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Custom Applications to Read and Write MAT-Files

In this section...

“Why Write Custom Applications?” on page 1-2
“What You Need” on page 1-3

“MAT-File Interface Library” on page 1-3
“Finding Associated Files” on page 1-5

“Exchanging Data Files Between Platforms” on page 1-6

Why Write Custom Applications?

To bring data into a MATLAB® application, see “Recommended Methods for
Importing Data”. To save data to a MAT-file, see “Exporting to MAT-Files”.
Use these procedures when you program your entire application in MATLAB,
or if you share data with other MATLAB users. There are situations, however,
when you must write a custom program to interact with data. For example:

® Your data has a custom format.

® You create applications for users who do not run MATLAB, and you want
to provide them with MATLAB data.

® You want to read data from an external application, but you do not have

access to the source code.

Before writing a custom application, determine if MATLAB meets your data
exchange needs by reviewing the following topics:

® The save and load functions.

e “Supported File Formats”.

® The importdata function and “Tips for Using the Import Wizard”.

* “Recommended Methods for Importing Data”.

If these features are not sufficient, you can create custom C/C++ or Fortran

programs to read and write data files in the format required by your
application. There are two types of custom programs:
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e Standalone program — Run from a system prompt or execute in MATLAB
(see Run External Commands, Scripts, and Programs). Requires MATLAB
libraries to build the application.

e MEX-file — Built and executed from the MATLAB command prompt.
For information about creating and building MEX-Files, see “Introducing
MEX-Files” on page 3-2.

What You Need

To create a custom application, you need the tools and knowledge to modify
and build source code. In particular, you need a compiler supported by
MATLAB. For an up-to-date list of supported compilers, see the Supported
and Compatible Compilers Web page.

To exchange custom data with MATLAB data, use a MAT-file, a MATLAB
format binary file. You need to know the details of your data to map it into
MATLAB data. Get this information from your product documentation. Use
the mxArray type in the MX Matrix Library for data in your program.

In your custom program, use functions in the MATLAB C/C++ and Fortran
API:

e “MAT-Function Include Files” on page 1-5

e “MAT.-File Library”

e “MX Matrix Library”

To build the application, use the mex build script with the compiler-specific
options file for MAT-file applications. MATLAB provides the header files and

libraries, and guidance for creating a build script. For names and locations of
required files, see “MAT-Function Libraries” on page 1-5.

You can also use your own build tools.

MAT-File Interface Library

The MAT-File Library contains routines for reading and writing MAT-files.
Call these routines from your own C/C++ and Fortran programs. Use these
routines, rather than attempt to write your own code, to perform these
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operations, since using the library insulates your applications from future
changes to the MAT-file structure.

MATLAB provides the MATFile type for representing a MAT-file.

Do not create different MATLAB sessions on different threads using MAT-File
Library functions. MATLAB libraries are not multithread safe so you can use
these functions only on a single thread at a time.

Functions in the MAT-file Library, described in the following tables, begin

with the three-letter prefix mat.

MAT-File Routines

MAT-Function Purpose

matOpen Open a MAT-file.

matClose Close a MAT-file.

matGetDir Get a list of MATLAB arrays from a
MAT-file.

matGetVariable Read a MATLAB array from a MAT-file.

matPutVariable Write a MATLAB array to a MAT-file.

matGetNextVariable Read the next MATLAB array from a
MAT-file.

matDeleteVariable Remove a MATLAB array from a MAT-file.

matPutVariableAsGlobal

Put a MATLAB array into a MAT-file such
that the 1load command places it into the
global workspace.

matGetVariableInfo

Load a MATLAB array header from a
MAT-file (no data).

matGetNextVariableInfo

Load the next MATLAB array header from
a MAT-file (no data).

MAT-File C-Only Routines

matGetFp

Get an ANSI® C file pointer to a MAT-file.
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Note The MAT-File Interface Library does not support MATLAB objects
created by user-defined classes.

Finding Associated Files

MATLAB provides the include and library files needed to write programs
to read and write MAT-files. The following table lists the path names to
these files. The term matlabroot refers to the root folder of your MATLAB
installation. The term arch is a unique string identifying the platform.

MAT-Function Folders

Platform | Contents Folder

Microsoft® | Include files matlabroot\extern\include
g ®

Windows Libraries matlabroot\bin\win32 or

matlabroot\bin\win64

Examples matlabroot\extern\examples\eng_mat
UNIX® Include files matlabroot/extern/include

Libraries matlabroot/bin/arch

Examples matlabroot/extern/examples/eng _mat

MAT-Function Include Files

The include folder holds header files containing function declarations with
prototypes for the routines that you can access in the API Library. These files
are the same for both Windows and UNIX systems. The folder contains:

® The matrix.h header file that contains a definition of the mxArray
structure and function prototypes for matrix access routines.

® The mat.h header file that contains function prototypes for mat routines.

MAT-Function Libraries

The name of the libraries folder, which contains shared (dynamically linkable)
libraries for linking your programs, is platform-dependent.
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Shared Libraries on Windows Systems. The bin folder contains the
shared libraries for linking your programs:

® The libmat.dll library of MAT-file routines (C/C++ and Fortran)

® The libmx.d1l1 library of array access and creation routines

Shared Libraries on UNIX Systems. The bin/arch folder, where arch is
your machine’s architecture, contains the shared libraries for linking your
programs. For example, on Apple Macintosh® 64-bit systems, the folder is
bin/maci64:

® The libmat.dylib library of MAT-file routines (C/C++ and Fortran)

® The libmx.dylib library of array access and creation routines

Example Files

The examples/eng_mat folder contains C/C++ and Fortran source code for
examples demonstrating how to use the MAT-file routines. For information
about these files, see “Examples of MAT-File Applications” on page 1-12.

Exchanging Data Files Between Platforms

You can work with MATLAB software on different computer systems and
send MATLAB applications to users on other systems. MATLAB applications
consist of MATLAB code containing functions and scripts, and MAT-files
containing binary data.

Both types of files can be transported directly between machines: MATLAB
source files because they are platform independent, and MAT-files because
they contain a machine signature in the file header. MATLAB checks the
signature when it loads a file and, if a signature indicates that a file is foreign,
performs the necessary conversion.

Using MATLAB across different machine architectures requires a facility for
exchanging both binary and ASCII data between the machines. Examples
of this type of facility include FTP, NFS, and Kermit. When using these
programs, be careful to transmit MAT-files in binary file mode and MATLAB
source files in ASCII file mode. Failure to set these modes correctly corrupts
the data.
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Copying External Data into MAT-File Format with
Standalone Programs

In this section...

“Overview of matimport.c Example” on page 1-7
“Declare Variables for External Data” on page 1-8
“Create mxArray Variables” on page 1-9

“Create MATLAB Variable Names” on page 1-9
“Read External Data into mxArray Data” on page 1-9
“Create and Open MAT-File” on page 1-10

“Write mxArray Data to File” on page 1-10
“Clean Up” on page 1-10

“Build the Application” on page 1-10

“Create the MAT-File” on page 1-11

“Import Data into MATLAB” on page 1-11

Overview of matimport.c Example

This topic shows how to create a standalone program, matimport, to copy data
from an external source into a MAT-file. The format of the data is custom,
that is, it is not one of the file formats supported by MATLAB.

The matimport.c example:

® Creates variables to read the external data.
® Copies the data into mxArray variables.

® Assigns a variable name to each mxArray. This is the variable name to use
in the MATLAB workspace.

* Writes the mxArray variables and associated variable names to the
MAT-file.

To use the data in MATLAB:



1 Read and Write MATLAB® MAT-Files in C/C++ and Fortran

Build the standalone program matimport.

® Run matimport to create the MAT-file matimport.mat.

Open MATLAB.

e Use one of the techniques described in “Importing MAT-Files”.

The following topics describe these steps in detail. To see the code, open
the file in the MATLAB Editor. The C statements in these topics are code
snippets shown to illustrate a task. The statements in the topics are not
necessarily sequential in the source file.

Declare Variables for External Data

There are two external data values, a string and an array of type double. The
following table shows the relationship between the variables in this example.

External Data | Variable to mxArray MATLAB
Read External | Variable Variable Name
Data
Array of type extData pVarNum inputArray
double
String extString pvarChar titleString

The following statements declare the type and size for variables extString
and extData:

#define BUFSIZE 256
char extString[BUFSIZE];
double extData[9];

Use these variables to read values from a file or a subroutine available from
your product. This example uses initialization to create the external data:

const char *extString = "Data from External Device";
double extData[9] = { 1.0, 4.0, 7.0, 2.0, 5.0, 8.0, 3.0, 6.0, 9.0 };

1-8
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Create mxArray Variables
The MAT-File Library uses pointers of type mxArray to reference MATLAB

data. The following statements declare pvVarNum and pVarChar as pointers to
an array of any size or type:

/*Pointer to the mxArray to read variable extData */
mxArray *pVarNum;

/*Pointer to the mxArray to read variable extString */
mxArray *pVarChar;

To create a variable of the proper size and type, select one of the mxCreate*
functions from the MX Matrix Library.

The size of extData is 9, which the example copies into a 3-by-3 matrix.
Use the mxCreateDoubleMatrix function to create a two-dimensional,
double-precision, floating-point mxArray initialized to 0.

pvarNum = mxCreateDoubleMatrix(3,3,mxREAL) ;

Use the mxCreateString function to create an mxArray variable for
extString:

pvarChar = mxCreateString(extString);

Create MATLAB Variable Names

matimport.c assigns variable names inputArray and titleString to the
mxArray data. Use these names in the MATLAB workspace. For more
information, see “View the Contents of a MAT-File”.

const char *myDouble = "inputArray";
const char *myString “titleString";

Read External Data into mxArray Data

Copy data from the external source into each mxArray.

The C memcpy function copies blocks of memory. This function requires
pointers to the variables extData and pVarNum. The pointer to extData
is (void *)extData. To get a pointer to pVarNum, use one of the mxGet*
functions from the MX Matrix Library. Since the data contains only real
values of type double, this example uses the mxGetPr function:

1-9
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memcpy ((void *) (mxGetPr(pVarNum)), (void *)extData, sizeof(extData));

The following statement initializes the pvarChar variable with the contents of
extString:

pvarChar = mxCreateString(extString);

Variables pVarNum and pVarChar now contain the external data.

Create and Open MAT-File

The matOpen function creates a handle to a file of type MATFile. The following
statements create a file pointer pmat, name the file matimport.mat, and open
it for writing:

MATFile *pmat;
const char *myFile = "matimport.mat";
pmat = matOpen(myFile, "w");

Write mxArray Data to File

The matPutVariable function writes the mxArray and variable name into
the file:

status = matPutVariable(pmat, myDouble, pVarNum);
status = matPutVariable(pmat, myString, pVarChar);

Clean Up
To close the file:

matClose (pmat);

To free memory:

mxDestroyArray(pVarNum) ;
mxDestroyArray(pVarChar);

Build the Application

To build the application, use the mex function with the appropriate MAT
options file. For more information, see “Compiling and Linking MAT-File
Programs” on page 1-24.
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For example, to use the Microsoft Visual C++® Version 8.0 compiler, select it
as described in “Selecting a Compiler on Windows Platforms” on page 3-26.
The options file for this compiler is msvc80engmatopts.bat. Use the following
MATLAB commands to build matimport:

% Create full path name for options file
optionsfile = fullfile(matlabroot,

'bin', 'win32', 'mexopts', 'msvc80engmatopts.bat');
mex('-v', '-f', optionsfile, 'matimport.c')

Create the MAT-File

Run matimport to create the file matimport.mat. Either invoke the program
from the system command prompt, or at the MATLAB command prompt, type:

Imatimport

Import Data into MATLAB

Any user with a compatible version of MATLAB can read the matimport.mat
file. Start MATLAB and use the 1load command to import the data into the
workspace:

load matimport.mat

To see the variables, type whos; MATLAB displays:

Name Size Bytes Class
inputArray 3x3 72 double
titleString 1x43 86 char

1-11
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Examples of MAT-File Applications

In this section...

“List of Examples” on page 1-12

“Creating a MAT-File in C” on page 1-13

“Creating a MAT-File in C++” on page 1-14
“Reading a MAT-File in C/C++” on page 1-14
“Creating a MAT-File in Fortran” on page 1-15
“Reading a MAT-File in Fortran” on page 1-15
“Examples for Working with mxArrays” on page 1-16

List of Examples

The matlabroot/examples/eng mat folder contains C/C++ and Fortran
source code for examples demonstrating how to use the MAT-file routines.
These examples create standalone programs. The source code is the same for
both Windows and UNIX systems.

Example Description

matcreat.c C program that demonstrates how to use the library
routines to create a MAT-file that you can load into
MATLAB.

matcreat.cpp C++ version of the matcreat.c program.

matdgns.c C program that demonstrates how to use the library
routines to read and diagnose a MAT-file.

matdemol.F Fortran program that demonstrates how to call the
MATLAB MAT-file functions from a Fortran program.

matdemo2.F Fortran program that demonstrates how to use the
library routines to read the MAT-file created by
matdemoi.F and describe its contents.

matimport.c C program based on matcreat.c used in the example for
writing standalone applications.

1-12
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(Continued)

Example Description

matreadstructaryrogram based on explore.c to read contents of a
structure array.

matreadcellarray program based on explore.c to read contents of a cell
array.

For tips about how to modify other MATLAB examples to work with an
mxArray in your application, see “Examples for Working with mxArrays”
on page 1-16.

Creating a MAT-File in C

The matcreat.c example illustrates how to use the library routines to create

a MAT-file that you can load into the MATLAB workspace. The program also

demonstrates how to check the return values of MAT-function calls for read or
write failures. To see the code, open the file in MATLAB Editor.

To produce an executable version of this program, compile the file and link it
with the appropriate library. For details on platform specifics, see “Compiling
and Linking MAT-File Programs” on page 1-24.

After compiling and linking your MAT-file program, you can run the
standalone application you just produced. This program creates mattest.mat,
a MAT-file that you can load into MATLAB. To run the application, depending
on your platform, either double-click its icon or enter matcreat at the system
prompt:

matcreat
Creating file mattest.mat...

To verify the MAT-file, at the command prompt, type:

whos -file mattest.mat

Name Size Bytes Class
GlobalDouble 3x3 72 double array (global)
LocalDouble 3x3 72 double array

1-13
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LocalString 1x43 86 char array

Grand total is 61 elements using 230 bytes

Creating a MAT-File in C++

There is a C++ version of matcreat.c in the
matlabroot\extern\examples\eng mat folder. To see matcreat.cpp, open
the file in MATLAB Editor.

Reading a MAT-File in C/C++

The matdgns.c example illustrates how to use the library routines to read
and diagnose a MAT-file. To see the code, open the file in MATLAB Editor.

After compiling and linking this program, you can view its results:

matdgns mattest.mat
Reading file mattest.mat...

Directory of mattest.mat:
GlobalDouble
LocalString
LocalDouble

Examining the header for each variable:

According to its header, array GlobalDouble has 2 dimensions
and was a global variable when saved

According to its header, array LocalString has 2 dimensions
and was a local variable when saved

According to its header, array LocalDouble has 2 dimensions
and was a local variable when saved

Reading in the actual array contents:

According to its contents, array GlobalDouble has 2 dimensions
and was a global variable when saved

According to its contents, array LocalString has 2 dimensions
and was a local variable when saved

According to its contents, array LocalDouble has 2 dimensions
and was a local variable when saved

Done

1-14
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Creating a MAT-File in Fortran

The matdemo1.F example creates the MAT-file, matdemo.mat. To see the code,
you can open the file in MATLAB Editor.

After compiling and linking your MAT-file program, you can run the
standalone application you just produced. This program creates a MAT-file,
matdemo.mat, that you can load into MATLAB. To run the application,
depending on your platform, either double-click its icon or enter matdemo1
at the system prompt:

matdemo1
Creating MAT-file matdemo.mat
Done creating MAT-file

To verify the MAT-file, at the command prompt, enter:

whos -file matdemo.mat

Name Size Bytes Class
Numeric 3x3 72 double array
String 1x33 66 char array

Grand total is 42 elements using 138 bytes

Note For an example of a Microsoft Windows standalone
program (not MAT-file specific), see engwindemo.c in the
matlabroot\extern\examples\eng _mat folder.

Reading a MAT-File in Fortran

The matdemo2.F example illustrates how to use the library routines to read
the MAT-file created by matdemo1.F and describe its contents. To see the
code, open the file in MATLAB Editor.

After compiling and linking this program, you can view its results:

matdemo2
Directory of Mat-file:
String

1-15
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Numeric
Getting full array contents:
1
Retrieved String
With size 1-by- 33
3
Retrieved Numeric
With size 3-by- 3

Examples for Working with mxArrays

The MAT-File Interface Library lets you access MATLAB arrays (type
mxArray) in a MAT-file. To work directly with an mxArray in a C/C++ or
Fortran application, use functions in the MX Matrix Library. The options files
already link to this library, as described in “What You Need” on page 1-3.

You can find examples for working with mxArrays in the
matlabroot/extern/examples/mex and matlabroot/extern/examples/mx
folders. The following topics show C code examples, based on these MEX
examples, for working with cells and structures. The examples show how to
read cell and structure arrays and display information based on the type of
the mxArray within each array element.

If you create an application from one of the MEX examples, here are some tips
for adapting the code to a standalone application.

® The MAT-file example, matdgns.c, shows how to open and read a MAT-file.
For more information about the example, see “Reading a MAT-File in
C/C++’ on page 1-14.

® The MEX example, explore.c, has functions to read any MATLAB type
using the mxClassID function. For more information about the example,
see “Using Data Types” on page 3-23.

¢ Some MEX examples use functions, such as mexPrintf, from the MEX
Library 1ibmex. (For a complete list of these functions, see “MEX Library”.)
You do not need to use these functions to work with an mxArray, but if your
program calls any of them, you must link to the MEX Library. To do this,
modify your options file to add 1ibmex.1ib to the link statement.
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Read Structures from a MAT-File

The matreadstructarray.c example is based on the analyze structure
function in explore.c. For simplicity this example only processes real
elements of type double; refer to the explore.c example for error checking
and processing other types.

matreadstructarray.c
/ *
* Read a structure array STRUCT from MATFILE and
* sum the first real numeric value in FIELD for each
* record/element in the array.
*
* Calling syntax:
*
*  matreadstructarray <matfile> <struct> <field>
*
* Copyright 2012 The MathWorks, Inc.
*

/

#include <stdlib.h>
#include "mat.h"

/* Analyze field FNAME in struct array SPTR. */
static void
analyzestructarray(const mxArray *sPtr, const char *fName)

{

mwSize nElements; /* number of elements in array */
mwIndex eIdx; /* element index */

const mxArray *fPtr; /* field pointer */

double *realPtr; /* pointer to data */

double total; /* value to calculate */

total = 0;

nElements = (mwSize)mxGetNumberOfElements(sPtr);
for (eIdx = 0; eIldx < nElements; eIdx++) {
fPtr = mxGetField(sPtr, eIdx, fName);
if ((fPtr != NULL)
&& (mxGetClassID(fPtr)

== mxDOUBLE_CLASS)
&& (!mxIsComplex(fPtr)))
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realPtr = mxGetPr(fPtr);
total = total + realPtr[O0];
}
}
printf("Total for %s: %.2f\n", fName, total);
}

/* Find struct array ARR in MAT-file FILE.

* Pass field name FIELD to analyzestructarray function.

int findstructure(
const char *file,
const char *arr,
const char *field) {

MATFile *mfPtr; /* MAT-file pointer */
mxArray *aPtr; /* mxArray pointer */

mfPtr = matOpen(file, "r");

if (mfPtr == NULL) {
printf("Error opening file %s\n", file);
return(1);

}

aPtr = matGetVariable(mfPtr, arr);

if (aPtr == NULL) {
printf("mxArray not found: %s\n", arr);
return(1);

}

if (mxGetClassID(aPtr) == mxSTRUCT_CLASS) {
if (mxGetFieldNumber(aPtr, field) == -1) {
printf("Field not found: %s\n", field);

}
else {
analyzestructarray(aPtr, field);
}
}
else {

printf("%s is not a structure\n", arr);
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}

mxDestroyArray(aPtr);

if (matClose(mfPtr) != 0) {
printf("Error closing file %s\n", file);
return(1);

}

return(0);

}

int main(int argc, char **argv)

{

/* argv[1] = MAT-file name

* argv[2] name of mxArray structure
* argv[2] name of field */

int result;
if (argc > 3)
result = findstructure(argv([1], argv[2], argv[3]);
else {
result = 0;
printf("Usage: matreadstructarray <matfile> <struct> <field>\n");
}
return (result==0)?EXIT_SUCCESS:EXIT_FAILURE;

}

After compiling and linking your MAT-file program, you can run the
standalone application on the following MAT-file, testpatient.mat. Create a
structure, patient, and save it:

patient(1).name = 'John Doe';

patient(1).billing = 127.00;

patient(1).test = [79 75 73; 180 178 177.5; 172 170 169];
patient(2).name = 'Ann Lane';

patient(2).billing = 28.50;

patient(2).test = [68 70 68; 118 118 119; 172 170 169];

save('testpatient.mat')

To calculate the total of the billing field, type:
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Imatreadstruct testpatient.mat patient billing

Total for billing: 155.50

Read Cell Arrays from a MAT-File

The matreadcellarray.c example is based on the analyze cell function in

explore.c
matreadcellarray.c
/ *
* Read a cell array CELL from MATFILE and
* display class for each element.
*
* Calling syntax:
*
* matreadcellarray <matfile> <cell>
*
* See the MATLAB External Interfaces Guide for
* compiling information.
*
* Copyright 2012 The MathWorks, Inc.
*

/

#include <stdlib.h>
#include "mat.h"

/* Access each cell in cell array CPTR. */
static void
analyzecellarray(const mxArray *cPtr)

{
mwSize nCells; /* number of cells in array */
mwIndex cIdx; /* cell index */
const mxArray *ePtr; /* element pointer */
mxClassID category; /* class ID */

nCells = (mwSize)mxGetNumberOfElements(cPtr);
for (cIdx = 0; cIdx < nCells; cIdx++) {

ePtr = mxGetCell(cPtr, cIdx);

if (ePtr == NULL) {
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printf ("Empty Cell\n");

break;
}
category = mxGetClassID(ePtr);
printf("%sd: ", cIdx);

switch (category) {
case mxCHAR_CLASS:
printf("string\n");
/ /see revord.c
break;
case mxSTRUCT_CLASS:
printf("structure\n");
/| /see analyzestructure.c
break;
case mxCELL_CLASS:
printf("cell\n");
printf("{\n");
analyzecellarray(ePtr);
printf("}\n");
break;
case mxUNKNOWN_CLASS:
printf ("Unknown class\n");
break;
default:
if (mxIsSparse(ePtr)) {
printf("sparse array\n");
//see mxsetnzmax.c
}
else {
printf("numeric class\n");

}

break;

}

/* Find cell array ARR in MAT-file FILE. */
int findcell(const char *file, const char *arr) {

MATFile *mfPtr; /* MAT-file pointer */
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}

mxArray *aPtr; /* mxArray pointer */

mfPtr = matOpen(file, "r");

if (mfPtr == NULL) {
printf("Error opening file %s\n", file);
return(1);

}

aPtr = matGetVariable(mfPtr, arr);

if (aPtr == NULL) {
printf("mxArray not found: %s\n", arr);
return(1);

}

if (mxGetClassID(aPtr) == mxCELL_CLASS) {
analyzecellarray(aPtr);

}
else {

printf("%s is not a cell array\n", arr);
}

mxDestroyArray(aPtr);

if (matClose(mfPtr) != 0) {
printf("Error closing file %s\n", file);
return(1);

}

return(0);

int main(int argc, char **argv)

{

/* argv[1]
* argv[2]

MAT-file name
name of mxArray cell array */

int result;
if (argc > 2)

result = findcell(argv[1], argv[2]);
else {

result = 0;

printf("Usage: matreadcellarray <matfile>

<cell>\n");
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}
return (result==0)7?EXIT_SUCCESS:EXIT_FAILURE;

}

After compiling and linking your MAT-file program, you can run the
standalone application on the following MAT-file, testcells.mat. Create 3
cell variables and save:

cellvar = {'hello'; [2 3 4 6 8 9]; [2; 4; 5]};
structvar = {'cell with a structure'; patient; [2; 4; 5]};

multicellvar = {'cell with a cell'; cellvar; patient};
save('testcells.mat', 'cellvar', 'structvar', 'multicellvar')

To display the mxArray type for the contents of cell cellvar, type:

Imatreadcell testcells.mat cellvar
0: string

1: numeric class
2: numeric class
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Compiling and Linking MAT-File Programs

In this section...

“Building on UNIX Operating Systems” on page 1-24
“Building on Windows Operating Systems” on page 1-26
“Deploying MAT-File Applications” on page 1-26

Building on UNIX Operating Systems

To build on a UNIX operating system, refer to “Setting Run-Time Library
Path” on page 1-24 and “Using the Options File” on page 1-25.

Setting Run-Time Library Path

At run time, you must tell the UNIX operating system where the API shared
libraries reside by setting an environment variable. The UNIX command you
use and the values you provide depend on your shell and system architecture.
The following table lists the name of the environment variable (envvar) and
the values (pathspec) to assign to it. The term matlabroot refers to the root
folder of your MATLAB installation.

Operating

System envvar pathspec

32-bit Linux® LD LIBRARY_PATH matlabroot/bin/glnx86:
matlabroot/sys/os/glnx86

64-bit Linux LD_LIBRARY_PATH matlabroot/bin/glnxa64:

matlabroot/sys/os/glnxa64

64-bit Apple DYLD_LIBRARY_PATH matlabroot/bin/maci64:
Macintosh matlabroot/sys/os/maci64
(Intel®)

Using the C Shell. Set the library path using the command:

setenv envvar pathspec

Replace the terms envvar and pathspec with the appropriate values from the
table. For example, on a Macintosh system use:
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setenv DYLD_LIBRARY_PATH
matlabroot/bin/maci64:matlabroot/sys/os/maci64

You can place these commands in a startup script, such as ~/.cshrc.

Using the Bourne Shell. Set the library path using the command:

envvar = pathspec:envvar
export envvar

Replace the terms envvar and pathspec with the appropriate values from the
table. For example, on a Macintosh system use:

DYLD_LIBRARY_PATH=matlabroot/bin/maci64:matlabroot/sys/os/maci64:$DYLD_LIBRARY_PATH
export DYLD_LIBRARY_PATH

You can place these commands in a startup script such as ~/.profile.

Using the Options File

The MATLAB options file for UNIX systems, matopts.sh, lets you use the
mex script to easily compile and link MAT-file applications. The options file
1s in matlabroot/bin. Use the -f switch to specify the name and location of
the options file.

For example, to compile and link the matcreat.c example, first copy the file
to a writable folder, such as c:\work, on your path:

copyfile(fullfile(matlabroot, 'extern', 'examples', 'eng_mat',
'matcreat.c'), fullfile('c:', 'work'));

Use the following command to build it:
mex('-v', '-f', [matlabroot '/bin/matopts.sh'], 'matcreat.c')
If you need to modify the options file for your particular compiler or platform,

use the -v switch to view the current compiler and linker settings. Then,
make the appropriate changes in a local copy of the matopts. sh file.
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Building on Windows Operating Systems

To compile and link MAT-file programs, use the mex script with a MAT options
file. Use the -f switch to specify the name and location of the options file.
There are different options files for the supported compilers and operating
systems, as shown in the following table.

Operating

System Default Options File

32-bit Windows matlabroot\bin\win32\mexopts\*engmatopts.bat
64-bit Windows matlabroot\bin\win64\mexopts\*engmatopts.bat

The * character in the file name, *engmatopts.bat, represents the compiler
type and version. For example, the options file to use with the Microsoft
Visual C++ Version 9.0 compiler is msvc90engmatopts.bat. To build the
matcreat.c application with this compiler, first copy the following file to a
writable folder, such as c:\work, on your path:

copyfile(fullfile(matlabroot, 'extern', 'examples', 'eng_mat',
'matcreat.c'), fullfile('c:', 'work'));

Use the following command to build it:

mex('-v', '-f', [matlabroot
"\bin\win32\mexopts\msvc90engmatopts.bat'],
'matcreat.c');

If you need to modify the options file for your particular compiler, use the
-v switch to view the current compiler and linker settings. Then, make the
appropriate changes in a local copy of the options file.

Deploying MAT-File Applications
MATLAB requires the following data and library files for building any

MAT-file application. You must also distribute these files along with any
MAT-file application that you deploy to another system.
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Third-Party Data Files

When building a MAT-file application on your system or deploying a MAT-file
application to some other system, make sure that the appropriate Unicode®
data file is in the matlabroot/bin/arch folder. MATLAB uses this file to
support Unicode encoding. For systems that order bytes in a big-endian
manner, use icudt40b.dat. For systems that order bytes in a little-endian
manner, use icudt40l.dat.

For deployed applications, be sure to distribute the MATLAB lcdata.xml file
from the matlabroot/bin/ folder, and the matlabroot/resources/MATLAB/
folder with your standalone program.

Third-Party Libraries

When building a MAT-file application on your system or deploying a MAT-file
application to some other system, make sure to install the appropriate
libraries in the matlabroot/bin/arch folder:

Library File Names by Operating System

Windows Linux Macintosh (Intel)
libmat.dll libmat.so libmat.dylib
libmx.dll libmx.so libmx.dylib

In addition to these libraries, you must have all third-party library files that
libmat requires. MATLAB uses these additional libraries to support Unicode
character encoding and data compression in MAT-files. These library files
must reside in the same folder as 1ibmx. Determine the libraries using the
platform-specific methods described in the following table.

Library Dependency Commands

Windows Linux Macintosh

Use “Dependency
Walker” on page 1-28

1dd -d libmat.so

otool -L
libmat.dylib
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Dependency Walker. On Windows systems, to find library dependencies,
use the third-party product Dependency Walker. Dependency Walker is a
free utility that scans any 32-bit or 64-bit Windows module and builds a
hierarchical tree diagram of all dependent modules. For each module found, it
lists all the functions that are exported by that module, and which of those
functions are called by other modules. Download the Dependency Walker
utility from the following Web site:

http://www.dependencywalker.com/

See the Technical Support solution 1-2RQL4L for information on using the
Dependency Walker.

Drag and drop the file matlabroot/bin/win32/1ibmat.d1ll or
matlabroot/bin/win64/1libmat.dll into Depends window.
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Calling C Shared Library
Functions from MATLAB

e “Calling Functions in Shared Libraries” on page 2-2

® “Passing Arguments to Shared Library Functions” on page 2-14
* “Working with Pointers” on page 2-25

* “Working with Structures” on page 2-40
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Calling Functions in Shared Libraries

In this section...

“What Is a Shared Library?” on page 2-2
“Selecting a C Compiler” on page 2-3
“Loading the Library” on page 2-3
“Unloading the Library” on page 2-4
“Viewing Library Functions” on page 2-4
“Invoking Library Functions” on page 2-7

“Limitations to Shared Library Support” on page 2-8

“Troubleshooting Shared Library Applications” on page 2-13

What Is a Shared Library?

A shared library is a collection of functions designed to be dynamically loaded
by an application at run time. This MATLAB interface supports libraries
containing functions programmed in any language, provided the functions
have a C interface. MATLAB supports dynamic linking on all supported
platforms.

Platform Shared Library File Extension
Microsoft Windows dynamic link library file .dl1

UNIX and Linux shared object file .SO

Apple Macintosh dynamic shared library .dylib

A shared library needs a header file, which provides signatures for the
functions in the library. A signature, or function prototype, establishes the
name of the function and the number and types of its parameters. You need
to know the full path of the shared library and its header file. You also need
to select a C compiler using the mex -setup command.

MATLAB accesses C routines built into external, shared libraries through a
command-line interface. This interface lets you load an external library into
MATLAB memory and access functions in the library. Although types differ
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between the two language environments, in most cases you can pass types to
the C functions without converting. MATLAB does this for you.

Details about using a shared library are in the topics:

e “Selecting a C Compiler” on page 2-3

® “Loading the Library” on page 2-3

* “Viewing Library Functions” on page 2-4

¢ “Invoking Library Functions” on page 2-7

To call a library function, you need to determine the data passed to and from
the function. For information about data, see:

® “Passing Arguments to Shared Library Functions” on page 2-14

e “Manually Converting Data Passed to Functions” on page 2-24

* “Working with Pointers” on page 2-25

* “Working with Structures” on page 2-40

When you are finished working with the shared library, it is important to

unload the library to free memory, as described in “Unloading the Library”
on page 2-4.

For more information, see “Limitations to Shared Library Support” on page
2-8.

Selecting a C Compiler

To select a C/C++ compiler, run the mex -setup command before using
loadlibrary, as described in “Selecting a Compiler on Windows Platforms”
on page 3-26 and “Selecting a Compiler on UNIX Platforms” on page 3-32.

Loading the Library

To give MATLAB software access to functions in a shared library, you must
first load the library into memory. After you load the library, you can request
information about library functions and call them directly from the MATLAB
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command line. When you no longer need the library, unload it from memory
to conserve memory usage.

To load a shared library into MATLAB, use the loadlibrary function. The
most common syntax for the loadlibrary function is:

loadlibrary('shrlib', 'hfile")

where shrlib is the shared library file name, and hfile is the name of the
header file containing the function prototypes. See the loadlibrary reference
page for variations in the syntax and information on library file extensions.

Note The header file provides signatures for the functions in the library and
1s a required argument for loadlibrary.

For example, you can use loadlibrary to load the 1ibmx library that defines
the MATLAB mx routines. The following command creates the full path for
the library header file, matrix.h:

hfile = [matlabroot '\extern\include\matrix.h'];

To load the library, type:

loadlibrary('libmx',hfile)

Unloading the Library

Use the unloadlibrary function to unload the library and free up memory.
For example:

unloadlibrary libmx
Viewing Library Functions

* “Viewing Functions in the Command Window” on page 2-5

¢ “Viewing Functions in a GUI” on page 2-6
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Viewing Functions in the Command Window

Use the libfunctions command to display information about a library’s
functions in the MATLAB Command Window. For example, to see what
functions are available in the 1ibmx library, type:

if not(libisloaded('libmx"'))
hfile = [matlabroot '\extern\include\matrix.h'];
loadlibrary('libmx',hfile);

end

libfunctions libmx

MATLAB displays (in part):

Functions in library libmx:

mxAddField mxGetScalar
mxArrayToString mxGetString_ 730
mxCalcSingleSubscript_ 730 mxGetUserBits
mxCalloc mxIsCell
mxCreateCellArray_ 730 mxIsChar
mxCreateCellMatrix_730 mxIsClass

To view function signatures, use the -full switch. This shows the MATLAB
syntax for calling functions written in C. The types used in the argument lists
and return values are MATLAB types, not C types. For more information on
types, see “C and MATLAB Equivalent Types” on page 2-14. For example,

at the command line enter:

list = libfunctions('libmx','-full')
MATLAB displays (in part):
list =

"[int32, MATLAB array, cstring] mxAddField (MATLAB array, cstring)'
‘[cstring, MATLAB array] mxArrayToString(MATLAB array)'

‘[uint64, MATLAB array, uint64Ptr] mxCalcSingleSubscript_730(MATLAB array,
"lib.pointer mxCalloc(uint64, uint64)'

2-5
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'[MATLAB array, uint64Ptr] mxCreateCellArray_730(uint64, uint64Ptr)'
'MATLAB array mxCreateCellMatrix_730(uint64, uint64)'

Viewing Functions in a GUI
Use the 1ibfunctionsview function to get information about functions in a
library. MATLAB creates a new window to display the following information:

Heading Description

Return Type Types the method returns
Name Function name

Arguments Valid types for input arguments

2-6
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To see the functions in the 1ibmx library, type:

if not(libisloaded('libmx"'))
hfile = [matlabroot '\extern\include\matrix.h'];
loadlibrary('libmx',hfile);

end

libfunctionsview libmx

MATLAB displays the following window:

=): Functions in library libmx w4
Return Type | MNarme | Arguments

[int32, MATLAR array, cstring] mAddField (MATLAB array, catting) IL

[cstring, MATLAR array] mxArrayToSting (MATLAB array)

[int32, MATLAR array, int3 2Pt mECalcSingleSubscript (MATLAB array, int32, inta2Pty —

lib.paintar mECallac (Lint32, uint32) %

MATLAE array mxClearScalarDoubleFlag (MATLAB array)

[MATLAB array, int32Ptr] mECraataCallarray (int32, int3 2Pt

MATLAB array mECraataCallatriy (int32, int32)

[MATLAB array, int32Ptr] mECraataChatAray (int32, int3 2Pt

[MATLAB array, stringPtrPtr] mECraateCharhatrixF romStrings (int32, stringPrFtr)

MATLAB array mECraateDoublematti: (int32, int32, rxComplexit)

MATLAE array mxCreateDoubleScalar {doukle)

[MATLAE array, int32Ptr] mECraatalogicalfrray (int32, int3 2P

MATLAE array mECraatalogicaliatri: {Uint32, uint32)

MATLAE array mxCreateLogicalScalar (hoaly Ll

The types used in the argument lists and return values are MATLAB types,
not C types. For more information on types, see “C and MATLAB Equivalent
Types” on page 2-14.

Invoking Library Functions

After loading a shared library into the MATLAB workspace, use the calllib
function to call functions in the library. The syntax for calllib is:

calllib('libname', 'funcname',argi,...,argN)

You need to specify the library name, function name, and any arguments that
get passed to the function.
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The following example calls functions from the 1ibmx library. To load the
library, type:

if not(libisloaded('libmx'))
hfile = [matlabroot '\extern\include\matrix.h'];
loadlibrary('libmx',hfile);

end

To create an array vy, type:
y = rand(4,7,2);
To get information about vy, type:

calllib('libmx', 'mxGetNumberOfElements',y)

MATLAB displays the number of elements in the array:

ans =
56

Type:
calllib('libmx', 'mxGetClassID',y)

MATLAB displays the class of the array:

ans =
mxDOUBLE_CLASS

For information on how to define the argument types, see “Passing Arguments
to Shared Library Functions” on page 2-14.

Limitations to Shared Library Support

The MATLAB shared library interface supports C library routines only. Most
professionally-written libraries designed to be used by multiple languages
and platforms work fine. Many homegrown libraries or libraries that have
only been tested from C++ have interfaces that are not usable and require
modification or an interface layer. In this case, we recommend using
MEX-files, as described in “C/C++ Source MEX-Files” on page 4-2.
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Refer to the following topics for limitations to shared library support:

“Using C++ Libraries” on page 2-9

¢ “Using Bit Fields” on page 2-10

¢ “Using Enum Declarations” on page 2-11

e “Unions Not Supported” on page 2-11

® “Compiler Dependencies” on page 2-12

¢ “Limitations Using Structures” on page 2-12
¢ “Limitations Using Pointers” on page 2-12

* “Functions with Variable Number of Input Arguments Not Supported”
on page 2-12

Using C++ Libraries

The shared library interface does not support C++ classes or overloaded
functions elements. However, you can apply one of the following methods to
load a C++ library using loadlibrary.

Declare Functions as extern € . For example, the following function
prototype from the file shrlibsample.h shows the syntax to use for each
function:

#ifdef __cplusplus
extern "C" {
#endif
void addMixedTypes(
short x,
int v,
double z
)s

/* other prototypes may be here */
#ifdef __cplusplus

I3
#endif



2 Calling C Shared Library Functions from MATLAB®

2-10

The following C++ code is not legal C code for the header file:

extern "C" void addMixedTypes(short x,int y,double z);

Add Module Definition File in Visual Studio. While building the DLL
from C++ code in Microsoft Visual Studio®, add a Module Definition File
(.DEF) in the project. At a minimum, the DEF file must contain the following
module-definition statements:

® The first statement in the file must be the LIBRARY statement.
® The EXPORTS statement lists the names and, optionally, the ordinal
values of the functions exported by the DLL.

For example, if a DLL exports functions multDoubleArray and
addMixedTypes, module.def contains:

LIBRARY

EXPORTS
multDoubleArray
addMixedTypes

Using Bit Fields
You can modify a bit field declaration by using type int or an equivalent. For
example, if your library has the following declared in its header file:

int myfunction();

struct mystructure

{
/* note the sum of fields bits */
unsigned fieldl :4;
unsigned field2 :4;

};

you can replace it with:

int myfunction();

struct mystructure
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/* field 8 bits wide to be manipulated in MATLAB */
char allfields; /* A char is 8 bits on all supported platforms */

b

It is then possible to access the data in the two fields using bit masking in
MATLAB.

Using Enum Declarations

char definitions for enum are not supported. In C a char constant "A'

for instance is automatically converted to its numeric equivalent (65) but
MATLAB does not do this so the header file must be modified first replacing
“A' with the number 65 (int8( A') == 65). For example, replace:

enum Enum1 {ValA='A',ValB='B'};
with:

enum Enumi {ValA=65,ValB=66};

Unions Not Supported

Unions are not supported. It may be possible to modify the source code taking
out the union declaration and replacing it with the largest alternative, then
writing MATLAB code to interpret the results as needed. For example,
replace the following union:

struct mystruct

{
union
{
struct {char bytel,byte2;};
short word;
}s
b
with:

struct mystruct

{

short word;

2-11
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b

where on a little-endian based machine, byte1 is mod (f,256), byte2 is /256,
and word=byte2*256+byte1.

Compiler Dependencies

Header files must be compatible with the supported compilers on a platform.
For an up-to-date list of supported compilers, see the Supported and
Compatible Compilers Web page. You cannot load external libraries with
explicit dependencies on other compilers.

Limitations Using Structures

Nested structures or structures containing a pointer to a structure are not
supported. However, MATLAB can access an array of structures created
in an external library.

Limitations Using Pointers

Function Pointers. The shared library interface does not support library
functions that work with function pointers.

Multilevel Pointers. Limited support for multilevel pointers and structures
containing pointers. Using inputs and outputs and structure members
declared with more then two levels of indirection is unsupported. For
example, double ***outp translated to doublePtrPtrPtr is not supported.

Functions with Variable Number of Input Arguments Not
Supported

The shared library interface does not support library functions with variable
number of arguments, which are represented by an ellipsis (. . .).

You can create multiple alias functions in a prototype file, one for each set of
arguments used to call the function. For more information, see the discussion
of prototype files in the loadlibrary reference page.


http://www.mathworks.com/support/compilers/current_release/
http://www.mathworks.com/support/compilers/current_release/
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Troubleshooting Shared Library Applications

MATLAB Crashes Making a Function Call to a Shared Library

Some shared libraries, compiled as Microsoft Windows 32-bit libraries, use
a calling convention that is incompatible with the default MATLAB calling
convention. The default calling convention for MATLAB and for Microsoft C
and C++ compilers is cdecl. For more informations, see the MSDN® Calling
Conventions article.

If your library uses a different calling convention, you must

create a loadlibrary prototype file and modify it with the correct
settings, as described in the Technical Support solution 1-671ZZL at
http://www.mathworks.com/support/solutions/data/1-671ZZL.html.
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Passing Arguments to Shared Library Functions

In this section...

“C and MATLAB Equivalent Types” on page 2-14

“Passing Arguments” on page 2-16

“Examples of Passing Data to Shared Libraries” on page 2-17
“Passing Pointers” on page 2-23

“Passing a NULL Pointer” on page 2-24

“Manually Converting Data Passed to Functions” on page 2-24

C and MATLAB Equivalent Types

The shared library interface supports all standard scalar C types. The
following table shows these C types with their equivalent MATLAB types.
MATLAB uses the type from the right column for arguments having the C
type shown in the left column. For examples using these arguments, see
“Passing Primitive Types” on page 2-18 and “Passing Strings” on page 2-20.

Note All scalar values returned by MATLAB are of type double.

MATLAB Primitive Types

C Type Equivalent MATLAB Type
char, byte int8

unsigned char, byte uint8

short int16

unsigned short uint16

int int32

long (32-bit) int32

long (64-bit) int64

unsigned int, unsigned long uint32
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MATLAB Primitive Types (Continued)

C Type Equivalent MATLAB Type
float single

double double

char * cstring (1xn char array)
*char( ] cell array of strings

The following table shows extended MATLAB types in the right column.
These are instances of the MATLAB 1ib.pointer class rather than standard
MATLAB types. For information on the 1ib.pointer class, see “Working
with Pointers” on page 2-25. For an example using pointer arguments, see
“Passing a Pointer” on page 2-19.

MATLAB Extended Types

C Type Equivalent MATLAB Type
integer pointer types (int *) (u)int(size)Ptr
Null-terminated string passed by cstring

value

Null-terminated string passed by stringPtr

reference (from a libpointer only)

Array of pointers to strings (or one stringPtrPtr

**char)

Matrix of signed bytes int8Ptr

float * singlePtr

double * doublePtr

mxArray * MATLAB array

void * voidPtr

void ** voidPtrPtr

type ** Same as typePtr with an added Ptr

(for example, double **
1s doublePtrPtr)
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Passing Arguments

Here are some important things to note about the input and output arguments
shown in the Functions in library shrlibsample listing:

Many arguments (like int32 and double) are similar to their C
counterparts. In these cases, you need only to pass in the MATLAB types
shown for these arguments.

Some C arguments (for example, **double, or predefined structures), are
different from standard MATLAB types. In these cases, you can either
pass a standard MATLAB type and let MATLAB convert it for you, or
you convert the data yourself using the MATLAB functions libstruct
and libpointer. For more information, see “Manually Converting Data
Passed to Functions” on page 2-24.

C input arguments are often passed by reference. Although MATLAB does
not support passing by reference, you can create MATLAB arguments
that are compatible with C pointers. In the Functions in library
shrlibsample listing, these are the arguments with names ending in Ptr
and PtrPtr. For information on using these types, see “Working with
Pointers” on page 2-25.

C functions often return data in input arguments passed by reference.
MATLAB creates additional output arguments to return these values. Note
that in the listing in the previous section, all input arguments ending in
Ptr or PtrPtr are also listed as outputs.

Guidelines for Passing Arguments

Nonscalar arguments must be declared as passed by reference in the
library functions.

If the library function uses single subscript indexing to reference a
two-dimensional matrix, keep in mind that C programs process matrices
row by row while MATLAB processes matrices by column. To get C
behavior from the function, transpose the input matrix before calling the
function, and then transpose the function output.

When passing an array having more than two dimensions, the shape of the
array might be altered by MATLAB. To ensure that the array retains its
shape, store the size of the array before making the call, and then use
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this same size to reshape the output array to the correct dimensions. For
example:

VS
VS

size(vin) % Store the original dimensions

2 5 2

vout = calllib('shrlibsample', ‘multDoubleArray',vin,20);

size(vout) % Dimensions have been altered
ans =

2 10
vout = reshape(vout,vs); % Restore the array to 2-by-5-by-2

size(vout)
ans =
2 5 2

Use an empty array, [], to pass a NULL parameter to a library function
that supports optional input arguments. This is valid only when the
argument is declared as a Ptr or PtrPtr as shown by libfunctions or
libfunctionsview.

Examples of Passing Data to Shared Libraries

“Sample Shared Library shrlibsample” on page 2-17

“Passing Primitive Types” on page 2-18

“Passing a Pointer” on page 2-19

“Passing Strings” on page 2-20

“Passing Enumerated Types” on page 2-21

“Passing Two Dimensional MATLAB Arrays to C Functions” on page 2-22

Sample Shared Library shrlibsample

MATLAB software includes a sample external library called shrlibsample.
The library is in the folder matlabroot\extern\examples\shrlib.
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To use the shrlibsample library, you first need to either add this folder to
your MATLAB path with the command.:

addpath(fullfile(matlabroot, 'extern', 'examples', 'shrlib'))

or make the folder your current working folder with the command:

cd(fullfile(matlabroot, 'extern', 'examples', 'shrlib'))

The following example loads the shrlibsample library and displays the
MATLAB syntax for calling functions in the library:

loadlibrary shrlibsample shrlibsample.h
libfunctions shrlibsample -full

MATLAB displays:

Functions in library shrlibsample:

[double, doublePtr] addDoubleRef(double, doublePtr, double)
double addMixedTypes(int16, int32, double)
[double, c_structPtr] addStructByRef(c_structPtr)
double addStructFields(c_struct)

c_structPtrPtr allocateStruct(c_structPtrPtr)
voidPtr deallocateStruct(voidPtr)

lib.pointer exportedDoubleValue

lib.pointer getListOfStrings

doublePtr multDoubleArray(doublePtr, int32)
[1lib.pointer, doublePtr] multDoubleRef (doublePtr)
int16Ptr multiplyShort(inti16Ptr, int32)

doublePtr print2darray(doublePtr, int32)
printExportedDoubleValue

cstring readEnum(Enum1i)

[cstring, cstring] stringToUpper(cstring)

Passing Primitive Types

For primitive types, MATLAB automatically converts any argument to the
type expected by the external function. For example, you can pass a double to
a function that expects to receive a byte (8-bit integer) and MATLAB does
the conversion for you.
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The following C function takes arguments that are of types short, int, and
double:

EXPORTED_FUNCTION double addMixedTypes(short x, int y, double z)
{

return (x +y + z);

}

You can pass all of the arguments as type double from MATLAB. MATLAB
determines what type of data is expected for each argument and performs the
appropriate conversions. For example, type:

calllib('shrlibsample’', 'addMixedTypes',127,33000,p1i)

MATLAB displays:

ans =
3.3130e+004

Passing a Pointer

MATLAB automatically converts an argument passed by value into an
argument passed by reference when the external function prototype defines
the argument as a pointer. For example, a MATLAB double argument
passed to a function that expects double * is converted to a double pointer
by MATLAB.

addDoubleRef is a C function that takes an argument of type double *:

EXPORTED_FUNCTION double addDoubleRef (double x, double *y, double z)
{

return (x + *y + z);

}

Call the function with three arguments of type double, and MATLAB handles
the conversion:

calllib('shrlibsample', 'addDoubleRef',1.78,5.42,13.3)

MATLAB displays:

ans =
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Passing Strings
For arguments that require char *, you can pass a MATLAB string (a
character array).

For example, the following C function takes a char * input argument:

EXPORTED_FUNCTION char* stringToUpper(char *input)

{
char *p = input;
if (p != NULL)
while (*p!=0)
*ptt+ = toupper(*p);
return input;
}

libfunctions shows that you can use a MATLAB cstring for this input.
Type:

libfunctions shrlibsample -full
Look for the following stringToUpper signature:

[cstring, cstring] stringToUpper(cstring)

Create a MATLAB character array, str, and pass it as the input argument:

str = 'This was a Mixed Case string';
calllib('shrlibsample', 'stringToUpper',str)

MATLAB displays:

ans =
THIS WAS A MIXED CASE STRING

Although the input argument that MATLAB passes to stringToUpper
resembles a pointer to type char, it is not a true pointer data type because it
does not contain the address of the MATLAB character array, str. When the
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function executes, it returns the correct result, but does not modify the value
in str. If you examine str, you find it is unchanged. Type:

str

MATLAB displays:

str =
This was a Mixed Case

string

Passing Enumerated Types

For arguments defined as C enumerated types, you can pass either the
enumeration string or its integer equivalent.

The readEnum function from the shrlibsample library returns the
enumeration string that matches the argument passed in. Here is the Enum1
definition and the readEnum function in C:

typedef enum Enumi {ent

EXPORTED_FUNCTION char*
{
switch (val) {
case 1 :return "You
case 2: return "You
case 4: return "You

=1, en2, end4 = 4} TEnumi;
readEnum(TEnum1 val)
chose ent1";

chose en2";
chose en4";

default : return "enum not defined";

In MATLAB, you can express an enumerated type as either the enumeration
string or its equivalent numeric value. In the previous example, the TEnum1
definition declares enumeration en4 equal to 4. Call readEnum first with

a string:
calllib('shrlibsample’,
MATLAB displays:

ans =

‘readEnum', 'en4"')
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You chose en4

Now call it with the equivalent numeric argument 4:

calllib('shrlibsample', 'readEnum',4)

MATLAB displays:

ans =
You chose en4

Passing Two Dimensional MATLAB Arrays to C Functions
All MATLAB data 1s stored columnwise, and MATLAB uses one-based
indexing for subscripts. MATLAB uses these conventions because it was
originally written in Fortran. To demonstrate how this may affect your
MATLAB data when using C functions, create the following matrix:

m=1:12;
m=reshape(m,4,3)
dims = size(m)

Matrix m is a 4-by-3 array containing:

m =
1 5 9
2 6 10
3 7 11
4 8 12
dims =
3

You might need to transpose MATLAB arrays before passing them to a
C function since C assumes a row by column format. The print2darray
function in the shrlibsample library shows this. Here is the C function:

EXPORTED_FUNCTION void print2darray(double my2d[][3],int len)
{

int indxi,indxj;

for(indxi=0;indxi<len;++indxi)

{
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for(indxj=0;indxj<3;++indxj)
{

mexPrintf ("%10g9" ,my2d[indxi][indxj]);
}

mexPrintf("\n");

The first argument is a two dimensional array. The len argument is the
number of rows. The function displays each element of the matrix. Using
matrix m:

calllib('shrlibsample', 'print2darray',m,4)

MATLAB displays:

o~N A
-0 N
N © oW

You must transpose m to get the desired result:

calllib('shrlibsample’, 'print2darray',m',4)
Now MATLAB displays:
10

11
12

AN =
®~N O O

Passing Pointers

Many functions in external libraries use arguments that are passed by
reference. To enable you to interact with these functions, MATLAB passes
what is called a pointer object to these arguments. This should not be confused
with “passing by reference” in the typical sense of the term. See “Working
with Pointers” on page 2-25 for more information.
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Passing a NULL Pointer

You can create a NULL pointer to pass to library functions in the following
ways:

® Pass an empty matrix [ ] as the argument.

e Use the libpointer function:

p = libpointer; % no arguments
p = libpointer('string') % string argument
p = libpointer('stringPtr') % pointer to a string argument

e Use the libstruct function:

p = libstruct('structtype'); % structure type

Manually Converting Data Passed to Functions

Under most conditions, MATLAB software automatically converts data
passed to and from external library functions to the type expected by the
external function. However, you may choose to convert your argument data
manually. Circumstances under which you might find this advantageous are:

® When you pass the same piece of data to a series of library functions, you
can convert it once manually before the call to the first function rather than
having MATLAB convert it automatically on every call. This reduces the
number of unnecessary copy and conversion operations.

® When you pass large structures, you can save memory by creating
MATLAB structures that match the shape of the C structures used in
the external function instead of using generic MATLAB structures. The
libstruct function creates a MATLAB structure modeled from a C
structure taken from the library. See “Working with Structures” on page
2-40 for more information.

® When an argument to an external function uses more than one level of
referencing (e.g., double **), you must pass a pointer created using the
libpointer function rather than relying on MATLAB to convert the type
automatically.
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Working with Pointers

In this section...

“The libpointer Object” on page 2-25

“Constructing a libpointer Object” on page 2-26

“Reading a libpointer Object” on page 2-26

“Creating a Pointer to a Primitive Type” on page 2-27

“Creating a Pointer to a Structure” on page 2-30

“Passing a Pointer to the First Element of an Array” on page 2-32
“Putting a String into a Void Pointer” on page 2-33

“Passing an Array of Strings” on page 2-34

“Memory Allocation for an External Library” on page 2-36

“Multilevel Pointers” on page 2-37

The libpointer Object

In most cases, you can pass arguments to an external function by value, even
when the prototype for that function declares the argument to be a pointer.
The calllib function uses the header file to determine how to pass the
function arguments.

There are times, however, when it is useful to pass MATLAB arguments by
reference, similar to using a C pointer:
® You want to modify the data in the input arguments.

® You are passing large amounts of data, and you don’t want to make copies
of the data.

¢ The library stores and uses the pointer for a period of time so you want the
MATLAB function to control the lifetime of the 1ibpointer object.

In these cases, you use the libpointer function to construct a libpointer object
of a specified type. A libpointer is an instance of a MATLAB 1lib.pointer
class. The properties of this class are Value and DataType. The methods are:
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Methods for class lib.pointer:
disp plus setdatatype
isNull reshape

For information about using the setdatatype method, see “Reading a
libpointer Object” on page 2-26 and the example in “Reading Function Return
Values” on page 2-28. For an example using the plus operator, see “Creating
a Pointer by Offsetting from an Existing libpointer” on page 2-29. For an
example using the reshape method, see “Guidelines for Passing Arguments”
on page 2-16.

When working with structures, use the libstruct function, as described in
“Working with Structures” on page 2-40.

Constructing a libpointer Object
To construct a pointer, use the function 1ibpointer with this syntax:

p = libpointer('type',value)

For example, you want to create a pointer, pv, to a value of type int16. In
this case, the type of the pointer is the data type (int16) suffixed by the
letters Ptr:

pv = libpointer('int16Ptr',485);

To read the properties of the variable pv, type:
get(pv)

MATLAB displays:

Value: 485
DataType: 'inti16Ptr'

Reading a libpointer Object

When a library function returns a libpointer object, you must initialize its
type and size using the setdatatype method. The function signature for
setdatatype is:

setdatatype(handle,string,double)
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where handle is the object’s handle, string is the type, and double is the
size. For an example, see “Reading Function Return Values” on page 2-28.

Creating a Pointer to a Primitive Type

The following example illustrates how to construct and pass a pointer, and
how to interpret the output. It uses the multDoubleRef function in the
shrlibsample library, which multiplies the input by 5. The input is a pointer
to a double, and it returns a pointer to a double. The C code for the function

1S

EXPORTED_FUNCTION double *multDoubleRef(double *Xx)

{
*y K= 5;
return x;

Construct a libpointer object, xp, to point to the input data, x.

X = 15;
Xxp = libpointer('doublePtr',x);

Verify the contents of xp:
get(xp)
MATLAB displays:

Value: 15
DataType: 'doublePtr'

Now call the function and check the results:

calllib('shrlibsample', 'multDoubleRef',xp)

xp.Value

MATLAB displays:

ans =

3
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75

The object xp is a handle object. All copies of this handle refer to the same
underlying object and any operations you perform on a handle object affect all
copies of that object. However, object xp is not a C language pointer. Although
it points to X, it does not contain the address of x. The function modifies the
Value property of xp but does not modify the value in the underlying objectx.
The original value of x is unchanged. Type:

X

MATLAB displays:
X =

15

Reading Function Return Values

In the previous example, the result of the function called from MATLAB could
be obtained by examining the modified input pointer. But this function also
returns data in its output arguments that may be useful.

To see the MATLAB prototype for multDoubleRef, type:
libfunctions shrlibsample -full
Look for the entry:

[lib.pointer, doublePtr] multDoubleRef(doublePtr)

The function returns two outputs — a libpointer object and the Value
property of the input argument:
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Run the example again:

X = 15;
Xp = libpointer('doublePtr',x);

Check the output values:
[xobj,xval] = calllib('shrlibsample'
MATLAB displays:
xobj =
lib.pointer

xval =
75

Like the input argument xp, xobj is also a libpointer object. You can

examine this output, but first you need to initialize its type and size because
the function does not define these properties. Use the setdatatype function
defined by class 1ib.pointer to set the data type to doublePtr and the size

, 'multDoubleRef',xp)

to 1-by-1. Once initialized, you can examine outputs by typing:

setdatatype(xobj, 'doublePtr',1,1)
get(xobj)

MATLAB displays:
ans =

Value: 75
DataType: 'doublePtr'

The second output of multDoubleRef, xval, is a copy of the Value property

of input xp.

Creating a Pointer by Offsetting from an Existing libpointer

You can use the plus operator (+) to create a new pointer that is offset from
an existing pointer by a scalar numeric value. For example, suppose you

create a libpointer to the vector x:
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X = 1:10;
xp = libpointer('doublePtr',x);
xp.Value

MATLAB displays:

ans =
1 2 3 4 5 6 7 8 9 10

Use the plus operator to create a new libpointer that is offset from xp:

Xp2 = xp+4;
xp2.Value

MATLAB displays:

ans =
5 6 7 8 9 10

Note The new pointer (xp2 in this example) is valid only as long as the
original pointer, xp, exists.

Creating a Pointer to a Structure

If a function has an input argument that is a pointer to a structure, you can
either pass the structure itself, or pass a pointer to the structure. Creating a
pointer to a structure is similar to creating a pointer to a primitive type.

The addStructByRef function in the shrlibsample library takes a pointer to
a structure of type c_struct. The output argument is the sum of all fields
in the structure. The function also modifies the fields of the input structure.
Here is the C function:

EXPORTED_FUNCTION double addStructByRef(struct c_struct *st) {
double t = st->p1 + st->p2 + st->p3;
st->p1 = 5.5;
st->p2 = 1234;
st->p3 = 12345678;
return t;
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Passing the Structure Itself

Although the input to the addStructByRef function is a pointer to a structure,
you can pass the structure itself and let MATLAB make the conversion to a
pointer.

In the following example, create the structure sm and call addStructByRef:

sm.p1 = 476; sm.p2 = -299; sm.p3 = 1000;
x = calllib('shrlibsample', 'addStructByRef',sm)

MATLAB displays:

X:
1177

However, MATLAB does not modify the contents of sm, since it is not a
pointer. Type:

sm

MATLAB displays:

sm =
p1: 476
p2: -299
p3: 1000

Passing a Structure Pointer

The following example passes a pointer to the structure. First, create the
libpointer object:

sp = libpointer('c_struct',sm);
sp.Value

The 1ibpointer, sp, has the same values as the structure sm:

ans =
pi1: 476
p2: -299
p3: 1000
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Pass the libpointer to the function:

calllib('shrlibsample', 'addStructByRef',sp)

MATLAB displays:

ans =
1177

In this case, the function modifies the structure fields. Type:

sp.Value

MATLAB displays the updated values:

ans =
p1: 5.5000
p2: 1234
p3: 12345678

Passing a Pointer to the First Element of an Array

In cases where a function defines an input argument that is a pointer to the
first element of a data array, MATLAB automatically passes an argument
that is a pointer of the correct type to the first element of data in the MATLAB
vector or matrix.

The following pseudo-code shows how to do this. Suppose you have a
function mySum in a library myLib. The signature of the C function is:

int mySum(int size,short* data);

The C variable data is an array of type short. The equivalent MATLAB type is
int16. You can pass any of the following MATLAB variables to this function:

Data = 1:100;
shortData = int16(Data); %equivalent to C short type
1p = libpointer('int16Ptr',Data); %libpointer object
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The following pseudo-code statements are equivalent:

summed_data = calllib('myLib', 'mySum',100,Data);
summed_data calllib('myLib"', 'mySum',100,shortData);
summed_data calllib('myLib', "'mySum',100,1p);

The length of the data vector must be equal to the specified size. For example:

% sum last 50 elements
summed_data = calllib('myLib', 'mySum',50,Data(51:100));

Putting a String into a Void Pointer

C represents characters as eight-bit integers. To use a MATLAB string as an
input argument, you must convert the string to the proper type and create a
voidPtr. To do this, use the 1libpointer function as follows:

str = 'string variable';
vp = libpointer('voidPtr',[int8(str) 0]);

The syntax [int8(str) 0] creates the null-terminated string required by the
C function. To read the string, and verify the pointer type, enter:

char(vp.Value)
vp.DataType

MATLAB displays:

ans =
string variable
ans =

voidPtr

You can call a function that takes a voidPtr to a string as an input argument
using the following syntax because MATLAB automatically converts an
argument passed by value into an argument passed by reference when the
external function prototype defines the argument as a pointer:

func_name ([int8(str) 01])

Note that while MATLAB converts the argument from a value to a pointer, it
must be of the correct type.
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Passing an Array of Strings

The getList0fStrings function from the shrlibsample library returns a
char ** which you can think of as a pointer to an array of strings. The
function signature is:

lib.pointer getListOfStrings

Here is the getList0fStrings function in C:

EXPORTED_FUNCTION const char ** getListOfStrings(void)

{
static const char *strings[5];
strings[0]="String 1";
strings[1]="String Two";
strings[2]=""; /* empty string */
strings[3]="Last string";
strings[4]=NULL;
return strings;

}

To read this array, type:

ptr = calllib('shrlibsample', 'getListOfStrings');

MATLAB creates a libpointer object ptr of type stringPtrPtr. This object
points to the first string. To display the string, use the Value property:

ptr.value

To view the other strings, you need to increment the pointer. For example,
type:

for index 0:3
tempPtr = ptr+index;
tempPtr.Value

end

MATLAB displays:

ans =
'String 1'

2-34



Working with Pointers

ans =

'String Two'
ans =

{3
ans =

Last string'

Example — Creating a Cell Array from a libpointer

The getList0fStrings function returns a 1ib.pointer which you can use to
create a MATLAB cell array of strings.

To call the function, type:

if not(libisloaded('shrlibsample'))
addpath(fullfile(matlabroot, 'extern', 'examples', 'shrlib'));
loadlibrary shrlibsample shrlibsample.h;

end

ptr = calllib('shrlibsample', 'getListOfStrings');

Create indexing variables to iterate through the arrays. Use ptrindex for the
strings returned by the function and index for the MATLAB array:

ptrindex = ptr;
index=1;

Create the cell array of strings, m1StringArray:

while ischar(ptrindex.value{1}) %stop at end of list (NULL)
mlStringArray{index} = ptrindex.value{1};
ptrindex = ptrindex+1; %increment pointer
index = index+1; %increment array index

end

To view the contents of the cell array, type:
mlStringArray
MATLAB displays:

mlStringArray =
'String 1' 'String Two' b ‘Last string'
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Memory Allocation for an External Library

In general, MATLAB passes a valid memory address each time you pass a
variable to a library function. You should use a 1libpointer object in cases
where the library stores the pointer and accesses the buffer over a period of
time. In these cases, you need to ensure that MATLAB has control over the
lifetime of the buffer and to prevent copies of the data from being made. The
following pseudo-code is an example of asynchronous data acquisition that
shows how to use a libpointer in this situation.

Suppose an external library myLib has the following functions:

AcquireData(int points,short *buffer)
IsAquisitionDone(void)

where buffer is declared as follows:

short buffer[99]

First, create a libpointer to an array of 99 points:

BufferSize = 99;
pBuffer = libpointer('int16Ptr',zeros(BufferSize,1));

Then, begin acquiring data and wait in a loop until it is done:
calllib('myLib"', "AcquireData,BufferSize,pbuffer);
while (~calllib('myLib','IsAcquisitionDone')

pause(0.1)
end

The following statement reads the data in the buffer:

result = pBuffer.Value;

When the library is done with the buffer, clear the MATLAB variable:

clear pBuffer
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Multilevel Pointers

Multilevel pointers are arguments that have more than one level of
referencing. A multilevel pointer type in MATLAB uses the suffix PtrPtr.
For example, use doublePtrPtr for the C argument double **.

When calling a function that takes a multilevel pointer argument, use a
libpointer object and let MATLAB convert it to the multilevel pointer. For
example, the allocateStruct function in the shrlibsample library takes a
c_structPtrPtr argument. The signature for this function is:

c_structPtrPtr allocateStruct(c_structPtrPtr)

Here is the C function:

EXPORTED_FUNCTION void allocateStruct(struct c_struct **val)
{

*val=(struct c_struct*) malloc(sizeof(struct c_struct));

(*val)->p1 = 12.4;
(*val)->p2 = 222;
(*val)->p3 = 333333;

Create a libpointer object of type c_structPtr and pass it to the function:
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sp = libpointer('c_structPtr');
calllib('shrlibsample', 'allocateStruct',sp)
get(sp)

MATLAB displays:

ans =
Value: [1x1 struct]
DataType: 'c_structPtr'
Type:
sp.Value

MATLAB displays:

ans =
p1: 12.4000
p2: 222
p3: 333333

When you use allocateStruct, you must free memory using the command:

calllib('shrlibsample', 'deallocateStruct',sp)

Returning an Array of Strings

Suppose you have a library, myLib, with a function, acquireString, that
reads an array of strings. The function signature is:

char** acquireString(void)

The following pseudo-code shows how to manipulate the return value, an
array of pointers to strings.

ptr = calllib(myLib, 'acquireString');
MATLAB creates a libpointer object ptr of type stringPtrPtr. This object
points to the first string. To view other strings, you need to increment the

pointer. For example, to display the first 3 strings, type:

for index = 0:2
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tempPtr = ptr+index;
tempPtr.vValue
end

MATLAB displays:

ans =
'str1’

ans =
'str2'

ans =
'str3'
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Working with Structures

In this section...

“Structure Argument Requirements” on page 2-40
“Working with Structures Examples” on page 2-40
“Finding Structure Field Names” on page 2-41

“Example of Passing a MATLAB Structure” on page 2-42
“Passing a libstruct Object” on page 2-42

“Using the Structure as an Object” on page 2-45

Structure Argument Requirements
When you pass a MATLAB structure to an external library function:

e Every MATLAB field name must match a field name in the library
structure definition. Field names are case sensitive.

e MATLAB structures cannot contain fields that are not in the library
structure definition.

e [f a MATLAB structure contains fewer fields than defined in the library
structure, MATLAB sets undefined fields to zero.

You do not need to match the data types of numeric fields. The calllib
function converts to the correct numeric type.

Working with Structures Examples
Examples in this topic are:

“Example of Finding Structure Field Names” on page 2-41

“Example of Passing a MATLAB Structure” on page 2-42

“Example of Passing a libstruct Object” on page 2-44

“Using the Structure as an Object” on page 2-45
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Finding Structure Field Names

To determine the name and data type of structure fields, you can:

® Consult the library documentation.
¢ Look at the structure definition in the library header file.

e Use the libstruct function, as described in the following example.

Example of Finding Structure Field Names

You can determine the field names of an externally defined structure using
the 1ibstruct function. For example, look at the addStructFields function
in the shrlibsample library. It has the signature:

double addStructFields (c_struct)

Create a libstruct object:

s = libstruct('c_struct');

To get the names of the fields, type:
get(s)

MATLAB displays the field names and their values:

pi: O
p2: 0
p3: 0

To set the field values, type:

s.pl1 = 476; s.p2 = -299; s.p3 = 1000;
calllib('shrlibsample', 'addStructFields',s);
get(s)

MATLAB displays:

pi1: 476
p2: -299
p3: 1000
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Example of Passing a MATLAB Structure

The following example passes a MATLAB structure to the addStructFields
function in the shrlibsample library. The library defines the following:

struct c_struct {
double pi;
short p2;
long p3;

b

double addStructFields(struct c_struct st) {
double t = st.p1 + st.p2 + st.p3;
return t;

}

To load the library, type:

if not(libisloaded('shrlibsample'))
addpath(fullfile(matlabroot, 'extern', 'examples', 'shrlib'));
loadlibrary shrlibsample shrlibsample.h;

end

Create a structure, sm, with three fields of type double:
sm.p1 = 476; sm.p2 = -299; sm.p3 = 1000;

The calllib function converts the fields to the double, short, and long data
types defined in ¢_struct:

calllib('shrlibsample', 'addStructFields',sm)

MATLAB displays:

ans =
1177

Passing a libstruct Object

When working with small structures, you can let MATLAB convert the
structure being passed to the library definition for that structure type, as
described in “Structure Argument Requirements” on page 2-40. However,
when working with repeated calls that pass one or more large structures, it
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may be to your advantage to convert the structure manually before making
any calls to external functions. In this way, you save processing time by
converting the structure data only once at the start rather than at each
function call. You can also save memory if the fields of the converted structure
take up less space than the original MATLAB structure. You do this by
creating a libstruct object, as described in the following topics:

* “Preconverting a MATLAB Structure with libstruct” on page 2-43
e “Creating an Empty libstruct Object” on page 2-44
® “libstruct Requirements for Structures” on page 2-44

e “Example of Passing a libstruct Object” on page 2-44

Preconverting a MATLAB Structure with libstruct

Use the libstruct function to convert a MATLAB structure to a C-style
structure. The syntax for libstruct is:

s = libstruct('structtype',mlstruct)

The variable s is a libstruct object. Although it is an object, it behaves like
a MATLAB structure. The fields of the object are derived from the external
structure type specified by structtype.

For example, to convert a MATLAB structure, sm, to a libstruct object,
sc, type:

sm.p1 = 476; sm.p2 = -299; sm.p3 = 1000;
sc = libstruct('c_struct',sm);

All of fields in the original structure sm are of type double. The object sc
has fields that match the c_struct structure type. These fields are double,
short, and long. Type:

get(sc)

MATLAB displays:

pi1: 476
p2: -299
p3: 1000
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Note You can only use the 1ibstruct function on scalar structures.

Creating an Empty libstruct Object

To create an empty libstruct object, call 1ibstruct with only the
structtype argument. For example:

sci = libstruct('c_struct')
get(sci)

MATLAB displays the initialized values:

pi: O
p2: 0
p3: 0

libstruct Requirements for Structures

When converting a MATLAB structure to a 1libstruct object, the
structure must adhere to the requirements listed in “Structure Argument
Requirements” on page 2-40.

Example of Passing a libstruct Object

Compare the following example with the “Example of Passing a MATLAB
Structure” on page 2-42. Convert structure sm to type c_struct:

sm.p1 = 476; sm.p2 = -299; sm.p3 = 1000;

sc = libstruct('c_struct',sm);
get(sc)

MATLAB displays:

pil: 476
p2: -299
p3: 1000
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Now call the function with the 1ibstruct object sc:
calllib('shrlibsample', 'addStructFields',sc)
MATLAB displays:

ans =
1177

Note When passing manually converted structures, the structure passed
must be of the same type as that used by the external function. For example,
you cannot pass a structure of type records to a function that expects type
c_struct.

Using the Structure as an Object

® “Determining the Size of a libstruct Object” on page 2-46
® “Accessing Fields of a libstruct Object” on page 2-46

A libstruct object is not a MATLAB structure. It is an instance of a class
called 1ib.c_struct. Type:

whos

MATLAB displays (in part):

Name Size Bytes Class
SC 1x1 lib.c_struct
sm 1x1 396 struct array
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Determining the Size of a libstruct Object

You can use the 1lib.c_struct class method structsize to obtain the size
of a 1ibstruct object:

sc.structsize

MATLAB displays:

ans =
16

Accessing Fields of a libstruct Object

The fields of this structure are properties of the 1ib.c_struct class. You
can read and modify any of these fields using the MATLAB object-oriented
functions, set and get:

sc = libstruct('c_struct');
set(sc, 'p1',100, 'p2',150, 'p3',200);
get(sc)

MATLAB displays:

pi: 100
p2: 150
p3: 200

You can read and modify the fields by treating them like MATLAB structure
fields:

sc.pl = 23;
sc.pl

MATLAB displays:

ans =
23
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Programs to be Callable
from MATLAB (MEX-Files)

¢ “Introducing MEX-Files” on page 3-2

e “MEX-Files Call C/C++ and Fortran Programs” on page 3-5

e “MATLAB Data” on page 3-18

¢ “Building MEX-Files” on page 3-26

e “Table of MEX Examples” on page 3-37

e “Troubleshooting MEX-Files” on page 3-42

¢ “Custom Building MEX-Files” on page 3-56

e “Calling LAPACK and BLAS Functions from MEX-Files” on page 3-72

¢ “Running MEX-Files with .DLL File Extensions on Windows 32-bit
Platforms” on page 3-83

e “Upgrading MEX-Files to Use 64-Bit API” on page 3-84
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Introducing MEX-Files

In this section...

“What Are MEX-Files?” on page 3-2
“Definition of MEX” on page 3-3

“MEX and MX Matrix Libraries” on page 3-3

“Introduction to Source MEX-Files” on page 3-3
“Overview of Creating a Binary MEX-File” on page 3-4

“Configuring Your Environment” on page 3-4

What Are MEX-Files?

You can call your own C, C++, or Fortran subroutines from the MATLAB
command line as if they were built-in functions. These programs, called

binary MEX-files, are dynamically-linked subroutines that the MATLAB
interpreter loads and executes. MEX stands for “MATLAB executable.”

Note MATLAB supports MEX-files created in C++, with some limitations.
For more information, see “Creating C++ MEX-Files” on page 4-9.

MEX-files have several applications:

¢ (Calling large pre-existing C/C++ and Fortran programs from MATLAB
without rewriting them as MATLAB functions

® Replacing performance-critical routines with C/C++ implementations

MATLAB also provides an interface to shared libraries, described in “Calling
Functions in Shared Libraries” on page 2-2. You can use the loadlibrary
and calllib commands to call functions in such libraries. Do not use
loadlibrary to call a MEX-file.

MEX-files are not appropriate for all applications. MATLAB is
a high-productivity environment whose specialty is eliminating
time-consuming, low-level programming in compiled languages like C, C++, or
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Fortran. In general, do your programming in MATLAB. Do not use MEX-files
unless your application requires it.

Definition of MEX

The term mex has different meanings, as shown in the following table:

MEX Term Definition

source MEX-file C, C++, or Fortran source code file.

binary MEX-file Dynamically-linked subroutine executed in the
MATLAB environment.

MEX function MATLAB C/C++ and Fortran API Reference library to

library perform operations in the MATLAB environment.

mex build script MATLAB function to create a binary file from a source
file.

MEX and MX Matrix Libraries

¢ MX Matrix Library — Functions for use in programs to pass mxArray, the
type MATLAB uses to store arrays, to and from MEX-files. For a list of
these functions, see “MX Matrix Library”. For information about mxArray,
see “MATLAB Data” on page 3-18. For examples using these functions, see
matlabroot/extern/examples/mx.

¢ MEX Library — Functions to perform operations in the MATLAB
environment. For a list of these functions, see “MEX Library”. For
examples using these functions, see matlabroot/extern/examples/mex.

Introduction to Source MEX-Files

This section provides general information about source MEX-files and how to
get started. For a C language example, see “Creating a Source MEX-File” on
page 3-5. For information about using specific MATLAB C/C++ and Fortran
API Reference library functions, see “Workflow of a MEX-File” on page 3-10.

You can create MEX-files in C, C++, or Fortran. For clarity, this topic is in
the context of a C language program. For language-specific instructions,
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see “C/C++ Source MEX-Files” on page 4-2 and “Fortran Source MEX-Files”
on page 5-2.

To create source MEX-files you need the tools and knowledge to modify
and build source code. In particular, you need a compiler supported by
MATLAB. For an up-to-date list of supported compilers, see the Supported
and Compatible Compilers Web page.

A computational routine is the source code that performs functionality you
want to use with MATLAB. For example, if you created a standalone C
program for this functionality, it would have a main() function. MATLAB
communicates with your MEX-file using a gateway routine. The MATLAB
function that creates the gateway routine is mexfunction. You use
mexfunction instead of main() in your source file.

Overview of Creating a Binary MEX-File
To create a binary MEX-file:

® Assemble your functions and the MATLAB API functions into one or more
C/C++ sourece files.

* Write a gateway function in one of your C/C++ source files.

e Use the MATLAB mex function, called a build script, to build a binary
MEX-file.

e Use your binary MEX-file like any MATLAB function.

Configuring Your Environment

Before you start building binary MEX-files, select your default compiler and
test an existing source MEX-file. For more information about compilers, and
for step-by-step instructions for compiling sample programs, see “Building
MEX-Files” on page 3-26.


http://www.mathworks.com/support/compilers/current_release/
http://www.mathworks.com/support/compilers/current_release/
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In this section...

“Creating a Source MEX-File” on page 3-5
“Workflow of a MEX-File” on page 3-10

“Using Binary MEX-Files” on page 3-15

“Binary MEX-File Placement” on page 3-16
“Using Help Files with MEX-Files” on page 3-16
“Workspace for MEX-File Functions” on page 3-17

Creating a Source MEX-File

Suppose you have some C code, called arrayProduct, that multiplies an

n-dimensional array y by a scalar value x and returns the results in array z.

It might look something like the following:

void arrayProduct(double x, double *y, double *z, int n)

{
int i;
for (i=0; i<n; i++) {
z[i] = x * y[i];
}
}

If x =5 and y is an array with values 1.5, 2, and 9, then calling:
arrayProduct(x,y,z,n)
creates an array z with the values 7.5, 10, and 45.

The following steps show how to call this function in MATLAB, using a
MATLAB matrix, by creating the MEX-file arrayProduct.

1 “Create Your MEX Source File” on page 3-6

2 “Create a Gateway Routine” on page 3-6
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3 “Use Preprocessor Macros” on page 3-7

4 “Verify Input and Output Parameters” on page 3-7
5 “Read Input Data” on page 3-8

6 “Prepare Output Data” on page 3-9

7 “Perform Calculation” on page 3-9

8 “Build the Binary MEX-File” on page 3-9

9 “Test the MEX-File” on page 3-9

Create Your MEX Source File

Open MATLAB Editor and copy your code into a new file. Save the file on
your MATLAB path, for example, in c:\work, and name it arrayProduct.c.
This file is your computational routine, and the name of your MEX-file is
arrayProduct.

Copy and paste the code in the following examples to create the final
MEX-file. Alternatively, use the example arrayProduct.c, located in
matlabroot/extern/examples/mex. To see the contents of arrayProduct.c,
open the file in the MATLAB Editor.

Create a Gateway Routine
At the beginning of the file, add the C/C++ header file:

#include "mex.h"

Add comments:

/*

* arrayProduct.c

* Multiplies an input scalar times a 1xN matrix
* and outputs a 1xN matrix

*

* This is a MEX-file for MATLAB.
*/
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After the computational routine, add the gateway routine mexFunction:

/* The gateway function */
void mexFunction( int nlhs, mxArray *plhs[],
int nrhs, const mxArray *prhs[])

{

/* variable declarations here */

/* code here */

}

Use Preprocessor Macros

The MX Matrix Library and MEX Library functions use MATLAB
preprocessor macros for cross-platform flexibility.

Edit your computational routine to use mwSize for mxArray size n and index i.

void arrayProduct(double x, double *y, double *z, mwSize n)

{

mwSize 1i;

for (i=0; i<nj; i++) {
z[i] = x * y[i];
}
}

Verify Input and Output Parameters

In this example, there are two input arguments (a matrix and a scalar) and
one output argument (the product). To check that the number of input
arguments nrhs is two and the number of output arguments nlhs is one, put
the following code inside the mexFunction routine:

/* check for proper number of arguments */
if(nrhs!=2) {
mexErrMsgIdAndTxt ("MyToolbox:arrayProduct:nrhs",
"Two inputs required.");

3-7
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if(nlhs!=1) {
mexErrMsgIdAndTxt ("MyToolbox:arrayProduct:nlhs",
"One output required.");

The following code validates the input values:

/* make sure the first input argument is scalar */
if( !mxIsDouble(prhs[0]) ||
mxIsComplex(prhs[0]) ||
mxGetNumberOfElements(prhs[0])!=1 ) {
mexErrMsgIdAndTxt ("MyToolbox:arrayProduct:notScalar",
“Input multiplier must be a scalar.");

}

The second input argument must be a row vector.

/* check that number of rows in second input argument is 1 */
if (mxGetM(prhs[1])!=1) {
mexErrMsgIdAndTxt ("MyToolbox:arrayProduct:notRowVector",
"Input must be a row vector.");

Read Input Data

Put the following declaration statements at the beginning of your

mexFunction:

double multiplier; /* input scalar */
double *inMatrix; /* 1xN input matrix */
mwSize ncols; /* size of matrix */

Add these statements to the code section of mexFunction:

/* get the value of the scalar input */
multiplier = mxGetScalar(prhs[0]);

/* create a pointer to the real data in the input matrix */
inMatrix = mxGetPr(prhs[1]);

3-8
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/* get dimensions of the input matrix */
ncols = mxGetN(prhs[1]);

Prepare Output Data
Put the following declaration statement after your input variable declarations:

double *outMatrix; /* output matrix */

Add these statements to the code section of mexFunction:

/* create the output matrix */
plhs[0] = mxCreateDoubleMatrix(1,ncols,mxREAL);

/* get a pointer to the real data in the output matrix */
outMatrix = mxGetPr(plhs[0]);

Perform Calculation
The following statement executes your function:

/* call the computational routine */
arrayProduct(multiplier,inMatrix,outMatrix,ncols);

Build the Binary MEX-File

Your source file should look something like arrayProduct.c, located in
matlabroot/extern/examples/mex. To see the contents of arrayProduct.c,
open the file in the MATLAB Editor.

To build the binary MEX-file, at the MATLAB command prompt, type:

mex arrayProduct.c

Test the MEX-File
Type:

s = 5;
A= [1.5, 2, 9];
B arrayProduct(s,A)

3-9
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MATLAB displays:

B =
7.5000 10.0000 45.0000

To test error conditions, type:
arrayProduct

MATLAB displays:

Error using arrayProduct
Two inputs required.

Workflow of a MEX-File

This section discusses MATLAB API functions for handling the basic
workflow of a MEX-file and uses C language code snippets for illustration.
For an example of a complete C program, see “Creating a Source MEX-File”
on page 3-5. Unless otherwise specified, in this section the term "MEX-file”

refers to a source file.
Some basic programming tasks are:

® “Creating a Gateway Function” on page 3-11

¢ “Declaring Data Structures” on page 3-11

® “Managing Input and Output Parameters” on page 3-11

® “Validating Inputs” on page 3-12

e “Allocating and Freeing Memory” on page 3-12
e “Manipulating Data” on page 3-13

¢ “Displaying Messages to the User” on page 3-14
¢ “Handling Errors” on page 3-14

¢ “Cleaning Up and Exiting” on page 3-15
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Creating a Gateway Function

Use the mexfunction function in your C source file as the interface between
your code and MATLAB. Place this function after your computational routine
and any other functions in your source.

The signature for mexfunction is:

void
mexFunction(int nlhs, mxArray *plhs[],
int nrhs, const mxArray *prhs[]);

The keyword const means your MEX-file does not modify the input
arguments, prhs.

Declaring Data Structures

Use type mxArray to handle MATLAB arrays. The following statement
declares an mxArray named myData:

mxArray *myData;

To define the values of myData, use one of the mxCreate* functions.
Some useful array creation routines are mxCreateNumericArray,
mxCreateCellArray, and mxCreateCharArray. For example, the following
statement allocates an m-by-1 floating-point mxArray initialized to O:

myData = mxCreateDoubleMatrix(m, 1, mxREAL);

C/C++ programmers should note that data in a MATLAB array is in
column-major order. (For an illustration, see “Data Storage” on page 3-20.)
Use the MATLAB mxGet* array access routines, described in “Manipulating
Data” on page 3-13, to read data from an mxArray.

Managing Input and Output Parameters

MATLAB passes data to and from MEX-files in a highly regulated way,
described in “Required Parameters” on page 4-3.

Input parameters (found in the prhs array) are read-only; do not modify

them in your MEX-file. Changing data in an input parameter can produce
undesired side effects.

3-11
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You also must take care when using an input parameter to create output
data or any data used locally in your MEX-file. This is because of the way
MATLAB handles MEX-file cleanup after processing. For an example, see the
troubleshooting topic “Incorrectly Constructing a Cell or Structure mxArray”
on page 3-52.

If you want to copy an input array into your local myData array, call
mxDuplicateArray to make of copy of the input array before using it. For
example:

mxArray *myData = mxCreateStructMatrix(1,1,nfields,fnames);
mxSetField(myData,0, "myFieldName" ,mxDuplicateArray(prhs[0]));

Validating Inputs

Good programming practice requires you to validate inputs to your function.
MATLAB provides mxIs* routines for this purpose. The mxIsClass function
1s a general-purpose way to test an mxArray.

For example, suppose your second input argument (identified by prhs[1])
must be a full matrix of real numbers. Use the following statements to check
this condition:

if (mxIsSparse(prhs[1]) ||
mxIsComplex(prhs[1]) ||
mxIsClass(prhs[1],"char")) {
mexErrMsgTxt ("input2 must be full matrix of real values.");

}

This example is not an exhaustive check. You can also test for structures, cell
arrays, function handles, and MATLAB objects.

Allocating and Freeing Memory

MATLAB performs cleanup of MEX-file variables, as described in “Automatic
Cleanup of Temporary Arrays” on page 4-41. However, MathWorks®
recommends that MEX-file functions destroy their own temporary arrays and
free their own dynamically allocated memory. It is more efficient to perform
this cleanup in the source MEX-file than to rely on the automatic mechanism.



MEX-Files Call C/C++ and Fortran Programs

MATLAB provides functions, such as mxMalloc and mxFree, to manage
memory. Use these functions instead of their standard C library counterparts
because they let MATLAB manage memory and perform initialization and
cleanup.

For information on how MATLAB allocates memory for arrays and data
structures, see “Memory Allocation”.

Allocate memory for variables that your MEX-file uses. For example, if the
first input to your function (prhs[0]) is a string, in order to manipulate the
string, create a buffer buf of size buflen. The following statements declare
these variables:

char *buf;
int buflen;

The size of the buffer is dependent on the number of dimensions of your
input array and the size of the data in the array. This statement calculates
the size of buflen:

buflen = mxGetN(prhs[0])*sizeof (mxChar)+1;

Now we can allocate memory for buf:

buf = mxMalloc(buflen);

At the end of the program, if you do not return buf as a plhs output
parameter (as described in “Cleaning Up and Exiting” on page 3-15), then
free its memory as follows:

mxFree (buf) ;

Manipulating Data

The mxGet* array access routines get references to the data in an mxArray.
Use these routines to modify data in your MEX-file. Each function provides
access to specific information in the mxArray. Some useful functions are
mxGetData, mxGetPr, mxGetM, and mxGetString. Many of these functions have
corresponding mxSet* routines to allow you to modify values in the array.

3-13
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The following statements read the input string prhs[0] into a C-style string
buf:

char *buf;

int buflen;

int status;

buflen = mxGetN(prhs[0])*sizeof (mxChar)+1;
buf = mxMalloc(buflen);

status = mxGetString(prhs[0], buf, buflen);

Displaying Messages to the User

Use the mexPrintf function, as you would a C/C++ printf function, to print
a string in the MATLAB Command Window. Use the mexErrMsgIdAndTxt
and mexWarnMsgIdAndTxt functions to print error and warning information in
the Command Window.

For example, using the variables declared in the previous example, you can
print the input string prhs[0] as follows:

if (mxGetString(prhs[0], buf, buflen) == 0) {
mexPrintf("The input string is: %s\n", buf);

}

Handling Errors

The mexErrMsgIdAndTxt function prints error information and terminates
your binary MEX-file. The mexWarnMsgIdAndTxt function prints information,
but does not terminate the MEX-file. For example:

if (mxIsChar(prhs[0])) {
if (mxGetString(prhs[0], buf, buflen) == 0) {
mexPrintf("The input string is: %s\n", buf);

}
else {
mexErrMsgIdAndTxt ("MyProg:ConvertString",
"Could not convert string data.");
// exit MEX-file
}
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}
else {
mexWarnMsgIdAndTxt ("MyProg: InputString",
"Input should be a string to print properly.");
}

// continue with processing

Cleaning Up and Exiting

As described in “Allocating and Freeing Memory” on page 3-12, destroy
any temporary arrays and free any dynamically allocated memory, except
if such an mxArray is returned in the output argument list, returned by
mexGetVariablePtr, or used to create a structure. Also, never delete input
arguments.

Use mxFree to free memory allocated by the mxCalloc, mxMalloc, or
mxRealloc functions. Use mxDestroyArray to free memory allocated by the
mxCreate* functions.

Using Binary MEX-Files

Binary MEX-files are subroutines produced from C/C++ or Fortran source
code. They behave just like MATLAB scripts and built-in functions. While
scripts have a platform-independent extension .m, MATLAB identifies
MEX-files by platform-specific extensions. The following table lists the
platform-specific extensions for MEX-files.

Binary MEX-File Extensions

Platform Binary MEX-File Extension
Linux (32-bit) mexglx

Linux (64-bit) mexa64

Apple Macintosh mexmaci64

(64-bit)

Microsoft Windows mexw32

(32-bit)

Windows (64-bit) mexw64
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You call MEX-files exactly as you call any MATLAB function. For example,
on a Windows platform, there is a binary MEX-file called histc.mexw32
(in the MATLAB toolbox folder matlabroot\toolbox\matlab\datafun)
that performs a histogram count. The file histc.m contains the help text
documentation. When you call histc from MATLAB, the dispatcher looks
through the list of folders on the MATLAB search path. It scans each
folder looking for the first occurrence of a file named histc with either the
corresponding file name extension from the table or .m. When it finds one,
it loads the file and executes it. Binary MEX-files take precedence over .m
files when like-named files exist in the same folder. However, help text
documentation still reads from the .m file.

You cannot use a binary MEX-file on a platform if you compiled it on a
different platform. Recompile the source code on the platform for which you
want to use the MEX-file.

Binary MEX-File Placement

Put your MEX-files in a folder on the MATLAB path. Alternatively, run
MATLAB from the folder containing the MEX-file. MATLAB runs functions
in the current working folder before functions on the path.

Use path to see the current folders on your path. You can add new folders to
the path either by using the addpath function, or by selecting File > SetPath
to edit the path.

If you use a Windows operating system and your binary MEX-files are on a
network drive, be aware that file servers do not always report folder and file
changes correctly. If you change a MEX-file on a network drive and find that
MATLAB does not use the latest changes, you can force MATLAB to look for
the correct version of the file by changing folders away from and then back to
the folder containing the file.

Using Help Files with MEX-Files

You can document the behavior of your MEX-files by writing a MATLAB
script containing comment lines. For information, see “Help Text”. The help
command automatically finds and displays the appropriate text when help is
requested and the interpreter finds and executes the corresponding MEX-file
when the function is invoked.
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Workspace for MEX-File Functions

Unlike MATLAB functions, MEX-file functions (binary MEX-files) do not
have their own variable workspace. MEX-file functions operate in the caller’s
workspace. mexEvalString evaluates the string in the caller’s workspace. In
addition, you can use the mexGetVariable and mexPutVariable routines to
get and put variables into the caller’s workspace.
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MATLAB Data

In this section...

“The MATLAB Array” on page 3-18
“Lifecycle of mxArray” on page 3-18
“Data Storage” on page 3-20
“MATLAB Types” on page 3-21
“Sparse Matrices” on page 3-23
“Using Data Types” on page 3-23

The MATLAB Array

The MATLAB language works with a single object type: the MATLAB array.
All MATLAB variables (including scalars, vectors, matrices, strings, cell
arrays, structures, and objects) are stored as MATLAB arrays. In C/C++, the
MATLAB array is declared to be of type mxArray. The mxArray structure
contains the following information about the array:

o Its type

® Its dimensions

® The data associated with this array

¢ If numeric, whether the variable is real or complex

e [f sparse, its indices and nonzero maximum elements

e [f a structure or object, the number of fields and field names

To access the mxArray structure, use the API functions in the MX Matrix

Library. These functions allow you to create, read, and query information
about the MATLAB data in your MEX-files.

Lifecycle of mxArray

Like MATLAB functions, a MEX-file gateway routine passes MATLAB
variables by reference. However, these arguments are C pointers. A pointer
to a variable is the address (location in memory) of the variable. MATLAB
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functions handle data storage for you automatically. When passing data

to a MEX-file, you use pointers, which follow specific rules for accessing
and manipulating variables. For information about working with pointers,
refer to a programming reference, such as The C Programming Language by
Kernighan, B. W., and D. M. Ritchie.

Note Since variables use memory, you need to understand how your
MEX-file creates an mxArray and your responsibility for releasing (freeing)
the memory. This is important to prevent memory leaks. The lifecycle of an
mxArray—and the rules for managing memory—depends on whether it is an
input argument, output argument, or local variable. The function you call to
deallocate an mxArray depends on the function you used to create it, which is
listed in the create function’s “MX Matrix Library” documentation.

Input Argument prhs

An mxArray passed to a MEX-file through the prhs input parameter exists
outside the scope of the MEX-file. Do not free memory for any mxArray in the
prhs parameter. Additionally, prhs variables are read-only; do not modify
them in your MEX-file.

Output Argument plhs

If you create an mxArray (allocate memory and create data) for an output
argument, the memory and data exist beyond the scope of the MEX-file. Do
not free memory on an mxArray returned in the plhs output parameter.

Local Variable

You allocate memory whenever you use an mxCreate* function to create an
mxArray or when you call the mxCalloc and associated functions. After
observing the rules for handling input and output arguments, the MEX-file
should destroy temporary arrays and free dynamically allocated memory.
To deallocate memory, use either mxDestroyArray or mxFree. Refer to the
“MX Matrix Library” function documentation for information about which
function to use.
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Data Storage

MATLAB stores data in a column-major (columnwise) numbering scheme,
which is how Fortran stores matrices. MATLAB uses this convention because
it was originally written in Fortran. MATLAB internally stores data elements
from the first column first, then data elements from the second column
second, and so on, through the last column.

For example, given the matrix:
a=[ 'house'; 'floor'; 'porch']
a =

house
floor
porch

its dimensions are:

size(a)
ans =
3 5

and its data is stored as:
[h[ffpfo]i]o]ufofrfsfo]c]e]r]h]
If a matrix 1s N-dimensional, MATLAB represents the data in N-major

order. For example, consider a three-dimensional array having dimensions
4-by-2-by-3. Although you can visualize the data as:
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e
__.-R"' v
T 5 W
.J' N T X
A E || K Page 3
F L
G Page 2
H
Page 1

MATLAB internally represents the data for this three-dimensional array
in the following order:

F|G/H|I |[J|K|LIMN|O|P|Q|R|S|T|U|V|WX

5 (6 |7 |8 |9 (10]11|12]|13|14|15| 16| 17| 18| 19| 20| 21| 22| 23

The mxCalcSingleSubscript function creates the offset from the first
element of an array to the desired element, using N-dimensional subscripting.

MATLAB Types

Complex Double-Precision Matrices

The most common data type in MATLAB is the complex double-precision,
nonsparse matrix. These matrices are of type double and have dimensions
m-by-n, where m is the number of rows and n is the number of columns. The
data is stored as two vectors of double-precision numbers—one contains the
real data and one contains the imaginary data. The pointers to this data are
referred to as pr (pointer to real data) and pi (pointer to imaginary data),
respectively. A noncomplex matrix is one whose pi is NULL.
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Numeric Matrices

MATLAB also supports other types of numeric matrices. These are
single-precision floating-point and 8-, 16-, and 32-bit integers, both signed
and unsigned. The data is stored in two vectors in the same manner as
double-precision matrices.

Logical Matrices

The logical data type represents a logical true or false state using the
numbers 1 and 0, respectively. Certain MATLAB functions and operators
return logical 1 or logical 0 to indicate whether a certain condition was found
to be true or not. For example, the statement (5 * 10) > 40 returns a logical
1 value.

MATLAB Strings

MATLAB strings are of type char and are stored the same way as unsigned
16-bit integers except there is no imaginary data component. Unlike C,
MATLAB strings are not null terminated.

Cell Arrays

Cell arrays are a collection of MATLAB arrays where each mxArray is referred
to as a cell. This allows MATLAB arrays of different types to be stored
together. Cell arrays are stored in a similar manner to numeric matrices,
except the data portion contains a single vector of pointers to mxArrays.
Members of this vector are called cells. Each cell can be of any supported
data type, even another cell array.

Structures

A 1-by-1 structure is stored in the same manner as a 1-by-n cell array where n
is the number of fields in the structure. Members of the data vector are called
fields. Each field is associated with a name stored in the mxArray.

Objects

Objects are stored and accessed the same way as structures. In MATLAB,
objects are named structures with registered methods. Outside MATLAB, an
object is a structure that contains storage for an additional class name that
identifies the name of the object.
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Multidimensional Arrays

MATLAB arrays of any type can be multidimensional. A vector of integers is
stored where each element is the size of the corresponding dimension. The
storage of the data is the same as matrices.

Empty Arrays

MATLAB arrays of any type can be empty. An empty mxArray is one with at
least one dimension equal to zero. For example, a double-precision mxArray of
type double, where m and n equal 0 and pr is NULL, is an empty array.

Sparse Matrices

Sparse matrices have a different storage convention from that of full matrices
in MATLAB. The parameters pr and pi are still arrays of double-precision
numbers, but these arrays contain only nonzero data elements. There are
three additional parameters: nzmax, ir, and jc.

® nzmax is an integer that contains the length of ir, pr, and, if it exists, pi. It
is the maximum possible number of nonzero elements in the sparse matrix.

® ir points to an integer array of length nzmax containing the row indices of
the corresponding elements in pr and pi.

® jc points to an integer array of length n+1, where n is the number of
columns in the sparse matrix. The jc array contains column index
information. If the jth column of the sparse matrix has any nonzero
elements, jc[j] is the index in ir and pr (and pi if it exists) of the first
nonzero element in the jth column, and jc[j+1] - 1 is the index of the
last nonzero element in that column. For the jth column of the sparse
matrix, jc[j] is the total number of nonzero elements in all preceding
columns. The last element of the jc¢ array, jc[n], is equal to nnz, the
number of nonzero elements in the entire sparse matrix. If nnz is less
than nzmax, more nonzero entries can be inserted into the array without
allocating additional storage.

Using Data Types

You can write source MEX-files, MAT-file applications, and engine
applications in C/C++ that accept any class or data type supported by
MATLAB. In Fortran, only the creation of double-precision n-by-m arrays and
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strings are supported. You use binary C/C++ and Fortran MEX-files like
MATLAB functions.

Caution MATLAB does not check the validity of MATLAB data structures
created in C/C++ or Fortran using one of the MX Matrix Library create
functions (for example, mxCreateStructArray). Using invalid syntax to
create a MATLAB data structure can result in unexpected behavior in your
C/C++ or Fortran program.

The explore Example

There is an example source MEX-file included with MATLAB, called
explore.c, that identifies the data type of an input variable. The source code
for this example is in matlabroot/extern/examples/mex, where matlabroot
represents the top-level folder where MATLAB is installed on your system.

Note In platform-independent discussions that refer to folder paths, this book
uses the UNIX convention. For example, a general reference to the mex folder
is matlabroot/extern/examples/mex.

For example, typing:

cd([matlabroot '/extern/examples/mex']);
X = 2;
explore(x);

produces this result:

Name: prhs[0]
Dimensions: 1x1
Class Name: double

explore accepts any data type. Try using explore with these examples:
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explore([1 2 3 4 5])

explore 1 2 3 4 5

explore({1 2 3 4 5})

explore(int8([1 2 3 4 5]))

explore {1 2 3 4 5}

explore(sparse(eye(5)))

explore(struct('name', 'Joe Jones', 'ext', 7332))
explore(1, 2, 3, 4, 5)
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Building MEX-Files

In this section...
“What You Need to Build MEX-Files” on page 3-26

“Selecting a Compiler on Windows Platforms” on page 3-26
“Selecting a Compiler on UNIX Platforms” on page 3-32
“Linking Multiple Files” on page 3-35

“Overview of Building the timestwo MEX-File” on page 3-35

What You Need to Build MEX-Files

You need a compiler and the mex function to build MEX-files. MATLAB
software supports many compilers and provides computer configuration
files, called options files, designed specifically for these compilers. For an
up-to-date list of supported compilers, see the Supported and Compatible
Compilers Web page.

On 32-bit Microsoft Windows platforms, MATLAB provides a C compiler, Lcc.
To view Help on using the Lcc compiler, type:

winopen(fullfile(matlabroot, ‘\sys\lcc\bin\wedit.hlp'))

If you have multiple compilers installed on your system, you can choose which
compiler to use, as described in “Selecting a Compiler on Windows Platforms”
on page 3-26 or “Selecting a Compiler on UNIX Platforms” on page 3-32.

To help you configure your system using a sample MEX-file, see “Overview
of Building the timestwo MEX-File” on page 3-35.

If you have difficulty creating MEX-files, see “Creating a Source MEX-File” on
page 3-5, or refer to “Troubleshooting MEX-Files” on page 3-42.

Selecting a Compiler on Windows Platforms

A selected compiler configuration specifies the compiler and build options
MATLAB uses every time you invoke the mex build script. The compiler in this
configuration is the selected compiler. It is the program that compiles source
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code into object code. A configuration is the set of programs and instructions
that builds source code into shared libraries and standalone executable files.

To select a configuration, use the mex -setup command. You can set or change
the configuration anytime, from either the MATLAB or the system command
prompt. After you choose a configuration, it becomes the default and you no
longer have to select one to compile MEX-files.

You can view information about the selected compiler configuration using the
mex.getCompilerConfigurations function.

You can change the compiler configuration for a single call to the mex script
using the -f switch, which specifies an options file. Subsequent calls to mex
continue to use the selected compiler configuration.

For more information about these topics, see:

e “Viewing Supported Windows Compilers” on page 3-27
e “Selecting a Windows Compiler Configuration” on page 3-28
® “Getting Windows Configuration Information” on page 3-30

® “Specifying a Windows Options File” on page 3-31

Viewing Supported Windows Compilers
To see the list of supported compilers on the Windows platform, type:

mex -setup

MATLAB displays the following dialog. The text has been formatted to fit
the page.

Note The list of compilers shown in your version of MATLAB might be
different from the list shown in this example. For an up-to-date list of
supported compilers, see the Supported and Compatible Compilers Web page.

Please choose your compiler for building external interface (MEX) files:
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Would you like mex to locate installed compilers [y]/n? N

Select a compiler:

[1] Intel C++ 9.1 (with Microsoft Visual C++ 2005 linker)

[2] Intel Visual Fortran 10.1 (with Microsoft Visual C++ 2005 linker)
[3] Intel Visual Fortran 9.1 (with Microsoft Visual C++ 2005 linker)
[4] Lcc-win32 C 2.4.1

[5] Microsoft Visual C++ 6.0

[6] Microsoft Visual C++ .NET 2003

[7] Microsoft Visual C++ 2005

[8] Microsoft Visual C++ 2005 Express Edition

[9] Microsoft Visual C++ 2008

[10] Open WATCOM C++

[11] Open WATCOM C++ 1.3

[0] None
Compiler: O

Done

Selecting a Windows Compiler Configuration

MATLAB helps you choose a compiler configuration by generating a list of
either:

e All supported compilers. This is the same information found on the
Supported and Compatible Compilers Web page. To see this list, follow the
instructions in “Viewing Supported Windows Compilers” on page 3-27.

¢ Installed compilers found on your system. Only compilers supported by
MATLAB are in this list.

To select a configuration from a list of supported compilers found on your
system, type:

mex -setup

MATLAB displays the following dialog. The text has been formatted to fit
the page.
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Note The list of compilers shown on your system might be different from the
list shown in this example. The path names to your compilers might also be
different. For an up-to-date list of supported compilers, see the Supported

and Compatible Compilers Web page.

Please choose your compiler for building external interface (MEX)
files.

Would you like mex to locate installed compilers [y]/n? y

Select a compiler:

[1] Intel Visual Fortran 9.1 (with Microsoft Visual C++ 2005 linker) in
C:\Program Files\Intel\Compiler\Fortran\9.1

[2] Lcc-win32 C 2.4.1 in C:\PROGRA~1\MATLAB\R2007b\sys\1lcc

[3] Microsoft Visual C++ 2005 in
C:\Program Files\Microsoft Visual Studio 8

[0] None

Compiler: 2

Please verify your choices:

Compiler: Lcc-win32 C 2.4.1
Location: C:\PROGRA-1\MATLAB\R2007b\sys\lcc

Are these correct?([yl/n): y

Trying to update options file:

C:\WINNT\Profiles\auser\Application Data\MathWorks\MATLAB\R2007b\
mexopts.bat

From template:

C:\PROGRA~1\MATLAB\R2007b\bin\win32\mexopts\lccopts.bat

Done .
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When to Change the Selected Compiler Configuration. On Windows
systems, if you create C/C++ and Fortran MEX-files, you must choose the
appropriate compiler for the language you are using. If your selected compiler
1s the wrong language, it generates error messages. To see the language of
your selected compiler, type:

cc = mex.getCompilerConfigurations;
cc.lLanguage

You can change the compiler using either mex -setup or by “Specifying a
Windows Options File” on page 3-31.

Getting Windows Configuration Information

On Windows systems, there is one compiler configuration. Use the
mex.getCompilerConfigurations function to find the selected compiler
configuration.

To get information about the selected compiler, type:

cc = mex.getCompilerConfigurations

MATLAB creates a mex.CompilerConfiguration object cc and displays its
properties:

CcC =

mex.CompilerConfiguration
package: mex

properties:
Name: 'Microsoft Visual C++ 2005'
Manufacturer: 'Microsoft’
Language: 'C++'
Version: '8.0'
Location: 'C:\Program Files\Microsoft Visual Studio 8'
Details: [1x1 mex.CompilerConfigurationDetails]

list of methods

To see the build options used by the selected compiler, type:
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ccOptions = cc.Details

MATLAB creates a mex.CompilerConfigurationDetails object ccOptions
and displays the options:

ccOptions =

mex.CompilerConfigurationDetails
package: mex

properties:
CompilerExecutable: 'cl'
CompilerFlags: [1x120 char]
OptimizationFlags: '/02 /Oy- /DNDEBUG'
DebugFlags: '/Zi /Fd"SsOUTDIRSSMEX_ NAMES%MEX EXTS%.pdb"'
LinkerExecutable: 'link'
LinkerFlags: [1x257 char]
LinkerOptimizationFlags: "'
LinkerDebugFlags: '/DEBUG
/PDB: "%0UTDIR%SMEX_ NAMES%%MEX_ EXTS%.pdb"'

list of methods
Specifying a Windows Options File

MATLAB includes template options files you can use with particular
compilers. The options files are located in the following folders.

Platform Folder
Windows matlabroot\bin\win32\mexopts
64-bit Windows matlabroot\bin\win64\mexopts

On Windows systems, the options file has a .bat file extension.

For information on how to modify options files for particular systems, see
“Custom Building MEX-Files” on page 3-56.
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Use the - f option to specify an options file. To use this option, at the MATLAB
prompt, type:

mex filename -f optionsfile

where optionsfile is the full path to the options file.

You might need to specify an options file if you want to use a different
compiler (and not use the -setup option), or you want to compile MAT or
engine standalone programs.

Selecting a Compiler on UNIX Platforms

A selected compiler configuration specifies the compiler and build options
MATLAB uses every time you invoke the mex build script. The compiler in this
configuration is the selected compiler. It is the program that compiles source
code into object code. A configuration is the set of programs and instructions
that builds source code into shared libraries and standalone executable files.

To select a configuration, use the mex -setup command. You can set or change
the configuration anytime, from either the MATLAB or the system command
prompt. After you choose a configuration, it becomes the default and you no
longer have to select one to compile MEX-files.

You can view information about the selected compiler configuration using the
mex.getCompilerConfigurations function.

You can change the compiler configuration for a single call to the mex script
using the -f switch, which specifies an options file. Subsequent calls to mex
continue to use the selected compiler configuration.

For more information about these topics, see:

e “Selecting a UNIX Compiler Configuration” on page 3-33
® “Getting UNIX Configuration Information” on page 3-33
e “Specifying a UNIX Options File” on page 3-34
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Selecting a UNIX Compiler Configuration

You can set or change your compiler configuration anytime from either the
MATLAB command prompt or the UNIX shell, using the command:

mex -setup

MATLAB generates a list of the available compiler configurations, called
options files. To choose a compiler, type the number corresponding to your
selection. (If you do not want to change your configuration, type 0. MATLAB
returns to the command prompt.) MATLAB displays information about the
chosen file

Getting UNIX Configuration Information

On UNIX systems, there are three configurations, one for each compiler
language (C, C++ and Fortran). Use the mex.getCompilerConfigurations
function to view details about the compiler configurations.

To get information about the compiler configuration, type:

cc = mex.getCompilerConfigurations

MATLAB creates a mex.CompilerConfiguration object cc and displays its
properties:

CcC =

1x3 mex.CompilerConfiguration
package: mex

properties:
Name
Manufacturer
Language
Version
Location
Details

list of methods
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On the UNIX platform, cc is an array of three CompilerConfiguration
objects — one for each language (C, C++, and Fortran). To see the compiler
names, type:

disp('Compiler Name')
for 1 = 1:3; disp(cc(i).Name); end;

MATLAB displays information like:

Compiler Name
GNU C

GNU C++

g95

Note On UNIX systems, mex.CompilerConfiguration.Location is an
empty string

Specifying a UNIX Options File
MATLAB includes template options files you can use with particular
compilers. The options files are located in matlabroot/bin.

The UNIX options file is named *opts.sh, where * is either mex or a specific
compiler name.

For information on how to modify options files for particular systems, see
“Custom Building MEX-Files” on page 3-56.

Use the - f option to specify an options file. To use this option, at the MATLAB
prompt, type:

mex filename -f optionsfile
where optionsfile is the full path to the options file.

You might need to specify an options file in the following situations:
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® You want to use a different compiler (and not use the -setup option), or
you want to compile MAT or engine standalone programs.

® You do not want to use the system C/C++ compiler.

Linking Multiple Files

You can combine multiple source files, object files, and file libraries to build a
binary MEX-file. To do this, list the additional files, with their file extensions,
separated by spaces. The name of the MEX-file is the name of the first file in
the list.

The following command combines multiple files of different types into a
binary MEX-file called circle.ext, where ext is the extension corresponding
to the current platform:

mex circle.c square.obj rectangle.c shapes.lib

For a Fortran files, type:

mex circle.F square.o rectangle.F shapes.o

You may find it useful to use a software development tool like MAKE to manage
MEX-file projects involving multiple source files. Create a MAKEFILE that
contains a rule for producing object files from each of your source files, and
then invoke the mex build script to combine your object files into a binary
MEX-file. This way you can ensure that your source files are recompiled
only when necessary.

Overview of Building the timestwo MEX-File

MATLAB provides an example MEX-file, timestwo, for you to use to configure
your system. This function takes a scalar input and doubles it.

The C source file is timestwo.c, and the Fortran source file is timestwo.F.
These files are in matlabroot\extern\examples\refbook, where matlabroot
1s the MATLAB root folder, the value returned by the matlabroot command.

To work with these files, copy them to a local folder. For example:

cd('c:\work")
copyfile([matlabroot '\extern\examples\refbook\timestwo.c'])
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copyfile([matlabroot '\extern\examples\refbook\timestwo.F'])

To select your compiler, follow the instructions in either “Selecting a Compiler
on UNIX Platforms” on page 3-32 or “Selecting a Compiler on Windows
Platforms” on page 3-26.

Use the mex function to build the binary MEX-file. If you are using a C/C++
compiler, type:

mex timestwo.c

If you are using a Fortran compiler, type:

mex timestwo.F

This command creates the file timestwo.ext, where ext is the value returned
by the mexext function. You call timestwo as if it were a MATLAB function.
For example, at the MATLAB command prompt, type:

timestwo(4)

MATLAB displays:

ans =
8

Note In a future version of MATLAB, the default mex function will change to
use the large-array-handling API. This means the -largeArrayDims option
will be the default and you must review your MEX-files, as described in
“Upgrading MEX-Files to Use 64-Bit API” on page 3-84. For information about
mex options, see “MEX Script Switches” on page 3-56. For information about
the large-array-handling API, see “Handling Large mxArrays” on page 4-37.
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Table of MEX Examples

Source code for the MEX examples shown in the following table are in
subfolders of matlabroot/extern/examples. For more information, see
“Examples of C/C++ Source MEX-Files” on page 4-11 or “Examples of Fortran
Source MEX-Files” on page 5-12, or enter the example name in the Help
browser search field.

MEX Examples

Example Name Example Subfolder | Description

arrayFillGetPr.c refbook Fill mxArray using
mxGetPr

arrayFillSetData.c refbook Fill mxArray with

non-double values

arrayFillSetPr.c refbook Fill mxArray
using mxSetPr to
dynamically allocate

memory

arrayProduct.c mex Multiply a scalar times
1xN matrix

arraySize.c mex Illustrate memory
requirements of large
mxArray

convec.c refbook Pass complex data

convec.F

dblmat.F refbook Use of Fortran %VAL

compute.F

dotProductComplex.c | refbook Handle FORTRAN

complex return type for
function called from a C
MEX-file

doubleelement.c refbook Use unsigned 16-bit
integers
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MEX Examples (Continued)

Example Name

Example Subfolder

Description

explore.c mex Identify data type of
input variable
findnz.c refbook Use N-dimensional
arrays
fulltosparse.c refbook Populate a sparse
fulltosparse.F matrix
loadsparse.F
matrixDivide.c refbook Call a LAPACK
function
matrixDivideComplex.q refbook Call a LAPACK
function with complex
numbers
matrixMultiply.c refbook Call a BLAS function
matsq.F refbook Pass matrices in
Fortran
matsqint8.F refbook Pass non-double
matrices in Fortran
mexatexit.c mex Register an exit
mexatexit.cpp function to close a
data file
mexcallmatlab.c mex Call built-in MATLAB
disp function
mexcallmatlabwithtrap.mex How to capture error
information
mexcpp.cpp mex Ilustrate some C++
language features in a
MEX-file
mexevalstring.c mex Use mexEvalString

to assign variables in
MATLAB




Table of MEX Examples

MEX Examples (Continued)

Example Name

Example Subfolder

Description

mexfunction.c mex How to use
mexfunction

mexget.c mex Use mexGet and mexSet
to change Color
property of a graphics
handle

mexgetarray.c mex Use mexGetVariable
and mexPutVariable
to track counters in
the MEX-file and in
the MATLAB global
workspace

mexlock.c mex How to lock and unlock

mexlockf.F a MEX-file

mxcalcsinglesubscript .mx Demonstrate MATLAB
1-based matrix
indexing versus C
0-based indexing

mxcreatecellmatrix.c | mx Create 2-D cell array

mxcreatecellmatrixf.H

mxcreatecharmatrixfrgmstr.c Create 2-D string array

mxcreatestructarray.qg mx Create MATLAB
structure from C
structure

mxgeteps.c mx Read MATLAB eps

mxgetepsf.F value

mxgetinf.c mx Read inf value
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MEX Examples (Continued)

Example Name

Example Subfolder

Description

mxgetnzmax.c

mx

Display number of
nonzero elements in

a sparse matrix and
maximum number of
nonzero elements it can
store

mxisclass.c

mx

Check if array is
member of specified
class

mxisfinite.c

mx

Check for NaN and
infinite values

mxislogical.c

mx

Check if workspace
variable is logical or
global

mxmalloc.c

mx

Allocate memory to
copy a MATLAB string
to a C string

mxsetdimensions.c
mxsetdimensionsf.F

mx

Reshape an array

mxsetnzmax.c

mx

Reallocate memory for
sparse matrix and reset
values of pr, pi, ir and
nzmax

passstr.F

refbook

Pass C character matrix
from FORTRAN to
MATLAB

phonebook.c

refbook

Manipulate structures
and cell arrays

revord.c
revord.F

refbook

Copy MATLAB string
data to and from C-style
string




Table of MEX Examples

MEX Examples (Continued)

Example Name

Example Subfolder

Description

sincall.c refbook Create mxArray and
sincall.F pass to MATLAB sin
fill.F and plot functions
timestwo.c refbook Demonstrate common
timestwo.F workflow of MEX-file
utdu_slv.c refbook Use LAPACK for
symmetric indefinite
factorization
xtimesy.c refbook Pass multiple
xtimesy.F parameters
yprime.c refbook Solve simple 3 body
yprimef.F orbit problem
yprimefg.F
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Troubleshooting MEX-Files

In this section...

“Configuration Issues” on page 3-42
“Understanding MEX-File Problems” on page 3-45
“Compiler and Platform-Specific Issues” on page 3-49

“Memory Management Issues” on page 3-50

“Technical Support” on page 3-55

Configuration Issues

This section focuses on common problems that might occur when creating
binary MEX-files.

e “Search Path Problem on Microsoft Windows Systems” on page 3-42

e “MATLAB Path Names Containing Spaces on Windows Systems” on page
3-42

e “DLL Files Not on Path on Microsoft Windows Systems” on page 3-43
¢ “Internal Error When Using mex -setup ()” on page 3-43

® “General Configuration Problem” on page 3-44

Search Path Problem on Microsoft Windows Systems

On Windows systems, if you move the MATLAB executable without
reinstalling the MATLAB software, you might need to modify mex.bat to
point to the new MATLAB location.

MATLAB Path Names Containing Spaces on Windows Systems
If you have problems building MEX-files on Windows systems and there is a
space in any of the folder names within the MATLAB path, either reinstall
MATLAB into a path name that contains no spaces or rename the folder that
contains the space. For example, if you install MATLAB under the Program
Files folder, you might have difficulty building MEX-files with certain C/C++
compilers.
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DLL Files Not on Path on Microsoft Windows Systems

MATLAB fails to load binary MEX-files if it cannot find all .d11 files
referenced by the MEX-file; the .d11 files must be on the DOS path or in the
same folder as the MEX-file. This is also true for third-party .d11 files.

When this happens, MATLAB displays an error message of the following form:

Invalid MEX-file <mexfilename>:
The specified module could not be found.

On Windows systems, to find library dependencies, use the third-party
product Dependency Walker. Dependency Walker is a free utility that scans
any 32-bit or 64-bit Windows module and builds a hierarchical tree diagram
of all dependent modules. For each module found, it lists all the functions
that are exported by that module, and which of those functions are called by
other modules. Download the Dependency Walker utility from the following
Web site:

http://www.dependencywalker.com/

See the Technical Support solution 1-2RQL4L for information on using the
Dependency Walker.

Internal Error When Using mex -setup ()

Some antivirus software packages might conflict with the mex -setup process
or other mex commands. If you get an error message of the following form in
response to a mex command:

mex.bat: internal error in sub get_compiler_info(): don't
recognize <string>

then you need to disable your antivirus software temporarily and reenter the
command. After you have successfully run the mex script, you can reenable

your antivirus software.

Alternatively, you can open a separate MS-DOS window and enter the mex
command from that window.
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General Configuration Problem

Make sure you followed the configuration steps for your platform described
in this chapter. Also, refer to “Custom Building MEX-Files” on page 3-56
for additional information.
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Understanding MEX-File Problems

Use the following figure to help isolate common problems that occur when
creating binary MEX-files.

Can you
compile and run
timestwo.c or

Acquire a supported
compiler. See
"Supported Compilers"

Are you
using a supported

. iler?
timestwo.f? compiler? for details.
yes Double-check your
configuration. See
"Testing your Configuration
on UNIX (or Windows)".
Can you Check for:
compile your ANSI C code
program? General C syntax errors
Check for:
Can MATLAB Spelling of mexFunction
load your MEX-file? Link against all libraries
you intend to use.
Use:

mexPrintf
matlab -check_malloc

Segmentation
fault or
bus error?

Do you get
the right answer?

Run in debugger.

Use:
matlab -check_malloc
mex -argcheck

Troubleshooting MEX-File Creation Problems
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® “Problem 1 — Compiling a Source MEX-File Fails” on page 3-46
® “Problem 2 — Compiling Your Own Program Fails” on page 3-46
® “Problem 3 — Binary MEX-File Load Errors” on page 3-47

® “Problem 4 — Segmentation Fault” on page 3-48

® “Problem 5 — Program Generates Incorrect Results” on page 3-48

Problems 1 through 5 refer to the corresponding numbered sections of the
previous flowchart. For additional suggestions on resolving MEX-file build
problems, see the MathWorks Technical Support Web site at:

http://www.mathworks.com/support

Problem 1 — Compiling a Source MEX-File Fails

Syntax Errors Compiling C/C++ MEX-Files on UNIX. The most common
configuration problem in creating C/C++ source MEX-files on UNIX systems
involves using a non-ANSI C compiler, or failing to pass to the compiler a flag
that tells it to compile ANSI C code.

A reliable way of knowing if you have this type of configuration problem is

if the header files supplied by MATLAB generate a string of syntax errors
when you try to compile your code. See “Building MEX-Files” on page 3-26 for
information on selecting the appropriate options file or, if necessary, obtain
an ANSI C compiler.

Problem 2 — Compiling Your Own Program Fails

Mixing ANSI and non-ANSI C code can generate a string of syntax errors.
MATLAB provides header and source files that are ANSI C compliant.
Therefore, your C code must also be ANSI compliant.

Other common problems that can occur in any C/C++ program are neglecting
to include all necessary header files, or neglecting to link against all required
libraries.

Make sure you are using a MATLAB-supported compiler. See “What You Need
to Build MEX-Files” on page 3-26 for this information. Additional information
can be found in “Compiler and Platform-Specific Issues” on page 3-49.


http://www.mathworks.com/support
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Symbol mexFunction Unresolved or Not Defined. Attempting to
compile a MEX-function that does not include a gateway function generates

errors about the mexFunction symbol. For example, using a C/C++ compiler,
MATLAB displays information like:

LINK : error LNK2001: unresolved external symbol mexFunction

Using a Fortran compiler, MATLAB displays information like:

unresolved external symbol _MEXFUNCTION

If you want to call functions from a C/C++ or Fortran library from MATLAB,
you must write a gateway function, as described in “Create a Gateway
Routine” on page 3-6.

Problem 3 — Binary MEX-File Load Errors

If you receive an error of the form:

Unable to load mex file:
Invalid MEX-file

MATLAB does not recognize your MEX-file.

MATLAB loads MEX-files by looking for the gateway routine, mexFunction.
If you misspell the function name, MATLAB cannot load your MEX-file
and generates an error message. On Windows systems, check that you are
exporting mexFunction correctly.

On some platforms, if you fail to link against required libraries, you might get
an error when MATLAB loads your MEX-file rather than when you compile
your MEX-file. In such cases, a system error message referring to unresolved
symbols or unresolved references appears. Be sure to link against the library
that defines the function in question.

On Windows systems, MATLAB fails to load MEX-files if it cannot find all
.d11 files referenced by the MEX-file; the .d11 files must be on the path or in
the same folder as the MEX-file. This is also true for third-party .d11 files.
See “DLL Files Not on Path on Microsoft Windows Systems” on page 3-43 for
information to diagnose this problem.
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Problem 4 — Segmentation Fault

If a binary MEX-file causes a segmentation violation or assertion, it means
the MEX-file attempted to access protected, read-only, or unallocated memory.

These types of programming errors are sometimes difficult to track down.
Segmentation violations do not always occur at the same point as the logical
errors that cause them. If a program writes data to an unintended section of
memory, an error might not occur until the program reads and interprets the
corrupted data. Consequently, a segmentation violation can occur after the
MEX-file finishes executing.

One cause of memory corruption is to pass a null pointer to a function.
To check for this condition, add code in your MEX-file to check for invalid
arguments to MEX Library and MX Matrix Library API functions.

To troubleshoot problems of this nature, run MATLAB within a debugging
environment. For more information, see “Debugging C/C++ Language
MEX-Files” on page 4-26 or “Debugging Fortran Source MEX-Files” on page
5-22.

Problem 5 — Program Generates Incorrect Results

If your program generates the wrong answer(s), there are several causes.
First, there could be an error in the computational logic. Second, the program
could be reading from an uninitialized section of memory. For example,
reading the 11th element of a 10-element vector yields unpredictable results.

Another cause of generating a wrong answer could be overwriting valid data
due to memory mishandling. For example, writing to the 15th element of a
10-element vector might overwrite data in the adjacent variable in memory.
This case can be handled in a similar manner as segmentation violations,
as described in Problem 4.

In all of these cases, you can use mexPrintf to examine data values at
intermediate stages or run MATLAB within a debugger to exploit all the
tools the debugger provides.
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Compiler and Platform-Specific Issues

This section describes situations specific to particular compilers and
platforms.

¢ “Using Binary MEX-Files from Other Sources” on page 3-49
¢ “Linux gcc Compiler Version Error” on page 3-49
® “Fortran Source MEX-Files Compiler Errors” on page 3-49

¢ “Binary MEX-Files Created in Watcom IDE” on page 3-50
¢ “Linux gce -fPIC Errors” on page 3-50

Using Binary MEX-Files from Other Sources

If you obtain a binary MEX-file from another source, be sure the file was
compiled for the same platform on which you want to run it. See “Introducing
MEX-Files” on page 3-2 for platform-specific information.

When you try to run a binary MEX-file from a version of MATLAB that is
different from the version that created the MEX-file, MATLAB displays an
error message of the following form:

Invalid MEX-file <mexfilename>:
The specified module could not be found.

Linux gcc Compiler Version Error

For information concerning a gcc compiler version error on Linux systems, see
the Technical Support solution 1-2H64MF.

Fortran Source MEX-Files Compiler Errors

When you try to compile a Fortran MEX-file using a free source form format,
MATLAB displays an error message of the following form:

Illegal character in statement label field

mex supports the fixed source form. The difference between free and fixed
source forms is explained in the Fortran Language Reference Manual Source
Forms topic. The URL for this topic is:
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http://h21007.www2.hp.com/portal/download/files/unprot/Fortran/
docs/1rm/1rm0015.htm#source_formatmenu?&Record=383697&STASH=7

The URL for the Fortran Language Reference Manual is:

http://h21007.www2.hp.com/portal/download/files/unprot/Fortran/
docs/1lrm/dflrm.htm

Binary MEX-Files Created in Watcom IDE

If you use the Watcom IDE to create MEX-files and get unresolved
references to API functions when linking against our libraries, check the
argument-passing convention. The Watcom IDE uses a default switch that
passes parameters in registers. MATLAB requires that you pass parameters
on the stack.

Linux gcc -fPIC Errors

If you link a static library with a MEX-file, which is a shared library, you
might get an error message containing the text recompile with -fPIC.

Try compiling the static library with the -fPIC flag in order to create
position independent code. For information about using the gce compiler, see
www.gnu.org. For an up-to-date list of supported compilers, see the Supported
and Compatible Compilers Web page.

Memory Management Issues

When a binary MEX-file returns control to MATLAB, it returns the results
of its computations in the output arguments—the mxArrays contained in the
left-hand side arguments plhs[]. MATLAB destroys any mxArray created by
the MEX-file that is not in this argument list. In addition, MATLAB frees any
memory that was allocated in the MEX-file using the mxCalloc, mxMalloc, or
mxRealloc functions.

In general, MathWorks recommends that MEX-file functions destroy their
own temporary arrays and free their own dynamically allocated memory. It is
more efficient to perform this cleanup in the source MEX-file than to rely on
the automatic mechanism. This approach is consistent with other MATLAB
API applications (MAT-file applications, engine applications, and MATLAB
Compiler™ generated applications, which do not have any automatic cleanup
mechanism.)


http://www.gnu.org/
http://www.mathworks.com/support/compilers/current_release/
http://www.mathworks.com/support/compilers/current_release/
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However, you should not destroy an mxArray in a source MEX-file when it is:

¢ passed to the MEX-file in the right-hand side list prhs[ ]
e returned in the left-hand side list plhs|[]

® returned by mexGetVariablePtr

used to create a structure

This section describes situations specific to memory management. We
recommend you review code in your source MEX-files to avoid using these
functions in the following situations. For additional information, see “Memory
Management” on page 4-41 in Creating C/C++ Language MEX-Files. For
guidance on memory issues, see “Strategies for Efficient Use of Memory”.

Potential memory management problems include:

* “Improperly Destroying an mxArray” on page 3-51

e “Incorrectly Constructing a Cell or Structure mxArray” on page 3-52
® “Creating a Temporary mxArray with Improper Data” on page 3-52
e “Creating Potential Memory Leaks” on page 3-53

e “Improperly Destroying a Structure” on page 3-54

® “Destroying Memory in a C++ Class Destructor” on page 3-55

Improperly Destroying an mxArray
Do not use mxFree to destroy an mxArray.

Example. In the following example, mxFree does not destroy the array
object. This operation frees the structure header associated with the array,
but MATLAB stills operates as if the array object needs to be destroyed. Thus
MATLAB tries to destroy the array object, and in the process, attempts to free
its structure header again:

mxArray *temp = mxCreateDoubleMatrix(1,1,mxREAL);

mxFree(temp); /* INCORRECT */
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Solution. Call mxDestroyArray instead:

mxDestroyArray(temp); /* CORRECT */

Incorrectly Constructing a Cell or Structure mxArray

Do not call mxSetCell or mxSetField variants with prhs[] as the member
array.

Example. In the following example, when the MEX-file returns, MATLAB
destroys the entire cell array. Since this includes the members of the cell, this
implicitly destroys the MEX-file’s input arguments. This can cause several
strange results, generally having to do with the corruption of the caller’s
workspace, if the right-hand side argument used is a temporary array (for
example, a literal or the result of an expression):

myfunction('hello')
/* myfunction is the name of your MEX-file and your code
/* contains the following: */

mxArray *temp = mxCreateCellMatrix(1,1);

mxSetCell(temp, O, prhs[0]); /* INCORRECT */

Solution. Make a copy of the right-hand side argument with
mxDuplicateArray and use that copy as the argument to mxSetCell (or
mxSetField variants). For example:

mxSetCell(temp, O, mxDuplicateArray(prhs[0])); /* CORRECT */

Creating a Temporary mxArray with Improper Data

Do not call mxDestroyArray on an mxArray whose data was not allocated by
an API routine.

Example. If you call mxSetPr, mxSetPi, mxSetData, or mxSetImagData,
specifying memory that was not allocated by mxCalloc, mxMalloc, or
mxRealloc as the intended data block (second argument), then when the
MEX-file returns, MATLAB attempts to free the pointers to real data and
imaginary data (if any). Thus MATLAB attempts to free memory, in this
example, from the program stack:
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mxArray *temp = mxCreateDoubleMatrix(0,0,mxREAL) ;
double data[5] = {1,2,3,4,5};

mxSetM(temp,1); mxSetN(temp,5); mxSetPr(temp, data);
/* INCORRECT */

Solution. Rather than use mxSetPr to set the data pointer, instead, create
the mxArray with the right size and use memcpy to copy the stack data into the
buffer returned by mxGetPr:

mxArray *temp = mxCreateDoubleMatrix(1,5,mxREAL);
double data[5] = {1,2,3,4,5};

memcpy (mxGetPr(temp), data, 5*sizeof(double)); /* CORRECT */

Creating Potential Memory Leaks

Prior to Version 5.2, if you created an mxArray using one of the API creation
routines and then you overwrote the pointer to the data using mxSetPr,
MATLAB still freed the original memory. This is no longer the case.

For example:

pr = mxCalloc(5*5, sizeof(double));

. <load data into pr>
plhs[0] = mxCreateDoubleMatrix(5,5,mxREAL);
mxSetPr(plhs[0], pr); /* INCORRECT */

will now leak 5%5*8 bytes of memory, where 8 bytes is the size of a double.

You can avoid that memory leak by changing the code to:

plhs[0] = mxCreateDoubleMatrix(5,5,mxREAL) ;
pr = mxGetPr(plhs[0]);
. <load data into pr>

or alternatively:

pr = mxCalloc(5*5, sizeof(double));

. <load data into pr>
plhs[0] = mxCreateDoubleMatrix(5,5,mxREAL);
mxFree (mxGetPr(plhs[0]));
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mxSetPr(plhs[0], pr);
Note that the first solution is more efficient.

Similar memory leaks can also occur when using mxSetPi, mxSetData,
mxSetImagData, mxSetIr, or mxSetJc. You can avoid memory leaks by
changing the code as described in this section.

Improperly Destroying a Structure

If you create a structure, you must call nxDestroyArray only on the structure.
A field in the structure points to the data in the array used by mxSetField

or mxSetFieldByNumber. When mxDestroyArray destroys the structure, it
attempts to traverse down through itself and free all other data, including the
memory in the data arrays. If you call mxDestroyArray on each data array,
the same memory is freed twice and this can corrupt memory.

Example. The following example creates three arrays: one structure array
aStruct and two data arrays, myDataOne and myDataTwo. Field name one
contains a pointer to the data in myDataOne, and field name two contains

a pointer to the data in myDataTwo.

mxArray *myDataOne;

mxArray *myDataTwo;

mxArray *aStruct;

const char *fields[] = { "one", "two" };

myDataOne mxCreateDoubleScalar(1.0);
myDataTwo = mxCreateDoubleScalar(2.0);

aStruct = mxCreateStructMatrix(1,1,2,fields);

mxSetField( aStruct, 0, "one", myDataOne );

mxSetField( aStruct, 1, "two", myDataTwo );
mxDestroyArray(myDataOne) ;

mxDestroyArray(myDataTwo) ;

mxDestroyArray(aStruct); /* tries to free myDataOne and myDataTwo */

Solution. The command mxDestroyArray(aStruct) destroys the data in
all three arrays:
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aStruct = mxCreateStructMatrix(1,1,2,fields);
mxSetField( aStruct, 0, "one", myDataOne );
mxSetField( aStruct, 1, "two", myDataTwo );
mxDestroyArray(aStruct);

Destroying Memory in a C++ Class Destructor

Do not use the mxFree or mxDestroyArray functions in a C++ destructor

of a class used in a MEX-function. If the MEX-function throws an error,
MATLAB cleans up MEX-file variables, as described in “Automatic Cleanup
of Temporary Arrays” on page 4-41.

If an error occurs that causes the object to go out of scope, MATLAB calls
the C++ destructor. Freeing memory directly in the destructor means both
MATLAB and the destructor free the same memory, which can corrupt
memory.

Technical Support

http://www.mathworks.com/support/
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Custom Building MEX-Files

In this section...
“Who Should Read This Chapter” on page 3-56
“MEX Script Switches” on page 3-56

“Custom Building on UNIX Systems” on page 3-60
“Custom Building on Windows Systems” on page 3-65

Who Should Read This Chapter

In general, the defaults that come with MATLAB software should be sufficient
for building most binary MEX-files. Following are reasons that you might
need more detailed information:

®* You want to use an Integrated Development Environment (IDE), rather
than the provided script, to build MEX-files.

* You want to create an options file, for example, to use a compiler that is
unsupported.

* You want to exercise more control over the build process than the script
uses.

The script, in general, uses two stages (or three, for Microsoft Windows
platforms) to build MEX-files. These are the compile stage and the link
stage. In between these two stages, Windows compilers must perform some
additional steps to prepare for linking (the prelink stage).

MEX Script Switches

The mex script has a set of switches (also called options) that you can use to
modify the link and compile stages. The MEX Script Switches table lists the
available switches and their uses. Each switch is available on both UNIX and
Windows systems unless otherwise noted.

For customizing the build process, you should modify the options file, which

contains the compiler-specific flags corresponding to the general compile,
prelink, and link steps required on your system. The options file consists of
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a series of variable assignments; each variable represents a different logical
piece of the build process.

MEX Script Switches

Switch Function

@rsp_file (Windows systems only) Include the contents of
the text file rsp_file as command-line arguments
to mex.

-arch Build an output file for architecture arch.

To determine the value for arch, type
computer('arch') at the MATLAB Command
Prompt on the target machine. Valid values for
arch depend on the architecture of the build
platform.

-C Compile only. Creates an object file, but not a
binary MEX-file.

-compatibleArrayDims | Build a binary MEX-file using the MATLAB
Version 7.2 array-handling API, which limits
arrays to 231-1 elements. Default option. (See the
-largeArrayDims option.)

In verbose mode, if you do not specify either the
-largeArrayDims or the -compatibleArrayDims
switches, MATLAB displays a message showing
the default switch.

-CXX (UNIX systems only) Use the C++ linker to link
the MEX-file if the first source file 1s in C and
there are one or more C++ source or object files.
This option overrides the assumption that the
first source file in the list determines which linker
to use.

-Dname Define a symbol name to the C preprocessor.
Equivalent to a #define name directive in the
source.

Do not add a space after this switch.
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MEX Script Switches (Continued)

Switch

Function

-Dname=value

Define a symbol name and value to the C
preprocessor. Equivalent to a #define name value
directive in the source.

Do not add a space after this switch.

-f optionsfile

Specify location and name of options file to use.
Overrides the mex default-options-file search
mechanism.

-fortran

(UNIX systems only) Specify that the gateway
routine is in Fortran. This option overrides the
assumption that the first source file in the list
determines which linker to use.

Create a binary MEX-file containing additional
symbolic information for use in debugging.
This option disables the mex default behavior of
optimizing built object code (see the -0 option).

-h[elp]

Print help for mex.

-Ipathname

Add pathname to the list of folders to search for
#include files.

Do not add a space after this switch.

-inline

This option has been removed.

-lname

Link with object library. On Windows systems,
name expands to name.lib or 1ibname.lib and on
UNIX systems, to 1ibname.so or 1libname.dylib.

Do not add a space after this switch.
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MEX Script Switches (Continued)

Switch Function

-Lfolder Add folder to the list of folders to search for
libraries specified with the -1 option. On UNIX
systems, you must also set the run-time library
path, as explained in “Setting Run-Time Library
Path” on page 1-24.

Do not add a space after this switch.

-largeArrayDims Build a binary MEX-file using the MATLAB
large-array-handling API. This API can handle
arrays with more than 231-1 elements. (See the
-compatibleArrayDims option.)

In verbose mode, if you do not specify either the
-largeArrayDims or the -compatibleArrayDims
switches, MATLAB displays a message showing
the default switch.

-n No execute mode. Print any commands that
mex would otherwise have executed, but do not
actually execute any of them.

-0 Optimize the object code. Optimization is enabled
by default and by including this option on the
command line. If the -g option appears without
the -0 option, optimization is disabled.

-outdir dirname Place all output files in folder dirname.

-output resultname Create binary MEX-file named resultname.
Automatically appends the appropriate MEX-file
extension. Overrides the default MEX-file naming
mechanism.

-setup Specify the compiler options file to use when
calling the mex function. When you use this option,
all other command-line options are ignored.
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MEX Script Switches (Continued)

Switch Function

-Uname Remove any initial definition of the C preprocessor
symbol name. (Inverse of the -D option.)

Do not add a space after this switch.

-V Verbose mode. Print the values for important
internal variables after the options file is
processed and all command-line arguments are
considered. Prints each compile step and final
link step fully evaluated.

name=value Override an options file variable for variable name.
For examples, see Override Option Details on mex
reference page.

Custom Building on UNIX Systems

On UNIX systems, there are two stages in MEX-file building: compiling and
linking.

Compile Stage on UNIX Systems

The compile stage must

® Add matlabroot/extern/include to the list of folders in which to find
header files (-Imatlabroot/extern/include).
® Define the preprocessor macro MATLAB_MEX_ FILE (-DMATLAB_MEX_ FILE).

e Compile the source file.

Link Stage on UNIX Systems
The link stage must

® Instruct the linker to build a shared library.



Custom Building MEX-Files

e If you link with your own libraries, set the run-time library path, which is
explained in “Setting Run-Time Library Path” on page 1-24.

® Link all objects from compiled source files.

* Export the mexFunction symbol, representing function called by MATLAB.

For Fortran MEX-files, the symbols are all lowercase and might have
appended underscores. For specific information, invoke the mex script in
verbose mode and examine the output.

Build Options on UNIX Systems

For customizing the build process, you should modify the options file.

The options file contains the compiler-specific flags corresponding to the
general steps outlined above. The options file consists of a series of variable
assignments. Each variable represents a different logical piece of the
build process. The options files provided with MATLAB are located in
matlabroot/bin. The section “UNIX Default Options File” on page 3-62,
describes how the mex script looks for an options file.

To aid in providing flexibility, there are two sets of options in the options file
that you can turn on and off with switches to the mex script. These sets of
options correspond to building in debug mode and building in optimization
mode. They are represented by the variables DEBUGFLAGS and OPTIMFLAGS,
respectively, one pair for each driver that is invoked (CDEBUGFLAGS for the
C/C++ compiler, FDEBUGFLAGS for the Fortran compiler, and LDDEBUGFLAGS for
the linker; similarly for the OPTIMFLAGS):

¢ If you build in optimization mode (the default), the mex script includes the
OPTIMFLAGS options in the compile and link stages.

¢ [fyou build in debug mode, the mex script includes the DEBUGFLAGS options
in the compile and link stages. It does not include the OPTIMFLAGS options.

® You can include both sets of options by specifying both the optimization and
debugging flags to the mex script (-0 and -g, respectively).

Aside from these special variables, the mex options file defines the executable
invoked for each mode (C/C++ compile, Fortran compile, link) and the flags for
each stage. You also can provide explicit lists of libraries that must be linked
in to all MEX-files containing source files of each language.
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The variable summary follows.

Fortran
Variable C Compiler C++ Compiler | Compiler Linker
Executable cC CXX FC LD
Flags CFLAGS CXXFLAGS FFLAGS LDFLAGS
Optimization COPTIMFLAGS CXXOPTIMFLAGS FOPTIMFLAGS LDOPTIMFLAGS
Debugging CDEBUGFLAGS CXXDEBUGFLAGS FDEBUGFLAGS LDDEBUGFLAGS
Additional CLIBS CXXLIBS FLIBS (none)
libraries

For specifics on the default settings for these variables, you can

¢ Examine the options file in matlabroot/bin/mexopts.sh (or the options
file you are using), or

® Invoke the mex script in verbose mode.

UNIX Default Options File

The default MEX options file provided with MATLAB is located in
matlabroot/bin. The mex script searches for an options file called
mexopts.sh in the following order:

® The location and options file specified with the mex -f switch

e The current folder

® The folder specified by matlabroot/bin

® The folder returned by the prefdir function

mex uses the first occurrence of the options file it finds. If no options file is
found, mex displays an error message. You can directly specify the name of
the options file using the -f switch.

The UNIX options file is written in the Bourne shell script language.
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For specific information on the default settings for the MATLAB supported
compilers, you can examine the options file in fullfile (matlabroot,
'bin', 'mexopts.sh'), or you can invoke the mex script in verbose mode
(-v). Verbose mode prints the exact compiler options, prelink commands Gf
appropriate), and linker options used in the build process for each compiler.
“Custom Building on UNIX Systems” on page 3-60 gives an overview of the
high-level build process.

Files and Folders on UNIX Systems

This section describes the folder organization and purpose of the files
associated with the MATLAB C/C++ and Fortran API Reference on UNIX
systems.

|matlabroot|

bin
$ARCH

src

eng_mat

H

mex

mx

refbook

matlabroot/bin. Contains the following files for the MATLAB API:

mex
UNIX shell script that creates binary MEX-files from C/C++ or Fortran
MEX-file source code.
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matlab
UNIX shell script that initializes your environment and then invokes
the MATLAB interpreter.

This folder also contains the preconfigured options files that the mex script
uses with particular compilers. For more information, see “Specifying a UNIX
Options File” on page 3-34.

matlabroot/bin/arch. Contains libraries, where arch specifies a particular
UNIX platform. On some UNIX platforms, this folder contains two versions
of this library. Library file names ending with .so or .dylib are shared
libraries.

matlabroot/extern/include. Contains the header files for developing
C/C++ and Fortran applications that interface with MATLAB. The relevant
header files for the MATLAB API are:

engine.h
C/C++ header file for MATLAB engine programs. Contains function
prototypes for engine routines.

mat.h
C/C++ header file for programs accessing MAT-files. Contains function
prototypes for mat routines.

matrix.h
C/C++ header file containing a definition of the mxArray structure and
function prototypes for matrix access routines.

mex.h
Header file for building C/C++ MEX-files. Contains function prototypes
for mex routines.

fintrf.h
Header file for building Fortran MEX-files. Contains function
prototypes for mex routines.

matlabroot/extern/src. Contains C source files to support MEX-file
features such as argument checking and versioning.
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Custom Building on Windows Systems

There are three stages to MEX-file building for both C/C++ and Fortran on
Windows systems: compiling, prelinking, and linking.

Compile Stage on Windows Systems
For the compile stage, a mex options file must

Set up paths to the compiler using the COMPILER (for example, Watcom),
PATH, INCLUDE, and LIB environment variables. If your compiler always has
the environment variables set (e.g., in AUTOEXEC.BAT), you can comment
them out in the options file.

Define the name of the compiler, using the COMPILER environment variable,
if needed.

Define the compiler switches in the COMPFLAGS environment variable:
= The switch to create a DLL is required for MEX-files.

= For standalone programs, the switch to create an exe is required.
= The -c switch (compile only; do not link) is recommended.

= The switch to specify 8-byte alignment.

= You can use any other switch specific to the environment.
Define preprocessor macro, with -D, MATLAB_MEX_FILE is required.

Set up optimizer switches and/or debug switches using OPTIMFLAGS and
DEBUGFLAGS.

= If you build in optimization mode (the default), the mex script includes
the OPTIMFLAGS option in the compile stage.

= If you build in debug mode, the mex script includes the DEBUGFLAGS
options in the compile stage. It does not include the OPTIMFLAGS option.

= You can include both sets of options by specifying both the optimization
and debugging flags to the mex script (OPTIMFLAGS and DEBUGFLAGS,
respectively).
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Prelink Stage on Windows Systems

The prelink stage dynamically creates import libraries to import the required
function into the MEX, MAT, or engine file:

e All MEX-files link against libmex.d11l (MEX library).

e MAT standalone programs link against 1ibmx.d11 (array access library)
and libmat.d1ll (MAT-functions).

® Engine standalone programs link against 1ibmx.d1l1l (array access library)
and libeng.dll for engine functions.

Link Stage on Windows Systems
For the link stage, a mex options file must

e Define the name of the linker in the LINKER environment variable.
® Define the LINKFLAGS environment variable that must contain

= The switch to create a shared library for MEX-files, or the switch to
create an exe for standalone programs.

= Export of the entry point to the MEX-file as mexFunction for C/C++ or
MEXFUNCTION for Fortran.

= The import library (or libraries) created in the PRELINK_CMDS stage.
= You can use any other link switch specific to the compiler.

® Set up the linking optimization and debugging switches LINKOPTIMFLAGS
and LINKDEBUGFLAGS. Use the same conditions described in the “Compile
Stage on Windows Systems” on page 3-65.

® Define the link-file identifier in the LINK_FILE environment variable, if
necessary. For example, Watcom uses file to identify that the name
following is a file and not a command.

® Define the link-library identifier in the LINK_LIB environment variable,
if necessary. For example, Watcom uses library to identify the name
following is a library and not a command.

® Optionally, set up an output identifier and name with the output switch
in the NAME_OUTPUT environment variable. The environment variable
MEX_NAME contains the name of the first program in the command line. This
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must be set for -output to work. If this environment is not set, the compiler
default is to use the name of the first program in the command line. Even if
this is set, you can override it by specifying the mex -output switch.

Linking DLL Files to Binary MEX-Files on Windows Systems
To link a DLL to a MEX-file, list the DLL’s .1ib file on the command line.

Windows Default Options File

The default MEX options file is placed in your user profile folder after you
configure your system by running mex -setup. The mex script searches for an
options file called mexopts.bat in the following order:

® The location and options file specified with the mex -f switch
® The current folder

® The user profile folder (returned by the prefdir function)

mex uses the first occurrence of the options file it finds. If no options file

is found, mex searches your machine for a supported C/C++ compiler and
automatically configures itself to use that compiler. Also, during the
configuration process, it copies the compiler’s default options file to the user
profile folder. If multiple compilers are found, you are prompted to select
one.

On Windows systems, the options file is written in the Perl script language.

For specific information on the default settings for the MATLAB supported
compilers, you can examine the options file, mexopts.bat, or you can invoke
the mex script in verbose mode (-v). Verbose mode prints the exact compiler
options, prelink commands, if appropriate, and linker options used in the
build process for each compiler. “Custom Building on Windows Systems” on
page 3-65 gives an overview of the high-level build process.

3-67



3 Creating C/C++ and Fortran Programs to be Callable from MATLAB® (MEX-Files)

3-68

The User Profile Folder. The Windows user profile folder contains
user-specific information such as desktop appearance, recently used files,
and Start menu items. The mex and mbuild utilities store their respective
options files, mexopts.bat and compopts.bat, which are created during the
-setup process, in a folder of your user profile folder, named Application
Data\MathWorks\MATLAB.

Files and Folders on Windows Systems

This section describes the folder organization and purpose of the files
associated with the MATLAB C/C++ and Fortran API Reference on Microsoft
Windows systems.

The following figure illustrates the folders in which the MATLAB API files
are located. In the illustration, matlabroot symbolizes the top-level folder
where MATLAB is installed on your system.

|matlabroot|

win32

src

. o
-
>S5

i
|

examples

eng_mat

mex

mx

il“ﬁ

refbook
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matlabroot\bin. Contains the mex.bat batch file that builds C/C++ and
Fortran files into binary MEX-files. Also contains mex.pl, which is a Perl
script used by mex.bat.

matlabroot\bin\arch\mexopts. Contains the preconfigured options files
that the mex script uses with particular compilers. For more information, see
“Specifying a Windows Options File” on page 3-31.

matlabroot\extern\include. Contains the header files for developing
C/C++ and Fortran applications that interface with MATLAB.

The relevant header files for the MATLAB API (MEX-files, engine, and
MAT-files) are

engine.h
C/C++ header file for MATLAB engine programs. Contains function
prototypes for engine routines.

mat.h
C/C++ header file for programs accessing MAT-files. Contains function
prototypes for mat routines.

matrix.h
C/C++ header file containing a definition of the mxArray structure and
function prototypes for matrix access routines.

mex.h
Header file for building C/C++ MEX-files. Contains function prototypes
for mex routines.

fintrf.h
Header file for building Fortran MEX-files. Contains function
prototypes for mex routines.

* . def
Files used by Microsoft Visual C++ and Microsoft Fortran compilers.

matlabroot \extern\src. Contains files used for debugging MEX-files.
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Compiling MEX-Files with the Microsoft Visual C++ IDE

Note This section provides information on how to compile source MEX-files
in the Microsoft Visual C++ IDE. It is not totally inclusive. This section
assumes that you know how to use the IDE. If you need more information on
using the Microsoft Visual C++ IDE, refer to the corresponding Microsoft
documentation.

To build MEX-files with the Microsoft Visual C++ integrated development
environment:

1 Create a project and insert your MEX source files.

2 Create a .def file to export the MEX entry point. On the Project menu,
click Add New Item and select Module-Definition File (.def). For
example:

LIBRARY MYFILE

EXPORTS mexFunction <-- for a C MEX-file
or
EXPORTS _MEXFUNCTION <-- for a Fortran MEX-file

3 On the Project menu, click Properties for the project to open the property
pages.

4 Under C/C++ General properties, add the MATLAB include folder,
matlab\extern\include, as an additional include folder.

5 Under C/C++ Preprocessor properties, add MATLAB_MEX FILE as a
preprocessor definition.

6 Under Linker General properties, change the output file extension to
.mexw32 if you are building for a 32-bit platform or .mexw64 if you are
building for a 64-bit platform.

7 Locate the .lib files for the compiler you are using
under matlabroot\extern\lib\win32\microsoft or
matlabroot\extern\lib\win64\microsoft. Under Linker
Input properties, add libmx.1ib, 1ibmex.1lib, and l1ibmat.lib as
additional dependencies.
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8 Under Linker Input properties, add the module definition (.def) file
you created.

9 Under Linker Debugging properties, if you intend to debug the
MEX-file using the IDE, specify that the build should generate debugging
information. For more information about debugging, see “Debugging on
the Microsoft Windows Platforms” on page 4-26.

If you are using a compiler other than the Microsoft Visual C++ compiler,
the process for building MEX files is like that described above. In step

4, locate the .1ib files for the compiler you are using in a folder of
matlabroot\extern\1lib\win32 or matlabroot\extern\lib\win64. For
example, if you are using an Open Watcom C/C++ compiler, look in
matlabroot\extern\lib\win32\watcom.
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Calling LAPACK and BLAS Functions from MEX-Files

In this section...

“What You Need to Know” on page 3-72
“Creating a MEX-File Using LAPACK and BLAS Functions” on page 3-73
“Preserving Input Values from Modification” on page 3-75

“Passing Arguments to Fortran Functions from C/C++ Programs” on page
3-76

“Passing Arguments to Fortran Functions from Fortran Programs” on page
3-77

“Handling Complex Numbers in LAPACK and BLAS Functions” on page
3-78

“Modifying the Function Name on UNIX Systems” on page 3-82

What You Need to Know

You can call a LAPACK or BLAS function using a MEX-file. To create a
MEX-file, you need C/C++ or Fortran programming experience and the
software resources (compilers and linkers) to build an executable file. It also
is helpful to understand how to use Fortran subroutines. MATLAB provides
the mwlapack and mwblas libraries in matlabroot/extern/1lib. To work with
complex numbers, use the conversion routines in the fort.c and fort.h files
in matlabroot/extern/examples/refbook. To help you get started, there
are source code examples in matlabroot/extern/examples/refbook.

If you do not know how to use MEX-files, start with the following sections:

e “MEX-Files Call C/C++ and Fortran Programs” on page 3-5
* “What You Need to Build MEX-Files” on page 3-26

For an overview showing how to create and build sample MEX-files, start
with the following sections:

® “Creating a Source MEX-File” on page 3-5
® “Overview of Building the timestwo MEX-File” on page 3-35
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Creating a MEX-File Using LAPACK and BLAS
Functions
To call LAPACK or BLAS functions:

1 Create a source MEX-file containing the mexFunction gateway routine,
as described in the following topics:
® “Gateway Routine” on page 4-2 for C/C++ language MEX-files.
* “Gateway Routine” on page 5-2 for Fortran language MEX-files.

2 Select a supported compiler for your platform, as described in the following
topics:

e “Selecting a Compiler on Windows Platforms” on page 3-26

e “Selecting a Compiler on UNIX Platforms” on page 3-32.

3 Build a binary MEX-file using the mex command with one or more of the
following options:

¢ Link your source file to one or both of the libraries, mwlapack and mwblas.

® Use the -largeArrayDims option; the mwlapack and mwblas libraries
only support 64-bit integers for matrix dimensions.

e If your function uses complex numbers, build your source file with
fort.c and include the fort.h header file.

The following topics show how to use the mex command using the example
matrixMultiply.c. To work with this file, copy it to a local folder. For
example:

copyfile(fullfile(matlabroot, 'extern', 'examples', 'refbook',
'matrixMultiply.c'), fullfile('c:', 'work'));

The example files are read-only files. To modify an example, ensure the file
1s writable by typing:

fileattrib('matrixMultiply.c', '+w');
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Building on Windows Platforms

There are compiler-specific versions of the libraries on the Windows platform.
To link to a specific library, look at the matlabroot/extern/lib/ folder and
choose the path for your architecture and compiler. For example, type:

cc = mex.getCompilerConfigurations('Any', 'Selected');
cc.Manufacturer
computer

If you selected a Microsoft C/C++ compiler on a 32-bit platform, MATLAB
displays:

ans =
Microsoft
ans =
PCWIN

Link to the libraries in matlabroot/extern/lib/win32/microsoft/. To
simplify the build command, create variables lapacklib and blaslib, which
identify the full path and file name of each library.

lapacklib = fullfile(matlabroot,

'extern', 'lib', 'win32', 'microsoft', 'libmwlapack.lib');
blaslib = fullfile(matlabroot,
'extern', 'lib', 'win32', ‘'microsoft', 'libmwblas.lib');

When you use a variable to identify the library, you must use the function
syntax of the mex command. (For more information, see “Command vs.
Function Syntax”.) To build matrixMultiply.c, which uses functions from
the BLAS library, type:

mex('-v', '-largeArrayDims', 'matrixMultiply.c', blaslib)

To build a MEX-file with functions that use complex numbers, see “Handling
Complex Numbers in LAPACK and BLAS Functions” on page 3-78.

Building on UNIX Platforms

To build the MEX-file matrixMultiply.c, which uses functions from the
BLAS library, type:
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mex -v -largeArrayDims matrixMultiply.c -lmwblas

To build a MEX-file with functions that use complex numbers, see “Handling
Complex Numbers in LAPACK and BLAS Functions” on page 3-78.

Testing the matrixMultiply MEX-File
To run the matrixMultiply MEX-file, type:

=[135; 247];
[-56 8 11; 3 9 21; 4 0 8];
matrixMultiply (A,B)

A
B
X

MATLAB displays:

X =
24 35 114
30 52 162

Preserving Input Values from Modification

Many LAPACK and BLAS functions modify the values of arguments passed
to them. It is good practice to make a copy of arguments you can modify
before passing them to these functions. For information about how MATLAB
handles arguments to the mexFunction, see “Managing Input and Output
Parameters” on page 3-11.

Example — matrixDivide.c

The following example calls the LAPACK function dgesv that modifies its
input arguments. The code in this example makes copies of prhs[0] and
prhs[1], and passes the copies to dgesv to preserve the contents of the input
arguments.

To see the example, open the file in the MATLAB Editor. To create the
MEX-file, copy the source file to a working folder:

copyfile(fullfile(matlabroot, 'extern', 'examples', 'refbook’,
'matrixDivide.c'), fullfile('c:', 'work'));

To build the file on Windows, type:
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lapacklib = fullfile(matlabroot,

'extern', 'lib', 'win32', 'microsoft', 'libmwlapack.lib');
mex('-v', '-largeArrayDims', 'matrixDivide.c', lapacklib)
To build the file on UNIX type:

mex -v -largeArrayDims matrixDivide.c -1lmwlapack

To test, type:

A=1[12; 3 4];
B = [5; 6];
X = matrixDivide (A,B)

MATLAB displays:

X =
-4.0000
4.5000

Passing Arguments to Fortran Functions from C/C++
Programs

The LAPACK and BLAS functions are written in Fortran. Be aware that
C/C++ and Fortran use different conventions for passing arguments to and
from functions. Fortran functions expect the arguments to be passed by
reference, while arguments to C/C++ functions are passed by value. When
you pass by value, you pass a copy of the value. When you pass by reference,
you pass a pointer to the value. A reference is also the address of the value.

When you call a Fortran subroutine, like a function from LAPACK or BLAS,
from a C/C++ program, be sure to pass the arguments by reference. To do
this, precede the argument with an ampersand (&), unless that argument

is already a reference. For example, when you create a matrix using the
mxGetPr function, you create a reference to the matrix and do not need the
ampersand before the argument.

In the following code snippet, variables m, n, p, one, and zero need the &
character to make them a reference. Variables A, B, C, and chn are pointers,
which are references.

/* pointers to input & output matrices*/
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double *A, *B, *C;

/* matrix dimensions */
mwSignedIndex m,n,p;

/* other inputs to dgemm */
char *chn = "N";

double one = 1.0, zero = 0.0;

/* call BLAS function */
dgemm(chn, chn, &m, &n, &p, &one, A, &m, B, &p, &zero, C, &m);

Example — matrixMultiply.c

The matrixMultiply.c example calls dgemm, passing all arguments by
reference. To see the source code, open the file in the MATLAB Editor. To
build and run this example, see “Creating a MEX-File Using LAPACK and
BLAS Functions” on page 3-73.

Passing Arguments to Fortran Functions from Fortran
Programs

You can call LAPACK and BLAS functions from Fortran MEX files. The
following example takes two matrices and multiplies them by calling the
BLAS routine dgemm:

#include "fintrf.h"

subroutine mexFunction(nlhs, plhs, nrhs, prhs)
mwPointer plhs(*), prhs(*)

integer nlhs, nrhs

mwPointer mxcreatedoublematrix

mwPointer mxgetpr

mwPointer A, B, C

mwSignedIndex mxgetm, mxgetn

mwSignedIndex m, n, p, numel

double precision one, zero, ar, br

character ch1, ch2

ch1 "N
ch2 = 'N'
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one = 1.0

zero = 0.0

A = mxgetpr(prhs(1))
B = mxgetpr(prhs(2))
m = mxgetm(prhs(1))
p = mxgetn(prhs(1))
n = mxgetn(prhs(2))

plhs(1) = mxcreatedoublematrix(m, n, 0.0)
C = mxgetpr(plhs(1))

numel = 1

call mxcopyptrtoreal8(A, ar, numel)

call mxcopyptrtoreal8(B, br, numel)

call dgemm(ch1, ch2, m, n, p, one, %val(A), m,
+ %sval(B), p, zero, %val(C), m)

return
end

Handling Complex Numbers in LAPACK and BLAS
Functions

MATLAB stores complex numbers differently than Fortran. MATLAB stores
the real and imaginary parts of a complex number in separate, equal length
vectors, pr and pi. Fortran stores the same complex number in one location
with the real and imaginary parts interleaved.

As a result, complex variables exchanged between MATLAB and a Fortran
function are incompatible. Use the conversion routines, mat2fort and
fort2mat, that change the storage format of complex numbers to address
this incompatibility.

e mat2fort — Convert MATLAB complex matrix to Fortran complex storage.

e fort2mat — Convert Fortran complex storage to MATLAB real and
Imaginary parts.
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The fort.c and fort.h files provide routines for conversion between
MATLAB and Fortran complex data structures. These files define the
mat2fort and fort2mat routines.

To use these routines, you need to:

1 Include the fort.h header file in your source file, using the statement
#include "fort.h".

2 Link the fort.c file with your program. Specify the full path,
matlabroot/extern/examples/refbook for fort.c in the build command.

3 Use the - Ipathname switch to indicate the header file. Specify the full path,
matlabroot/extern/examples/refbook for fort.h in the build command.

4 When you specify the full path, replace the term matlabroot with the
actual folder name.

Handling Complex Number Input Values

It is unnecessary to copy arguments for functions that use complex number
input values. The mat2fort conversion routine creates a copy of the
arguments for you. For information, see “Preserving Input Values from
Modification” on page 3-75.

Handling Complex Number Output Arguments
For complex variables returned by a Fortran function, do the following:

1 When allocating storage for the variable, allocate a real variable with twice
as much space as you would for a variable of the same size. Do this because
the returned variable uses the Fortran format, which takes twice the space.
See the allocation of zout in the example.

2 Use the fort2mat function to make the variable compatible with MATLAB.

Example — Passing Complex Variables

This example shows how to call a function, passing complex prhs[0] as input
and receiving complex plhs[0] as output. Temporary variables zin and zout
contain the input and output values in Fortran format. To see the example,
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open the file in the MATLAB Editor. To create the MEX-file, copy the source
file to a working folder:

copyfile(fullfile(matlabroot, 'extern', 'examples', 'refbook’,
'matrixDivideComplex.c'), fullfile('c:', 'work'));

To build the file on a Windows platform, type:

lapacklib = fullfile(matlabroot,

'extern', 'lib', 'win32', 'microsoft', 'libmwlapack.lib');
fortfile = fullfile(matlabroot, 'extern', 'examples',
'refbook', 'fort.c');
fortheaderdir = fullfile(matlabroot, 'extern', 'examples',
'refbook');

mex('-v', '-largeArrayDims', ['-I' fortheaderdir],
'matrixDivideComplex.c', fortfile, lapacklib)

To build on a UNIX platform, type:

fortfile = fullfile(matlabroot, 'extern', 'examples',

'refbook', 'fort.c');

fortheaderdir = fullfile(matlabroot, 'extern', 'examples',
'refbook');

mex('-v', '-largeArrayDims', ['-I' fortheaderdir],
'matrixDivideComplex.c', fortfile, '-1lmwlapack')

To test:

Areal = [1 2; 3 4];

Aimag = [1 1; 0 O];

Breal = [5; 6];

Bimag = [0; O];

Acomplex = complex(Areal,Aimag);

Bcomplex = complex(Breal,Bimag);

X = matrixDivideComplex (Acomplex,Bcomplex)

MATLAB displays:
X -—

-4.4000 + 0.8000i
4.8000 - 0.6000i
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Example — Handling Fortran Complex Return Type

Some level 1 BLAS functions (for example, zdotu and zdotc) return a double
complex type, which the C language does not support. The following C
MEX-file, dotProductComplex.c, shows how to handle the Fortran complex

return type for function zdotu. To see the example, open the file in the
MATLAB Editor.

The calling syntax for a C program calling a Fortran function that returns

a value in an output argument is platform-dependent. On the Windows
platform, the return value needs to be passed in as the first input argument.
MATLAB provides a macro, FORTRAN_COMPLEX_ FUNCTIONS RETURN_VOID,

to handle these differences.

The dotProductComplex example computes the dot product X of each element
of two complex vectors A and B. The calling syntax is:

X = dotProductComplex(A,B)

where A and B are complex vectors of the same size and X is a complex scalar.

For example, to build the MEX-file on a Windows 32-bit platform as
dotProductComplex.mexw32, type:

blaslib = fullfile(matlabroot,

"extern', 'lib', 'win32', 'microsoft', 'libmwblas.lib');
fortfile = fullfile(matlabroot, 'extern', 'examples',
'refbook', 'fort.c');
fortheaderdir = fullfile(matlabroot, 'extern', 'examples',
'refbook');
mex('-v', '-largeArrayDims', ['-I' fortheaderdir],

'dotProductComplex.c', fortfile, blaslib)

To test, type;
al = [1+2i; 2+3i];

b1 = [-1+21; -1+31i];
X = dotProductComplex(ai,btl)
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MATLAB displays:

X =
-16.0000 + 3.0000i

Example — Symmetric Indefinite Factorization Using LAPACK

The example utdu_slv.c calls LAPACK functions zhesvx and dsysvx. To see
the example, open the file in the MATLAB Editor. To create the MEX-file,
copy the source file to a working folder:

copyfile(fullfile(matlabroot, 'extern', 'examples', 'refbook',
'utdu_slv.c'), fullfile('c:', 'work'));

To build the file on Windows, type:

lapacklib = fullfile(matlabroot,

'extern', 'lib', 'win32', 'microsoft', 'libmwlapack.lib');
fortheaderdir = fullfile(matlabroot, 'extern', 'examples'’,
‘refbook');
mex('-v', '-largeArrayDims', ['-I' fortheaderdir],

'utdu_slv.c', fortfile, lapacklib)
To build on a UNIX platform, type:
mex -v -largeArrayDims utdu_slv.c -lmwlapack

Modifying the Function Name on UNIX Systems

Add an underscore character following the function name when calling
LAPACK or BLAS functions on a UNIX system. For example, to call dgemm,
use:

dgemm_(argi, arg2, ..., argn);

Or add these lines to your source code:

#if !defined(_WIN32)
#define dgemm dgemm_
#endif
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Running MEX-Files with .DLL File Extensions on Windows
32-bit Platforms

A MEX-file is a shared library dynamically loaded at runtime. Shared
libraries are sometimes called .d11 files, for dynamically-linked library.
MEX-files have a platform-dependent extension, which the mex function
automatically assigns.

On 32-bit Windows platforms, the extension is .mexw32. MATLAB has
supported .d11 as a secondary MEX-file extension since Version 7.1 (R14SP3).
In Version 7.7 (R2008b), if you used the -output switch to create a MEX-file
with a .d11 extension, MATLAB displayed a warning message that such
usage 1s being phased out.

In MATLAB Version 7.10 (R2010a), you can no longer create a MEX-file with
a .d11 file extension. If you try to, MATLAB creates the MEX-file with the
proper extension and displays the following warning:

Warning: Output file was specified with file extension, ".d1ll", which
is not a proper MEX-file extension. The proper extension for
this platform, ".mexw32", will be used instead.

MATLAB continues to execute a MEX-file with a .d11 extension, but future
versions of MATLAB will not support this extension.
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Upgrading MEX-Files to Use 64-Bit API

In this section...

“MATLAB Support for 64-Bit Indexing” on page 3-84

“MEX Uses 32-Bit API by Default” on page 3-84

“What If I Do Not Upgrade?” on page 3-86

“How to Upgrade MEX-Files to Use the 64-Bit API” on page 3-88

MATLAB Support for 64-Bit Indexing

MATLAB Version 7.3 (R2006b) added support for 64-bit indexing. With
64-bit indexing, you can create variables with up to 24%-1 elements on 64-bit
platforms. Before Version 7.3, the C/C++ and Fortran API Reference library
functions used int in C/C++ and INTEGER*4 in Fortran to represent array
dimensions. These types limit the size of an array to 32-bit integers. Simply
building and running MEX-files on a 64-bit platform does not guarantee you
access to the additional address space. You must update your MEX source
code to take advantage of this functionality.

The following changes to the MX Matrix Library support 64-bit indexing:

® New types, mwSize and mwIndex, enabling large-sized data.

¢ Updated MX Matrix Library functions use mwSize and mwIndex types
for inputs and outputs. These functions are called the 64-bit API or the
large-array-handling API.

® New -largeArrayDims flag for mex build command enabling use of the
64-bit API.

To help transition your MEX-files to the 64-bit API, MATLAB maintains
an interface, or compatibility layer. Use the -compatibleArrayDims flag to
build MEX-files with this interface.

MEX Uses 32-Bit APl by Default

The mex command uses the -compatibleArrayDims flag (32-bit API) by
default. In a future version of MATLAB, the mex command will change to use
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the large-array-handling API. At that time, the -1largeArrayDims option will
be the default. This topic describes how to upgrade your MEX-files now in
preparation for that transition.

Can | Run Existing Binary MEX-Files?

You can run existing binary MEX-files without upgrading the files for use with
the 64-bit API. However, unrelated incompatibilities that prevent execution
of an existing MEX-file can occur. If your MEX-file does not execute properly,
review the MEX Compatibility Considerations topics in the Release Notes for
this release. To find MEX topics, check the External Interfaces section of the “
Compatibility Summary for MATLAB Software” for each relevant version.

Must | Update Source MEX-Files on 64-Bit Platforms?

If you build MEX-files on 64-bit platforms or write platform-independent
applications, you must upgrade your MEX-files when the default changes. To
upgrade, review your source code, make appropriate changes, and rebuild
using the mex command.

Previous versions of the External Interfaces Release Notes provide
instructions for updating your MEX-files. What action you take now depends
on whether your MEX-files currently use the 64-bit API. The following table
helps you identify your next actions.

State of Your Source Code Next Action

I do not plan to update my code. You have chosen to opt-out
and you must build using the
-compatibleArrayDims flag.

I want to update my code. Where do | See “How to Upgrade MEX-Files to

I start? Use the 64-Bit API” on page 3-88.

I use MEX-files, but do not have Ask the owner of the source code to

access to the source code. follow the steps in “How to Upgrade
MEX-Files to Use the 64-Bit API” on
page 3-88.
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State of Your Source Code Next Action

I use third-party libraries. Ask the vendor if the libraries
support 64-bit indexing. If not,
you cannot use these libraries
to create 64-bit MEX-files.
Build your MEX-file using the
-compatibleArrayDims flag.

If the libraries support 64-bit
indexing, review your source code,
following the steps in “How to
Upgrade MEX-Files to Use the
64-Bit API” on page 3-88, and then

test.
I updated my code in a previous Review your source code, following
release. the steps in “How to Upgrade

MEX-Files to Use the 64-Bit API” on
page 3-88, and then test.

Must | Update Source MEX-Files on 32-Bit Platforms?

There are no changes to building 32-bit MEX-files. However, in a future
version of MATLAB, the compatibility layer, with the -compatibleArrayDims
flag, might be unsupported and you then would need to upgrade your
MEX-files.

If you build MEX-files exclusively on 32-bit platforms, but want to write
platform-independent code, you still can upgrade your code. If possible, build
on a 64-bit system to validate your changes.

What If | Do Not Upgrade?
On 32-bit platforms, you do not need to make any changes to build MEX-files.

On 64-bit platforms, you can build MEX-files by using the
-compatibleArrayDims flag.
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On 64-bit platforms, if you do not update your source files and you build
without the -compatibleArrayDims flag, the results are unpredictable. One
or more of the following could occur:

® Increased compiler warnings and/or errors from your native compiler

¢ Run-time errors

* Wrong answers
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How to Upgrade MEX-Files to Use the 64-Bit API

Use the following checklist to review and update MEX-file source code.

1 Prepare your code before editing — see “Back Up Files and Create Tests”
on page 3-89.

2 Iteratively change and test code.

Before building your MEX-files with the 64-bit API, refactor your existing
code by checking for the following conditions:

a “Update Variables” on page 3-89.
b “Replace Unsupported Functions” on page 3-92.

¢ If necessary, “Update Fortran Source Code” on page 3-94.

After each change, build and test your code:
¢ Build with the 32-bit API. For example, to build myMexFile.c, type:

mex -compatibleArrayDims myMexFile.c

e Test after each refactoring — see “Test, Debug, and Resolve Differences
After Each Refactoring Iteration” on page 3-93.

3 Compile using the 64-bit API. To build myMexFile.c, type:

mex -largeArrayDims myMexFile.c

4 Resolve failures and warnings — see “Resolve -largeArrayDims Build
Failures and Warnings” on page 3-93.

5 Compare Results — see “Execute 64-Bit MEX-File and Compare Results
with 32-Bit Version” on page 3-93.

6 Check memory — see “Experiment with Large Arrays” on page 3-94.
The following procedures use C/C++ terminology and example code. Fortran

MEX-files share the same issues, with additional tasks described in “Update
Fortran Source Code” on page 3-94.
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Back Up Files and Create Tests

Before adapting your code to handle large arrays, verify the MEX-file works
with the traditional 32-bit array dimensions. At a minimum, build a list

of expected inputs and outputs, or create a full test suite. Use these tests
to compare the results with the upgraded source code. The results should
be identical.

Back up all source, binary, and test files.

Update Variables

To handle large arrays, convert variables containing array indices or sizes to
use the mwSize and mwIndex types instead of the 32-bit int type. Review your
code to see if it contains the following types of variables:

e Variables used directly by the MX Matrix Library functions — see “Update
Arguments Used to Call Functions in the 64-Bit API” on page 3-89.

¢ Intermediate variables — see “Update Variables Used for Array Indices
and Sizes” on page 3-90.

e Variables used as both size/index values and as 32-bit integers — see
“Analyze Other Variables” on page 3-91.

Update Arguments Used to Call Functions in the 64-Bit API

Identify the 64-bit API functions in your code that use the mwSize / mwIndex
types. For the list of functions, see “Using the 64-Bit API” on page 4-37.
Search for the variables that you use to call the functions. Check the function
signature, shown under the Syntax heading on the function reference page.
The signature identifies the variables that take mwSize / mwIndex values as
input or output values. Change your variables to use the correct type.

For example, suppose your code uses the mxCreateDoubleMatrix function, as
shown in the following statements:

int nrows,ncolumns;
y_out = mxCreateDoubleMatrix(nrows, ncolumns, mxREAL);

To see the function signature, type:
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doc mxCreateDoubleMatrix

The signature is:mxArray *mxCreateDoubleMatrix(mwSize m, mwSize n,
mxComplexity ComplexFlag)

The type for input arguments m and n is mwSize. Change your code as shown
in the table.

Replace: With:

int nrows,ncolumns; mwSize nrows,ncolumns;

Update Variables Used for Array Indices and Sizes

If your code uses intermediate variables to calculate size and index values,
use mwSize / mwIndex for these variables. For example, the following code
declares the inputs to mxCreateDoubleMatrix as type mwSize:

mwSize nrows,ncolumns; /* inputs to mxCreateDoubleMatrix */
int numDataPoints;

nrows = 3;

numDataPoints = nrows * 2;

ncolumns = numDataPoints + 1;

y_out = mxCreateDoubleMatrix(nrows, ncolumns, mxREAL);

This example uses the intermediate variable, numDataPoints (of type int), to
calculate the value of ncolumns. If you copy a 64-bit value from nrows into the
32-bit variable, numDataPoints, the resulting value truncates. Your MEX-file
could crash or produce incorrect results. Use type mwSize for numDataPoints,
as shown in the following table.

Replace: With:

int numDataPoints; mwSize numDataPoints;
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Analyze Other Variables

You do not need to change every integer variable in your code. For example,
field numbers in structures and status codes are of type int. However, you
need to identify variables used for multiple purposes and, if necessary, replace
them with multiple variables.

The following example creates a matrix, myNumeric, and a structure,
myStruct, based on the number of sensors. The code uses one variable,
numSensors, for both the size of the array and the number of fields in the
structure.

mxArray *myNumeric, *myStruct;
int numSensors;

mwSize m, n;

char **fieldnames;

myNumeric = mxCreateDoubleMatrix (numSensors, n, mxREAL);
myStruct = mxCreateStructMatrix(m, n, numSensors, fieldnames);

The function signatures for mxCreateDoubleMatrix and
mxCreateStructMatrix are:

mxArray *mxCreateDoubleMatrix(mwSize m, mwSize n,
mxComplexity ComplexFlag)

mxArray *mxCreateStructMatrix(mwSize m, mwSize n,
int nfields, const char **fieldnames);

For the mxCreateDoubleMatrix function, your code uses numSensors for

the variable m. The type for m is mwSize. For the mxCreateStructMatrix
function, your code uses numSensors for the variable nfields. The type for
nfields is int. Replace numSensors with two new variables to properly handle
both functions, as shown in the following table.
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Replace: With:

int numSensors; /* create 2 variables */
/* of different types */
mwSize numSensorSize;

int numSensorFields;

myNumeric = /* use mwSize variable */
mxCreateDoubleMatrix( /* numSensorSize */
numSensors, myNumeric =
n, mxREAL); mxCreateDoubleMatrix(
numSensorSize,
n, mxREAL);
myStruct = /* use int variable */
mxCreateStructMatrix( /* numSensorFields */
m, n, myStruct =
numSensors, mxCreateStructMatrix(
fieldnames); m, n,
numSensorFields,
fieldnames);

Replace Unsupported Functions

While updating older MEX-files, you could find calls to unsupported
functions, such as mxCreateFull, mxGetName, or mxIsString. MATLAB
removed support for these functions in Version 7.1 (R14SP3). You cannot
use unsupported functions with 64-bit array dimensions. For the list of
unsupported functions and the recommended replacements, see “Obsolete
Functions No Longer Documented”.

Update your code to use an equivalent function, if available. For example, use
mxCreateDoubleMatrix instead of mxCreateFull
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Test, Debug, and Resolve Differences After Each Refactoring
lteration
To build myMexFile.c with the 32-bit API, type:

mex -compatibleArrayDims myMexFile.c

Use the tests you created at the beginning of this process to compare

the results of your updated MEX-file with your original binary file. Both
MEX-files should return identical results. If not, debug and resolve any
differences. Differences are easier to resolve now than when you build using
the 64-bit API.

Resolve -largeArrayDims Build Failures and Warnings

After reviewing and updating your code, compile your MEX-file using the
large array handling API. To build myMexFile.c with the 64-bit API, type:

mex -largeArrayDims myMexFile.c

Since the mwSize / mwIndex types are MATLAB types, your compiler
sometimes refers to them as size t, unsigned_int64, or by other similar
names.

Most build problems are related to type mismatches between 32- and 64-bit
types. Step 5 in the Technical Support solution 1-5C27B9 identifies common
build problems for specific compilers, and possible solutions.

Execute 64-Bit MEX-File and Compare Results with 32-Bit
Version

Compare the results of running your MEX-file compiled with the 64-bit API
with the results from your original binary. If there are any differences or
failures, use a debugger to investigate the cause. For information on the
capabilities of your debugger, refer to your compiler documentation.

Step 6 in the Technical Support solution 1-5C27B9 identifies issues you might
encounter when running your MEX-files, and possible solutions.

After you resolve any issues and upgrade your MEX-file, it replicates the
functionality of your original code while using the large array handling API.
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Experiment with Large Arrays

If you have access to a machine with large amounts of memory, you can
experiment with large arrays. An array of double-precision floating- point
numbers (the default in MATLAB) with 232 elements takes approximately
32 GB of memory.

For an example that demonstrates the use of large arrays, see the
arraySize.c MEX-file in “Handling Large mxArrays” on page 4-37.

Update Fortran Source Code

All of the previous information applies to Fortran, as well as C/C++.
Fortran uses similar API signatures, identical mwSize / mwIndex types, and
similar compilers and debuggers. To make your Fortran source code 64-bit
compatible, perform these additional tasks:

e “Use Fortran API Header File” on page 3-94

® “Declare Fortran Pointers” on page 3-94

® “Require Fortran Type Declarations” on page 3-95

e “Use Variables in Function Calls” on page 3-95

e “Manage Reduced Fortran Compiler Warnings” on page 3-96

Use Fortran API Header File. To make your Fortran MEX-file compatible
with the 64-bit API, use the fintrf.h header file in your Fortran source
files. Name your source files with an uppercase .F file extension. For more

information about these requirements, see “The Components of a Fortran
MEX-File” on page 5-2.

Declare Foriran Pointers. Pointers need to be 32- or 64-bit addresses based
on machine type. This requirement is not directly tied to array dimensions,
but you could encounter problems when moving 32-bit code to 64-bit machines
as part of this conversion.

For more information, see “Preprocessor Macros” on page 5-5 and the
mwPointer reference page.
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The C/C++ compiler automatically handles pointer size. In Fortran,
MATLAB uses the mwPointer type to handle this difference. For example,
mxCreateDoubleMatrix returns an mwPointer

mwPointer mxCreateDoubleMatrix(m, n, ComplexFlag)
mwSize m, n
integer*4 ComplexFlag

Require Fortran Type Declarations. Fortran uses implicit type definitions.
This means undeclared variables starting with letters I through N are
implicitly declared type INTEGER. Variable names starting with other letters
are implicitly declared type REAL*4. Using the implicit INTEGER type could
work for 32-bit indices, but is not safe for large array dimension MEX-files.
Add the IMPLICIT NONE statement to your Fortran subroutines to force you to
declare all variables. For example:

subroutine mexFunction(nlhs, plhs, nrhs, prhs)
implicit none

This statement helps identify 32-bit integers in your code that do not have
explicit type declarations. Then, you can declare them as INTEGER*4 or
mwSize / mwIndex, as appropriate. For more information on IMPLICIT NONE,
refer to your Fortran compiler documentation.

Use Variables in Function Calls. If you use a number as an argument to a
function, your Fortran compiler could assign the argument an incorrect type.
On a 64-bit platform, an incorrect types can produce Out of Memory errors,
segmentation violations, or incorrect results. For example, definitions for the
argument types for the mxCreateDoubleMatrix function are:

mwPointer mxCreateDoubleMatrix(m, n, ComplexFlag)
mwSize m, n
integer*4 ComplexFlag

Suppose you have a C/C++ MEX-file with the following statement:
myArray = mxCreateDoubleMatrix(2, 3, mxREAL);
Most C/C++ compilers interpret the number 2 as a 64-bit value. Some Fortran

compilers cannot detect this requirement, and supply a 32-bit value. For
example, an equivalent Fortran statement is:
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myArray = mxCreateDoubleMatrix(2, 3, 0)

The compiler interprets the value of the ComplexFlag argument 0 correctly as
type INTEGER*4. However, the compiler could interpret the argument 2 as a
32-bit value, even though the argument m is declared type mwSize.

A compiler-independent solution to this problem is to declare and use an
mwSize / mwIndex variable instead of a literal value. For example, the
following statements unambiguously call the mxCreateDoubleMatrix function
in Fortran:

mwSize nrows, ncols
INTEGER*4 flag

nrows = 2
ncols = 3
flag = 0

myArray = mxCreateDoubleMatrix(nrows, ncols, flag)

Manage Reduced Fortran Compiler Warnings. Some Fortran compilers
cannot detect as many type mismatches as similar C/C++ compilers. This
inability can complicate the step “Resolve -largeArrayDims Build Failures
and Warnings” on page 3-93 by leaving more issues to find with your debugger
in the step “Execute 64-Bit MEX-File and Compare Results with 32-Bit
Version” on page 3-93.
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e “C/C++ Source MEX-Files” on page 4-2

¢ “Examples of C/C++ Source MEX-Files” on page 4-11
® “Debugging C/C++ Language MEX-Files” on page 4-26
e “Handling Large mxArrays” on page 4-37

¢ “Memory Management” on page 4-41

® “Large File I/0” on page 4-44
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C/C++ Source MEX-Files

In this section...

“The Components of a C/C++ MEX-File” on page 4-2
“Gateway Routine” on page 4-2

“Computational Routine” on page 4-5

“Preprocessor Macros” on page 4-5

“Data Flow in MEX-Files” on page 4-5

“Creating C++ MEX-Files” on page 4-9

The Components of a C/C++ MEX-File

You create binary MEX-files using the mex build script. mex compiles and
links source files into a shared library called a binary MEX-file, which you
can run at the MATLAB command line. Once compiled, you treat binary

MEX-files like MATLAB functions.

This section explains the components of a source MEX-file, statements you
use in a program source file. Unless otherwise specified, the term "MEX-file”

refers to a source file.

The MEX-file consists of:

* A “Gateway Routine” on page 4-2 that interfaces C/C++ and MATLAB data.

* A “Computational Routine” on page 4-5 written in C/C++ that performs the
computations you want implemented in the binary MEX-file.

e “Preprocessor Macros” on page 4-5 for building platform-independent code.

Gateway Routine

The gateway routine is the entry point to the MEX-file shared library. It is
through this routine that MATLAB accesses the rest of the routines in your
MEX-files. Use the following guidelines to create a gateway routine:

¢ “Naming the Gateway Routine” on page 4-3
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® “Required Parameters” on page 4-3

e “Creating and Using Source Files” on page 4-4

e “Using MATLAB Libraries” on page 4-4

e “Required Header Files” on page 4-4
e “Naming the MEX-File” on page 4-4

The following is a sample C/C++ MEX-file gateway routine:

void mexFunction(
int nlhs, mxArray *plhs[],
int nrhs, const mxArray *prhs[])

/* more C/C++ code ... */

Naming the Gateway Routine
The name of the gateway routine must be mexFunction.

Required Parameters
A gateway routine must contain the parameters prhs, nrhs, plhs, and nlhs
described in the following table.

Parameter | Description

prhs An array of right-hand input arguments.

plhs An array of left-hand output arguments.

nrhs The number of right-hand arguments, or the size of the prhs
array.

nlhs The number of left-hand arguments, or the size of the plhs

array.

Declare prhs and plhs as type mxArray *, which means they point to
MATLAB arrays. They are vectors that contain pointers to the arguments
of the MEX-file.
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You can think of the name prhs as representing the “parameters, right-hand
side,” that 1s, the input parameters. Likewise, plhs represents the
“parameters, left-hand side,” or output parameters.

Creating and Using Source Files

It is good practice to write the gateway routine to call a “Computational
Routine” on page 4-5; however, this is not required. The computational code
can be part of the gateway routine. If you use both gateway and computational
routines, you can combine them into one source file or into separate files. If
you use separate files, the gateway routine must be the first source file listed
in the mex command.

The name of the file containing your gateway routine is important, as
explained in “Naming the MEX-File” on page 4-4.

Using MATLAB Libraries

The MATLAB C/C++ and Fortran API Reference describes functions you can
use in your gateway and computational routines that interact with MATLAB
programs and the data in the MATLAB workspace. The MX Matrix Library
functions provide access methods for manipulating MATLAB arrays. The
MEX Library functions perform operations in the MATLAB environment.

Required Header Files

To use the functions in the C/C++ and Fortran API Reference library you
must include the mex header, which declares the entry point and interface
routines. Put this statement in your source file:

#include "mex.h"

Naming the MEX-File

The binary MEX-file name, and hence the name of the function you use in
MATLAB, is the name of the source file containing your gateway routine.

The file extension of the binary MEX-file is platform-dependent. You find
the file extension using the mexext function, which returns the value for
the current machine.
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Computational Routine

The computational routine contains the code for performing the computations
you want implemented in the binary MEX-file. Computations can be
numerical computations as well as inputting and outputting data. The
gateway calls the computational routine as a subroutine.

The programming requirements described in “Creating and Using Source
Files” on page 4-4, “Using MATLAB Libraries” on page 4-4, and “Required
Header Files” on page 4-4 might also apply to your computational routine.

Preprocessor Macros

The MX Matrix and MEX libraries use the MATLAB preprocessor macros
mwSize and mwIndex for cross-platform flexibility. mwSize represents
size values, such as array dimensions and number of elements. mwIndex
represents index values, such as indices into arrays.

Data Flow in MEX-Files

The following examples illustrate data flow in MEX-files:

e “Showing Data Input and Output” on page 4-5
* “Gateway Routine Data Flow Diagram” on page 4-6

e “MATLAB Example yprime.c” on page 4-7

Showing Data Input and Output

Suppose your MEX-file myFunction has two input arguments and one
output argument. The MATLAB syntax is [X] = myFunction(Y, Z).To
call myFunction from MATLAB, type:

X = myFunction(Y, Z);

The MATLAB interpreter calls mexFunction, the gateway routine to
myFunction, with the following arguments:
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nlhs =1

nrhs = 2

plhs > & > @

prhs > & >
o —>Z

Your input is prhs, a two-element array (nrhs = 2). The first element is a
pointer to an mxArray named Y and the second element is a pointer to an
mxArray named Z.

Your output is plhs, a one-element array (nlhs = 1) where the single element
is a null pointer. The parameter plhs points at nothing because the output X
1s not created until the subroutine executes.

The gateway routine creates the output array and sets a pointer to it in
plhs[0]. If the routine does not assign a value to plhs[0] but you assign an
output value to the function when you call it, MATLAB generates an error.

Note It is possible to return an output value even if nlhs = 0. This
corresponds to returning the result in the ans variable.

Gateway Routine Data Flow Diagram

The following MEX Cycle diagram shows how inputs enter a MEX-file, what
functions the gateway routine performs, and how outputs return to MATLAB.

In this example, the syntax of the MEX-file func is [C, D] = func(A,B).In
the figure, a call to func tells MATLAB to pass variables A and B to your
MEX-file. C and D are left unassigned.

The gateway routine func.c uses the mxCreate* functions to create the
MATLAB arrays for your output arguments. It sets plhs[0] and plhs[1]
to the pointers to the newly created MATLAB arrays. It uses the mxGet*
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functions to extract your data from your input arguments prhs[0] and
prhs[1]. Finally, it calls your computational routine, passing the input and
output data pointers as function parameters.

MATLAB assigns plhs[0] to C and plhs[1] to D.

Inputs
MATLAB - pA —
const mxArray
A call to —
MEX-file func: prhs(1]

[C,D]=func(A,B)

const mxArray *A

tells MATLAB to > A = prhs[0] —
pass variables A and

B to your MEX-file.

C and D are left

unassigned. func.c

void mexFunction(
int nlhs, mxArray *plhs[]
int nr‘hs, const mxArray prhs[])

In the gateway routine:

® Use the mxCreate functions to create
the MATLAB arrays for your output
arguments. Set plhs[0],[1],
to the pointers to the newly created
MATLAB arrays.

e Use the mxGet functions to extract
your data from prhs[0],[1],....

e Call your C subroutine passing the
input and output data pointers as
function parameters.

MATLAB
On return from mxarray *D
MEX-file func: D = plhs[1]

[C,D]=func(A,B)
mxarray *C

plhs[0] is assigned - —
foCandplhsii]is |¢ | ¢ = PihsloO]
assigned to D.

Outputs

-
C/C++ MEX Cycle

MATLAB Example yprime.c

Look at the example, yprime.c, found in your
matlabroot/extern/examples/mex/ folder. (“Building MEX-Files” on page
3-26 explains how to create the binary MEX-file.) Its calling syntax is [YP]
= YPRIME(T,Y), where T is an integer and Y is a vector with four elements.
For T=1 and Y=1:4, when you type:
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yprime(T,Y)

MATLAB displays:

ans =
2.0000 8.9685 4.0000 -1.0947

The gateway routine validates the input arguments. This step includes
checking the number, type, and size of the input arrays as well as
examining the number of output arrays. If the inputs are not valid, call
mexErrMsgIdAndTxt. For example:

/* Check for proper number of arguments */

if (nrhs != 2) {

mexErrMsgTxt ("Two input arguments required.");
} else if (nlhs > 1) {

mexErrMsgTxt ("Too many output arguments.");

}

/* Check the dimensions of Y. Y can be 4 X 1 or 1 X 4. */
m = mxGetM(Y_IN);
n = mxGetN(Y_IN);
if (!mxIsDouble(Y_IN) || mxIsComplex(Y_IN) ||
(MAX(m,n) 1= 4) || (MIN(m,n) != 1)) {
mexErrMsgTxt ("YPRIME requires that Y be a 4 x 1 vector.");
}

To create MATLAB arrays, call one of the mxCreate* functions, like
mxCreateDoubleMatrix, mxCreateSparse, or mxCreateString. If it needs
them, the gateway routine can call mxCalloc to allocate temporary work
arrays for the computational routine. In this example:

/* Create a matrix for the return argument */
plhs[0] = mxCreateDoubleMatrix(m, n, mxREAL);

In the gateway routine, you access the data in mxArray and manipulate

it in your computational subroutine. For example, the expression
mxGetPr(prhs[0]) returns a pointer of type double * to the real data in the
mxArray pointed to by prhs[0]. You can then use this pointer like any other
pointer of type double * in C/C++. For example:
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/* Assign pointers to the various parameters */
yp = mxGetPr(plhs[0]);

In this example, a computational routine, yprime, performs the calculations:

/* Do the actual computations in a subroutine */
yprime(yp,t,y);

After calling your computational routine from the gateway, you can set a
pointer of type mxArray to the data it returns. MATLAB recognizes the output
from your computational routine as the output from the binary MEX-file.

When a binary MEX-file completes its task, it returns control to MATLAB.
MATLAB automatically destroys any arrays created by the MEX-file not
returned through the left-hand side arguments.

MathWorks recommends that MEX-file functions destroy their own temporary
arrays and free their own dynamically allocated memory. It is more efficient
to perform this cleanup in the source MEX-file than to rely on the automatic
mechanism.

Creating C++ MEX-Files

MEX-files support all C++ language standards.

This section discusses specific C++ language issues to consider when creating
and using MEX-files.

Creating Your C++ Source File

The C++ source code for the examples provided by MATLAB use the .cpp file
extension. The extension .cpp is unambiguous and generally recognized by
C++ compilers. Other possible extensions include .C, .cc, and .cxx.

Compiling and Linking
You can run a C++ MEX-file only on systems with the same version of
MATLAB that the file was compiled on.

Use mex -setup to select a C++ compiler, then type:

4-9
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mex filename.cpp

You can use command-line options, as shown in the “MEX Script Switches” on
page 3-56 table.

Your link command must have all the necessary DLL files that the
MEX-function is dependent upon. To help you check for dependent files, see
the Troubleshooting topic “DLL Files Not on Path on Microsoft Windows
Systems” on page 3-43.

Examples

The examples “Using C++ Features in MEX-Files” on page 4-23 and “File
Handling with C++” on page 4-24 illustrate the use of C++ by walking through
source code examples available in your MATLAB folder.

Memory Considerations For Class Destructors

Do not use the mxFree or mxDestroyArray functions in a C++ destructor

of a class used in a MEX-function. If the MEX-function throws an error,
MATLAB cleans up MEX-file variables, as described in “Automatic Cleanup
of Temporary Arrays” on page 4-41.

If an error occurs that causes the object to go out of scope, MATLAB calls
the C++ destructor. Freeing memory directly in the destructor means both
MATLAB and the destructor free the same memory, which can corrupt
memory.

Use mexPrintf to Print to the MATLAB Command Window

Using cout or the C-language printf function does not work as expected in
C++ MEX-files. Use the mexPrintf function instead.
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Examples of C/C++ Source MEX-Files

In this section...

“Introduction to C/C++ Examples” on page 4-11
“Passing a Scalar” on page 4-12

“Passing Strings” on page 4-13

“Passing Two or More Inputs or Outputs” on page 4-14
“Passing Structures and Cell Arrays” on page 4-16
“Filling an mxArray” on page 4-17

“Prompting User for Input” on page 4-18

“Handling Complex Data” on page 4-18

“Handling 8-, 16-, and 32-Bit Data” on page 4-19
“Manipulating Multidimensional Numerical Arrays” on page 4-20
“Handling Sparse Arrays” on page 4-21

“Calling Functions from C/C++ MEX-Files” on page 4-22
“Using C++ Features in MEX-Files” on page 4-23

“File Handling with C++” on page 4-24

Introduction to C/C++ Examples

The MATLAB C/C++ and Fortran API Reference provides a full set of
routines that handle the types supported by MATLAB. For each data type
there is a specific set of functions that you can use for data manipulation. The
first example discusses the simple case of doubling a scalar. After that, the
examples discuss how to pass in, manipulate, and pass back various data
types, and how to handle multiple inputs and outputs. Finally, the sections
discuss passing and manipulating various MATLAB types.

Source code for the examples in this section are in the
matlabroot/extern/examples/refbook folder. To build an
example, first copy the file to a writable folder, such as ¢: \work, on your path:

copyfile(fullfile(matlabroot, 'extern', 'examples', 'refbook’',...

4-11
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‘filename.c'), fullfile('c:','work'));

where filename is the name of the example.

Make sure that you have a C/C++ compiler selected using the mex -setup
command. Then at the MATLAB command prompt, type:

mex filename.c

The following topics look at source code for the examples. Unless otherwise
specified, the term "M EX-file” refers to a source file.

For a list of MEX example files available with MATLAB, see “T'able of MEX
Examples” on page 3-37.

Passing a Scalar

Look at a simple example of C code and its MEX-file equivalent. This
computational function takes a scalar and doubles it:

#include <math.h>
void timestwo(double y[], double x[])
{

y[0] = 2.0*x[0];

return;

}

To see the same function written in the MEX-file format (timestwo.c), open
the file in MATLAB Editor.

In C/C++, the compiler checks function arguments. In MATLAB, you can
pass any number or type of arguments to a function, which is responsible for
argument checking. This is also true for MEX-files. Your program must safely
handle any number of input or output arguments of any supported type.

To compile and link this example, at the MATLAB prompt, type:

mex timestwo.c



Examples of C/C++ Source MEX-Files

MATLAB creates the binary MEX-file called timestwo with an extension
corresponding to the platform on which you are running. You can now call
timestwo like a MATLAB function:

X = 2;
y timestwo(x)
y:

4

You can create and compile MEX-files in MATLAB or at your operating system
prompt. MATLAB uses the mex.m file. The Microsoft Windows operating
system uses the mex.bat file, and UNIX uses the mex. sh file. Typing:

mex filename

at either prompt produces a compiled version of your MEX-file.

The previous example views scalars as 1-by-1 matrices. Alternatively, you
can use a special API function called mxGetScalar that returns the values of
scalars instead of pointers to copies of scalar variables (timestwoalt.c). To
see the alternative code (error checking has been omitted for brevity), open
the file in MATLAB Editor.

This example passes the input scalar x by value into the timestwo_alt
subroutine, but passes the output scalar y by reference.

Passing Strings
You can pass any MATLAB type to and from MEX-files. The example

revord.c accepts a string and returns the characters in reverse order. To see
the example, open the file in MATLAB Editor.

In this example, the API function mxCalloc replaces calloc, the standard
C/C++ function for dynamic memory allocation. mxCalloc allocates dynamic
memory using the MATLAB memory manager and initializes it to zero. Use
mxCalloc in any situation where C/C++ would require the use of calloc. The
same is true for mxMalloc and mxRealloc; use mxMalloc in any situation
where C/C++ would require the use of malloc and use mxRealloc where
C/C++ would require realloc.

4-13
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Note MATLAB automatically frees up memory allocated with the MX Matrix
Library allocation routines (mxCalloc, mxMalloc, mxRealloc) upon exiting
your MEX-file. If you do not want to free this memory, use the API function
mexMakeMemoryPersistent.

The gateway routine mexFunction allocates memory for the input and output
strings. Since these are C-style strings, they need to be one greater than

the number of elements in the MATLAB string. Next, the MATLAB string

1s copied to the input string. Both the input and output strings are passed

to the computational subroutine (revord), which loads the output in reverse
order. The output buffer is a valid null-terminated C string because mxCalloc
initializes the memory to 0. The API function mxCreateString then creates
a MATLAB string from the C string, output_buf. Finally, plhs[0], the
left-hand side return argument to MATLAB, is set to the MATLAB array
you just created.

By isolating variables of type mxArray from the computational subroutine,
you can avoid having to make significant changes to your original C/C++ code.

To build this example, at the command prompt type:

mex revord.c

Type:

X
y

"hello world';
revord(x)

MATLAB displays:

y:
dlrow olleh

Passing Two or More Inputs or Outputs

The plhs[] and prhs|[] parameters are vectors that contain pointers to each
left-hand side (output) variable and each right-hand side (input) variable,
respectively. Accordingly, plhs[0] contains a pointer to the first left-hand side
argument, plhs[1] contains a pointer to the second left-hand side argument,
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and so on. Likewise, prhs[0] contains a pointer to the first right-hand side
argument, prhs[1] points to the second, and so on.

This example, xtimesy, multiplies an input scalar by an input scalar or
matrix and outputs a matrix.

To build this example, at the command prompt type:
mex xtimesy.c

Use xtimesy with two scalars:

X = 7;
y = 7;
z = xtimesy(x,y)

MATLAB displays:

Z:
49

Use xtimesy with a scalar and a matrix:

X = 9;
y ones(3);
z xtimesy(x,y)

MATLAB displays:

Z:
9 9 9
9 9 9
9 9 9

To see the corresponding MEX-file C code xtimesy.c, open the file in
MATLAB Editor.

As this example shows, creating MEX-file gateways that handle multiple
inputs and outputs is straightforward. You must match the indices of the
prhs and plhs vectors with the input and output arguments of your function.
In the example above, the input variable x corresponds to prhs[0] and the
input variable y to prhs[1].

4-15
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The mxGetScalar function returns the value of x, rather than a pointer to x.
This 1s just an alternative way of handling scalars. You could treat x as a
1-by-1 matrix and use mxGetPr to return a pointer to x.

Passing Structures and Cell Arrays

Passing “Structures” and “Cell Arrays” into MEX-files is just like passing
any other data types, except the data itself is of type mxArray. In practice,
this means that mxGetField (for structures) and mxGetCell (for cell arrays)
return pointers of type mxArray. You can then treat the pointers like any
other pointers of type mxArray, but if you want to pass the data contained
in the mxArray to a C/C++ routine, you must use an API function such as
mxGetData to access it.

This example takes an m-by-n structure matrix as input and returns a new
1-by-1 structure that contains these fields:

® String input generates an m-by-n cell array

e Numeric input (noncomplex, scalar values) generates an m-by-n vector of
numbers with the same class ID as the input, for example, int, double,
and so on.

To see the program phonebook.c, open the file in MATLAB Editor.

To build this example, at the command prompt type:

mex phonebook.c

To see how this program works, enter this structure:

friends(1).name = 'Jordan Robert';
friends(1).phone = 3386;
friends(2).name = 'Mary Smith';
friends(2).phone = 3912;
friends(3).name = 'Stacy Flora';
friends(3).phone = 3238;
friends(4).name = 'Harry Alpert';
friends(4).phone = 3077;

The results of this input are:
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phonebook (friends)

ans =
name: {1x4 cell }
phone: [3386 3912 3238 3077]

Filling an mxArray

You can move data from a C/C++ program into an mxArray using the

MX Matrix Library. The functions you use depend on the type of data in
your application. Use the mxSetPr and mxGetPr functions for data of type
double. For numeric data other than double, use the mxSetData function.
For nonnumeric data, see the examples on the mxCreateString function
reference page.

The following examples use a variable data to represent data from

a computational routine (described in “The Components of a C/C++
MEX-File” on page 4-2). Each example creates an mxArray using the
mxCreateNumericMatrix function, fills it with data, and returns it as the
output argument plhs[0].

These examples use real data only. If you have complex data, use the mxGetPi
and mxSetPi functions as needed.

Copying Data Directly into an mxArray

The arrayFillGetPr.c example uses the mxGetPr function to copy the values
from data to plhs[0]. To see the example, open the file in MATLAB Editor.

Pointing to Data

The arrayFillSetPr.c example uses the mxSetPr function to point plhs[0]
to data. To see the example, open the file in MATLAB Editor.

The e