the system property cs.currentmodel set to

the name of the model calling the class

Data Created by batch jobs to store external process information

Task Type Properties
model.batch(<tag>).feature(<ttag>).set(ttprop,<tpvalues) sets the task type property ttprop to the

value <tpvalues.

Task type properties can have the values listed in Table 2-4.

TABLE 2-4: TASK TYPE PROPERTY VALUES

PROPERTY VALUE DEFAULT DESCRIPTION
clear on|off on Clear the currently stored data.

filename String Name of file to store or open.

openfile String array none Name of file that was saved.

param String array Name of parameter and its value.

files String array Name of files for each parameter.

input String array Input to class file.

seq String all Name of sequence to run.

num String array Name of numerical result feature that generated value.
paramvalue  String array Computed numerical result.

store on|off off Copy solution.

psol String none Tag of solver sequence where solutions are stored.

The Data Task Type
The Data task type contains child nodes with process information of type Process; see Table 2-5.

TABLE 2-5: DATA CHILD NODES

TASKTYPE DESCRIPTION

Process Contains information about running processes.
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model.batch(<tag>).feature(<ttag>).feature(<ptag>).set(ptype, <pvalues) setsthe property ptype
to the value <pvalues. ptype can have the values listed in Table 2-6

TABLE 2-6: PTYPE PROPERTY VALUES

PROPERTY VALUE DEFAULT  DESCRIPTION
cmd String The command that started the external process.
filename String Name of file where model is stored.

operation  update|progress|cancel|stop update Name of operation to perform on the process.
| clear | rerun

status String Current status of the process.

EXAMPLE
Create a parametric sweep over a geometry sequence that creates a batch job that runs a parametric sweep that runs

a solver.

Code for Use with Java

model.batch().create("sweep1","Parametric");
model.batch("sweep1").set("pname","a");
model.batch("sweep1").set("plist",new double[]{1,2});
model.batch("sweep1").create("sol","Solutionseq");
model.batch("sweep1").feature("sol").set("seq","sol3");
model.batch().create("batch1","Batch");
model.batch("batch1").create("task","Jobseq");
model.batch("batch1").feature("task").set("seq", "sweepl1");
model.batch().create("sweep2","Parametric");
( )
( )
( )
( )
( )
( )
( )

model.batch("sweep2").set("pname","b");
model.batch("sweep2").set("plist",new double[]{1,2,3});
model.batch("sweep2").create("gtask", "Geomseq");
model.batch("sweep2").feature("gtask").set("seq","geomi1");
model.batch("sweep2").create("task","Jobseq");
model.batch("sweep2").feature("task").set("seq","batch1");
model.batch("sweep2").run();

Determine the parameter names and values from a parametric sweep that has already been run.

model.batch(pname).feature(fname).getString("psol")

where pname is the name of the parametric sweep feature that ran and fname is the name of the solution feature

that stored the solutions. Use

model.sol(sname).feature().tags()

to find out the tags of the stored solutions. Use

model.sol(sname).feature(fname).getString("sol")

to find the solver sequence for a parameter. Use

model.sol(sname).getParamNames ()

and
model.sol(sname).getParamvVals()

Code for Use with MATLAB
model.batch.create('sweepl', 'Parametric');
model.batch('sweep1').set('pname','a');
model.batch('sweep1').set('plist',[1,2]);
model.batch('sweepl').create('sol', 'Solutionseq');
model.batch('sweep1').feature('sol').set('seq','sol3");
model.batch.create('batch1', 'Batch');
model.batch('batch1').create('task', 'Jobseq');
model.batch('batch1').feature('task').set('seq', 'sweepl');

—~ -~ —
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model.batch.create('sweep2', 'Parametric');
model.batch('sweep2').set('pname','b');
model.batch('sweep2').set('plist',[1,2,3]);
model.batch('sweep2').create('gtask', 'Geomseq');
model.batch('sweep2').feature('gtask').set('seq', 'geomi’);
model.batch('sweep2').create('task','dobseq');
model.batch( ).feature('task').set('seq', 'batch1');
model.batch( ).

'sweep2'

sweep2').run;
Determine the parameter names and values from a parametric sweep that has already been run.
model.batch(pname).feature(fname).getString('psol')

where pname is the name of the parametric sweep feature that ran and fname is the name of the solution feature
that stored the solutions. Use

model.sol(sname).feature().tags
to find out the tags of the stored solutions. Use
model.sol(sname).feature(fname).getString('sol"')
to find the solver sequence for a parameter. Use

model.sol(sname).getParamNames

and

model.sol(sname).getParamvals

SEE ALSO
model.sol(), model.study()

model.bem ()

Create a boundary element (BEM) model.

SYNTAX

model.bem().create(<tag>, "CoefficientPDE");
model.bem(<tag>).set(<prop>, <value>);
model.bem(<tag>).selection();

model.bem(<tag>).selection(); defines the selection for single-sided BEM boundaries. In addition, the

following variants are available for double-sided boundaries:

e Use model.bem(<tag>).selection("cont"); for a selection of double-sided boundaries where the field is

continuous.

e Use model.bem(<tag>).selection("discont"); for a selection of double-sided boundaries where the field
is allowed to be discontinuous.

e Use model.bem(<tag>).selection("edge"); for a selection of BEM edges in 3D.
For a complete list of methods available under selection(), see Selections.

The following general properties are available for model.bem:.

TABLE 2-7: GENERAL PROPERTIES FOR BEM

PROPERTY VALUE DEFAULT  DESCRIPTION
background Expression 0 Background field.

edgefluxname String Name of edge flux variable.
edgegradname String[] Names of edge gradient variables.
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TABLE 2-7: GENERAL PROPERTIES FOR BEM

PROPERTY VALUE DEFAULT  DESCRIPTION
edgeradius Expression Radius of cylinders represented as edges.

fluxname String Name of boundary flux variable.

infval Expression 0 Value at infinity (for Laplace equation).

normal String[] Boundary normals pointing out of BEM domain.

opname String Name of postprocessing operator.

varname String Name of field variable.

varnameback String Name of field variable on backside of double-sided boundaries.
varnamefront String Name of field variable on frontside of double-sided boundaries.

In addition, the following properties for the coefficient of the equation are available:.

TABLE 2-8: EQUATION COEFFICIENT PROPERTIES FOR BEM

PROPERTY VALUE DEFAULT DESCRIPTION
a String 0 Absorption coefficient.

al String[] {0,0,0} Conservative flux convection coefficient.

be String[] {0,0,0} Convection coefficient.

c String | Diffusion coefficient.

cedge String | Diffusion coefficient in cylinders represented as edges.
m String 0 Condition at infinity for Helmholtz equation.

The following integration order properties are available:.

TABLE 2-9: INTEGRATION ORDER PROPERTIES FOR BEM

PROPERTY VALUE DEFAULT DESCRIPTION

intorderclose  String Integration rule for close non-adjacent pairs of mesh
elements.

intorderedge String Integration rule for pairs of mesh elements with a
common edge (3D only).

intorderfar String Integration rule for distant pairs of mesh elements.

intordersame String Integration rule for pairs of mesh elements that
coincide.

intordervertex String Integration rule for pairs of mesh elements with a

common vertex.

intorderweak String Integration for weak equations.

The following symmetry properties are available:.

TABLE 2-10: SYMMETRY PROPERTIES FOR BEM

PROPERTY VALUE DEFAULT DESCRIPTION
sym1 off | scp | user off Use of symmetry plane orthogonal to x-axis.
symiplane Expression 0 Position of symmetry plane orthogonal to x-axis.
sym2 off | scp | user off Use of symmetry plane orthogonal to y-axis.
sym2plane Expression 0 Position of symmetry plane orthogonal to y-axis.
sym3 off | scp | user off Use of symmetry plane orthogonal to z-axis.
sym3plane Expression 0 Position of symmetry plane orthogonal to z-axis.
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Finally, the following far-field approximation properties are available:.

TABLE 2-11: FAR-FIELD APPROXIMATION PROPERTIES FOR BEM

PROPERTY VALUE DEFAULT DESCRIPTION

dampingparameter Double | Damping parameter.

farfieldapprox none | ACA | ACA+ none Far-field approximation method.

farfieldboxsplitlimit Integer 20 Number of mesh elements at which box splitting
stops.

farfieldmindist Double 0.5 Minimum relative distance of boxes using far-field
approximation.

farfieldsvd on | off on Use SVD compression in far-field approximation.

farfieldtol Double le-3 Tolerance used in far-field approximation.

usedamping on | off off Use damping parameter with iterative solver.

EXAMPLE

The following example shows how to solve for a Helmholtz equation with outgoing waves at infinity in the exterior

of'a geometry. The example requires that the dependent variables u and bemflux already exist on the exterior

boundaries.

Code for Use with Java

selection.geom('geoml', 2).set(<list of exterior boundary numberss);

ny', "-nz'});

'-nz'});

model.intRule().create("ir1", "materialil");
model.intRule("ir1").create("o1").order(4);
model.bem().create("bem1", "CoefficientPDE");
model.bem("
model.bem("bem1").set("varname", "u");
model.bem("bem1").set("fluxname", "bemflux");
model.bem("bem1").set("normal", new String[]{"-nx",
model.bem("bem1").set("a", "-1");
model.bem("bem1").set("m", "-1");
model.bem("bem1").set("opname", "bemop");
model.bem("bem1").set("intorderfar", "ir1");
model.bem("bem1").set("intorderclose", "iri1");
model.bem("bem1").set("intordersame", "ir1");
model.bem("bem1").set("intorderedge", "irt1");
model.bem("bem1").set("intordervertex", "ir1");
model.bem("bem1").set("intorderweak", "ir1");
Code for Use with MATLAB
model.intRule().create('ir1', 'materialil’');
model.intRule('ir1').create('o1').order(4);
model.bem.create('bem1', 'CoefficientPDE');
model.bem('bemi').
model.bem('bem1').set('varname', 'u');
model.bem('bem1').set('fluxname', 'bemflux');
model.bem('bem1').set('normal', {'-nx', '-ny',
model.bem('bem1').set('a', '-1');
model.bem('bemt1').set('m', '-1');
model.bem('bem1').set('opname', 'bemop');
model.bem('bem1').set('intorderfar', 'ir1');
model.bem('bem1').set('intorderclose', 'iri1');
model.bem('bem1').set('intordersame', 'irt1');
model.bem('bem1').set('intorderedge', 'iri');
model.bem('bem1').set('intordervertex', 'iri1');
model.bem('bem1').set('intorderweak", 'irt1');
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SEE ALSO
model.coeff ()

model.capeopen ()

Create constants and functions interfacing to a CAPE-OPEN compliant thermodynamics package.
SYNTAX

Creating a CAPE-OPEN property package feature.

model.capeopen().create(<ptag>, "PropertyPackage");

Setting and getting properties in a CAPE-OPEN property package feature:

model.capeopen().feature(<ptag>).set(<prop>, <values);
model.capeopen().feature(<ptag>).getString(<prop>);

TABLE 2-12: PROPERTIES SUPPORTED BY CAPE-OPEN PROPERTY PACKAGE

NAME TYPE DESCRIPTION
manager_id String CAPE-OPEN manager ID.
manager_version  String CAPE-OPEN manager version.
package_id String CAPE-OPEN package ID.

package_desc String CAPE-OPEN package description. Only for display in GUI.

model.capeopen().feature(<ptag>).storePersistenceData();
Calling this method after a property package feature has been created, and manager_id and package_id have been
set, stores information about how the CAPE-OPEN package was created in the COMSOL model. If the model is
later opened on a computer with the CAPE-OPEN manager installed but without the property package, this
information can be used to create the required property package.

model.capeopen().feature(<ptag>).create(<ftag>, <type>);

Creates a CAPE-OPEN constant, function, or flash calculation feature. Possible types are CompoundConstant,

TemperatureDependentProperty, PressureDependentProperty, OnePhaseProperty, TwoPhaseProperty,

and FlashCalculationProperty.
model.capeopen().feature(<ptag>).feature(<ftag>).set(<prop>, <value>);
model.capeopen().feature(<ptag>).feature(<ftag>).getString(<prop>);

() )

() )
model.capeopen().feature(<ptag>).feature(<ftag>).getStringArray(<prop>);
model.capeopen().feature(<ptag>).feature(<ftag>).getStringMatrix(<prop>);

Set and get properties in a CAPE-OPEN constant, function, or flash calculation feature.

TABLE 2-13: PROPERTIES SUPPORTED BY ALL CAPE-OPEN CONSTANT, FUNCTION, AND FLASH CALCULATION FEATURES

NAME TYPE DESCRIPTION

prop_basis String Basis (“mass” or “mole”) for evaluated properties. Only relevant for some properties.

model.capeopen().feature(<ptag>)).
getAllowedPropertyvalues(property) returns the set of allowed values for a property if the set is a finite set of

strings; otherwise, it returns null.
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CAPE-OPEN Constant Features
CAPE-OPEN constant features are features with the type "CompoundConstant", and are used to define constants
that get their value from a thermodynamics package.

TABLE 2-14: PROPERTIES SUPPORTED BY CAPE-OPEN CONSTANT FEATURES

NAME TYPE DESCRIPTION

funcname String Name of constant; that is, a variable name that can be used in expressions.

compound String Identifier for compound in the CAPE-OPEN property package.

property String Identifier for property in the CAPE-OPEN property package.

value String Numerical value of constant. This value is only displayed in the GUI. When the constant is
evaluated in an expression the value is obtained by calling the CAPE-OPEN property
package.

CAPE-OPEN Function Features

A CAPE-OPEN function feature defines a function that can be used to evaluate properties that depend, for
example, on temperature or pressure. Different types are TemperatureDependentProperty,
PressureDependentProperty, OnePhaseProperty, and TwoPhaseProperty.

TABLE 2-15: PROPERTIES SUPPORTED BY CAPE-OPEN FUNCTION FEATURES

NAME TYPE DESCRIPTION
funcname String Name of function.
derivatives String array ~ Names of partial derivatives of function.

compounds  String array  Identifiers for compounds in the CAPE-OPEN property package.

comp_basis  String Basis (“mass” or “mole”) for amounts of compounds. Only relevant for functions of
type “OnePhaseProperty” or “TwoPhaseProperty.”

property String Identifier for the property to evaluate in the CAPE-OPEN property package.

phase String Identifier for phase in the CAPE-OPEN property package. Only for features of type
“OnePhaseProperty.”

phasel String Identifier for first phase in the CAPE-OPEN property package. Only for features of
type “TwoPhaseProperty.”

phase2 String Identifier for second phase in the CAPE-OPEN property package. Only for features of
type “TwoPhaseProperty.”

args String matrix Names, units, and descriptions for the function arguments. Only for display in GUI.

unit String Unit of the function. Only for display in GUI.

Functions of type TemperatureDependentProperty and PressureDependentProperty have a single argument,

which is the temperature or pressure, respectively.

Functions of type OnePhaseProperty have temperature and pressure as their first two arguments. If there is more

than one compound, there are additional arguments for the fraction of each compound.

Functions of type TwoPhaseProperty have temperature and pressure as their first two arguments. If there is more

than one compound, there are additional arguments for the fraction of each compound in each phase.
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CAPE-OPEN Flash Calculation Features
CAPE-OPEN flash calculation features are used as an interface for flash calculations, which take amounts of

different compounds and two conditions (for example, temperature and pressure) as input and compute the

fraction of each compound that is present in each phase.

TABLE 2-16: PROPERTIES SUPPORTED BY CAPE-OPEN FLASH CALCULATION FEATURES

NAME TYPE DESCRIPTION

compounds  String array  Identifiers for compounds in the CAPE-OPEN property package.

cond| String First flash condition.

cond2 String Second flash condition.

temperature  String Name of function evaluating the temperature (if temperature is not one of the flash
conditions).

pressure String Name of function evaluating the pressure (if pressure is not one of the flash
conditions).

inphase String Base name for functions evaluating presence of each phase. Function names for each
phase are formed by appending _<phase> to the base name.

amounts String Base name for functions evaluating amount of each phase. Function names for each
phase are formed by appending _<phase> to the base name.

composition  String Base name for functions evaluating fraction of each compound in each phase. Function
names are formed by appending _<phase>_<compound> to the base name.

soltype String Solution type (“undefined”, “normal,” or “retrograde”).

args String matrix  Names, units, and descriptions for the function arguments. Only for display in GUI.

phases String array ~ Names of all phases. Only for display in the GUI. The phases used in the flash

calculation are determined by the CAPE-OPEN property package.

Each flash calculation feature defines a number of functions. All of the functions take the values of two flash

conditions as their first two arguments, followed by arguments for the total amount of each compound.

SEE ALSO

model.func()

model.coeff()

Creating equations in the coefficient form. See also model.shape(), model.weak().
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SYNTAX

model.
model.
model.
.coeff(<tag>)
coeff(<tag>).
.create(<ftag>)

.feature(<ftag>

model

model.
model.
model.

coeff().create(<tag>,<fields>);

coeff(<tag>)
coeff(<tag>)

coeff(<tag>)
coeff(<tag>)

.field(<fields>);
.field(<pos>,<fields>);
.intRule(<irlist>);

intRule(<pos>,<irules);

)
)

.getAllowedPropertyValues (property);

model.coeff(<tag>).feature(<ftag>).set(ctype,<cvalues);
model.coeff(<tag>).field();
model.coeff(<tag>).intRule();
model.coeff(<tag>).feature(<ftag>).getType(ctype);
model.coeff(<tag>).hasProperty(String pname);
model.coeff(<tag>).properties();
model.coeff(<tag>).feature(<ftag>).set(String pname, int value);
model.coeff(<tag>).feature(<ftag>).set(String pname, int pos, int value);
model.coeff(<tag>).feature(<ftag>).set(String pname, int pos, int[] value);
model.coeff(<tag>).feature(<ftag>).set(String pname, int posi, int pos2, int value);
model.coeff(<tag>).feature(<ftags>).setIndex(String name, String value, int index);
model.coeff(<tag>).feature(<ftag>).setIndex(String name, String value, int firstIndex,
int secondIndex);
model.coeff(<tag>).feature(<ftag>).setIndex(String name, String[] value, int index);
model.coeff(<tag>).feature(<ftag>).setIndex(String name, double value, int index);
model.coeff(<tag>).feature(<ftag>).setIndex(String name, double value, int firstIndex,
int secondIndex);
model.coeff(<tag>).feature(<ftag>).setIndex(String name, double[] value, int index);
model.coeff(<tag>).feature(<ftag>).setIndex(String name, int value, int index);
model.coeff(<tag>).feature(<ftags>).setIndex(String name, String value, int index);
model.coeff(<tag>).feature(<ftag>).setIndex(String name, String value, int index);
model.coeff(<tag>).feature(<ftag>).setIndex(String name, int value, int firstIndex,
int secondIndex);
model.coeff(<tag>).feature(<ftag>).setIndex(String name, int[] value, int index);

The set () methods index/position arguments are 1-based. The setIndex () methods index/position arguments
are 0-based.

DESCRIPTION

model.coeff (<tag>)returns the coefficient form equations with tag <tags.

model.coeff().create(<tag>,<fields>) creates coefficient form equations with tag <tag> using the fields
<fields>. The field tags refer to the fields defined by model.field (). The shape functions referred to by the fields
are internally also used to find the derivatives of the field variables if converting the coefficient features to weak
form. By default, all coefficients are designed to be noncontributing to the equation under consideration. For

example, model.coeff().create("foo",new String[]{"u","v"}).

model.coeff (<tag>).field(<fields>) sets the coefficient form field variables. <fields> is a string with a field
tag or a vector of field tags — for example, new String[]{"u","v"}. Reassigning the fields has the side effect that

the size of the coefficients change if the number of field variables changes.
model.coeff (<tag>).field(<pos>,<fields>) edits the field at position <pos> in the field vector <fieldss.

model.coeff (<tag>).intRule(<irlist>) assigns integration rules to the coefficient form equations. The list
must have the same length as the number of field variables defined by the fields or have length 1. In the latter case
all equations use the same integration rule. The number of field variables is not necessarily the same as the number
of strings specified in model.coeff (<tag>).field().

model.coeff (<tag>).intRule(<pos>,<irule>) edits the integration rule at position <poss in the vector

<irules.
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model.coeff (<tag>).feature(<ftag>) is a coefficient form feature with tag <ftags in the coefficient form
equations with tag <tag>.

model.coeff(<tag>).create(<ftag>) creates a new coefficient form feature with tag <frags.

model.coeff (<tag>).feature(<ftag>).set(ctype,<cvalues) sets the value of the coefficient of type ctype
to <values. All string data types that are listed in Table 2-2 are supported; which argument types are applicable
depends on the coefficient. ctype is one of ¢, al, ga, be, a, f, da, ea, q, and g. These coefficients are available at
all dimensions. In addition at level edim==sdim- 1, the coefficients q and g are allowed, corresponding to a and f,
respectively. All coefficients have a default 0 contribution.

model.coeff(<tag>).feature(<ftag>).selection().named(<seltag>) assigns the coefficient form
equations to the named selection <seltags.
model.coeff(<tag>).feature(<ftag>).selection().set(...) defines alocal selection that assigns the
coefficient form equations to geometric entities. For a complete list of methods available under selection(), see

model.selection(). Only selections at a single geometry level is allowed in the selection.

model.coeff(<tag>).feature(<ftag>)).getAllowedPropertyValues(property) returns the set of allowed

values for a property if the set is a finite set of strings; otherwise, it returns null.
model.coeff (<tag>).field() returns the fields as a string array.
model.coeff (<tag>).intRule() returns the integration rule tags as a string array.

model.coeff (<tag>).feature(<ftag>).getType(ctype) returns the coefficient value. See the section get*
and Selection Access Methods for available methods.

model.coeff(<tag>).feature(<ftag>).selection().named() returns the named selection tag, and
model.coeff(<tag>).feature(<ftag>).selection().getType() returns domain information. See
model.selection() for available methods.

Special Properties for the Wave Form PDE
If you create a Wave Form PDE using, for example,

model.physics().create("wahw", "WaveFormPDE", "geom1", new String[][]{{"u"}});
then the following properties are available using the setIndex syntax:

TABLE 2-17: WAVE FORM PDE PROPERTIES

PROPERTY VALUE DEFAULT INDEX  DESCRIPTION

fluxmethod f1luxLF | fluxLF 0 Flux method: Lax-Friedrich or a general numerical
fluxGeneral flux.

gstar double 1 0 General numerical flux.

tau double 1 0 Lax-Friedrich parameter.

filteractive 0] | 0 0 Activate filter parameters.

filter double 36 0 Filter parameter oL

filter double 0.6 I Filter parameters 1.

filter double 3 2 Filter parameter s.

For example, to set the filter parameter s to 2.5, use

model.physics("wahw").feature("wafeq1").setIndex("filter", "2.5", 2);

EXAMPLE

Define two uncoupled Poisson-like equations on the domain dtag.
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Code for Use with Java

model.coeff().create("c1",new String[]{"u","v"});
model.coeff("c1").intRule(new String[]{"gp1","gp1"});
ffFeature f1 = model.coeff("c1").create("f1");
.set("c",1,new String[]{"1","0.1","2"});
.set("c",2,"3");

.set("f",new String[]{"2","1"});
.selection().geom("g1",2);
.selection().set(1);

Coe
f1
f1
f1
f1
f1

Code for Use with MATLAB

mod
mod
1
1
1
f1
1
f1

el.coeff.create('ct1',{'u','v'});
el.coeff('c1').intRule({'gp1', 'gpl1'});
= model.coeff('c1').create('f1');

.set('c',1,{'1','0.1",'2"'});
.set('c',2,'3");
set('f,{'2','1"});
.selection.geom('gl1',2);
.selection.set(1);

model.component()

Model component nodes.

A component node has one of three types:

¢ STANDARD: Component nodes in the model builder tree have this type.

* EXTRA_DIMENSION: Extra dimension nodes under global definitions have this type.

¢ MESH_PART: Mesh parts nodes under global definitions have this type.

All three types are included in the list returned by model.component()..

The model.component syntax replaces the earlier model.modelNode syntax, which is still available

model.modelNode ().

for backward compatibility and as an alternative when you use only one component. See

SYNTAX

model.component().create(<tag>);
model.component().create(<tag>, <basetags);
model.component().create(<tag>, <type>);
model.component().create(<tag>, true);

model.
model.
model.

model

model.
model.

model

component (<tag>) .scope();
component (<tag>) .baseSystem();

component (<tag>) .baseSystem(<system>) ;
.component(<tag>).sorder();

component (<tag>).sorder(<stype>);

component (<tag>).defineLocalCoord();
.component(<tag>).defineLocalCoord(boolean);

DESCRIPTION

model.component (<tag>) represents a component node in the model tree.

model.component().create(<tag>) creates a component node with the given tag.

model.component().create(<tag>, <basetags) creates an extra dimension model node with the tag <tag>

associated to the base component node <basetags.
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model.component().create(<tag>, <type>) creates a component node with the tag <tags of one of the
following types, set as the string <type>: Component, for a normal geometry component; ExtraDim, for an extra

dimension; or MeshComponent, for a mesh component. For example, to create a mesh component:

model.component().create("mcomp1", "MeshComponent");
model.component("mcomp1").geom().create("mgeomi1", 3);
model.component("mcompi").mesh().create("mparti1", "mgeomi");

model.component().create(<tag>, true) createsa component node and also defines all four frames (the

spatial, material, geometry, and mesh frame).
model.component (<tag>).scope () returns the fully qualified scope name.

model.component (<tag>) .baseSystem(<system>) use the given base system as unit system for the component
node. This overrides the global unit system specified for the entire model object. To use global system again, set
the base system of the model node to null.

model.component (<tag>).sorder () returns the geometry shape order used for the component node and its
descendants.

model.component (<tag>).sorder (<stype>) Sets the geometry shape order. Allowed values are automatic,
linear, quadratic, cubic, quartic, and quintic, and the default is automatic. With automatic shape order the physics
interfaces under the model node decide the most optimum shape order.

model.component (<tag>).defineLocalCoord() returns true if local coordinate variables exist. By default, this
is the case.

model.component (<tag>)).defineLocalCoord(boolean) sects a flag that determines whether local coordinate

variables exist.

EXAMPLE

Create a component node and assign it to a geometry and an analytic function.

Code for Use with Java

model.component().create("comp1");
model.component("comp1").geom().create("geomi", 3);
model.component("comp1").func().create("an1", "Analytic");;

Code for Use with MATLAB

model.component.create('compi');
model.component('compi1').geom.create('geomi', 3);
model.component('compi').func.create('ani1', 'Analytic');

model.constr()

Creating and modifying constraints in a model.
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SYNTAX

model.constr().create(<tag>,<shtags>);

model.constr().create(<tag>,<nglobal>);

model.constr(<tag>).shape(<shtags>);

model.constr(<tag>) .shape(<pos>,<shtags>);

model.constr(<tag>).global(<nglobal>);

model.constr(<tag>).create(<ftag>);
model.constr(<tag>).feature(<ftag>).getAllowedPropertyValues(property);
model.constr(<tag>).feature(<ftags).set(ctype,<values);

model.constr(<tag>).shape();

model.constr(<tag>).global();

model.constr(<tag>).feature(<ftag>).getType(ctype);
model.constr(<tag>).hasProperty(String pname);

model.constr(<tag>).properties();

model.constr(<tag>).set(String pname, int value);

model.constr(<tag>).set(String pname, int pos, int value);
model.constr(<tag>).set(String pname, int pos, int[] value);
model.constr(<tag>).set(String pname, int pos1, int pos2, int value);
model.constr(<tag>).setIndex(String name, String value, int index);
model.constr(<tag>).setIndex(String name, String value, int firstIndex, int secondIndex);
model.constr(<tag>).setIndex(String name, String[] value, int index);
model.constr(<tag>).setIndex(String name, double value, int index);
model.constr(<tag>).setIndex(String name, double value, int firstIndex, int secondIndex);
model.constr(<tag>).setIndex(String name, double[] value, int index);
model.constr(<tag>).setIndex(String name, int value, int index);
model.constr(<tag>).setIndex(String name, String value, int index);
model.constr(<tag>).setIndex(String name, String value, int index);
model.constr(<tag>).setIndex(String name, int value, int firstIndex, int secondIndex);
model.constr(<tag>).setIndex(String name, int[] value, int index);

The set () methods index/position arguments are 1-based. The setIndex () methods index/position arguments
are 0-based.

DESCRIPTION

model.constr(<tag>) returns the constraint with tag <tag>.

model.constr().create(<tag>,<shtags>) creates a constraint with tag <tags using the shape functions

<shtags>.

model.constr().create(<tag>,<nglobals) creates a global constraint with tag <tag> expecting <nglobal>

components.

model.constr(<tag>).shape(<shtags>) points to the shape functions associated with the constraint.
Reassigning the shape functions can have the side effect of modifying the constraints since the number of
constraints can change as the size of each constraint vector can change.

model.constr(<tag>).global(<nglobals>) specifies that the constraint is global and sets the expected number

of components.
model.constr(<tag>).feature(<ftag>) is a feature in the constraint with tag <tag>.
model.constr(<tag>).create(<ftags>) creates a constraint feature.

model.constr(<tag>).feature(<ftag>).set(ctype,<values) sets the parameter ctype to <value>, where
ctype s either constr or constrf, and <values is a single constraint expression or a list of constraint expressions.
The number of elements in the constraint expression depends on the number of global constraint components or
shape functions specified, and on the shape function type. A Lagrange shape function or global constraint

component requires a single item, whereas a vector shape function requires one item for each space dimension. The

supported set methods are the ones for double string arrays defined in Table 2-2.
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model.constr(<tag>).feature(<ftag>).selection().named(<seltag>) assigns the constraint to the
named selection <seltags.

model.constr(<tag>).feature(<ftag>).selection().set(...) defines a local selection that assigns the
constraint to geometric entities. For a complete list of methods available under selection(), see

model.selection(). Only selections at a single geometry level is allowed in the selection.
model.constr(<tag>).shape() returns the shape function tags as a string array.
model.constr(<tag>).global() returns the number of components if the constraint is global, otherwise —1.

model.constr(<tag>).feature(<ftag>)).
getAllowedPropertyValues(property) returns the set of allowed values for a property if the set is a finite set of

strings; otherwise, it returns null.

model.constr(<tag>).feature(<ftag>).getType(ctype) returns the constraint or constraint force value. For
available methods, see get* and Selection Access Methods

model.constr(<tag>).feature(<ftag>).selection().named() returns the named selection tag, and
model.constr(<tag>).feature(<ftag>).selection().getType() returns domain information. For available
methods, see Selections.

model.constr(<tag>).feature(<ftag>).selection(<estype>).set(...) defines a subselection of a given
lower-dimensional excluded selection type that should be excluded from the constraint selection. Excluded
selection type can be excludeO for points, excludel for edges, and exclude2 for excluded face subselections. The
constraint is not enforced on the specified excluded subselections. Excluded subselections have to have lower
dimension than the constraint selection. For a complete list of methods available under selection(<estype>),

see model.selection().

EXAMPLES
Code for Use with Java

Set several constraint by using multiple constraints:

model.constr().create("c1",new String[]{"shu","shv"});
ConstrFeature f = model.constr("c1").create("f1");
f.set("constr",new String[]{"u-1","v"});
f.selection().geom("geomi1",1);

f.selection().all();

Vector elements need a set of constraints:

model.constr().create("c2",new String[]{"shE"});
ConstrFeature f = model.constr("c2").create("f1");
f.set("constr",new String[]{"Ex-1","Ey-0","Ez-0"});
f.selection().geom("geomi",1);

f.selection().all();

Code for Use with MATLAB

model.constr.create('c1',{'shu','shv'});
f = model.constr('cl1').create('f1');
f.set('constr',{'u-1",'v'});
f.selection.geom('geoml1',1);
f.selection.all;

Vector elements need a set of constraints:

model.constr.create('c2',{'shE'});

f = model.constr('c2').create('f1');
f.set('constr',{'Ex-1','Ey-0','Ez-0'});
f.selection.geom('geomi',1);
f.selection.all;
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SEE ALSO
model.shape()

model.coordSystem ()

Add coordinate systems, perfectly matched layers, infinite elements, and absorbing layers. Perfectly matched layers,

infinite elements, and absorbing layers are all available with a set of add-on products only.

The syntax that includes the component level, such as
model.component (<ctag>).coordSys(). .. is the default and is used throughout this chapter.

[

To use the earlier model.coordSys() ... syntax, clear the Use component syntax check box on the
Methods page in the Preferences dialog box.

SYNTAX

model.component(<ctag>).coordSystem().create(<tag>, <gtags>, type);
model.component(<ctag>).coordSystem(<tag>).set(property, <value>);
model.component (<ctags>).component (<ctags>).coordSystem(<tag>).

setIndex (property, <value>, row);
model.component(<ctag>).coordSystem(<tags>).setIndex(property, <value>, row, col);
model.component (<ctags>).coordSystem(<tag>).selection();

model.component (<ctag>).coordSystem(<tag>).coord()
model.component(<ctag>).coordSystem(<tag>).1isOrthonormal()
model.component (<ctag>).coordSystem(<tag>).isLinear()

DESCRIPTION

model.component (<ctag>).coordSystem().create(<tag>,<gtag>, type) creates a coordinate system with
tag <tag> on geometry <gtag> of type type. There are the following types of coordinate systems: mapped system
(Mapping), base-vector system (VectorBase), rotated system (Rotated), boundary system (Boundary), scaling
system (Scaling), cylindrical system (Cylindrical), and system from geometry (SystemFromGeometry). The
boundary system only applies to boundaries. In addition, the perfectly matched layers (PMLs), infinite elements,
and absorbing layers are also implemented as types of coordinate systems: PML, InfiniteElement, and
AbsorbinglLayer, respectively.

model.component (<ctag>).coordSystem(<tag>).selection().named(<seltag>) assigns the coordinate
system to the named selection <seltags.

model.component (<ctag>).coordSystem(<tag>).selection().set(...) defines a local selection that
assigns the coordinate system to geometric entities. For a complete list of methods available under selection(),
see Selections. The selection method is only available for coordinate systems of the following types: Scaling,
PML, InfiniteElement, and AbsorbingLayer.

model.component (<ctag>).coordSystem(<tag>).set("orthonormal", "on") specifies that this is a
orthonormal system. This affects the internal calculation of systems, so some simplifications on expressions can be
made. It is recommended to use this option when possible. Boundary systems, rotated systems, and cylindrical

system are always orthonormal..

TABLE 2-18: COMMON PROPERTIES FOR COORDINATE SYSTEMS

PROPERTY VALUE DESCRIPTION

name string Coordinate system name.
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Mapping

model.component (<ctag>).coordSystem().create(<tagl>,<gtag>, " "Mapping") creates a mapped system.
In a mapped system you specify the coordinate mapping given in some of the available frame coordinates (usually
X, ¥, Z).

TABLE 2-19: PROPERTIES FOR MAPPING SYSTEM

PROPERTY VALUE DEFAULT DESCRIPTION
coord string matrix [(x1,x2,x3)] Coordinate names.

map string array (x,Y,2) The map.

orthonormal Boolean false If the system is orthonormal.
frametype string (mesh | material | spatial The frame type.

spatial | geometry)

model.component (<ctag>).coordSystem(<tagl>).setIndex("map", "x+1", 0) sets the mapping of the
first coordinate system coordinate to be a function of the first frame coordinate, x.

model.component (<ctag>).coordSystem(<tagl>).setIndex("map", "y+1", 2) sets the mapping of the

third coordinate system coordinate to be a function of the second frame coordinate y.

VectorBase
model.component (<ctag>).coordSystem().create(<tag2>,"VectorBase") creates a base-vector system. In
a base-vector system you specify the base vectors given as components of a frame system. If the components are

independent of frame coordinates this is a linear system and can be applied for any frame.

TABLE 2-20: PROPERTIES FOR BASE VECTOR SYSTEM

PROPERTY VALUE DEFAULT DESCRIPTION

coord string matrix [ (x1,x2,x3)] Coordinate names.

base string matrix [(1,0,0)(0,1,0)(0,0,1)] Base vectors.

makeorthonormal Boolean false Make the system orthonormal.

orthonormal Boolean false If the system is orthonormal or not.

outofplane string “2”in 2D, “1,2” in ID Out-of-plane index.

workplanesrc this | Part this Part Instance feature to take the work
Instance feature plane from.

workplane xyplane |Work xyplane Work Plane feature that defines the
plane feature coordinate system. The default, xyplane,

is the global Cartesian coordinate system.

model.component (<ctag>).coordSystem(<tagz>).setIndex("base", "1", 0, 1) setsthe first base vector’s
second component to one. As an alternative, it is possible to specify the full base-vector matrix using the following

syntax:

model.component (<ctag>).coordSystem(<tag2>).set("base",

new String[][1{{"0","1","0"},{"0","0","1"},{"1","0","0"}}) sets the base vector matrix so the first
base vector is equal to the y-axis of the frame system, the second is the z-axis, and so on. In 2D, you only use a two
rows and two columns from the full base vector matrix for the in-plane base vectors. As an option, it is therefore
possible to specify which of the coordinate system base vectors that corresponds to the out-of-plane axis in the
frame system. Internally, this base vector always gets the components {"0","0","1"}. The third column is also set

using these components. To make a general 3D system in 2D, you must use the mapped system.

model.component (<ctag>).coordSystem(<tagz>).set("outofplane", "2") sets the third base vector to
represent the out-of-plane vector (z-axis in 2D). The value is zero based. In 1D the out-of-plane index is set using

the syntax “1,2” to set second and third base vectors to represent the out-of-plane vector.
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Rotated
model.component (<ctag>) .coordSystem().create(<tag3>,"Rotated") creates a rotated system. In 3D you
specify the Z-X-Z Euler angles, which corresponds to sequential rotation first about the z-axis, then the x-axis, and

finally the z-axis again. In 2D you can only rotate about the out-of-plane axis.

TABLE 2-21: PROPERTIES FOR ROTATED SYSTEM

PROPERTY VALUE DEFAULT DESCRIPTION

coord string matrix [(x1,x2,x3)] Coordinate names

angle string array (0,0,0) Rotation angles

outofplane string “2”in 2D, “1,2” in ID Out of plane index

workplanesrc  this | Part this Part Instance feature to take the work plane
Instance feature from.

workplane xyplane | Work  xyplane Work Plane feature that defines the coordinate
plane feature system. The default, xyplane, is the global

Cartesian coordinate system.

model.component (<ctag>).coordSystem(<tag3>).setIndex("angle","12[deg]l",0) sets the first rotation
about the z-axis to 12 degrees. In 3D, there are three angles, so the third argument determines which angle that

you specify, using 0-based indexing (that is, 0 means the first angle). The default unit for angles are radians.

Boundary
model.component (<ctag>).coordSystem().create(<tag4>,<gtag>, "Boundary") creates a new boundary
system, which is a local base vector system on 2D boundaries (t, n) and on 3D boundaries (t1, tg, n). There is

always one boundary system added by default for each geometry.

TABLE 2-22: PROPERTIES FOR BOUNDARY SYSTEM

PROPERTY VALUE DEFAULT DESCRIPTION
coord string matrix [ (x1,x2,x3)] Coordinate names,
frametype string (mesh | spatial Frame type,
material | spatial |
geometry)
reversenormal Boolean false Reverse normal direction.
tangent string array Tangent direction.
mastersystem string (manual | globalCartesian Which system to create first
globalCartesian | tangential direction from.
<tag>)
mastercoordsyscomp string “2” in axisymmetry, Which axis to create first
“3” otherwise tangential direction from.

model.component (<ctag>).coordSystem(<tag4>).set("reversenormal”,"on") flips the normal direction

for this system, so that it is opposite to the normal direction given by the geometry.

model.component (<ctag>).coordSystem(<tag4>).set("mastersystcomp","2") sets the first tangential
direction from the second axis of the specified master system.

model.component (<ctag>).coordSystem(<tag4>).set("mastersystem", "manual")specifies that no master

system is used and that the tangential direction must be entered by the user.

model.component (<ctag>).coordSystem(<tag4>).setIndex("tangent","1") sets the first component of

the first tangential direction.
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Cylindrical
model.component (<ctag>).coordSystem().create(<tags>,<gtag>, "Cylindrical") creates a cylindrical
coordinate system, which you can use in 2D and 3D where rotational symmetry about the axis is required. You can

specify the origin, axis direction and radial base vector.

TABLE 2-23: PROPERTIES FOR CYLINDRICAL SYSTEM

PROPERTY VALUE DEFAULT DESCRIPTION

coord string matrix [(r, phi, a)] Coordinate names.

origin string array (0,0,0) Origin of system.

axis string array (0,0,1) Axis direction.

radialbasevector string array (1,0,0) Radial base vector directiona j = 0.

workplanesrc this | Part this Part Instance feature to take the work plane
Instance feature from.

workplane xyplane | Work  xyplane Work Plane feature that defines the coordinate
plane feature system. The default, xyplane, is the global

Cartesian coordinate system.

model.component (<ctag>).coordSystem(<tag5>).set("origin", new String[]{"1","0","0"}) setsthe
origin to (1,0,0).

Spherical

model.component (<ctag>).coordSystem().create(<tagé>,<gtag>, "Spherical") creates a spherical
coordinate system, which you can use in 3D to define a field or property using spherical coordinates. You can specify
the origin, zenith axis (6 = 0), and azimuth axis (6 = /2, ¢ = 0).

TABLE 2-24: PROPERTIES FOR SPHERICAL SYSTEM

PROPERTY VALUE DEFAULT DESCRIPTION

coord string matrix [(r, phi, a)] Coordinate names

origin string array (0,0,0) Origin of system

axis string array (0, 0, 1) Zenith axis direction

radialbasevector string array (1, 0, 0) Azimuth axis direction

workplanesrc this | Part this Part Instance feature to take the work plane
Instance feature from.

workplane xyplane | Work  xyplane Work Plane feature that defines the coordinate
plane feature system. The default, xyplane, is the global

Cartesian coordinate system.

model.component (<ctag>).coordSystem(<tag6>).set("origin", new String[]{"1","0","0"}) setsthe
origin to (1,0,0).

FromGeometry
model.component (<ctag>).coordSystem().create(<tag7>,<gtag>,"FromGeometry") createsa coordinate
system taken from a work plane in a 3D geometry or defined in a 3D geometry part that is included in the geometry

as a part instance. You can specify which work plane to use:.

TABLE 2-25: PROPERTIES FOR SYSTEM FROM GEOMETRY

PROPERTY VALUE DEFAULT DESCRIPTION
coord string matrix [(r, phi, a)] Coordinate names.
frametype string (mesh | material The frame type.

material |

spatial |

geometry)
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TABLE 2-25: PROPERTIES FOR SYSTEM FROM GEOMETRY

PROPERTY VALUE DEFAULT DESCRIPTION
workplane String xyplane Name of work plane to use. The default value
represents a global Cartesian coordinate system.
workplanesrc this | Part this Part Instance feature to take the work plane
Instance feature from.
workplane xyplane | Work  xyplane Work Plane feature that defines the coordinate
plane feature system. The default, xyplane, is the global

Cartesian coordinate system.

Scaling

model.component (<ctag>).coordSystem().create(<tag8>,<gtag>, "Scaling") creates a scaling
coordinate system that maps the geometry, as represented by the independent coordinates of an underlying frame,
onto a virtual geometry represented by virtual scaling system coordinates. Physics interfaces that support infinite
elements or perfectly matched layers accept the scaling system coordinates as being the physical domain, in which
the underlying frame coordinates are seen as a parameterization. Therefore, using a scaling coordinate system you

can arbitrarily deform the domain.

TABLE 2-26: PROPERTY FOR SCALING SYSTEM

PROPERTY VALUE DEFAULT DESCRIPTION

map string array (X,¥,2) Coordinate mapping.

model.component (<ctag>).coordSystem(<tag8>).setIndex("map", "y+1", 1) sets the second coordinate
mapping to y+1.

Combined

model.component (<ctag>).coordSystem().create(<tag9>,<gtag>,"Combined") creates a combined
coordinate system that makes it possible to use different coordinate systems in different domains, for example. To

add a coordinate system to the combined system and define it on domain 2, use

model.component(<ctag>").coordSystem(<tag9>).create(<tag91>, "VectorBase");
model.component("comp3").coordSystem(<tag9>).feature(<tag9oi>).selection().
set(new int[]1{2});

You can specify the frame and the coordinate names for the combined system:

TABLE 2-27: PROPERTIES FOR A COMBINED SYSTEM

PROPERTY VALUE DEFAULT DESCRIPTION
coord string matrix [(r, phi, a)] Coordinate names.
frametype string (mesh | material The frame type.
material |
spatial |
geometry)
PML

model.component (<ctag>).coordSystem().create(<tagl0o>,<gtag>,"PML") creates a PML (perfectly
matched layer), which acts as an artificial absorbing layer in a domain for a wave simulation. You can specify the
type and scaling of the PML using the following properties:

TABLE 2-28: PROPERTIES FOR PML

PROPERTY VALUE DEFAULT DESCRIPTION

imagFunction none, or any none Imaginary part of stretching function when
defined function. stretchingType is set to userDefined.

PMLfactor double 1 PML scaling factor.

PMLgamma double 1 PML scaling curvature factor.
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TABLE 2-28: PROPERTIES FOR PML

PROPERTY VALUE DEFAULT DESCRIPTION
ro double array 0; 0(2D) Center coordinates for cylindrical PMLs.
0; 0; 0(3D)
raxis double array 0; 0; O Center axis direction for cylindrical PMLs in
3D,
realFunction none, or any none Real part of stretching function when
defined function. stretchingType is set to userDefined.
ScalingType Cartesian | Cartesian The PML scaling type. Spherical is only
Cylindrical | available in 3D.
Spherical
stretchingType polynomial | polynomial The coordinate stretching type for the PML
rational | scaling.
userDefined
typicalWavelength double 1 Typical wavelength for the waves.
wavelengthSourceType fromPhysics | fromPhysics Take the wavelength from the physics or a
userDefined

user-defined wavelength.

InfiniteElement

model.component(<ctag>).coordSystem().create(<tagll>,<gtag>,"InfiniteElement") creates an

infinite element, which acts as an unbounded domain for a simulation. You can specify the type and scaling of the

infinite element using the following properties:

TABLE 2-29: PROPERTIES FOR INFINITE ELEMENT

PROPERTY VALUE DEFAULT DESCRIPTION
ro double array 0; 0(2D) Center coordinates for cylindrical infinite
0; 0; 0(3D) elements.
raxis double array 0; 0; 0 Center axis direction for cylindrical infinite
elements in 3D,
pole double dGeomChar Pole distance
ScalingType Cartesian | Cartesian The scaling type for the infinite element.
Cylindrical | Spherical is only available in 3D.
Spherical |
userDefined
width double 1e3*dGeomChar  Physical width.
directions integer 1 Number of stretching directions (for
userDefined scaling).
d string array X; ¥, Z Distance function for stretching directions (I1—
3).
dmax double array 1; 1, 1 Thickness function for stretching directions

(1-3).

AbsorbinglLayer

model.component(<ctag>).coordSystem().create(<tagli2>,<gtag>, "AbsorbinglLayer") creates an

absorbing layer, which acts as an effective nonreflecting-like boundary condition in transient simulations using a

time-explicit solver. You can specify the type and scaling of the absorbing layer using the following properties:

TABLE 2-30: PROPERTIES FOR ABSORBING LAYER

PROPERTY VALUE DEFAULT DESCRIPTION

ro double array 0; 0(2D) Center coordinates for cylindrical absorbing
0; 0; 0(3D) layers.

raxis double array 0; 0; O Center axis direction for cylindrical absorbing

layers in 3D,
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TABLE 2-30: PROPERTIES FOR ABSORBING LAYER

PROPERTY VALUE DEFAULT DESCRIPTION
pole double dGeomChar Pole distance
ScalingType Cartesian | Cartesian The scaling type for the absorbing layer.
Cylindrical | Spherical is only available in 3D.
Spherical
userDefined
width double 1e3*dGeomChar  Physical width.
directions integer 1 Number of stretching directions (for
userDefined scaling).
d string array X; Y, Z Distance function for stretching directions (I—
3).
dmax double array 1; 1, 1 Thickness function for stretching directions
(1-3).
EXAMPLE

Create a cylindrical coordinate system with a radial base vector direction that is (0, 1, 0); that is, a coordinate that

points in the global y-direction:

Code for Use with Java
model.component("“comp1").
model.component("compi").
model.component("“comp1").

Code for Use with MATLAB
model.component('comp1').
model.component('comp1').
model.component('compi1').

model.cpl()

coordSystem.create('sys2',
coordSystem('sys2').setIndex('radialbasevector', '1', 1);
coordSystem('sys2').setIndex('radialbasevector', '0', 0);

coordSystem().create("sys2", "geomi1", "Cylindrical");
coordSystem("sys2").setIndex("radialbasevector", "1", 1);
coordSystem("sys2").setIndex("radialbasevector", "0", 0);

‘geom1', 'Cylindrical');

Add component couplings.
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SYNTAX

model.component(<ctag>).cpl().create(<tag>, type,<gtag>);

model.component (<ctags>).cpl(<tag>).set(property,<values);
model.component(<ctag>).cpl(<tag>).set("opname", <opnames)
model.component(<ctag>).cpl(<tag>).selection(property).named(<seltag>);
model.component(<ctag>).cpl(<tag>).selection(property).set(...);
model.component(<ctag>).cpl(<tag>).create(<subtag>,subtype);
model.component(<ctags>).cpl(<tag>).feature(<subtag>).getAllowedPropertyValues(property);
model.component(<ctag>).cpl(<tag>).feature(<subtag>).set(property,<values);

model.component
model.component
model.component
model.component

<ctag>).cpl(<tag>

( .getType(property, <value>);
<ctag>).cpl(<tag>

(

(

.feature(<subtag>) .properties();
.feature(<subtag>) .getType(property, <values);
.hasProperty(String pname);

<ctag>).cpl(<tag>
<ctag>).cpl(<tag>

—~ e~ —

)
)
)
)

model.component (<ctag>) .cpl(<tag>
model.component(<ctags>).cpl(<tag>

( ( .set(String pname, int value);
( (
model.component(<ctag>).cpl(<tag>
( (
( (
(

.set(String pname, int pos, int value);

.set(String pname, int pos, int[] value);
.set(String pname, int pos1, int pos2, int value);
.setIndex(String name, String value, int index);
.setIndex(String name, String value, int firstIndex,

model.component (<ctag>) .cpl(<tag>
model.component(<ctags>).cpl(<tag>
model.component(<ctag>).cpl(<tag>
int secondIndex);
model.component(<ctags>).cpl(<tag>).setIndex(String name, String[] value, int index);
model.component(<ctag>).cpl(<tag>).setIndex(String name, double value, int index);
model.component(<ctag>).cpl(<tag>).setIndex(String name, double value, int firstIndex,
int secondIndex);
model.component(<ctag>).cpl(<tag>).setIndex(String name, double[] value, int index);
model.component(<ctag>).cpl(<tag>).setIndex(String name, int value, int index);
model.component(<ctag>).cpl(<tag>).setIndex(String name, String value, int index);
( )
( )

)
)
)
)
)
)

model.component(<ctag>).cpl(<tag>).setIndex(String name, String value, int index);

model.component(<ctag>).cpl(<tag>).setIndex(String name, int value, int firstIndex,
int secondIndex);

model.component(<ctag>).cpl(<tag>).setIndex(String name, int[] value, int index);

The set () methods index/position arguments are 1-based. The setIndex () methods index/position arguments
are 0-based.

DESCRIPTION

model.component (<ctag>).cpl().create(<tag>, type, <gtags>) creates a component coupling of type type
on the geometry <gtags. The supported types are GeneralExtrusion, LinearExtrusion,
BoundarySimilarity, IdentityMapping, GeneralProjection, LinearProjection, Integration, Average,
Maximum, and Minimum. The component coupling operators provide coupling of values, typically from a source to

a destination between or within model components.

model.component (<ctag>).cpl(<tag>).selection().named(<seltag>) assigns the component coupling’s
source to the named selection <seltag>. model.cpl(<tag>).selection().set(...) defines alocal selection
that assigns the component coupling’s source to geometric entities. For a complete list of methods available under
selection(), see Selections

model.component (<ctag>).cpl(<tag>).set(property, <values) specifies properties relevant for the selected
component coupling type, see below.

model.component (<ctag>).cpl(<tag>).set("opname", <opname>) sets the operator name of the component

coupling. The default component coupling operator name is <tags.

model.component (<ctag>).cpl(<tag>).selection(property).named(<seltag>) assigns the component
coupling’s selection property to the named selection <seltags.

model.component (<ctag>).cpl(<tag>).selection(property).set(...) defines a local selection that
assigns the component coupling’s selection property to geometric entities. For a complete list of methods available
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under selection(), sec model.selection().

model.component (<ctag>).cpl(<tag>).create(<subtags, subtype) creates a subfeature of type subtype.
This can only be done when the component coupling type is BoundarySimilarity. The supported values of
subtype are OnePointMap, TwoPointMap, and EdgeMap.

model.component (<ctag>).cpl(<tag>).selection().named() returns the named source selection of the
coupling.

model.component (<ctag>).cpl(<tag>).selection().getType(...) queries the source selection.
model.component (<ctag>).cpl(<tag>).properties() returns the list of assigned properties as a string array.
model.component (<ctag>).cpl(<tag>).getType(property) returns the value of a specified property.

model.component (<ctag>).cpl(<tag>).selection(property).named() returns the named selection tag of
the selection property.

model.component (<ctag>).cpl(<tag>).selection(property).getType(...) queries a selection property.

model.component(<ctag>).cpl(<tag>).feature(<subtag>)).getAllowedPropertyValues(property)
returns the set of allowed values for a property if the set is a finite set of strings; otherwise, it returns null.

Notation: srcedim = dimension of source selection; srcsdim = space dimension of source geometry.

EXTRUSION COUPLINGS

An extrusion coupling operator oper maps an expression e defined on (a part of) the source selection to an
expression oper (e) that can be evaluated on (a part of) the destination geometries. For each point p, in the source
selection, there can be zero, one or several corresponding points p; in the destination. The inverse mapping

Pps=m(py) is always one-to-one. The value of oper (e) at the point py is defined as the value of e at the point py.

The inverse mapping m is specified as the composition of a destination map my and the inverse of a source map
mg: ps=m(pg) = ms_l(md(pd)). In other words, my(p,) = my(py) — both the destination map and the source map
into the same intermediate space. For all operator types except GeneralExtrusion, the intermediate space
coincides with the source geometry. The source map is always one-to-one. By default, the source map is the identity.

The operator type determines the type of destination map:

TABLE 2-31: EXTRUSION COUPLING TYPES

COUPLING TYPE DESTINATION MAP

GeneralExtrusion Nonlinear map described by expressions.

LinearExtrusion Linear map described by vertex mapping.

BoundarySimilarity Similarity transformation described by mapping of boundaries. Also used by copy mesh.
IdentityMapping Identity map.

For most of these coupling types, a source map described by (possibly nonlinear) expressions can be used.

TABLE 2-32: EXTRUSION COUPLING PROPERTIES

PROPERTY VALUE DEFAULT DESCRIPTION

exttol double 0.3 Extrapolation tolerance in mesh search.

method usetol | closest usetol Mesh search method.

usenan on | off off Use NaN instead of error message when source point is

outside selection.

If method=usetol, oper(e) is defined when the source point pg is within the source selection, or if it is slightly

outside. The tolerance is given in the property exttol, which is a distance in mesh element local coordinates; that
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is, it is a measure relative to the mesh element size. If oper (e) is not defined, an error message is given (if
usenan=off), or the value NaN is returned (if usenan=on).

If method=closest, a brute force search method is used, which makes oper(e) defined everywhere (the nearest

point to p, in the source selection is used).

Depending on the coupling type, additional properties are available (see below).

GeneralExtrusion
A general extrusion coupling operator maps an expression defined on a source to an expression that can be

evaluated on any destination geometry where the destination map expressions are valid.

TABLE 2-33: GENERAL EXTRUSION MAP PROPERTIES

PROPERTY VALUE DEFAULT DESCRIPTION
dstmap string array spatial coordinates  Expressions for destination map m(p).
srcframe mesh | material | spatial Frame for source mesh.

spatial
usesrcmap on | off off Use source map.
srcmap string array spatial coordinates  Expressions for source map mg(py).

Trailing empty expressions in the properties dstmap and srcmap are ignored. The remaining expressions must be
equal in number, and this determines the dimension idim of the intermediate space. Requirement: srcedim <=
idim <= srcsdim. Changing the source selection has the side effect of changing dstmap and srcmap so that this
requirement is satisfied. By default, idim=srcsdim.

The source mesh is viewed in the frame srcframe. The source mapping is taken to be linear within each source

mesh element.

If usesrcmap=off, the srcmap property is not used. In this case, dstmap is a mapping from the destination to the
source (viewed in the frame srcframe), and idim=srcsdim.

LinearExtrusion
A linear extrusion coupling operator linearly maps an expression defined on a source to an expression that can be

evaluated in the destination.

TABLE 2-34: LINEAR EXTRUSION MAP PROPERTIES

PROPERTY VALUE DEFAULT DESCRIPTION

srcvertexN Selection Source vertex number N

dstgeom string source geometry Destination geometry

dstvertexN Selection Destination vertex number N

srcframe mesh | material | spatial Frame for evaluation of source vertex
spatial coordinates

dstframe mesh | material | spatial Frame for evaluation of destination vertex
spatial coordinates

usesrcmap on | off off Use source map

srcmap string[srcsdim] spatial coordinates  Expressions for source map m(p,)

The number of selections srcvertexN and dstvertexN is 4. These are used only for 1<=N<=dim+1, where dim is
a number less than or equal to min(srcsdim,dstsdim). The remaining 4-dim selections should be empty.

The destination map is the following linear (affine) map from the destination geometry to the source geometry:

I First, if dim<dstsdim, an orthogonal projection onto the affine space spanned by the destination vertices. The

number of destination vertices is dim+1. Thus, dim=2 gives a plane, and dim=1 gives a line.

2 Then, a linear (affine) map mapping the destination vertices onto the source vertices.
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BoundarySimilarity (3D)

A boundary similarity coupling operator maps an expression defined on a part of a boundary to another part of a

boundary with the same shape.

TABLE 2-35: BOUNDARY SIMILARITY PROPERTIES IN 3D

PROPERTY VALUE DEFAULT DESCRIPTION
destination Selection Destination face.

usesrcmap on | of f off Use source map.

srcmap string[srcsdim]  spatial coordinates  Expressions for source map my(py).

The destination transformation is a similarity transformation that maps a destination face (destination) onto a set

of source faces (the source selection). The mesh is always viewed in the mesh frame.

By default, the algorithm automatically chooses a transformation when symmetries make several transformations

possible. To control this choice, one of the following subfeatures can be added in 3D.

TABLE 2-36: SUBFEATURE TYPES

SUB FEATURE REMARKS
EdgeMap Specify how one source edge is mapped.
OnePointMap Specify how one source vertex is mapped.
TwoPointMap Specify how two source vertices are mapped.
EdgeMap

An edge map specifies that a certain destination edge should be mapped onto a certain source edge. Their relative

direction is given by the property direction. The edges must be adjacent to the given faces.

TABLE 2-37: PROPERTIES FOR EDGEMAP SUBFEATURE

PROPERTY VALUE DEFAULT DESCRIPTION
srcedge Selection Source edge
dstedge Selection Destination edge
direction auto | same | opposite auto Edge direction

OnePointMap
A one-point map specifies that a certain destination vertex should be mapped onto a certain source vertex.

TABLE 2-38: PROPERTIES FOR ONEPOINTMAP SUBFEATURE

PROPERTY VALUE DEFAULT DESCRIPTION
srcpoint1 Selection Vertex on source face
dstpoint1 Selection Vertex on destination face

TwoPointMap
A two-point map specifies that two destination vertices should be mapped onto two source vertices.

TABLE 2-39: PROPERTIES FOR ONEPOINTMAP SUBFEATURE

PROPERTY VALUE DEFAULT DESCRIPTION
srcpoint1 Selection Vertex | on source face
srcpoint2 Selection Vertex 2 on source face
dstpoint1 Selection Vertex | on destination face
dstpoint2 Selection Vertex 2 on destination face
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BoundarySimilarity (2D)

TABLE 2-40: BOUNDARY SIMILARITY PROPERTIES IN 2D

PROPERTY VALUE DEFAULT DESCRIPTION
destination Selection Destination edge

direction auto | same | opposite auto Edge direction

usesrcmap on | off of f Use source map

srcmap string[srcsdim] spatial coordinates  Expressions for source map my(p,)

The destination transformation is a similarity transformation that maps a destination edge (destination) onto a
set of source edges (the source selection). Their relative direction is given by the property direction. The mesh

is always viewed in the mesh frame.

IdentityMapping
An identity mapping coupling operator maps between geometric entities that overlap, possibly when viewed in

different frames. The destination transformation is an identity mapping between the given frames.

TABLE 2-41: IDENTITY MAPPING PROPERTIES

PROPERTY VALUE DEFAULT DESCRIPTION
dstframe mesh | material | spatial spatial Frame for evaluation of destination coordinates
srcframe mesh | material | spatial  spatial Frame for evaluation of source coordinates

PROJECTION COUPLINGS

A projection coupling operator oper maps an expression e defined on (a part of) the source selection to an
expression oper(e) that can be evaluated on (a part of) the destination geometries. It does so by performing
integration along curves in the source selection. These curves correspond to lines in an intermediate space, whose
dimension is equal to srcedim. There is a source map mg mapping the source selection into the intermediate space,
and a destination map mg mapping the destination geometries into the subspace of intermediate space where the
last coordinate is zero. The source map is always one-to-one. The value of oper(e) at a destination point p, is

defined as follows:

I In the intermediate space, consider the line that is parallel to the last coordinate axis and goes through the point
mq(pg)-

2 Map this line to a curve in the source selection using the inverse of the source map.

3 Integrate the expression e over this curve.

This implies that the value of oper(e) at the destination point p is the integral of e along a curve through the

source point pg = ms_l(md(pd)).

The coupling type determines the type of the maps:

TABLE 2-42: PROJECTION OPERATOR TYPES

COUPLING TYPE MAP TYPES
GeneralProjection Nonlinear map described by expressions
LinearProjection Linear map described by vertex mapping

TABLE 2-43: PROJECTION COUPLING PROPERTIES

PROPERTY VALUE DEFAULT DESCRIPTION

intorder int 4 Order of integration formula

Additional properties are available depending on the coupling type, see below.
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GeneralProjection
Use a general projection component coupling to define integration along curves.

TABLE 2-44: GENERAL PROJECTION COUPLING PROPERTIES

PROPERTY  VALUE DEFAULT DESCRIPTION

dstmap string[srcedim- 1] spatial coordinates  Expressions for destination map mj(py)
srcframe mesh |material | spatial  spatial Frame for source mesh.

srcmap string[srcedim] spatial coordinates  Expressions for source map m(p)

LinearProjection

A linear projection coupling operator defines a mapping between destination and source that is given by a linear
map defined by vertices. Let v be the vector from the first source vertex to the last source vertex. The value of
oper(e) ata point p is equal to the integral of e over the line through the point ps=ms'1(md(pd)) with direction

vector v.

TABLE 2-45: LINEAR PROJECTION COUPLING PROPERTIES

PROPERTY VALUE DEFAULT DESCRIPTION
srcvertexN  Selection Source vertex number N.
dstgeom string source Destination geometry.

geometry
dstvertexN  Selection Destination vertex number N.
srcframe mesh | material | spatial spatial Frame for evaluation of source vertex coordinates.
dstframe mesh | material | spatial spatial Frame for evaluation of destination vertex

coordinates.

The number of selections srcvertexN is 4. These are used only for 1<=N<=srcedim+1. The remaining selections
should be empty. The number of source vertices is srcedim+1. The source map is a linear (affine) map that maps

the source vertices onto the points 0, e, eg,..., €grcedim 111 the intermediate space, where e; is the ith unit vector.

The number of selections dstvertexN is 4. These are used only for 1<=N<=srcedim. The remaining selections
should be empty. The number of destination vertices is srcedim. The destination map is the following linear

(affine) map from the destination geometry to the intermediate space:
I First,if srcedim-1<dstsdim, an orthogonal projection onto the affine space spanned by the destination vertices.
Thus, srcedim=3 gives a plane, and srcedim=2 gives a line.

2 Then, a linear (affine) map mapping the destination vertices onto the points 0, ey, eg,..., €srcedim-1 111 the

intermediate space, where e; is the ith unit vector.

INTEGRATION COUPLINGS

Integration
By default, an integration coupling operator oper integrates an expression e over the source selection. The
resulting value oper(e) can be used anywhere. If method=summation, the expression is instead summed over the

nodes in the source selection.

TABLE 2-46: INTEGRATION COUPLING PROPERTIES

PROPERTY VALUE DEFAULT DESCRIPTION
intorder string 4 Integration order.
frame mesh | material | spatial Frame to integrate in (determines volume element).
spatial
method integration | integration Method of computation.
summation
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Average
An average coupling operator oper integrates an expression e over the source selection and divides with the

measure of the source selection. The resulting value oper(e) can be used anywhere.

TABLE 2-47: AVERAGE COUPLING PROPERTIES

PROPERTY VALUE DEFAULT DESCRIPTION
intorder string 4 Integration order.
frame mesh | material | spatial Frame to integrate in (determines volume element).

spatial

Maximum/Minimum

A maximum or minimum coupling operator oper finds the maximum or minimum of an expression e over the
source selection. The resulting value oper(e) can be used anywhere. An optional second argument is evaluated at
the point where the first argument has its maximum or minimum. Use X, y, or z, for example, to get the coordinate

location of the maximum or minimum.

TABLE 2-48: MAXIMUM/MINIMUM COUPLING PROPERTIES

PROPERTY VALUE DEFAULT DESCRIPTION
intorder string 4 Integration rule.
points node | integration | lagrange node Type of point.
intorder string 4 Integration order.
lagrange string 2 Lagrange order.

The maximum,/minimum is approximated by evaluating the expression in the specified points.

model.elem ()

Creating and modifying different types of elements.

SYNTAX

model.elem().create(<tag>,eltype);

model.
model.
model.
model.

model

elem(<tag>)
elem(<tag>)
elem(<tag>)
elem(<tag>)

.elem(<tag>)
model.
model.
model.
model.
model.
model.

elem(<tag>)
elem(<tag>)
elem(<tag>)
elem(<tag>)
elem(<tag>)
elem(<tag>)

DESCRIPTION

.set(<ftag>,value);
.field().create(<ftag>,"record");
.field(<ftag>).set(<ftag>,value);
.field().create(<atag>,"array");
.field(
(
(

<atag>).pos().create("string",value);

.field(<atag>).pos().create("array");
.field(<atag>).pos(pos).create("string",value);
.src().create(<fttag>);
.Src(<fttags>).set(<ftag>,value);
.8rc(<fttags>).field().create(<ftag>,"array");
.geomdim().create(<fttag>);

model.elem().create(<tag>,eltype) creates a new element of type eltype, for example elinterp, elpric,
elvar, elode, and so on.

model.elem(<tag>).set(<ftag>,value) sets the field tagged <ftag> to value. Examples of fields and values
are, file and solution_interp.txt, global and 1, and so on.

model.elem(<tag>).field().create(<ftags,"record") creates a new field tagged <ftag> of type record
under the element tagged <tags.

model.elem(<tag>).field(<ftag>).set(sname,value) sets the ficld tagged sname to value. The field is
located under the record field tagged <ftags.

CHAPTER 2: GENERAL COMMANDS



model.elem(<tag>).field(<ftag>).field().create(<rtag>,"record") creates a new record field tagged
<rtag> that is a field under the record field <ftags.

model.elem(<tag>).field().create(<atag>,"array") creates a new array field tagged <atags.

model.elem(<tag>).field(<atag>).pos().create("array") addsa new element of type array to the array
tagged <atags.

model...field(<atag>).pos(1).pos().create("string","1") adds a new array element of type string with

value 1 to the first array element of the array stored in the field <atags.
In the text below, all occurrences of src can be replaced with geomdim.

model.elem(<tag>).src().create(<fttag>) creates a src feature tagged <fttags under the element. A

feature must have a domain selection.

model.elem(<tag>).src(<fttag>).selection().dim(2).set(gname) assigns all domains of dimension 2
from geometry gname to the selection of feature <fttags.

model.elem(<tag>).src(<fttag>).set(<ftag>,value) sets the field <ftag> to value under the feature
<fttags>.

model.elem(<tag>).src(<fttag>).field().create(rname, "record") addsanew record field rname under
the feature <fttags.

EXAMPLES

Specifies an interpolation element that takes its data from a file named solution_data.txt.

Code for Use with Java

model.elem().create("funt1","elinterp");
model.elem("fun1").set("name",new String[]{"sol"});

(
model.elem("fun1").set("file","solution_data.txt");
model.elem("fun1").set("fileindex",new String[]{"1"});
model.elem("fun1").set("defvars",new String[]{"true"});
model.elem("funi1").set("method",new String[]{"linear"});
model.elem("fun1").set("extmethod",new String[]{"const"});

Code for Use with MATLAB
model.elem.create('funt', 'elinterp');

model.elem('fun1').set('name',{'s0l'});
model.elem('fun1').set('file', 'solution_data.txt');
model.elem('funt').set('fileindex',{'1'});
model.elem('funi1').set('defvars',{ 'true'});
model.elem('funt1').set('method',{'linear'});

).

model.elem('fun1').set('extmethod',{'const'});

The example below creates two integration couplings.

Code for Use with Java
model.elem().create("elemi","elcplscalar");

model.elem("elem1").set("var",new String[]{"aa","bb"});
model.elem("elem1").set("global",new String[]{"1","2"});
model.elem("elem1").src().create("featl1");
model.elem("elem1").src("feat1").selection().geom("g",2).set(new int[]{1});
model.elem("elem1").src("feat1").set("expr",new String[][]1{{"1"},{"2"}}
model.elem("elem1").src("feat1").set("ipoints",new String[]1[]1{{"2"},{"2"}}
model.elem("elem1").src("feat1").set("frame",new String[][]1{{"spatial"},{"spatial"}};

Code for Use with MATLAB

model.elem.create('eleml1', 'elcplscalar');
model.elem('elem1').set('var',{'aa','bb'});
model.elem('eleml1').set('global',{'1','2"'});
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model.elem('elem1').src.create('featl');
model.elem('elem1').src('featl1').selection.geom('g',2).set(1);
model.elem('elem1').src('featl1').set('expr',{{'1'},{'2'}}
model.elem('eleml1').src('feat1').set('ipoints',{{'2"'},{'2"'}}
model.elem('eleml1').src('feat1').set('frame',{{ 'spatial'},{ 'spatial'}};

This complicated example creates a constr element with two constraints (usually done with constraint features):

Code for Use with Java

model.elem().create("elem1","elsconstr");

feat = model.elem("elem1").geomdim().create("feat1");
feat.selection().geom("g",2).set(new int[]{1});
feat.set("constr",new String[][]1[]1{{{"Ex","Ey","Ez2"}}});
feat.set("cshape",new String[]{"1"})
feat.field().create("shelem","record");

feat.field("shelem").set("case",new String[0]);

feat.field("shelem").set("mind",new String[0]);
feat.field("shelem").field().create("default","array");
feat.field("shelem").field("default").pos().create("array");
feat.field("shelem").field("default").pos(1).pos().create("array");
feat.field("shelem").field("default").pos(1).pos(1).pos().create("string","edg");
feat.field("shelem").field("default").pos(1).pos(1).pos().create("string","shcurl");
feat.field("shelem").field("default").pos(1).pos(1).pos().create("record");
feat.field("shelem").field("default").pos(1).pos(1).pos(3).set("order","2");
feat.field("shelem"). field("default") pos(1).pos(1).pos(3)

.set("compnames",new String[]{"Ex","Ey","Ez"});

feat.field(“shelem") field("default").pos(1).pos(1).pos(3).set("frame","ref");
feat.field("shelem").field("default").pos(1).pos(1).pos().create("string","edg2");
feat.field("shelem").field("default").pos(1).pos(1).pos().create("string","shcurl");
feat.field("shelem").field("default").pos(1).pos(1).pos().create("record");
feat.field("shelem").field("default").pos(1).pos(1).pos(6).set("order","2");
feat.field("shelem"). field("default") pos(1).pos(1).pos(6)

.set("compnames",new String[]{"Ex","Ey","Ez"});
feat.field("shelem").field("default").pos(1).pos(1).pos(6).set("frame","ref");

Code for Use with MATLAB

model.elem.create('elemi', 'elsconstr');

feat = model.elem('elemi').geomdim().create('featl');
feat.selection().geom('g',2).set(1);
feat.set('constr',{{{'Ex','Ey','Ez"'}}});
feat.set('cshape',{'1'})

shelem = feat.field.create('shelem', 'record');
shelem.set('case',"'");

shelem.set('mind',"'");
shelem.field().create('default', 'array');
shelem.field('default').pos.create('array');
shelem.field('default').pos(1).pos.create('array');
shelem.field('default').pos .pos(1).pos.create('string','edg');

(

( (1

( (1) (
shelem.field('default').pos(1).pos(1).pos.create('string', 'shcurl');
shelem.field('default').pos(1).pos(1).pos.create('record');
shelem.field('default').pos(1).pos(1).pos(3).set('order','2");
shelem.field('default').pos(1).pos(1). pos(3).set('compnames',{'Ex','Ey','Ez'});
shelem.field('default').pos(1).pos(1).pos(3).set('frame', 'ref');
shelem.field('default').pos(1).pos(1).pos.create('string','edg2');
shelem.field('default').pos(1).pos(1).pos.create('string', 'shcurl');
shelem.field('default').pos(1).pos(1).pos.create('record');
shelem.field('default').pos(1).pos(1).pos(6).set('order','2"');
shelem.field('default').pos(1).pos(1). pos(6).set('compnames',{'Ex','Ey','Ez'});
shelem.field('default').pos(1).pos(1).pos(6).set('frame', 'ref');

For all records, the statement

model...set("frame","ref");

is the equivalent to
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model...field().create("frame","string","ref");

The statement

model...set("expr",new String[][]{{"1"},{"2"}});

is equivalent to

model...field().create("expr","array");
model...field("expr").pos().create("array").
model...field("expr").pos(1).create("string","1");
model...field("expr").pos().create("array").
model...field(" ) .pos(2).create("string","1");

expr"

so the set method is often a much more convenient way to create simple fields.

model.elementSet()

Mesh element sets.

SYNTAX

model.elementSet().create(<tag>);
model.elementSet(<tag>).set(<vars>,<exprs);
model.elementSet(<tag>).remove(<vars);
model.elementSet(<tag>).model(<mtag>);

model.elementSet
model.elementSet
model.elementSet
model.elementSet

<tags).varnames();
<tag>).get(<vars>);
<tag>).model();
<tag>).scope();

—_~ e~~~

DESCRIPTION

model.elementSet (<tags) returns an element set. It contains one or several definitions of sets of mesh elements.

Each element set is identified with an element set variable name — the variable evaluates to 1 on mesh elements

that belong to the element set, and it evaluates to 0 on other mesh elements. The variable has a defining expression

that is evaluated at the midpoint of each mesh element to determine whether the mesh element belongs to the

element set. This evaluation is done once at the beginning of the solution process, so the expression must not

depend on variables that change during the solution process. All element sets in model.elementSet (<tag>) are

subsets of the selection model.elementSet (<tags).selection().

model.elementSet().create(<tag>) creates a new eclement set with tag <tag>.

model.elementSet (<tag>).set(<var>,<expr>) sets the defining expression for the element set variable <vars

to <expr>.

model.elementSet (<tag>).remove(<var>) removes the element set variable <vars.

model.elementSet (<tag>).model(<mtag>) scts the model node.

model.elementSet(<tag>).selection().selMethod manipulates the geometric entity selection, see

Selections for a description of the available methods.

model.elementSet (<tag>).varnames() returns all element set variables as a string array.

model.elementSet(<tag>).get(<var>) returns the defining expression of element set variable <vars.

model.elementSet (<tag>).model() returns the model node.

model.elementSet(<tag>).scope() returns the fully qualified scope name.
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EXAMPLE

Let A be an element set consisting of all mesh triangles that are not adjacent to boundaries 3 or 4 in square, plus all
mesh triangles that are adjacent to boundaries 1 or 2. Let the dependent variable u be defined on A. Solve Poisson’s

equation with Dirichlet conditions on boundaries 1 and 2:

Code for Use with Java

Model model = ModelUtil.create("Model");
model.component().create("compl");
model.component("comp1").geom().create("geom1", 2);
model.component("“comp1").geom("geom1").create("sq1", "Square");
model.component("comp1").mesh().create("mesh1", "geomi");
model.component("comp1").mesh("mesh1").run();
model.elementSet().create("es1");
model.elementSet("es1").set("A", "!bndadj(3,4) ||
model.elementSet("es1").selection().geom(2).all();
model.shape().create("sh1", "materiall");
model.shape("sh1").create("f1", "shlag");
model.shape("sh1").feature("f1").set("basename", "u").set("order", 1);
model.shape("sh1").selection().geom(2).all();
(
(

bndadj(1,2)");

model.shape("sh1").elementSet("A");

model.field().create("field1", "u");
model.field("field1").shape(new String[]{"sh1"});
model.intRule().create("ir1", "materialil");

model.intRule("ir1").create("02").order(2);
model.weak().create("weakl");

model.weak ("weak1").weak ("if (A,ux*test(ux)+uy*test(uy)-test(u),0)");
model.weak("weak1").intRule("ir1");
model.weak("weak1").selection().geom(2).all();
model.constr().create("constri", new String[]{"sh1"});
model.constr("constri").create("f1");
model.constr("constri1").feature("f1").set("constr",1,new String[]{"u"});
model.constr("constri1").feature("f1").set("constrf",1,new String[]{"test(u)"});
model.constr("constri1").feature("f1").selection().geom(1).set(1,2);
model.study().create("std1");

model.study("std1").create("stat", "Stationary");
model.study("std1").run();

Code for Use with MATLAB

model = ModelUtil.create('Model');
model.component.create('compl');

model.component('comp1').geom.create('geomi’', 2);
model.component('compi1').geom('geomi').create('sql', 'Square');
model.component('comp1').mesh.create('mesh1', 'geomi');

model.component('compi').mesh('mesh1').run;
model.elementSet.create('esl1');

model.elementSet('es1').set('A', '!bndadj(3,4) || bndadj(1,2)');
model.elementSet('es1').selection().geom(2).all;
model.shape.create('sh1', 'materialil');
model.shape('sh1').create('f1', 'shlag');
model.shape('sh1').feature('f1').set('basename', 'u').set('order'
model.shape('sh1').selection.geom(2).all;
model.shape('sh1').elementSet('A');

model.field.create('field1', 'u');
model.field('field1').shape({'sh1'});

model.intRule.create('irt1', 'materiall');
model.intRule('irt1').create('02').order(2);
model.weak.create('weakl');
model.weak('weak1').weak('if (A,ux*test (ux)+uy*test(uy)-test(u),0)"');
model.weak('weak1').intRule('ir1");
model.weak('weak1').selection().geom(2).all;
model.constr.create('constr1', {'sh1'});
model.constr('constri').create('f1');
model.constr('constri').feature('f1').set('constr',1,{'u'});

—_
~
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model.constr('constri').feature('f1').set('constrf',1,{ 'test(u)'});
model.constr('constr1').feature('f1').selection().geom(1).set([1,2]);
model.study.create('std1');

model.study('std1').create('stat', 'Stationary');
model.study('std1').run;

SEE ALSO
model.shape()
model.extraDim ()

Create attachments of extra dimensions.

SYNTAX

model.extraDim
model.extraDim

) .create(<tag>, type);
<tag>).set(property,<value>);

(

(
model.extraDim(<tag>).model(<mtag>);
model.extraDim(<tag>).selection();
model.extraDim(<tag>).selection("point");
model.extraDim(<tag>).properties();
model.extraDim(<tag>).getType(property);
model.extraDim(<tag>).model();

DESCRIPTION

model.extraDim().create(<tag>, type) creates an extra dimension feature of the given type. The supported

types are AttachDimension, PointsToAttach, and Integration.

model.extraDim(<tag>).set(property,<value>) specifies properties relevant for the selected extra dimension

feature type.

e Properties for AttachDimension: extradim
* PointsToAttach has no properties.

¢ Properties for Integration: opname, intrule, intorder, frame, axisym

model.extraDim(<tag>).model(<mtag>) sets the model node. For features of type AttachDimension, this
defines the base model node. For features of type PointsToAttach and Integration, this defines the extra
dimension model node.

model.extraDim(<tag>).selection();

Returns the selection of the feature (for features of type AttachDimension and Integration).

model.extraDim(<tag>).selection("point") returns the selection of points to attach (for features of type
PointsToAttach).

model.extraDim(<tag>).properties() returns the list of assigned properties as a string array.
model.extraDim(<tag>).getType(property) returns the value of the specified property.

model.extraDim(<tag>).model () returns the model node.

model.field ()

Create and define properties for fields with shape functions that defined field variables.
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SYNTAX

model.field().create(<tag>,<fnames);
model.field(<tag>).field(<fname>);
model.field(<tag>).shape(<shlist>);

model.field(<tag>).field(
model.field(<tag>).shape(
model.field(<tag>).geom();

).
).

H
)
DESCRIPTION

model.field().create(<tag>,<fname>) creates a field with tag <tag> with the field name <fname>.

model.field(<tag>).field(<fname>) scts the field name.

model.field(<tag>).shape(<shlist>) sets the shape functions defining the field variables. <shlist> is a list
of shape function tags. Each shape function defines one or more field variables. Together the shape functions specify
which field variables there are in the field.

model.field(<tag>).field() returns the field name as a string.
model.field(<tag>).shape() returns the shape function tags as a string array.
model.field(<tag>).geom() returns the geometry associated with the field.

SEE ALSO
model.shape(), model.coeff ()

model frame ()

Create and define properties for different types of frames: spatial frames, material frames, mesh frames, and
geometry frames.
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SYNTAX

model.frame().create(<tag>,<gtag>);
model.frame(<tag>).coord(<coordlists);
model.frame(<tag>).coord(<pos>,<coords>);
model.frame(<tag>).meshFrame();
model.frame(<tag>).materialFrame();
model.frame(<tag>).geometryFrame();
model.frame(<tag>).spatialFrame();
model.frame(<tag>).sorder(order);
model.frame(<tag>).sshape.create(<stag>,type);
model.frame(<tag>).sshape(<stag>).type(type);
model.frame(<tag>).sshape(<stag>).sorder(order);
model.frame(<tag>).sshape(<stag>).coorddof(<dofs>);
model.frame(<tag>).sshape(<stag>).coorddof (<pos>,<dof>);
model.frame(<tag>).sshape(<stag>).refframe(<ftags);
model.frame(<tag>).sshape(<stag>).coordexpr(<exprss);
model.frame(<tag>).sshape(<stag>).coordexpr(<pos>,<exprs>);
model.frame(<tag>).coord();
model.frame(<tag>).identifier();
model.frame(<tag>).varNameSuffix();
model.frame(<tag>).geom();
model.frame(<tag>).1isMeshFrame();
model.frame(<tag>).isGeometryFrame();
model.frame(<tag>).isMaterialFrame();
model.frame(<tag>).isSpatialFrame();
model.frame(<tag>).sorder();
model.frame(<tag>).sshape(<stag>).type();
model.frame(<tag>).sshape(<stag>).sorder();
model.frame(<tag>).sshape(<stag>).coorddof();
model.frame(<tag>).sshape(<stag>).refframe();
model.frame(<tag>).sshape(<stag>).coordexpr();

DESCRIPTION

model.frame().create(<tag>,<gtag>) creates a new frame and assigns it to geometry <gtags.

model.frame(<tag>).coord(<coordlist>) defines <coordlists as a list of independent variables. (Formerly
sdim.)

model.frame(<tag>).coord(<pos>,<coord>) edits the coordinate at position <pos> in the coordinate list.

model.frame(<tag>).meshFrame() sets this frame to be the mesh frame. Each geometry requires exactly one
mesh frame. The first one added becomes the mesh frame. When assigning one frame to be the mesh frame, this

flag is cleared in the previous frame being the mesh frame.

model.frame(<tag>).geometryFrame() sets this frame to be the geometry frame. Each geometry requires
exactly one geometry frame. The first one added becomes the geometry frame. When assigning one frame to be
the geometry frame, this flag is cleared in the previous frame being the geometry frame.

model.frame(<tag>).materialFrame () sets this frame to be the material frame. Each geometry requires exactly
one material frame. The first one added becomes the material frame. When assigning one frame to be the material

frame, this flag is cleared in the previous frame being the material frame.

model.frame(<tag>).spatialFrame () sets this frame to be the spatial frame. Each geometry requires exactly
one spatial frame. The first one added becomes the spatial frame. When assigning one frame to be the spatial frame,
this flag is cleared in the previous frame being the spatial frame.

model.frame(<tag>).sorder (order) sets the geometry shape order. This value is used if the frame is the mesh

frame. The mesh frame ignores all sshape features.
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model.frame(<tag>).sshape().create(<stags, type) creates a frame feature of the given type. Possible types

are fixed (default), moving_abs, moving_rel, and moving_expr.

model.frame(<tag>).sshape(<stag>)
model.frame(<tag>).sshape(<stag>)

model.frame(<tag>).sshape(<stag>)
moving_rel type is used.

model.frame(<tag>).sshape(<stag>)
in the degree of freedom list.

model.frame(<tag>).sshape(<stag>)
moving_rel type is used.

model.frame(<tag>).sshape(<stag>)
for <stags.

model.frame(<tag>).sshape(<stag>)
the expression list.

model.frame(<tag>).sshape(<stag>)
named selection <seltags.
model.frame(<tag>).sshape(<stag>)

.type(type) sets the type of the frame feature.
.sorder (order) sets the geometry shape order for <stag> to order.

.coorddof (<dofs>) sets the spatial coordinates for <stag> when the

.coorddof (<pos>, <dof>) edits the coordinate name at position <pos>

.refframe(<ftag>) sets the reference frame for <stag> when the

.coordexpr (<exprs>) sets the expressions for the mesh displacement

.coordexpr(<pos>, <expr>) edits the expression at position <pos> in

.selection().named(<seltag>) assigns the frame feature to the

.selection().set(...) definesalocal selection that assigns the frame

feature to geometric entities. For a complete list of methods available under selection(), see

model.selection(). All types of selections are supported except the global one and selections containing interior

mesh boundaries.

model.frame(<tag>).coord() returns the coordinate names as a string array.

model.frame(<tag>).identifier() returns the frame’s identifier as a string.

model.frame(<tag>).varNameSuffix(

) returns the variable name suffix as a string.

model.frame(<tag>).geom() returns the geometry name as a string.

model.frame(<tag>).isMeshFrame () returns true if this frame is the mesh frame.

model.frame(<tag>).isGeometryFrame() returns true if this frame is the geometry frame.

model.frame(<tag>).isMaterialFrame () returns true if this frame is the material frame.

model.frame(<tag>).isSpatialFrame() returns true if this frame is the spatial frame.

model.frame(<tag>).sorder () returns the geometrical shape order.

model.frame(<tag>).sshape(<stag>)
model.frame(<tag>).sshape(<stag>)
model.frame(<tag>).sshape(<stag>)
model.frame(<tag>).sshape(<stag>)

model.frame(<tag>).sshape(<stag>)
array.

model.frame(<tag>).sshape(<stag>)

model.frame(<tag>).sshape(<stag>)
methods, see model.selection().
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.type () returns the type as a string.

.sorder () returns the spatial approximation order as an integer.
.coorddof () returns the spatial coordinates as a string array.
.refframe () returns the reference frame as a string.

.coordexpr () returns the spatial coordinate expressions as a string

.selection().named() returns the named selection tag.

.selection().getType() returns domain information. For available



SEE ALSO

model.

shape ()

model func()

Add different types of functions.

SYNTAX

model.
model.
model.
model.

model

model.

model

func().create(<tag>, <type>);

func(<tag>)

func(<tag>).
func(<tag>).
.func(<tag>)
model.
model.
model.

func(<tag>)
func(<tag>)

func(<tag>).

func(<tag>)

.func(<tag>)
model.
model.

func(<tag>)

func(<tag>).

.create(<tag>, <type>);

label(<label>)
model (<mtag>)

.Set(property, <values);
.set("funcname", <funcnames)
.discardData()

importData()

.model()
.getType(property) ;
.functionNames()

getAllowedPropertyValues (property);

DESCRIPTION

model.func().create(<tag>,<type>) createsa new function of type <type> with the tag <tag>. The types can
be one of the following strings: Analytic, Elevation, External, Image, Interpolation, MATLAB (requires
Lhwljnk“{ﬂrthTLAB®),Piecewise,GaussianPulse,Ramp,Random,Rectangle,Step,Triangle,andwmve.
In addition, model.create(<tag>, "FunctionSwitch") creates a function switch. You can add other functions

to a function switch:

model.func().create("swi1", "FunctionSwitch");
model.func("swi1").create("int1", "Interpolation");
model.func("sw1").create("an1", "Analytic");
model.func("swi1").create("rn1", "Random");

model.func(<tag>).label(<labels) sets a label for the function.
model.func(<tag>).model(<mtag>) sets the model node of the function.

model.func(<tag>).set(property, <value>) sets the value of a property of the function. See the available

properties for each type of function below.

model.func(<tag>).set("funcname", <funcnames) sets the operator name of the function. The default

operator name is <tags.
model.func(<tag>).model() returns the model node.
model.func(<tag>) .getType(property) retrieves a value of a function property.

model.func(<tag>).importData() imports the file that the function references into the model. This is possible

for interpolation, elevation, and image functions. The importData () method also works for some physics features.

model.func(<tag>).discardData() discards the data imported with importData (). This is possible for

interpolation, elevation, and image functions. The discardData() method also works for some physics features.

model.func(<tag>).functionNames () returns an array containing the function names that the function feature
defines. Most functions always return an array of length one, but interpolation function features, for example, can

define an arbitrary number of function names.
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model.func(<tag>).getAllowedPropertyValues(property) returns the set of allowed values for a property
if the set is a finite set of strings; otherwise, it returns null.

For functions on the component level, use the same syntax but add the component level, such as

¥ ]
|_E| model.component(<ctag>).func().create(<tag>, <type>)

What properties are available depends on the type of function. The following function types are available:

Analytic

Generate an analytic function using a symbolic expression.

TABLE 2-49: ANALYTIC PROPERTIES

NAME VALUE DEFAULT DESCRIPTION

argders Nx2 String array {} (argument, partial derivative) pairs if dermethod is
manual.

args string array { The arguments to the function.

complex Boolean false True if the function can produce complex results
for real inputs.

dermethod automatic | Automatic Automatic differentiation or manual control over

manual the derivatives.

expr string None The expression defining the function.

funcname string The tag name The name of the function.

periodic Boolean false True if the function should be extended to a
periodic function.

periodiclower string 0 The lower limit of the interval that is extended
periodically.

periodicupper string 1 The upper limit of the interval that is extended
periodically.

argunit string A comma-separated list of required units for each
argument.

fununit string The unit of the function’s result.

Interpolation

Generate an interpolation function. You can use several interpolation and extrapolation methods..

TABLE 2-50: INTERPOLATION PROPERTIES

NAME VALUE DEFAULT DESCRIPTION

defineinv on|off off If source is table: Whether to define the
inverse function.

defvars Boolean false If source is file and defvars is set, the space
variables are used as default arguments to the
function if no arguments are supplied in a call
to it.

extrap const | interior | const The extrapolation method.

linear | value

extrapvalue double 0 The extrapolation value if extrap is value.

filename string The file that contains the data if source is file.

funcinvname string If source is table and defineinv is on: The name
of the inverse function.

funcname string The tag name The name of the function if source is table.
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TABLE 2-50: INTERPOLATION PROPERTIES

NAME VALUE DEFAULT DESCRIPTION
funcs string matrix Used source is file; the first column contains
function names and the second column
contains the positions in the file where the
corresponding function is defined
interp neighbor | linear | piecewisecubic The interpolation method.
piecewisecubic |
cubicspline
modelres string If sourcetype is model, specifies the model
resource that contains the interpolation data
nargs integer (1-3) 1 The number of function arguments if struct is
spreadsheet or source is resultTable.
primfunname string Define a primitive function with the name give
as primfunname.
resultTable string The tag of the result table to use (tb11, for
example).
scaledata auto | on | of f auto Apply scaling of data if the bounding box of
the interpolation points has a bad aspect ratio
(auto), always apply the scaling (on), or turn
off scaling altogether (off).
source table | file | table If sourcetype is user, specifies whether the
resultTable data is entered in a local table, read from a file,
or taken from a results table.
sourcetype model | user user Specifies if the data for the function is stored
in the model or provided by the user.
struct grid | sectionwise | spreadsheet The data format if source is file.
spreadsheet
table Nx2 String array Empty Contains the point/value pairs if the source is
table.
argunit string A comma-separated list of required units for
each argument.
fununit string The unit of the function’s result.
Piecewise

Generate a piecewise interpolation function, which is created by splicing together several functions, each defined

on one interval.

TABLE 2-51: PIECEWISE PROPERTIES

NAME VALUE DEFAULT DESCRIPTION
arg string X The argument to the function.
extrap const | interior | const The extrapolation method.

none | periodic |

value
extrapvalue double 0 The extrapolation value if extrap is value.
funcname string The tag name. The name of the function.
pieces Nx3 String array Empty (left, right, expression) for each interval.
smooth none | cont | contd1|  none The type of smoothing.

contd2
smoothzone double 0.1 The relative size of the smoothing zone if

smoothing is enabled.
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TABLE 2-51: PIECEWISE PROPERTIES

NAME VALUE DEFAULT DESCRIPTION

argunit string A comma-separated list of required units for each
argument.

fununit string The unit of the function’s result.

GaussianPulse

Generate a Gaussian pulse function. This function is the common bell-shaped curve (Gaussian function).

TABLE 2-52: GAUSSIAN PULSE PROPERTIES

NAME VALUE DEFAULT DESCRIPTION
funcname string The tag name The name of the function.

location string 0 Where the pulse peaks.

sigma string | The standard deviation of the underlying normal distribution.
Ramp

Generate a 7amyp tunction.

TABLE 2-53: RAMP PROPERTIES

NAME VALUE DEFAULT DESCRIPTION
cutoffactive Boolean false If true, then the ramp ends when it reaches the cutoff value.
cutoff double | If cutoffactive is true, the level where the ramp ends.
funcname string The tag name  The name of the function.

location string 0 Where the ramp starts.

slope string | The slope of the ramp.

ncontder l or2 2 The number of continuous derivatives if smoothing is enabled.
smoothcutoff Boolean false Smooth the transition where the ramp ends at the cutoff?
smoothloc Boolean false Smooth the transition where the ramp starts?

smoothzone double 0.1 The relative size of the smoothing zone if smoothing is enabled.
Random

Generate a random function. The random function can have a uniform or normal distribution.

TABLE 2-54: RANDOM PROPERTIES

NAME VALUE DEFAULT DESCRIPTION
funcname string The tag name The name of the function.
mean string 0 The average value.
nargs integer 1 The number of arguments.
normalsigma string 1 The standard deviation if type is Normal.
seed string Unique for each Random seed.
random function

seedactive Boolean false If true, the random seed will be used.
type uniform | Uniform The distribution type.

normal
uniformrange string 1 The range if type is Uniform.
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Rectangle
Generate a rectangle-shaped function.

TABLE 2-55: RECTANGLE PROPERTIES

NAME VALUE DEFAULT DESCRIPTION

funcname string The tag name The name of the function.

lower string -0.5 Where the high zone begins.

ncontder | or2 2 The number of continuous derivatives if smoothing is enabled.

smooth Boolean true Smooth the transitions?

smoothzone string 0.1 The size of the smoothing zone on both sides of the
transitions.

upper string 0.5 Where the high zone ends.

Step

Generate a step function.

TABLE 2-56: STEP PROPERTIES

NAME VALUE DEFAULT DESCRIPTION
from string 0 The value to the left of the location.

funcname string The tag name The name of the function.

location string 0 Where the step is located.

ncontder | or2 2 The number of continuous derivatives if smoothing is enabled.
smooth Boolean true Smooth the transition?

smoothzone string 0.1 The size of the smoothing zone on both sides of location.

to string | The value to the right of the location.

Triangle

Generate a triangle-shaped function.

TABLE 2-57: TRIANGLE PROPERTIES

NAME VALUE DEFAULT DESCRIPTION
funcname string The tag name  The name of the function.

lower string -0.5 Where the high zone begins.

ncontder | or2 2 The number of continuous derivatives if smoothing is enabled.
smooth Boolean true Smooth the transitions?

smoothzone string 0.1 Size of smoothing zone on both sides of the transitions.
upper string 0.5 Where the high zone ends.

External

Generate an external function that interfaces to other external functions written in the C language.

TABLE 2-58: EXTERNAL PROPERTIES

NAME VALUE DEFAULT DESCRIPTION

ders Nx3 string array (function name, argument, partial derivative) triplets.

funcs string array The functions defined by the library.

init string The string that is sent to the library when the function feature is
initialized.

path string The path to the shared library that defines the functions.

ABOUT GENERAL COMMANDS |

85



An external function is a function defined in a shared library written by the user. The shared library must define the
following three functions with C linkage:

e int init(const char *str) is called when the function is initialized with the string from the Initialization
data ficld. It returns a nonzero value in case of success and zero in case of failure. This function might be called

several times; it is always called before solving a model that uses the function.

e int eval(const char *func, int nArgs, const double **inReal, const double **inImag, int
blockSize, double *outReal, double *outImag) is called for elementwise evaluation of the function func
called with nArgs arguments of length blockSize. The array inReal contains the real parts of the arguments;
it has length nArgs, and each element has length blockSize.

If the arguments are all-real, then inImag is null; otherwise it contains the imaginary parts of the arguments. If
the function evaluation is successful, 1 is returned if it resulted in an all-real array and 2 is returned if it resulted
in a complex array. The function should return 0 in case of error. In case of a real result, the function values
should be written to the array outReal. In case of a complex result, the real parts of the function should be
written to outReal and the imaginary parts to outImag. The outReal and outImag arrays both have length
blockSize. All matrices are allocated and deallocated by COMSOL.

e const char *getLastError() returns the last error that has occurred. A null or empty string is returned if no

nn

error has occurred. Calling init () or eval() must set the last error string to "" or null. All memory allocation

of this string is handled by the shared library. There is no localization of the error messages.

If you are using Microsoft Visual Studio to compile your library, you can declare the functions as
__declspec(dllexport) to export them from the DLL.

An example of a library that defines a function called extsinc that computes the sinc function (sin(x)/x):

#include <math.h>
#include <stdlib.h>
#include <string.h>

#ifdef _MSC_VER

#define EXPORT __declspec(dllexport)
#else

#define EXPORT

#endif

static const char *error = NULL;

EXPORT int init(const char *str) {
return 1;

}

EXPORT const char * getLastError() {
return error;

}

EXPORT int eval(const char *func,
int nArgs,
const double **inReal,
const double **inlImag,
int blockSize,
double *outReal,
double *outImag) {

int i, j;
if (strcmp("extsinc", func) == 0) {
if (nArgs != 1) {
error = "One argument expected";
return O;
}
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for (i = 0; i < blockSize; i++) {

double x = inReal[O][1i];
outReal[i] = (

x == 0) ? 1
}
return 1;
}
else {
error = "Unknown function";
return 0;
}

}

sin(x) / X;

To compile this function into a library, place it in ext.c and proceed as follows depending on platform:

= versions.

See http://www.comsol.com/system-requirements for information about supported compiler

* 64-bit Windows with Microsoft Visual Studio:
- Start Microsoft Visual Studio > Visual Studio Tools > Visual Studio x64 Win64 Command Prompt (2010)

from the Windows Start Menu.

- cd to the directory that contains ext.c.

- ¢l /MT /c ext.c

- link /OUT:ext.dll /DLL ext.obj

e 64-bit Linux with Intel Compiler:

- cd to the directory that contains ext.c.

- icc -fPIC -c ext.c

- icc -shared -fPIC -W1,-z -Wl,defs -o ext.so ext.o -1ldl

e 64-bit Mac with Intel Compiler:

- cd to the directory that contains ext.c.

- icc -fPIC -c ext.c

- icc -dynamiclib -fPIC -o ext.dylib ext.o

For other compilers, refer to the compiler’s documentation for instructions how to compile and create a shared

library.

Elevation

Generate an elevation function by importing geospatial elevation data from digital elevation models (DEM files).

TABLE 2-59: ELEVATION PROPERTIES

NAME VALUE DEFAULT DESCRIPTION

extrap const | interior | const The extrapolation method.
linear | value

extrapvalue double 0 The extrapolation value if extrap is value.

filename string The name of the DEM file.

funcname string The tag name The name of the function.

interp neighbor | linear linear The interpolation method.
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Image

Generate an image function from a BMP, GIF, JPEG, or PNG file.

TABLE 2-60: IMAGE PROPERTIES

NAME VALUE DEFAULT DESCRIPTION

argunit string The unit of the function arguments.

clipmaxx double 1000 If clipping is manual: The maximum pixel x-coordinate
that is kept.

clipminx double 0 If clipping is manual: The minimum pixel x-coordinate
that is kept.

clipmaxy double 1000 If clipping is manual: The maximum pixel y-coordinate
that is kept.

clipminy double 0 If clipping is manual: The minimum pixel y-coordinate
that is kept.

clipping none | manual none The clipping method.

extrap const | interior|  const The extrapolation method.

linear | value

extrapvalue double 0 The extrapolation value if extrap is value.

fununit string The unit of the function value.

filename string The name of the DEM file.

flipx Boolean false If inplace is false: Whether to flip the image horizontally
when mapping it to the xy-plane.

flipy Boolean false If inplace is false: Whether to flip the image vertically
when mapping it to the xy-plane.

funcname string The tag name  The name of the function.

inplace Boolean false If true, the image is mapped to the xy-plane without
scaling; | length unit corresponds to | pixel.

interp neighbor | linear linear The interpolation method.

manualexpr string (r+g+b)/3 If scaling is manual: The scaling function expressed in
terms of the red (r), green (g), and blue (b) pixel
intensities.

scaling automatic | manual automatic The method used for computing function values from
pixel colors.

xmax double | If inplace is false: The maximum x-coordinate of the
region to which the image is mapped.

xmin double 0 If inplace is false: The minimum x-coordinate of the
region to which the image is mapped.

ymax double | If inplace is false: The maximum y-coordinate of the
region to which the image is mapped.

ymin double 0 If inplace is false: The minimum y-coordinate of the
region to which the image is mapped.

MATLAB

Declare use of function in MATLAB. This requires the LiveLink™ for MATLAB®.

TABLE 2-61: MATLAB PROPERTIES

NAME VALUE DEFAULT DESCRIPTION
ders Nx3 string array (function name, argument, partial derivative) triplets.
funcs string array The functions defined by MATLAB.
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Wave

Use a wave function to generate a wave-shaped function. The wave shape can be a sawtooth, sine wave, square

wave, or triangle wave.

TABLE 2-62: WAVE PROPERTIES

NAME VALUE DEFAULT DESCRIPTION

amplitude string | The amplitude.

dutycycle string 0.5 The duty cycle of the function (a value between 0 and
1). Available for Square functions (as the fraction of a
period that the function has the high value) and for
Triangle functions (as the fraction of a period that the
function is rising).

freq string | The angular frequency.

funcname string The tag name The name of the function.

ncontder |l or2 2 The number of continuous derivatives if smoothing is
enabled.

phase string 0 The phase.

smooth Boolean true Smooth the transitions? (Only used for wave forms
with discontinuous function values or derivatives.)

smoothzone  string 0.1 The size of smoothing zone on both sides of the
transitions.

type sawtooth | sine | sine The type of waveform.

square | triangle
SEE ALSO

model.material()

model geom ()

Creating and specifying general properties for 1D, 2D, and 3D geometries.
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SYNTAX

model.
model.
model.

model
model

model
model

model.
model.
model.
.component
.component
model.
model.
model.
model.
model.
model.
model.

model
model

model

model.
model.

model.

model
model

model.
model.
model.
model.
model.

component (<ctag>)
component (<ctags>)
component (<ctag>)

.component (<ctag>)
.component (<ctag>)
model.
model.
model.
model.
model.
model.
model.

(

(

(

(

(
component (<ctag>)
component (<ctag>)
component (<ctags>)
component (<ctag>)
component (<ctag>)
component (<ctags>)
component (<ctag>)

(

(

(

(

(

.component (<ctag>)
.component (<ctag>)
model.
model.
model.

component (<ctag>)
component (<ctag>)
component (<ctags>)

component
component
component

<ctag>
<ctag>
<ctag>
<ctag>
<ctag>)
<ctag>)
<ctag>)
<ctag>)
<ctag>)
<ctag>)
<ctag>)
<ctag>)

)
)
)
)

component
component
component
component
component
component
component

o~~~ o~~~ o~ o~ o~ —~ — —

.component (<ctag>)
model.
model.

component (<ctag>)
component (<ctag>)

component (<ctags>)
component (<ctag>)

component (<ctag>)

.component (<ctag>)
.component (<ctag>)

component (<ctag>)
component (<ctags>)
component (<ctag>)
component (<ctag>)
component (<ctags>)

.geom(

.geom(

.geom(

.geom( )
.geom(<tag>)
.geom( )
.geom( )
.geom(<tag>)
.geom(<tag>)
.geom( )
.geom(<tag>)
.geom( )
.geom(<tag>)
.geom( )
.geom( )
.geom(<tag>)
.geom().remove(<tag>);

.geom
.geom
.geom(<tag>
.geom

.geom( )
.geom(<tag>)
.geom(<tag>)
.geom( )
.geom(<tag>)

tag>)
tag>

<tag>
<tag>
<tag>
<tag>

<tag>
<tag>

.geom(<tag>)
.geom(<tag>)
.geom(<tag>)
.geom( )
.geom(<tag>)
.geom( )
.geom( )
.geom(<tag>)
( )
( )
( )
( )

<tag>

<tag>
<tag>

<tag>
<tag>

<tag>

.geom(<tag>)
.geom(<tag>)
.geom(<tag>)

.geom(<tag>)
.geom().run();

.geom(<tag>)
.geom(<tag>)
.geom(<tag>)

<tag>

<tag>
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) .create(<tag>, <sdim>);

) .create(<tag>, <meshtag>,<filename>);
< .model (<mtag>);

< .model();

.axisymmetric (boolean) ;
.isAxisymmetric();
.lengthUnit(<unit>);
.lengthUnit();
.angularUnit(<units);
.angularUnit();
.scaleUnitValue(boolean);
.scaleUnitValue();
.repairTol(<relTol>);
.repairTol();

.geomRep (geomrep) ;
.geomRep();

.create(<ftag>, type);
.createAfter(<ftag>,<type>,<postag>);
.feature(<ftag>)
.feature(<ftag>).
.feature(<ftag>)
.feature(<ftag>).
.feature(<ftag>)
.feature(<ftag>)
.feature(<ftag>).
.feature().move(<ftag>, <positions);
.feature().remove(<ftag>);
.feature(<ftag>).getAllowedPropertyValues(property);

.create(<ftag2>, type);

set (property, <values);
.getType(property) ;
selection(property) .selMethod;
.geom() .geomMethod;
.active(boolean);

isActive();

.run(<ftags);
.runPre(<ftag>);
.runCurrent();

.run();
.current();

.feature(<ftag>) H
.feature(<ftag>) .message();

.status()

.objectNames();
.feature(<ftag>).objectNames();
.0bj (<objnames) .geomInfoMethod
.geomInfoMethod
.selection(<seltag>).selMethod;



SYNTAX

model.component (<ctags>).geom(<tag>).measure() .geomMeasurementMethod;
model.component(<ctag>).geom(<tag>).measurefFinal().geomMeasurementMethod;
model.component (<ctags>).geom(<tag>).export(<filenames);

model.component (<ctag>).geom(<tag>).exportFinal(<filenames);
model.component(<ctag>).geom(<tags>).defeaturing(<tooltag>).defeaturingMethod;
model.component (<ctag>).geom(<tag>).feature(<ftag>).find();
model.component(<ctag>).geom(<tag>).feature(<ftag>).detail().selMethod;
model.component(<ctag>).geom(<tag>).insertFile(<filenames>, <gtags);
model.component(<ctag>).geom(<tag>).insertSequence(<mtag>, <gtag>);
model.component(<ctag>).geom().create(<tag>, "Subsequence", sDim);
model.component(<ctag>).geom(<tag>).inputParam().set(<name>, <expr>, <descrs);
model.component(<ctag>).geom(<tag>).localParam().set(<name>, <expr>, <descrs);
model.geom(<gtag>).create(<ftag>, "PartInstance");

model.geom(<gtag>) .stepInto(<ftag>);
model.geom(<gtag>).feature(<ftag>).geom().run(<ftag2s);

The last group of syntaxes are only applicable for geometry subsequences (see Using Geometry Parts), but

model.geom(<gtag>).feature(<ftag>).geom() also exists if <ftag> is a work plane feature.

model.
model.

geom().load(<tags>, <filenames,
geom(<gtag>) .loaded();

<subsequenceTagsInFiles);

model.geom(<gtag>)
model.geom(<gtag>)
model.geom(<gtags)
model.geom(<gtag>)
model.geom(<gtag>)
model.geom(<gtag>)
model.geom(<gtag>)
model.geom(<gtag>) .

.filename();
.filename(<filename>);
.tagInFile();
.dateModifiedInFile();
.commentsInFile();
.labelInFile();
.versionInFile();
reload();

The last group of syntaxes are only applicable for geometry subsequences (see Using Geometry Parts).

DESCRIPTION

Geometry Sequences and Geometry Objects
model.component (<ctag>).geom(<tag>) returns a geometry sequence consisting of geometry features. The
geometry sequence also contains geometry objects resulting from building the geometry sequence.

Creating and Deleting a Geometry
model.component (<ctag>).geom().create(<tag>,<sdim>) creates a geometry sequence of space dimension

<sdim> and assigns it the tag <tag>.

model.component (<ctag>).geom().create(<tag>, <meshtag>,<filename>) creates a geometry sequence
tagged <tag> and a corresponding meshing sequence tagged <meshtag>. The parameter <f£ilenames specifies a

file that contains a geometry or a mesh, and an import feature is inserted into the geometry or mesh sequence.

model.component (<ctag>).geom().remove (<tag>) deletes the geometry tagged <tag>.

General Geometry Settings
model.geom(<tag>).model(<mtag>) sets the model node of the geometry <tags> to <mtags.

String mtag = model.geom(<tags).model() returns the model node tag of the geometry.

model.component (<ctag>) .geom(<tag>).axisymmetric (boolean) indicates if the geometry is axisymmetric.
This is only applicable for 1D and 2D geometries.
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model.component (<ctag>).geom(<tag>).isAxisymmetric () returns true if the geometry is axisymmetric
and false otherwise.

model.component (<ctag>) .geom(<tag>).lengthUnit (<unit>) sets the length unit.

String unit = model.component(<ctag>).geom(<tag>).lengthUnit() returns the length unit.
model.component (<ctag>) .geom(<tag>).angularuUnit(<unit>) sets the angular unit.

String unit = model.component(<ctag>).geom(<tag>).angularunit() returns the angular unit.

model.component (<ctag>) .geom(<tag>).scaleUnitValue (boolean) sets the geometry to scale property

values when units are changed.

model.component (<ctag>) .geom(<tag>).scaleUnitValue() returns true if the geometry is set to scale

property values when units are changed.

model.component (<ctag>).geom(<tag>).repairTol(<relTol>) sets the default relative repair tolerance to

use when creating new features.

double relTol = model.component(<ctag>).geom(<tag>).repairTol() returns the default relative repair

tolerance.

model.component (<ctag>).geom(<tag>) .geomRep (geomrep) sets the geometry representation to use in a 3D
geometry. The geomrep string can be comsol, meaning the COMSOL kernel or cadps (requires the CAD Import
Module), meaning the CAD kernel (Parasolid).

String geomrep = model.component(<ctag>).geom(<tag>).geomRep() returns the geometry

representation.

Creating, Editing, Disabling, and Deleting Features
model.component (<ctag>).geom(<tag>).create(<ftag>, type) adds a geometry feature <ftag> of type

type to the geometry <tags, after the current feature.

model.component (<ctag>).geom(<tag>).feature(<ftag>).set(property,<values>) setsa property in the
geometry feature <ftag>. All data types listed in Table 2-2 are supported; the applicable data types differ between

the properties. String expressions can use parameters from model.param().

model.component (<ctag>).geom(<tag>) .feature(<ftags).getType(property) returns the value of a
property in the geometry feature <ftags.

model.component (<ctag>).geom(<tag>) .feature(<ftag>).selection(property).selMethod manages
the geometry object selection property property. The available selection methods are described in Geometry
Object Selection Methods.

model.component (<ctag>).geom(<tag>).feature(<ftag>).geom().geomMethod manipulates the 2D
geometry sequence corresponding to the work plane feature <ftags>. The available methods are the same as for a
2D geometry model.geom(<gtag>).

model.component (<ctag>).geom(<tag>).feature(<ftag>).active(false) disables the feature <ftags.
model.component (<ctag>).geom(<tag>).feature(<ftag>).active(true) enables the feature <ftags.

model.component (<ctag>).geom(<tag>).feature(<ftag>).isActive () returns true if the feature <ftag>
is enabled, and false otherwise.

model.component (<ctag>).geom(<tag>).feature().remove(<ftag>) removes the feature <ftags.

model.component (<ctag>).geom(<tag>) .feature().move(<ftags>, <position>) moves the feature <ftag>

to the zero indexed position <positions in the sequence.
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model.component(<ctag>).geom(<tag>).feature(<ftag>)).getAllowedPropertyValues(property)
returns the set of allowed values for a property if the set is a finite set of strings; otherwise, it returns null.

Building Features
After each build operation, the current feature is set as the last of the active features that were built. The current

state contains all objects that are generated by these features.

model.component (<ctag>).geom(<tag>).run(<ftag>) builds all features up to (and including) the feature
<ftags.

model.component (<ctag>).geom(<tag>) .runPre(<ftag>) builds all features preceding the feature <ftags;
for example, with <ftag> being a work plane feature in a 3D geometry, model.geom(<tag>) .runPre(<ftag>)

builds all 3D geometry features preceding the work plane.

model.component (<ctag>).geom(<tag>).runCurrent() builds all features up to (and including) the current

feature.

model.component (<ctag>).geom(<tag>) .run() builds all features. The finalized geometry and all selections
are also updated.

model.component (<ctag>).geom().run() builds the finalized geometry in all geometries.

Getting Build Status
String fTag = model.component(<ctag>).geom(<tag>).current() returns the tag of the current feature. If

the current state is before the first feature, the empty string " " is returned.

String status = model.component(<ctag>).geom(<tag>).feature(<ftag>).status() returns the status
of the feature <ftag>. The status is built, warning, needs_rebuild, edited, or error.

String msg = model.component(<ctags>).geom(<tag>).feature(<ftag>).message() returns the

warning,/error message of the feature <ftags.

Getting Information About Geometry Objects
String[] n = model.component(<ctag>).geom(<tag>).objectNames () returns the names of all objects that
exist in the current state.

String[] n = model.component(<ctag>).geom(<tag>).feature(<ftag>).objectNames() returns the
names of the output object generated by the feature <ftags>.

model.component (<ctag>).geom(<tag>).0bj (<objnames) .geomInfoMethod returns information about the
object <objnames. The available methods are described in Geometry Object Information.

model.component (<ctag>).geom(<tag>) .geomInfoMethod returns information about the finalized geometry

of geometry <tag>.

Getting Information About Named Selections
model.component (<ctag>).geom(<tag>).selection(<seltag>).selMethod returns information about the
named selection <seltags. See Selections of Geometric Entities and Geometry Object Selection Methods

for more information.

Geometric Measurements

Use model.component (<ctag>) .geom(<tag>).measure().selection().selMethod to specify the domains,
boundaries, or edges in geometry objects that you want to measure. You can also specify one vertex or two vertices
to get the coordinates of the vertex or the distance between the two vertices, respectively. The available selection

methods are described in Geometry Object Selection Methods.

model.component (<ctag>).geom(<tag>) .measure().geomMeasurementMethod returns the volume, area,

length, vertex coordinates, or distance between two vertices according to the selection. The available measurement
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methods are described in Geometry Object Information.

Use model.component (<ctag>) .geom(<tag>) .measureFinal().selection().selMethod to specify the
domains, boundaries, or edges in the finalized geometry that you want to measure. You can also specify one vertex
or two vertices to get the coordinates of the vertex or the distance between the two vertices, respectively. The

available selection methods are described in model.selection().

model.component (<ctag>).geom(<tag>) .measureFinal () .geomMeasurementMethod returns the volume,
area, length, vertex coordinates, or distance between two vertices according to the selection. The available

measurement methods are described in Measurements.

Use model.component (<ctag>) .geom(<tag>)).measureFinal().mesh(<mtag>)) to select the mesh with tag
mtag, when the analyzed geometry is based on an imported mesh, for example, so that measurements are relative
to this mesh in its current state. Then, for example, to select domain 1 in a 2D geometry geom1 and make

measurements on the analyzed geometry (for the physics), use the following code:

model.component("comp1").geom("geomi1").measureFinal().geom(2).set(1);
model.component ("comp1").geom("geom1").measureFinal().mesh("");

Exporting Geometry Objects

model.component (<ctag>).geom(<tag>).export().selection().selMethod can be used to select a number
of geometry objects to export to file. The available selection methods are described in Geometry Object Selection
Methods.

model.component (<ctag>).geom(<tag>).export(<filenames>) exports the selected objects to a file.

model.component (<ctag>) .geom(<tag>).exportFinal(<filename>) exports the finalized geometry to a file.

CAD Defeaturing
If you have a license for the CAD Import Module, or a LiveLink™ product for CAD software, the following
functionality is available. For details, see the CAD Import Module User’s Guide.

model.component (<ctag>).geom(<tag>) .defeaturing(tooltag).defeaturingMethod uses a defeaturing
tool to create a feature that deletes small details. Available tools are listed in the CAD Import Module User’s Guide.

model.component (<ctag>).geom(<tag>) .feature(<ftags).find() searches for small details, for a
defeaturing feature <ftags.

model.component (<ctag>).geom(<tag>).feature(<ftags).detail().selMethod manipulates the selection
of details to remove, for a defeaturing feature <ftag>.

Geometry Object Selection Methods
For a geometry object selection sel, the following methods are available:

sel.init() sets the selection to be a selection of whole geometry objects. Subsequent calls to set, add, and
remove select objects.

sel.init(dim) sets the selection property to be a selection of geometric entities of dimension dim. Subsequent
calls to all, set, add, remove, and clear select entities.

The following three methods are applicable when the selection consists of whole objects. The argument <onames >

can be an array of strings, or several string arguments.
sel.set(<onames>) sets the selection to be the objects <onamess.
sel.add(<onames>) adds the objects <onames> to the selection.

sel.remove (<onames>) removes the objects <onames> from the selection.
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The following five methods are applicable when the selection consists of geometric entities. The argument

<entities> can be an array of integers, or several integer arguments.

sel.all(<oname>) sets the selection to be all the entities of object <onames. The selections on other objects are
not affected.

sel.set(<oname>, <entitiess) scts the selection on object <onames> to be <entitiess. The selections on

other objects are not affected.

sel.add(<oname>, <entities>) adds the entities <entities> to the selection on object <oname>. The
selections on other objects are not affected.

sel.remove (<oname>, <entities>) removes the entities <entitiess> from the selection on object <onames.

The selections on other objects are not affected.
sel.clear (<oname>) clears the selection on object <oname>. The sclections on other objects are not affected.
To let the selection be defined by a named selection, use:

sel.named (<seltag>) where <seltags is the trimmed tag of a named selection defined by a preceding feature
in the geometry sequence. See Selections of Geometric Entities for more information.

To get information about the selection, use:
String[] onames = sel.objects() returns the names of the selected objects.

int dim = sel.dimension() returns the dimension for the entities in the selection if the selection consists of

geometric entities.

int[] ent = sel.entities(<oname>, dim) returns the entities in the selection on object <onames if the

selection consists of geometric entities.

String[] seltag = sel.named() returns the trimmed tag of the named selection that this selection refers to,

or an empty string if the selection does not refer to a named selection.

If Statements
Use model.geom(<tag>).create(<ftags, <type>) to add an If, Else If, Else, or End If feature after the current
feature.

Use model.geom(<tag>).createAfter(<ftags>, <types>, <postag>) toadd an If, Else If, Else, or End If feature
after the feature tagged <postags.

Insert Sequence
model.geom(<tag>).insertFile(<filename>, <gtag>); inserts a geometry sequence, with tag <gtags, from
another model file , with file name <filenames, into the geometry sequence with tag <tags.

model.geom(<tag>).insertSequence (<mtag>, <gtag>); inserts a geometry sequence, with tag <gtags, from

another model, with tag <mtag>, into the current geometry sequence with tag <tags.

EXAMPLE

Create a 2D geometry model as the union of a circle and rectangle.

Code for Use with Java

Model model = ModelUtil.create("Model");
model.component().create("comp1");

GeomSequence g =model.component(“comp1").geom().create("geomi",2);
g.create("r1","Rectangle");

g.feature("r1").set("size",new double[]{0.5,1});
g.feature("r1").set("pos",new double[]{-1,0});
g.create("c1","Circle");
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g.feature("c1").set("r",0.5);
g.feature("c1").set("pos",new double[]{0.5,0});
g.run();

Code for Use with MATLAB

model = ModelUtil.create('Model');
model.component().create('compl');

g =model.component('comp1').geom.create('geomi’',;2);
g.create('r1','Rectangle’);
g.feature('r1').set('size',[0.5,1]);
g.feature('rt').set('pos',[-1,0]);
g.create('c1','Circle');
g.feature('c1').set('r',0.5);
g.feature('c1').set('pos',[0.5,0]);

g.run;

COMPATIBILITY

From version 5.1, the access method argument () is deprecated and replaced with inputParam(), and the access
method param() is deprecated and replaced with localParam(). The methods 1ink(..), linked(), and
relink() are deprecated and replaced with load(...), loaded (), and reload(), respectively.

From version 4.4, the method
model.geom(<tags>).runAll();
is deprecated. Instead, use
model.component(<ctags>).geom(<tags>).run(<ftags);
to specify to which feature node in the geometry sequence you wan to run.
From version 4.3a, the methods

model.geom(<tag>).object(<objnames)
String[] onames = sel.object()

are deprecated and replaced by the following methods:

model.component(<ctag>).geom(<tag>).0bj (<objname>)
String[] onames = sel.objects()

SEE ALSO
model.mesh()

model.group ()

Add load groups and constraint groups.

SYNTAX

model.group().create(<tag>, type);
model.group(<tag>).identifier(<id>);

model.group(<tag>).type();
model.group(<tag>).identifier();

DESCRIPTION
model.group().create(<tags, type) creates a new group of the specified type, which can be either LoadGroup
or ConstraintGroup.

model.group(<tag>).identifier(<id>) sets the group identifier, which is used for defining a corresponding

parameter, group.<id>.
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model.group(<tag>).type() returns the group type as a string.

model.group(<tag>).identifier() returns the group identifier.

model.init()

Creating and defining initial values.

SYNTAX

model.init().create(<tag>);
model.init(<tag>).set(<fieldnames>,<exprs>);
model.init(<tag>).remove(<fieldnames);

model.init(<tag>).varnames();
model.init(<tag>).get(<fieldnames);

DESCRIPTION

model.init().create(<tag>) creates a new initial value with tag <tags.

model.init(<tag>).set(<fieldnames, <expr>) defines the expression <exprs as the initial value for the

dependent variable (field variable) <fieldnames.

model.init(<tag>).remove(<fieldname>) removes the field variable <fieldnames> from the initial value with

tag <tag>.

model.init(<tag>).selection().named(<seltag>) assigns the initial value to the named selection <seltags>.
model.init(<tag>).selection().set(...) definesalocal selection that assigns the initial value to geometric
entities. For a complete list of methods available under selection(), see Selections. Only selections at a single

geometry level is allowed except for ODE states which require the global selection.

model.init(<tag>).varnames () returns the names of the variables for the initial value with tag <tag> as a string

array.
model.init(<tag>).get(<fieldname>) returns the initial value for the field variable <fieldnames as a string.
model.init(<tag>).selection().named() returns the named selection tag.

model.init(<tag>).selection().getType() returns domain information for the initial value with tag <tag>;
see Selections for available methods.

model.intRule()

Integration rules.

SYNTAX

model.intRule
model.intRule
model.intRule
model.intRule
model.intRule
model.intRule

) .create(<tag>,<ftag>);

<tag>) .frame(<ftag>);

<tag>).create(<ftag>);

<tag>) .feature(<ftag>).order(gporder);

<tag>) .feature(<ftag>).getAllowedPropertyValues (property);
<tag>).frame();

—~ e~ o~~~ —~

DESCRIPTION

model.intRule().create(<tag>,<ftag>) creates an integration rule for the frame <ftags.
model.intRule(<tag>).frame(<ftag>) sets the frame for the integration rule.

model.intRule(<tag>).create(<ftag>) creates an integration rule feature.
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model.intRule(<tag>).feature(<ftag>).order (gporder) specifies the integration order of the integration

rule.
model.intRule(<tag>).frame() returns the frame as a string.

model.intRule(<tag>).feature(<ftag>)).getAllowedPropertyVvalues(property) returns the set of

allowed values for a property if the set is a finite set of strings; otherwise, it returns null.

EXAMPLE

Specify two integration rules, one with the integration order 2 and one with the integration order 4.

Code for Use with Java

model.intRule().create("ir1","f");
model.intRule("ir1").create("ir1").order(2);
model.intRule("ir1").create("ir2").order(4);

Code for Use with MATLAB

model.intRule.create('irt','f');
model.intRule('irt1').create('ir1').order(2);
model.intRule('ir1').create('ir2').order(4);

SEE ALSO
model.shape()

model.massProp ()

Compute mass properties and add mass contributions.

SYNTAX

model.component (<ctags>).massProp().create(<tag>, "MassProperties");
model.component (<ctag>).massProp(<tag>).selection();
model.component(<ctag>).massProp(<tags).set (<pnames>, <exprs);

model.component(<ctag>).massProp(<tag>).create(<mctag>, "MassContributions");
model.component(<ctag>).massProp(<tag>).feature(<mctag>).selection()
model.component(<ctag>).massProp(<tag>).feature(<mctag>).set (<pname>, <exprs>);

DESCRIPTION

Creating Mass Properties and Providing Geometry Source Selections
model.component (<ctag>) .massProp().create(<tag>, “MassProperties”) createsa massproperties object

that computes variables for mass properties such as total mass and the center of mass.

model.component (<ctag>) .massProp(<tag>).selection().set(...) defines a local selection that assigns
the mass properties to geometric entities that act as sources. For a complete list of methods available under
selection(), see model.selection().

Specifying Density and Mass Properties
You can specify the density to be taken from a physics. For example,

model.component(<ctag>).massProp(<tag>).set("densitySource", "fromSpecifiedPhysics")
model.component(<ctag>) .massProp(<tag>).feature("mc1").set("physics", "solid");

takes the density from the Solid Mechanics interface solid.
You can also specify a user-defined density. For example, to specify the density to be 1107 kg/ m3, use

model.component(<ctag>) .massProp(<tag>).set("densitySource", "userDefined");
model.component(<ctag>) .massProp(<tag>).set("expr","1107[kg/m~3]");
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To create variables for the center of mass and to not create variables for the moment of inertia:

model.component(<ctag>) .massProp(<tag>).set("createCenterOfMass","on");
model.component(<ctag>).massProp(<tag>).set("createMomentOfInertia","off");

Adding a Mass Contribution

You can add mass contributions from other parts of the geometry (an adjacent boundary, for example) by creating

a mass contribution:

model.component(<ctag>) .massProp(<tag>).create("mc1","MassContributions");

model.component(<ctag>) .massProp(<tag>).feature("mc1").set("expr",

"3");

For the mass contributions, you can specify source selections and define the density in the same way as for the mass

properties.

Properties and Variables for massProp

The massProp feature accepts the following properties:

TABLE 2-63: MASSPROP PROPERTIES

NAME VALUE DEFAULT DESCRIPTION

createCenterOfMass on|off on Create center of mass variables.

createMass on|off on Create mass variable.

createMassContribution on|off on Add a mass contribution.

createMomentOfInertia on|off on Create moment of inertia variables.

createPrincipallnertia on|off on Create principal moment of inertia
variables.

createVolume on|off on Create volume variable.

densitySource fromSpecifiedPhysics| userDefined Source for the density values.

userDefined

expr string User-defined density expression.

includelLowerPh on|off on Include adjacent entities of lower
dimension for density values taken
from physics.

integrationFrame frame Material Integration frame for user-defined
density.

intorder 4 Positive integer  Integration order.

outputFrame frame Material Integration frame for output

variables.

The created variables for different mass properties have the following default names:

* massi.mass and mass1.volume for the mass and volume, respectively.

* massi
e massi.
* massi

e massi

.CMx, and so on, for the coordinates of the center of mass.
IXv, and so on, for the components of the moment of inertia.
.Ip1, and so on, for the moment of inertia principal values.

.Ip1x, and so on, for the moment of inertia principal directions.
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model.material()

Materials and material property groups.

Eﬂ

For materials defined on the global level, omit component (<ctag>) . from the syntax such as
model.component (<ctag>).material().create(<tag>) in the syntax examples below.

SYNTA

model.
model.
model.
model.
model
model.
model.
model.
model.
model.
model.
model.
model.

X

component (<ctag>)
component (<ctags)
component (<ctag>)
component (<ctag>)

.component (<ctag>)

(
(
(
(
(
component (<ctag>)
component (<ctag>)
component (<ctags>)
component (<ctag>)
component (<ctag>)
component (<ctags>)
component (<ctag>)
component (<ctag>)

.material(<tag>
.material(<tag>
.material(<tag>

.material().create(<tag>);
.material().create(<tag>,<type>);
.material(<tag>)
.material(<tag>)
.material(<tag>)
.material(<tag>)
.material(<tag>)
.material(<tag>)
.material(<tag>).

)

)

)

e

.info(<itag>);

.info();
.label(<label>);
.materialType (<mattype>)
.propertyGroup (<mtag>) ;
.propertyGroup();

prefix(<prefix>);

.prefix();
.selection();

.set (<pnames>, <exprs>) ;
.material().move(<tag>, <positions);

MaterialModel mm = model.component(<ctags>).material(<tag>).propertyGroup().
create(<mtag>,<descr>);
addInput(<quantitys);

descr (<pname>, <descrs);

func();

mm.func(<ftag>);

mm.getString(<pname>) ;

mm.getStringArray (<pnames) ;
mm.hasParam(<pname>) ;

mm.info(<itag>);

mm.info();

mm.input();

mm.isOutput (<pnames) ;

mm.param() ;

mm.removelnput (<gquantity>);

mm.set (<pname>, <exprs);

mm.size(<pnames) ;

mm.suffix (<suffix>);

mm.suffix();

mm.
mm.
mm.

mm.info().create(<itag>,<descr>);
mm.info(<itags>).title(<titles>);
mm.info(<itag>).title();
mm.info(<itag>) .body (<body>);
mm.info(<itag>).body();

DESCRIPTION

A material is a collection of property groups, where each property group defines a set of material properties, material
functions, and model inputs that can be used to define a temperature-dependent material property, for example. A
property group usually defines properties used by a particular material model to compute a fundamental quantity.
A material property can either be a visible output property or a local parameter. The output property is visible for
physics interfaces; local properties are only visible inside the property group. If two property groups define the same
output property, the last property group determines the value of the output property. The material function is used
by the property group to calculate a property or parameter value as a function of other variables, usually model

inputs. The model input is a quantity that the material model recognizes as an input variable (temperature, for
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example). The actual variable that represents the model input is not known until the model is solved, and it can also

be different between physics interfaces.

There are two types of property groups, user-defined and specialized. When a material is created, there is always
one default user-defined property group present. To this property group it is possible to add output properties from
a predefined list of quantities. These quantities are recognized by all physics interfaces as material properties — for
example, thermal conductivity, electric conductivity, and density. The full list is presented in the physics interface
for the default property group. The specialized property groups are built in and usually define few output properties
that only some physics interfaces can access. These output properties are not necessarily part of the allowed
properties for the default property group. An example of such a specialized group is the refractive index material
model, which defines the real and imaginary part of the refractive index as output properties. These properties can

only be accessed by the Electromagnetic Waves interface.

model.component (<ctag>).material().create(<tag>) createsa new material for the model component with
the tag <ctag>.

model.component (<ctag>).material().create(<tag>,"Common") also creates a new material for the model
component with the tag <ctags.

model.component (<ctag>).material().create(<tag>,"Switch") creates a material switch for the model

component with the tag <ctag>. You can add materials to the material switch:

model.component(<ctag>).material().create("sw1", "Switch", "");
model.component(<ctag>).material("swi1").feature().create("mat1", "Common", "");
model.component(<ctag>).material("swi1").feature().create("mat2", "Common", "");

model.component (<ctag>).material().create(<tag>,"Link") creates a material link for the model

component with the tag <ctags.

model.component (<ctag>).material().create(<tags>, "External") creates a external material that sets up
an interface between a physics feature and functions in an external shared library (a DLL, .so, or .dylib file.). For
an external material,

model.component (<ctag>).material(<tag>).set("path",<path to external material file>) setsthe
path to the external shared library. Also, use model.material(<tag>).set("threadSafe", "off")if the DLL
is not thread safe (default is, "on"; that is, the DLL is thread safe).

model.material().create(<tag>,<type>) creates a global material, material switch, or material link.
model.component (<ctag>).material(<tag>).info(<itag>) returns an information item for a material.
model.component (<ctag>) .material(<tag>).input() returns the list of model inputs.

model.component(<ctag>).material(<tag>).materialType("solid") or
model.component (<ctag>).material(<tag>).materialType("nonSolid")sets the material type to a solid or

a nonsolid material, respectively.

model.component (<ctag>) .material(<tag>).propertyGroup(<mtag>) gets the property group named
<mtags> for the material.

model.component (<ctag>).material(<tag>).selection() returns the selection of the material. The

selection determines which geometry the material belongs to.

model.component (<ctag>) .material(<tag>).set("family", <appearances) sets the appearance to a family
of materials (as strings; "water", for example): air, aluminum, brick, concrete, copper, gold, iron, lead,
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magnesium, plastic, steel, titanium, water, or custom. With custom, you can set these additional parameters

for the appearance:

TABLE 2-64: PROPERTIES FOR CUSTOM APPEARANCE OF MATERIALS

PROPERTY VALUE DEFAULT DESCRIPTION
alpha double | Diffuse and ambient color opacity
ambient string[] (a color  custom Ambient light color

or custom)
customambient double[] RGB values for a custom ambient color
customdiffuse double[] RGB values for a custom diffuse color
customspecular double[] RGB values for a custom specular color
diffuse string[] (a color  custom Diffuse light color

or custom)
fresnel double 0.5 Reflectance at normal incidence for Cook-Torrance
lighting phong | phong Lighting model

cooktorrance |

simple
noise on | off off Add noise to the appearance
noisefreq double[] | Normal vector noise scale
noisescale double(] 0 Normal vector noise scale
roughness double 0.1 Surface roughness for Cook-Torrance lighting model
shininess double 64 Specular exponent for Blinn-Phong lighting model
specular string[] (a color  custom Specular light color

or custom)

model.component (<ctag>).material().move(<tag>, <positions>) moves the material <tags to the

zero-indexed position <positions in the list.

For a material link, model.component (<ctags).material(<tag>).set("link", <linktags); createsa

material link from a component to the global material with the tag in <1inktags. For example,

model.component(“comp1")).material().create("matlnk1", "Link");
model.material("matlnk1").set("link", "mat1");

creates a material link in the component comp1 and then links it to the global material mat1. The material link can

also have a selection; for example, model.material("matlnk1").selection().all();.

Property Groups
The following syntax examples describe the methods available for property groups added to a material (not available

for material switches or material links).

mm = model.component(<ctags>).material(<tag>).propertyGroup().create(<tag>,<descr>) creates a
new property group and stores it in the variable mm.

To define a method to set an output property of a material, use the following syntax (in this example you specify a

density for the basic property group def):

model.compoenent (<ctag>).material("mat1").propertyGroup("def").
set("density", String[] arg);

where arg is the string value to be defined. For a list of available physical property names (such as density), see
Table 2-65.

mm.addInput (<quantity>) adds a new model input to the property group of the given quantity.
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mm.descr (<pname>, <descr>) adds the description <descr> to the local material property with the name

<pname>.

mm.func(<ftag>) returns the function object named <ftags. For information about how to add and modify
functions, see model.func().

mm.getString(<pname>) returns the string value of the given parameter. If it is a vector or matrix quantity, the
first value is returned.

mm.getStringArray (<pname>) returns the string array value of the given parameter. Matrix values are returned

in a columnwise order.
mm.hasParam(<pname>) returns true if the parameter is defined by the property group.
mm.info(<itag>) returns the information object for the property group.

mm. isOutput (<pname>) returns true if the given local material parameter is an output property. For user-defined
property groups the method returns true for all predefined material properties known to all physics interfaces. For

the specialized property groups, it can also return true for other properties.
mm.param() returns a list of all parameters stored in the property group.
mm.removelnput(<quantity>) removes the given quantity from the list of model inputs.

mm. set (<pname>, <expr>) sets the expression for the given property. The expression can use local names for the
properties, parameters, and model inputs. For vector and matrix properties, the expression can be string arrays of
varying size. Isotropic matrices only require one element or a string, diagonal matrices require three elements, and
so forth. Vectors always require three elements.

mm.size (<pname>) returns the size of the stored parameter, which usually is 1-by-1, 3-by-1 or 3-by-3, but other

sizes are supported.

model.component (<ctag>) .material(<tag>).propertyGroup() returns a list of all property groups in the

material.

model.component(<ctag>).material(<tag>).propertyGroup(<tag>).info().create(<tag>, <descr>)
creates a new information object that can contain detailed information about this property group. This could, for
example, be used by the Material Library to define the Phase /Condition and Orientation/Condition fields.

mm.info(<itag>).title(<title>) sets the title of the information object.
mm.info(<itag>).title() returns the title.
mm.info(<itag>).body(<body>) sets the body text of the information object.

mm.info(<itag>).body () returns the body text.

The term material model is sometimes used instead of property group in some contexts. The

= graphical user interface uses the term property group.

TABLE 2-65: AVAILABLE PHYSICAL QUANTITIES

PHYSICAL QUANTITY NAME

Absorbed dose absorbeddose
Absorption coefficient absorption
Acceleration acceleration
Activation energy activationenergy
Angular acceleration angularacceleration
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TABLE 2-65: AVAILABLE PHYSICAL QUANTITIES

PHYSICAL QUANTITY

NAME

Angular frequency

Area

Bulk viscosity

Capacitance

Catalytic activity

Characteristic acoustic impedance
Charge

Coefficient of hygroscopic swelling
Coefficient of thermal expansion
Collisional power loss
Compliance

Compressibility of fluid
Concentration

Concentration

Conductance

Corrected pressure

Corrected velocity field

Current

Current density

Current source

Damping constant per unit area
Damping constant per unit length
Damping constant per unit volume
Density

Diffusion coefficient
Dimensionless

Dipole moment

Dispersed phase volume fraction
Displacement field

Displacement of shell normals
Dose equivalent

Dynamic viscosity

EEDF

Edge load

Effective gas density

Effective plastic strain

Elasticity

Elastoresistive coupling

Electric displacement field
Electric field

Electric permittivity

angularfrequency

area

bulkviscosity

capacitance

catalyticactivity
acousticimpedance

charge
hygroscopicswellingcoefficient
thermalexpansioncoefficient
inelasticpowerloss
compliance

compressibility
massconcentration
concentration

conductance
correctedpressure
correctedvelocity

current

currentdensity
currentsource
dampingconstantperarea
dampingconstantperlength
dampingconstantpervolume
density

diffusion

dimensionless
dipolemoment
dispersedphasevolumefraction
displacement
dimensionless_displacement
doseequivalent
dynamicviscosity

eedf

edgeload

effectivegasdensity
effectiveplasticstrain
elasticity
couplingelastoresistive
displacementfield
electricfield

permittivity
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TABLE 2-65: AVAILABLE PHYSICAL QUANTITIES

PHYSICAL QUANTITY

NAME

Electric potential

Electrical conductivity
Electrolyte conductivity
Electrolyte potential

Electron density

Electron energy density
Electron mobility

Energy

Energy density

Entropy

External free energy
Extinction coefficient

Face load

Flow rate out from source per unit length
Flow resistivity

Fluid conductance

Force density

Force load

Force potential
Fowler-Nordheim coefficient
Frequency

Frequency factor

Head

Heat capacity at constant pressure (molar)
Heat capacity at constant pressure
Heat source

Heat transfer coefficient
Henry's constant

Hydraulic conductivity
Inductance

Initial curvature

Initial electron density
Intensity (RMS)

Inward heat flux

Isotropic structural loss factor
Kinematic viscosity

Length

Level set variable

Line charge

Line current source

Log mass fraction

electricpotential
electricconductivity

electrolyteconductivity

electricpotentialionicphase

electrondensity
electronenergydensity
electronmobility
energy
energydensity
entropydensity
externalfreeenergy
extinctioncoefficient
faceload

areapertime
pressuretimeperarea
fluidconductance
forcedensity

force

forcepotential

fowlernordheimcoefficient

frequency
frequencyfactor

head
molarheatcapacity
heatcapacity
powerdensity
heattransfercoefficient
henrysconstant
hydraulicconductivity
inductance
planeangleperlength
initialelectrondensity
intensity

heatflux

lossfactor
kinematicviscosity
length
levelsetvariable
linecharge
linecurrentsource

logmassfraction

ABOUT GENERAL COMMANDS

105



TABLE 2-65: AVAILABLE PHYSICAL QUANTITIES

PHYSICAL QUANTITY

NAME

Log of electron density

Log of electron energy density
Logarithmic ratio
Logarithmic ratio per unit length
Luminous intensity
Magnetic field

Magnetic flux

Magnetic flux density
Magnetic permeability
Magnetic scalar potential
Magnetic vector potential
Mass

Mass flow

Mass flux

Mass fraction

Mass per unit area

Mass per unit length

Mass source

Mass transfer coefficient
Mean electron energy

Mean flow velocity potential
Mean molar mass

Molar enthalpy

Molar flux

Molar surface flux

Molar volume

Moment body load

Moment edge load

Moment face load

Natural logarithmic ratio

Natural logarithmic ratio per unit length

Normal electron current density
Normal ion current density
Number density

Particle momentum

Particle position

Permeability

Phase field help variable

Phase field variable

logelectrondensity
logelectronenergydensity
logarithmicratio
logarithmicratioperunitlength
luminousintensity
magneticfield

magneticflux
magneticfluxdensity
permeability
magneticscalarpotential
magneticvectorpotential
mass

massflow

massflux

massfraction

massperarea
massperlength
masssource
masstransfercoefficient
meanelectronenergy
meanflowvelocitypotential
molarmass
energyperamount
molarflux
molarsurfaceflux
molarvolume
torquepervol
torqueperlength
torqueperarea
naturallogarithmicratio
naturallogarithmicratioperunitlength
normalelectroncurrentdensity
normalioncurrentdensity
numberdensity
momentum

position
hydraulicpermeability
phasefieldhelpvariable

phasefieldvariable

Piezoelectric coupling d (strain-charge) couplingstraincharge

Piezoelectric coupling e (stress-charge) couplingstresscharge
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TABLE 2-65: AVAILABLE PHYSICAL QUANTITIES

PHYSICAL QUANTITY

NAME

Piezoresistive coupling

Plane angle

Point current source

Poiseuille coefficient

Poisson's ratio

Porosity

Power

Power flow

Power per unit charge

Power per unit length

Power per unit mass

Pressure

Production rate
Production/absorption coefficient
Radiative intensity
Radioactivity

Ratio of specific heats
Reaction rate

Reciprocal area

Reciprocal initial interface distance
Reciprocal wall distance
Recombination rate (domain)
Reduced electric field
Reduced electron diffusivity
Reduced electron mobility
Relative permeability

Relative permittivity
Resistance

Resistivity

Scattering coefficient
Secondary emission energy flux
Secondary emission flux
Seebeck coefficient

Solid angle

Space charge density

Specific dissipation rate
Specific energy

Speed of sound

Spring constant per unit area
Spring constant per unit length

Spring constant per unit volume

couplingpiezoresistive
planeangle
pointcurrentsource
poiseuillecoefficient
poissonsratio
porosity

power

powerflow
powerpercharge
powerpermeter
powerpermass
pressure
productionrate
heatproduction
radiativeintensity
radioactivity
ratioofspecificheat
reactionrate
reciprocalarea
reciprocallength_i
reciprocallength
recombinationratedomain
reducedelectricfield
reduceddiffusivity
reducedmobility
relpermeability
relpermittivity
resistance

resistivity

scattering

energyflux
particleflux
seebeckcoefficient
solidangle
spacechargedensity
specificdissipationrate
specificenergy
soundspeed
springconstantperarea
springconstantperlength

springconstantpervolume
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TABLE 2-65: AVAILABLE PHYSICAL QUANTITIES

PHYSICAL QUANTITY NAME
Squared slip velocity slipvelocity
Storage storage

Strain energy per unit area
Strain energy per unit length
Strain reference temperature
Stress tensor

Substance

Surface capacitance

Surface charge density

Surface current density

Surface electrical conductivity
Surface emissivity

Surface energy density

Surface magnetic current density
Surface resistance

Surface site concentration
Surface tension coefficient
Temperature

Thermal conductivity

Time

Time change in pressure head
Torque

Total damping constant

Total spring constant

Trap density distribution (boundary)
Trap density distribution (domain)
Turbulent dissipation rate
Turbulent kinetic energy
Undamped turbulent kinematic viscosity
Velocity field

Velocity potential

Volume

Volume fraction

Volume per time

Volumetric heat capacity

Wave number

Wavelength

Young's modulus

energydensityperarea
energydensityperlength
strainreferencetemperature
stress

substance
surfacecapacitance
surfacechargedensity
surfacecurrentdensity
surfaceconductivity
emissivity

surfaceenergydensity

surfacemagneticcurrentdensity

surfaceresistance
surfaceconcentration
surfacetensioncoefficient
temperature
thermalconductivity
time
timechangeinpressurehead
torque

dampingconstant
springconstant
trapdensityboundary
trapdensitydomain
turbulentdissipationrate
turbulentkineticenergy
turbulentkinematicviscosity
velocity

velocitypotential

volume

volumefraction
volumepertime
volumetricheatcapacity
wavenumber

wavelength

youngsmodulus

SEE ALSO
model.func(), model.physics()
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model.mesh ()

Meshing sequences.

SYNTAX

model
model

model

model.

model
model

model.
model.
model.

model.
model.
model.

model.
model.
model.

model

(
(
(
(
(
(
(
.component (<ctag>)
(
(
(
(
(
(
(

.component (<ctag>)
.component (<ctag>) .
model.
model.
model.
model.
model.

component (<ctag>)
component (<ctag>)
component (<ctags>)
component (<ctag>)
component (<ctag>)

component (<ctags)

.component (<ctag>) .
.component (<ctag>) .
model.
model.
model.
model.

component (<ctag>)
component (<ctag>)
component (<ctags)
component (<ctag>)

component (<ctags>)
component (<ctag>)
component (<ctag>)

component (<ctag>)
component (<ctag>)
component (<ctags>)

component (<ctag>)
component (<ctags>)
component (<ctag>)

.component (<ctag>)

DESCRIPTION

Creating and Deleting a Meshing Sequence

.mesh

(
(
.mesh(
.mesh(
.mesh(
.mesh(
.mesh(
.mesh(<tag>
.mesh(
(
(
(
(
(
(

.mesh
.mesh
.mesh
.mesh

mesh
tag>)
tag>
<tag>
<tag>
<tag>

<tag>
mesh(<tag>
mesh(<tag>
<tag>
<tag>
<tag>

<tag>

)
)
)
)
)
)
)
)
)
)
)
)

.mesh(<tag>)
.mesh(<tag>)
.mesh().run();

.mesh(<tag>)
.mesh(<tag>)
.mesh(<tag>)

.mesh(<tag>)
.mesh(<tag>)
.mesh(<tag>)

.mesh(<tag>)

) .create(<tag>,<gtag>);

) .remove(<tag>);

< .create(<ftag>,operation);

< .feature(<ftag>).create(<ftag2>,operation);
.feature(<ftag>).set(property, <values);
.feature(<ftag>).getType(property);
.feature(<ftag>).feature() .meshMethod
.current(<ftag>);
.feature(<ftag>).active(boolean);
.feature(<ftag>).isActive();
.feature().move(<ftag>, <positions);
.feature().remove(<ftags);
.feature(<fgtag>) .getAllowedPropertyValues (property);
.clear();

.geom() ;

.run(<ftags);
.run();

.current();
.feature(<ftag>).status();
.feature(<ftag>) .message();

.meshGetMethod
.data() .meshModificationMethod
.stat().meshStatisticsMethod

.export(<filenames);

model.component (<ctag>) .mesh().create(<tag>, <gtag>) creates a meshing sequence (or just mesh) for the

geometry sequence <gtag> and assigns it the tag <tag>.

model.component (<ctag>).mesh().remove(<tag>) removes the meshing sequence <tag>

Creating, Editing, and Deleting Features

model.component (<ctag>) .mesh(<tag>).create(<ftag>,operation) adds a feature <ftag> of type

operation to the meshing sequence <tags, after the current feature.

model.component (<ctag>) .mesh(<tag>).feature(<ftag>).set(property,<values) scts the property

property defined for the feature <ftags to the value <values. All data types listed in Table 2-2 are supported;

the applicable data types differ between the properties. String expressions can use parameters from model.param().

model.component (<ctag>).mesh(<tag>).feature(<ftags).getType(property) returns the value of a

property in the feature <ftags.

model.component (<ctag>) .mesh(<tag>).feature(<ftag>).selection().selMethod manages the

selection of the feature <ftags. The available selection methods are described in Selection Methods.

model.component(<ctag>).mesh(<tag>).feature(<ftag>).selection(property) .selMethod

manipulates the selection of the property property. The available selection methods are described in Selection
Methods.
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model.component (<ctag>) .mesh(<tag>).feature(<ftag>).feature().meshMethod manages the entity list
for the feature <ftags.

model.component (<ctag>).mesh(<tag>).current(<ftags) scts the current feature to be <ftags.
model.component (<ctag>).mesh(<tag>).feature(<ftag>).active(false) disables the feature <ftag>.
model.component (<ctag>).mesh(<tag>).feature(<ftag>).active(true) enables the feature <ftags.

model.component (<ctag>).mesh(<tag>).feature(<ftags).isActive() returns true if the feature <ftag>
is enabled, and false otherwise.

model.component (<ctag>).mesh(<tag>).feature(<ftag>)).
getAllowedPropertyValues(property) returns the set of allowed values for a property if the set is a finite set of

strings; otherwise, it returns null.

model.component (<ctag>).mesh(<tag>).feature().move(<ftags>, <position>) moves the feature <ftag>

to the zero indexed position <positions in the sequence.
model.component (<ctag>).mesh(<tag>).feature().remove(<ftag>) removes the feature <ftags-.

model.component (<ctag>) .mesh(<tag>).clear() removes all features from the sequence and clears the mesh.

Building Features
After each build operation, the current feature is set as the last of features that were built. The mesh is updated to

be the mesh generated by these features.

model.component (<ctag>) .mesh(<tag>).run(<ftag>) builds all features up to (and including) the feature
<ftags>.

model.component (<ctag>).mesh(<tag>).run() builds all features.
model.component (<ctag>).mesh().run() builds all meshing sequences.

Getting Build Status
String fTag = model.component(<ctag>).mesh(<tag>).current() returns the tag of the current feature. If

the current state is before the first feature, the empty string " " is returned.

String status = model.component(<ctag>).mesh(<tag>).feature(<ftag>).status() returns the status
of the feature <ftags. The status is built, warning, needs_rebuild, edited, or error.

String msg = model.component(<ctag>).mesh(<tag>).feature(<ftag>).message () returns the

warning,/error message of the feature <ftags.

Getting and Setting Mesh Data
model.component (<ctag>) .mesh(<tag>) .meshGetMethod gets mesh data from the mesh <tags>. The available

methods are described in Accessing Mesh Data.

model.component (<ctag>) .mesh(<tag>).data().meshModificationMethods are used to modify mesh data
on a low level. You can access and modify individual elements. The available methods are described in Accessing
Mesh Data.

model.component (<ctag>) .mesh(<tag>).data().createMesh() transfers the manipulated data into to the

mesh <tags.

Mesh Statistics

model.component (<ctag>).mesh(<tag>).stat().selection().selMethod can be used to select a number of
geometric entities for which statistics is wanted. The available selection methods are described in Selection
Methods.
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model.component (<ctag>).geom(<tag>).stat().meshStatisticsMethod returns mesh statistics about the

selected geometric entities. The available methods are described in Information and Statistics.

Exporting a Mesh to File
model.component (<ctag>) .mesh(<tag>).export(<filename>) exports the mesh <tag> to an mphbin or
mphtxt file.

Selection Methods
selection.allGeom() sets the selection to be the entire geometry (that is, all geometric entities).

selection.remaining() sets the selection to be the geometric entities that remains to be meshed when the
feature is about to be built.

selection.geom(<dim>) .all() sets all geometric entities in dimension <dims.

selection.geom(<dim>).set(<entities>) setsthe selection to be the geometric entities specified in the integer

array <entities> in dimension <dims.

selection.geom(<dim>).add(<entities>) adds the geometric entities specified in the integer array

<entities> in dimension <dim> to the selection.

selection.geom(<dim>).remove(<entities>) removes the geometric entities specified in the integer array

<entitiess> in dimension <dim> from the selection.
selection.geom(<dim>).clear () clears the selection.
To access the selections use:

int[] dims = selection.dimension() returns the geometric entity level in dims[0] for the entities in the

selection. If dims is empty the selection defines the entire geometry.
selection.isRemaining() returns true if the selection specifies the remaining entities, otherwise false.
selection.dom(<dim>) returns the geometric entities in dimension <dims for the selection.

Getting the Geometry Tag

model.mesh(<tag>).geom() returns the geometry tag. This can be useful when working with several geometries

in the same model.

EXAMPLE

Create a 2D geometry by the union of a circle and square. Build a triangle mesh with hmax = 0.1 in domains 1 and

3, and hmax = 0.01 in domain 2.

Code for Use with Java
Model model = ModelUtil.create("Model");
model.component().create("comp1");
GeomSequence g = model.component("“compi").geom().create("geomi1", 2);

MeshSequence m = model.component("compi1").mesh().create("mesh1", "geomi1");
g.create("c1", "Circle");

g.create("sq1", "Square");

g.create("unit", "Union");
g.feature("uni1").selection("input").set(new String[]{"c1", "sq1"});
m.create("size1", "Size");
m.feature("size1").selection().geom(2).set(new int[]{1, 3});
m.feature("sizel1").set("hmax", "0.1");

m.create("size2", "Size");
m.feature("size2").selection().geom(2).set(new int[]{2});
m.feature("size2").set("hmax", "0.025");

m.create("ftri1", "FreeTri");

m.run();
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Code for Use with MATLAB

model = ModelUtil.create('Model');
model.component.create('compi');
g = model.component('comp1').geom.create('geoml’', 2);

m = model.component('comp1').mesh.create('mesh1', 'geoml');
g.create('c1', 'Circle');
g.create('sql', 'Square');
g.create('unit', 'Union');
g.feature('unii').selection('input').set({'c1', 'sql'});
m.create('sizel', 'Size');
m.feature('size1').selection.geom(2).set([1, 3]);
m.feature('sizel').set('hmax', '0.1');
m.create('size2', 'Size');
m.feature('size2').selection.geom(2).set(2);
m.feature('size2').set('hmax', '0.025');
m.create('ftrit', 'FreeTri');
m.run;

SEE ALSO

model.geom()

model.modelNode()

Model nodes (component nodes).

[

This syntax is used when you turn off the component syntax (clear the Use component syntax check
box on the Methods page in the Preferences dialog box). Otherwise, the code that COMSOL
Multiphysics creates uses model.component () .create(<tag>) instead of

model.modelNode().create(<tag>), and so on. See model.component ().

A model node has one of three types:

¢ STANDARD: Component nodes in the model builder tree have this type.
* EXTRA_DIMENSION: Extra dimension nodes under global definitions have this type.

¢ MESH_PART: Mesh parts nodes under global definitions have this type.

All three types are included in the list returned by model.modelNode ().

SYNTAX

model.
model.
model.

model.

model

model.

model

model.
model.
model.

modelNode().create(<tag>);
modelNode().create(<tag>, <basetags);
modelNode().create(<tag>, <types);

modelNode (<tag>) .
.modelNode (<tag>) .
modelNode (<tag>) .
.modelNode (<tag>) .
modelNode (<tag>) .

(

(

modelNode (<tag>)
modelNode (<tag>)

DESCRIPTION

scope();
baseSystem();
baseSystem(<system>);
sorder();
sorder(<stype>);

.defineLocalCoord();
.defineLocalCoord(boolean);

model.modelNode (<tag>) represents a model node (component node) in the model tree.

model.modelNode().create(<tags) creates a model node (component node) with the given tag
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model.modelNode().create(<tag>, <basetags) creates an extra dimension model node with the tag <tag>
associated to the base model node <basetags.

model.modelNode().create(<tag>, <types) createsa model node with the tag <tag> of one of the following
types, set as the string <type>: Component, for a normal geometry component; ExtraDim, for an extra dimension;

or MeshComponent, for a mesh component. For example, to create a mesh component:

model.modelNode().create("mcomp1", "MeshComponent");
model.geom().create("mgeomi", 3);
model.mesh().create("mpart1", "mgeomi");

model.modelNode (<tag>).scope () returns the fully qualified scope name.

model.modelNode (<tag>) .baseSystem(<system>) use the given base system as unit system for the model node.
This overrides the global unit system specified for the entire model object. To use global system again, set the base
system of the model node to null.

model.modelNode (<tag>).sorder () returns the geometry shape order used for the model node and its

descendants.

model.modelNode (<tag>).sorder (<stype>) Sets the geometry shape order. Allowed values are automatic,
linear, quadratic, cubic, quartic, and quintic, and the default is automatic. With automatic shape order the physics

interfaces under the model node decide the most optimum shape order.

model.modelNode (<tag>).defineLocalCoord() returns true if local coordinate variables exist. By default, this

is the case, except for model components created before version 5.0.

model.modelNode(<tag>)).defineLocalCoord(boolean) scts a flag that determines whether local coordinate

variables exist.

NOTE

You assign a model node to a physics interface, a geometry, and so forth using the methods

model.geom(<tag>) .model(<mtag>);
model.physics(<tag>).model(<mtag>);

The methods

model.geom(<tag>).model();
model.physics(<tag>).model();

return the tag of the current model node.

The last created model node is the default model node for any geometry or physics interface that you create. If no
model node exists when you create a geometry or a physics interface, a default model node with tag mod1 is

automatically created for you.

EXAMPLE

Create a model node and assign it to a geometry and an analytic function.

Code for Use with Java
model.modelNode().create("modi1");

model.geom().create("geomi", 3);
model.geom("geom1").model("mod1");

model.func().create("an1", "Analytic");
model.func("an1").model("mod1");

Code for Use with MATLAB
model.modelNode.create('mod1"');
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model.geom.create('geoml', 3);
model.geom('geomi').model( 'mod1"');

model.func.create('an1', 'Analytic');
model.func('an1').model('modi"');

COMPATIBILITY
The model.modelNode () .createExtraDim(<tag>) method has been deprecated in version 5.2. Use
model.modelNode().create(<tag>), "ExtraDim"); instead.

model.multiphysics()

Add multiphysics features to this feature container.

SYNTAX
model.multiphysics().create(<tag>,...);

DESCRIPTION
model.multiphysics().create(<tag>,<coupling>,<geoms>,<sdim>); adds a multiphysics coupling with the
tag and the name to a geometry and a space dimension. Use -1 as the space dimension to indicate a coupling valid

in the entire model.

EXAMPLE

In a model with a Solid Mechanics interface and a Heat Transfer in Solids interface, add a Thermal Expansion
multiphysics coupling on the domain level and a Temperature Coupling on a model-wide level in a geometry
geom1:

Code for Use with Java

Model model = ModelUtil.create("Model");
model.component().create("comp1");
model.component("comp1").geom.create("geomi", 3);
model.multiphysics().create("tel1", "ThermalExpansion","geomi",3);
model.multiphysics().create("tc1","TemperatureCoupling", "geom1",-1);

Code for Use with MATLAB
model = ModelUtil.create('Model');
model.component.create('compi');
model.component('comp1').geom.create('geom1’, 3);
model.multiphysics.create('te1', 'ThermalExpansion', ‘geomi1’',3);
model.multiphysics.create('tc1', 'TemperatureCoupling', 'geomi',-1);

model.ode()

Create global equations (ODEs and DAE:).
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SYNTAX

model.ode().create(<tag>);
model.ode(<tag>) .state(<statelists>);
model.ode(<tag>).state(<pos>,<state>);
model.ode(<tag>).o0de(<state>,<equation>);
model.ode(<tag>).descr(<state>,<descr>);
model.ode(<tag>) .weak(<wlist>);
model.ode(<tag>) .weak(<pos>,<wexpr>);
model.ode(<tag>) .discrete(<booleans);
model.ode(<tag>).valueType(prop);

model.ode(<tag>) .state();
model.ode(<tag>) .ode(<state>);
model.ode(<tag>).descr(<state>);
model.ode(<tag>) .weak();

model.ode(<tag>).discrete();
model.ode(<tag>).valueType();

DESCRIPTION
model.ode(<tag>) returns a global equation (or an ODE or a DAE) with tag <tag>.

model.ode().create(<tags) creates an global equation with tag <tags.

model.ode(<tag>).state(<statelist>) sets the states of the global equation tagged <tag> according to the

list <statelists.

model.ode(<tag>).state(<pos>, <state>) edits the state at position <pos> in the state vector for the global

equation <tags.

model.ode(<tag>).ode(<state>, <equations>) sets the equation for the state <states. If the state variable has
not previously been added using model.ode(<tag>) .state(<statelist>) then <statesisappended to the list

of state variables.
model.ode(<tag>).descr(<state>, <descr>) sets the description for the state <states.
model.ode(<tag>) .weak (<wlist>) set weak equations. <wlists is a list of weak expressions.

model.ode(<tag>) .weak (<pos>, <wexpr>) sets the weak expression at position <pos> in the list of weak

expressions.

model.ode(<tag>).state() returns the state variables as a string array.
model.ode(<tag>).ode(<states) returns the global equation for the state variable <state> as a string.
model.ode(<tag>).descr(<states>) returns the description of the state variable <state> as a string
model.ode(<tag>) .weak () returns the weak equations as a string vector of weak expressions.
model.ode(<tag>).discrete(true) specifies that the global equation contains event states.

model.ode(<tag>).valueType (prop) specifies value type as real or complex when splitting of complex

variables in real and imaginary parts has been turned on.
model.ode(<tag>).valueType() returns the value type.
EXAMPLE

Define a global equations with the variables u and w, the ODEs u;+1 = 0 and v;+1 = 0, where the subscript ¢
indicates the derivative with respect to time. Also define a weak expression test(u)-v.

Code for Use with Java

Model model = ModelUtil.create("Model");
model.ode().create("odel1");
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model.ode("ode1").ode("u","ut+1");
model.ode("ode1").ode("v","vt-1");
model.ode("odel1").weak(new String[]{"test(u)*v"});

Code for Use with MATLAB

model = ModelUtil.create('Model');
model.ode.create('odel');
model.ode('ode1').ode('u', 'ut+1');
model.ode('odel1').ode('v', 'vt-1");
model.ode('odel').weak({'test(u)*v'});

SEE ALSO
model.init(), model.solverEvent()

model.opt()

Optimization interface.

SYNTAX

model.opt().objective().create(<tag>,type)
model.opt().objective(<tag>).set(property,<values)

model.opt().constr().create(<tag>)
model.opt().constr(<tag>).etc

model.opt().gconstr
model.opt().gconstr
model.opt().gconstr
model.opt().gconstr

) .create(<tag>)

<tag>).constr(<constrExprs)
<tag>) .lbound(<lboundExprs>)
<tag>) .ubound (<uboundExprs)

—_— e~~~

DESCRIPTION
The purpose of model.opt is to manage information relating to optimization and sensitivity analysis. Most of the
fields under model.opt are read and interpreted directly by the optimization and sensitivity solvers. They never

affect the result of other solvers.

model.opt().objective().create(<tag>, type) adds an objective function of the specified type. The
supported types are Global and LeastSquares.

model.opt().objective(<tag>).set(property,<value>) sets an objective function property. Objective
functions of type Global support the single property expr, which takes a globally defined expression as value.
Allowed properties for objectives of type LeastSquares are described below.

model.opt().objective(<tag>).selection().named(<seltag>) assigns the objective function to the named
selection <seltags.

model.opt().objective(<tag>).selection().set(...) definesa local selection that assigns the objective
function to geometric entities. For a complete list of methods available under selection(), see

model.selection(). Only objective functions of type LeastSquares require a selection. See further below.

model.opt().constr().create(<tag>) addsa pointwise (mesh-based) constraint on the control variables. The
syntax is shared with model.constr () with the exception that the ctype parameter expects values constr,

lbound, and ubound for constraint, lower bound, and upper bound, respectively.

model.opt().gconstr().create(<tag>) registers a global constraint with the optimization solvers. Such
constraints consist of a globally available expression, which can depend both on optimization variables and on the

forward PDE solution, together with likewise global expressions for lower and upper bound.

model.opt().gconstr(<tag>).constr(<constrExpr>) specifies a global constraint expression.
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model.opt().gconstr(<tag>).lbound(<lboundExprs) scts lower bound for the constraint.

model.opt().gconstr(<tag>).ubound(<IboundExpr>) sets upper bound for the constraint.

Least-Squares Objective Functions

Least-squares objective functions are specified in terms of measured values, stored on file, together with
information about how corresponding expressions can be evaluated for the current control variable values. An

overview of the allowed properties is given in the table below.

TABLE 2-66: PROPERTIES FOR OBJECTIVE FUNCTION TYPE LEASTSQUARES

PROPERTY VALUE DESCRIPTION

filename string Full path of the measurement data file.
paramnames stringf] Parameters used in the experiment.
paramexprs string[] Values of the given parameters.
columntypes stringf] List of column type indicators.
columnexprsweights string[] Column contribution weights.
columnexprs string[] Measurement expressions.

In principle, you must specify the following for each measured value:

* To which experiment the value belongs and parameters for that experiment

¢ Which expression to evaluate

e Where the expression must be evaluated

* For which time or parameter value the evaluation must be performed

Each experiment corresponds to a solution of the forward problem with a given set of parameter values. In practice,
measurements for each experiment must be stored in a separate file, and specified as a separate LeastSquares
objective feature where you give the full path of the measurement data file in the filename property. Parameters

specified in the paramnames property are given the values specified using paramexprs property during the forward

solution. One forward solution is performed for each unique set of parameter names and values.

The required measurement data file format is row- and column-oriented. Entries on each row must be separated
by commas or semicolons, while rows are separated by line feeds. Use the columtypes property to specify the

content of each column, in the order that they appear in the data file, according to the following table:

TABLE 2-67: ALLOWED COLUMN TYPES

TYPE COLUMN CONTENTS
time Actual measurement times
param Actual parameter values

coord Actual measurement coordinates
value Measured values

none Ignored column

Columns of type time are only allowed for transient problems. The measurements on the same row are assumed
to be made at the specified time. Forward model values are interpolated to the given times. There must only be one

column of type time, and it requires no further parameters.

Columns of type param contain parameter values for which the measurements on the same row have been made,
and for which the forward problem must be solved. A data file can contain multiple parameter columns.

Corresponding parameter names must be given in the columnnames property.
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Columns of type coord contain global coordinates where the measurements on the same row have been made. The
coordinate columns must be coupled to a coordinate variable by specitying the coordinate variable name in the
columnnames property for the given column and the frame tag spatial, material, mesh or geometry in the
columnexprs property. For example, in a 3D model, you need three columns of type coord with columnnames

entries X, Y, and z, respectively.

A value column contains measured data. For each value column, a corresponding expression to be evaluated must
be specified in the columnexprs property. Entries in value columns are interpreted as real numbers when possible.
Anything else, including for example hash marks (#) and the literal strings nan, Nan, NaN and NAN is interpreted as
an illegal value which is excluded from the least squares objective function evaluation. A weight for the objective
contribution from a column, multiplying the squared difference between the measured value and the expression,
can be specified as a positive globally expression that can be evaluated using the columnexprsweights property.

To exclude a measurement from a comma-separated file, you can also simply leave a value column empty.
Columns of type none can be used to exclude columns from the data file.

Coordinates are interpreted as global in the context of the objective feature’s selection. This means that the value
column expressions are evaluated at the points within the selection that best match the given coordinates. If the

interpolation fails for some point because its coordinates lie too far outside the selection, the corresponding value

is ignored.

model.pair()

Create and define identity pairs and contact pairs.

SYNTAX
model.component(<ctag>).pair().create(<tag>, type, <gtags);
model.component(<ctag>).pair(<tag>).type(type);
model.component(<ctags>).pair(<tag>).type();
model.component(<ctags>).pair(<tag>).pairName (<pnames);
model.component(<ctag>).pair(<tag>).pairName();
model.component (<ctags>).pair(<tag>).source().selMethod;
model.component(<ctags>).pair(<tag>).source().named(<seltag>);
model.component(<ctags>).pair(<tag>).source().named();
model.component(<ctags>).pair(<tags>).destination().selMethod;
model.component(<ctags>).pair(<tag>).destination().named(<seltag>);
model.component(<ctag>).pair(<tag>).destination().named();
model.component(<ctags>).pair(<tag>).swap();
model.component(<ctags>).pair(<tag>).srcFrame(<frames);
model.component(<ctag>).pair(<tag>).srcFrame();
model.component(<ctags>).pair(<tag>).dstFrame(<frames);
model.component(<ctag>).pair(<tag>).dstFrame();
model.component(<ctag>) .pair(<tag>).hasAutoSelection();
model.component(<ctags>).pair(<tags>).manualSelection(manual);
model.component(<ctags>).pair(<tag>).manualSelection();
model.component (<ctag>) .pair(<tag>).searchMethod(method);
model.component(<ctags>).pair(<tags>).searchMethod();
model.component (<ctags>).pair(<tag>).manualDist (manual);
model.component(<ctag>).pair(<tag>).manualDist();
model.component (<ctags>).pair(<tag>).searchDist(<dist>);
model.component(<ctag>).pair(<tag>).searchDist();
model.component(<ctag>).pair(<tag>).opName(src2dst);
model.component (<ctags>).pair(<tag>).mphOpName (src2dst);
model.component (<ctags>).pair(<tag>).gapName(src2dst);
model.component(<ctag>).pair(<tag>).active(boolean);
model.component(<ctags>).pair(<tags>).isActive();
model.component(<ctag>).pair().remove(<tag>);
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DESCRIPTION

model.component (<ctag>).pair().create(<tag>,type, <gtag>) creates a pair with tag <tag» in the
geometry with tag <gtag> in the component with tag <ctags. The type type is either Contact or Identity.
model.component (<ctag>) .pair(<tag>).type() returns the pair type as a string.

model.component (<ctag>).pair(<tag>).type(type) changes the pair type.

model.component (<ctag>).pair(<tag>).pairName (<pname>) sets the pair name, which is used as a suffix in
operator names and variable names. By default, the pair name is the same as the tag.
model.component (<ctag>) .pair(<tag>).pairName() returns the pair name.

model.component (<ctag>).pair(<tag>).source().named(<seltag>) assigns the source boundaries to the
named selection <seltags.

model.component (<ctag>).pair(<tag>).source().set(...) defines alocal selection that assigns the source
boundaries to geometric entities. For a complete list of methods available under

model.component (<ctags>) .pair(<tag>).source(), see model.selection().

model.component (<ctag>).pair(<tag>).destination().named(<seltag>) assigns the destination
boundaries to the named selection <seltags.

model.component (<ctag>).pair(<tag>).destination().set(...) defines a local selection that assigns the
destination boundaries to geometric entities. For a complete list of methods available under

model.component (<ctags>) .pair(<tag>).destination(), see model.selection().

model.component (<ctag>).pair(<tag>).swap() swaps the source and destination selections.

model.component (<ctag>).pair(<tag>).srcFrame(<frame>) and
model.pair(<tag>).dstFrame(<frame>) sets the source and destination frames for the identity mapping. The
argument <frame> can have the values spatial, material, or mesh. The default is spatial. These frames are
only used for identity pairs. model.component (<ctag>) .pair(<tag>).srcFrame() and

model.component (<ctag>) .pair(<tag>).dstFrame() returns the frame tags.

model.component (<ctag>).pair(<tag>).hasAutoSelection() returns true if the contact pair was created

automatically, using the create pairs check box in the finalize geometry node.

model.component (<ctag>).pair(<tag>).manualSelection(manual) enables or disables manual control of
the selections for a pair that was created automatically.

model.component (<ctag>).pair(<tag>).manualSelection() returns true if manual control of selections is
enabled, and false otherwise.

model.component (<ctag>).pair(<tag>).searchMethod(method) sets the search method for a contact pair.
The argument method can be fast or direct. The default is fast.
model.component (<ctag>).pair(<tag>).searchMethod() returns the search method

model.component (<ctag>).pair(<tag>).manualDist (manual) enables or disables manual control of the
search distance for a contact pair. The argument manual is Boolean. The default value false means that the search
distance is automatically computed based on the size of the geometry.

model.component (<ctag>).pair(<tags).manualDist () returns true if manual control of search distance is
enabled, and false otherwise.

model.component (<ctag>).pair(<tag>).searchDist(<dist>) sets the search distance for a contact pair,
when manual control of the search distance is enabled. The argument <dist> is a string whose default unit is the
geometry’s length unit. The default is 1e-2. model.component (<ctag>) .pair(<tag>).searchDist () returns
the search distance as a string.

model.component (<ctag>) .pair(<tag>).opName (src2dst) returns the name of the operator transferring an

expression from source to destination (if src2dst=true) or from destination to source (if src2dst=false).
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model.component (<ctag>) .pair(<tag>).mphOpName (src2dst) returns the name of the multiphysics operator
transferring an expression from source to destination (if src2dst=true) or from destination to source (if
src2dst=false). When the test operator is applied on this operator, it does not give any contribution (reaction
force) for the structural mechanics interfaces’ degrees of freedom due to the variable point mapping. These

operators are available only for contact pairs.

model.component (<ctag>) .pair(<tag>).gapName (src2dst) returns the name of the geometric gap variable
seen from the destination (if src2dst=true) or seen from the source (if src2dst=false). These variables are
available only for contact pairs.

model.component (<ctag>).pair(<tag>).active(boolean) enables or disables the pair.

boolean enabled = model.component(<ctag>).pair(<tag>).isActive() returns true if the pairis enabled,
and false otherwise.

model.component (<ctag>).pair().remove(<tag>) deletes the pair.

EXAMPLE

Create a contact pair in the geometry geom1 with source boundaries 4 and 6 and destination boundaries 10 and 12.

Code for Use with Java
Model model = ModelUtil.create("Model");
model.component().create("comp1");
GeomSequence g = model.component("compi").geom().create("geom1", 3);
g.create("blk1", "Block");

g.create("blk2", "Block");

g.feature("blk2").set("pos", new String[]{"0.5", "0.5", "1"});
g.feature("fin").name("Form Assembly");
g.feature("fin").set("action", "assembly");
g.feature("fin").set("imprint", true);
g.feature("fin").set("createpairs", false);

g.run();

model.component("comp1").pair().create("p1", "Contact", "geomi");

model.component(“comp1").pair("p1").source().set(new int[]{4, 6});
model.component("comp1").pair("p1").destination().set(new int[]{10, 12});

Code for Use with MATLAB

model = ModelUtil.create('Model');
model.component.create('comp1');

g = model.component('comp1').geom().create('geomi', 3);
g.create('blk1', 'Block');

g.create('blk2', 'Block');

g.feature('blk2').set('pos', {'0.5', '0.5', '1'});
g.feature('fin').name('Form Assembly');
g.feature('fin').set('action', 'assembly');
g.feature('fin').set('imprint', true);
g.feature('fin').set('createpairs', false);
g.run;

model.component('comp1').pair.create('p1', 'Contact', 'geomi');
model.component('compi1').pair('p1').source().set([4, 6]);
model.component('comp1').pair('p1').destination.set([10, 12]);

model.param () and model.vesult().param )

Add, define, and remove global parameters. For parameters in results and postprocessing,
model.result().param() works in the same way as model.param().
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SYNTAX

model.param().set(<param>, <exprs>);
model.param() .set(<params, <exprs>,<descrs>);
model.param().descr(<params>,<descrs>);
model.param().remove (<params);
model.param().clear();

model.param().varnames();
model.param().get(<params);
model.param() .descr(<params);
model.param().evaluate(<param>);
model.param().evaluateComplex(<params);
model.param().evaluateUnit (<params);
model.param().loadFile(tempFile, ...);
model.param().saveFile(tempFile, ...);

DESCRIPTION
model.param() is a collection of global model parameters. Likewise, model.result().param() is a collection of

model parameters for results and postprocessing.
model.param().set(<params>, <expr>) defines the parameter <param> as <expr>.

model.param().set(<param>, <expr>,<descr>) defines the parameter <params> as <expr> and assigns it the

description <descrs.
model.param().descr(<params>, <descr>) sets the description for the parameter <params.

model.param().remove (<param>) removes the parameter <param>. model.param().clear() removes all

parameters.

model.param().varnames () returns the names of all parameters as a string array.
model.param().get(<param>) returns the parameter value as a string
model.param().descr (<param>) returns the parameter description as a string.

model.param().evaluate(<params) evaluates the value of the parameter <param> as a double real-valued

floating-point value. For complex-valued parameters, use the evaluateComplex method instead.

model.param().evaluateComplex (<param>) evaluates the value of the parameter <params> as a double

floating-point array with the real and imaginary part of a complex-valued parameter.

model.param().evaluateUnit (<params>) returns the unit of the parameter <params if defined. It returns null
if the parameter has no unit defined, or if the model does not use any unit system.

For model.param().loadFile() and model.param().saveFile(), see The loadFile and saveFile Methods.

EXAMPLE

Define the parameter ¢ in terms of another parameter a and then remove c.

Code for Use with Java

Model model = ModelUtil.create("Model");
model.param().set("c","1+a");
model.param().remove("c");

Code for Use with MATLAB

model = ModelUtil.create('Model');
model.param.set('c','1+a');
model.param.remove('c');
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SEE ALSO

model.variable()

model.physics()

Create and define properties for a physics interface.
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SYNTAX

model.
model.
model.
model
model.
model.
model
model.
model.
model.
model.
model.
model

model.
model.
model.
model.

feature =

component (<ctag>

)
component (<ctags) .
)

component (<ctag>

(

(

(

.component (<ctag>) .
component (<ctags) .
component (<ctag>).
.component (<ctag>) .
component (<ctags) .
component (<ctag>).
component (<ctag>) .
component (<ctags) .
component (<ctag>).
.component (<ctag>) .

component (<ctag>
component (
(
(

component (<ctag>

.physics().create(<tag>,physint);

physics().create(<tag>,physint,<geomtag>);

physics(<tag>)
physics(<tag>)
physics(<tag>)
physics(<tag>)
physics(<tag>)
physics(<tag>)
physics(<tag>)
physics(<tag>)
physics(<tag>)
physics(<tag>)

) .physics(<tag>
<ctag>).

) .physics(<tag>
component (<ctag>).

( )
physics(<tag>)
( )

physics(<tag>)

.physics().create(<tag>,physint, <geomtags>,<varnamess);
.model (<mtag>);
.field(fieldname).fieldname (<namelists);
.field(fieldname) .fieldname(<pos>, <names);
.prop(propname) .set (property, <values);
.create(<ftag>, feature);

.create(<ftags, feature, <dim>);
.feature(<ftag>).create(<ftag2>, feature);
.feature(<ftag>).create(<ftag2>, feature,<dim>);
.feature(<ftag>).set(property, <values);
.feature().move(<ftag>, <positions);

.feature(<ftag>).feature();
.feature(<ftag>)
.feature(<ftag>).featureInfo();
.feature(<ftag>).featureInfo("info");
model.component(<ctag>).physics(<tag>).feature(<ftags);

.feature(<ftag2>);

feature.featureInfo("info").set(variable,<values);
feature.featureInfo("info").getInfoTable(id);

model.
model.
model.
model.
model.
model
model.
model
model
model.
model.

model.
model.

model.

model

model.

model.

model.

model.

model

model.

model.

model.

model.

model.

model.

(
(
(
(
(
.component (<ctag>
(
(
(
(
(

component (<ctag>).
component (<ctag>) .
component (<ctag>) .
component (<ctag>).

component (<ctag>

component (<ctag>

.component (<ctag>

component (<ctag>
component (<ctag>

component (<ctags) .
component (<ctag>).

set(String pname,

component (<ctags) .

set(String pname,

.component (<ctag>) .

set(String pname,

component (<ctag>) .

physics(<tag>
physics(<tag>
physics(<tag>
physics(<tag>

)
)
)
)
) -physics(<tag>)
) -physics(<tag>)
) .physics(<tag>)
.component(<ctag>) . )
) )
) )
) )

physics(<tag>

.physics(<tag>
.physics(<tag>
.physics(<tag>

physics(<tag>)
physics(<tag>)

.model()

.field(fieldname).fieldname();

.scope()

.geom() ;

.prop (propname) .getType(<pnames);

.prop(propname) .param() ;

.prop(propname) .getAllowedPropertyValues (property);
.feature(<ftag>).getAllowedPropertyValues (property);
.feature(<ftag>).getType(<pname>)
.feature(<ftag>).param();
.diagram(<dtag>).getAllowedPropertyValues (property);

.feature(<tag>).set(String pname, int value);
.feature(<tag>).

int pos, int value);

physics(<tag>)
int pos, int[]
physics(<tag>)

.feature(<tag>).

value);

.feature(<tag>).

int posi1, int pos2, int value);

physics(<tag>)

.feature(<tag>).

setIndex(String name, String value, int index);

component (<ctag>) .physics(<tag>).feature(<tag>).

setIndex(String name, String value, int firstlIndex, int secondIndex);
component (<ctag>) .physics(<tag>).feature(<tag>).

setIndex(String name, String[] value, int index);

component (<ctag>) .physics(<tag>).feature(<tag>).

setIndex(String name, double value, int index);

.component(<ctag>) .physics(<tag>).feature(<tag>).

setIndex(String name, double value, int firstIndex, int secondIndex);
component (<ctag>) .physics(<tag>).feature(<tag>).

setIndex(String name, double[] value,

int index);

component (<ctag>) .physics(<tag>).feature(<tag>).setIndex(String name, int value, int
index);
component (<ctag>) .physics(<tag>).feature(<tag>).
setIndex(String name, String value, int index);
component (<ctag>) .physics(<tag>).feature(<tag>).

setIndex(String name, String value,

int index);

component (<ctag>) .physics(<tags>).feature(<tag>).

setIndex(String name, int value, int firstIndex, int secondIndex);
component (<ctag>) .physics(<tag>).feature(<tag>).

setIndex(String name, int[] value, int index);
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model.component(<ctag>).physics(<tag>).feature(<tag>).importData();
model.component(<ctag>).physics(<tag>).feature(<tag>).discardData();

model.component(<ctag>).physics(<tag>).prop(<tag>).set(String pname, int value);
model.component(<ctag>).physics(<tag>).prop(<tag>).set(String pname, int pos, int value);
model.component (<ctags>).physics(<tag>).prop(<tag>).set(String pname, int pos, int[] value);
model.component(<ctag>).physics(<tag>).prop(<tag>).

set(String pname, int pos1, int pos2, int value);
model.component(<ctags>).physics(<tag>).prop(<tag>).

setIndex(String name, String value, int index);
model.component(<ctag>) .physics(<tags).prop(<tags).

setIndex(String name, String value, int firstIndex, int secondIndex);
model.component(<ctag>).physics(<tag>).prop(<tag>).

setIndex(String name, String[] value, int index);
model.component(<ctags>).physics(<tag>).prop(<tag>).

setIndex(String name, double value, int index);
model.component(<ctag>) .physics(<tags).prop(<tags).

setIndex(String name, double value, int firstIndex, int secondIndex);
model.component(<ctag>).physics(<tag>).prop(<tag>).

setIndex (String name, double[] value, int index);
model.component(<ctag>).physics(<tag>).prop(<tag>).

setIndex(String name, int value, int index);
model.physics(<tag>).prop(<tags>).setIndex(String name, String value, int index);
model.physics(<tag>).prop(<tag>).setIndex(String name, String value, int index);
model.component(<ctag>).physics(<tag>).prop(<tag>).

setIndex(String name, int value, int firstIndex, int secondIndex);
model.component(<ctags>).physics(<tag>).prop(<tag>).

setIndex(String name, int[] value, int index);

The set () methods index/position arguments are 1-based. The setIndex () methods index/position arguments
are 0-based.

DESCRIPTION
model.component (<ctag>).physics().create(<tag>,physint) creates and returns a physics interface.

model.component (<ctags>).physics().create(<tag>,physint) or

model.component (<ctag>) .physics().create(<tag>,physint, <geomtag>) adds a physics interface to the
model and initializes it with defaults. The physint argument specifies which physics interface to create. There can
be several different values of physint which create the same internal physics interface class, but which set different
defaults. The constructor without the <geomtag> argument can only be used (and should be used) by 0D

(space-independent) interfaces.

model.component (<ctag>).physics().create(<tags>,physint,<geomtag>,<varnames>) adds an interface
with the field variable names <varnames>. Only interfaces supporting a varying number of field variables considers
this argument. Providing the variable names in the create method rather than changes them afterward using
model.component (<ctag>).physics(<tag>).field(fieldname).fieldname(<namelist>) ensures that the
default features are correct.

model.component (<ctag>).physics(<tag>).field(fieldname).fieldname(<namelist>) sets a name of a
dependent variable. The entity fieldname (which could be, for example, temperature, x-velocity, electric
field) specifies which dependent variable to set the name for. The available fields are provided by the physics

interface. The argument <namelist> can be a list of names for physics interfaces supporting an arbitrary number

of dependent variables. The physics interfaces provide default names for the dependent variables.

model.component (<ctag>) .physics(<tag>).field(fieldname).fieldname(<pos>, <name>) changes the

name at position <pos> in the list of field names.

model.component (<ctag>) .physics(<tag>).selection().named(<seltag>) specifies that the physics

interface is active on the named selection <seltags.
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model.component (<ctag>) .physics(<tag>).selection().set(...) definesalocal selection that makes the
physics interface active on the selection’s geometric entities. For a complete list of methods available under

selection(), see Selections.The selection must apply to the physics interface’s maximum geometry level. The
create () method makes the physics interface active in all domains. 0D interfaces are always active globally and do

not support these methods.

model.component (<ctag>).physics(<tag>).prop(propname) .set (pname,<values) sets the value of some
property parameter. All string types listed in Table 2-2 are supported.

model.component (<ctag>).physics(<tag>).create(<ftags, feature) adds a new feature instance to the
physics interface and initializes the feature with defaults. The available features are given by the physics interface.

model.component (<ctag>).physics(<tag>).create(<ftag>, feature,<dim>) adds a new feature instance
to the physics interface and initializes the feature with defaults. The feature is assigned to the domain level <dims.
Use this constructor for features which can be applied to more than one domain level. The constructor without the

<dim> argument assigns the feature to the highest domain level, which the feature supports.

model.component (<ctag>).physics(<tag>).feature(<ftag>).set(pname,<value>) sets a parameter
value. All string types listed in the section Table 2-2 are supported.

model.component (<ctag>) .physics(<tag>).feature(<ftag>).selection().named(<seltag>) assigns
the physics feature to the named selection <seltags.

model.component (<ctag>) .physics(<tag>).selection().set(...) definesalocal selection that assigns the
physics feature to geometric entities. For a complete list of methods available under selection(), see

Selections. 0D features need no domain selection.

model.component (<ctag>).physics(<tag>).feature().move(<ftag>, <position>) moves the feature
<ftag> to the zero indexed position <positions in the list. A feature cannot be moved before a default feature
and the default features cannot be moved.

model.component (<ctag>) .physics(<tag>).create(<itags>,"init") creates an initial value feature, using
the reserved feature ID init.

model.component (<ctag>) .physics(<tag>).feature(<itag>).set(varname,<value>) specifies an initial
value. The variable names are the field variables. For wave problems, the time derivatives of the field variables are

also included in the list of variables.
model.component (<ctag>).physics(<tag>).model() returns the model node of the interface.

model.component (<ctag>).physics(<tag>).field(fieldname).fieldname () returns the field names as a
string array.

model.component (<ctag>) .physics(<tag>).scope() returns the fully qualified scope name.
model.component (<ctag>) .physics(<tag>).geom() returns the geometry tag as a string.
model.component (<ctag>) .physics(<tag>).selection().named() returns the selection tag as a string.

model.component (<ctag>).physics(<tag>).selection().getType() returns domain information. See
Selections for available methods.

model.component (<ctag>) .physics(<tag>).prop(propname) .getType(pname) returns the parameter
value. See get* and Selection Access Methods for available methods.

model.component (<ctag>) .physics(<tag>).prop(propname).param() returns the parameter names as a

string array.

model.component (<ctag>) .physics(<tag>).feature(<ftag>).getType(<pname>) returns the parameter
value. See get* and Selection Access Methods for available methods.
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model.component (<ctag>) .physics(<tag>).feature(<ftag>).param() returns the parameter names as a
string array.

model.component (<ctag>).physics(<tag>).feature(<ftags>).selection().named() returns the

selection tag as a string array.

model.component (<ctag>).physics(<tag>).feature(<ftags).feature() returns the list of feature
attributes. This list supports the same methods as model.component (<ctag>) .physics(<tag>).feature().

model.component (<ctag>).physics(<tag>).feature(<ftags).feature(<ftagzs) returns the feature
attribute <ftagz>. The feature attributes support the same methods as
model.component(<ctag>).physics(<tag>).feature(<ftag>).

model.component (<ctag>) .physics(<tag>).feature(<ftag>).featureInfo() returns a list of info objects.

model.physics(<tag>).feature(<ftag>).featureInfo("info") returns the info object that contains
information about the variables, weak expressions, and constraints that a feature generates. The
model.component (<ctag>).physics(<tag>) and model.coordSystem(<tag>) objects also have this list that
you access with model.component (<ctags) .physics(<tag>).featureInfo("info"). These objects do not
support the set method, which only works for the object
model.component(<ctags>).physics(<tag>).feature(<ftags).

model.component (<ctags>).physics(<tag>).feature(<ftag>)).getAllowedPropertyValues(property)
, model.component (<ctag>).physics(<tag>).prop(propname).getAllowedPropertyValues(property),
and

model.component (<ctag>) .physics(<tag>).diagram(<dtag>).getAllowedPropertyValues (property)

return the set of allowed values for a property if the set is a finite set of strings; otherwise, they return null.

feature.featureInfo("info").set(variable, <value>) locks the named variable to the given expression.

The expression must be given as a string array.

feature.featureInfo("info").getInfoTable(id) returns a table that lists all information about a certain
table id. The supported IDs are Expression, Shape, Weak, and Constraint.

model.component (<ctag>) .physics(<tag>).feature(<ftag>).importData() imports the file that the
physics feature references into the model. This is only allowed for specific physics features that allow external files

to be used, such as the Release from Data File feature for the particle tracing interfaces.

model.component (<ctag>) .physics(<tag>).feature(<ftag>).discardData() Discards the external file
imported by the importData() command. This only has an effect it importData() has been called previously for
the physics feature. This is only allowed for specific physics features that allow external files to be used, such as the

Release from Data File feature for the particle tracing interfaces.

EXAMPLE

This example creates an Electrostatics interface. It sets boundaries 3 and 8 to the ground potential and assigns the
electric potential of 1 V at boundary 4.

When the physics interface is created a couple of default features are automatically added. One of them is the Charge

Conservation feature, which has the tag ccni1. The relative permittivity is this feature is set to 1.

Code for Use with Java

model.component("comp1").physics
model.component("comp1").physics
model.component ("comp1").physics

().create("es","Electrostatics", "geom1");

(

(
model.component(“comp1").physics("es

(

(

(

es").create("gnd1", "Ground", 2);
"es").feature("gnd1").selection().set(new int[]{3, 8});
").create("pot1", "ElectricPotential", 2);

) .feature("pot1").selection().set(new int[]{4});

) .feature("pot1").set("vV0o", "1");

) .feature("ccn1").set("epsilonr_mat", "userdef");

model.component("comp1").physics("es
model.component("comp1").physics("es"
model.component '

—~ e~~~ o~ —~

"comp1").physics("es
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model.component("comp1").physics("es").feature("ccn1").set("epsilonr", "1");

Code for Use with MATLAB
model.component('compi').physics.create('es', 'Electrostatics', 'geomi');

model.component('compi1').physics('es').create('gnd1', 'Ground', 2);
model.component('comp1').physics('es').feature('gnd1').selection().set([3, 8]);
model.component('compi1').physics('es').create('pot1', 'ElectricPotential', 2);
model.component('comp1').physics('es').feature('pot1').selection.set(4);
model.component('comp1').physics('es').feature('pot1').set('V0', '1');
model.component('comp1').physics('es').feature('ccni').set('epsilonr_mat', 'userdef');
model.component('comp1').physics('es').feature('ccn1').set('epsilonr', '1');

COMPATIBILITY

From version 4.3 the methods

model.physics(<tag>).feature(<ftag>).params();
model.physics(<tag>) .prop(propname) .params();

are deprecated and replaced by the methods

model.physics(<tag>).feature(<ftags>).param(
model.physics(<tag>) .prop(propname).param()

)i

SEE ALSO
model.material(), model.study()

model.probe ()

Create and defined properties for probes, which you can add to a model to monitor some quantity (real or

complex-valued number) during a time-dependent, frequency-domain, or parametric simulation.

SYNTAX

model.probe().create(<tag>, type);

model.probe(<tag>) .model(<mtag>);
model.probe(<tag>).set(property,<value>);
model.probe(<tag>).create(<etag>, etype);
model.probe(<tag>).feature(<etag>).set(eproperty,<evalues);
model.probe(<tag>).feature(<etag>).getAllowedPropertyValues(property);
model.probe(<tag>).genResult(String sol)

DESCRIPTION
model.probe().create(<tag>, type) creates a probe of type type with tag <tags.

model.probe(<tag>).model(<mtag>) sets the model node to <mtag>.
model.probe(<tag>).set(property,<value>) set property to <values.

model.probe(<tag>).selection(...) sets the selection for the probe. This is possible for the probes of the
types Domain, Boundary, and Edge

model.probe(<tag>).create(<etag>, etype) creates a point probe expression of type etype and tag <tags.

model.probe(<tag>).feature(<etag>).set(eproperty,<evalues) sets the property epropertyon the point

probe expression <etags.

model.probe(<tag>).feature(<etag>)).getAllowedPropertyValues(property) returns the set of allowed

values for a property if the set is a finite set of strings; otherwise, it returns null.

model.probe(<tag>).genResult (String sol) where sol is a solver sequence tag. This function prepares for
using a probe while solving or during postprocessing. The command is invoked automatically when a solver or
study is run from the COMSOL Desktop for all active probes but needs to be invoked explicitly when run through
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the API. The function genResult (String sol) sets up result features for evaluating the corresponding probe
using the solver sequence sol. If null is used, the default solver sequence for a solution data set is used. When sol
is none then the corresponding probe solution data set does not refer to any solver sequence. This means, for
example, that the current model is used for selections used for this probe. When a solver sequence is run, then

solution to use for the probes is always reset to use the current solver.

Boundary Probes, Domain Probes, Edge Probes, Global Variable Probes, and Probe Point Expressions
Probes can be of the following types:.

TABLE 2-68: PROBE TYPES

TYPE DESCRIPTION

Boundary Probe that defines a value as an integral, maximum, minimum, or average over boundaries.
Domain Probe that defines a value as an integral, maximum, minimum, or average over domains.
Edge Probe that defines a value as an integral, maximum, minimum, or average over edges (in 3D).

GlobalVariable Probe that defines a value using a global variable.

PointExpr Probe that defines a value by interpolation of an expression in a probe point. The probe point is
defined by the parent, a DomainPoint or a BoundaryPoint.

Boundary Point Probes and Domain Point Probes
Probe points can be of the following types:

TABLE 2-69: PROBE POINT TYPES

TYPE DESCRIPTION

BoundaryPoint  Defines a probe coordinate on a boundary in 3D.

DomainPoint Defines a probe coordinate in a domain.

Probes take the following properties:

TABLE 2-70: PROBE PROPERTIES

NAME VALUE DEFAULT DESCRIPTION

descr string Description of the probe. Used for
model.result().

descractive on | off off Manual control of description.

expr string The expression defining the probe.

frame string spatial frame Frame used for defining the probe.

intorder Integer 4 Integration order (DomainProbe and
BoundaryProbe).

intsurface Boolean false Compute surface integral for| D axisymmetric

DomainProbe and 2D axisymmetric
BoundaryProbe average and integral probe

types.
intvolume Boolean false Compute volume integral for 2D axisymmetric
DomainProbe average and integral probe types.
method integration | integration Method used (DomainProbe and
summation BoundaryProbe).
probename string probe tag Probe variable name.
table string default Table to use for probe evaluation.
type average | maximum | average Type of probe (DomainProbe and
minimum | integral BoundaryProbe).
unit string unit of expr Unit for the probe. Used for model.result().
window string default The plot window to use for the probe.
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A probe point of the type DomainPoint takes the following properties:

TABLE 2-71: PROBE PROPERTIES

NAME VALUE DEFAULT DESCRIPTION

bndsnap1 on|off off Snap to nearest point (ID).

bndsnap2 on|off off Snap to nearest boundary point (2D).

bndsnap3 on|off off Snap to nearest boundary point (3D).

coords Matrix of doubles Probe coordinates.

depthpointnormal double 0 Depth along line defined by the
pointnormal method.

depthpointdirection double 0 Depth along line defined by the
pointdirection method.

depthtwopoints double 0 Depth along line defined by the
twopoints method.

dimension 11213 3 The spatial dimension in which the
point resides.

first Double array The coordinates of the first point on
the probe line.

method pointnormal | pointnormal Line entry method.

pointdirection |
twopoints | none

second Double array The coordinates of the second point
(for method=twopoints)

twopointscurrent first | second first Point selector (for method=twopoints)

A probe point of BoundaryPoint types take the following properties:

TABLE 2-72: PROBE PROPERTIES

NAME VALUE DEFAULT DESCRIPTION
coords Double array 0,0,0 Probe coordinates.

rawcoords Double array 0,0,0 Full precision probe coordinates.
snapcoords Double array 0,0,0 The boundary-snapped coordinates.

model.result()

Postprocessing and results interface.

SYNTAX

model.result().create(<pgtag>,dim);
model.result().create(<pgtag>, ftype);
model.result().autoplot();
model.result().autoplot(<values);
model.result(<pgtag>).set(property, <value>);
model.result(<pgtags>).run();
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model.result(<pgtag>).create(<ftags, ftype);
model.result(<pgtag>).feature(<ftag>).getPlotGroup();

model.result(<pgtag>).feature(<ftag>).getType();
model.result(<pgtag>).feature(<ftag>).getSDim();
model.result(<pgtag>).feature(<ftag>).1isPlotGroup();
model.result(<pgtag>).feature(<ftag>).preparevView(<value>);
model.result(<pgtag>).feature(<ftags>).selection(...);
model.result(<pgtag>).feature(<ftag>).set(property,<values);

model.result(<pgtag>).feature(<ftags>).run();
model.result(<tag>).feature(<ftag>).getAllowedPropertyValues(property);

model.result(<pgtag>).feature(<ftags>).create(<attrtag>, attrtype);
model.result(<pgtag>).feature(<ftag>).feature(<attrtag>).set(property,<value>);

model.result().dataset().create(<dtag>,dtype);
model.result().dataset(<dtag>).create(<dtag2>,dtype);
model.result().dataset(<dtag>).selection(...);
model.result().dataset(<dtag>).set(property,<value>);
model.result().dataset(<dtag>).getAllowedPropertyValues (property);

model.result().export().create(<etag>,<pgtag>,ctype);
model.result().export(<etag>).create(<e2tag>,ctype);
model.result().export(<etags>).set(property,<value>);
model.result().export(<etag>).run();
model.result().export(<etag>).getAllowedPropertyValues(property);

model.result().numerical().create(<ntag>,ntype);
model.result().numerical(<ntag>).selection(...);
model.result().numerical(<ntag>).set(property,<value>);
model.result().numerical(<ntag>).run();

model.result().table().create(<ftag>,ntype);
model.result().table(<ftag>).setColumnHeaders(<headerss>);
model.result().table(<ftag>).setTableData(<realDatas>,<imagDatas);
model.result().table(<ftag>).getColumnHeaders();
model.result().table(<ftag>).getReal();
model.result().table(<ftag>).getImag();
model.result().table(<ftag>).isComplex();
model.result().table(<ftag>).clearTableData();
model.result().table(<ftag>).save(<filenames);

model.result().report().create(<rtag>);
model.result().report(<rtag>).getAllowedPropertyValues(property);
model.result().report(<rtags>).set(rprop,<values);
model.result().report(<rtags>).create(<r2tag>,frtype);
model.result().report(<rtags).feature(<r2tags).set(rprop,<values);
model.result().report(<rtag>).feature(<r2tag>).create(<r3tag>,frtype);
model.result().report(<rtags>).feature(<r2tag>).feature(<r3tag>).set(rprop,<values);
model.result().report(<rtags).run();

)
)
)
)
)
)

DESCRIPTION

model.result(<pgtag>)returns a plot group with tag <pgtag>.

model.result().create(<pgtag>,dim) creates a plot group with the tag <pgtag>, of dimension dim, where

dimcan be 1, 2, or 3.
model.result().create(<pgtag>,ftype) creates a plot group of type ftype.

model.result().autoplot() returns true if plot features are plotted automatically when selected.
model.result().autoplot(true) and model.result().autoplot(false) enable and disable automatic
plotting, respectively.
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model.result(<pgtag>).create(<ftag>, ftype) creates a plot feature of type ftype tagged <ftag>
belonging to the plot group <pgtags.

model.result(<pgtag>).feature(<ftag>).getType () returns the type of the feature <ftag>. This is the same

string ftype that was used to create the feature.
model.result(<pgtag>).feature(<ftag>).getSDim() returns the spatial dimension of the plot group.

model.result(<pgtag>).feature(<ftag>).isPlotGroup() return true if the feature is a plot group. This
method is also available on the child features.

model.result(<pgtag>).feature(<ftag>).getPlotGroup() returns the plot group the feature belongs to.
This method is also available on the child features.

model.result (<pgtag>) .feature(<ftag>).create(<attrtags, attrtype) createsan attribute feature with
the tag <attrtags> of type attrtype, belonging to the feature <ftags.

model.result(<pgtag>).run() plots the plot group.

model.result(<pgtag>).feature(<ftag>).prepareView(<values) returns the view to use when plotting
the plot group to which the feature belongs. The argument is a Boolean, and if true, the view is created if needed.

model.result().dataset().create(<dtag>,dtype) createsadata set feature with the tag <dtag>and the type
dtype.

model.result().export().create(<etag>,<pgtag>,etype) creates an export feature with the tag <etags,
belonging to plot group <pgtag> and of export type etype.

model.result().numerical().create(<ntag>, ntype) creates a numerical results feature with the tag
<ntags> of the numerical feature type ntype.

model.result().numerical(<ntag>).run() evaluates the numerical results feature.

model.result(<tag>).feature(<ftag>)).getAllowedPropertyValues(property),
model.result().dataset(<dtag>).getAllowedPropertyValues (property),
model.result().export(<etag>).getAllowedPropertyValues (property), and
model.result().report(<rtag>).getAllowedPropertyValues(property)return the set of allowed values for
a property if the set is a finite set of strings; otherwise, they return null.

model.result().table().create(<ftag>,ntype) creates a table feature with the tag <ftag>. The set and get

methods used to manipulate tables are described in Table.
The data extraction methods used to retrieve plot or numerical data are described in Results.
model.result().report().create(<rtag>,"Report") creates a report with tag <rtags.

report.create(<tptag>, "TitlePage") adds a title page to the report report. Only one title-page feature can
be added.

report.feature("<tptag>).set(prop, value) sets the title-page property prop to the value value.

report().create(<toctag>, "TableOfContents") adds a table of contents to the report report. Only one

table-of-contents feature can be added.

report.create(<stag>, "Section") adds an additional section level to a report.
report.feature(<stags) .set (prop, value)
report.feature(<stag>).create(<ftag>), feature)

report.feature(<stag>).feature(<ftag>).set (prop,value)
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To add a report contents feature — that is, a feature corresponding to content in the report — to a report section
feature section, type, section.create(<frtag>, frtype,...). Depending on the report feature type frtype,
the create operation includes zero, one or two tags that refer to the model feature to report about. The tags must
refer to an existing feature of the correct type. The report feature types are available for reporting on the model
contents are listed in Table 2-73. For details on their usage, see the section Model Contents — Report Components
in the COMSOL Multiphysics User’s Guide.

TABLE 2-73: MODEL-CONTENTS REPORT FEATURES

REPORT FEATURE DESCRIPTION
Model Prints information about the model root, such as model file.
ModelNode Prints information about a model component, its identifier.
Parameter Reports on the global model parameters.

Variables Reports on a variables feature.

MassProperties Reports on a mass-properties feature.

Functions Reports on a function feature.

Probe Reports on a probe feature.

ComponentCoupling Reports on a component-coupling feature.

Selection Reports on a selection feature.

CoordinateSystem Reports on a coordinate system feature.

PML Reports on a perfectly-matched-layer feature.
InfiniteElements Reports on an infinite-element-domain feature.
AbsorbingLayer Reports on an absorbing-layer feature.

Pair Reports on a pair feature.

Geometry Reports on a geometry.

Material Reports on a material feature.

Physics Reports on a physics interface and its features.
Multiphysics Reports on a multiphysics coupling and its features.

Mesh Reports on a mesh.

Study Reports on a study.

Solver Reports on a solver.

ResultParameter Reports on a result-parameters feature.

DataSet Reports on a data-set feature.

DerivedValues Reports on a derived-values feature.

Table Includes a results table in the report.

PlotGroup Includes a plot group in the report.

Export Includes an export feature in the report.

In addition, the custom report feature types listed in Table 2-74 are also available for building reports. Their usage
is described in the section Custom Report Components in the COMSOL Multiphysics User’s Guide.

TABLE 2-74: CUSTOM-CONTENTS REPORT FEATURES

REPORT FEATURE DESCRIPTION

Equation Adds an equation to the report.
Heading Adds a heading to the report.
Image Adds an image to the report.
List Adds a list to the report.
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TABLE 2-74: CUSTOM-CONTENTS REPORT FEATURES

REPORT FEATURE DESCRIPTION
ListItem Adds an item to a list.

Thl Adds a custom table to the report.
Tb1HRow Adds a heading row to a custom table.
Tb1Row Adds a body row to a custom table.

Text Adds a text paragraph to the report.

Code Adds a text paragraph with code formatting.

Finally, a number of report feature types are provided for creating reports for applications created in the Application
Builder. These are listed in Table 2-75. For further details, see the sections Arrays and Scalars and Declaration

Components in the COMSOL Multiphysics User’s Guide and references therein.

TABLE 2-75: ARRAYS, SCALARS, AND DECLARATION-CONTENTS REPORT FEATURES

REPORT FEATURE DESCRIPTION

Arrays Adds a customized table for Array |D and Array 2D declaration nodes defined
under the Declarations branch in the Application Builder.

Scalars Adds a table where the columns to include and the table data rows can be
customized.

ChoicelList Reports on a choice list.

UnitSet Reports on a unit set.

StringDataField, Reports on scalar data declarations.

BooleanDataField,

IntegerDataField,

DoubleDataField

StringArrayDataField, Reports on ID array data declarations.

BooleanArrayDataField,
IntegerArrayDataField,
DoubleArrayDataField

StringMatrixDataField, Reports on 2D array data declarations.
BooleanMatrixDataField,

IntegerMatrixDataField,

DoubleMatrixDataField

To point a report feature rFeature to another feature with tag <ftags in the tree, use the method
rFeature.set("noderef",<ftag>) method. A report contents feature must point to a feature of the type it is

designed to report on; see the table above. Instead of a feature tag, set "noderef" to "none" to clear a reference.

model.result().report(<rtag>).feature(<stag>).feature(<frtag>).set(frprop, <value>)

to set a property in a report feature.

EXAMPLES

Create a data set and set it to point to the tagged solution sol1 from a solver sequence:

Code for Use with Java

model.result().dataset().create("dset", "Solution");
model.result().dataset("dset").set("solution", "Soli1");

Code for Use with MATLAB

model.result.dataset.create('dset', 'Solution');
model.result.dataset('dset').set('solution', 'Soll');

Create a 3D plot group containing a streamline plot and a plane with a contour plot on:

Code for Use with Java
result().create("pg1",3);
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result("pgl").set("data","dset");

result("pgl").create("stream","Streamline");
model.result("pg1").feature("stream").set("expr", new String[]{"2-x", "0", "z"});
model.result("pgl1").feature("stream").selection().set(new int[]{2});
result().dataset().create("cutp1","CutPlane");

result("pg1").create("conti1","Contour");
result("pg1").feature("cont1").set("data", "cutp1");
result("pg1").run();

Code for Use with MATLAB

result.create('pgl1',3);

result('pgl').set('data', 'dset');

result('pgl').create('stream', 'Streamline');
model.result('pgl').feature('stream').set('expr', {'2-x', '0', '2'});
model.result('pgl1').feature('stream').selection.set(2);
result.dataset.create('cutpi', 'CutPlane');

result('pgl').create('conti', 'Contour');
result('pgl').feature('contl1').set('data', 'cutpl’);
result('pgl').run;

model.savePoint()

Manage selections and hide features used by result features.

SYNTAX

model.savePoint (<tag>).geom(<gtag>)
model.savePoint (<tag>).geom(<gtag>).selection(<stag>)
model.savePoint(<tag>).geom(<gtag>).view(<vtag>)

DESCRIPTION

model.savePoint (<tag>) is a container of selections and hide features used by result features. When solving, a
copy of the model is made — a save point model — which is used in results and analysis. The selections and hide
features contained in model.savePoint (<tag>) refer to the geometry in this copy.

Editing the data in model.savePoint (<tag>) can only be done in the following circumstances.

¢ The geometry on which the analysis is done has been modified after solving. In this case the selections and hide

feature can be edited but not created or removed.

¢ The geometry on which the analysis is done has been removed. In this case the selections and hide features can
be both edited, created, and deleted.

In all other circumstances, edit the selections in model.component (<ctag>).selection (), and the hide features
in model.component (<ctag>).view(). Changes there are synchronized with the data in model.savePoint().

model.savePoint(<tag>).geom(<gtag>) returns a container with selections and views with hide features for a
geometry in the save point model.

model.savePoint (<tag>).geom(<gtag>).selection(<stag>) returns a selection.

model.savePoint(<tag>).geom(<gtag>).view(<vtag>) returns a view. Contrary to the views in
model.component (<ctag>).view(), only the hide features in view.hideEntities() can be edited.

SEE ALSO
model.selection(), model.weak()
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model.selection ()

Named selections.

SYNTAX

model.selection
model.selection
model.selection
model.selection
model.selection
model.selection
model.selection
model.selection
model.selection
model.selection
model.selection
model.selection

) .create(<tag>);

) .create(<tag>,<type>);
<tag>) .model (<mtag>);

<tag>) .set(property, <values);
<tag>) .geom(<gtag>,dim) ;
<tag>) .geom(<gtag>,highdim,lowdim, typelist);
<tag>) .geom(dim) ;
<tag>).all();
<tag>).set(<entlist>);

<tag>) .add(<entlist>);
<tag>).remove(<entlists);
<tag>).inherit(bool);

Py

model.selection(<tag>).model();
model.selection(<tag>).isGeom();
model.selection(<tag>).geom();
model.selection(<tag>).dimension();
model.selection(<tag>).entities(dim);
model.selection(<tag>).interiorEntities(dim);
model.selection(<tag>).isInheriting();
model.selection(<tag>).inputDimension();
model.selection(<tag>).inputEntities();

DESCRIPTION
model.component (<ctag>).selection(<tag>) returns a named selection. Anywhere where you define a
selection, you can point to a named selection by using its tag, for example, selection.named(<tag>.

model.component (<ctag>).selection().create(<tag>) creates a named selection of type Explicit
model.component (<ctag>).selection().create(<tag>, <type>) creates a named selection of type <types.

model.component (<ctag>).selection(<tag>).model(<mtag>) sets the model node of the selection. Only

geometries in the model can be used in selections.
model.component (<ctag>).selection(<tags).model() returns the model node of the selection.

model.component (<ctag>).selection(<tags).set(property,<values) sets a property value for the
selection. Which properties are available for the different selection types are listed on the following pages. All other
assignment methods are only supported by the Explicit selection type.

All other methods are explained in the section Selections.

Other entities can use any of the selections in model.component (<ctag>) .selection() when defining its

selection. For example, create a selection self:
model.component("comp1").selection().create("sell");
Then, for example, a variable entities can use this selection:

model.component("comp1").variable().create("vari”);
model.component("comp1").variable("var1").model("mod1");
model.component(“comp1").variable("var1").selection().named("sell1");

What properties are available depends on the type of selection. The following selection types are available:
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Explicit
Selection defined by an explicit set of geometric entities such as domains or boundaries.

TABLE 2-76: EXPLICIT SELECTION PROPERTIES

NAME VALUE DEFAULT DESCRIPTION
angletol double 5 Angle tolerance for continuity evaluation
groupcontang on | off off Continuous tangent mode

When groupcontang is set to on, the set, add, and remove methods operate on groups of adjacent entities that

have continuous tangents at their junctions.
The angletol property defines the tolerance for the continuity evaluation.

Ball
Selection of entities that are inside or intersect a ball.

TABLE 2-77: BALL SELECTION PROPERTIES

NAME VALUE DEFAULT DESCRIPTION

entitydim o]1]2]|3 sdim Dimension of entities to select

angletol double 5 Angle tolerance for continuity evaluation

groupcontang on|off off Continuous tangent mode

inputent all | selections all Use all entities or entities defined by input

property

input string[] {} Input selections

condition intersects | inside| intersects Condition for inclusion of an entity
somevertex |
allvertices

posx double 0 Center of ball, first coordinate

posy double 0 Center of ball, second coordinate

posz double 0 Center of ball, third coordinate

r double 0 Radius

The posx, posy, and posz properties define the center of the ball, and r defines the radius. These properties take
their units from the corresponding geometry sequence.

When conditionis intersects, all entities that intersect the ball are included in the selection. The rendering

mesh is used for the calculation. You can set the accuracy of the rendering mesh using
ModelUtil.setPreference("graphics.rendering.detail", <detail>);
where <detail> is coarse, normal, fine, or wireframe.

When condition is inside, all entities that are completely inside the ball are included in the selection. The

rendering mesh is used for the calculation.

When condition is somevertex, all entities that have at least one adjacent vertex inside the ball are included in

the selection.

When condition is allvertices, all entities that have all adjacent vertices inside the ball are included in the

selection.

When inputent is selections, the selection is restricted to the entities in the selections defined by the input
property. When inputent is all, all entities in the geometry are considered.

When groupcontang is set to on, the selection operates on groups of entities that have continuous tangents at their

junctions.
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The angletol property defines the tolerance for the continuity evaluation.

Box
Selection of entities that are inside or intersect a box.

TABLE 2-78: BOX SELECTION PROPERTIES

NAME VALUE DEFAULT DESCRIPTION

entitydim o]1]2]|3 sdim Dimension of entities to select

angletol double 5 Angle tolerance for continuity evaluation

groupcontang on]|off off Continuous tangent mode

inputent all | selections all Use all entities or entities defined by input

property

input string[] {} Input selections

condition intersects | inside | intersects Condition for inclusion of an entity
somevertex | allvertices

xmax double inf Maximum x-coordinate of box

xmin double -inf Minimum x-coordinate of box

ymax double inf Maximum y-coordinate of box

ymin double -inf Minimum y-coordinate of box

zmax double inf Maximum z-coordinate of box

zmin double -inf Minimum z-coordinate of box

The xmax, xmin, ymax, ymin, zmax, and zmin properties define the box. These properties take their units from the

corresponding geometry sequence.

When condition is intersects, all entities that intersect the box are included in the selection. The rendering

mesh is used for the calculation. You can set the accuracy of the rendering mesh using
ModelUtil.setPreference("graphics.rendering.detail",<detail>);
where <details is coarse, normal, fine, or wireframe.

When condition is inside, all entities that are completely inside the box are included in the selection. The

rendering mesh is used for the calculation.

When condition is somevertex, all entities that have at least one adjacent vertex inside the box are included in

the selection.

When conditionis allvertices, all entities that have all adjacent vertices inside the box are included in the

selection.

When inputent is selections, the selection is restricted to the entities in the selections defined by the input
property. When inputent is all, all entities in the geometry are considered.

When groupcontang is set to on, the selection operates on groups of entities that have continuous tangents at their

junctions.

The angletol property defines the tolerance for the continuity evaluation.
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Cylinder

Selection of entities that are inside or intersect a cylinder in 3D.

TABLE 2-79: CYLINDER SELECTION PROPERTIES

NAME VALUE DEFAULT DESCRIPTION
anglet double 0 Start angle
angle2 double 360 End angle (default: 360 degrees; that is, a full
cylinder)
entitydim 0|1]2]3 3 Dimension of entities to select
angletol double 5 Angle tolerance for continuity evaluation
groupcontang on|off off Continuous tangent mode
inputent all|selections all Use all entities or entities defined by input
property
input string[] {} Input selections
condition intersects|inside| intersects Condition for inclusion of an entity
somevertex |
allvertices
pos double[] {0,0,0} Cylinder base point
axis double[] {0,0,1} Direction of the cylinder axis. Vector has length 3
if axistype is cartesian and length 2 if
axistype is spherical. Not used if axistype
is X, y, or z.
axistype x|y|z| cartesian| z Coordinate system used for axis. The value is
spherical synchronized with axis.
top double inf Coordinate of upper face in local coordinate
system
bottom double -inf Coordinate of lower face in local coordinate
system
r double (nonnegative) 0 Outer radius
rin double (nonnegative) 0 Inner radius

The pos property defines the center of the cylinder and the axis property defines the cylinder axis. The top,

bottom, r, and rin properties define the size of the cylinder. Setting rin equal to r corresponds to a cylindrical

surface. These properties take their units from the corresponding geometry sequence. Using the angle1 and

angle2 properties, you can create a cylinder segment.

When conditionis intersects, all entities that intersect the cylinder are included in the selection. The rendering

mesh is used for the calculation. You can set the accuracy of the rendering mesh using

ModelUtil.setPreference("graphics.rendering.detail",<detail>);

where <details is coarse, normal, fine, or wireframe.

When condition is inside, all entities that are completely inside the cylinder are included in the selection. The

rendering mesh is used for the calculation.

When condition is somevertex, all entities that have at least one adjacent vertex inside the cylinder are included

in the selection.

When conditionis allvertices, all entities that have all adjacent vertices inside the cylinder are included in the

selection.

When inputent is selections, the selection is restricted to the entities in the selections defined by the input
property. When inputent is all, all entities in the geometry are considered.
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When groupcontang is set to on, the selection operates on groups of entities that have continuous tangents at their

junctions.
The angletol property defines the tolerance for the continuity evaluation.

Disk
Selection of entities that are inside or intersect a disk.

TABLE 2-80: DISK SELECTION PROPERTIES

NAME VALUE DEFAULT DESCRIPTION
anglet double 0 Start angle
angle2 double 360 End angle (default: 360 degrees; that is, a full disk)
entitydim 0|1]2 sdim Dimension of entities to select
angletol double 5 Angle tolerance for continuity evaluation
groupcontang on|off off Continuous tangent mode
inputent all | selections all Use all entities or entities defined by input
property
input stringf[] {} Input selections
condition intersects | inside | intersects Condition for inclusion of an entity
somevertex |
allvertices
posx double 0 Center of disk, first coordinate
posy double 0 Center of disk, second coordinate
r double (nonnegative) 0 Outer radius
rin double (nonnegative) 0 Inner radius

The posx and posy properties define the center of the disk, and r and rin define the outer and inner radius,
respectively. These properties