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Preface

At the time this book is written, most students and engineers know the basics of MATLAB and
C/Ct+ programming. Their projects are often supported by C/Ct+ and/or MATLAB, but not
many of them know how to use the C/C*++ programming with MATLAB support to handle their
problems. MATLAB is one of most powerful mathematical softwares used to solve student, engi-
neering, and scientific problems, and C/C*+ programming is one of the most used programming
languages in the world with numerous applications. Therefore, the combination of both tools,
C/C*t+ and MATLAB, has the potential to become one of the best tools for solving technical

problems.

MATLAB provides a toolbox MATLAB Compiler to handle the works between MATLAB and
C/C++. This book implements the combination of C/C*+ and MATLAB to solve the problems.
The features of this book are designed to handle the following projects:

e Common mathematical libraries were created from MATLAB M-files to use in C/C*t+

functions.

The MATLAB workspace is called to perform particular tasks in C/Ct+ functions.

A C function is called into the MATLAB workspace by writing a MEX-function.

Stand-alone applications were created to use in the target machine which doesn’t have the

MATLAB software.

The book contains all C/C++ programming codes in all chapters, that quickly help users solve
their problems. This book tries to support C/Ct+ programmers, especially students and engi-
neers who use C/C*+ and MATLAB to develop applications and solutions for their projects and

designs.

LePhan Publishing
October 2004
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Part I:
Setting up MATLAB

and C™* Compilers






Chapter 1

Introduction

1.1 Introduction

MATLAB is a special mathematical software that includes many toolboxes. MATLAB Compiler
is the most important toolbox that supports C/C*+ programmers. We can use MATLAB Com-
piler 4.0 to create C/C*++ functions from MATLAB M-files. These generated C/C** functions
will then be called by another C/C*+ functions in a C/C** file. In addition, we can use a C/C*++
function to call the MATLAB workspace to perform specific tasks by using MATLAB Engine,
and we can write a MEX-file for a C function to call it in the MATLAB workspace. MATLAB
Compiler also provides a feature that can create stand-alone applications using in the target
machine which doesn’t have the MATLAB software.

There are some C/C*++ compilers working with MATLAB Compiler 4.0. In this book, the com-
pilers which were used to compile with MATLAB Compiler 4.0 are Microsoft Visual Ct+ 6.0,
Microsoft Visual Ct+.Net 2002 (ver. 7.0), and Microsoft Visual C*++.Net 2003 (ver. 7.1).

1.2 Projects and Analysis

The features of this book are designed to handle following projects:

1. Common mathematical libraries were created from MATLAB M-files to use in C/Ct+
functions. This is the popular purpose of using MATLAB Compiler. In this project, C/Ct+
functions will call mathematical functions in a generated mathematical library to solve the
mathematical problems. These solutions are explained from Chapter 8 to Chapter 16. In
these chapters, the used functions are chosen based on the typical problems, therefore the
user can choose another options or another functions to solve his/her particular problems

to satisfy requirements.

2. Working on C/C*+ programming, we wants to call the MATLAB workspace to perform



particular tasks in the MATLAB workspace then transfer back results to a C/C++ function.

This solution is explained in Chapter 17.

3. From an existing C function, we wants to call this function in MATLAB by writing a MEX-
function. In this project, we will write a MEX-function for an existing C function, then

call this function into the MATLAB workspace. This solution is explained in Chapter 18.

4. From existing M-files, we wants to generate stand-alone applications. In this project,
MATLAB Compiler 4 will be used to generate stand-alone applications from existing
MATLAB M-files. These generated stand-alone applications then will be used in a tar-
get machine which doesn’t have the MATLAB software. This solution is explained in
Chapter 19.

1.3 Computer Software and Book Features

MATLAB Compiler had some versions and there are some changes of its features in different
versions. The focus of this book is only on MATLAB Compiler 4. The example codes in this
book are developed, compiled, and tested in Windows 2000, Microsoft Visual Ct+ 6.0, Microsoft
Visual Ct+ .Net (2002 and 2003), MATLAB 7, and MATLAB Compiler 4.0. These examples
are intended to establish common works for C/C++ programming and MATLAB. The example
codes are working on scalars, vectors, and matrixes that are inputs/outputs of functions for ev-
ery application. In addition, the example codes are portable and presented in the step-by-step
method, therefore the user can easily reuse the codes or writes his/her own codes by following

the step-by-step procedure while solving the problems.

The most C/C*++ common functions in the examples are void functions (return type is void) to
avoid ambiguity and to emphasize the topic being explained. The book also includes the settings
of C*t+ compilers with MATLAB, and contains utility files to transfer values in different types.
These files are very helpful in using MATLAB for C/C** programming.

1.4 MATLAB C/C*+ Types

MATLAB Compiler 4 have two principle types, mwArray and mxArray. When coding, you
can use mwArray and mxArray in input/output as the new types in C/C*+ functions, or make
transfers of values between C/C*+ double, mwArray, and mxArray. Chapter 7 shows transfers
between C/Ct+ double, mwArray, and mxArray. These transfers are very useful in working on

the MATLAB Compiler toolbox.



1.5 Differences between C/C*++ and MATLAB C/C++

There are many differences between C/C*++ and MATLAB C/C*+ [4]. The most important

difference to know is:

e C/Ct+ stores its two-dimensional arrays in the row-major order, whereas MATLAB C/C++
stores arrays in the column-major order. You must, therefore, remember this when setting

up matrix data.

1.6 Reference Manuals

In working with MATLAB Compiler 4 you may need more information to help your task. We refer

here several manuals from the MATLAB website that you can download for more information.

http://www.mathworks.com/access/helpdesk/help/pdf_doc/compiler/Compiler4.pdf
http://www.mathworks.com/access/helpdesk/help/pdf_doc/matlab/apiext.pdf
http://www.mathworks.com/access/helpdesk/help/pdf_doc/matlab/apiref.pdf
http://www.mathworks.com/access/helpdesk/help/pdf_doc/matlab/refbook.pdf
http://www.mathworks.com/access/helpdesk/help/pdf_doc/matlab/refbook2.pdf
http://www.mathworks.com/access/helpdesk/help/pdf_doc/matlab/refbook3.pdf

If you couldn’t find these files at the time you are looking for, The MathWorks Inc. may change

URL of these files, but you can find its somewhere in The MathWorks website www.mathworks.com.






Chapter 2

Opening a C™* File in Microsoft
Visual C* 6.0

In order to help users who have not used Microsoft Visual C*+ version 6.0 (MSVC), this chapter
contains a tutorial for opening and compiling a C++ file in MSVC. If you are familiar with MSVC
you can skip this chapter.

2.1 Opening a New C++ File

To open Microsoft Visual C*t+ version 6.0, click Start, click Programs, click Microsoft Visual C*t+

6.0, and click Microsoft Visual C*+ 6.0. You will obtain Fig. 2.1.

Microsoft Yisual C++ =10 x|

||Ble dt view Insert Project Buid Tooks Window Help
If =l =l
X

»

E|
5 3
“ Build { Debug ) Find in Files 1 ) Find in Files2  Results / | 4] | Llﬂ

Ready Y

Figure 2.1: Opening Microsoft Visual C++ version 6.0.

In Fig. 2.1, on menu bar, click File, New (obtain Fig. 2.2).



New 21|
Fies FPiojects | Warkspaces | Other Documents |

ATL COM AppWizard] Project name:
¢ Cluster Resource Type Wizard
[# Custom AppWizard X
Location:

& Database Project
1585 DevStudio Add-in Wizard D:\MyDocuments\MathLab\Mat . |

ISAPI Extension Wizard

P\ MATLAB Project Wizard @ Create new workspace

il MFC ActiveX Controlwizard € Addto current workspace

MFC AppWizard (di) I= | Dependency of

BAMFC Appwizard (exe) |
T Utity Project

[R]Win32 Application

™]Win32 Console Application Plofoms

| %) Win32 Dynamic-Link Library
%] Win32 Static Library w2
ok |

Figure 2.2: Opening a new file

In Fig. 2.2, click Files tab, click C** Source File (obtain Fig. 2.3).

e 2%
Fies | Profects | Workspaces | Other Documents. |
[&#)Active Server Page I= Addto project
& 31
) C/Ce+ Heade File
Logation:
C:\Progiam Fies\Common Fies\ .|
| Resource Template
SOL Script Fie
Text Fie
_Coca |

Figure 2.3: Opening a Ct+ source file

In Fig. 2.3, click on the browse button to choose a folder, then type a file name, say Myfile.cpp
(see Fig. 2.4), click OK.

New 21

Fies | Projects | Workspaces | Other Documents |

| Active Server Page I” | Addto project:

Binary File I ﬂ

Bitmap File
[) C/C++ Header File
[ C++ Source File File name:
% El;r;cli-r ;ﬂ:ge |MyFiIe,ch|
| Jlcon File Logation:

I£°% Macro File [D-\MYDOCUMENTS\MATHLA . |

€5 Resource Script
29 Resource Template
SOL Script File
Text File

[ ok ] _concol |

Figure 2.4: Creating a new C*+ file
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You now have the blank file Myfile.cpp. Write the following code into this file (Fig. 2.5) as follows:

Listing code

#include <iostream.h>

void main() {

cout << "Hello World" << endl ;

3

}
end code ———
*., Microsoft Yisual C++ - [MyFile.cpp *] -|D|£|
|| e gdt view mnsert project Buid Tooks window Help -1#] x|
I =l =l
———— | x| #include <iostream.h> =
void main{) {
cout << "Hello World" << endl ;
)
4 3|
k| -
E -
” | <[]\ Build { Debug » Find in Files1 & Findin Files2 ) Results /7 || 4| | Lﬁ‘
Ready 4
Figure 2.5: A simple code in the C++ file
On menu bar (Fig. 2.5), click Build, then click Build (obtain Fig. 2.6).
Microsoft Yisual C++ X

@ This build command requires an active project workspace. Would you like to create a default project workspace?

] w |

Figure 2.6: Building and executing the file

In Fig. 2.6, click Yes (to create a project), you will obtain Fig. 2.7.
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Microsoft Yisual C++ | x|

Save changes to D:\MYDOCUMENTS\MATHLABIMATLABBOOK|BOOKWRITING|FORNEWSTUDENTINMSYC\OPENPROGRAMMINGFILE|MyFile.cpp?

v | cancel |

Figure 2.7: Creating an MSVC project

In Fig. 2.7, click Yes. You will obtain a new project named MyFile (Fig. 2.8).

*.. MyFile - Microsoft Yisual C++ - [MyFile.cpp] =10 x|
H@ File Edit View Insert Project Build Tools Window Help =171 x|
“ (Globals) || (& global members) ~|| ¢main

alx #include <iostream.h> —

Mﬁ‘ile classes
void main() {

cout << "Hello World”™ << endl ;

}
_'t: ClassView I_[:g FiIeViewI 1«11 Llﬂ
x| Al
K MyFile.exe - 0 error(s), 0 warning(s) =
[ <]\ Build { Debug  Findin Files1 ) Find in Files2 % Results / [l«l] Llﬂ
W

Figure 2.8: Creating an MSVC project (continued)

On the menu bar (Fig. 2.8), click Build, click Rebuild All.
On the menu bar (Fig. 2.8), click Build, click Execute MyFile.exe (obtain an output result, see

Fig. 2.9).

D:\MYDOCUMENTSMATHLAB

Hello World
Press any key to continue

Figure 2.9: A programming output

To copy the result, drag words to highlight, click on left-top corner button (C:\), click Edit, click

Copy (Fig. 2.10).
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= Restore Select "D:\MYDOCUMENT.
Move
Size Press any key to continue
- Minimize
O Maximize
X Close
ek
Defaults Copy Enter
Properties Paste
Select all
Scrofll
A7 hoo

Figure 2.10: Copying an output

To debug an error, on the menu bar (Fig. 2.8) click Tool, click Customize (obtain the customize

dialog as shown in Fig. 2.11). In the customize dialog (Fig. 2.11), click Commands tab, Edit (in

Commands l Toolbars | Tools | Keyboard | Add-ins and Macro Files |
LCategory: Buttons

M DR EORmS
Description:

Hint: Select a category. Click a button to see its description,
Show Menus for: or drag it to a toolbar.

ICurlent Editor s I Modity S

=ction 'I Beset All Menus |

Close

Figure 2.11: the Customize dialog

Category), drag and drop two hammer-icons into the icon bar (Fig. 2.12).

Commands | Toolbars | Tools | Keyboard | Add-ins and Macro Files |
LCategory: Buttons
ENC] y mexRococ MR
escription:
wAA% 8
[func “ew |
YA AR R AT
o rAasRE@wIEYE

Hint: Select a category. Click a button to see its description,

Tl i or drag it to a toolbar.

Current Editor L I

I odify Selection vI Beset &ll Menus |

Figure 2.12: The Customize dialog (continued)
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If you have errors in your file when building Myfile.exe file, click on these hammer-icons, these

will reveal your errors. Figure 2.13 shows an example of the error with missing a semi colon at

the end of the line.

*.. MyFile - Microsoft Yisual C++ - [MyFile.cpp] ;IE]&
“ (Globals) ~[@ngicbaimembers)  =]| ¢ main =R~ HJ@ % 4 B O A2 H 8| =
||B e Edt view Insert project Buld Tools Window Help /Imag—'(ﬁﬂé'
alx| #include <iostream.h>
HyFile classes

void main() {

cout << "Hello World”™ << endl

}
-'L:l:lass\ﬁew =] FileView [«] | |
x [
K MyFile.exe - 1 error(s), 0 warning(s) il

v

“ Build { Debug & Find in Files 1 % Find in Files2 % Results / Tell
Moves to the line containing the next error or tag [ Ln4,Col15  [REC[COL [OVR IREAD¢

Figure 2.13: Debugging errors

There are many helpful features in MSVC that you can find by clicking on Help in the menu
bar. Since the purpose of this chapter is to help users who are new to MSVC, a number of the

most basic features will be presented in the next sections.

2.2 Adding a Header File to a Project

To add a header file into the project, in the project workspace (Fig. 2.14), click FileView tab,
right click on MyFile files, click "Add Files to Project .." (obtain Fig. 2.15), then type Test.h
in this dialog (see Fig. 2.15).

*.. MyFile - Microsoft Yisual C++ - [MyFile.cpp] | — ||:||5|
Jj (Globals) ;II (Al global members) ;” ¢ main
||® gl Edt vew mnsert project Buid Tooks window belp -5 x|

[#) MyFile.cpp
cout << "Hello World" << endl ;

}

B4 ClassView | =] FileView

alx #include <iostream.h>
Uorkspace 'MyFile': 1 project(s)
& ot matnt)

4

X ~
K MyFile.exe - 0 error(s), 0 warning(s) d
J Build { Debug % Find in Files 1 & Find in Files2 % Results /. el »

Ready

N

Figure 2.14: Adding a header file
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Insert Files into Project llél

Look jn: I’ﬂ OpenProgrammingFile ll - [ d- .

Debug
@ MyFile.cpp

File name:  [TestH 0K |
Files of type: | C++ Files (.c:.cpp: cxe.ti.hi th.inl. c) =l Cancel |

|Files will be inserted into folder titled "MyFile files' in project MyFile'.
4

Figure 2.15: Adding a header file (continued)

In Fig. 2.15, click OK (obtain Fig. 2.16). In Fig. 2.16, click Yes (to generate the new header file

named Test.h into the project. See Fig. 2.17).

Microsoft Yisual C++ 5]

D:\MyDocumentsiMathLabiMatlabBookiBookwriting|ForNewStudentInMSYC\OpenProgrammingFile\ Test.h

@ The specified file does not exist.
Do you want to add a reference to the project anyway?

No | Cancel I

Figure 2.16: Adding a header file (continued)

2.3 Writing a Code in a Header File

This section describes how to write a simple code in the header file.
In the project workspace (Fig. 2.17), double-click on Test.h (obtain Fig. 2.18).
=] 5]

*.. MyFile - Microsoft Yisual C++ - [MyFile.cpp]

“\\Eloba\ ) [t giobal members)  ¥]| @ main

C
ke .

||B) Ele Edt vew msert project Buid Tooks window Help
alx #include <iostream.h>

Uozkspace 'MyFile': 1 project(s)

= EmyFile files void main() {
[#) myFile.cpp
E] cout << "Hello World" << endl ;

}

B3 ClassView [2] FieView | .

) |
—‘lﬂyl-‘ile.exe - 0 error(s), 0 warning(s)
“ Build {Debug ) Find in Files 1 ) Find in Files2 ) Results Tall »

Ready

ot plf= X

N

Figure 2.17: Writing a code in the header file
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5
Project file D:\MyDocumentsiMathLabiMatlabBook\BookiWriting|ForNewStudentInMSYC\OpenProgrammingFile\ Test.h does not exist,
Do you want to create a new file?

Figure 2.18: Writing a code in the header file (continued)

In Fig. 2.18, click Yes (obtain a blank header file, see Fig. 2.19).

- yrle - crosoft visual -+~ (resth] S T=TF

J (Globals) ;"[.L"*.II alobal members) L" @ main |

JJD File Edit View Insert Project Buld Tools Window Help =181 x|
alx

L]

Uorkspace 'MyFile': 1 project(s)
=-EMyFile files
-|%] MyFile.cpp

23 Csson] 5] Fiiew Ly "
x [
A MyFile.exe - 0 error(s), 0 warningi(s) e
J | [\ Build {Debug i Find in Files 1  Find in Files2 j Results / [l » -

Ready Y

Figure 2.19: Writing a code in the header file (continued)

Now you will write a simple code in this header file Test.h (see Fig 2.20), as follows:

Listing code

class Test {

public:

void TestFunc () ;

Test O {; }
“Test O {; }
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/% kxkkokokokkkkkkokokokkokkkkkkokkkkkk k[

void Test::TestFunc() {

cout <<"This is a Test Function" << endl ;

end code
-5
|2 e Edt view mnsert project Buid Tooks Window Help =181 x|
J Test [ (Al class members) ~|[ ¢ TestFunc R~ ”@ &
alxl class Test { =
“orkspace 'MyFile': 1 project(s) public: ~
= ElMmyFile files
[#) MyFile.cpp void TestFunc () :
BfTeser]
Test () {:}
~Test () { :}
yo:
ST RTETIITITIEATAASARRRRRIIIITE 1
wvoid Test::TestFunc() {
cout <<"This is a Test Functior} << endl ;
) -
-
'ljl:lasstIE]Fie‘fwl . »
F] |
4 4
~
Build {Debug ) Find in Files 1 ) Find in Files2 ) Results Mall »
D:AMyD: ing \DpenPr ingFile\Test h saved A

Figure 2.20: Writing a code in a header file (continued)

2.4 Writing a Code in a Ct++ File

Modify the lines of the code in the Ct+ file MyFile.cpp (Fig. 2.21), as follows:

#include <iostream.h>

#include "Test.h"
void main() {
cout << "Hello World" << endl ;

Test obj ;

obj.TestFunc() ;



16

*., MyFile - Microsoft Yisual C++ - [MyFile.cpp] i | =] 5'
H@ File Edit View Insert Project Build Tools Window Help _|E|5]
JI[GIobaIs] ~l[@lgobalmembers) [ ma IR~ H S B
alx| #include <iostream.h> =l
include "Test.h" —
Uorkspace 'MyFile': 1 project(s) #include &8
e ‘EE:']linile files void main() {
|¥)|MyFile.cpp
[£) Test.n cout << "Hello World" << endl ;
Test obj ;
obj.TestFunc() :
}
-
B3 ClassView I |£] FileView I [ _"_'
x A
A MyFile.exe - 0 error(s), 0 warning(s) =
v
“ Build { Debug & Find in Files 1 & Find in Files2 § Results / Tell »
4

Figure 2.21: Modifying the code in the main function

2.5 Building and Executing a C*++ Project

On the menu bar (Fig. 2.21), click Build, click Rebuild All.
On the menu bar (Fig. 2.21), click Build, click Execute MyFile.exe.

It should contain no errors and should give the output result (Fig. 2.22).

Hello _Uorld

This is a Test Function

Figure 2.22: The output result

At this point you can use Microsoft Visual C*t+ 6.0 to open and compile a C*++ file.



Chapter 3

Setting Up a Microsoft
Visual C™* 6.0 Project with
MATLAB Compiler 4

This chapter describes how to set up a Microsoft Visual C*++ version 6.0 (MSVC) with MATLAB

Compiler 4.

3.1 Procedure of Project Setting

The following procedure is to set up a Microsoft Visual C*+ 6.0 (MSVC) project for working
with MATLAB Compiler 4.

1. From an MSVC project (as described in Chapter 2), click Project from the menu bar, click
Setting. You will obtain the dialog box as shown in Fig. 3.1.

2l
Settings For: [Win32 Debug ~]| Geneal | Debug | C/Ces | Link | Resourcl @m0

Output directories

Intermediate files:
[Debug

Output files:
[Debug

I~ Allow per-configuration dependencies

Cancel

Figure 3.1: The Project Settings dialog

2. In Fig. 3.1, click the C/C+* tab (see Fig. 3.2).
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From Category shown in Fig. 3.2, choose Code Generation.

In Use run-time Library, choose Multithreaded DLL (Fig. 3.2).

Settings For: IW'in32 Debug j General | Debug | C/C++ I Link l Hesouo{

#-E
= Category: ICode Generation 'I Reset |

Processor: Use run-time library:
|Blend * | |MuithreadedDLL ¥ |

Lalling convention: Struct member alignment:

I_cdecl * j IS Bytes * j

Project Options:
/nologo /MD AW3 /Gm /GX /2| /0d /D "WIN32" /D &

"_DEBUG" /D "_CONSOLE" /D "_MBCS"
/Fp"Debug/exl.pch" /YX /Fo"'Debug' /Fd"Debug/" ;I

0K I Cancel I

Figure 3.2: The C/C++ tab in Project Settings

3. In Category, choose Preprocessor (see Fig. 3.3).

Settings For: |\win32 Debug ll General | Debug  C/C++ I Linkl Resouoz

Reset |

[J geadev Fi|;s| Preprocessor definitions:
(1 Resource Files [WIN32,_DEBUG, CONSOLE, MBCS
Undefined symbols: ™ Undefine all symbols

Additional include directories:

I~ Ignore standard include paths

Project Options:

/nologo /MD AW3 /Gm /GX /2| /0d /D "WIN32" /D
"_DEBUG" /D "_CONSOLE" /D "_MBCS"
/Fp"Debug/ex1.pch” 7YX /Fo"'Debug/’ /Fd"Debug LI

Cancel |

Figure 3.3: Preprocessor in Project Settings

4. In Preprocessor definitions text box (Fig. 3.3), replace all with (see Fig. 3.4):
WIN32,_DEBUG,_CONSOLE,_MBCS,_WINDOWS, _AFXDLL,IBMPC,MSVC,MSWIND,__STDC__

5. Suppose that your MATLAB path is C:\MATLAB?T.
In Additional include directories, add (see Fig. 3.4):

C:\MATLAB7\extern\include
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2lx|

'wiin32 Debug j General | Debug C/C++ Lirk. I Hesourc(: EE

e Category: B
Example.cpp 2t IPreprocessor j B |

Example.h Freproceszor definitions:
IWIN 32,_DEBUG, CONSOLE,_MECS,_wINDOWS,_AFA

Setftings For:

Undefined symbaols: ™ Undefine all spmbols

Additional include directaries:
|E:\MATLAB?\thern\include

™ lgrore standard include paths

Project Options:

Anologa AMD Aw3 AGm AGK A2 A0d A ﬂ
"CAMATLAB Phesterntinciude” /D "wWINI2" /D
" DEBUG" /D "_CONSOLE" /D "_MBCS" /D LI

Ok I Cancel |

Figure 3.4: Project Settings (continued)

6. Click the Link tab (see Fig. 3.5).
In Category (Fig. 3.5), choose Input.
In Object/library modules, add these libraries (Fig. 3.6):

libeng.lib libfixedpoint.lib libmat.lib libmex.lib libmwservices.lib libmx.lib

libut.lib mclcom.lib mclcommain.lib mclmcr.lib mclmcrrt.lib mclxlmain.lib

Note that they are separated by a space.

General I Diebug | C/C++  Link | F\esourc{ EE

Category: I Input - I Reset |

Example.h Obiject/library modules:
|Ic0m.|ib rmclcammain.lib melmer.lib melmert ib melkimain. ib

lgnare libraries: I lgnore sl default libraries

Force symbol references:

Additional ibrary path:

Project Options:

kernel32.lib uzer32 lib gdi32 lib winspoal b comdlg32.lib
advapi32.lib shel 32 b ale32.lib cleaut32.lib uuid.lib
odbc32 lib odboep32 lib libeng.lib libfixedpaint. lib LI

Cancel |

Figure 3.5: The Link tab in Project Settings

7. Suppose that your MATLAB path is C:\MATLABT.
In Additional library path, add (see Fig. 3.6):

C:\MATLAB7\extern\lib\win32\microsoft\msvc60
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21|

Settings For: |'win32 Debug

E xample.cpp
Example.h

General I Debug | C/AC++  Link | F\esourc{ EE

Category: I Input - I BResat |

Ohjectlibrary modules:

|Ic0m.||b mclcammain. ib melmer. ib melmert. ib melkimain, b

lgnare libraries: I lgnore all default libraries

Force symbol references:

Additional library path:
|EI:\MATLAB?\extern\Ilb\W|n32\mlcrosoft\msvc:5[|

Project Options:

kernel32.lib uzerd2 lib gdi32 lib winspool b comdlg32.lib =

advapi3Z.lib shel 32 lib ole32 lib oleaut32.lib uwid.lib
odbc32 lib odboop32 lib libeng. lib ibfisedpoint. lib j

Cancel |

Figure 3.6: Project Settings (continued)

8. In Fig. 3.6, click OK to finish the project setting.

3.2 Testing of Project Setting

To test the project setting, create an MSVC project then perform the project setting as described

in the above procedure. Write the simple following code in a Ct+ file, then build and execute

the project.

The following is the code for testing the project setting.

After building and executing the project, you should have no errors.

Listing code

#include <iostream.h>
#include "mclcppclass.h"

int main() {

cout << " Testing setting-up MSVC 6.0 " << endl ;

mwArray mw_test(l, 2, mxDOUBLE_CLASS) ;

mw_test (1, 1)

1]
-
-

mw_test (1, 2)

]
N
N

std::cout << mw_test << std::endl ;

return O ;

>
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Remarks

1. You can use the Microsoft Visual Ct+ 6.0 (MSVC) project set up in this chapter as a
template for another MSVC projects in working with MATLAB Compiler 4.

2. Most of our example projects are Microsoft Visual Ct+ .Net projects, therefore for working

with Microsoft Visual Ct+ 6.0, do these following steps:

e Copy the project that was set up as described in this chapter. This project is a current

your project.

e Copy the files Example.cpp, Example.h, and the utility file (mxUtilityCompilerVer4.h

or mwUtilityCompilerVer4.h) to your current project.
e Remove the top line :

#pragma warning(disable : 4995)

, then you have a project working in Microsoft Visual C++ 6.0.
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Chapter 4

Opening a C™* File in Microsoft
Visual C** .Net

In order to help students who have not used Microsoft Visual Ct+ .Net (MSVC.Net), this chapter
contains a tutorial for opening and compiling a Ct* file in MSVC*+.Net. If you are familiar with

MSVC*+.Net you can skip this chapter.

4.1 Opening a New Microsoft Visual C++ .Net Project

To open Microsoft Visual Ct+ .Net, click Start, Programs, Microsoft Visual Studio .Net, Mi-
crosoft Visual Studio .Net. You will obtain Fig. 4.1.

TT——— ool

Fle Edt WView Toos Window Help

=1~ 1] =S - | o9 sz -l@2 2
1 Explorer o x

Bsd.. [ B cla... [ 1nd... |
‘ Ready || 4

Figure 4.1: Opening Microsoft Visual C++ .Net

In Fig. 4.1, on menu bar, click File, New, Project (obtain Fig. 4.2).
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x|

Templates:

Project Types

1] Visual C# Projects
{1 Visual }# Prajects
1 Wisual C++ Projects

{1 Setup and Deployment Projects
{1 Other Projects

{1 visual Studio Solutions

e windows Service
Empty Project _I
|A project For creating an application with a Windows user interface

Mame: I WindowsApplication1

Locatian: | D:yMATLABCompiler3yVisualCPP 2|

Project will be created at D:\MATLABCompiler3| visualCPPiwindowsApplicationd .

M oK | Cancel | Help |

Figure 4.2: Opening a new C*+ file in Microsoft Visual Ct+ .Net

In Fig. 4.2, click Visual C*t+ Projects, click Win32 Projects.
Click the Browse button to choose a folder, then type the project name, say Example, as in

Fig. 4.3. In Fig. 4.3 click OK . You will obtain Fig. 4.4

x|

Project Types: Templates:
] MEMEOET L APEICEt |
g Managed C++ Class Library
Managed C++ Empty Project
tt Managed C++ Web Service

MFC ActiveX Control

D WYisual Basic Projects
1 visual C# Projects
] Visual 1# Projects
g

{1 Setup and Deployment Projects
{1 Other Projects
41 visual Studia Solutions

|A Win3Z console application or other Win32 project.

Name: I Example

Location: | DiMATLABCompiler S atlsbCompiler 3PragranmingiChe | Brows

Project will be created ot D3, .{MatlabCompler3Programming!Chapter02_ForMewMSiE_netiExample.

FHM QK I Cancel | Help |

Figure 4.3: Opening a new Ct+ file (continued)

win32 Application

Welcome to the Win32 Application Wizard
This wizard generates a Win32 application project. The project can be a console application, a
Windows application, & DLL, or & static lbrary.

3 These are the current project settings:
Overview
o Windows application

Click Finish from any window ko accept the current settings.

After you create the project, see the project’s readme. t file For information
about the project Features and Flles thak are generate

Finish Cancel Help

Figure 4.4: Opening a new C*+ file (continued)
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In Fig. 4.4, click Application Settings, select Console application. Select Empty project (see Fig.
4.5). Click Finish to create the project. You'll obtain Fig. 4.6.

Win32 Application Wizard - Example

Application Settings

T AT T

Specify the kype of application wau will build with this project and the options o libraries wou

want supported. “

Application bype:

Add support For:
¥ Console application ™ an
Application Settings " Windows application i
DL
" Static library
Additional options:
F Empiy proiect
I™ | Export symbols
¥ Frecompiled header

Finish Cancel Help

Figure 4.5: Opening a new Ct+ file (continued)

0 Example - Microsoft ¥isual C++ [design]

File Edit Yew Project Buld Debug Tools ‘Window Help

@ﬂﬁ|| » Debug v|wsleep

- | @R
Solution Explarer - Example L X
Q Solution 'Example’ {1 project)
= E

[_] Source Files
[_] Header Files
[_1 Resource Files

i [ sal... E’Cla... | @ nd... |

| Ready

| Y

Figure 4.6: Opening a new C*+ file (continued)
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4.2 Adding a C*t* Source File to the Project

You now have the blank project and you will add a C*t+ file to this project.

In Fig. 4.7, right click Example, click Add, click Add New Item to open a dialog box as in
Fig. 4.18

30 Example - Microsoft Visual C++ [design] (=] 3]

Fle Edit View Project Build Debug Tools Window Help
=3=1- 1= - | gt Seep

olution Explorer - E:

gzt o

@ Solution 'Example' (1 project)

¥ Buid
Rebuid

Cean

Ll [ sdvewren., |
| Add Web Reference... | [ Add Existing Ttem. ..
M Set as StartUp Project 7] New Folder
@ Debug » g Add Class...

[& saveExample 2 Add Resource, .,

B Paste

¥ Remove

Rename

Properties

Figure 4.7: Adding a C*t+ source file

In Fig. 4.8 then type the name of file Example.cpp. Click C*t+ File from the Templates list on
the right, as Fig. 4.8.

Add New Item - Example x|

Cateqories: Templates:

‘E Dynamic Discavery File {.vsdisco)
| 3] HTML Page (.him)
ﬁ Skatic Discovery File {.disco)

= DEF File: {.def)

eqgistration Script (.rgs)

g ATL Server Web Service

e Managed C++ Web Service

5| Bitmap File {.brp) id

Creates a C++ source file.

Name: I Example.cpp|

Location: |d:lMATLAEcompi\er3\MatlabCDmp\ler3Programming\chaptarDZ_ForNet Browse... |

Cpen - Cancel I Help I

Figure 4.8: Adding a C** source file (continued)

In Fig. 4.8 click Open, you will obtain a blank file Example.cpp (Fig. 4.9).
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2% Example - Microsoft Yisual C++ [design] - Example.cpp = |E| Iil
File Edit ‘iew Project Buld Debug  Tools  ‘Window  Help
= | o Sleep = | o i
| 6% % % .
] Example.cpp| 4k x
| Ef E
Q Solution 'Example’ {1 project)
; -
= Example
_a Source Files
: rmple.cop
[_] Header Files
[_] Resource Files
L -
[ 3al... E’Cla... | @ nd... | [

Y —
[ Ready L T

Figure 4.9: Adding a C*+ source file (continued)

Write the following code into this file Example.cpp, (Fig. 4.10) as follows:

Listing code

#include <iostream.h>

int main() {

cout << "Hello World!" << endl ;

return 0 ;

end code
3% Example - Microsoft Yisual C++ [design] - Example.cpp 3 = Ellil
File Edit ‘“ew Project Buld Debug Tools Window Help
q'uﬁ|‘DEbug v‘ws\eep = E'}@ ok
] % b e | =2 | 6% %%
|Enlut|nn Explorer - Examplz 1 X | Example.cpp | 4px
I(Glubals) j I':'-.’ma\n j
(o Solution Example’ (1 project) #include <iostream.hs =
= Example
= {23 Source Files int maini] {
cout << "Hello World"™ << endl :
‘[ Resource Files TR Eh
y
L -
Aol | ZFcia.. [[F ... | 4] | »
| Build succeeded H H Lna Col 1 chi || HINS Al

Figure 4.10: Adding a Ct+ source file (continued)
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To build the executive file, click Build on the menu, click Build Solution.

You will have no error, but one warning as follows:

: warning C4995: ’_OLD_IOSTREAMS_ARE_DEPRECATED’ :

name was marked as #pragma deprecated"

To ignore this warning, add this line code (Fig. 4.11):
#pragma warning(disable : 4995)

7% Example - Microsoft Yisual C++ [design] - Example.cpp =1ol x|
File Edit Yew Project Buid Debug Tooks ‘MWindow Help
= EHE E| e - | g Slesp G [t
FElRbaa |22 4%%%.
Solution Explorer - Example [ X Example.cpp | L4
| (Glabals) j I':':.maln j
[ Solution ‘Example’ (1 project) f#praoma warning(disable : 4995) et
B Example =
= 23 Source Fies #include <iostream.h>

[BEEEA | c<rple. cop
+ [ Header Fil
‘oo |1 Resource Files

int main() {
cout << "Hello World" << endl :

return 0 :

i

[tnz

=

[ s

-QED‘... |cham | Ind... |

| Buid succeeded |

Cal 1 chi

Figure 4.11: Adding a Ct+ source file (continued)

To execute again, click Build on the menu, click Build Solution. You will have no errors and no

warning.

To see the result, on the menu bar click Debug, click Start Without Debugging (Fig. 4.13).

d:' matlabcompiler3im:

Hello UYWorld
Press any key to continuel]

Figure 4.12: The output result

Note:

You can avoid the above warning by using Standard Library, but this will give more difficulties in
working with MATLAB Compiler, therefore within the scope of working with MATLAB Compiler
we don’t recommend using Standard Library in MSVC*+.Net.

For more information of this warning, go to the Microsoft website:

http://msdn.microsoft.com/library/
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4.3 Adding a Header File to the Project

To add a header file to the project, right click Example, click Add, click Add New Item to open
a dialog box (see Fig. 4.7).

Type the name for the header file Example.h, click Header File from the Templates list on the
right as in Fig. 4.13.

Click Open, you will obtain the blank header file Example.h (Fig. 4.14).

Add New Item - Example x|
Cateqories: Templates:
] F

@ Dynamic Discovery File {,vsdisco)
| @] HTML Page (.him)

‘m Static Discowery File {.disco)
[hE {.h}

55 File (i)

[T Resource File {.rc)

4= | DEF File: {.def)

eqistration Script {.rgs)

g ATL Server 'Web Service

2 Managed C++ Web Service

5| Bitmap File: (.brpy LI

Creates a C++ headet file,

ame: I Example.h

Location: I d:iMATLABcompiler 3iMatlabCompiler 3Programming|Chapter0Z_Forkley Browse... |

Open - Cancel I Help I

Figure 4.13: Adding a header file

22 Example - Microsoft Yisual C++ [design] - Example.h ;IQIEI
File Edit “iew Project  Buld Debug Tools  Window  Help

Eﬁ|| » Debug vlwsleep v|ag' 2
E R e =2 A%NYNK.

|Soluti0n Explorer - Example L X | Example.cpp  Example.h | 4 b x

| A E

R Solution 'Example’ {1 project) |
; -
B- Example
¢ [_] Source Files
EI a Header Files
|_1 Resource Files
v

_RSDL.. cha... |3 wd... | 1| | »
[ Ready I ~ [[n1 ol 1 Ch 1 [ Jms|

Figure 4.14: Adding a header file (continued)
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Now you will write a simple code in this header file Example.h (see Fig 4.15), as follows:

Listing code

class Test {

public:

void TestFunc () ;

Test O {; 2}
“Test O {; }

}

/* 3k 3k >k 3k 3k 3k 3k 3k 5k %k >k 3k 5k 3k 5k >k %k %k 3k 3k 3k %k %k %k %k > > %k */

void Test::TestFunc() {

cout <<"This is a Test Function" << endl ;

}

end code

2% Example - Microsoft ¥isual €+ + [design] - Example.h =[olx|
Fle Edt View Project Buld Debuy Tock window telp
H-a-sEd|B| ) e - | g sleep il B

Heagu R SRk T2 A%%N.
Solution Explorer - Example 1 X || Exarple.cop Exampleh | 4bx
=1 [PaTest =] [-@restrune |
TeA Solution Example’ (1 project) elass Test ( =l
= (23 Example ml
- (] Source Flles b
- 3 Hesder Fiss void TestFune ()
- BT
(21 Resource Files Test () ¢ ;3
~Test {} LA |

i B
[ R AR AR AR R AR E AR AR RS K
void Test::TestFunci) {

cout <<"This is a Test Function” << endl ;

i

@B [T e R | 4] | i
| Build succeeded I |[tn1e colz che I ms]

Figure 4.15: Writing a code in the header file (continue)

Modify lines of the code in the C*++ file Example.cpp (Fig. 4.16), as follows:

Listing code

#pragma warning(disable : 4995)

#include <iostream.h>

#include "Example.h"



int main() {

cout << "Hello World" << endl ;

Test obj ;
obj.TestFunc() ;

return O ;

9% Example - Microsoft ¥isual C++ [design] - Example.cpp 10| x|
Fle Edt Vew Project Buld Debug Tools Window Help
e R R = | » Debug | gt Sleep ST S
F % b s T2 A%NK.
Solution Explorer - Example L X || Example.cpp | Exampleh | 4bx
(Glabals) =l |-=omain B
(o Solution Example’ (1 project) #pragwa varning(disable : 4935) =
= (23 Example =
= Souree Files #include <iostream.h>
SEa) o aole. cop #include "Example.h"
[z~ {3 Header Files
DQ ExamDF‘a“h int main() {
SSis e cout << "Hello World” << endl ;
Test obj :
obj.TestFune [) :
return 0 :
3
Aol [Pl [ rd. | 1] | »
| Buid succeeded Il |[tn10 Cdl 18 chis [ Jms] 4

Figure 4.16: Modifying the code in the C++ file

4.4 Building and Executing the Project

In Fig. 4.16, on the menu bar click Build, click Build Solution.
In Fig. 4.16, on the menu bar click Debug, click Start Without Debugging.

It should contain no errors and give the output result as shown in Fig. 4.17

matlabcompiler3\matlab

Hello UYWorld
Thiz iz a Test Function
Press any key to continue

Figure 4.17: The output result

At this point you can use Microsoft Visual C*t* .Net to open and compile a C*++ file.

end code ——M8M
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Note
If you have errors in your file when building, the error message will show in the Task List as in
Fig. 4.18. Double click on this message, it will show the error in the code.

There are many helpful features in MSVC*++.Net that you can find in Help menu.

Task List - 1 Build Error task shown (filtered) ﬂ

! | | | Description
Click. here to add a news ask

Task List | B output |% Index Resulks For error messages, displaying |

Figure 4.18: An example of an error message



Chapter 5

Setting Up a Microsoft
Visual C** .Net Project with
MATLAB Compiler 4

This chapter describes how to set up a Microsoft Visual Ct+ .Net (MSVC++.Net) project with
MATLAB Compiler 4.

5.1 Procedure of Project Setting

The following procedure is to set up an MSVC+*+.Net project for working with MATLAB Com-
piler 4.

1. Create an MSVC++.Net project as described in Chapter 4. This project is shown in
Fig. 5.1.

#pragma varningidiseble : 4995) =
#include <iostream.
#inelude "Example.h”
wain(l {
cout << "Hello World" << endl

Test obj ;
ohj.TestFunc () :

B [T [And. | [l |

| Buld succeeded I |[tn10 Col1g chis [ Jms] |

Figure 5.1: A Microsoft Visual C++ .Net project
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2. In Fig. 5.1, right click on Example, click Properties (Fig. 5.2), you’ll obtain a property
dialog as shown in Fig. 5.3.

2% Example - Microsoft Yisual € ++ [design] - Example.cpp =lolx|

Fle Edt Vew Project Buid Debug  Tooks  Window  Help
B@|B| ) o - | o Seep 21~ SR
=2 (et

Example.cpp | Exampz b |

4b %
I(G\nbals) =l I":.mam =]
| ‘ #pragua varning(disshle : 4995]

lude <iostream.h>

[ Head Rebuld lude "Examwple.h"”
(L] Resor =
Clean
o mmin{) {
irk << "Hello World" << endl ;
Deploy.
obj
Add »

TestFune(]
Add Web Reference. ..

setasatlpbrojeet | =
i et as StartUp Project
s [Fid _»IJ
Debug »
Ready e |4

[ Save Example
B Paste

¥ Remove

Figure 5.2: Opening Property Pages

Example Property Pages ] x|
Configuration: IAEtiVE(DEhug) j Platfarm: |Active(Wm32) j Configuration Manager. ..

| Configuration Properties B General
& General Oukput Direckory Debug ;I
Debugaging Intermediate Directory Debug
[ Cic++ Extensions to Delete on Clean * obj; ik * pdb;* Hbg ¥ i ¥y bmp* rsp;* bat;)
(3 Linker Bl Project Defaults
(1 Resources Configuration Type Application (.exe)
ML Build Browser Information ko
DRy Use of MFC Use Standard Windows Libraries
(3 Buid Events Use of ATL Mok Using ATL
g ;“:;ﬁ f;l:nf:p Minirize CRT Use in ATL Mo
(3 Web Deployment Character Set Use Multi-Byte Character Set
Use Managed Extensions Mo
“Whole Program Optimization Ha
Output Directory
Specifies a relative path to the output file directory; can include enviranment varisbles,

aK I Cancel Aol Help

Figure 5.3: Property Pages

3. In Fig. 5.3, click C/C++, click General, click Additional Include Directories (see Fig. 5.4).
In Fig. 5.4 click on the browse button, you'll obtain the Additional Include Directories
dialog box as shown in Fig. 5.5



Example Property Pages x|
Configuration: [Active(Debug) 7| Plotform: [active(winaz) | Configuration Manager...

{3 Corfiguration Propertie: = |
General

Debugging Debug Information Format Program Database for Edit & Continue #f21)
23 CICH+ Compile As Managed Mot using managed extensions
% General Suppress Startup Banner Yes (fnologa)
Qptiniization “Warning Level Level 3 (/W3)
Beaoresay Detect £4-bit Portability Tssues Yes (/Wpb4)

Code Generatio Treat Warnings s Errors o
Lanquage

Precompiled He:
Output Fles
Erowse Informa
Advanced
Cammand Line
(1 Linker
1 Resources
ML

Browse Infarmation
g e | | Seeciies one or more directories te add ta the inchude path; use semicolon defimited
UL S fist i mare thar ane.  (j1{path])

browse button

Additional Include Directories

ok | Cancel Ly Help

Figure 5.4: Property Pages (continued)

Additional Include Directories ! x|
cH x| ¢+
KT — ;IJ
Tnheribed valuss:
¥ Inherit from project deFaulks Macrosss
oK | Cancel | Help |
g

Figure 5.5: The Additional Include Directories dialog box

4. Suppose that your MATLAB path is C:\MATLABY.
In Fig. 5.5, add the following directorie to this dialog (Fig. 5.6):

C:\MATLAB7\extern\include

x|
i x| +| +

CHAMATLABT \externlinclude [ s)
-
K| ¥

Inherited values:

f]

¥ Inherit from project defaults Marros= = |
84 I Cancel | Help |

A

Figure 5.6: The Additional Include Directories dialog box (continued)
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In Fig. 5.6, click OK. These directories are added to the Property Pages (see Fig 5.7).

Example Property Pages x|

Configuration: [Active(Debug)

=] platform: [Active(winaz)

| Configuration Manager ..

[ Corfiquration Propertie; « C:\MATLAB7\externiinclude
General Resolve #using References
Debugging Debug Information Format Program Database for Edit & Continue (/2I)
QcicH Compile As Managed Mot using managed extensions
pi 0 9 manag:
% General Suppress Starbup Banner Yes (fnologa)
Optimization wWarning Level Level 3(/w3)
s e Detect 64-bit Portabilty Issues Yes (/Wp64)
f”da SeEisin Treat Warnings As Errars N
anguage
Frecompiled He:
Qutput Files
Browse Informa
Advanced
Command Line:
(1 Linker L
(1 Resources
MIDL
a Additional Include Directories
(1 Browse Information 5 e .
TS Specifies one or more directories to add b the includz path; use semi-colon delimited
< list if mere than one,  (/I[pathl)

ok | Cancel Apply Help

Figure 5.7: Property Pages (continued)

5. In Fig. 5.7, click Preprocessor, click Preprocessor Definitions (as shown in Fig. 5.8).

Click the browse button, you’ll obtain Fig. 5.9.

Example Property Pages i x|

| Configuration Manager..

WIN32;_DEBUG;_CONSOLE

Configuration: [Active(Debug) | piatform: [Active(winaz)

{4 Configuration Propertie; « |
General
Debugging
T+
General
Optimization
Preprocessor
Cade Generatio
Language
Precompiled He:
Output Fies
Browse Informa
advanced
Command Line
(_J Linker
(3 Resources
(ML
(1 Browse Information
(1 Buid Events

Ignore Standard Include Path
Generate Prepracessed File
Keep Camments

A4

Preprocessor Definitions.

Specifies one or more prepracessor defines.  (/Dlmacral)

ak I Carcel Apply Help

Figure 5.8: Property Pages (continued)

Preprocessor Del

WINZZ
_DEBUG
_CONSOLE

K1} r

Inherited walues:

_MBCS

¥ Inheit Fram project defaulks

Ok | Cancel |

Figure 5.9: Preprocessor Definitions



6. In Fig 5.9, add the following lines to this dialog (see Fig. 5.10):

_WINDOWS
_AFXDLL
IBMPC
MSVC
MSWIND
__STDC__

Preprocessor Definitions ) 5‘
]

WING2
_DEBUG
CONSOLE
_WINDOWS
TAFKDLL
TEMPC
MSYC
MSWWIRD:

iI_STDCJ Llll

Inherited values:

L]

_MBCS

L]
¥ Inherit From project defaults Macros=» |
OF I Cancel | Help |

2|

Figure 5.10: Preprocessor Definitions (continued)

7. In Fig. 5.10 click OK. The Preprocessor Definitions is changed as in Fig. 5.11.

Example Property Pages i il
Configuration: IActlve(Debug) j Platfarm: IActlve(WmSZ) j Configuration Manager. ..

3 Configuration Propertie: « | re Definitions WIN3Z; DEBUG; _CONSOLE; WINDOWS; A ..
izeneral Ignore Standard Include Path Mo
Debugging Senerate Preprocessed File Mo
4 CfC+H+ Keep Comments Mo
General
Optimization
Preprocessor
Code Generatio
Language
Precompiled He:
Output Files
Erowse Informa
Advanced
Command Line
|1 Linker L]
|1 Resources
(1 MIDL
[_1 Browsse Infarmation
(] Build Events ot
¥

L4

Preprocessor Definitions
Specifies one or more preprocessor defines.  (JD[macro]}

aK I Cancel Apply Help

Figure 5.11: Property Pages (continued)

8. In Fig. 5.11, click Code Generation, click Runtime Library (as shown in Fig. 5.12).



Example Property Pages [ x|
Configuration: IA(HVE(DEEUQ) j Platfarm: IA(tivE(WmSZ) j Configuration Manager. ..

‘3 Canfiguration Propertie: = | Enable String Pooling Mo
General Enable Minimal Rebuild Yes (/Gm)
Debugging Enable C++ Exceptions Yes (JEHsc)
S CfC+H+ Smaller Type Check Mo
General Basic Runtime Checks Both {/RTC1, equiv. to /RTCsu}
Optimization Single-threaded Debug {/MLd) ;l
Preprocessor Struck Member Alignment Default
o S Buffer Security Check Mo
';‘;‘f;;gﬁed . Enable Function-Level Linking Mo
Output Files
Browse Informa
Advanced
Command Line arrow
[ Linker L]
[ Resources
MIDL
g Browse Information Ronume I.i.brar.‘y
(0 Buid Events i Specify runtime library for inking. — (/MT, /MTd, (MD, fMDd, /ML, fMLd)
1 »

Ok I Cancel Apply Help

Figure 5.12: Property Pages (continued)

9. In Fig 5.12, click on the arrow button to select the option of Runtime Library:
Multi-threaded Debug DLL (/MDd) as shown in Fig. 5.13.

Example Property Pages i x|
Configuration: [Active(Debug) x| Platform: [active(wina2) | Configuration Manager...

(=3 Confiquration Propertiei~| | Enable String Pocling o
General Enable Minimal Rebuild Yes (/Gm)
Debugaing Enable C++ Exceptions e {/EHsC)
A i+ Smaller Type Check Mo
General Basic Runtine Checks Both {/RTC1, equiv. to /RTCsu)
Optimization Runtime Library Multi-threaded Debug DLL {{MDd) _v|
T Struck Member Alignment Default
i i Buffer Security Check. No
e UL Enable Functior-Level Linking 1o
Precompiled He:
Output Files
Browss Informa
Advanced
CommandLine
(1 Linker UL
(1 Resources
ML

Runtime Library

Erowse Information
= Specify runtime library Forlinking,  {JMT, /MTd, D, [MDd, (ML, fMLd)

(1 Build Events ~
.

0k | Cancel Apply Help

Figure 5.13: Property Pages (continued)

10. In Fig. 5.13, click Precompiled Headers, click Create/Use Precompiled Header, click on the

arrow button to select Not Using Precompiled Headers, as shown in Fig. 5.14.
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Example Property Pages : x|
Configuration: IA(HVE(DEEUQ) j Platfarm: IA(tivE(WmSZ) j Configuration Manager. ..

[ J piled Header Not Using Precompiled Headers -

9 Configuration Fropertie: & | =
General CreatefUse PCH Through File
Debugging Precompiled Header File

= CiC++

General

Optimization

Preprocessor

Code Generatio

Language:

Precompiled He:

Output Files

Browse Informa

Advanced

Command Line

[ Linker

] Resources

(L MIDL

|_1 Browse Information

| Build Events -
1 »

4

Create/Use Precompiled Header
Enables creation or use of a precompiled header during the build.  (fve, ¥, fru)

Ok I Cancel Apply Help

Figure 5.14: Property Pages (continued)

11. In Fig. 5.14, click Linker, click General, click Additional Library Directory, as shown in
Fig. 5.15.

Example Property Pages N il
Configuration: [Active(Debug) | elatform: [activewing2) =] Configuration Manager. ..

=3 Configuration Propertie: + Qutput File $(0utDir)/Example.exe
General Show Progress Mot Set
Debugging Wersion
[ o'l Enable Incremental Linking Yes (/INCREMENTAL)
{23 Linker Suppress Startup Banner Ho
% General Ignore Tmpart Library Ho
Iniput Redgister Oubput Ho
Debug
Syskem
Optimization
Embedded IDL
Advanced

Command Line
] Resources
(3 MIDL
(L1 Browse Information

Build Events
g ot sn Additional Library Directories

O web Rsferences_lll Specifies one of more additional paths to search Far libraries; configuration specific; use
»

semi-colon delimited list if more than one.  (/LIBPATH:[dir])

0K | Concel fpply Help

Figure 5.15: Property Pages (continued)

In Fig. 5.15, click on the browse button, you’ll obtain the Additional Library Directory
dialog box (Fig. 5.16).
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Additional Library Directories x|
o] %] ]+
IR _’l_I
Inherited values:
¥ Inherit From project defaults Macros
oK | Cancel | Help |
2

Figure 5.16: The Additional Library Directory dialog box

12. In Fig. 5.16, add the following directory to this dialog (see Fig. 5.17):
C:\MATLABT\extern\lib \win32\microsoft\msvc70
Add C:\MATLAB7\extern\lib \win32\microsoft\msvc71 if you're using MSVC .Net 2003.

X
i x| ]+

Inherited walues:

¥ Inherit from project defaults Macros>3
oK | Cancel | Help |

gl

Figure 5.17: Additional Library Directory dialog box (continued)

Click OK. These directories are added in Property Pages as shown in Fig. 5.18.

Additional Include Directories x|
J=ikIK]

+
CMATLAB7 \externynchude =
i ;IJ

Inherited walues:

¥ Inherit From project defaults Macros=>
oK | Cancel | Help |
2

Figure 5.18: Property Pages (cont.)
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13. In Fig. 5.15, click Input, click Additional Dependencies as shown in Fig. 5.19.

Example Property Pages 5'
Configuration: [Active(Debug) | platform: [activewingz) =] Configuration Manager. ..

4 Configuration Propertie: & |

iseneral Ignore All Default Libraries Mo
Debugging Ignare Specific Library
0 Sfct+ Module Defirition File
(3 Linker Add Madule to Asserbly
General Embed Managed Resource File
5 Input Farce Symbol References
Debug
Delay Loaded DLLs
System
Optimization
Embedded IDL
Advanced

Command Line
] Resources
(3 MIDL
|_1 Browse Information

Build Events
g B A Additional Dependencies

COweb Rsferences_lll Specifies additional items to add ko the link line (ex: kernel32.lb); configuration
»

specific,

0K | Concel fpply Help

Figure 5.19: Property Pages (continued)

14. In Fig. 5.19, click the browse button, you’ll obtain the Additional Dependencies dialog box
(Fig. 5.20).

additional Dependencies x|
I =

H i

Inherited values:

kernel3z. b
user3z lip
adsz.ib
winspool.Ib
comdigiz.ib
advapidz.lib
shell32.ib
desz b
dleautaz b
i fiby
adbeaz.ib
odbecp3z lib I

[¥ Inherit From project defaults Macross>
ol | 1o
v

Lo

Figure 5.20: The Additional Dependencies dialog box

15. In Fig. 5.20, add the following libraries to this dialog (see Fig. 5.21).

libeng.1lib
libfixedpoint.lib
libmat.lib
libmex.1lib

libmwservices.lib
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libmx.1lib
libut.1lib
mclcom.1lib
mclcommain.lib
mclmcr.1lib
mclmcrrt.lib

mclxlmain.lib

Additional Dependencies

libena.lib
libfiedpoint.ib
libmat.ib
libmes.lib
libmservices. b
libmx.ib

litnat o
mclcorn. b
melcormain.lib
melmer.lib
melmerrt. i
melmain i

Kl
Inherited values:

kernels2 lib
user3z2.lib
gdisz.lib
winspool.lib
comdiazz.lib
advapiaz.lib
shell32.lib
desz.lib
dleaut3z. b
widlis
odbe3z b

Ll x

¥ Inherit from project defaults Macros=3

oK | Cancel | Help

\_I;I—I’_ ILI;

[ —

Figure 5.21: The Additional Dependencies dialog box (continued)

16. In Fig. 5.21 click OK. These libraries are added in Property Pages as shown in Fig. 5.22.

Example Property Pages x|
Configuration: [Active(Debug) | platform: [Active(win32) | Canfiguration Manager..

24 Corfiguration Propertie « | | [REIE libmatpm.lib libeng.lib libmat.Jib libmatib.
General Ignore Al Default Libraries No
Debugging Ignore Specific Library

Qcic++ Module Defiition File

{2 Linker Add Module to Assembly
General Erbed Managed Resource File

Fle Farce Symbel Refersnces

Debug Delay Loaded DLLs
System
Optimization
Embedded DL
Advanced

Command Line
1 Resources
ML
(1 Brousse Information

Build Event:
g (t‘stm:z"mfd - additional Dependencies

i _ILI Specifies addtional items to add to the link line (ex: kemel32.lib); configuration

spedific.

0K I Cancel Lol Help

Figure 5.22: Property Pages (continued)

17. In Fig. 5.22 click Apply, then click OK.
You finished the setting of MSVC*+.Net with MATLAB Compiler 4.
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5.2 Testing of Project Setting

5.2.1 Writing a code for testing

After setting up the procedure as above, write the following simple code in a C*t* file Exam-

ple.cpp (see Fig. 5.23), then build and execute the file.

Listing code

#pragma warning(disable : 4995)

#include <iostream.h>

#include "mclcppclass.h"

int main() {

cout << " Testing setting-up " << endl ;

mwArray mw_test(1, 2, mxDOUBLE_CLASS) ;

mw_test(1, 1) 1.1 ;

mw_test(1, 2) = 2.2 ;

std::cout << mw_test << std::endl ;

return O ;

5% Example - Microsoft Yisual C++ [design] - Example.cpp 5 —lofx|
File Edt Wiew Project Buld Debug  Tools window  Help
‘@H-m-c B 4 BB oo B ) pehg - | [ astring BB HE 7
E R |[EET2 4NN
| Solution Explorer - Example 1 X || Example.cop | 4px
[(Globais) | [-eman =l
[ Solution ‘Example’ (1 project) /% Example.cpp #/ il
= ] Example =
2 Qsourcer #pragma varning(disable : 4995)
EHEBdHF #include <iostream.h>
th et Pl #include "mcleppelass.h?
int main() {
cout << " Testing setting-up " << endl :
wwArray mw test(l, 2, wxDOUBLE CLASS) :
my_test(l, 1) = 1.1 ;
ww_test(i, 2) = 2.2 ;
std: icout << mv_test << std:iendl :
return O ;
; L
[ SoltionE... | BF Class view... | [2] index | ] | »
| Ready Il |[tn1o Col 34 ch34 I Jms] 4

Figure 5.23: Testing the project setting
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Note
In the code, the line:

#pragma warning(disable : 4995)

is used to ignore a warnings 4995.
To have more information about this warning, go to the Microsoft website:

http://msdn.microsoft.com /library/

5.2.2 Building and executing the project

1. In Fig. 5.23, click Build, click Rebuild Solution. Click Debug, click Start Without Debug-

ging. You have no error and warning and an output result as shown in Fig.5.24.

" | "d:\MatlabCompiler4'.Matlal

Testing setting—up
1.18688 2.20088
Press any key to continuel]

Figure 5.24: The output result

You completely finished the setting of the MSVC++.Net project with MATLAB Compiler
4. You can use this MSVC*+.Net project as a template for using in another MSVC .Net

projects.



Part 11I:
Creating and Using C/C** Shared
Libraries to Solve Mathematical
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Chapter 6

Generating C and C** Shared
Libraries from MATLAB M-Files

for Using in Microsoft Visual

C** .Net

This chapter describes how to generate a C and C*+ shared libraries from MATLAB M-files
and use it in Microsoft Visual C++ Net (MSVC.Net). The MATLAB Compiler 4 will generate
C/C++ functions from M-files. These functions then be used as library functions in another
C/C++ functions.

If we compiler all mathematical functions in M-files we will have a mathematical library for
C/C*+ functions. The main steps of the procedure to generate a C or C*+ shared library from

M-files and use in Microsoft Visual Ct+.Net are:
1. Write the command to generate an dll-file from the MATLAB M-files.

2. Set up a project in Microsoft Visual Ct*+.Net (MSVC.Net) for working with MATLAB

Compiler 4 as described in Chapter 5.

3. Add the generated files in appropriate directories, set up the project property, and write
the code to call the generated C/C*+ functions (in the dll-file).

The following sections describe an example for compiling an M-file. The procedure to compile

another M-files is the same.
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6.1 Generating a C Shared Library from a MATLAB M-File

The following are the steps of the procedure to generate a C shared library from a MATLAB
M-file and use it in Microsoft Visual Ct+ .Net.

1. Create an M-file myplus.m as follows:
function y = myplus(x, y)

zZ=x+7y;

2. Open the command prompt, go to the current directory, and write the command (Fig. 6.1):

mcc -B csharedlib:mypluslib myplus.m

ommand Prompt
>mcc —B csharedlib:imypluslib myplus.m

Figure 6.1: Command of an dll-file generation

This step will create 8 files in the current folder:

mypluslib.c mypluslib.exp mypluslib.1lib

mypluslib.ctf mypluslib.exports mypluslib_mcc_component_data.c

mypluslib.dll mypluslib.h

3. Create a project named Example in Microsoft Visual Ct+.Net (MSVC.Net) and set up
for working with MATLAB Compiler 4 as described in Chapter 5.

4. Copy two files mypluslib.dll and mypluslib.ctf into the folder Debug (Fig. 6.2).

BN Debug | (=TS
File Edit Yiew Favortes Tools Help |
Address I_l Debug ;I o
Folders X | | Mame [ Siz
1 MatlabCompiler4 | |€lpuidLog htm 5K
{1 BookiitfritingMet TlExample.exe 45K
=5 _I MatlabBookProgramming ™ Example.ik. 271K

| Chapter2_ForlewMsyC I Example.ob 60K
] Chapterd3_SetUpMSyCe0 ) Example.pdb 259K
] Chapterns_Foriewmsyc_net —| | verliids 139K
("] Chapter0s_setUpMsvC_net ) vc70.pdb 164 K
{2 ChapterSA_Creatinglibrary 40K

i E._.I Example

: & =
o Ll | 2
|Type: Application Extension Size: 40.0 KB |4D.El KB I@‘ My Computer v

Figure 6.2: Copying the dll-file into the folder Debug



5. Copy two files mypluslib.h and mypluslib.lib into the folder Example (see Fig. 6.3).
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B¥ Example o] x|
File Edt View Favorites Tools Help
&Back ~ = - | @Search |%FD|E|BI’5 @ | 5 E X o | o
Address I[:I Example j PGo
Folders X || Name ¢ Siz
- MatlabCompilerd | __lDebug
B ] BookWritingfiet [6] Example. cpp 1K
EH:I MatlabBockProgramring W] Example.h 1K
- B Chapter0Z_ForbewMaic & JExample.nch 37K
] chapterDs_SetUpMsy¥Csn (@B Example.sin 1K
1 chapterD4_ForMewMsYC_net b Example. suo 8K
{_] chapterDS_SetUpMswC_net EdExample. veproj 4K
56, CreatingLibrary LK
3K
-
[[ ] Ll | =
|2 object(s) selected |3.43 KE |£_‘3_.]‘ My Computer S

Figure 6.3: Copying two files into the folder Example

6. In Solution Explore, right click on Example (see Fig. 6.4), click Property, and the Prop-
erty Page dialog will appear (Fig. 6.5).

%% Example - Microsoft Yisual C++ [design] - Example.cpp ;IQIEI
File Edit ‘ew Project Guld Debug Tools ‘Window Help
= =] | | Debug - | [# mySguareliblnitialize - | ] o
B % b a2 | S2Z 4%%%.
ution Explorer -E... L X E:-:ample.l:ppl 4 x
I {Globals) j I':':. main j

E Solution 'Example’ (1 projed
B

[_] Source Files

[_] Header Files

- [_] Resource Files

fpragma warning(disable : 4995)

#include ciostresm:>
#include "mcleppolass.h"

using namespace std;

int main() {

i | »

" [ solutio... [ P2 Class vi... | |4 3
| Ready | 7

cout << " Generating & Shared LiT

Figure 6.4: An MSVC.Net Project
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In Fig. 6.5 click Linker, click Input, click Additional Dependencies, and click the button at
the top-right corner. The Additional Dependencies dialog will appear, then add myplus-
1ib.lib to this dialog (Fig. 6.6). Click OK and click OK to close the dialogs.

Example Propetty Pages il
=] platform [activetwinaz) =] Canfiguration Manager. .

Configuration: IActive(Debug)

|y Corfiguration Propertie: = | Additional Dependencies libeng.lib libfixedpoint.lib libmat.lib libme
izeneral Ignore All Defaulk Libraries Mo
Debugging Ignore Specific Library
Qe+ Module Defintion File:
13 Linker Add Madule to Assembly
General Embed Managed Resource File
% Input Farce Symbol References
Rl Delay Loaded DiLs
Syskem
Optimization
Embedded IDL
Advanced
Command Line
|1 Resources
1 MIDL
[_1 Browsse Infarmation

Build Everis
g Custom Bulkd Step Additional Dependencies

i Specifies additional items to add ko the link line (ex: kernel32.lib); configuration
[ web References_"_l e

aK I Cancel Aol Help

Figure 6.5: The MSVC.Net Project property

Additional Dependencies

libfixedpoint. ib
libmat.lib
libmes, lib
libmwservices,lib
libmmz, lib

libwt, lib
ricleom.lib
mypluslib. lib]

Kl
Inherited values:

kernel3z lib
user32.lib
odizz.lib
winspool.lib
comdlg3z.lib
advapizz.lb
shell32.lib
ole3z.lib

Lu —n | L bl

IV Inherit from project defaults Macross >

oK I Cancel | Help

i —

Figure 6.6: Adding the .1ib file to the Additional Dependencies dialog

7. From the M-function myplus.m MATLAB Compiler 4 has generated a function (see this

name in mypluslib.h file),
void mlfMyplus(int nargout, mxArray** y, mxArray* a, mxArray* b);

,with a rule we’ll discuss in Section 6.3. In this function m1fMyplus(..), the arguments

are:
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nargout : number of output (in this is case nargout = 1)
v : output variable

a : input variable

b : input variable

Note that the MATLAB Compiler has capitalized M in the function name mifMyplus.

6.2 Writing a Code to Call Functions in a C Shared Library

Following is the code in an MSVC .Net to call the function m1fMyplus(..). Note that this
MSVC .Net has set with MATLAB as described in Chapter 5.

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include <iostream.h>

#include "Example.h"

int main() {

cout << " Generating a C Shared Library from MATLAB M-Files " ;

Test obj;

cout << endl ;

cout << obj.CalculatePlus(3.4, 2.1) << endl ;

return O ;

/* Example.h */

#include "mypluslib.h"

#include "mxUtilityCompilerVer4.h"

class Test {

public:
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Test O {
mclInitializeApplication(NULL,O0);

mypluslibInitialize();
}

“Test O {
mypluslibTerminate();

mclTerminateApplication();

}

double CalculatePlus(double a, double b) ;

}

/* 3k 3k >k >k 3k 3k 3k 3k %k %k %k 3k 3k 3k 5k 5k %k %k 3k 3k 3k %k %k %k Xk 3 3k k */

double Test::CalculatePlus(double a, double b) {

/* step 1 : declare mxArray variables */

mxArray *mx_a ;

mxArray *mx_b ;

mxArray *mx_y = NULL ;

/* step 2 : assign memories */

mx_a = mxCreateDoubleMatrix(1, 1, mxREAL);

mx_b = mxCreateDoubleMatrix(1, 1, mxREAL);

mx_y = mxCreateDoubleMatrix(1l, 1, mxREAL);

/* step 3 : convert C/C++ double to mxArray */
double2mxArray_scalarReal(a, mx_a) ;

double2mxArray_scalarReal(b, mx_b) ;

/* step 4 : call the implemental function */

mlfMyplus(l, &mx_y, mx_a, mx_b);

/* step 5 : convert back mxArray to C/C++ double */

double result = mxArray2double_scalarReal(mx_y) ;

/* step 6 : free memories */

mxDestroyArray(mx_a) ;
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mxDestroyArray (mx_b) ;

mxDestroyArray (mx_y) ;

return result ;

end code

Remarks

1. See the file mxUtilityCompilerVer4.h in Chapter 7.

2. From the eight generated files, we used only four files, mypluslib.h, mypluslib.lib, myplus-
lib.dll, and mypluslib.ctf.

3. After you built your project, MATLAB also created a folder mypluslib__mcr in the folder
Debug.

4. If you want to use multiple libraries see Section 6.4.

5. To generate a C shared library from multiple M-files, we just normally add the adding
M-files. For example:

mcc -B csharedlib:mymathlib myplus.m mymtimes.m

6.3 Generated Functions from MATLAB Compiler 4

The C function generated by MATLAB Compiler 4 from an M-function has a form depends on
the M-function.

e With an M-functions with no return values, the C function has the form:

void mlf<function-name> (<1ist_of_input_variables>) ;

e With an M-function with at least one return value, the C function has the form:

void mlf<function-name>(int number_of_return_values,
<list_of_pointer_to_return_variables>,

<list_of_input_variables>);

for example:

void mlfMyplus(int nargout, mxArray** y, mxArray* a, mxArray* b)
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This generated C function has the pattern:
1. the return type is always void
2. the first argument, nargout, is the number of output variables in the original M-function.

3. the next argument(s) are output variables in the original M-function. These output vari-

ables have the type double-pointer to mxArray, for example mxArray™* 4.

4. the next arguments are input variables in the original M-function. These variables have

the type pointer to mxArray, for example, mxArray* a.

6.4 Using Multiple C Shared Libraries

We often use the multiple C shared libraries in a C/Ct+ project. Adding and setting multiple
C shared libraries in MSVC .Net are same as in single shared library (described in above). For
example, suppose that we have two C shared libraries myplus and myminus. We'll set up the

myminus library same as we did for the myplus library as described in the previous sections:
e add two more files myminuslib.dll and myminuslib.ctf into the folder Debug (see Fig. 6.2).
e add two more files myminuslib.h and myminuslib.lib into the folder Example (see Fig. 6.3).
e add myminuslib.lib to the Additional Dependencies dialog (see Fig. 6.6).

The following is the code to call functions in the multiple C shared libraries.

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include "Example.h"

int main() {

cout << " Using functions in multiple C shared libraries" ;

cout << endl ;

Test obj;
obj.Calculate(3.4, 2.1) ;

return O ;



/* Example.h */

#include <iostream.h>
#include "mypluslib.h"
#include "myminuslib.h"

#include "mxUtilityCompilerVer4.h"

class Test {

public:

Test O {

mclInitializeApplication(NULL,O0);

mypluslibInitialize();

myminuslibInitialize();

}

“Test () {

mypluslibTerminate();

myminuslibTerminate();

mclTerminateApplication() ;

}

void Calculate (double a, double b) ;

};

/* 3k 3k 3k 3k 3K 3k 3k 3k 5k %k % 3K 5k 3k 5k 5k %k K 3k 3k 3k 3k %k Xk Xk K 3k k */

void Test::Calculate(double a, double b) {

/* step 1 : declare mxArray variables */

mxArray *mx_a ;

mxArray *mx_b ;

%)
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mxArray

mxArray

/* step
mx_a
mx_b
mx_y

mx_y2

/* step

*mx_y = NULL

*mx_y2 = NULL

2

3 :

>

>

: assign memories */

mxCreateDoubleMatrix (1, 1, mxREAL);

mxCreateDoubleMatrix(1, 1, mxREAL);

mxCreateDoubleMatrix (1, 1, mxREAL);

mxCreateDoubleMatrix(1, 1, mxREAL);

convert C/C++ double to mxArray */

double2mxArray_scalarReal(a, mx_a) ;

double2mxArray_scalarReal(b, mx_b) ;

/* step

4

call the implemental function */

mlfMyplus (1, &mx_y , mx_a, mx_b);

mlfMyminus (1, &mx_y2, mx_a, mx_b);

/* step 5: convert back mxArray to C/C++ double */

double resultPlus =

double resultMinus =

mxArray2double_scalarReal (mx_y)

mxArray2double_scalarReal (mx_y2)

/* step 6: free memories */

mxDestroyArray (mx_a)

mxDestroyArray (mx_b)

mxDestroyArray (mx_y)

mxDestroyArray (mx_y2)

>

>

>

>

cout << "Result of plus : \t" << resultPlus << endl ;

cout << "Result of minus: \t" << resultMinus << endl ;

>

>

See the file mxUtilityCompilerVer4.h in Chapter 7.

end code
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6.5 Generating a Ct+ Shared Library From a MATLAB
M-File
The steps of generating a Ct+ shared library are the same as generating a C shared library.

1. Write an M-file, for example myplus.m:

function y = myplus(x, y)

z=xX+7y;

2. Open the command prompt, go to the current directory, and write the command:

mcc -W cpplib:ecppmypluslib -T link:1ib myplus.m
3. Set up the generated files as the same in Section 6.1.

4. The MATLAB Compiler 4 creates an implement function (see this name in cppmypluslib.h
file),

void myplus(int nargout, mwArray& y, const mwArray& a, const mwArray& b);

, with the rule we’ll discuss in Section 6.7. In this function myplus(..), the arguments are:

nargout : number of output (in this is case nargout = 1)
y : output variable

a : input variable

b : input variable

6.6 Writing a Code to Call Functions in a C*++ Shared Li-

brary

Following is the code in an MSVC .Net to call the function myplus(..). Note that this MSVC
.Net has set with MATLAB as described in Chapter 5.
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Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include <iostream.h>

#include "Example.h"

int main() {

cout << " Generating a C++ Shared Library from MATLAB M-Files "

Test obj;

cout << endl ;

cout << obj.CalculatePlus(3.4, 2.1) << endl ;

return O ;

/* Example.h */

#include "cppmypluslib.h"

#include "mwUtilityCompilerVer4.h"

class Test {

public:

Test O {
mclInitializeApplication(NULL,0) ;
cppmypluslibInitialize();

}

“Test O {
cppmypluslibTerminate();

mclTerminateApplication();

}

double CalculatePlus(double a, double b) ;
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}

/% skskokokskokok ok sk kok ok ok ok ok ok kkokkokokkok %k /

double Test::CalculatePlus(double a, double b) {

/* declare mxArray variables */

mwArray mw_y(1, 1, mxDOUBLE_CLASS) ;
mwArray mw_a(l, 1, mxDOUBLE_CLASS) ;
mwArray mw_b(1, 1, mxDOUBLE_CLASS) ;

/* convert C/C++ double to mxArray */

mw_a(l,1)

a

mw_b(1,1)

b ;

/* call the implemental function */

myplus(l, mw_y, mw_a, mw_b);

/* convert back mxArray to C/C++ double */

double result = (double) mw_y(1,1) ;

return result ;

end code

See the file mwUtilityCompilerVer4.h in Chapter 7.

6.7 Generated C+* Functions from MATLAB Compiler 4

The Ct+ function generated by MATLAB Compiler 4 from an M-function has a form depends

on the M-function.

e With an M-function with no return values, the C function has the form:

void <function-name>(<list_of_input_variables>);

e With an M-function with at least one return value, the C function has the form:
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void <function-name>(int number_of_return_values,
<list_of_pointer_to_return_variables>,

<list_of_input_variables>);

for example:

void myplus(int nargout, mwArray& y, const mwArray& a, const mwArray& b)

This generated Ct+ function has the pattern:
1. the return type is always void
2. the first argument, nargout, is the number of output variables in the original M-function.
3. the next argument(s) are output variables in the original M-function.

4. the next arguments are input variables in the original M-function.



Chapter 7

Transfer of Values between
C/Ct* double, mxArray, and

mwArray

MATLAB Compiler has two principle types, mwArray and mxArray. We can use mwArray and
mxArray as the new types in the C/C*+ code or make a transfer of values between C/C*++ double,
mwArray, and mxArray. This chapter shows transfers between C/C*+ double, mwArray, and
mxArray. These transfers are very useful in working on MATLAB Compiler 4 and are used in

Chapter 8 to Chapter 16. For more information of mxArray and mwArray see [3] and [2].

7.1 Transfer of Values between C/C++ double and
mxArray

This section shows how to transfer values between C/Ct+ double type and mxArray through
the example code. We write an utility file mxUtilityCompilerVer4.h for convenience in using the
transfer of values between C/C++ double and mxArray. The following example code use functions
in this file mxUtilityCompilerVer4.h to implement the transfers. The mxUtilityCompilerVer4.h
file is shown at the end of this chapter.

1. scalar transfer:

a. real scalar

double db_scalar 1.1 ;

mxArray *mx_scalar NULL ;

mx_scalar = mxCreateDoubleMatrix(1, 1, mxREAL) ;
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double2mxArray_scalarReal (db_scalar, mx_scalar) ;

double db_scalarReturn = mxArray2double_scalarReal (mx_scalar) ;

cout << " db_scalarReturn = " << db_scalarReturn << endl ;

mxDestroyArray(mx_scalar) ;

b. complex scalar

double db_Real

1.1

double db_Imag = 2.2 ;

mxArray *mx_Complex NULL

mx_Complex = mxCreateDoubleMatrix(1l, 1, mxCOMPLEX) ;

double2mxArray_scalarComplex(db_Real, db_Imag, mx_Complex) ;

double db_returnReal, db_returnlmag ;
mxArray2double_scalarComplex (mx_Complex, db_returnReal, db_returnImag) ;
cout << " db_returnReal = " << db_returnReal << endl ;

cout << " db_returnImag = " << db_returnImag << endl ;

mxDestroyArray (mx_Complex) ;

2. vector transfer:

a. real vector

double db_vector[3] = { 1.1, 2.2, 3.3 } ;

int vectorSize = 3 ;

/* row vector */

mxArray *mx_vector = NULL ;

mx_vector = mxCreateDoubleMatrix(vectorSize, 1, mxREAL) ;

double2mxArray_vectorReal(db_vector, mx_vector) ;

double *db_vectorReturn = new double [vectorSize] ;

mxArray2double_vectorReal (mx_vector, db_vectorReturn) ;
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int i ;
for (i=0; i<vectorSize; i++) {

cout << db_vectorReturn[i] << endl ;

mxDestroyArray (mx_vector) ;

delete [] db_vectorReturn ;

b. complex vector

double db_Reall3]

{1.1, 2.2, 3.3 } ;

double db_Imag[3] {4.4, 5.5, 6.6 } ;

int vectorSize = 3 ;
/* row vector */
mxArray *mx_complex = NULL ;

mx_complex = mxCreateDoubleMatrix(vectorSize, 1, mxCOMPLEX) ;

double2mxArray_vectorComplex(db_Real, db_Imag, mx_complex) ;

double *db_returnReal = new double [vectorSize] ;

double *db_returnImag = new double [vectorSize] ;

mxArray2double_vectorComplex (mx_complex, db_returnReal, db_returnImag) ;

int i ;
for (i=0; i<vectorSize; i++) {
cout << db_returnReal[i] << " + "

cout << db_returnImagl[i] << "i" << endl ;

mxDestroyArray (mx_complex) ;
delete [] db_returnReal ;

delete [] db_returnImag ;
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3. matrix transfer:

a. real matrix

double db_A[3][3] = {{ 1.1, 2.2, 3.3} , {4.4, 6.5, 6.6} , {7.7, 8.8, 9.9} } ;

int row

]
w

int col

]
w

mxArray *mx_A = NULL ;
mx_A = mxCreateDoubleMatrix(row, col, mxREAL) ;

double2mxArray_matrixReal (&db_A[0] [0], mx_A) ;

double **db_ReturnA ;

db_ReturnA = new doublex [row] ;

int i ;
for (i=0; i<row; i++) {

db_ReturnA[i] = new double [col] ;

mxArray2double_matrixReal (mx_A, db_Returnd) ;

printMatrix(db_ReturnA, row, col) ;

mxDestroyArray(mx_A) ;
delete [] db_ReturnA ;

b. complex matrix

double db_Reall[3] [3]

{{1.1, 2.2, 3.3}, {4.4, 5.5, 6.6}, {7.7, 8.8, 9.9} } ;
double db_Imag[3][3]

{{11,12, 133} {14, 15, 162}, {17, 18 , 19 } } ;

int row

]
w

int col

mxArray *mx_complex = NULL ;

mx_complex = mxCreateDoubleMatrix(row, col, mxCOMPLEX) ;

double2mxArray_matrixComplex (&db_Real [0] [0], &db_Imag[0] [0], mx_complex) ;



double **db_returnReal = new double* [row] ;

double #**db_returnImag = new double* [row] ;

int i ;

for (i=0; i<row; i++) {

db_returnReal [i] new double [col] ;

db_returnImag[i] = new double [col] ;

mxArray2double_matrixComplex (mx_complex, db_returnReal, db_returnlImag) ;
printMatrix(db_returnReal, row, col) ;

cout << endl ;

printMatrix(db_returnImag, row, col) ;

mxDestroyArray (mx_complex) ;
delete [] db_returnReal ;

delete [] db_returnImag ;

Remark

If a matrix in the double-pointer type, we pass to the function as follow:

double ** db_Real

new doublex [row] ;

double ** db_Imag = new doublex [row] ;

for(i=0; i<row; i++) {

db_Real[i] new double [col] ;

db_Imag[i] new double [col] ;

mxArray *mx_complex = NULL ;

mx_complex = mxCreateDoubleMatrix(row, col, mxCOMPLEX) ;

double2mxArray_matrixComplex(db_Real, db_Imag, mx_complex) ;

mxDestroyArray (mx_complex) ;

delete [] db_Real ;
delete [] db_Imag ;
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7.2 Transfer of Values from C/C++ double to mwArray

This section shows how to transfer values from C/C*t+ double type to mwArray through the

example code.

1. scalar transfer:

a. real scalar

mwArray mw_scalar(l, 1, mxDOUBLE_CLASS) ;

mw_scalar(1l,1) = 1.4 ;

/* or */
double db_scalar2 = 1.2 ;
mwArray mw_scalar2(1, 1, mxDOUBLE_CLASS) ;

mw_scalar2 = db_scalar2 ;

b. complex scalar

mwArray mw_scalarComplex(1l, 1, mxDOUBLE_CLASS, mxCOMPLEX) ;

mw_scalarComplex(1,1) .Real() 2.2 ;

mw_scalarComplex(1,1) . Imag() 3.3 ;

/* or x/
double db_scalarReal = 4.4 ;
double db_scalarImag = 5.5 ;

mwArray mw_scalarComplex2(1, 1, mxDOUBLE_CLASS, mxCOMPLEX) ;

mw_scalarComplex2(1,1) .Real() db_scalarReal ;

mw_scalarComplex2(1,1).Imag() = db_scalarImag ;

2. vector transfer:

a. real vector

/* row vector */
double db_vector[6] = {1.0, 2.0, 3.0, 4.0, 5.0, 6.0} ;

int vectorSize = 6 ;

mwArray mw_vector(vectorSize, 1, mxDOUBLE_CLASS) ;

mw_vector.SetData(db_vector, vectorSize) ;
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b. complex vector

double realdatal4] {1.0, 2.0, 3.0, 4.0};

double imagdatal[4] {10.0, 20.0, 30.0, 40.0};

int aSize = 4 ;

mwArray mw_vectorComplex(aSize, 1, mxDOUBLE_CLASS, mxCOMPLEX) ;
mw_vectorComplex.Real() .SetData(realdata, aSize);

mw_vectorComplex.Imag() .SetData(imagdata, aSize);

3. matrix transfer:

a. real matrix

int i,j ;

double db_matrix[3][2] = { {1.0, 2.0} , {3.0, 4.0}, {5.0, 6.0} } ;
int arow = 3 ;

int acol = 2 ;

mwArray mw_matrix = double2mwArray_matrixReal (&db_matrix[0] [0], arow, acol) ;

std::cout << mw_matrix << std::endl ;

/* or */

/* if matrix in double-pointer */

double **db_matrixA ;

db_matrixA = new doublex[arow] ;
for(i=0; i<arow; i++) {

db_matrixA[i] = new double [acol] ;

for (i=0; i<arow; i++) {
for (j=0; j<acol; j++) A

db_matrixA[i][j] = 1.2 + i+j ; // assign a number
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mwArray mw_matrixA = double2mwArray_matrixReal(db_matrixA, arow, acol) ;

std::cout << mw_matrixA << std::endl ;

delete [] db_matrixA ;

See the functions double2mwArray matrixReal(..) in mwUtilityCompilerVer4.h at the end

of this chapter.

b. complex matrix

double db_AReal[3] [4]

double db_AImag[3] [4]

int row

int col

mwArray

cout <<

std::co

/*
/*

double

double

1
P
p
-
-

2.2 ,3.3 ,4.4 } >\
{5.5,6.6 ,7.7 ,8.8 } >\
{9.9, 10.10, 11.11, 12.12 } s

]
p
p
o
=

0.2 , 0.3 , 0.4 1} A\
{0.5, 0.6 ,0.7 , 0.8 } 2\
{0.9, 0.21, 0.21, 0.22 } ¥

mw_complex = double2mwArray_matrixComplex (&db_AReal[0] [0],

ut

or

if

kk

* %

&db_AImag[0] [0], row, col) ;
mw_complex " << endl ;

<< mw_complex << std::endl ;

*/

matrix in double-pointer */

db_Real

new doublex [row] ;

db_Imag = new doublex [row] ;

for(i=0; i<row; i++) {

db_Real[i] = new double [col] ;

db_Imag[i] = new double [col] ;

for (i=0; i<row; i++) {
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db_Real[i] = &db_AReal[i] [0] ;
db_Imagl[i]

&db_AImagl[i] [0] ;

mwArray mw_complexOther = double2mwArray_matrixComplex(db_Real, db_Imag
, row, col) ;
cout << " mw_complex other: " << endl ;

std::cout << mw_complexOther << std::endl ;
delete [] db_Real ;
delete [] db_Imag ;

See the functions double2mwArray matrixComplex(..) in mwUtilityCompilerVer4.h at the
end of this chapter.

7.3 Transfer of Values from mwArray to C/Ct+ double

This section shows how transfer values from mwArray to C/Ct+ double type through the example

1. scalar transfer:

a. real scalar

mwArray mw_scalar(l, 1, mxDOUBLE_CLASS) ;
mw_scalar(1,1) = 1.4 ;

double db_scalar = (double) mw_scalar(l,1) ;

b. complex scalar

mwArray mw_scalarComplex (1, 1, mxDOUBLE_CLASS, mxCOMPLEX) ;

mw_scalarComplex(1,1) .Real() 2.2 ;

mw_scalarComplex(1,1) . Imag() 3.3 ;

double db_scalarReal = (double) mw_scalarComplex(1,1).Real() ;

double db_scalarImag = (double) mw_scalarComplex(1,1).Imag() ;

2. vector transfer:

a. real vector



70

/* suppose that mw_vector already had values */
int vectorSize = 6 ;

double *db_vector2 = new double[vectorSize] ;
mwArray2double_vectorReal (mw_vector, db_vector2) ;
for (i=0; i<vectorSize; i++) {

cout << db_vector2[i] << endl ;

delete [] db_vector?2 ;

See the function mwArray2double vectorReal(..) in mwUtilityCompilerVerd.h at the end
of this chapter.

b. complex vector

/* suppose that mw_vectorComplex already had values */

int aSize = 4 ;

double* db_vectorReal = new double [aSize] ;

doublex* db_vectorImag = new double [aSize] ;

mwArray2double_vectorComplex (mw_vectorComplex, db_vectorReal, db_vectorImag) ;

for (i=0; i<aSize; i++) {
cout << db_vectorReal[i] << " + " << db_vectorImag[i] << "i" << endl ;

}

cout << endl ;

delete [] db_vectorReal ;

delete [] db_vectorImag ;

See the function mwArray2double vectorComplex(..) in mwUtilityCompilerVerd.h at the
end of this chapter.

3. matrix transfer:

a. real matrix
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int arow

]
w

int acol

]
N

double **db_matrixA = new doublex [arow] ;
for (i=0; i<arow; i++) {

db_matrixA[i] = new double [acol] ;

/* suppose that mw_matrix already had values */
mwArray2double_matrixReal (mw_matrix, db_matrixA) ;
delete [] db_matrixA ;

See the function mwArray2double matrixReal(..) in mwUtilityCompilerVer4.h at the end
of this chapter.

b. complex matrix

int row

1]
w

int col

Il
S

double ** db_Real = new double* [row] ;

double *x db_Imag = new doublex [row] ;

for(i=0; i<row; i++) {
db_Real[i] = new double [col] ;
db_Imag[i] = new double [col] ;

/* suppose that mw_matrix already had values */

mwArray2double_matrixComplex (mw_complex, db_Real, db_Imag) ;

delete [] db_Real ;
delete [] db_Imag ;

See the function mwArray2double matrixComplex(..) in mwUtilityCompilerVer4.h at the
end of this chapter.
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7.4 The Code of the Utility File mxUtilityCompilerVer4.h

/* mxUtilityCompilerVer4.h */

/% kkokokkskkokokkk ok Rk kKR kokkk ok /

/* I. Transfer values from C/C++ double to mxArray */

/* la. transfer a C/C++ double scalar to a real mxArray */

void doubleZmxArray_scalarReal (double cpp, mxArray* mx_pointer)

double db_bufx[1] ;

db_bufx [0]

memcpy ( mxGetPr (mx_pointer), db_bufx, l*sizeof (double) )

= Cpp ;

/* 3k 3k 3k %k 3K 3k 3k 3k 5k %k X 5K 5k 3k 5k >k %k K 3k 3k 3k %k %k Xk Xk */

/* 1b. transfer C/C++ double scalars to a complex mxArray */

void double2mxArray_scalarComplex (double cppReal, double cpplmag, mxArray* mx_pointer)

double db_bufReall[1] ;

double db_bufImag[1] ;

db_bufReal[0] = cppReal ;

db_bufImag[0] = cppImag ;

memcpy ( mxGetPr (mx_pointer), db_bufReal, l*sizeof(double) )

memcpy ( mxGetPi(mx_pointer), db_buflmag, 1*sizeof (double) )

}

/* 3k 3k 3k 3k 3k 3k 3k 3k 5k %k X 5K 5k 3k 5k >k %k K 3k 3k 3k %k Xk Xk Xk */

/* 2a. transfer a C/C++ double vector to a real mxArray */

void double2mxArray_vectorReal (double* db_vector, mxArray* mx_pointer)

/* row vector has row =1 */

int row

int col

mxGetM(mx_pointer) ; /* number of rows */

mxGetN(mx_pointer) ; /* number of columns */

3

>

>

{

{

{



int vectorSize ;

if ( row > col ) { vectorSize = row ;}

else { vectorSize = col ;}

memcpy (mxGetPr (mx_pointer), db_vector,vectorSize*sizeof (double));

}

[ kKR KKKk KKK KK KKK KK KKK KK K [
/* 2b. transfer C/C++ double vectors to a complex mxArray */
void double2mxArray_vectorComplex (doublex db_vectorReal, doublex db_vectorImag
, mxArray* mx_pointer) {

/* row vector has row =1 */

int row = mxGetM(mx_pointer) ; /* number of rows */

int col = mxGetN(mx_pointer) ; /* number of columns */

int vectorSize ;

if ( row > col ) { vectorSize = row ;}

else { vectorSize = col ;}

memcpy (mxGetPr (mx_pointer), db_vectorReal, vectorSizexsizeof (double));

memcpy (mxGetPi(mx_pointer), db_vectorImag, vectorSize*sizeof (double));

J% FRFAARAR AR AR AKFAAAAAK K [
/* 3a. transfer a C/C++ double matrix to a real mxArray */

void double2mxArray_matrixReal (double** db_matrix, mxArray* mx_pointer) {

int row = mxGetM(mx_pointer) ; /* number of rows */

int col = mxGetN(mx_pointer) ; /* number of columns */

doublex db_vector ;

db_vector = new double [row*col] ;
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int i, j, index ;

for(j=0; j<col; j++) {

for(i=0; i<row; i++) {

index = j*row + i ;

db_vector[index] = db_matrix[i][j] ;

memcpy (mxGetPr (mx_pointer), db_vector, rowxcol*sizeof (double));

delete[] db_vector ;

}

/* 3k 3k 3k 5k 5K 3k 3k 3k 5k %k 5K 3K 5k 3k 3k 5k %k 5K 3k 3k 3k 3k %k K 5K 3k 3k 3k 5k %k 5k 3k 3k 5k %k %k X >k 5k 3k %k k kK k */

/* 3a. transfer a C/C++ double matrix to a real mxArray */

void doubleZ2mxArray_matrixReal (double* addressMatrix00, mxArray* mx_pointer) {

int row = mxGetM(mx_pointer) ; /* number of rows */

int col = mxGetN(mx_pointer) ; /* number of columns */

/*assign memories for a buffer */
int i, j ;
double **db_matrixbuf ;

db_matrixbuf = new doublex*[row] ;

for(i=0; i<row; i++) {

db_matrixbuf[i] = new double [col] ;

/* set address for rows */
for(i=0; i<row; i++) A

db_matrixbuf[i] = addressMatrix00 + i*col ;



double* db_vector ;

db_vector = new double [row*col] ;

int index ;

for(j=0; j<col; j++) {

for(i=0; i<row; i++) {

index = j*row + i ;

db_vector [index] = db_matrixbuf[i][j] ;

memcpy (mxGetPr (mx_pointer), db_vector, row*col*sizeof (double));

delete[] db_vector ;

delete[] db_matrixbuf ;

/% EkokkkskokokkkkRokkk Kok kKK kokkk ok /
/* 3b. transfer C/C++ double matrixes to a complex mxArray */
void double2mxArray_matrixComplex (double*x* db_matrixReal, doublex*x* db_matrixImag

, mxArray* mx_pointer) {

int row = mxGetM(mx_pointer) ; /* number of rows */

int col = mxGetN(mx_pointer) ; /* number of columns */

double* db_vectorReal ;

doublex* db_vectorImag ;

db_vectorReal = new double [row*col] ;

db_vectorImag = new double [rowxcoll] ;

int i, j, index ;
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for(j=0; j<col; j++) {

for(i=0; i<row; i++) {

index = j*row + i ;

db_vectorReal [index]

db_vectorImag[index] = db_matrixImagli] [j] ;

db_matrixReal[il [j] ;

memcpy (mxGetPr (mx_pointer), db_vectorReal, rowxcol*sizeof (double));

memcpy (mxGetPi(mx_pointer), db_vectorImag, rowkxcol*sizeof (double));

delete[] db_vectorReal ;

delete[] db_vectorImag ;

/* 3k 3k >k >k 3k 3k 3k 3k %k %k 3k 3K 5k 3k 5k 5k >k 3k 3k 3k 3k 5k %k >k 3k 3k 3k %k >k %k 3k 3k 3k 5k %k %k >k >k >k 3k %k %k *k Xk Xk */

/* 3b. transfer C/C++ double matrixes to a complex mxArray */

void double2mxArray_matrixComplex(double* addressRealO0, double* addressImagO0

int row = mxGetM(mx_pointer) ; /* number of rows

, mxArray* mx_pointer) {

*/

int col = mxGetN(mx_pointer) ; /* number of columns */

/*assign memories for a buffer */

int i, j ;

double **db_bufReal ;

double **db_bufImag ;

db_bufReal = new doublex[row] ;

db_bufImag = new doublex*[row] ;

for(i=0; i<row; i++)

db_bufReall[i]

db_bufImag[i]

/* set address for rows

{
new double [col]

new double [col]

*/

3

>



/*
/%
/*
/%

for(i=0; i<row; i++) A

db_bufReal[i] = addressRealO0 + i*col ;

db_bufImag[i] = addressImag00 + ixcol ;

double* db_vectorReal ;

double* db_vectorImag ;

db_vectorReal = new double [rowxcol] ;

db_vectorImag = new double [rowxcoll] ;

int index ;

for(j=0; j<col; j++)

{

for(i=0; i<row; i++) A

index = j*row + i ;
db_vectorReal [index]

db_vectorImag[index]

memcpy (mxGetPr (mx_pointer), db_vectorReal, row*col*sizeof (double));

memcpy (mxGetPi(mx_pointer), db_vectorImag, rowxcol*sizeof (double));

delete[] db_vectorReal ;

delete[] db_vectorImag ;

delete[] db_bufReal ;

delete[] db_buflmag ;

ook oK K K oK oK oK K K K oK ok K oK oK ok K kKoK K K
ook ok ok ok ok ok ok K ok ok ok ok ok ok ok ok ok ok ok Kk K
ook oK K K oK oK oK K K K oK ok K oK ok ok K KoKk K K

3k 3k >k >k 3k 3k 3k 3k %k %k %k 3k 5k 3k %k >k %k >k 3k 3k %k %k %k Xk Xk

*/
*/
*/
*/

db_bufReallil [j] ;
db_bufImaglil [j] ;

7



78

/* II. Transfer values from mxArray to C/C++ double */

/% kkkkkskokokkkkRok kKK kKKK kokkK  k/

/* la. transfer a real mxArray to a C/C++ double scalar */

double mxArray2double_scalarReal (mxArray* mx_pointer) {

double db_scalar = mxGetScalar(mx_pointer) ;

return db_scalar ;

/% kkkkkskokokkkkkok kKK ok kokkk  k/

/* 1b. transfer a complex mxArray to C/C++ double scalars */

void mxArray2double_scalarComplex (mxArray* mx_pointer, double &db_scalarReal

, double &db_scalarImag)

doublex bufferReal ;
bufferReal = (double *)mxGetPr (mx_pointer) ;
db_scalarReal = bufferReall[0] ;

double* bufferImag ;

if ( mxGetPi(mx_pointer)!= NULL ) {

bufferImag = (double *)mxGetPi(mx_pointer) ;
db_scalarImag = bufferImagl0] ;

}

else {

db_scalarImag

}

]
o

/% kkkkkkRokkKK KKK KR KKK KKK K/

/* 2a. transfer a real mxArray to a C/C++ double vector */

void mxArray2double_vectorReal (mxArray* mx_pointer, double* cpp)

/* row vector has row =1 */

int i ;

{

{
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int row = mxGetM(mx_pointer) ; /* number of rows */

int col = mxGetN(mx_pointer) ; /* number of columns */

int vectorSize ;

if ( row > col ) { vectorSize = row ;}

else { vectorSize = col ;}

double* buffer ;

buffer = mxGetPr(mx_pointer) ;

for (i=0; i<vectorSize; i++) {

cppli] = buffer[i] ;

/* 3k 3k >k >k 3k 3k 3k 3k %k %k %k 3k 5k 3k %k >k %k >k 3k 3k %k %k %k Xk Xk */

/* 2b. transfer a complex mxArray to C/C++ double vectors */
void mxArray2double_vectorComplex (mxArray* mx_pointer, doublex cppReal, double* cppImag)
{

/* row vector has row =1 */

int i ;
int row = mxGetM(mx_pointer) ; /* number of rows */
int col = mxGetN(mx_pointer) ; /* number of columns */

int vectorSize ;

if ( row > col ) { vectorSize = row ;}

else { vectorSize col ;}

double* bufferReal ;

bufferReal = mxGetPr(mx_pointer) ;

for (i=0; i<vectorSize; i++) {

cppReal[i] = bufferReal[i] ;
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double* bufferImag ;

if ( mxGetPi(mx_pointer)!= NULL ) {

bufferImag = mxGetPi(mx_pointer) ;
for (i=0; i<vectorSize; i++) {

cppIlmag[i] = bufferImagl[i] ;

}
}
else {
for (i=0; i<vectorSize; i++) {
cpplmagl[i]l = 0.0 ;
}
}

[% KA EFAFAAFAAFAAKAKKAKK K [
/* 3a. transfer a real mxArray to a C/C++ double matrix */

void mxArray2double_matrixReal (mxArray* mx_pointer, double** db_matrix) {

int i, j, index ;
int row = mxGetM(mx_pointer) ; /* number of rows */

int col = mxGetN(mx_pointer) ; /* number of columns */

double* buffer ;

buffer = mxGetPr(mx_pointer) ;

for(j=0; j<col; j++) {

for(i=0; i<row; i++) {

index = j*row + i ;

db_matrix[i] [j] = buffer[index] ;



/% kskokokskokok ok ok ok kokok ok ok ok kkokkok %k /

/* 3b. transfer a complex mxArray to C/C++ double matrixes */
void mxArray2double_matrixComplex (mxArray* mx_pointer, double** db_matrixReal

, double** db_matrixImag)

int i, j, index ;

int row = mxGetM(mx_pointer) ; /* number of rows */

int col = mxGetN(mx_pointer) ; /* number of columns */

doublex bufferReal ;

bufferReal = mxGetPr(mx_pointer) ;

for(j=0; j<col; j++) {

for(i=0; i<row; i++) A

index = j*row + i ;

db_matrixReal[i] [j] = bufferReall[index] ;

double* bufferImag ;

if ( mxGetPi(mx_pointer)!= NULL ) {

bufferImag = mxGetPi(mx_pointer) ;

for(j=0; j<col; j++) {

for(i=0; i<row; i++) A

index = j*row + i ;

db_matrixImag[i] [j] = bufferImag[index] ;

{

81
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}
}
else {
for(j=0; j<col; j++) {
for(i=0; i<row; i++) {
db_matrixImag[i] [j1 = 0.0 ;
}
}
}

/% skskokokskok ok ok sk ok ok ok ok ook ok ok sk kok ok ok ok kkokk ok /
[k kokokokokokokok ok ok koK kK kK ko ko kR Rk kR sk ok okokokok ok /
/% skskokokskok ok ok sk kok sk ok ook ok ok sk kok ok ok ok kkokk ok /

void printMatrix(double** matrix, int row, int col) {
int i, j;
for (i=0; i<row; i++) {
for (j=0; j<col; j++) {

cout << matrix[i] [j] << "\t"

}

cout << endl ;

}

/% skskokokskok ok ok sk ok ok ok ok ook ok ok sk kok ok ok ok kkokk ok /
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7.5 The Code of the Utility File mwUtilityCompilerVer4.h

/* mwUtilityCompilerVer4.h */

/% kkokokkskkokokkk ok Rk kKR kokkk ok /

/* III. Transfer values from C/C++ double to mwArray */

/* 3k >k >k >k 3k 5k 5k 5k k >k >k 3k 5k 5k %k %k >k 3k 5k 3k 5k %k >k >k >k 5k 5k >k %k >k >k >k 5k %k >k %k >k >k >k %k %k %k *k %k >k */

/* 3a. Transfer a C/C++ double matrix to a real mwArray */

mwArray double2mwArray_matrixReal (double** db_matrix, int row, int col) {
mwArray mw_matrix(row, col, mxDOUBLE_CLASS) ;

for(int i=0; i<row; i++) {

for(int j=0; j<col; j++) {

mw_matrix(i+1l, j+1) = db_matrix[i][j] ;

return mw_matrix ;

[% KA A AA KA KA KA KK A K KA KK A AR A KA KA KA KKK KKK K [
/* 3a. Transfer a C/C++ double matrix to a real mwArray */

mwArray double2mwArray_matrixReal(double* addressMatrix00, int row, int col) {

/*assign memories for a buffer */
int i, j ;
double **db_matrixbuf ;

db_matrixbuf = new doublex[row] ;

for(i=0; i<row; i++) A

db_matrixbuf[i] = new double [col] ;

/* set address for rows */
for(i=0; i<row; i++) A

db_matrixbuf[i] = addressMatrix00 + ix*col ;
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/* transfer to mwArray */

mwArray mw_matrix(row, col, mxDOUBLE_CLASS) ;

for(i=0; i<row; i++) {

for(j=0; j<col; j++) {

mw_matrix(i+1l, j+1) = db_matrixbuf[i] [j] ;

delete[] db_matrixbuf ;

return mw_matrix ;

/% kR kR ok ok ok ko ok ok ok Kk Kok ok K KKk kokkkkokok k[

/* 3b. Transfer C/C++ double matrixes to a complex mwArray */

mwArray double2mwArray_matrixComplex(doublex* db_Real, doublex* db_Imag

, int row, int col) {

mwArray mw_matrix(row, col, mxDOUBLE_CLASS, mxCOMPLEX) ;

for(int i=0; i<row; i++) {

for(int j=0; j<col; j++) {

mw_matrix(i+1, j+1).Real() db_Reall[i] [j] ;

mw_matrix(i+1, j+1).Imag() db_Imagli] [j] ;

return mw_matrix ;

}

/% kskokskokkok ok ok ok ok ok ok ok ok ok ok sk ok ok sk ok ok sk sk ok ok sk ok Rk sk koK ok ok /
/* 3b. Transfer C/C++ double matrixes to a complex mwArray */
mwArray double2mwArray_matrixComplex(double* addressRealO0, double* addressImagO0

, int row, int col) {



/*assign memories for buffers */
int i, j ;
double **db_bufReal ;

double **db_bufImag ;

db_bufReal = new doublex[row] ;

db_bufImag = new doublex*[row] ;

for(i=0; i<row; i++) A
db_bufReal[i] = new double [col] ;

db_bufImag[i] = new double [col] ;

/* set address for rows */
for(i=0; i<row; i++) A

db_bufReal[i] = addressRealO0 + ixcol ;

db_bufImag[i] = addressImag00 + ixcol ;

/* transfer to mwArray */

mwArray mw_matrix(row, col, mxDOUBLE_CLASS, mxCOMPLEX) ;

for(i=0; i<row; i++) {

for(j=0; j<col; j++) {

mw_matrix(i+1, j+1).Real() = db_bufReallil[j] ;

mw_matrix(i+1, j+1).Imag() = db_bufImagl[il [j] ;

delete[] db_bufReal ;
delete[] db_buflImag ;

return mw_matrix ;

/* 3k 3k >k >k 3k 3k 3k 3k %k %k %k 3k 3k 3k %k %k %k >k 3k 3k %k %k %k *k Xk */

/% EkkkkskkokkkkRok kKRR kKK kokkk  k/
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/% kskokokskokok ok ok ok kokok ok ok ok kkokkok %k /

/* IV. Transfer values from mwArray to C/C++ double */

/* 2a. Transfer a real mwArray to C/C++ double vector */

void mwArray2double_vectorReal (mwArray mw, double* cpp) {

int i ;

int vectorSize = mw.NumberOfElements() ;

mwArray dim = mw.GetDimensions() ;
int row = (int) dim(1,1) ;

int col = (int) dim(1,2) ;

/* row case */
if ( row > col ) {
for (i=0; i<vectorSize; i++) {
cppli]l = (double)mw(i+l, 1) ;
}

/* col case */
else {
for (i=0; i<vectorSize; i++) {
cppli]l = (double)mw(l, i+1) ;
}

/* 3k 3k >k >k 3k 3k 3k 3k 5k %k >k 3k 3k 3k 5k 5k >k 3k 3k 3k 3k 3k %k %k >k 3k 3k 3k 5k %k %k >k 3k 3k %k %k %k %k %k >k */

/* 2b. Transfer a complex mwArray to C/C++ double vectors */

void mwArray2double_vectorComplex (mwArray mw, double* cppReal, double *cppImag) {

int i ;

int vectorSize = mw.NumberOfElements() ;
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mwArray dim = mw.GetDimensions() ;
int row = (int) dim(1,1) ;

int col = (int) dim(1,2) ;

/* row case */
if ( row > col ) {
for (i=0; i<vectorSize; i++) {
cppReal[i] = (double)mw(i+1l, 1).Real() ;

if ( mw.IsComplex() ) { cppImagl[i] = (double)mw(i+1l, 1).Imag() ; }

else { cppImag[i] 0.0 ; ¥

/* col case */
else {
for (i=0; i<vectorSize; i++) {
cppReal[i] = (double)mw(1l, i+1).Real() ;
if ( mw.IsComplex() ) { cppImagl[i] = (double)mw(l, i+1).Imag() ; }
else { cppImagl[i] = 0.0 ; ¥

/* 3k 3k >k 5k 3k 3k 3k 3k 5k %k >k 3K 3k 3k 5k %k >k 3k 3k 3k 3k %k %k >k 3k 3k 3k %k %k %k 3k 3k 3k 5k %k %k >k >k >k 3k %k %k *k Xk >k */

/* 3a. Transfer a real mwArray to a C/C++ double matrix */

void mwArray2double_matrixReal (mwArray mw_matrix, doublex* cpp) {

int i,j ;

mwArray dim = mw_matrix.GetDimensions() ;

int row = (int) dim(1,1) ;

int col (int) dim(1,2) ;
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for (i=0; i<row; i++) {

for (j=0; j<col; j++) {

cpplil [j]1 = (double)mw_matrix(i+l, j+1) ;

/% skskokokskok ok ok sk sk ok ok ok ook ok ok sk kok ok ok ok kkokk ok /

/* 3b. Transfer a complex mwArray to C/C++ double matrixes */

void mwArray2double_matrixComplex (mwArray mw_matrix, doublex* cppReal, double** cppImag) {

int i,j ;

mwArray dim = mw_matrix.GetDimensions() ;

int row = (int) dim(1,1) ;

int col = (int) dim(1,2) ;

for (i=0; i<row; i++) {

for (j=0; j<col; j++) {

cppReal[i]l [j] = (double)mw_matrix(i+l, j+1).Real() ;

if ( mw_matrix.IsComplex() ) { cppImagli][j]

else {

/% kokokokokokokok ok ok koK kK ko ko ko kR Rk kokkokokokokok ok /
/% skskokokskok ok ok sk ok ok ok ok ok ok ok sk kok ok ok ok kkokk ok /

/* 3k 3k >k 3k 3k 3k 3k 3k %k %k >k 3k 3k 3k 5k %k %k 3k 3k 3k 5k %k %k >k 3k 3k %k %k %k Xk Xk >k */

cppImaglil [j]

(double)mw_matrix(i+1, j+1).Imag() ; }
0.0 ; }



void printMatrix(double** matrix, int row, int col)
int i, j;
for (i=0; i<row; i++) {

for (j=0; j<col; j++) {

cout << matrix[i] [j] << "\t" ;

}

cout << endl ;

{
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Chapter 8

Matrix Computations

In this chapter we’ll generate a C shared library matrizcomputationslib and a Ct+ shared li-
brary eppmatrizcomputationslib from common M-files working on matrix computation prob-
lems. The generated functions of these libraries will be used in a MSVC .Net project to solve

matrix computation problems.

Following are steps to create a C shared library matrixcomputationslib.dll and a Ct+ shared
library cppmatrixcomputationslib.dll which will be used to solve matrix computation problems

in the next sections.

We will write the M-files as shown below. These files are used to generate the C and C*++ shared

libraries. These files are:

mydet.m, myinv.m, myminus.m, mymtimes.m, myplus.m, and mytranspose.m

function y = mydet(a)

y = det(a) ;

function y = myinv(a)

y = inv(a) ;

function y = myminus(a, b)
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function y = mymtimes(a, b)

y = axb ;

function y = myplus(a, b)

y=a+b;

function y = mytranspose( x )

A.

FOR C SHARED LIBRARY

. Write the command in Windows Command Prompt as follows to create a C shared library

matrizcomputationslib :
mcc -B csharedlib:matrixcomputationslib mydet.m myinv.m myminus.m

mymtimes.m myplus.m mytranspose.m

From this command MATLAB Compiler 4 will create eight files for this C shared library:

matrixcomputationslib.c matrixcomputationslib.ctf
matrixcomputationslib.dll matrixcomputationslib.exp
matrixcomputationslib.exports matrixcomputationslib.h

matrixcomputationslib.lib matrixcomputationslib_mcc_component_data.c

Add and set these files to the MSVC .Net project as described in Chapter 6.

In the following sections, we’ll use the following implemental functions in this library to solve
the common problems in the matrix computations (open the file matrixcomputationslib.h

to see the names of these functions):

void mlfMydet (int nargout, mxArray** y, mxArray* a);
void mlfMyinv (int nargout, mxArray** y, mxArray* a);

void mlfMyminus (int nargout, mxArray** y, mxArray* a, mxArray* b);
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void mlfMymtimes (int nargout, mxArray** y, mxArray* a, mxArray* b);
void mlfMyplus (int nargout, mxArray** y, mxArray* a, mxArray* b);

void mlfMytranspose(int nargout, mxArray** y, mxArray* x);

B. FOR C+t+ SHARED LIBRARY

1. Write the command in Windows Command Prompt as follows to create a Ct+ shared li-
brary ecppmatrizcomputationslib :
mcc -W cpplib:cppmatrixcomputationslib -T link:lib mydet.m myinv.m myminus.m mym-

times.m myplus.m mytranspose.m

2. From this command MATLAB Compiler 4 will create eight files for Ct+ shared library:

cppmatrixcomputationslib.cpp cppmatrixcomputationslib.ctf
cppmatrixcomputationslib.dll cppmatrixcomputationslib.exp
cppmatrixcomputationslib.exports cppmatrixcomputationslib.h

cppmatrixcomputationslib.lib cppmatrixcomputationslib_mcc_component_data.c

Add and set these files to the MSVC .Net project as described in Chapter 6.

3. In the following sections, we’ll use the following implemental functions in this library to
solve the common problems in the matrix computations (open the file cppmatrixcomputa-

tionslib.h to see the names of these functions):

void mydet (int nargout, mwArray& y, const mwArray& a);
void myinv (int nargout, mwArray& y, const mwArray& a);
void myminus (int nargout, mwArray& y, const mwArray& a, const mwArray& b);
void mymtimes (int nargout, mwArray& y, const mwArray& a, const mwArray& b);
void myplus (int nargout, mwArray& y, const mwArray& a, const mwArray& b);

void mytranspose (int nargout, mwArray& y, const mwArray& x);
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8.1 Matrix Addition

Problem 1

input Matrix A and B

1.1 2.2 3.3 11 12 13
A= 144 55 6.6 , B= |14 15 16
77 88 99 17 18 19

output Finding the matrix addition C = A + B

A. FOR C SHARED LIBRARY
The functions mlfMyplus(..) in the generated matrizcomputationslib library will be used in

the following code to solve Problem 1 .

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include "Example.h"

int main() {

cout << "Matrix Computations" << endl;

Test obj;

cout << "Matrix addition" << endl ;

obj.addMatrix() ;

return 0 ;

/* Example.h */



#include <iostream.h>
#include "matrixcomputationslib.h"

#include "mxUtilityCompilerVer4.h"

class Test {

public:

void addMatrix() ;

Test O A{
mclInitializeApplication(NULL,O0);

matrixcomputationslibInitialize();

}

“Test () {
matrixcomputationslibTerminate();

mclTerminateApplication();

}

}

J% skokokskokkokokosk ok okokok kok sk ok ok sk ok kok ok ok kok ok /
void Test::addMatrix() {

int i;

double A[3][3] {{1.1, 2.2, 3.3} , {4.4, 5.5, 6.6} ,

double B[3][3] {11, 12,133}, {14, 15, 16 } ,

int row

1]
w

int col = 3 ;

/* step 1 : declare mxArray variables */

mxArray *mx_A = NULL ;

mxArray *mx_B NULL ;

mxArray *mx_C NULL ;

/* step 2 : assign memory */

mx_A = mxCreateDoubleMatrix(row, col, mxREAL) ;
mx_B = mxCreateDoubleMatrix(row, col, mxREAL) ;

mx_C = mxCreateDoubleMatrix(row, col, mxREAL) ;

{7.7, 8.8, 9.9} } ;
{17 , 18 , 19 } } ;

95
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/* step 3 : convert C/C++ matrix to mxArray */
double2mxArray_matrixReal (&A[0] [0], mx_A) ;
double2mxArray_matrixReal (&B[0] [0], mx_B) ;

/* step 4 : call an implemental function */

mlfMyplus(1l, &mx_C, mx_A, mx_B );

/* step 5 : convert back to C/C++ double */
double **db_matrixC ;
db_matrixC = new double *[row] ;
for(i=0; i<row; i++) {
db_matrixC[i] = new double [col] ;
}

mxArray2double_matrixReal (mx_C, db_matrixC) ;

/* step 6 : print out */

printMatrix(db_matrixC, row, col) ;

/* step 7 : free memories */
mxDestroyArray(mx_A) ;
mxDestroyArray (mx_B) ;

mxDestroyArray (mx_C) ;

delete [] db_matrixC ;

end code

B. FOR C+t+ SHARED LIBRARY

The functions myplus(..) in the generated eppmatrizcomputationslib library will be used in

the following code to solve Problem 1 .

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include "Example.h"



int main() {

cout << "Matrix Computations" << endl;

Test obj;

cout << endl ;

cout << "Matrix addition" << endl ;

obj.addMatrix() ;

return 0 ;

/* Example.h */

#include <iostream.h>

#include "cppmatrixcomputationslib.h"
#include "mwUtilityCompilerVer4.h"

class Test {

public:

void addMatrix() ;

Test O A
mclInitializeApplication(NULL,O0);

cppmatrixcomputationslibInitialize();

}

“Test () {

cppmatrixcomputationslibTerminate();

mclTerminateApplication() ;

}

}
/% skokokskokkkokok ok kokok ok kR ok ok kkok ok okkok ok /
void Test::addMatrix() {

int i;

double db_A[3]1[3] = {{ 1.1, 2.2, 3.3} , {4.4, 5.5,

6.6} ,

{7.7, 8.8, 9.9}
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double db_B[3][3] = {{ 11, 12, 13}, {14 , 156 , 16 } , {17, 18 , 19 } } ;

int row = 3 ;

int col

1]
w

/* convert C/C++ matrix to mxArray */
mwArray mw_A = double2mwArray_matrixReal (&db_A[0] [0], row, col) ;

mwArray mw_B = double2mwArray_matrixReal (&db_B[0][0], row, col) ;

/* call an implemental function */
mwArray mw_C ;
myplus (1, mw_C, mw_A, mw_B);

std::cout << mw_C << std::endl ;

/* convert back to C/C++ double x*/
double **db_C ;

db_C = new doublex [row] ;

for (i=0; i<row; i++) {

db_C[i] = new double [col] ;

mwArray2double_matrixReal(mw_C, db_C) ;
/* print out */

printMatrix(db_C, row, col) ;
/* free memories */

delete[] db_C ;
}

end code ——M8M

8.2 Matrix Subtraction

A. FOR C SHARED LIBRARY

The functions mlfMyminus(..) in the generated matrizcomputations library will be used to
handle the matrix subtraction. The code of using this function is identical to the above section,

except at the step call an implemental function, we write:

mlfMyminus(l, &mx_C, mx_A, mx_B );
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B. FOR C+t+ SHARED LIBRARY

The functions myminus(..) in the generated eppmatrizcomputations library will be used to
handle the matrix subtraction. The code of using this function is identical to the above section,

except at the step call an implemental function, we write:

mlfMyminus(l, &mx_C, mx_A, mx_B );

8.3 Matrix Multiplication

Problem 2

input Matrix A and B

10 11
1.1 2.2 3.3 4.4
12 13
A=155 6.6 7.7 8.8 , B=
14 15
9.9 10.10 11.11 12.12
16 17

output  Finding the product matrix C=A*B

A. FOR C SHARED LIBRARY

This following code describes how to use the functions mlfMymtimes(..) in the generated

matrizcomputationslib library to calculate the matrix multiplication in Problem 2.

Listing code

void Test::multipleMatrix() {
int i ;

double A[3][4]

{ {11,22 ,33 ,44 } >\
{5.5,6.6 , 7.7 ,88 } >\
{ 9.9, 10.10, 11.11, 12.12 } }

double B[4][2]

{{ 10, 11}, {12, 13}, {14, 15}, {16, 17} } ;

int rowA = 3 ;
int colA = 4 ;
int rowB = 4 ;
int colB = 2 ;
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int rowC = rowA ;

int colC colB ;

/* step 1 : declare mxArray variables */

mxArray *mx_A = NULL ;
mxArray *mx_B = NULL ;
mxArray *mx_C = NULL ;

/* step 2 : assign memory */

mx_A = mxCreateDoubleMatrix(rowA, colA, mxREAL) ;

mx_B = mxCreateDoubleMatrix(rowB, colB, mxREAL) ;

mx_C = mxCreateDoubleMatrix(rowC, colC, mxREAL) ;

/* step 3 : convert C/C++ matrix to mxArray */
double2mxArray_matrixReal (&A[0] [0], mx_A) ;
double2mxArray_matrixReal (4B[0] [0], mx_B) ;

/* step 4 : call an implemental function */

mlfMymtimes (1, &mx_C, mx_A, mx_B );

/* step 5 : convert back to C/C++ double */
double **db_matrixC ;

db_matrixC = new double *[rowC] ;

for(i=0; i<rowC; i++) <{

db_matrixC[i] = new double [colC] ;

mxArray2double_matrixReal (mx_C, db_matrixC) ;

/* step 6 : print out */

printMatrix(db_matrixC, rowC, colC) ;

/* step 7 : free memories */
mxDestroyArray (mx_A) ;
mxDestroyArray (mx_B) ;
mxDestroyArray (mx_C) ;
delete [] db_matrixC ;

}

end code




101

B. FOR C+t+ SHARED LIBRARY

This following code describes how to use the functions mymtimes(..) in the generated

cppmatrizcomputationslib library to calculate the matrix multiplication in Problem 2.

Listing code

void Test::multipleMatrix() {

int i ;

double db_A[3][4] { {1.1,2.2 ,3.3 ,4.4 } )\
{5.5,6.6 ,7.7 ,88 } A\

{9.9, 10.10, 11.11, 12.12 } }

double db_B[4][2]

{{ 10, 11}, {12, 13}, {14, 153}, {16, 17} } ;

int rowA = 3 ;

int colA = 4 ;

int rowB = 4 ;

int colB = 2 ;

int rowC = rowA ;

int colC = colB ;

/* convert C/C++ matrix to mxArray */
mwArray mw_A = double2mwArray_matrixReal (&db_A[0] [0], rowA, colA) ;
mwArray mw_B = double2mwArray_matrixReal (&db_B[0] [0], rowB, colB) ;

/* call an implemental function */
mwArray mw_C ;
mymtimes (1, mw_C, mw_A, mw_B);

std::cout << mw_C << std::endl ;

/* convert back to C/C++ double x*/
double **db_C ;

db_C = new double* [rowC] ;

for (i=0; i<rowC; i++) A

db_C[i] = new double [colC] ;
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mwArray2double_matrixReal(mw_C, db_C) ;
/* print out */

printMatrix(db_C, rowC, colC) ;

/* free memories */

delete[] db_C ;

end code

8.4 Matrix Determinant

Problem 3

input Matrix A

1.1 22 33
A= |77 44 99
44 55 88

output  Finding the determinant of this matrix A

A. FOR C SHARED LIBRARY

This following code describes how to use the functions mlfMydet(..) in the generated

matrizcomputationslib library to find the matrix determinant in Problem 3.

Listing code

void Test::determinantMatrix() {

double A[3][3] = {{ 1.1, 2.2, 3.3}, {7.7, 4.4, 9.9} , {4.4, 5.5, 8.8} 1} ;

int row

1]
w

int col

]
w

/* step 1 : declare mxArray variables */
mxArray *mx_A = NULL ;

mxArray *mx_detA = NULL ;



/* step 2 : assign memory */

mx_A mxCreateDoubleMatrix(row, col, mxREAL) ;

mx_detA = mxCreateDoubleMatrix( 1 , 1 , mxREAL) ;

/* step 3 : convert C/C++ matrix to mxArray */

double2mxArray_matrixReal (&A[0] [0], mx_A) ;

/* step 4 : call an implemental function */

mlfMydet (1, &mx_detA, mx_A );

/* step 5 : convert back to C/C++ double */
double db_detA ;

db_detA = mxArray2double_scalarReal (mx_detA) ;

/* step 6 : print out */

cout<< db_detA << endl ;
/* step 7 : free memories */

mxDestroyArray(mx_A) ;

mxDestroyArray (mx_detA) ;

end code

B. FOR C+t+ SHARED LIBRARY

This following code describes how to use the functions mydet(..) in the generated

cppmatrizcomputationslib library to find the matrix determinant in Problem 3.

Listing code
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void Test::determinantMatrix() {

double db_A[3]1[3] = {{ 1.1, 2.2, 3.3}, {7.7, 4.4, 9.9} , {4.4, 5.5, 8.8} 1} ;

int row

]
w w

int col =

/* convert C/C++ matrix to mxArray */

mwArray mw_A = double2mwArray_matrixReal (&db_A[0] [0], row, col) ;
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/* call an implemental function */
mwArray mw_detA ;

mydet (1, mw_detA, mw_A);

/* convert back to C/C++ double x*/

double db_detA = (double) mw_detA(1,1) ;

/* print out */

cout << db_detA ;

end code

8.5 Inverse Matrix

A. FOR C SHARED LIBRARY
This following code describes how to use the functions mlfMyinv(..) in the generated

matrizcomputationslib library to find a matrix inversion.

Listing code

void Test::inverseMatrix() {

int i ;

double A[3](3] ={{-1,1,2y,{3, -1, 1}, {-1,3, 4} 1} ;

int row

int col

/* step 1 : declare mxArray variables */
mxArray *mx_A = NULL ;

mxArray *mx_inverseA = NULL ;

/* step 2 : assign memory */
mx_A = mxCreateDoubleMatrix(row, col, mxREAL) ;

mx_inverseA = mxCreateDoubleMatrix(row, col, mxREAL) H

/* step 3 : convert C/C++ matrix to mxArray */

double2mxArray_matrixReal (&A[0] [0], mx_A) ;
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/* step 4 : call an implemental function */

mlfMyinv(l, &mx_inverseA, mx_A );

/* step 5 : convert back to C/C++ double */
double **db_inversel;

db_inverseA = new double *[row] ;

for(i=0; i<row; i++) {

db_inverseA[i] = new double [col] ;

mxArray2double_matrixReal (mx_inverseA, db_inversel) ;

/* step 6 : print out */

printMatrix(db_inverseA, row, col) ;
/* step 7 : free memories */
mxDestroyArray (mx_A) ;

mxDestroyArray (mx_inverseA) ;

delete [] db_inverseA ;

end code

B. FOR C+t+ SHARED LIBRARY

This following code describes how to use the functions myinv(..) in the generated

cppmatrizcomputationslib library to find a matrix inversion.

Listing code

void Test::inverseMatrix() {

int i ;

double db_A[3][3] ={{-1,1,2}y, {3, -1, 1}, {-1,3,4r };

int row

]
w

int col = 3 ;

/* convert C/C++ matrix to mxArray */
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mwArray mw_A = double2mwArray_matrixReal (&db_A[0] [0], row, col) ;
/* call an implemental function */
mwArray mw_invA ;

myinv(1l, mw_invA, mw_A);

/* convert back to C/C++ double */
double **db_invA ;
db_invA = new doublex [row] ;

for (i=0; i<row; i++) {

db_invA[i] = new double [col] ;

mwArray2double_matrixReal (mw_invA, db_invA) ;

/* print out */

printMatrix(db_invA, row, col) ;

/* free memories */

delete[] db_invA ;

end code

8.6 Transpose Matrix

A. FOR C SHARED LIBRARY
The functions mlfMytranspose(..) in the generated matrizcomputationslib library will be used
to find the transpose matrix. The code of using this function is identical to the section Inverse

Matrix, except at the step call an implemental function, we write:

/* call an implemental function */

mlfMytranspose(l, &mx_transposeA, mx_A ) ;

B. FOR C+t+ SHARED LIBRARY

The functions mytranspose(..) in the generated ecppmatrizcomputationslib library will be
used to find the transpose matrix. The code of using this function is identical to the section

Inverse Matrix, except at the step call an implemental function, we write:

mytranspose(l, mw_transposeA, mw_A);
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8.7 Assigning Directly Values for a Matrix

In the above sections, we used a method to assign a matrix to an mxArray or mwArray for
using in the generated functions. When the matrix declares in the double-pointer, we can assign
directly values of the matrix by using the same name function double2mwArray matrixReal(..)

or double2mxArray matrixReal(..). The follow code implements these transfers.
A. FOR C SHARED LIBRARY

Listing code

void Test::addMatrixOtherMethod( ) {

int i ;

double **xdb_matrixA ;

double **db_matrixB ;

/* step 1 : assign memories for buffers */
int row

int col = 3 ;

db_matrixA = new doublex[row] ;

db_matrixB = new doublex[row] ;

for(i=0; i<row; i++) A
db_matrixA[i] = new double [col] ;

db_matrixB[i] = new double [col] ;

db_matrixA[0][0] = 1.1 ;
db_matrixA[0][1] = 2.2 ;
db_matrixA[0][2] = 3.3 ;

db_matrixA[1][0] = 4.4 ;
db_matrixA[1][1] = 5.5 ;
db_matrixA[1][2] = 6.6 ;

db_matrixA[2][0] = 7.7 ;
db_matrixA[2][1] = 8.8 ;
db_matrixA[2][2] = 9.9 ;
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db_matrixB[0] [0] =
db_matrixB[0] [1] =

db_matrixB[0] [2] =

db_matrixB[1] [0] =
db_matrixB[1][1] =

db_matrixB[1][2] =

db_matrixB[2] [0] =
db_matrixB[2] [1] =

db_matrixB[2] [2] =

11
12
13

14
15
16

17
18
19

/* step 2 : declare mxArray variables */

mxArray *mx_A = NULL

mxArray *mx_B = NULL

mxArray *mx_C NULL

/* step 3 : assign memory */
mx_A = mxCreateDoubleMatrix(row,
mx_B = mxCreateDoubleMatrix(row,

mx_C = mxCreateDoubleMatrix(row,

/* step 4 : convert C/C++ matrix

s

)

s

col, mxREAL)
col, mxREAL)

col, mxREAL)

to mxArray */

double2mxArray_matrixReal (db_matrixA, mx_A) ;

double2mxArray_matrixReal (db_matrixB, mx_B) ;

/* step 5 : call an implemental function */

mlfMyplus(1l, &mx_C, mx_A, mx_B );

/* step 6 : convert back to C/C++ double */

double **db_matrixC

db_matrixC = new double *[row]

for(i=0; i<row; i++)

db_matrixC[i] =

3

new double [col] ;

mxArray2double_matrixReal (mx_C, db_matrixC) ;

/* setp 7 : print out */

s
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printMatrix(db_matrixC, row, col) ;

/* step 8 : free memories */
mxDestroyArray (mx_A) ;
mxDestroyArray (mx_B) ;

mxDestroyArray (mx_C) ;

delete [] db_matrixA ;
delete [] db_matrixB ;
delete [] db_matrixC ;
}

end code

B. FOR C+t+ SHARED LIBRARY

Listing code

/% okoksrokkokokkok ok okkok ok ok ok ok ok ok ok kokkokok ok /
void Test::addMatrixOtherMethod( ) {

int i ;

double **db_matrixA ;

double **db_matrixB ;

int row = 3 ;

int col

db_matrixA = new doublex[row] ;

db_matrixB = new doublex[row] ;

for(i=0; i<row; i++) A
db_matrixA[i] = new double [col] ;

db_matrixB[i] = new double [col] ;

}
db_matrixA[0][0] = 1.1 ;
db_matrixA[0][1] = 2.2 ;
db_matrixA[0][2] = 3.3 ;
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db_matrixA[1][0] = 4.4 ;
db_matrixA[1][1] = 5.5 ;
db_matrixA[1][2] = 6.6 ;

db_matrixA[2][0] = 7.7 ;
db_matrixA[2][1] = 8.8 ;
db_matrixA[2][2] = 9.9 ;

db_matrixB[0][0] = 11 ;
db_matrixB[0][1] = 12 ;
db_matrixB[0][2] = 13 ;

db_matrixB[1][0] = 14 ;
db_matrixB[1][1] = 15 ;
db_matrixB[1][2] = 16 ;

db_matrixB[2] [0] = 17 ;
db_matrixB[2][1] = 18 ;
db_matrixB[2][2] = 19 ;

/* convert C/C++ matrix to mxArray */
mwArray mw_A = double2mwArray_matrixReal(db_matrixA, row, col) ;

mwArray mw_B = double2mwArray_matrixReal(db_matrixB, row, col) ;

/* call an implemental function */
mwArray mw_C ;

myplus (1, mw_C, mw_A, mw_B);

/* convert back to C/C++ double */
double **db_C ;
db_C = new doublex [row] ;

for (i=0; i<row; i++) {

db_C[i] = new double [col] ;

mwArray2double_matrixReal(mw_C, db_C) ;

/* print out */

printMatrix(db_C, row, col) ;
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/* free memories */

delete[] db_C ;

end code

8.8 Assigning Values for a Matrix from a File

We can also assign values for a matrix from a file. The following is the code that get values for

the matrix from a data file matrixA.dat.
A. FOR C SHARED LIBRARY

Listing code

void Test::transposeMatrixOtherMethod() {

/* matrixA.dat

1.1 2.2 3.3
4.4 5.5 6.6
7.7 8.8 9.9
*/

int i,j ;

/* step 1 : declare matrix */

double **db_matrixA ;

int row = 3 ;

int col 3

/* step 2 : assign memory */

db_matrixA = new doublex[row] ;

for(i=0; i<row; i++) {

db_matrixA[i] = new double [col] ;

/* step 3 : assign values for matrix */
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ifstream f ;
f.open("matrixA.dat", ios::in | ios::nocreate );
if(1f) {

f.close() ;

delete [] db_matrixA ;

cout << "You don’t have a file matrixA.dat" << endl ;

return ;

/* read the file */
for (i=0; i<row; i++) <{

for (j=0; j<col; j++) {

£>> db_matrixA[il [j] ;

}
f.close() ;

/* step 4 : declare mxArray variables */

mxArray *mx_A = NULL ;

mxArray *mx_transposeA = NULL ;
/* step 5 : assign memory */
mx_A = mxCreateDoubleMatrix(row, col, mxREAL) ;

mx_transposeA = mxCreateDoubleMatrix(row, col, mxREAL) ;

/* step 6 : convert C/C++ matrix to mxArray */

double2mxArray_matrixReal (db_matrixA, mx_A) ;

/* step 7 : call an implemental function */

mlfMytranspose(1l, &mx_transposeA, mx_A );

/* step 8 : convert back to C/C++ double */
double **db_transposeA;

db_transposeA = new double *[row] ;

for(i=0; i<row; i++) {

db_transposeA[i] = new double [col] ;



mxArray2double_matrixReal (mx_transposeA, db_transposed) ;

/* setp 9 : print out */

printMatrix(db_transposeA, row, col) ;

/* step 10 : free memories */
mxDestroyArray (mx_A) ;

mxDestroyArray (mx_transposel) ;

delete [] db_matrixA ;
delete [] db_transposeA ;
}

B. FOR C+t+ SHARED LIBRARY

Listing code

113

end code ——M —

void Test::transposeMatrixOtherMethod() {
/* matrixA.dat

1.1 2.2 3.3

4.4 5.5 6.6

7.7 8.8 9.9

*/

int i,j ;
/* step 1 : declare matrix */
double **xdb_matrixA ;

int row = 3 ;

int col 3 ;

/* step 2 : assign memory */

db_matrixA = new doublex[row] ;

for(i=0; i<row; i++) {

db_matrixA[i] = new double [col] ;

/* step 3 : assign values for matrix */
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ifstream f ;
f.open("matrixA.dat", ios::in | ios::nocreate );
if(1f) {

f.close() ;

delete [] db_matrixA ;

cout << "You don’t have a file matrixA.dat" << endl ;

return ;

/* read the file */
for (i=0; i<row; i++) <{

for (j=0; j<col; j++) {

£>> db_matrixA[il [j] ;

}
f.close() ;

/* convert C/C++ matrix to mxArray */

mwArray mw_A = double2mwArray_matrixReal (db_matrixA, row, col) ;

/* call an implemental function */
mwArray mw_transposeA ;

mytranspose(l, mw_transposeA, mw_A);

/* convert back to C/C++ double */
double **db_transposeA ;
db_transposeA = new double* [row] ;
for (i=0; i<row; i++) {
db_transposeA[i] = new double [col] ;
}

mwArray2double_matrixReal (mw_transposeA, db_transposed) ;

/* print out */
printMatrix(db_transposeA, row, col) ;
/* free memories */

delete [] db_matrixA ;

delete [] db_transposeA ;

}



Chapter 9

Linear System Equations

The problem of linear system equations involves solving the equation Ax = b. This chapter
focuses on linear system equations in which the matrix A is a square matrix or a sparse matrix,
A eR"™" x € R" and b € R™.

In this chapter we’ll generate a C shared library linearsytemlib and C++ shared library
cpplinearsytemlib from common M-files working on problems of linear system equations. The
generated functions of these libraries will be used in MSVC .Net project to solve the linear system
equations.

Following are steps to create a C shared library linearsytemlib.dll and a Ct+ shared library

cpplinearsytemlib.dll which will be used to solve problems in the next sections.

We will write the M-files as shown below. These files will be used to generate the C and C*t+

shared libraries.

mydiag.m, myfull.m, mylu.m, mymldivide.m, mymrdivide.m,

mysparse.m, and myspdiags.m

function X = mydiag(v,k)

X = diag(v,k) ;

function B = myextractmatrix(A, rowa, rowb, cola, colb)

B = A(rowa:rowb, cola:colb) ;

% extract from row a to row b, and from col a to col b
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function A = myfull(S)

A = full(S) ;

function [L,U,P] = mylu(A)

[L,U,P] = 1u(h) ;

function x = mymldivide(A, b)
%solve equation Ax = b

x = A\b ;

function x = mymrdivide(A, b)
%solve equation xA = b ==

x = A/b ;

function S = mysparse(A)

S = sparse(d) ;

function A = myspdiags(B,d,m,n)

A = spdiags(B,d,m,n)

A. FOR C SHARED LIBRARY

1. Write the command in Windows Command Prompt as follows to create a C shared library
linearsytemlib :
mcc -B csharedlib:linearsystemlib mydiag.m myextractmatrix.m myfull. m mylu.m

mymldivide.m mymrdivide.m mysparse.m myspdiags.m

2. MATLAB Compiler 4 will create eight files:

linearsystemlib.c linearsystemlib.ctf linearsystemlib.dll
linearsystemlib.exp linearsystemlib.exports linearsystemlib.h

linearsystemlib.lib linearsystemlib_mcc_component_data.c
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Add and set these files to the MSVC .Net project as described in Chapter 6.

3. In the following sections, we’ll use the following implemental functions in this library to
solve the common problems in the linear system equations (open the file linearsystemlib.h

to see the names of these functions):

void mlfMydiag (int nargout, mxArray*x X, mxArray* v, mxArray* k);
void mlfMyextractmatrix(int nargout, mxArray** B, mxArray* A, mxArray* rowa,

mxArray* rowb, mxArray* cola, mxArray* colb);

void mlfMyfull (int nargout, mxArray** A, mxArray* S);

void mlfMylu (int nargout, mxArray** L, mxArray** U, mxArray** P, mxArray* A);
void mlfMymldivide(int nargout, mxArray** x, mxArray* A, mxArray* b);

void mlfMymrdivide(int nargout, mxArray** x, mxArray* A, mxArray* b);

void mlfMysparse (int nargout, mxArray** S, mxArray* A);

void mlfMyspdiags (int nargout, mxArray** A, mxArray* B, mxArray* d,

mxArray* m, mxArray* n);

B. FOR C+t+ SHARED LIBRARY

1. Write the command in Windows Command Prompt as follows to create a Ct+ shared li-
brary cpplinearsytemlib :
mcc -W cpplib:cpplinearsystemlib - T link:lib mydiag.m myextractmatrix.m myfull.m mylu.m

mymldivide.m mymrdivide.m mysparse.m myspdiags.m

2. MATLAB Compiler 4 will create eight files:

cpplinearsystemlib.cpp cpplinearsystemlib.ctf cpplinearsystemlib.dll
cpplinearsystemlib.exp  cpplinearsystemlib.exports cpplinearsystemlib.h

cpplinearsystemlib.lib  cpplinearsystemlib_mcc_component_data.c

3. In the following sections, we’ll use the following implemental functions in this library to solve
the common problems in the linear system equations (open the file cpplinearsystemlib.h to

see the names of these functions):

void mydiag(int nargout, mwArray& X

, const mwArray& v, const mwArray& k) ;

void myextractmatrix(int nargout, mwArray& B, const mwArray& A
, const mwArray& rowa, const mwArray& rowb

, const mwArray& cola, const mwArray& colb);
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void myfull(int nargout, mwArray& A, const mwArray& S);
void mylu (int nargout, mwArray& L, mwArray& U
, mwArray& P, const mwArray& A);

void mymldivide(int nargout, mwArray& x

, const mwArray& A, const mwArray& b);
void mymrdivide(int nargout, mwArray& x

, const mwArray& A, const mwArray& b);
void mysparse (int nargout, mwArray& S, const mwArray& A);
void myspdiags (int nargout, mwArray& A, const mwArray& B

, const mwArray& d, const mwArray& m, const mwArray& n);

9.1 Linear System Equations
In general, the form of linear system equations (size n x n) is:
a1171 + a1ory + -+ a1, T, = by
a21%1 + Q222 + - + A2, Ty = b2
a31r1 + asaTs + -+ + aspx, = bs (91)
Ap121 + Ap2X2 + -+ + AppTn = bn

Problem 1

input Matrix A and vector b

1.1 56 3.3 12.5
A=144 123 6.6 ;. b=322
77 88 9.9 45.6
output . Finding the solution x of linear system equations, Ax = b

. Finding the lower L and upper U of the matrix A

A. FOR C SHARED LIBRARY
The functions mlfMymldivide(..) and mlfMylu(..) in the generated linearsystemlib library will



be used in the following code to solve Problem 1.

Listing code
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/* Example.cpp */

#pragma warning(disable : 4995)

#include "Example.h"

int main() {

cout << "Linear System Equations" ;

cout << endl ;
Test obj;
obj.LinearSystemEquations() ;

obj.LU_decompression() ;

return O ;

/* Example.h */

#include <iostream.h>
#include "linearsystemlib.h"

#include "mxUtilityCompilerVer4.h"

class Test {

public:
void LinearSystemEquations() ;

void LU_decompression() H

Test O {
mclInitializeApplication(NULL,0);

linearsystemlibInitialize();

}

“Test () {
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linearsystemlibTerminate();
mclTerminateApplication() ;

}
}
/* 3k >k 3k >k 3k 3k >k 3k >k 3k 3k >k 3k %k 3k 3k >k 3k >k 5k >k >k ok >k 5k k %k k */

void Test::LinearSystemEquations() {

int i ;

/* Solve general linear system equations Ax = b */

double db_A[3][3] = {{1.1, 5.6, 3.3} ,\
{4.4, 12.3, 6.6} ,\
{r.7, 8.8, 9.9 1};

double db_vectorb[3] = { 12.5, 32.2 , 45.6 } ;

int row

int col = 3 ;

/* step 1 : declare mxArray variables */

mxArray *mx_A = NULL ;
mxArray *mx_b = NULL ;
mxArray *mx_x = NULL ;

/* step 2 : assign memory */

mx_A = mxCreateDoubleMatrix(row, col, mxREAL) ;

mx_b mxCreateDoubleMatrix(row, 1 , mxREAL) ;

mx_x = mxCreateDoubleMatrix(row, 1 , mxREAL) ;

/* note: we create mx_b and mx_x are column vectors */
/* step 3 : convert C/C++ double to mxArray */
double2mxArray_matrixReal(&db_A[0] [0], mx_A) ;

double2mxArray_vectorReal (db_vectorb, mx_b) ;

/* step 4 : call an implemental function */

mlfMymldivide(1l, &mx_x, mx_A, mx_b);

/* step 5 : convert back to C/C++ double */



double *db_vectorx = new double[col] ;

mxArray2double_vectorReal (mx_x, db_vectorx) ;

/* setp 9 : print out */
for(i=0; i<col; i++) {

cout<< *(db_vectorx + i) << endl ;

/* step 7 : free memories */
mxDestroyArray (mx_A) ;
mxDestroyArray (mx_b) ;

mxDestroyArray (mx_x) ;

delete [] db_vectorx ;

}

/* 3k 3k >k >k 3k 3k 3k 3k %k %k %k 3k 3k 3k 5k 5k %k %k 3k 3k 3k %k %k %k %k > 3k k */

void Test::LU_decompression () {

/* find lower and upper matrixes */

double db_A[3][3] = { {1.1, 5.6, 3.3} ,\
{4.4, 12.3, 6.6} ,\
{7.7, 8.8, 9.9} I;

int row
int col = 3 ;

int i ;

/* step 1 : declare mxArray variables */
mxArray *mx_A = NULL ;
mxArray *mx_L = NULL ;

mxArray *mx_U = NULL ;

mxArray *mx_P NULL ;
/* step 2 : assign memory */
mx_A = mxCreateDoubleMatrix(row, col, mxREAL)

mx_L = mxCreateDoubleMatrix(row, col, mxREAL)

mx_U mxCreateDoubleMatrix(row, col, mxREAL)
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mx_P = mxCreateDoubleMatrix(row, col, mxREAL)

/* step 3 : convert C/C++ double to mxArray */

double2mxArray_matrixReal(&db_A[0] [0], mx_A) ;

/* step 4 : call an implemental function */

mlfMylu(3, &mx_L, &mx_U, &mx_P, mx_A);

/* step 5 : convert back to C/C++ double

double **db_L = new double *[row]

double **db_U = new double *[row]

for(i=0; i<row; i++) A

db_L[i] = new double [col] ;

db_U[i] new double [col] ;

>

>

mxArray2double_matrixReal(mx_L, db_L) ;

mxArray2double_matrixReal (mx_U, db_U) ;

/* setp 9 : print out */

cout << endl << "The lower matrix:

printMatrix(db_L, row, col) ;

cout << endl << "The upper matrix:

printMatrix(db_U, row, col) ;

/* step 7 : free memories */

mxDestroyArray (mx_A) ;
mxDestroyArray (mx_U) ;
mxDestroyArray (mx_L) ;

mxDestroyArray (mx_P) ;

delete [] db_L ;
delete [] db_U ;

" << endl ;

" << endl

*/

>

>

end code ——— —
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B. FOR C+t+ SHARED LIBRARY

The functions mymldivide(..) and mylu(..) in the generated cpplinearsystemlib library will be

used in the following code to solve Problem 1.

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include "Example.h"

int main() {

cout << "Linear System Equations" ;

cout << endl ;

Test obj;

obj.LinearSystemEquations() ;

obj.LU_decompression() ;

return 0 ;

/* Example.h */

#include <iostream.h>

#include "cpplinearsystemlib.h"

#include "mwUtilityCompilerVer4.h"

class Test {

public:

void LinearSystemEquations() ;

void LU_decompression () ;

Test O {
mclInitializeApplication(NULL,0);
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cpplinearsystemlibInitialize();

}

“Test O {
cpplinearsystemlibTerminate() ;

mclTerminateApplication() ;

}

}

/% kkokskkskkokokkkkokkkkkokkkkkokkkkkok K/

void Test::LinearSystemEquations() {

int i ;

/* Solve general linear system equations Ax = b */

double db_A[3][3] = {{1.1, 5.6, 3.3} ,\
{4.4, 12.3, 6.6 ,\
{7.7, 8.8, 9.9} };

double db_vectorb[3] = { 12.5, 32.2 , 45.6 } ;

int row

int col

1]
w

/* convert C/C++ matrix to mxArray */
mwArray mw_A = double2mwArray_matrixReal (&db_A[0] [0], row, col) ;
mwArray mw_vectorb(row, 1, mxDOUBLE_CLASS) ;

mw_vectorb.SetData(db_vectorb, row) ;

/* call an implemental function */
mwArray mw_x(row, 1, mxDOUBLE_CLASS) ;

mymldivide(1l, mw_x, mw_A, mw_vectorb) ;

/* convert back to C/C++ double */
double *db_vectorx = new double[col] ;

mwArray2double_vectorReal (mw_x, db_vectorx) ;



/* print out */

cout << "Solution x: " << endl

for(i=0; i<col; i++) A

cout<< db_vectorx[i]

/* free memories */

delete [] db_vectorx ;

}

>

<< endl ;

/% skskokokskokok ok sk kok ok ok ok ok ok kkokkokokkok ok /

void Test::LU_decompression ()

{

/* find lower and upper matrixes */

double db_A[3][3] =

int row

int col = 3

int i ;

/* convert C/C++ double to mxArray */

mwArray mw_A = double2mwArray_matrixReal (&db_A[0] [0], row, col) ;

1]
w

{{t.1,

)

5.6, 3.3} ,\
{4.4, 12.3, 6.6} ,\
8.8, 9.9} I};

{7.7,

/* call an implemental function */

mwArray mw_L (row, col, mxDOUBLE_CLASS)

mwArray mw_U (row, col, mxDOUBLE_CLASS)

mwArray mw_P (row, col, mxDOUBLE_CLASS)

mylu(3, mw_L, mw_U, mw_P, mw_A);

/* convert back to C/C++ double

double **db_L

double **db_U

for(i=0; i<row; i++) {

db_L[i]
db_U[i]

new double [col]

new double [col]

>

>

new double *[row]

= new double *[row]

*/

>

s
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mwArray2double_matrixReal (mw_L, db_L) ;

mwArray2double_matrixReal (mw_U, db_U) ;

/* print out */
cout << endl << "The lower matrix:" << endl ;

printMatrix(db_L, row, col) ;

cout << endl << "The upper matrix:" << endl ;

printMatrix(db_U, row, col) ;

/* free memories */
delete [] db_L ;
delete [] db_U ;

}

end code

The code of the file mxUtilityCompilerVer4.h is in Chapter 7.

9.2 Sparse Linear System

The sparse linear system is a common system created to solve a technical problem. In this system
the main matrix is a sparse matrix (a matrix that has numbers where the nonzero is minor).
To obtain an accurate solution and a better computational simulation in the sparse system,
MATLAB provided specified functions to handle this task.

Problem 2

input Sparse matrix A and vector b

0 11 11.1

0o 0 0
0 22 0 0 O 0
A=133 0 0 0 0 ) b= 1222
0 0 0 66 O 0
i 0 0 55 0 O | _33.3_

output  Finding the solution x of the sparse system equations Ax = b
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A. FOR C SHARED LIBRARY

The common steps to solve a sparse linear system using functions in the C shared library

matrixcomputations are:
1. Establishing the spare matrix by using the function mlfMysparse(..).

2. Solving the sparse system by using the function mlfMymldivide(..).

The following is the code to solve Problem 2 by using the functions, mlfMysparse(..) and
mlfMymldivide(..)

Listing code

void Test::sparseSystem() {

/*
A= 0 0 0 0 1.1
0 2.2 0 0 0
3.3 0 0 0 0
0 0 0 6.6 0
0 0 5.5 0 0
b= 11.1 0 22.2 0 33.3
*/
/* Solve general linear system equations Ax = b */
double db_A[5][6] = { {0 , o, o, 0 , 1.1 } N\
{0 , 2.2, o , o , 0o} A\
{3.3, o , o , o , 0 .\
{0 , o , o , 6.6, 0} A\
{0 , o , 5.5, o , 0 1}

double db_vectorb[5] = { 11.1, 0, 22.2, 0, 33.31%};

int row = 5 ;
int col =5 ;
int i ;

/* step 1 : declare mxArray variables */

mxArray *mx_A NULL ;

mxArray *mx_b NULL ;



128

mxArray *mx_x = NULL ;

/* step 2 : assign memory */

mx_A = mxCreateDoubleMatrix(row, col, mxREAL) ;
mx_b = mxCreateDoubleMatrix(row, 1 , mxREAL) ;
mx_x = mxCreateDoubleMatrix(row, 1 , mxREAL) ;

/* note: we create mx_b and mx_x are column vectors */

/* step 3 : convert C/C++ double to mxArray */
double2mxArray_matrixReal (&db_A[0] [0], mx_A) ;

double2mxArray_vectorReal (db_vectorb, mx_b) ;

/* step 4 : call an implemental function */
mlfMysparse(l, &mx_A, mx_A);

mlfMysparse(1l, &mx_b, mx_b);

mlfMymldivide(1, &mx_x, mx_A, mx_b);

mlfMyfull (1, &mx_x, mx_Xx);

/* step 5 : convert back to C/C++ double */

double *db_vectorx = new double[col] ;

mxArray2double_vectorReal (mx_x, db_vectorx) ;

/* setp 6 : print out */

cout << endl ;

cout << "Solution x :" << endl ;
for(i=0; i<col; i++) {

cout<< *(db_vectorx + i) << endl ;

/* step 7 : free memories */
mxDestroyArray (mx_A) ;
mxDestroyArray (mx_b) ;

mxDestroyArray (mx_x) ;

delete [] db_vectorx ;
}

end code
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B. FOR C+t+ SHARED LIBRARY

The common steps to solve a sparse linear system using functions in the Ct+ shared library

cppmatrixcomputations are:
1. Establishing the spare matrix by using the function mysparse(..).

2. Solving the sparse system by using the function mymldivide(..).

The following is the code to solve Problem 2 by using the functions, mysparse(..) and mymldi-

vide(..)

Listing code

void Test::sparseSystem() {

/*
A= 0 0 0 0 1.1
0 2.2 0 0 0
3.3 0 0 0 0
0 0 0 6.6 0
0 0 5.5 0 0
b= 11.1 0 22.2 0 33.3
*/

/* Solve general linear system equations Ax = b */

double db_A[5]1[5]1 = { {0 , o , o, 0 , 1.1} ,\
{0 , 2.2, o, 0, 0o X .\
{3.3, o, o, 0, 0 X .\
{0 , o , 0 , 6.6, 0o I .\
{0 , o , 5.5, 0 , 0 }3};

double db_vectorb[5] = { 11.1, 0, 22.2, 0, 33.31%};

int row = 5 ;
int col =5 ;
int i ;

/* note: we create mw_b and mw_x are column vectors */
/* convert C/C++ double to mxArray */

mwArray mw_A = double2mwArray_matrixReal(&db_A[0][0], row, col) ;
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mwArray mw_b(row, 1, mxDOUBLE_CLASS) ;

mw_b.SetData(db_vectorb, row) ;

/* call an implemental function */
mysparse(l, mw_A, mw_A);

mysparse(l, mw_b, mw_b);

mwArray mw_x(row, 1, mxDOUBLE_CLASS) ;
mymldivide(1l, mw_x, mw_A, mw_b);

myfull(l, mw_x, mw_x);

/* convert back to C/C++ double */

double *db_vectorx = new double[col] ;

mwArray2double_vectorReal (mw_x, db_vectorx) ;

/* print out */

cout << endl ;

cout << "Solution x :" << endl ;
for(i=0; i<col; i++) {

cout<< db_vectorx[i] << endl ;

/* free memories */

delete [] db_vectorx ;

end code
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9.3 Tridiagonal System Equations

This section focuses on finding the solution of tridiagonal linear system equations Ax =d, as

follows:
aq b1 0 s 0 I d1
Co ao b2 o 0 T2 d2
0 ¢ a b 0 T d
3 3 3 3| _ 3 9.2)
0
0 0 Cp—1 0an-1 bn—l Tn—1 dnfl
0 s 0 0 Cn an Tn dn
Problem 3
input Matrix B includes column vectors c, a, and b.
Vector right-hand side d
c1 aip bl 1.1 41 2.1 d1 1.2
Co Qg b2 1.2 42 22 dz 4.5
c3 az b 1.3 4.3 23 d 5.6
Cq4 Qg b4 14 44 24 d4 124
C; Q5 b5 1.5 45 25 d5 7.8
Cg Qg bﬁ 1.6 4.6 2.6 d@ 6.8
(9.3)

output Finding the solution x of tridiagonal system equations (Eq. 9.2)

A. FOR C SHARED LIBRARY

The steps to solve Problem 3 are:

1. Establishing a buffer matrix bufferA (in Eq. 9.4) from given matrix B (in Eq. 9.3) by

using the function in the library linearsytemlib:

void mlfMyspdiags (int nargout, mxArray** bufferA, mxArray* B, mxArray* d,

mxArray* m, mxArray* n);
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This function mlfMyspdiags(..) creates an m-by-n sparse matrix bufferA by taking the

columns of B and placing them along the diagonals specified by d as follows:

C1 ay b1 0 tee 0 0
O Co ag bg e 0 0
0 0 ¢ a b e 0 0
bufferA = 2o (9.4)
0 0 0 Cn—1 Gp—1 bp_1 0
O 0 O 0 C'n, an bTL

2. Obtaining the matrix A as in Eq. 9.2 by extracting from the matrix buffer A

3. Using the functions in the library linearsytemlib to solve the tridiagonal linear system

equations.

The following is the code to solve Problem 3 by using the functions in the library linearsytemlib.

Listing code

void Test::tridiagonalSystem() {

double B[6][3] ;

B[ol[0] = 1.1 ;
B[1][0] = 1.2 ;
B[2][0] = 1.3 ;
B[3]1[0] = 1.4 ;
B[4][0] = 1.5 ;
B[5][0] = 1.6 ;

/* columns 2 */
B[0][1] =
B[1]1[1] =
B[2][1] =

.1 ;

B[3]1[1] =
B[4]1[1] =

N N N N

2
3
4 ;
5

B[5][1] = 6

/* columns 3 */

B[0] [2]
B[1][2]

2.1 ;

2.2 ;



B[2][2] = 2.3
B[3][2] = 2.4
B[4][2] = 2.5
B[6][2] = 2.6

double db_vectord [6
db_vectord[0] = 1.2
db_vectord[1] = 4.5
db_vectord[2] = 5.6
db_vectord[3] = 12.4
db_vectord[4] = 7.8

db_vectord[5] = 6.8

int i ;
int one =1 ;
int two =2 ;

int seven

]
~

int row

1]
(o)}

int col

1]
(o))

int band = 3 ; /* tridiagnal */

int m = row ;

int n = col + (band-

double d[3] = {0, 1, 2} ; /* start from 0 */

int rowB = row ;

int colB

band ;
/* step 1 : declare
mxArray *mx_B

mxArray *mx_bufferA

mxArray *mx_A
mxArray *mx_d
mxArray *mx_m

mxArray *mx_n

mxArray *mx_one

]

s

1)

mxArray variables */

>

NULL ;
NULL ;

NULL

NULL

NULL

NULL

NULL

)
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mxArray *mx_two = NULL ;
mxArray *mx_seven = NULL ;
mxArray *mx_row = NULL ;

mxArray *mx_vectord NULL ;

mxArray *mx_x NULL ;

/* step 2 : assign memory */

mx_B = mxCreateDoubleMatrix( rowB , colB , mxREAL) ;
mx_bufferA = mxCreateDoubleMatrix( m s n , mxREAL) ;
mx_A = mxCreateDoubleMatrix( row , col , mxREAL) ;
mx_d = mxCreateDoubleMatrix( 1 , band , mxREAL) ;
mx_m = mxCreateDoubleMatrix( 1 , 1 , mxREAL) ;
mx_n = mxCreateDoubleMatrix( 1 , 1 , mxREAL) ;
mx_one = mxCreateDoubleMatrix( 1 , 1 , mxREAL) ;
mx_two = mxCreateDoubleMatrix( 1 , 1 , mxREAL) ;
mx_seven = mxCreateDoubleMatrix( 1 , 1 , mxREAL) ;
mx_row = mxCreateDoubleMatrix( 1 , 1 , mxREAL) ;
mx_vectord = mxCreateDoubleMatrix(row, 1 , mxREAL) ;
mx_x = mxCreateDoubleMatrix(row, 1 , mxREAL) ;

/* note: we create mx_vectord and mx_x are column vectors */

/* step 3 : convert C/C++ double to mxArray */
doub1e2mxArray_scalarReal(one , mx_one ;

double2mxArray_scalarReal (two , mx_two

doub1e2mxArray_scalarReal(seven , mX_seven

3

)
)
)
double2mxArray_scalarReal (row , MX_Tow )

3

double2mxArray_scalarReal(m, mx_m) ;

double2mxArray_scalarReal(n, mx_n) ;

double2mxArray_vectorReal(d , mx_d ) ;

double2mxArray_matrixReal (&4B[0] [0] , mx_B) ;

double2mxArray_vectorReal (db_vectord, mx_vectord) ;
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/* step 4 : call an implemental function */

/* create a sparse matrix from column-matrix B */
mlfMyspdiags (1, &mx_bufferA, mx_B, mx_d , mx_m, mx_n);
mlfMyfull(1l, &mx_bufferA, mx_bufferhd) ;

/* plot to see */
double **db_bufferA = new double *[m] ;
for(i=0; i<m; i++) {

db_bufferA[i] = new double [n] ;

mxArray2double_matrixReal (mx_bufferA, db_bufferA) ;

cout << endl << "The buffer matrix A:" << endl ;

printMatrix(db_bufferA, m, n) ;

/* extract the need-matrix from the buffter matrix,
from row 1 to row 6 and from column 2 to column 7 */

mlfMyextractmatrix(l, &mx_A, mx_bufferA, mx_one, mx_row, mx_two, mx_seven);

/* plot to see */
double **db_A = new double *[row] ;
for(i=0; i<row; i++) A

db_A[i] = new double [col] ;

mxArray2double_matrixReal(mx_A, db_A) ;

cout << endl << "The need-matrix A:" << endl ;

printMatrix(db_A, row, col) ;

/* solve the tridiagnal system equations */

mlfMymldivide(l, &mx_x, mx_A, mx_vectord);



136

/* step 5 : convert back to C/C++ double */
double *db_vectorx = new double[col] ;

mxArray2double_vectorReal (mx_x, db_vectorx) ;

/* step 6 : print out */
cout << "Tridiagnal system solution:" << endl ;
for(i=0; i<row; i++) {

cout<< *(db_vectorx + i) << endl ;

/* step 7 : free memories */

~

mxDestroyArray (mx_B

mxDestroyArray (mx_bufferA ) ;

~

mxDestroyArray (mx_A

mxDestroyArray(mx_d) ;
mxDestroyArray(mx_m) ;

mxDestroyArray(mx_n) ;

mxDestroyArray (mx_one )
mxDestroyArray (mx_two ) ;
mxDestroyArray (mx_seven ) ;

mxDestroyArray (mx_row ) ;

mxDestroyArray (mx_vectord) ;

mxDestroyArray (mx_x )

delete [] db_bufferA ;

delete [] db_A ;

delete [] db_vectorx ;

end code
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B. FOR C+t+ SHARED LIBRARY

The steps to solve Problem 3 are:

1. Establishing a buffer matrix bufferA (in Eq. 9.5) from given matrix B (in Eq. 9.3) by

using the function in the library cpplinearsytemlib:

void myspdiags (int nargout, mwArray& A, const mwArray& B

, const mwArray& d, const mwArray& m, const mwArray& n);

This function myspdiags(..) creates an m-by-n sparse matrix bufferA by taking the

columns of B and placing them along the diagonals specified by d as follows:

C1 ay b1 0 tee 0 0
0 Co ag b2 e 0 0
0 0 ¢33 a: b: e 0 0
bufferA = L (9.5)
0 0 cee 0 Ch—1 Qp—-1 bn—l 0
0 0 0 0 Cn an bTL

2. Obtaining the matrix A as in Eq. 9.2 by extracting from the matrix buffer A

3. Using the functions in the library epplinearsytemlib to solve the tridiagonal linear system

equations.

The following is the code to solve Problem 3 by using the functions in the library

cpplinearsytemlib.

Listing code

void Test::tridiagonalSystem() {

double B[6][3] ;

B[ol[0] = 1.1 ;
B[1]1[0] = 1.2 ;
B[2][0] = 1.3 ;
B[3][0] = 1.4 ;
B[4][0] = 1.5 ;
B[51[0] = 1.6 ;

/* columns 2 */
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B[O [1] =
B[1][1] =
B[2][1] =
B[3][1] =
B[4][1] =
B[5][1] =

[

L T
o o W N

/* columns 3 */
B[ol[2] =
B[1]1[2] =
B[2][2] =

.1 ;

B[3][2] =
B[4][2] =

NONN NN

2

3

.4 5

5
B[5][2] = 6

double db_vectord [6] ;

db_vectord[0] = 1.2 ;
db_vectord[1] = 4.5 ;
db_vectord[2] = 5.6 ;
db_vectord[3] = 12.4 ;
db_vectord[4] = 7.8 ;
db_vectord[5] = 6.8 ;

int i ;
int row = 6 ;
int col = 6 ;

int band = 3 ; /% tridiagnal */
int m = row ;

int n = col + (band-1) ;

double d[3] {0, 1, 2} ; /* start from 0 */

int rowB row ;

int colB band ;

/* note: we create mx_vectord and mx_x are column vectors */
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/* convert C/C++ double to mxArray */

mwArray mw_B = double2mwArray_matrixReal(&B[0] [0], rowB, colB) ;

mwArray mw_vectord(row, 1, mxDOUBLE_CLASS) ;

mw_vectord.SetData(db_vectord, row) ;

mwArray mw_d(band, 1, mxDOUBLE_CLASS) ;

mw_d.SetData(d, band) ;

/* call an implemental function */

/* create a sparse matrix, size mxn, from column-matrix B */
mwArray mw_m(1, 1, mxDOUBLE_CLASS) ;

mw_m =m ;

mwArray mw_n(1l, 1, mxDOUBLE_CLASS) ;

mw_n =n ;

mwArray mw_bufferA(m, n, mxDOUBLE_CLASS) ;

myspdiags (1, mw_bufferA, mw_B, mw_d , mw_m, mw_n);

myfull(l, mw_bufferA, mw_bufferd) ;

/* plot to see */
cout << endl << "The buffer matrix A:" << endl ;

std::cout << mw_bufferA << std::endl ;

/* extract the need-matrix A from the buffter matrix,
from row 1 to row 6 and from column 2 to column 7 */

mwArray mw_A(row, col, mxDOUBLE_CLASS) ;

mwArray mw_one(1, 1, mxDOUBLE_CLASS) ;

mw_one = 1;

mwArray mw_row(1l, 1, mxDOUBLE_CLASS) ;

mw_Xrow = IOWwW;

mwArray mw_two(1l, 1, mxDOUBLE_CLASS) ;

mw_two = 2;
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mwArray mw_seven(l, 1, mxDOUBLE_CLASS) ;

mw_seven = 7;

myextractmatrix(1l, mw_A, mw_bufferA, mw_one, mw_row, mw_two, mw_seven);

/* plot to see */
cout << endl << "The need-matrix A:" << endl ;

std::cout << mw_A << std::endl ;

/* solve the tridiagnal system equations */
mwArray mw_x(row, 1, mxDOUBLE_CLASS) ;

mymldivide(1l, mw_x, mw_A, mw_vectord);

/* convert back to C/C++ double */
double *db_vectorx = new double[row] ;

mwArray2double_vectorReal (mw_x, db_vectorx) ;

/* print out */
cout << "Tridiagnal system solution:" << endl ;
for(i=0; i<row; i++) {

cout<< db_vectorx[i] << endl ;

/* free memories */

delete [] db_vectorx ;

end code

9.4 Band Diagonal System Equations

The band diagonal system is a common system in engineering applications. The band diagonal
matrix is a matrix with nonzero elements existing only along a few diagonal lines adjacent to the
main diagonal (above and below). This section is a study of finding the solution of band diagonal

system equations where the width = 4. This system is Ax = d as follows:
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_al by el 0 0 ] _xl ] _dl ]
cx  as b €s 0 e 0 To do
0 c3  as b3 e3 0 T3 ds
0 --- 0 c¢p—o2 Gun-2o bp_o ep_o| |Tno dp—o
o --- 0 0 Cn-1 Qpn_1 bp_1| |Tp-1 dp—1
i o --- 0 0 0 Cn an | | Tn | dy,

(9.6)

The procedure to solve band diagonal system equations is similar to the procedure to solve

tridiagonal system equations.

Problem 4
input Matrix B includes columns ¢, a, b, and e.
Vector d
Cc1 a1 bl €1 1.1 41 21 7.1 d1 1.2
Cy Q2 bz () 1.2 42 22 7.2 d2 4.5
c3 az by e 1.3 43 23 7.3 d 5.6
B | 9 bsoes| _ Cod= "] =
Cq4 Q4 b4 €4 14 44 24 74 d4 124
Cs Qa5 b5 €5 1.5 45 25 7.5 d5 7.8
Cs Qg b6 €6 1.6 46 26 7.6 dG 6.8

(9.7)
output  Finding the solution x of the band system equations 9.6
The steps to solve this problem are similar to the steps in the tridiagnal problem. These steps
are:

1. Establishing a buffer matrix bufferA (in Eq. 9.8) from given matrix B (in Eq. 9.7) by

using a function in the library.

[ ct a1 b1 e 0 . 0 0 0 ]
0 cx  as b es 0 e 0 0 0
0 0 c¢3 asz b3 es3 e 0 0 0
bufferA = |... ... ... ... (98)
0 o --- 0 cp—2 Gpn—2 bp_o ep_9 0 0
0 o .- 0 0 Cn-1 Gp—1 bp_1 e€en—1 O
i 0 o .- 0 0 0 Cn ay bn, €n |
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2. Obtaining the matrix A as in Eq. 9.6 by extracting from the matrix bufferA.

3. Using the functions in the library to solve the band system diagnal equations.

A. FOR C SHARED LIBRARY

The following is the code to solve Problem 4 by using the functions in the library linearsytemlib.

Listing code

void Test::bandMatrixSystem() {

double B[6][4] ;

/* columns 1 */

B[ol[0] = 1.1 ;
B[11[0] = 1.2 ;
B[2][0] = 1.3 ;
B[3]1[0] = 1.4 ;
B[4][0] = 1.5 ;
B[5][0] = 1.6 ;

/* columns 2 x/
B[0I[1] =
B[11[1] =
B[2][1] =

.1 ;

B[3]1[1] =
B[4]1[1] =

N N N N

2
3
4 ;
5
B[5][1] = 6
/* columns 3 */
B[o][2] =

B[1][2] =
B[2][2] =

.1 ;

B[3][2] =
B[4]1[2] =

N NN NN

2
3
4 ;
5
B[5][2] = 6

/* columns 4 */

B[0][3] = 7.1 ;
B[11[3] = 7.2 ;
B[2][3] = 7.3 ;
B[31[3] = 7.4 ;



B[4][3]
B[5] [3]

oo
~N o~
o o

double db_vectord [6]

db_vecto
db_vecto
db_vecto
db_vecto
db_vecto

db_vecto

int i ;
int one
int two

int seve

int row

int col

int band = 4 ;

int m =

int

B
]

double d[4] = {0, 1, 2, 3} ; /* start from O */

int rowB

int colB

/* step
mxArray
mxArray

mxArray

mxArray
mxArray

mxArray

mxArray
mxArray

mxArray

rd[0] = 1.2

rd[1] = 4.5

rd[2] = 5.6

rd[3] = 12.4

rd[4] = 7.8

rd[5] = 6.8
=1 ;
=2 ;

n =7 ;

=6 ;

=6 ;

row ;

col + (band-

= row ;

= band ;

1 : declare
*mx_B
*mx_bufferA

*mx_A

*mx_d
*mx_m

*mx_n

*mx_one
*mx_two

*mx_seven

s

1)

mxArray variables */

)

>

NULL ;
NULL ;

NULL

NULL
NULL
NULL

NULL
NULL
NULL

/* band width */

)
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mxArray *mx_row = NULL ;

mxArray *mx_vectord = NULL ;

mxArray *mx_x NULL ;

/* step 2 : assign memory */

mx_B = mxCreateDoubleMatrix( rowB , colB , mxREAL) ;
mx_bufferA = mxCreateDoubleMatrix( m s n , mxREAL) ;
mx_A = mxCreateDoubleMatrix( row , col , mxREAL) ;
mx_d = mxCreateDoubleMatrix( 1 , band , mxREAL) ;
mx_m = mxCreateDoubleMatrix( 1 , 1 , mxREAL) ;
mx_n = mxCreateDoubleMatrix( 1 , 1 , mxREAL) ;
mx_one = mxCreateDoubleMatrix( 1 , 1 , mxREAL) ;
mx_two = mxCreateDoubleMatrix( 1 , 1 , mxREAL) ;
mx_seven = mxCreateDoubleMatrix( 1 , 1 , mxREAL) ;
mx_row = mxCreateDoubleMatrix( 1 , 1 , mxREAL) ;
mx_vectord = mxCreateDoubleMatrix(row, 1 , mxREAL) ;
mx_x = mxCreateDoubleMatrix(row, 1 , mxREAL) ;

/* note: we create mx_vectord and mx_x as column vectors */

/* step 3 : convert C/C++ double to mxArray */
doub1e2mxArray_scalarReal(one , mx_one ;
double2mxArray_scalarReal (two , mx_two

)

doub1e2mxArray_scalarReal(seven , mX_seven

3

)
)
)
) s

double2mxArray_scalarReal (row , MX_Tow

double2mxArray_scalarReal(m, mx_m) ;

double2mxArray_scalarReal(n, mx_n) ;

double2mxArray_vectorReal(d , mx_d ) ;

double2mxArray_matrixReal (4B[0][0] , mx_B ) ;
double2mxArray_vectorReal (db_vectord, mx_vectord) ;

/* step 4 : call an implemental function */
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/* create a sparse matrix, size mxn, from column-matrix B */
mlfMyspdiags (1, &mx_bufferA, mx_B, mx_d , mx_m, mx_n);
mlfMyfull(1l, &mx_bufferA, mx_bufferAd) ;

/* plot to see */
double **db_bufferA = new double *[m] ;
for(i=0; i<m; i++) {

db_bufferA[i] = new double [n] ;

mxArray2double_matrixReal (mx_bufferA, db_bufferld) ;

cout << endl << "The buffer band-matrix A:" << endl ;

printMatrix(db_bufferA, m, n) ;

/* extract the need-matrix A from the buffter matrix,
from row 1 to row 6 and from column 2 to column 7 */

mlfMyextractmatrix(l, &mx_A, mx_bufferA, mx_one, mx_row, mx_two, mx_seven);

/* plot to see */
double **db_A = new double *[row] ;
for(i=0; i<row; i++) A

db_A[i] = new double [col] ;

mxArray2double_matrixReal(mx_A, db_A) ;

cout << endl << "The band-need-matrix A:" << endl ;

printMatrix(db_A, row, col) ;
/* solve the tridiagnal system equations */

mlfMymldivide(1, &mx_x, mx_A, mx_vectord);

/* step 5 : convert back to C/C++ double */

double *db_vectorx = new double[col] ;
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mxArray2double_vectorReal (mx_x, db_vectorx) ;

/* step 6 : print out */
cout << "Band matrix system solution:" << endl ;
for(i=0; i<row; i++) {

cout<< *(db_vectorx + i) << endl ;

/* step 7 : free memories */

~

mxDestroyArray (mx_B

mxDestroyArray (mx_bufferA ) ;

~

mxDestroyArray (mx_A

mxDestroyArray(mx_d) ;
mxDestroyArray(mx_m) ;

mxDestroyArray(mx_n) ;

mxDestroyArray (mx_one )
mxDestroyArray (mx_two ) ;
mxDestroyArray (mx_seven ) ;

mxDestroyArray (mx_row ) ;

mxDestroyArray (mx_vectord) ;

mxDestroyArray (mx_x )

delete [] db_bufferA ;
delete [] db_A ;

delete [] db_vectorx ;

end code
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B. FOR Ct1t SHARED LIBRARY
The following is the code to solve Problem 4 by using the functions in the library

cpplinearsytemlib.

Listing code

void Test::bandMatrixSystem() {

double B[6][4] ;

/* columns 1 */

B[o][0] = 1.1 ;
B[1]1[0] = 1.2 ;
B[21[0] = 1.3 ;
B[3][0] = 1.4 ;
B[4]1[0] = 1.5 ;
B[5][0] = 1.6 ;

/* columns 2 */
B[0][1] =
B[11[1] =
B[2][1] =
B[3]1[1] =

.1 ;

B[4][1] =

[ N N N N

2
3
.4 H
5
B[51[1] = 6
/* columns 3 */

B[0][2] =
B[1]1[2] =

.1 ;

B[2][2] =
B[3][2] =
B[4][2] =

N ONDNNNN

2

3

.4 H

5
B[5]1[2] = 6

/* columns 4 */

B[O][3] = 7.1 ;
B[1]1[3] = 7.2 ;
B[2][3] = 7.3 ;
B[3][3] = 7.4 ;
B[4][3] = 7.5 ;
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B[5][3] = 7.6 H

double db_vectord [6] ;

db_vectord[0] = 1.2 ;
db_vectord[1] = 4.5 ;
db_vectord[2] = 5.6 ;
db_vectord[3] = 12.4 ;
db_vectord[4] = 7.8 ;
db_vectord[5] = 6.8 ;

int i ;
int row = 6 ;
int col = 6 ;

int band = 4 ; /* band width */
int m = row ;

int n = col + (band-1) ;

double d[4] = {0, 1, 2, 3} ; /* start from 0 */

int rowB = row ;

int colB

band ;

/* note: we create mw_vectord and mw_x as column vectors */

mwArray mw_B = double2mwArray_matrixReal(&B[0] [0], rowB, colB) ;

mwArray mw_vectord(row, 1, mxDOUBLE_CLASS) ;

mw_vectord.SetData(db_vectord, row) ;

mwArray mw_d(band, 1, mxDOUBLE_CLASS) ;

mw_d.SetData(d, band) ;

/* call an implemental function */

/* create a sparse matrix, size mxn, from column-matrix B */
mwArray mw_m(1, 1, mxDOUBLE_CLASS) ;

mw_m =m ;

mwArray mw_n(1, 1, mxDOUBLE_CLASS) ;
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mw_n =n ;

mwArray mw_bufferA(m, n, mxDOUBLE_CLASS) ;

myspdiags (1, mw_bufferA, mw_B, mw_d , mw_m, mw_n);

myfull(l, mw_bufferA, mw_bufferd) ;

/* plot to see */
cout << endl << "The buffer band-matrix A:" << endl ;

std::cout << mw_bufferA << std::endl ;

/* extract the need-matrix A from the buffter matrix,
from row 1 to row 6 and from column 2 to column 7 */

mwArray mw_A(row, col, mxDOUBLE_CLASS) ;

mwArray mw_one(1l, 1, mxDOUBLE_CLASS) ;

mw_one = 1;

mwArray mw_row(1l, 1, mxDOUBLE_CLASS) ;

mw_Xrow = IOwW;

mwArray mw_two(l, 1, mxDOUBLE_CLASS) ;

mw_two = 2;

mwArray mw_seven(l, 1, mxDOUBLE_CLASS) ;

mw_seven = 7;

myextractmatrix(l, mw_A, mw_bufferA, mw_one, mw_row, mw_two, mw_seven);

/* plot to see */
cout << endl << "The band-need-matrix A:" << endl ;

std::cout << mw_A << std::endl ;

/* solve the tridiagnal system equations */
mwArray mw_x(row, 1, mxDOUBLE_CLASS) ;

mymldivide(l, mw_x, mw_A, mw_vectord);

/* convert back to C/C++ double x*/

double *db_vectorx = new double[row] ;
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mwArray2double_vectorReal (mw_x, db_vectorx) ;

/* print out */
cout << "Band matrix system solution:" << endl ;
for(i=0; i<row; i++) {

cout<< db_vectorx[i] << endl ;

/* free memories */

delete [] db_vectorx ;

end code

Note:

1. If all elements in each column of the matrix B are equal (for example, one case shown in
Eq.9.9), you can create directly the matrix A without through the buffer matrix bufferA

as follows:

A. FOR C SHARED LIBRARY

double d[3] = {-1, 0, 1} ;

mlfMyspdiags (1, &mx_A, mx_B, mx_d , mx_row, mx_row);
B. FOR Ct+ SHARED LIBRARY

double d[3] = {-1, 0, 1} ;

myspdiags (1, mw_A, mw_B, mw_d , mw_row, mw_row);

c1 a1 b 1 4 1
co as b 1 4 1
B— c3 az bs _ 1 4 1 (9.9)
¢y a4 by 1 4 1
cs as bs 1 4 1
cg ag bg 1 4 1

2. The matrix A can also be created by using the MATLAB function diags(..) [5].



Chapter 10

Ordinary Differential Equations

In this chapter we’ll generate a C shared library odelib and a C*t+ shared library cppodelib from
common M-files working on problems of ordinary differential equations (ODE). The generated

functions of these libraries will be used in MSVC .Net project to solve common ODE problems.

The major MATLAB function of M-files used to generate the libraries to solve ODE problems
is ode45(..). There are another functions, ode23(..), odel13(..), odel5s(..), and ode23s(..),
can be used to solve the ODE problems. Therefore you can choose a function with an options
that satisfies your problem requirements. For more information on these functions, refer to the

manual [7].

Following are steps to create a C shared library odelib.dll and a C++ shared library cppodelib.dll
which will be used to solve ODE problems in the next sections.
We will write the M-files as shown below. These functions will be used to generate the C and

C*+ shared libraries.

myode4bfirstorder.m, yourfunc.m

myode45secondorder.m, yoursecondfunc.m

function [t, y, lengthtime] = myode45firstorder(strfunc, tspan, yO0)

[t, y] = ode45(@yourfunc, tspan, yO, [], strfunc) ;

lengthtime = length(t) ;
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function dydt = yourfunc(t, y, strfunc)

%trick for a function with/without t, y

strfunction = strcat(strfunc, ’+ 0%t + O*xy’) ;

F = inline(strfunction) ;

dydt = feval(F, t, y) ;

function [t, y, lengthtime] = myode45secondorder(strfunc, tspan, y0)

[t,y] = ode45(@yoursecondfunc, tspan, yO, [], strfunc) ;

lengthtime = length(t) ;

function dy = yoursecondfunc(t, y, strfunc)

% example:
% y>? - 2y’ -6y = cos(3t)
%y’ = cos(3t) + 2y’ + 6y

% write an expression string with replace y’ by yprime:

% cos(3*t) + 2xyprime + 6%y

f0 = inline(’yy’) ;
% it creates a function f(x)=x , as fO(yy) = yy
dy(1,:) = feval( £0, y(2) ) ;

%trick for a function with/without t, yprime, y

strfunction = strcat(strfunc, ’+ 0%t + O*yprime + Oxy’) ;

f1 = inline(strfunction) ;

dy(2,:) = feval( f1, t , y(1), y(2) ) ;
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A. FOR C SHARED LIBRARY

1. Write the command in Windows Command Prompt as follows to generate the C shared
library odelib:

mcc -B csharedlib:odelib myode45firstorder.m myode4bsecondorder.m

2. MATLAB Compiler 4.0 will create eight files for this C shared library:

odelib.c odelib.ctf odelib.dll
odelib.exp odelib.exports odelib.h

odelib.1lib odelib_mcc_component_data.c

Add and set these files to the MSVC .Net project as described in Chapter 6.

3. In the following sections, we’ll use the following implemental functions in this library to

solve the common ODE problems (open the file odelib.h to see the names of these functions):

void mlfMyode4bfirstorder(int nargout, mxArray** t, mxArray** y
, mxArray** lengthtime, mxArray* strfunc

, mxArray* tspan, mxArray* yO0);

void mlfMyode45secondorder (int nargout, mxArray** t, mxArray** y
, mxArray** lengthtime, mxArray* strfunc

, mxArray* tspan, mxArray* yO);

B. FOR C+t+ SHARED LIBRARY

1. Write the command in Windows Command Prompt as follows to generate the C shared
library cppodelib:
mcc -W cpplib:cppodelib -T link:lib myode4bfirstorder.m myode45secondorder.m

2. MATLAB Compiler 4.0 will create eight files for this C shared library:

cppodelib.cpp  cppodelib.ctf cppodelib.dll
cppodelib.exp  cppodelib.exports cppodelib.h

cppodelib.1lib cppodelib_mcc_component_data.c

Add and set these files to the MSVC .Net project as described in Chapter 6.
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3. In the following sections, we’ll use the following implemental functions in this library to
solve the common ODE problems (open the file cppodelib.h to see the names of these

functions):

void myode45firstorder(int nargout, mwArray& t, mwArray& y
, mwArray& lengthtime, const mwArray& strfunc

, const mwArray& tspan, const mwArray& yoO);

void myoded4bsecondorder(int nargout, mwArray& t, mwArray& y
, mwArray& lengthtime, const mwArray& strfunc

, const mwArray& tspan, const mwArray& yo0);

10.1 First Order ODE

Problem 1 Find the function, y(t), from the ODE function:

dy
p— Q t
i cos(t)

with initial condition :

Yo = 2.2 at tog=0.2

Note:

1. In solving first order ODE problems, the MATLAB function ode/5(..) has an input

argument that is an interval tspan=[a, b], and the function outputs are two arrays:

e array t[] contains the values of time ¢, ¢t € [a, b]

e array y[ | contains the values of the function y(t)

The beginning of the interval is given, a = t,. The end of the interval, b, is chosen by

the user to show the time range in the problem.
2. The time step is set to the default if you do not provide a time step.

3. The time step can be set by providing tspan=[t, t2,. .., t,] as a vector including the values
of time. The output value y will be a column vector. Each row in the solution array y

corresponds to the time in the column vector tspan.

4. In the following code, we’ll call the implement function mlfMyode45firstorder(..) or my-
oded5firstorder(..) twice. First time, the function is called to obtain the size of the vector

t . Second time, the function is called to get values of t and y.
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5. The ODE function is passed as an expression string to the generated function mlfMy-
oded5firstorder(..) or myoded5firstorder(..) which is a function-function and has an ar-
gument as an expression string. The form of this expression string follows the rule of a

MATLAB expression string.

A. FOR C SHARED LIBRARY
The following is the code to solve Problem 1 by using the function mlfMyode45firstorder(..) in
the generated odelib library with the time step set to default.

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include "Example.h"

int main() {

cout << "ODE problems." << endl;

Test obj ;

cout << "First order ODE." << endl ;

obj.FirstOrder() ;

return O ;

/* Example.h */

#include <iostream.h>

#include "odelib.h"

#include "mxUtilityCompilerVer4.h"

class Test {

public:
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void FirstOrder()

Test O {

mclInitializeApplication(NULL,O0);

odelibInitialize();

}

“Test (0 {

odelibTerminate();

mclTerminateApplication() ;

}

}

/% skskokokskokok ok sk kok ok ok ok ok ok kkokkokokkok %k /

void Test::FirstOrder() {

/* Calculating first order ODE */

const

//const

char strfunc[] = "cos(t)"

char strfunc[] = "2+y"

double db_y0= 2.2

double db_tspan[2]

db_tspan[0]

db_tspan[1]

int i ;

/* step
mxArray
mxArray

mxArray

mxArray
mxArray

mxArray

mxArray

mxArray

0.2

6.5

1 : declare
*mx_strfunc
*mx_y0

*mx_tspan

*mx_length
*mx_t

*mx_y

*mx_dumO1

*mx_dum02

>

3

>

/* initial condition at tO

; /* begin interval tO = 0.2

; /* end interval, we choose this

mxArray variables */

NULL ;
NULL ;

NULL ;
NULL ;
NULL ;

NULL ;

NULL ;

*/

*/
*/



/* step 2 : assign memory */

mx_yO0 = mxCreateDoubleMatrix(1, 1, mxREAL) ;
mx_tspan = mxCreateDoubleMatrix(2, 1, mxREAL) ;
mx_length = mxCreateDoubleMatrix(1, 1, mxREAL) ;
mx_dum0O1 = mxCreateDoubleMatrix (100, 1, mxREAL) ;
mx_dum02 = mxCreateDoubleMatrix (100, 1, mxREAL) ;

/* step 3 : convert C/C++ double to mxArray */

mx_strfunc = mxCreateString(strfunc) ;

double2mxArray_scalarReal (db_y0 , mx_yO )

double2mxArray_vectorReal (db_tspan, mx_tspan ) ;

/* step 4 : call an implemental function */

/* get size of the vector t */
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mlfMyode4bfirstorder (3, &mx_dumOl, &mx_dumO2, &mx_length, mx_strfunc, mx_tspan, mx_yO);

int int_length = (int)mxArray2double_scalarReal (mx_length) ;

cout << "Length = " << int_length << endl;

mx_t = mxCreateDoubleMatrix(int_length, 1, mxREAL) ;

mx_y mxCreateDoubleMatrix(int_length, 1, mxREAL) ;
/* solve the problem */

mlfMyode4b5firstorder(3, &mx_t, &mx_y, &mx_length, mx_strfunc, mx_tspan, mx_yO0);

/* step 5 : convert back to C/C++ double */
double* db_t = new double[int_length] ;

double* db_y = new double[int_length] ;

mxArray2double_vectorReal(mx_t, db_t) ;

mxArray2double_vectorReal (mx_y, db_y) ;
cout << "The column of time" << endl ;

for (i=0 ; i<int_length; i++) {

cout << db_t[i] << endl ;

cout << "The column of the function values y" << endl ;
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for (i=0 ; i<int_length; i++) {

cout << db_y[i] << endl ;

/* step 6 : free memories */
mxDestroyArray (mx_tspan) ;
mxDestroyArray (mx_strfunc);

mxDestroyArray (mx_y0)  ;

mxDestroyArray (mx_t) ;
mxDestroyArray (mx_y) ;

mxDestroyArray (mx_length) ;

mxDestroyArray (mx_dum0O1) ;

mxDestroyArray (mx_dum02) ;

delete [] db_t ;
delete [] db_y ;
}

end code

B. FOR C+t+ SHARED LIBRARY

The following is the code to solve Problem 1 by using the function myode4bfirstorder(..) in the
generated cppodelib library with the time step set to default.

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include "Example.h"

int main() {

cout << "ODE problems." << endl;

Test obj ;

cout << "First order ODE." << endl ;
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obj.First0Order() ;

return 0 ;

/* Example.h */

#include <iostream.h>
#include "cppodelib.h"

#include "mwUtilityCompilerVer4.h"

class Test {

public:

void FirstOrder() ;

Test O A
mclInitializeApplication(NULL,O0);

cppodelibInitialize();

}
“Test O {
cppodelibTerminate () ;

mclTerminateApplication() ;

}

};
/% kskokokkok ok ok 3k kok ok ok ok ok ok ok ok ok ok kok ok /

void Test::FirstOrder() {

/* Calculating first order ODE */
int i ;

mwArray mw_y0(1, 1, mxDOUBLE_CLASS) ;
mw_y0(1,1) = 2.2 ;

mwArray mw_tspan(2, 1, mxDOUBLE_CLASS) ;

mw_tspan(1,1) = 0.2 ; /* begin interval t0 = 0.2 */

mw_tspan(2,1) 6.5 ; /* end interval, we choose this */
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mwArray mw_dum01(100, 1, mxDOUBLE_CLASS) ;
mwArray mw_dum02(100, 1, mxDOUBLE_CLASS) ;

/* convert C/C++ double to mxArray */
mwArray mw_strfunc("cos(t)")

//mwArray mw_strfunc("2+y")

/* call an implemental function */
/* get size of the vector t */
mwArray mw_length(1l, 1, mxDOUBLE_CLASS) ;

myode4bfirstorder (3, mw_dumOl, mw_dum02, mw_length, mw_strfunc, mw_tspan, mw_yO);

int int_length = (int)mw_length(1,1) ;

cout << "Length = " << int_length << endl;

mwArray mw_t(int_length, 1, mxDOUBLE_CLASS) ;
mwArray mw_y(int_length, 1, mxDOUBLE_CLASS) ;

/* solve the problem */

myode45firstorder (3, mw_t, mw_y, mw_length, mw_strfunc, mw_tspan, mw_yO0);

/* convert back to C/C++ double */
double* db_t = new double[int_length] ;

double* db_y = new double[int_length] ;

mwArray2double_vectorReal(mw_t, db_t) ;

mwArray2double_vectorReal (mw_y, db_y) ;

cout << "The column of time" << endl ;
for (i=0 ; i<int_length; i++) {

cout << db_t[i] << endl ;

cout << "The column of the function values y" << endl ;
for (i=0 ; i<int_length; i++) {

cout << db_y[i] << endl ;
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/* free memories */
delete [] db_t ;
delete [] db_y ;

end code

Problem 2 Find the function, y(t), from the ODE function:

dy 2
— = 6.4t° — 3.8ty;
dt Y;

with initial condition :

yo = 1.24 at tp =0.15
This Problem 2 is solved similarly to Problem 1. In the code we just change the expression string:
const char strfunc[] = "6.4%t."2 - 3.8*xtxy"

Remark

To find particular function values we need to set the argument tspan as a column vector includ-
ing the finding time. For example, the following code to find the particular values y at t = 0.15,
0.2, 2.6, and 5.0 in Problem 2.

A. FOR C SHARED LIBRARY

Listing code

void Test::FirstOrderGetParticularValues() {

/* Calculating first order ODE */

const char strfunc[] = "6.4%t."2 - 3.8*txy" ;

double db_yO= 1.24 ; /* initial condition at tO */

double db_tspan[4] ;

db_tspan[0] = 0.15 ; /* begin interval t0 = 0.15 */
db_tspan[1] = 0.2 ; /* choose a particular time t = 0.2 %/
db_tspan[2] = 2.6 ; /* choose a particular time t = 2.6  */
db_tspan[3] = 5.0 ; /* choose a particular time t = 5.0 %/
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int i ;

/* step 1 : declare mxArray variables */
mxArray *mx_strfunc ;

mxArray *mx_yO = NULL ;

mxArray *mx_tspan = NULL ;

mxArray *mx_length = NULL ;

mxArray *mx_t = NULL ;
mxArray *mx_y = NULL ;
mxArray *mx_dumO1 = NULL ;
mxArray *mx_dum02 = NULL ;

/* step 2 : assign memory */

mx_yO0 = mxCreateDoubleMatrix(1, 1, mxREAL) ;
mx_tspan = mxCreateDoubleMatrix(4, 1, mxREAL) ;
mx_length = mxCreateDoubleMatrix(1, 1, mxREAL) ;
mx_dum0O1 = mxCreateDoubleMatrix (100, 1, mxREAL) ;
mx_dum02 = mxCreateDoubleMatrix (100, 1, mxREAL) ;

/* step 3 : convert C/C++ double to mxArray */

mx_strfunc = mxCreateString(strfunc) ;

double2mxArray_scalarReal (db_y0 , mx_yO )

double2mxArray_vectorReal (db_tspan, mx_tspan ) ;

/* step 4 : call an implemental function */

/* get size of the vector t */

mlfMyode4bfirstorder (3, &mx_dumOl, &mx_dumO2, &mx_length, mx_strfunc, mx_tspan, mx_yO);

int int_length = (int)mxArray2double_scalarReal (mx_length) ;

cout << "Length = " << int_length << endl;

mx_t mxCreateDoubleMatrix(int_length, 1, mxREAL) ;

mx_y = mxCreateDoubleMatrix(int_length, 1, mxREAL) ;

/* solve the problem */

mlfMyode4b5firstorder(3, &mx_t, &mx_y, &mx_length, mx_strfunc, mx_tspan, mx_yO0);
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/* step 5 : convert back to C/C++ double */
double* db_t = new double[int_length] ;

double* db_y = new double[int_length] ;

mxArray2double_vectorReal(mx_t, db_t) ;

mxArray2double_vectorReal (mx_y, db_y) ;

cout << "The column of time" << endl ;
for (i=0 ; i<int_length; i++) {

cout << db_t[i] << endl ;

cout << "The column of the function values y" << endl ;
for (i=0 ; i<int_length; i++) {

cout << db_y[i] << endl ;

/* step 6 : free memories */
mxDestroyArray (mx_tspan) ;
mxDestroyArray (mx_strfunc);

mxDestroyArray (mx_y0)

mxDestroyArray(mx_t) ;
mxDestroyArray (mx_y) ;

mxDestroyArray (mx_length) ;

mxDestroyArray (mx_dum0O1) ;

mxDestroyArray (mx_dum02) ;

delete [] db_t ;
delete [] db_y ;
}

end code
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B. FOR C+t+ SHARED LIBRARY

Listing code

void Test::FirstOrderGetParticularValues() {

/* Calculating first order ODE */
int i ;

mwArray mw_y0(1, 1, mxDOUBLE_CLASS) ;
mw_y0(1,1) = 1.24 ;

mwArray mw_tspan(4, 1, mxDOUBLE_CLASS) ;

mw_tspan(1,1) = 0.2 ; /* begin interval t0 = 0.2 */

mw_tspan(2,1) 6.5 ; /* end interval, we choose this */

mw_tspan(1,1) = 0.15 ; /* begin interval tO = 0.15 */
mw_tspan(2,1) = 0.2 ; /* choose a particular time t = 0.2  */
mw_tspan(3,1) = 2.6 ; /* choose a particular time t = 2.6  */
mw_tspan(4,1) = 5.0 ; /* choose a particular time t = 5.0  */

mwArray mw_dum01(100, 1, mxDOUBLE_CLASS) ;
mwArray mw_dum02(100, 1, mxDOUBLE_CLASS) ;

/* convert C/C++ double to mxArray */

mwArray mw_strfunc("6.4*xt.”2 - 3.8*t*y")

/* call an implemental function */
/* get size of the vector t */
mwArray mw_length(l, 1, mxDOUBLE_CLASS) ;

myode45firstorder (3, mw_dumO1l, mw_dum02, mw_length, mw_strfunc, mw_tspan, mw_yO0);

int int_length = (int)mw_length(1,1) ;

cout << "Length = " << int_length << endl;

mwArray mw_t(int_length, 1, mxDOUBLE_CLASS) ;

mwArray mw_y(int_length, 1, mxDOUBLE_CLASS) ;

/* solve the problem */

myode45firstorder(3, mw_t, mw_y, mw_length, mw_strfunc, mw_tspan, mw_yO0);



165

/* convert back to C/C++ double */
double* db_t = new double[int_length] ;

double* db_y = new double[int_length] ;

mwArray2double_vectorReal(mw_t, db_t) ;

mwArray2double_vectorReal (mw_y, db_y) ;

cout << "The column of time" << endl ;
for (i=0 ; i<int_length; i++) {

cout << db_t[i] << endl ;

cout << "The column of the function values y" << endl ;
for (i=0 ; i<int_length; i++) {

cout << db_y[i] << endl ;

/* free memories */
delete [] db_t ;

delete [] db_y ;

end code

10.2 Second Order ODE

Problem 3 Find the function y(t), and its derivative y'(¢) from the ODE function,

y" — 2y — 6y = cos(3t)
with initial conditions :

at tp=0.12, y =02 and vy, =11



166

10.2.1 Analysis of second order ODE

1. To solve Problem 3 by writing M-files, we can write an M-file mysecondfunc.m as follows:

function dy = mysecondfunc(t, y)

dy = [y(2) ; cos(3*t) + 2xy(2) + 6*xy(1)] ;

and in MATLAB Command Window write:

>> tspan = [1.2 ; 2.5] ;
>> ybc = [0.2 ; 1.1] ;
>> [t,y] = ode45(@mysecondfunc, tspan, ybc)

2. To explain the code in the M-file mysecondfunc.m, we rewrite and set from the provided

equation :

Yy=u
Y =2
v =y

Problem 3 then becomes:

y" = cos(3t) + 2y’ + 6y

= cos(3t) + 2y2 + 6y1
This is the second expression in the M-file mysecondfunc.m.

3. The function mysecondfunc(..) which is passed to the ode function ode45(..) has a return

including two arrays:

e First array is the first derivative of the function y, as y(2)
e Second array is the second derivative of the function y, as

cos(3*t) + 2xy(2) + 6%y(1) ;

The M-file yoursecondfunc.m, with which we use for creating a C shared library odelib or

a Ct+ library eppodelib, as shown in above, also has a return including two arrays:

e First array is the first derivative of the function y, as follows:

f0 = inline(’yy’) ;
dy(1,:) = feval( £0, y(2) ) ;
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e Second array is the second derivative of the function y, as follows:
cos(3*t) + 2xy(2) + 6xy(1) ;

This second array is represented in the code:

f1 = inline(strfunction) ;

dy(2,:) = feval( f1, t , y(1), y(2) ) ;

10.2.2 Using a second order ODE function

As explain in above, we have an easy way to use the generated function mlfMyode45secondorder(..)
in the C shared library odelib or myode45secondorder(..) in the C*+ shared library cppodelib
to solve second order ODE problems by following the steps:

1. Write your ode-function with second derivative in the left-hand-side, for example:

y" = cos(3t) + 2y + 6y

2. Rewrite your ode-function as an MATLAB expression string, for example:

y’? = cos(3xt) + 2%y’ + 6%y

3. Replace y’ by yprime, for example:

y’? = cos(3xt) + 2*xyprime + 6%y

4. Use the right-hand-side as a string to use in the code, for example:

constchar strfunc[] = "cos(3*t) + 2*yprime + 6*y" ;

A. FOR C SHARED LIBRARY
The following is the code to solve Problem 3 by using the function mlfMyode45secondorder(..)

in the generated odelib library to solve second order ODE problems.

Listing code

void Test::SecondOrder() {

/* Calculating second order ODE */

//const char strfunc[] = "cos(t)" ;

const char strfunc[] = "cos(3%t) + 2*yprime + 6%y" ;
double db_ybc[2] ; /* y boundary conditions */
db_ybc[0] = 0.2 ; /* initial condition of y at t0 */
db_ybc[1] = 1.1 ; /* initial condition of y’ at tO */

double db_tspan[2] ;
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db_tspan[0] = 1.2 ; /* begin interval tO = 1.2 */
db_tspan[1] = 2.5 ; /* end interval, we choose this  */
int i ;

/* step 1 : declare mxArray variables */
mxArray *mx_strfunc ;
mxArray *mx_ybc = NULL ;

mxArray *mx_tspan = NULL ;

mxArray *mx_length = NULL ;

mxArray *mx_t = NULL ;
mxArray *mx_y = NULL ;
mxArray *mx_dumO1 = NULL ;
mxArray *mx_dum02 = NULL ;

/* step 2 : assign memory */

mx_ybc = mxCreateDoubleMatrix(2, 1, mxREAL) ;
mx_tspan = mxCreateDoubleMatrix(2, 1, mxREAL) ;
mx_length = mxCreateDoubleMatrix(1, 1, mxREAL) ;
mx_dum0O1 = mxCreateDoubleMatrix (100, 1, mxREAL) ;
mx_dum02 = mxCreateDoubleMatrix (100, 1, mxREAL) ;

/* step 3 : convert C/C++ double to mxArray */
mx_strfunc = mxCreateString(strfunc) ;
double2mxArray_vectorReal (db_ybc , mx_ybc )

double2mxArray_vectorReal (db_tspan, mx_tspan )

/* step 4 : call an implemental function */
/* get size of the vector t */
mlfMyode45secondorder (3, &mx_dumOl, &mx_dum02, &mx_length, mx_strfunc, mx_tspan, mx_ybc);

int int_length = (int)mxArray2double_scalarReal (mx_length) ;

mx_t = mxCreateDoubleMatrix(int_length, 1, mxREAL) ;

mx_y = mxCreateDoubleMatrix(int_length, 2, mxREAL) ;

/* solve the problem */
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mlfMyode4b5secondorder(3, &mx_t, &mx_y, &mx_length, mx_strfunc, mx_tspan, mx_ybc);

cout << "Length = " << int_length << endl ;

/* step 5 : convert back to C/C++ double */
double* db_t = new double[int_length] ;

mxArray2double_vectorReal(mx_t, db_t) ;

doublex* db_y ;
db_y = new double*[int_length] ;
for(i=0; i<int_length; i++) {

db_y[i] = new double [2] ;

mxArray2double_vectorReal(mx_t, db_t) ;

mxArray2double_matrixReal (mx_y, db_y) ;

cout << "The column of time" << endl ;
for (i=0 ; i<int_length; i++) {

cout << db_t[i] << endl ;

cout << "The column of the function values y :" << endl ;
/* first column of the matrix y */
for (i=0 ; i<int_length; i++) {

cout << db_y[i][0] << endl ;

cout << "The column of the first derivative y’ :" << endl ;
/* second column of the matrix y */
for (i=0 ; i<int_length; i++) {

cout << db_y[i][1] << endl ;

/* step 6 : free memories */
mxDestroyArray (mx_strfunc);
mxDestroyArray (mx_tspan) ;

mxDestroyArray (mx_ybc) ;

mxDestroyArray (mx_t) ;
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mxDestroyArray (mx_y) ;

mxDestroyArray (mx_length) ;

mxDestroyArray (mx_dum01) ;

mxDestroyArray (mx_dum02) ;

delete [] db_t ;
delete [] db_y ;
}

end code

B. FOR C+t+ SHARED LIBRARY

The following is the code to solve Problem 3 by using the function myode45secondorder(..) in

the generated ecppodelib library to solve second order ODE problems.

Listing code

/* 3k 3k >k >k 3k 3k 3k 3k 3k %k %k 3k 3k 3k 5k >k %k %k 3k 3k 3k %k %k %k Xk 3k 3k k */

void Test::SecondOrder() {

/* Calculating second order ODE */
int i ;

mwArray mw_ybc(2, 1, mxDOUBLE_CLASS) ;

mw_ybc(1,1) 0.2 ;

mw_ybc(2,1) 1.1 ;

mwArray mw_tspan(2, 1, mxDOUBLE_CLASS) ;

mw_tspan(1,1) = 1.2 ; /* begin interval t0 = 0.2 */

mw_tspan(2,1) 2.5 ; /* end interval, we choose this */
mwArray mw_dumO1(100, 1, mxDOUBLE_CLASS) ;
mwArray mw_dum02(100, 1, mxDOUBLE_CLASS) ;

mwArray mw_strfunc("cos(3*t) + 2*yprime + 6xy") ;

/* call an implemental function */
/* get size of the vector t */
mwArray mw_length(1l, 1, mxDOUBLE_CLASS) ;

myode4b5secondorder (3, mw_dumO1, mw_dum02, mw_length, mw_strfunc, mw_tspan, mw_ybc);
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int int_length = (int)mw_length(1,1) ;

cout << "Length = " << int_length << endl;

mwArray mw_t(int_length, 1, mxDOUBLE_CLASS) ;

mwArray mw_y(int_length, 1, mxDOUBLE_CLASS) ;

/* solve the problem */

myode4bsecondorder (3, mw_t, mw_y, mw_length, mw_strfunc, mw_tspan, mw_ybc);

/* convert back to C/C++ double */
double* db_t = new double[int_length] ;

mwArray2double_vectorReal(mw_t, db_t) ;

doublex* db_y ;
db_y = new double*[int_length] ;
for(i=0; i<int_length; i++) {

db_y[i] = new double [2] ;

mwArray2double_vectorReal(mw_t, db_t) ;

mwArray2double_matrixReal (mw_y, db_y) ;

cout << "The column of time" << endl ;
for (i=0 ; i<int_length; i++) {

cout << db_t[i] << endl ;

cout << "The column of the function values y :" << endl ;
/* first column of the matrix y */
for (i=0 ; i<int_length; i++) {

cout << db_y[i][0] << endl ;

cout << "The column of the first derivative y’ :" << endl ;
/* second column of the matrix y */
for (i=0 ; i<int_length; i++) {

cout << db_y[i][1] << endl ;

/* free memories */
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delete [] db_t ;

delete [] db_y ;

end code

Note:

1. In solving second order ODE problem, the output matrix y includes two columns: The first

column is values of the function y(t) and the second column is values of the first derivative

y'(t).

2. In this chapter we describe the methods to solve ODE problems by passing your ode-
function to the C/C++ code. These methods are useful when your function are changing
in the run-time or your function is provided in an application. If your ode-function is known
in the design time, you can call directly. For example, the M-file myotherode.m as follow

below will directly call the M-file mysecondfunc.m:

function dy = mysecondfunc(t, y)

dy = [y(2) ; cos(3*t) + 2*xy(2) + 6*xy(1)] ;

function [t, y, lengthtime] = myotherode(tspan, yO0)

[t,y] = ode45(@mysecondfunc, tspan, y0) ;

lengthtime = length(t) ;



Chapter 11

Integration

In this chapter we’ll generate a C shared library integrationlib and a C*t+ shared library
cppintegrationlib from common M-files working on problems of single and double integrations.
The generated functions of these libraries will be used in a MSVC .Net project to solve the inte-

gral problems.

Following are steps to create a C shared library integrationlib.dll and a C*+ shared library cp-

pintegrationlib.dll which will be used to solve integral problems in the next sections.

We will write the M-files myquad.m and mydblquad.m. These functions will be used to generate
the C and C*+ shared libraries.

function y = myquad(strfunc, a, b)

]
1]

inline(strfunc) ;

quad(F, a, b) ;

(9%
]

function dbint = mydblquad(strfunc, x1, x2, yi, y2)

F = inline(strfunc) ;

dbint = dblquad(F, x1, x2, y1, y2) ;
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A. FOR C SHARED LIBRARY

1. Write the command in Windows Command Prompt as follows to create a C shared library
integrationlib.

mcc -B csharedlib:integrationlib myquad.m mydblquad.m

2. MATLAB Compiler 4.0 will create eight files for this library:

integrationlib.c integrationlib.ctf integrationlib.dll
integrationlib.exp integrationlib.exports integrationlib.h

integrationlib.lib  integrationlib_mcc_component_data.c

Add and set these files to the MSVC .Net project as described in Chapter 6.

In the following sections, we’ll use the following implemental functions in this library to solve
the common problems in the integration (open the file integrationlib.h to see the names of these

functions):

void mlfMyquad(int nargout, mxArray** y, mxArray* strfunc

, mxArray* a, mxArray* b);

void mlfMydblquad(int nargout, mxArray** dbint
, mxArray* strfunc, mxArray* x1

, mxArray* x2, mxArray* yl, mxArray* y2);

B. FOR C+t+ SHARED LIBRARY

1. Write the command in Windows Command Prompt as follows to create a C*t+ shared
library integrationlib.

mcc -W cpplib:cppintegrationlib -T link:lib myquad.m mydblquad.m

2. MATLAB Compiler 4 will create eight files for this library:

cppintegrationlib.c cppintegrationlib.ctf cppintegrationlib.dll
cppintegrationlib.exp cppintegrationlib.exports cppintegrationlib.h

cppintegrationlib.lib cppintegrationlib_mcc_component_data.c

Add and set these files to the MSVC .Net project as described in Chapter 6.

In the following sections, we’ll use the following implemental functions in this library to solve the
common problems in the integration (open the file cppintegrationlib.h to see the names of these

functions):
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void myquad(int nargout, mwArray& y, const mwArray& strfunc

, const mwArray& a, const mwArray& b);

void mydblquad(int nargout, mwArray& dbint, const mwArray& strfunc
, const mwArray& x1, const mwArray& x2

, const mwArray& yl, const mwArray& y2);

11.1 Single Integration

Problem 1 Calculate the integration :

3
= /O (sin(x) + x2)dac

A. FOR C SHARED LIBRARY

The following is the code to solve Problem 1 by using the functions mlfMyquad(..) in the C
shared library integrationlib. The function mlfMyquad(..) used a MATLAB function quad(..)
with default as shown in the M-file myquad.m. To use more options see this function quad(..)

refer to [7].

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include "Example.h"

int main() {

cout << "Single integration:" << endl;

Test obj ;

obj.singleIntegration() ;

cout << endl;

return O ;
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/* Example.h */

#include <iostream.h>
#define _USE_MATH_DEFINES

#include <math.h>

#include "integrationlib.h"

#include "mxUtilityCompilerVer4.h"

class Test {

public:
void singleIntegration();

void dbIntegration() ;

Test () {
mclInitializeApplication(NULL,O0);
integrationlibInitialize();

}
“Test O {
integrationlibTerminate();

mclTerminateApplication() ;

}

}

/% skskokokskokok ok sk kok ok ok ok ok ok kkokkokokkok %k /

void Test::singleIntegration()

{

const char strfunc[] = "sin(x) + x."2" ;

double db_beginInterval = 0 ;

double db_endInterval 3*M_PI ; // using the value pi in math.h
/* step 1 : declare mxArray variables */
mxArray *mx_strfunc ;

mxArray *mx_beginInterval = NULL ;
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mxArray *mx_endInterval = NULL ;

mxArray *mx_y NULL ;

/* step 2 : assign memory */

mx_beginInterval = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_endInterval mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_y mxCreateDoubleMatrix (1, 1, mxREAL) ;

/* step 3 : convert C/C++ double to mxArray */

mx_strfunc = mxCreateString(strfunc) ;
double2mxArray_scalarReal (db_beginInterval, mx_beginInterval) ;

double2mxArray_scalarReal (db_endInterval , mx_endInterval ) ;

/* step 4 : call an implemental function */

mlfMyquad (1, &mx_y, mx_strfunc, mx_beginInterval, mx_endInterval);

/* step 5 : convert back to C/C++ double */
double db_y ;
db_y = mxArray2double_scalarReal(mx_y) ;

cout << " I =" << db_y ;

/* step 6 : free memories */
mxDestroyArray (mx_beginInterval ) ;

mxDestroyArray (mx_endInterval ) ;

mxDestroyArray (mx_y )
mxDestroyArray (mx_strfunc ) ;
}

end code

B. FOR Ct1t SHARED LIBRARY
The following is the code to solve Problem 1 by using the functions myquad(..) in the Ct+ library
cppintegrationlib. The function myquad(..) used a MATLAB function quad(..) with an op-

tion as shown in the M-file myquad.m. To use more options see this function quad(..) refer to [7].
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Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include "Example.h"

int main() {
cout << "Single integration:" << endl;
Test obj ;

obj.singleIntegration() ;

return O ;

/* Example.h */

#include <iostream.h>
#define _USE_MATH_DEFINES

#include <math.h>

#include "cppintegrationlib.h"

#include "mwUtilityCompilerVer4.h"

class Test {
public:

void singleIntegration() ;

Test O {
mclInitializeApplication(NULL,O0);
cppintegrationlibInitialize();

}

“Test O {
cppintegrationlibTerminate();
mclTerminateApplication();

}
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/* 3k 3k >k >k 3k 3k 3k 3k 5k %k %k 3k 3k 3k 5k 5k %k %k 3k 3k 3k %k %k %k Xk > 3k k */

void Test::singleIntegration() {

double db_beginInterval 0 ;

double db_endInterval 3*M_PI ; // using the value pi in math.h

/* assign memory */
mwArray mw_beginInterval(l,1, mxDOUBLE_CLASS) ;

mw_beginInterval = db_beginInterval ;

mwArray mw_endInterval(l,1, mxDOUBLE_CLASS) ;

mw_endInterval = db_endInterval ;
mwArray mw_strfunc("sin(x) + x.72");
/* call an implemental function */
mwArray mw_y(1, 1, mxDOUBLE_CLASS) ;

myquad(l, mw_y, mw_strfunc, mw_beginInterval, mw_endInterval);

/* convert back to C/C++ double */

double db_y = (double) mw_y(1,1) ;

cout <<« " I " << db_y << endl ;

end code ——M8M

Note

1. The generated function mlfMyquad(..) or myquade(..) is a function-function and has an
argument as an expression string. The form of this expression string follows the rule of a

MATLAB expression string.

2. See the MATLAB function quad(..) for the other method to calculate the single integration.

11.2 Double-Integration

Problem 2 Calculate the double-integration:

I:/Q/ (sin(x)+x2+y3)da:dy
o Jo
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A. FOR C SHARED LIBRARY
The following is the code to solve Problem 2 using the functions mlfMydblquad(..) in the C

library integrationlib. The function mlfMydblquad(..) used a MATLAB function dblquad(..)
with an option as shown in the M-file mydblquad.m. To use more options see this function

dblquad(..) refer to [7].

Listing code

void Test::dbIntegration()
{

const char strfunc[] = "sin(x) + x.72 + y."3" ;

double db_x1 0 ;

double db_x2 3*M_PI ; // using the value pi in math.h

0 ;

double db_y1l

double db_y2 = M_PI ;

/* step 1 : declare mxArray variables */
mxArray *mx_strfunc ;
mxArray *mx_x1 = NULL ;

mxArray *mx_x2 = NULL ;

mxArray *mx_yl = NULL ;

mxArray *mx_y2 = NULL ;

mxArray *mx_II = NULL ;

/* step 2 : assign memory */

mx_x1 = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_x2 = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_yl = mxCreateDoubleMatrix(1l, 1, mxREAL) ;

mx_y2 = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_II = mxCreateDoubleMatrix(1, 1, mxREAL) ;

/* step 3 : convert C/C++ double to mxArray */
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mx_strfunc = mxCreateString(strfunc) ;
double2mxArray_scalarReal (db_x1, mx_x1) ;

double2mxArray_scalarReal (db_x2, mx_x2) ;

double2mxArray_scalarReal (db_yl, mx_y1) ;

double2mxArray_scalarReal (db_y2, mx_y2) ;

/* step 4 : call an implemental function */

mlfMydblquad(1l, &mx_II, mx_strfunc, mx_x1, mx_x2, mx_yl, mx_y2) ;

/* step 5 : convert back to C/C++ double */
double db_ITI ;
db_II = mxArray2double_scalarReal (mx_II) ;

cout << " II = " << db_II ;
/* step 6 : free memories */
mxDestroyArray (mx_strfunc) ;
mxDestroyArray(mx_x1 ) ;

mxDestroyArray (mx_x2 ) ;

mxDestroyArray (mx_yl ) ;

mxDestroyArray (mx_y2 ) ;

mxDestroyArray(mx_II ) ;

end code

B. FOR Ct1t SHARED LIBRARY

The following is the code to solve Problem 2 using the functions mydblquad(..) int the C++
library cppintegrationlib. The function mydblquad(..) used a MATLAB function dblquad(..)
with an option as shown in the M-file mydblquad.m. To use more options see this function
dblquad(..) refer to [7].

Listing code

void Test::dbIntegration() {

mwArray mw_x1(1,1, mxDOUBLE_CLASS) ;
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mw_x1 =0 ;

mwArray mw_x2(1,1, mxDOUBLE_CLASS) ;

mw_x2 = 3*M_PI ; // using the value pi in math.h

mwArray mw_y1(1,1, mxDOUBLE_CLASS) ;

mw_yl = 0 ;

mwArray mw_y2(1,1, mxDOUBLE_CLASS) ;

mw_y2 = M_PI ;

mwArray mw_strfunc("sin(x) + x.72 + y."3") ;

/* call an implemental function */

mwArray mw_II(1, 1, mxDOUBLE_CLASS) ;

mydblquad (1, mw_II, mw_strfunc, mw_x1, mw_x2, mw_yl, mw_y2) ;

/* convert back to C/C++ double x*/

double db_II (double) mw_II(1,1) ;

cout << " II

" << db_IT ;

end code




Chapter 12

Curve Fitting and Interpolations

In this chapter we’ll generate a C shared library curvefittinglib and a C*t+ shared library
cppcurvefittinglib from common M-files working on curve fitting problems. The generated func-

tions of these libraries will be used in MSVC .Net project to solve common curve fitting problems.

Following are steps to create a C shared library curvefittinglib.dll and a C*+ shared library cp-

pcurvefittinglib.dll which will be used to solve curve fitting problems in the next sections.

We will write the M-files as shown below. These functions will be used to generate the C and

C+*+ shared libraries.

myinterpl.m, myinterp2.m, mypolyfit.m, mypolyval.m,

mymeshgrid.m, mygriddata.m, and myfinemeshgrid.m

function yi = myinterpl(x,y,xi)

yi = interpl(x,y,xi) ;

function ZI = myinterp2(X,Y,Z,XI,YI,method)

ZI = interp2(X,Y,Z,XI,YI,method) ;

function p = mypolyfit(x,y,n)

p = polyfit(x,y,n) ;
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function y = mypolyval(p,x)

y = polyval(p,x) ;

function [X,Y] = mymeshgrid(vectorstepx, vectorstepy)

%Using two colons to create a vector with increments between

%first and end elements.

[X,Y] = meshgrid( vectorstepx(l):vectorstepx(2):vectorstepx(3),

vectorstepy (1) :vectorstepy(2) :vectorstepy(3) ) ;

function ZI = mygriddata(x,y,z,XI,YI)

ZI = griddata(x,y,z,XI,YI) ;

function [row,col] = myfinemeshgrid(vectorstepx, vectorstepy)

#Using two colons to create a vector with increments between

%first and end elements.

[X,Y] = meshgrid( vectorstepx(l):vectorstepx(2):vectorstepx(3),

vectorstepy (1) :vectorstepy(2) :vectorstepy(3) ) ;

[row, col] = size(X) ;

A. FOR C SHARED LIBRARY

1. Write the command in Windows Command Prompt to create a C shared library

curvefittinglib as follows:

mcc -B csharedlib:curvefittinglib myinterpl.m myinterp2.m mypolyfit.m

mypolyval.m mymeshgrid.m mygriddata.m myfinemeshgrid.m

2. MATLAB Compiler 4.0 will create eight files for this C shared library:
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curvefittinglib.c curvefittinglib.ctf curvefittinglib.dll
curvefittinglib.exp curvefittinglib.exports curvefittinglib.h

curvefittinglib.lib  curvefittinglib_mcc_component_data.c

Add and set these files to the MSVC .Net project as described in Chapter 6.
Note: In this chapter we use typical functions to solve the particular problems. There are

another options and MATLAB functions to solve the curve fitting problems, refer to [7].

3. In the following sections, we’ll use the following implemental functions in this library to
solve the common curve fitting problem (open the file curvefittinglib.h to see the names of

these functions):

void mlfMyinterpl(int nargout, mxArray** yi, mxArray* x

, mxArray* y, mxArray* xi);

void mlfMyinterp2(int nargout, mxArray*x ZI, mxArray* X
, mxArray* Y, mxArray* Z, mxArray* XI

, mxArray* YI, mxArray* method) ;

void mlfMypolyfit(int nargout, mxArray** p, mxArray* x

, mxArray* y, mxArray* n);

void mlfMypolyval(int nargout, mxArray** y, mxArray* p, mxArray* Xx);

void mlfMymeshgrid(int nargout, mxArray** X, mxArray** Y

, mxArray* x, mxArray* y);

void mlfMygriddata(int nargout, mxArray** ZI, mxArray* x, mxArray* y

, mxArray* z, mxArray* XI, mxArrayx YI);

B. FOR C+t+ SHARED LIBRARY

1. Write the command in Windows Command Prompt to create a Ct+ shared library

cppcurvefittinglib as follows:

mcc -W cpplib:cppcurvefittinglib -T link:1ib myinterpl.m myinterp2.m mypolyfit.m

mypolyval.m mymeshgrid.m mygriddata.m myfinemeshgrid.m

2. MATLAB Compiler 4 will create eight files for this C*+ shared library:
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cppcurvefittinglib.cpp cppcurvefittinglib.ctf cppcurvefittinglib.dll
cppcurvefittinglib.exp cppcurvefittinglib.exports cppcurvefittinglib.h

cppcurvefittinglib.lib cppcurvefittinglib_mcc_component_data.c

Add and set these files to the MSVC .Net project as described in Chapter 6.
Note: In this chapter we use typical functions to solve the particular problems. There are

another options and MATLAB functions to solve the curve fitting problems, refer to [7].

In the following sections, we’ll use the following implemental functions in this library to
solve the common curve fitting problem (open the file cppcurvefittinglib.h to see the names

of these functions):

void myinterpl(int nargout, mwArray& yi, const mwArray& x

, const mwArray& y, const mwArray& xi);

void myinterp2(int nargout, mwArray& ZI, const mwArray& X
, const mwArray& Y, const mwArray& Z, const mwArray& XI

, const mwArray& YI, const mwArray& method) ;

void mypolyfit(int nargout, mwArray& p, const mwArray& x

, const mwArray& y, const mwArray& n);

void mypolyval(int nargout, mwArray& y, const mwArray& p, const mwArray& x);

void mymeshgrid(int nargout, mwArray& X, mwArray& Y
, const mwArray& vectorstepx

, const mwArray& vectorstepy);

void mygriddata(int nargout, mwArray& ZI, const mwArray& x
, const mwArray& y, const mwArray& z

, const mwArray& XI, const mwArray& YI);

void myfinemeshgrid(int nargout, mwArray& row, mwArray& col
, const mwArray& vectorstepx

, const mwArray& vectorstepy);
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12.1 Polynomial Curve Fitting

This section describe how to use the functions in the generated libraries to to find the coefficients
of a polynomial function that fits a set of data in the least-squares sense. An array c representing

these coefficients is in the polynomial form:
fx) =crz™ 4+ cox™ P ez 2 4 ep F Cpya (12.1)

Problem 1 There are two arrays X and Y which have a relationship via a function, y = f(x),

reXandyeY.

input Array X ={1,2,3,4,5,6}
Array Y = { 6.8, 50.2, 140.8, 280.5, 321.4, 428.6 }
output Finding an array c of the polynomial function in Eq. 12.1 with degree n=3;
since degree n=3, the function y = f(x) has the form:
Yy = a1z + cox® + c3T + Cy

Calculating the interpolation value of the function y(z), at = 2.2

A. FOR C SHARED LIBRARY
The following is the code to solve Problem 1. In the code, we will use the function mlfMypoly-
fit(..) with degree of n = 3 to obtain the coefficient array, and use the function mlfMypolyval(..)

to calculate the function value.

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)
#include "Example.h"

int main() {
cout << "Curve Fitting:" << endl;
Test obj ;

obj.PolynomialFittingCurve() ;

return 0 ;
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/* Example.h */

#include <iostream.h>
#include "curvefittinglib.h"

#include "mxUtilityCompilerVer4.h"

class Test {

public:

void PolynomialFittingCurve() ;

Test () {
mclInitializeApplication(NULL,O0);
curvefittinglibInitialize();

}
“Test O {
curvefittinglibTerminate();
mclTerminateApplication() ;
}
s

/% skskokokskokok ok sk kok ok ok ok ok ok kkokkokokkok %k /

void Test::PolynomialFittingCurve() {

double db_X[6] = {1, 2, 3, 4, 5, 6 } ;

double db_Y[6] { 6.8, 50.2, 140.8, 280.5, 321.4, 428.6 };

double db_three
double db_oneValue = 2.2 ;

/* step 1 : declare mxArray variables */

mxArray *mx_X = NULL ;
mxArray *mx_Y = NULL ;
mxArray *mx_coefs = NULL ;

mxArray *mx_three = NULL ;



mxArray *mx_oneValue

mxArray *mx_funcValue

/* step 2 :

int vectorSize = 6 ;

mx_X

mx_Y

mx_coefs
mx_three
mx_oneValue = mxCreateDoubleMatrix (1,

mx_funcValue=

/* step 3 :

= NULL ;
= NULL ;

assign memory */

= mxCreateDoubleMatrix (1, vectorSize,

= mxCreateDoubleMatrix (1, vectorSize,

= mxCreateDoubleMatrix (1,

= mxCreateDoubleMatrix (1,

mxCreateDoubleMatrix (1,

4

convert C/C++ double to mxArray */

double2mxArray_vectorReal (db_X, mx_X) ;

double2mxArray_vectorReal (db_Y, mx_Y) ;

double2mxArray_scalarReal (db_three

, mx_three

>

mxREAL)
mxREAL)

mxREAL)

mxREAL)

mxREAL)

mxREAL)

)

double2mxArray_scalarReal (db_oneValue, mx_oneValue) ;

/* step 4 :

call an implemental function */

mlfMypolyfit(1l, &mx_coefs, mx_X, mx_Y, mx_three);

/* step 5 :

double *db_coefs = new

double [4]

>

convert back to C/C++ double */

mxArray2double_vectorReal (mx_coefs, db_coefs) ;

/* print out */

cout

cout

cout

cout

cout

<<

<<

<<

<<

<<

"The polynomial:" << endl

db_coefs[0] <<
db_coefs[1] <<
db_coefs[2] <<
db_coefs[3] <<

" x"3 " L
"xT2 "L
"x " <<
endl;

/* calculate the function value at oneValue */

mlfMypolyval(l, &mx_funcValue, mx_coefs, mx_oneValue);

double db_funcValue =

cout << "The function value at 2.2 is:

/* step 6 :

mxDestroyArray (mx_X )

free memories */

" << db_funcValue << endl ;

mxArray2double_scalarReal (mx_funcValue) ;
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mxDestroyArray(mx_Y )  ;

mxDestroyArray (mx_coefs) ;
mxDestroyArray (mx_three )
mxDestroyArray (mx_oneValue ) ;

mxDestroyArray (mx_funcValue) ;

delete [ldb_coefs ;

end code

B. FOR Ct+t SHARED LIBRARY
The following is the code to solve Problem 1. In the code, we will use the function mypolyfit(..)
with degree of n = 3 to obtain the coefficient array, and use the function mypolyval(..) to calcu-

late the function value.

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include "Example.h"

int main() {

cout << "Curve Fitting:" << endl ;

Test obj ;

cout << "1. Polynomial" << endl ;

obj.PolynomialFittingCurve() ;

return O ;

/* Example.h */

#include <iostream.h>

#include "cppcurvefittinglib.h"
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#include "mwUtilityCompilerVer4.h"

class Test {

public:

void PolynomialFittingCurve() ;

Test O A{
mclInitializeApplication(NULL,O0);
cppcurvefittinglibInitialize();

}

“Test O {
cppcurvefittinglibTerminate();

mclTerminateApplication();

}

}

/* 3k 3k >k >k 3k 3k 5k 3k %k >k >k 3k 5k 3k 5k >k %k %k 3k 3k %k %k %k %k %k > >k k */

void Test::PolynomialFittingCurve() {

double db_X[6] = {1, 2, 3, 4, 5, 6 } ;

double db_Y[6] { 6.8, 50.2, 140.8, 280.5, 321.4, 428.6 };

]
[}

int vectorSize

/* convert C/C++ double to mwArray */
mwArray mw_X(1, vectorSize, mxDOUBLE_CLASS) ;

mw_X.SetData(db_X, vectorSize) ;

mwArray mw_Y(1, vectorSize, mxDOUBLE_CLASS) ;

mw_Y.SetData(db_Y, vectorSize) ;

/* call an implemental function */
mwArray mw_three(l, 1, mxDOUBLE_CLASS) ;

mw_three(1,1) = 3 ;

mwArray mw_coefs(1l, 4, mxDOUBLE_CLASS) ;

mypolyfit(1l, mw_coefs, mw_X, mw_Y, mw_three);
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/* convert back to C/C++ double */
double *db_coefs = new double [4] ;

mwArray2double_vectorReal (mw_coefs, db_coefs) ;

/* print out */

cout << "The polynomial:" << endl ;

cout << db_coefs[0] << " x"3 " << " + " ;
cout << db_coefs[1] << " x™2 " << " + " ;
cout << db_coefs[2] << " x " <"+,

cout << db_coefs[3] << endl;

/* calculate the function value at oneValue */
mwArray mw_funcValue(1l, 1, mxDOUBLE_CLASS) ;
mwArray mw_oneValue(1l, 1, mxDOUBLE_CLASS) ;

mw_oneValue(1,1) = 2.2 ;

mypolyval(l, mw_funcValue, mw_coefs, mw_oneValue);
/* convert back to C/C++ double */

double db_funcValue = (double)mw_funcValue(1,1) ;

cout << "The function value at 2.2 is: " << db_funcValue << endl ;

/* free memories */

delete []db_coefs ;

end code

12.2 One-Dimensional Polynomial Interpolation

This section describe how to use the functions in the generated libraries to solve an one-dimensional
interpolation problem. This function uses polynomial techniques to evaluate value of a function

at a desired interpolation point.

Problem 2 There are two arrays X and Y have a relationship via a function, y = f(z),

reXandyeY.



input

output

Array X ={1,2,3,4,5,6,7,8}
Array Y = { 6.8, 24.6, 50.2, 74, 140.8, 280.5, 321.4, 428.6 }

Finding the interpolation function value at x = a, where a = 2.1
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The following is the code to solve Problem 2. In the code, you will use the function mlfMyin-

terpl(..) or myinterpl(..) with the default method (liner method) to solve the problem. To learn

more about other possible methods see the MATLAB function interl(..) in [6].

A. FOR C SHARED LIBRARY

Listing code

void Test::0OneDimensionInterpolation()

double db_X[8]
double db_Y[8]

double db_oneValue =

/* step 1 :
mxArray *mx_X

mxArray *mx_Y

declare

mxArray *mx_oneValue

mxArray *mx_funcValue

/* step 2 :

int vectorSize = 6 ;

mx_X =

mx_Y =

mx_oneValue =

mx_funcValue=

/* step 3 :

double2mxArray_vectorReal (db_X, mx_X) ;

double2mxArray_vectorReal (db_Y, mx_Y) ;

mxCreateDoubleMatrix (1, vectorSize,

mxCreateDoubleMatrix (1, vectorSize,

mxCreateDoubleMatrix (1,

mxCreateDoubleMatrix (1,

2.1

NULL
NULL

assign memory

3

NULL

NULL ;

*/

{1, 2,3, 4,5,6,7,8%};

mxArray variables */

>

>

convert C/C++ double to mxArray */

{ 6.8, 24.6, 50.2, 74, 140.8, 280.5, 321.4, 428.6 };

mxREAL)
mxREAL)

mxREAL)
mxREAL)
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double2mxArray_scalarReal (db_oneValue, mx_oneValue) ;

/* step 4 : call an implemental function */

mlfMyinterpl (1, &mx_funcValue, mx_X, mx_Y, mx_oneValue);

/* step 5 : convert back to C/C++ double */

double db_funcValue = mxArray2double_scalarReal (mx_funcValue) ;

cout << "The function value at 2.1 is: " << db_funcValue << endl ;
/* step 6 : free memories */
mxDestroyArray (mx_X ) ;

mxDestroyArray(mx_Y )

mxDestroyArray (mx_oneValue ) ;

mxDestroyArray (mx_funcValue) ;

end code

B. FOR C+t+ SHARED LIBRARY

Listing code

void Test::0OneDimensionInterpolation() {

double db_X[8] {1, 2, 3,4,5,6,7,81%};

double db_Y[8] { 6.8, 24.6, 50.2, 74, 140.8, 280.5, 321.4, 428.6 };

]
[}

int vectorSize
/* declare mwArray variables */
mwArray mw_X(1, vectorSize, mxDOUBLE_CLASS) ;

mw_X.SetData(db_X, vectorSize) ;

mwArray mw_Y(1, vectorSize, mxDOUBLE_CLASS) ;

mw_Y.SetData(db_Y, vectorSize) ;

mwArray mw_oneValue(l, 1, mxDOUBLE_CLASS) ;
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mw_oneValue(1,1) = 2.1 ;

/* call an implemental function */

mwArray mw_funcValue(1l, 1, mxDOUBLE_CLASS) ;

myinterpl(l, mw_funcValue, mw_X, mw_Y, mw_oneValue);

/* convert back to C/C++ double x*/

double db_funcValue = (double) mw_funcValue(1,1) ;

cout << "The function value at 2.1 is: " << db_funcValue << endl ;

end code

12.3 Two-Dimensional Polynomial Interpolation for Grid
Points

This section describe how to use the functions in the generated libraries to solve a two-dimensional
interpolation problem. This function uses polynomial techniques to evaluate value of a function

at a desired interpolation point.

Problem 3 There are three matrixes, x, y, and z, that have a relationship via a function,

z=f(z,y),z€X,y €y, and z € z.

input Grid points (x,y).
Representation of these grid points are two matrixes:
matrix x contains the x-direction values of all grid points
matrix y contains the y-direction values of all grid points
Matrix z contains the function values z(z,y) of all grid points

(the values of matrixes x, y, and z are shown in the next page)

output Finding the interpolation function value z(z,y) at a particular point,

(r=a=23,y=b=0.7)
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A. Assigning values for a matrix

Suppose that you have grid points as in Fig. 12.1.

The matrix x, which contains the x-direction values for all grid points, is:

( from left to right )

0 2 3 from point 1 to 7
0 2 3 from point 8 to 14
0 2 3 from point 15 to 21
0 2 3 from point 22 to 28
0 2 3 from point 29 to 35
0 2 3 from point 36 to 42
0 2 3 from point 43 to 49
1 2 3 4 5 6 7
8 9 10 1 12 13 14
15 16 17 18 19 20 21
22 23 24 25 26 27 28
29 30 31 32 33 34 35
36 37 38 39 40 41 42
43 44 45 46 47 48 49
Y
T O Y Y T T T A
-3 -2 -1 0 1 2 3

Figure 12.1: Grid points
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The matrix Y, which contains the y-direction values of all grid points, is:

( from left to right )

-3 -3 -3 -3 -3 -3 -3 from point 1 to 7
-2 -2 -2 -2 -2 -2 -2 from point 8 to 14
-1 -1 -1 -1 -1 -1 -1 from point 15 to 21
0 0 0 0 0 0 0 from point 22 to 28
1 1 1 1 1 1 1 from point 29 to 35
2 2 2 2 2 2 2 from point 36 to 42
3 3 3 3 3 3 3 from point 43 to 49

The matrix z, which contains the function values z(x,y) for all grid points, is:

( from left to right )
.0001  0.0034 -0.0299 -0.2450 -0.1100 -0.0043 -0.0000 (point 1 - 7)

.0007 0.0468 -0.5921 -4.7596 -2.1024 -0.0616 .0004 (point 8 -14)

.0088 -0.1301 1.85569 -0.7239 -0.2729 0.4996 .0130 (point 15-21)

.0365 -1.3327 -1.6523 .9810 .9369 1.4122 .0331 (point 22-28)

.4338 .5805 .0125 (point 29-35)

.0000 0.0797 2.0967 .0013 (point 36-42)

o O O O O o o
o O O o o o

0 2
.0137 -0.4808 0.2289 3.6886 2 0
5.8591 2.2099 0.1328
.0000 0.0053 0.1099 0.2999 0.1107 O

.0057 .0000 (point 43-49)

B. Programming code

The following is the code to solve Problem 3. In the code, you will use the generated function
mlfMyinterp2(..) or myinterp2(..) with the cubic method to solve the problem. To learn more
about other possible methods see the MATLAB function inter2(..) in [6]. The procedure of this

code is:
1. Assign values for matrix x and matrix y
2. Assign values for matrix z

3. Call the two-dimensional interpolation function to evaluate the value at the point (a,b)
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A. FOR C SHARED LIBRARY

Listing code

void Test::TwoDimensionsInterpolation() {

/* function values z at

/* matrix z valuesx/

double z[7]1[7] = {

{ 0.0001,  0.0034,
{ 0.0007,  0.0468,
{ -0.0088, -0.1301,
{ -0.0365, -1.3327,
{ -0.0137,  -0.4808,
{ 0.0000,  0.0797,
{ 0.0000,  0.0053,
int i, j;

int nSize =7 ;

double db_vectorstep[3] = {-3, 1, 3} ;

double db_a 2.3 ;

double db_b = 0.7 ;
int row = nSize ;

int col = nSize ;

/* step 1 :
mxArray *mx_a
mxArray *mx_b

mxArray *mx_interp2z

mxArray *mx_x = NULL ;
mxArray *mx_y = NULL ;
mxArray *mx_z = NULL ;

mxArray *mx_vectorstepx

mxArray *mx_vectorstepy

>

>

>

47 points, (x_i, y_j)

.0299,

.5921,

.8559,

.6523,

.2289,

.0967,

.1099,

NULL ;

NULL
NULL

NULL
NULL

>

>

>

>

>

.2450,
. 7596,
L7239,
.9810,
.6886,
.8591,
.2999,

declare mxArray variables */

are

1 ox/

.1100,
.1024,
L2729,
.9369,
.4338,
.2099,
.1107,

o O o

.0043,
.0616,
.4996,
.4122,
.5805,
.1328,
.0057,

o O O O o o o

.0000
.0004
.0130
.0331
.0125
.0013
.0000

L s 2 = T S SO R

- - - -

P G

-
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mxArray *mx_method ;

/* step 2 : assign memory */

mx_a mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_b = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_interp2z = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_x = mxCreateDoubleMatrix(row, col, mxREAL) ;
mx_y = mxCreateDoubleMatrix(row, col, mxREAL) ;
mx_z = mxCreateDoubleMatrix(row, col, mxREAL) ;
mx_vectorstepx = mxCreateDoubleMatrix(1l, 3, mxREAL) ;

mx_vectorstepy = mxCreateDoubleMatrix(1l, 3, mxREAL) ;
/* step 3 : convert C/C++ double to mxArray */
double2mxArray_scalarReal (db_a, mx_a) ;
double2mxArray_scalarReal (db_b, mx_b) ;

/* same for two step-vectors */

double2mxArray_vectorReal (db_vectorstep, mx_vectorstepx) ;
double2mxArray_vectorReal (db_vectorstep, mx_vectorstepy) ;
double2mxArray_matrixReal (&z[0][0], mx_z) ;

/* step 4 : call implemental functions */

/* create values for the matrix x and matrix y */

mlfMymeshgrid(2, &mx_x, &mx_y, mx_vectorstepx, mx_vectorstepy) ;

const char interp2method[] = "cubic";

mx_method = mxCreateString(interp2method);

mlfMyinterp2(1, &mx_interp2z, mx_x, mX_y, MX_z, mXx_a, mx_b, mx_method);

/* step 5 : convert back to C/C++ double */

double **db_x = new doublex[row] ;

double **db_y = new double*[row] ;

for(i=0; i<row; i++) {
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db_x[i] = new doublel[col] ;

db_y[i] new doublel[col] ;

mxArray2double_matrixReal (mx_x, db_x) ;

mxArray2double_matrixReal (mx_y, db_y) ;

/* print out */
cout << "Matrix x : " << endl ;
printMatrix(db_x, row, col) ;

printMatrix(db_y, row, col) ;

cout << "Matriy y : " << endl ;
for (i=0; i<row; i++) {
for (j=0; j<col; j++) {
cout << db_y[il[j]1 << "\t"
}

cout << endl ;

double db_interp2z = mxArray2double_scalarReal(mx_interp2z) ;
cout << "Interpolation in two dimensions with cubic method " << endl;

cout << " z =" << db_interp2z << endl ;

/* step 6 : free memories */
mxDestroyArray(mx_a ) ;
mxDestroyArray (mx_b ) ;

mxDestroyArray (mx_interp2z ) ;
mxDestroyArray(mx_x ) ;
mxDestroyArray (mx_y ) ;

mxDestroyArray(mx_z ) ;

mxDestroyArray (mx_vectorstepx) ;

mxDestroyArray (mx_vectorstepy) ;

mxDestroyArray (mx_method) ;



delete[] db_x ;

delete[] db_y ;
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}

end code
B. FOR C+t+ SHARED LIBRARY
Listing code
void Test::TwoDimensionsInterpolation() {
/* function values z at 47 points, (x_i, y_j) are : */
/* matrix z values*/
double z[7]1[7] = {
{ 0.0001, 0.0034, -0.0299, -0.2450, -0.1100, -0.0043, 0.0000 } ,\
{ 0.0007, 0.0468, -0.5921, -4.7596, -2.1024, -0.0616, 0.0004 } ,\
{ -0.0088, -0.1301, 1.8559, -0.7239, -0.2729, 0.4996, 0.0130 } ,\
{ -0.0365, -1.3327, -1.6523, 0.9810, 2.9369, 1.4122, 0.0331 } ,\
{ -0.0137, -0.4808, 0.2289, 3.6886, 2.4338, 0.5805, 0.0125 } ,\
{ 0.0000, 0.0797, 2.0967, 5.8591, 2.2099, 0.1328, 0.0013 } ,\
{ 0.0000, 0.0053, 0.1099, 0.2999, 0.1107, 0.0057, 0.0000 } 3;

int nSize =7 ;

double db_vectorstep[3] = {-3, 1, 3} ;

int row = nSize ;

int col = nSize ;

/* declare mwArray variables */
mwArray mw_a(l, 1, mxDOUBLE_CLASS) ;
mw_a(1,1) = 2.3 ;

mwArray mw_b(1, 1, mxDOUBLE_CLASS) ;
mw_b(1,1) = 0.7 ;

mwArray mw_x(row, col, mxDOUBLE_CLASS) ;
mwArray mw_y(row, col, mxDOUBLE_CLASS) ;



202

mwArray mw_vectorstepx(l, 3, mxDOUBLE_CLASS) ;
mwArray mw_vectorstepy(l, 3, mxDOUBLE_CLASS) ;

/* same for two step-vectors */
mw_vectorstepx.SetData(db_vectorstep, 3) ;

mw_vectorstepy.SetData(db_vectorstep, 3) ;

/* convert C/C++ double to mwArray */

mwArray mw_z = double2mwArray_matrixReal(&z[0] [0], row, col) ;

/* call implemental functions */
/* create values for the matrix x and matrix y */

mymeshgrid(2, mw_x, mw_y, mw_vectorstepx, mw_vectorstepy) ;

mwArray mw_method("cubic") ;

mwArray mw_interp2z(1, 1, mxDOUBLE_CLASS) ;

myinterp2(l, mw_interp2z, mw_x, mw_y, mw_z, mw_a, mw_b, mw_method);

/* print out to see */
cout << "Matriy x : " << endl ;

std::cout << mw_x << std::endl ;

cout << "Matriy y : " << endl ;

std::cout << mw_y << std::endl ;

/* convert back to C/C++ double */
double db_interp2z = (double) mw_interp2z(1,1) ;
cout << "Interpolation in two dimensions with cubic method " << endl;

cout << " z = " << db_interp2z << endl ;

end code ———

Remarks

1. The M-file mymeshgrid.m uses the MATLAB function meshgrid(..) which assigns values

for matrixes x and y. These values are assigned from left to right, and from top to bottom.

In Fig. 12.1, the y axis direction is from top to bottom, therefore pay attention when
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assigning your data into the matrix y.

2. The matrix z values will be assigned according to the same rules (left to right, top to
bottom) as matrixes x and y (Fig. 12.2), therefore to avoid mistakes and to have the
convenience of visibility, you can set up your matrix data as in Fig. 12.1 (y axis direction

from top to bottom).

a1 i aiz iy adis d1p aq7

G2 A Aoz Aoy Ags Az gy
31 Az dz3 Azq ass Az azy
CI Ao dy3 Ayy Adys Aye A7
Ay Az Ay3 Asy ass Asp as7
g1 3s2 ds3 sy 35 3e6 3e7
azq arn ars az4 ars are ary

Figure 12.2: A matrix form for grid points in two-dimensional interpolation

3. To receive a better solution in the two-dimensional interpolation you can create a fine grid
by using the function mygriddata(..) (see the M-file mygriddata.m in the beginning of this
chapter). This functions uses the MATLAB griddata(..) function which fits a surface of
the form z = f(z,y) to the data in the spaced vectors (z,vy, z). For more information on
this function, refer to the MATLAB manual [6]. The following code finds the fine solution
of Problem 3 by using the function mygriddataf(..).

A. FOR C SHARED LIBRARY

Listing code

void Test::TwoDimensionsInterpolationFineSolution() {

/* function values z at 47 points, (x_i, y_j) are : */

/* matrix z values*/
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double

{ 0.00
00
00
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0.
-0.
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00

int nSi

double

double

double
double

int row

int col

/* step
mxArray
mxArray

mxArray

mxArray
mxArray

mxArray

mxArray

mxArray
mxArray
/* step
mxArray
mxArray

mxArray

mxArray

z[7]1[7] = {

01, 0.0034
07, 0.0468
88, -0.1301
65, -1.3327
37, -0.4808
00, 0.0797
00, 0.0053

ze =7

db_vectorstep[3]

db_finevectorstep[3]

db_a = 2.3 ;
db_b

]
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~
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)
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9, -0.7239,
3, 0.9810,
9, 3.6886,
7, 5.8591,
9, 0.2999,
{-3, 1, 3};
{-3, 0.2, 3} ;

1 : declare mxArray variables */

*mx_a
*mx_b

*mx_interp2z

*MX_X = NULL
*mx_y = NULL
*MX_Z = NULL

*mx_vectorstepx = NULL ;

*mx_vectorstepy = NULL ;

*mx_method ;

NULL

>

>

>

NULL ;
NULL ;

>

>

>

>

>

la : declare mxArray variables */

*mx_finex
*mx_finey

*mx_finez

*mx_finerow

NULL ;
NULL ;
NULL ;

= NULL

>

.1100,
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.4996,
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.1328,
.0057,

O O O o o o o

.0000
.0004
.0130
.0331
.0125
.0013
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mxArray *mx_finecol = NULL ;

mxArray *mx_finevectorstepx = NULL ;

mxArray *mx_finevectorstepy = NULL ;

/* step 2 : assign memory */

mx_a mxCreateDoubleMatrix (1, 1, mxREAL) ;
mx_b = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_interp2z = mxCreateDoubleMatrix(1l, 1, mxREAL) ;

mx_Xx = mxCreateDoubleMatrix(row, col, mxREAL) ;
mx_y = mxCreateDoubleMatrix(row, col, mxREAL) ;
mx_z = mxCreateDoubleMatrix(row, col, mxREAL) ;
mx_vectorstepx = mxCreateDoubleMatrix(1l, 3, mxREAL) ;

mx_vectorstepy = mxCreateDoubleMatrix(1l, 3, mxREAL) ;

/* step 2a : assign memory */

mx_finerow = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_finecol = mxCreateDoubleMatrix(1l, 1, mxREAL) ;

mx_finevectorstepx = mxCreateDoubleMatrix(1l, 3, mxREAL) ;

mx_finevectorstepy = mxCreateDoubleMatrix(1l, 3, mxREAL) ;

/* step 3 : convert C/C++ double to mxArray */
double2mxArray_scalarReal (db_a, mx_a) ;

double2mxArray_scalarReal (db_b, mx_b) ;

/* same for two step-vectors */

double2mxArray_vectorReal (db_vectorstep, mx_vectorstepx) ;
double2mxArray_vectorReal (db_vectorstep, mx_vectorstepy) ;
double2mxArray_matrixReal (&z[0][0], mx_z) ;

/* step 3a : convert C/C++ double to mxArray */
double2mxArray_vectorReal (db_finevectorstep, mx_finevectorstepx) ;

double2mxArray_vectorReal (db_finevectorstep, mx_finevectorstepy) ;

/* get size for fine matrixes */
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mlfMyfinemeshgrid(2, &mx_finerow, &mx_finecol, mx_finevectorstepx, mx_finevectorstepy) ;

int finerow = (int) mxArray2double_scalarReal (mx_finerow) ;

int finecol = (int) mxArray2double_scalarReal(mx_finecol) ;

cout << " fine row = " << finerow << endl ;
cout << " fine col = " << finecol << endl ;
mx_finex = mxCreateDoubleMatrix(finerow, finecol, mxREAL) ;
mx_finey = mxCreateDoubleMatrix(finerow, finecol, mxREAL) ;

mx_finez = mxCreateDoubleMatrix(finerow, finecol, mxREAL) ;

/* step 4 : call implemental functions */
/* create values for the matrix x and matrix y */

mlfMymeshgrid(2, &mx_x, &mx_y, mx_vectorstepx, mx_vectorstepy) ;

/* create values for the fine matrix x and fine matrix y */

mlfMymeshgrid(2, &mx_finex, &mx_finey, mx_finevectorstepx, mx_finevectorstepy) ;

/* get a fine matrix mx_finez from mx_z */

mlfMygriddata(l, &mx_finez, mx_x, mx_y, mx_z, mx_finex, mx_finey);

const char interp2method[] = "cubic" ;

mx_method = mxCreateString(interp2method) ;

mlfMyinterp2(1, &mx_interp2z, mx_finex, mx_finey, mx_finez, mx_a, mx_b, mx_method);

/* step 5 : convert back to C/C++ double */

double db_interp2finez = mxArradeouble_scalarReal(mx_interp2z) ;
cout << "Interpolation in two dimensions "

cout << "with cubic method and a fine grid " << endl;

cout << " z =" << db_interp2finez << endl ;

/* step 6 : free memories */
mxDestroyArray(mx_a ) ;
mxDestroyArray(mx_b ) ;

mxDestroyArray (mx_interp2z ) ;



mxDestroyArray (mx_x )
mxDestroyArray (mx_y )

mxDestroyArray (mx_z )

s

mxDestroyArray (mx_vectorstepx) ;

mxDestroyArray (mx_vectorstepy) ;

mxDestroyArray (mx_method) ;

/* for la */

mxDestroyArray (mx_finex) ;

mxDestroyArray (mx_finey) ;

mxDestroyArray (mx_finez) ;

mxDestroyArray (mx_finerow) ;

mxDestroyArray (mx_finecol) ;

mxDestroyArray (mx_finevectorstepx) ;

mxDestroyArray (mx_finevectorstepy) ;
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}

end code
B. FOR Ct+ SHARED LIBRARY
Listing code
void Test::TwoDimensionsInterpolationFineSolution() {
/* function values z at 47 points, (x_i, y_j) are : %/
/* matrix z valuesx/
double z[7][7] = {
{ 0.0001, 0.0034, -0.0299, -0.2450, -0.1100, -0.0043, 0.0000 } ,\
{ 0.0007, 0.0468, -0.5921, -4.7596, -2.1024, -0.0616, 0.0004 } ,\
{ -0.0088, -0.1301, 1.8559, -0.7239, -0.2729, 0.4996, 0.0130 } ,\
{ -0.0365, -1.3327, -1.6523, 0.9810, 2.9369, 1.4122, 0.0331 } ,\
{ -0.0137, -0.4808, 0.2289, 3.6886, 2.4338, 0.5805, 0.0125 } ,\
{ 0.0000, 0.0797, 2.0967, 5.8591, 2.2099, 0.1328, 0.0013 } ,\
{ 0.0000, 0.0053, 0.1099, 0.2999, 0.1107, 0.0057, 0.0000 3} };
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int nSize =7 ;
int row = nSize ;

int col = nSize ;

mwArray mw_a(l, 1, mxDOUBLE_CLASS) ;
mw_a(l,1) = 2.3 ;

mwArray mw_b(1, 1, mxDOUBLE_CLASS) ;
mw_b(1,1) = 0.7 ;

/* convert C/C++ double to mwArray */

mwArray mw_z = double2mwArray_matrixReal (&z[0] [0], row, col) ;

double db_vectorstep[3] {-3, 1, 3};

double db_finevectorstep[3] = {-3, 0.2, 3} ;

/* declare mwArray variables */

mwArray mw_vectorstepx(l, 3, mxDOUBLE_CLASS) ;

mwArray mw_vectorstepy(l, 3, mxDOUBLE_CLASS) ;
/* same for two step-vectors */

mw_vectorstepx.SetData(db_vectorstep, 3) ;

mw_vectorstepy.SetData(db_vectorstep, 3) ;

mwArray mw_finevectorstepx(l, 3, mxDOUBLE_CLASS) ;

mwArray mw_finevectorstepy(l, 3, mxDOUBLE_CLASS) ;
/* same for two fine step-vectors */

mw_finevectorstepx.SetData(db_finevectorstep, 3) ;

mw_finevectorstepy.SetData(db_finevectorstep, 3) ;

mwArray mw_finerow(l, 1, mxDOUBLE_CLASS) ;

mwArray mw_finecol(l, 1, mxDOUBLE_CLASS) ;

/* get size for fine matrixes */

myfinemeshgrid(2, mw_finerow, mw_finecol, mw_finevectorstepx, mw_finevectorstepy) ;

int finerow = (int) mw_finerow(1,1) ;

int finecol = (int) mw_finecol(1,1) ;



209

cout << " fine row = " << finerow << endl ;

cout << " fine col = " << finecol << endl ;

mwArray mw_finex(finerow, finecol, mxDOUBLE_CLASS) ;
mwArray mw_finey(finerow, finecol, mxDOUBLE_CLASS) ;

mwArray mw_finez(finerow, finecol, mxDOUBLE_CLASS) ;

/* step 4 : call implemental functions */
/* create values for the matrix x and matrix y */
mwArray mw_x(row, col, mxDOUBLE_CLASS) ;

mwArray mw_y(row, col, mxDOUBLE_CLASS) ;

mymeshgrid(2, mw_x, mw_y, mw_vectorstepx, mw_vectorstepy) ;

/* create values for the fine matrix x and fine matrix y */

mymeshgrid(2, mw_finex, mw_finey, mw_finevectorstepx, mw_finevectorstepy) ;

/* get a fine matrix mw_finez from mw_z */

mygriddata(l, mw_finez, mw_x, mw_y, mw_z, mw_finex, mw_finey);

mwArray mw_method("cubic") ;

mwArray mw_interp2z(1, 1, mxDOUBLE_CLASS) ;

myinterp2(1, mw_interp2z, mw_finex, mw_finey, mw_finez, mw_a, mw_b, mw_method) ;

/* convert back to C/C++ double =*/

double db_interp2finez = (double) mw_interp2z(1,1) ;
cout << "Interpolation in two dimensions "

cout << "with cubic method and a fine grid " << endl;

cout << " z = " << db_interp2finez << endl ;

end code
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12.4 Two-Dimensional Polynomial Interpolation for Non-

Grid Points

This section describe how to use the function mlfMyinterp2(..) in the generated curvefittinglib
library or myinterp2(..) in the generated cppcurvefittinglib library to solve the problem of

two-dimensional polynomial interpolation for non-grid points.

Problem 4

input

Suppose that you have values of experimental data that are not in grid points. At each value x;
there are the corresponding values of array y;[ | and array z;[ ] as shown in Fig. 12.3.

The values x, y, and z of non-grid points are in Table 12.1

output

Finding the interpolation function value at a particular point (a,b),

where a = 2.3, b= 0.7
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Figure 12.3: Non-grid points in Problem 4

The following is the code to solve Problem 4 by using the cubic method in the MATLAB func-
tion interp2(..) through the M-file myinterp2.m. See the MATLAB manual [6] for using other

methods in the function interp2(..).

The steps of the procedure for the programming code are:

1. Assign values (from Table 12.1) for matrixes y and z by assigning values in column arrays.



at 1 = -2.19736

at zo = -1.75720

at 13 = -1.24647

at z, = 0.77271

Y1 21
-2.92946  0.0001
-2.18089  0.0007
-1.80517 -0.0088
-1.29355 -0.0365
-0.20766  -0.0137
0.96866  0.0080
2.86339  0.0000

Y2 Z2
-2.61131  0.0034
-0.99629  0.0468
-0.45902 -0.1301
-0.18465 -1.3327
0.09307 -0.4808
0.49675  0.0797
2.93001  0.0053

Y3 23
-2.74558  -0.0299
-1.64430 -0.5921
-0.40256  1.8559
0.17894 -1.6523
0.47884  0.2289
0.84316  2.0967
2.96219  0.1099

Ya 24
-2.64490 -0.2450
-0.72109  -4.7596
-0.23343  -0.7239

0.40697  0.9810
1.08507  3.6886
1.69997  5.8591
2.76526  0.2999

at x5 = 1.09999 at xg = 2.03543 at x7 = 2.60028
Ys 25 Yo %6 Y7 27
-2.90994 -0.1100 | -2.71622 -0.0043 | -2.76059 -0.0000
-2.69839 -2.1024 | -0.36805 -0.0616 | -1.07979  0.0004
-1.17001 -0.2729 | -0.01013  0.4996 | -0.52828  0.0130
-0.50775  2.9369 | 0.86095 1.4122 | -0.36045  0.0331
0.61721  2.4338 | 1.73317 0.5805 | 1.35979  0.0125
1.60770  2.2099 | 2.82507 0.1328 | 1.46739  0.0013
2.84620  0.1107 | 2.94050 0.0057 | 2.39232  0.0000

Table 12.1: Value z, y, and z at the non-grid points in Fig. 12.3
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2. Choose new grid points as in Fig. 12.4, in which new values of new grid points in the x

direction are the same of old grids, as follows:

r1 = —2.19736 T = —1.75720 r3 = —1.24647 xq = 0.77271

x5 = 1.09999 zg = 2.03543 xr7 = 2.60028
sl
- 25
2
- .15
1 -
" .05
O —
= xT
- 05
17
15
2 0o
S
L R g8 < &
n n n y n n n n
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3 2 0 1 2 3

Figure 12.4: New grid points

and new values of new grid points in y direction are :

Y1 =—2.5 Yo =—20  y3=-15 ys = —1.0
Ys = —0.5 Y = 0.0 Yr = 0.5 Ys = 1.0
Yo = 1.5 Y10 = 2.0 Y11 — 2.2

Note that these new 11 y values (Ynew) are not outside the original values in each y array
in Table 12.1 (Yimin < Ynew < Yimaz, ¢ = 1,2,...,7). There are 77(= 7 x 11) new grid

points that were created.

3. Calculate z values for the 77 new grid points by calculating its columns via the one-
dimensional interpolation function. This calculation is the one-dimension interpolation

of y and z in each column (note z is constant at each current calculating column y and z).

At each column, for each number in row {
z[i] <--- oneDimensionInperpolation(0ld_y, 01ld_z)

3
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Actually, this calculation is the calculation of the new z from the old pair array (y, z). The

figure 12.5 shows the new z from (y, z) of the first pair (y1, 1) of Table 12.1.
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-0.025 - X O  old data
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_0.04 . . . . . )
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Figure 12.5: New interpolation points from the first pair

4. Generate x and y values for the 77 new grid points (assign values for new matrixes x and

y). The new matrixes are matrixes with 7 rows x 11 columns.
5. Call the two dimensional interpolation function to evaluate the value at a point (a,b).

The following is the code to solve Problem 4 by using the functions in the libraries with the cubic

method.

A. FOR C SHARED LIBRARY
Listing code

void Test::TwoDimensionsInterpolationInNonGrid() {

/* solving a problem in which experimental data are not in grids */

/* and we would like to get interpolation at a point (xi,yj) */

/* step 1 in the procedure */

/* from the experiment data in the table, fill the matrix */

double db_yoldmatrix[7][7] = {

{-2.92946, -2.61131, -2.74558, -2.64490, -2.90994, -2.71622, -2.76059 } ,\
{-2.18089, -0.99629, -1.64430, -0.72109, -2.69839, -0.36805, -1.07979 + ,\
{-1.80517, -0.45902, -0.40256, -0.23343, -1.17001, -0.01013, -0.52828 } ,\
{-1.29355, -0.18465, 0.17894, 0.40697, -0.50775, 0.86095, -0.36045 + ,\
{-0.20766, 0.09307, 0.47884, 1.08507, 0.61721, 1.73317, 1.35979 + ,\
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{ 0.96866, 0.49675, 0.84316, 1.69997, 1.60770, 2.82507, 1.46739 + ,\
{ 2.86339, 2.93001, 2.96219, 2.76526, 2.84620, 2.94050, 2.39232 } 1},

double db_zoldmatrix[7][7] = {

{ 0.00010, 0.00340, -0.02990, -0.24500, -0.11000, -0.00430, 0.00000 } )\
{ 0.00070, 0.04680, -0.59210, -4.75960, -2.10240, -0.06160, 0.00040 } 2\
{ -0.00880, -0.13010, 1.85590, -0.72390, -0.27290, 0.49960, 0.01300 } )\
{ -0.03650, -1.33270, -1.65230, 0.98100, 2.93690, 1.41220, 0.03310 } 2\
{ -0.01370, -0.48080, 0.22890, 3.68860, 2.43380, 0.58050, 0.01250 } )\
{ 0.00080, 0.07970, 2.09670, 5.85910, 2.20990, 0.13280, 0.00130 } 2\
{ 0.00000, 0.00530, 0.10990, 0.29990, 0.11070, 0.00570, 0.00000 } };

/* step 2 in the procedure */
double db_oldvectorx[7] = {-2.19736, -1.75720, -1.24647, 0.77271, 1.09999, 2.03543, 2.60028};
double db_newcoly[11] = {-2.5, -2.0, -1.5, -1.0, -0.5, 0.0, 0.5, 1.0, 1.5, 2.0, 2.2 } ;

int row =7 ;

int col =7 ;

int newrow = 11 ;

int i, j, k;

double db_a = 2.3 ;

double db_b = 0.7 ;

mxArray *mx_oldcoly = NULL ;
mxArray *mx_oldcolz = NULL ;
mxArray *mx_newcoly = NULL ;
mxArray *mx_newcolz = NULL ;
mxArray *mx_newmatrixx = NULL ;
mxArray *mx_newmatrixy = NULL ;
mxArray *mx_newmatrixz = NULL ;

mxArray *mx_a = NULL ;

mxArray *mx_b = NULL ;

mxArray *mx_interp2z = NULL ;
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mxArray *mx_method ;

mx_oldcoly = mxCreateDoubleMatrix(row, 1 , mxREAL) ;

mx_oldcolz = mxCreateDoubleMatrix(row, 1 , mxREAL) ;
mx_newcoly = mxCreateDoubleMatrix(newrow, 1 , mxREAL) ;
mx_newcolz = mxCreateDoubleMatrix(newrow, 1 , mxREAL) ;

mx_newmatrixx mxCreateDoubleMatrix(newrow, col , mxREAL) ;

mx_newmatrixy mxCreateDoubleMatrix(newrow, col , mxREAL) ;

mx_newmatrixz mxCreateDoubleMatrix(newrow, col , mxREAL) ;

mxCreateDoubleMatrix(1, 1 , mxREAL) ;

mx_a

mx_b = mxCreateDoubleMatrix(1, 1 , mxREAL) ;

mx_interp2z = mxCreateDoubleMatrix(1l, 1 , mxREAL) ;

/* step 3 in the procedure */

/% kskskokskokkkokkk ok /
/% kskckokskokkkokkk k/
/* kkokkk using 1D interpolation to establish a new matrix z **x */

/* run for 7(=col) columns */

double *db_oldcoly = new double [col] ;

double *db_oldcolz = new double [col] ;

// 1l=newrow is the number of elements in the new column

double *db_newcolz = new double [11] ;
double **db_newmatrixz = new double* [newrow] ;

for (i=0; i<newrow; i++) {

db_newmatrixz[i] = new double [col] ;

for (j=0; j<col; j++) {

/* get a current column for calculation of 1D inperpolation */
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for (i=0; i<row; i++) {
db_oldcoly[i] = db_yoldmatrix[il[j] ;
db_oldcolz[i] = db_zoldmatrix[i][j] ;

/* convert to use the function mlfMyinterpl(..) */
double2mxArray_vectorReal(db_oldcoly, mx_oldcoly) ;
double2mxArray_vectorReal(db_oldcolz, mx_oldcolz) ;

double2mxArray_vectorReal (db_newcoly, mx_newcoly) ;

/* calculate 1D inperpolation */

mlfMyinterpl (1, &mx_newcolz, mx_oldcoly, mx_oldcolz, mx_newcoly);

/* convert back to C/C++ double */

mxArray2double_vectorReal (mx_newcolz, db_newcolz) ;

/* £ill the each column result to a new matrix z */
/* each column includes 11(=newcol) elements */
for(k=0; k<11; k++) {

db_newmatrixz[k] [j] = db_newcolz[k] ;

}
/* *x*x*x finished establishing the new matrix z *** x*/
/% kskkokskokkkokkk k/

/% kkckokskokkkokkk ok /

cout << "New matrix z : " << endl ;
for (i=0; i<newrow; i++) {
for (j=0; j<col; j++) {
cout << db_newmatrixz[i] [j] << "\t" ;
}

cout << endl ;

/* step 4 in the procedure */
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/* create the matrix x from vectorx, all rows are same */
double **db_newmatrixx = new double* [newrow] ;
for (i=0; i<newrow; i++) {

db_newmatrixx[i] = new double [col] ;

for (i=0; i<newrow; i++) {
for (j=0; j<col; j++) {

db_newmatrixx[i] [j] = db_oldvectorx[j] ;

cout << "New matrix x : " << endl ;
for (i=0; i<newrow; i++) {
for (j=0; j<col; j++) {
cout << db_newmatrixx[i] [j] << "\t" ;
}

cout << endl ;

/* create the matrix y from db_oldcoly, all columns are same */
double **db_newmatrixy = new double* [newrow] ;
for (i=0; i<newrow; i++) {

db_newmatrixy[i] = new double [col] ;

for (j=0; j<col; j++) {
for (i=0; i<newrow; i++) {

db_newmatrixy[i] [j] = db_newcolyl[i] ;

cout << "New matrix y : " << endl ;
for (i=0; i<newrow; i++) {
for (j=0; j<col; j++) A
cout << db_newmatrixyl[i] [j] << "\t" ;
}

cout << endl ;
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/* step 5 in the procedure */
const char interp2method[] = "cubic" ;

mx_method = mxCreateString(interp2method) ;

double2mxArray_scalarReal(db_a, mx_a) ;

double2mxArray_scalarReal(db_b, mx_b) ;

double2mxArray_matrixReal(db_newmatrixx, mX_newmatrixx) ;
double2mxArray_matrixReal (db_newmatrixy, mx_newmatrixy) ;

double2mxArray_matrixReal(db_newmatrixz, mX_newmatrixz) ;

mlfMyinterp2(1, &mx_interp2z, mx_newmatrixx, mx_newmatrixy, mx_newmatrixz,

mx_a, mx_b, mx_method);

double db_interp2z = mxArray2doub1e_scalarReal(mx_interp22) ;

cout << "Interpolation in two dimensions "
cout << "and experimental data are not in grids " << endl;

cout << " z = " << db_interp2z << endl ;

/* free memories */
mxDestroyArray(mx_oldcoly) ;

mxDestroyArray(mx_oldcolz) ;

mxDestroyArray (mx_newcoly) ;

mxDestroyArray (mx_newcolz) ;

mxDestroyArray (mx_newmatrixx) ;
mxDestroyArray (mx_newmatrixy) ;

mxDestroyArray (mx_newmatrixz) ;

mxDestroyArray(mx_a) ;
mxDestroyArray(mx_b) ;

mxDestroyArray (mx_interp2z) ;

mxDestroyArray (mx_method) ;



delete

delete

delete

delete

delete

delete

[T db_oldcoly ;

[1 db_oldcolz ;

[1 db_newcolz ;

[1 db_newmatrixx ;

[l db_newmatrixy ;

[1 db_newmatrixz ;

Remark: We also add here the M-file to solve Problem 4 for reference.

function interp2z =

%step

1

db_yoldmatrix

.9295
.1809
.8052
.2936
.2077
.9687
.8634

db_zoldmatrix

0.00010

0.00070

-0.00880

-0.03650

-0.01370

0.00080

0.00000

%step

2

db_newcoly =

db_oldvectorx= [ -2.19736, -1.75720, -1.24647, 0.77271, 1.09999, 2.03543, 2.60028 ]

=[
-2.6113
-0.9963
-0.4590
-0.1847
0.0931
0.4968
2.9300

Il
—

.00340
.04680
.13010
.33270
.48080
.07970
.00530

[(-2.5, -2.0, -1.5, -1.0, -0.5, 0.0, 0.5, 1.0, 1.5, 2.0, 2.2 ]

. 7456
.6443
.4026
.1789
.4788
.8432
.9622

.02990

.59210

.85590

.65230

.22890

.09670

.10990

Interp2InNonGrid(a, b)

2.6449
0.7211
0.2334
0.4070
1.0851
1.7000
2.7653

.24500
.75960
.72390
.98100
.68860
.85910
.29990

-2.9099
-2.6984
-1.1700
-0.5078
0.6172
1.6077
2.8462

-0.11000
-2.10240
-0.27290
2.93690
2.43380
2.20990
0.11070

o O o

end code
L7162 -2.7606
.3680 -1.0798
.0101 -0.5283
.8609 -0.3604
.7332 1.3598
.8251 1.4674
.9405 2.3923 1]
.00430 0.00000 ;
.06160 0.00040 ;
.49960 0.01300 ;
.41220 0.03310 ;
.58050 0.01250 ;
.13280 0.00130 ;
.00570 0.00000

)

’
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%step 3

db_newmatrixz = zeros(11, 7) ;

for i = 1:7

db_newmatrixz(:,i) interpl( db_yoldmatrix(:,i), db_zoldmatrix(:,i), db_newcoly ) ;
db_newmatrixy(:,i) = db_newcoly ;

end

for i= 1:11 ;
db_newmatrixx(i ,:) = db_oldvectorx ;

end

%step 4

interp2z = interp2(db_newmatrixx, db_newmatrixy, db_newmatrixz, a, b, ’cubic’) ;

end code

B. FOR Ct1t SHARED LIBRARY
Listing code

/% kkokokokskkokokok Kok kKK ok kKR kokkkkkok K/

void Test::TwoDimensionsInterpolationInNonGrid() {

/* solving a problem in which experimental data are not in grids */

/* and we would like to get interpolation at a point (xi,yj) */

/* step 1 in the procedure */

/* from the experiment data in the table, fill the matrix */

double db_yoldmatrix[7][7] = {

{-2.92946, -2.61131, -2.74558, -2.64490, -2.90994, -2.71622, -2.76059 } ,\
{-2.18089, -0.99629, -1.64430, -0.72109, -2.69839, -0.36805, -1.07979 } ,\
{-1.80517, -0.45902, -0.40256, -0.23343, -1.17001, -0.01013, -0.52828 } ,\
{-1.29355, -0.18465, 0.17894, 0.40697, -0.50775, 0.86095, -0.36045 } ,\
{-0.20766, 0.09307, 0.47884, 1.08507, 0.61721, 1.73317, 1.35979 + ,\
{ 0.96866, 0.49675, 0.84316, 1.69997, 1.60770, 2.82507, 1.46739 > ,\
{ 2.86339, 2.93001, 2.96219, 2.76526, 2.84620, 2.94050, 2.39232 } };
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double db_zoldmatrix[7][7] = {

{ 0.00010, 0.00340, -0.02990, -0.24500, -0.11000, -0.00430, 0.00000 } >\
{ 0.00070, 0.04680, -0.59210, -4.75960, -2.10240, -0.06160, 0.00040 } 2\
{ -0.00880, -0.13010, 1.85590, -0.72390, -0.27290, 0.49960, 0.01300 } >\
{ -0.03650, -1.33270, -1.65230, 0.98100, 2.93690, 1.41220, 0.03310 } 2\
{ -0.01370, -0.48080, 0.22890, 3.68860, 2.43380, 0.58050, 0.01250 } >\
{ 0.00080, 0.07970, 2.09670, 5.85910, 2.20990, 0.13280, 0.00130 } 2\
{ 0.00000, 0.00530, 0.10990, 0.29990, 0.11070, 0.00570, 0.00000 } };

/* step 2 in the procedure */
double db_oldvectorx[7] = {-2.19736, -1.75720, -1.24647, 0.77271, 1.09999, 2.03543, 2.60028};
double db_newcoly[11] = {-2.5, -2.0, -1.5, -1.0, -0.5, 0.0, 0.5, 1.0, 1.5, 2.0, 2.2 } ;

int row =7 ;
int col =7 ;
int newrow = 11 ;
int i, j, k;

double db_a = 2.3 ;
double db_b = 0.7 ;

mwArray mw_a(l, 1, mxDOUBLE_CLASS) ;

mw_a(1,1) = db_a ;

mwArray mw_b(1, 1, mxDOUBLE_CLASS) ;
mw_b(1,1) = db_b ;

/* step 3 in the procedure */

/% kskkokskokkkokkk k/
/% kskskokskokkkokkk ok /
/* ***%x*x using 1D interpolation to establish a new matrix z ***x %/

/* run for 7(=col) columns */

double *db_oldcoly = new double [col] ;

double *db_oldcolz = new double [col] ;

// 1ll=newrow is the number of elements in the new column
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double *db_newcolz = new double [11] ;

double **db_newmatrixz = new double* [newrow] ;
for (i=0; i<newrow; i++) {

db_newmatrixz[i] = new double [col] ;

for (j=0; j<col; j++) A{

/* get a current column for calculation of 1D inperpolation */
for (i=0; i<row; i++) {

db_oldcoly[i] = db_yoldmatrix[i][j] ;

db_oldcolz[i] db_zoldmatrix[i] [j] ;

/* convert to use the function myinterpl(..) */
mwArray mw_oldcoly(row, 1, mxDOUBLE_CLASS) ;

mw_oldcoly.SetData(db_oldcoly, row) ;

mwArray mw_oldcolz(row, 1, mxDOUBLE_CLASS) ;

mw_oldcolz.SetData(db_oldcolz, row) ;

mwArray mw_newcoly(newrow, 1, mxDOUBLE_CLASS) ;

mw_newcoly.SetData(db_newcoly, newrow) ;

/* calculate 1D inperpolation */
mwArray mw_newcolz(newrow, 1, mxDOUBLE_CLASS) ;

myinterpl (1, mw_newcolz, mw_oldcoly, mw_oldcolz, mw_newcoly);

/* convert back to C/C++ double */

mwArray2doub1e_vectorReal(mw_newcolz, db_newcolz) ;

/* fill the each column result to a new matrix z */
/* each column includes 11(=newcol) elements */
for(k=0; k<11; k++) {

db_newmatrixz[k] [j] = db_newcolz[k] ;



}
/* *x*xx*x finished establishing the new matrix z **x x/
[k kokkkkkkkkkk ok /

/% kskkokskokkkokkk k/

cout << "New matrix z : " << endl ;
for (i=0; i<newrow; i++) {
for (j=0; j<col; j++) A
cout << db_newmatrixz[i] [j] << "\t"
}

cout << endl ;

/* step 4 in the procedure */

/* create the matrix x from vectorx, all rows are same */
double **db_newmatrixx = new double* [newrow] ;
for (i=0; i<newrow; i++) {

db_newmatrixx[i] = new double [col] ;

for (i=0; i<newrow; i++) {
for (j=0; j<col; j++) {

db_newmatrixx[i] [j] = db_oldvectorx[j] ;

cout << "New matrix x : " << endl ;
for (i=0; i<newrow; i++) {
for (j=0; j<col; j++) {
cout << db_newmatrixx[i] [j] << "\t" ;
}

cout << endl ;

/* create the matrix y from db_oldcoly, all columns are same */

double **db_newmatrixy = new double* [newrow] ;

for (i=0; i<newrow; i++) {
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db_newmatrixy[i] = new double [col] ;

for (j=0; j<col; j++) {
for (i=0; i<newrow; i++) {

db_newmatrixy[i] [j] = db_newcolyl[i] ;

cout << "New matrix y : " << endl ;
for (i=0; i<newrow; i++) {
for (j=0; j<col; j++) A
cout << db_newmatrixyl[i] [j] << "\t" ;
}

cout << endl ;

/* step 5 in the procedure */
mwArray mw_newmatrixx = double2mwArray_matrixRea1(db_newmatrixx, newrow, col) ;
mwArray mw_newmatrixy = double2mwArray_matrixReal(db_newmatrixy, newrow, col) ;

mwArray mw_newmatrixz = double2mwArray_matrixRea1(db_newmatrixz, newrow, col) ;

mwArray mw_interp2z(1, 1, mxDOUBLE_CLASS) ;

mwArray mw_method("cubic") ;

myinterp2(1, mw_interp2z, mw_newmatrixx, mw_newmatrixy, mw_newmatrixz,

mw_a, mw_b, mw_method);
double db_interp2z = (double)mw_interp2z(1,1) ;
cout << "Interpolation in two dimensions "
cout << "and experimental data are not in grids " << endl;
cout << " z = " << db_interp2z << endl ;
/* free memories */
delete [] db_oldcoly ;

delete [] db_oldcolz ;

delete [] db_newcolz ;
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delete [] db_newmatrixx ;
delete [] db_newmatrixy ;

delete [] db_newmatrixz ;

end code
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Chapter 13

Roots of Equations

In this chapter we’ll generate a C shared library rootslib and a C*t+ shared library cpprootslib
from common M-files to find the roots of a polynomial function and a nonlinear function. The
generated functions of these library will be used in a MSVC .Net project to find the roots of

functions.

Following are steps to create a C shared library rootslib.dll and a C*+ shared library cpproot-

slib.dll which will be used in the next sections.

We will write the M-files as shown below. These functions will be used to generate the C and

C*+ shared libraries.

myfzero.m and myroots.m

function r = myroots(c)

r = roots(c) ;

function x = myfzero(strfunc, x0)

3}
]

inline(strfunc) ;

fzero(F, x0) ;

»
]
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A. FOR C SHARED LIBRARY

1. Write the command in Windows Command Prompt as follows to create a C shared library
rootslib :

mcc -B csharedlib:rootslib myfzero.m myroots.m

2. MATLAB Compiler 4 will create eight files for this C shared library:

rootslib.c rootslib.ctf rootslib.dll
rootslib.exp rootslib.exports rootslib.h

rootslib.1lib rootslib_mcc_component_data.c

Add and set these files to the MSVC .Net project as described in Chapter 6.

3. In the following sections, we’ll use the following implemental functions in this library to

solve the problems(open the file rootslib.h to see the names of these functions):

void mlfMyroots(int nargout, mxArray** r, mxArray* c);

void mlfMyfzero(int nargout, mxArray** x, mxArray* strfunc, mxArray* x0);

B. FOR C+t+ SHARED LIBRARY

1. Write the command in Windows Command Prompt as follows to create a C shared library
cpprootslib :
mcc -W cpplib:cpprootslib -T link:lib myfzero.m myroots.m

2. MATLAB Compiler 4 will create eight files for this C*+ shared library:

cpprootslib.cpp cpprootslib.ctf cpprootslib.dll
cpprootslib.exp  cpprootslib.exports cpprootslib.h

cpprootslib.lib  cpprootslib_mcc_component_data.c

Add and set these files to the MSVC .Net project as described in Chapter 6.

3. In the following sections, we’ll use the following implemental functions in this library to

solve the problems(open the file rootslib.h to see the names of these functions):

void myfzero(int nargout, mwArray& x

, const mwArray& strfunc, const mwArray& x0);

void myroots(int nargout, mwArray& r, const mwArray& c);
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13.1 Roots of Polynomials
This section describe how to use the functions in the generated libraries to find the roots of a
polynomial function.

Problem 1

Find the root of the polynomial function:

f(x) = —2% +7.22% — 212 — 5

In calculation, the values of these coefficients will be assigned to an array c[ | in the function

(pay attention to its order):
f(z) = c12® 4+ cox® + 32+ ¢4
where:

cg=-1, =72, cg=-21,and c4y=-5

A. FOR C SHARED LIBRARY
The following is the code to solve Problem 1 by using the function mifMyroots(..). See the

MATLAB manual [4] for more information on the MATLAB function roots(..).

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)
#include "Example.h"

int main() {

cout << "Roots of a polynormial function." << endl ;

Test obj ;

obj.FindingRootsPolynormial() ;

return O ;
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/* Example.h */

#include <iostream.h>
#include "rootslib.h"

#include "mxUtilityCompilerVer4.h"

class Test {

public:

void FindingRootsPolynormial() ;

Test O {
mclInitializeApplication(NULL,O0);

rootslibInitialize();

}

“Test O A
rootslibTerminate();
mclTerminateApplication();

}

s

/* 3k 3k >k >k 3k 3k 3k 3k 5k %k %k 3k 3k 3k 5k 5k %k %k 3k 3k 3k %k %k %k %k > 3k k */

void Test::FindingRootsPolynormial() {

/*

Find the solutions of polynomial function:
f(x) = -x"3 + 7.2x72 -21x -5

*/

int order = 3 ;

double db_coefs[] = { -1, 7.2, -21, -5 } ;

/* step 1 : declare mxArray variables */

mxArray *mx_coefs = NULL ;

mxArray *mx_x = NULL ;

/* step 2 : assign memory */

int vectorSize = order + 1 ;



mx_coefs = mxCreateDoubleMatrix(vectorSize, 1, mxREAL)

mx_X

mxCreateDoubleMatrix( order

, 1, mxCOMPLEX)

/* step 3 : convert C/C++ double to mxArray */

double2mxArray_vectorReal (db_coefs, mx_coefs) ;

/* step 4 : call an implemental function */

mlfMyroots(1l, &mx_x, mx_coefs);

/* step 5 : convert back to C/C++ double
double *db_xReal = new double [order]

double *db_xImag = new double [order]

3

)

mxArray2double_vectorComplex(mx_x, db_xReal, db_xImag) ;

/* print out */

cout << "Solutions of the polynomial function :

int i ;

for (i=0; i<3; i++) A

cout << db_xReal[i] << " + "

cout << db_xImag[i] << "i" << endl ;

/* step 6 : free memories */
mxDestroyArray (mx_coefs) ;

mxDestroyArray (mx_x) H

delete [] db_xReal ;
delete [] db_xImag ;

" << endl ;

)

Note

end code
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The roots of a polynomial function may have imaginary terms. Therefore we need to use the

function maxArray2double vectorComplex(..) in converting to double type.
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B. FOR Ct1t SHARED LIBRARY
The following is the code to solve Problem 1 by using the function myroots(..). See the MATLAB

manual [4] for more information on the MATLAB function roots(..).

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)
#include "Example.h"

int main() {
cout << "Roots of functions." << endl ;
Test obj ;

obj.FindingRootsPolynormial() ;

return O ;

#include <iostream.h>
#include "cpprootslib.h"

#include "mwUtilityCompilerVer4.h"

class Test {

public:

void FindingRootsPolynormial() ;

Test O {
mclInitializeApplication(NULL,0);

cpprootslibInitialize();
}

“Test O {
cpprootslibTerminate();

mclTerminateApplication();

}
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/% kskokskskokok kK ok ok ok Kok ok kK ok ok kK ok ok ok ok k /

void Test::FindingRootsPolynormial() {

/*

Find the solutions of polynomial function:
f(x) = -x"3 + 7.2x72 -21x -5

*/

int order = 3 ;

double db_coefs[] = { -1, 7.2, -21, -5 } ;

int vectorSize = order + 1 ;

/* declare mwArray variables */
mwArray mw_coefs(vectorSize, 1, mxDOUBLE_CLASS) ;

mw_coefs.SetData(db_coefs, vectorSize) ;

/* call an implemental function */
mwArray mw_x(order, 1, mxDOUBLE_CLASS, mxCOMPLEX) ;

myroots(1l, mw_x, mw_coefs);

/* convert back to C/C++ double */
double *db_xReal = new double [order] ;

double *db_xImag = new double [order] ;

mwArray2double_vectorComplex(mw_x, db_xReal, db_xImag) ;

/* print out */
cout << "Solutions of the polynomial function : " << endl ;
int i ;
for (i=0; i<3; i++) {
cout << db_xReall[i] << " + " ;

cout << db_xImagl[i] << "i" << endl ;

/* step 6 : free memories */
delete [] db_xReal ;
delete [] db_xImag ;

end code




234

13.2 The Root of a Nonlinear-Equation

This section describe how to use the function mlfMyfzero(..) in the generated rootslib library
or myfzero(..) in the generated epprootslib library to find a root of a nonlinear function. These
functions use a MATLAB function fzero(..) which returns ONLY ONE SOLUTION near the

initial guess value. For more information of the fzero(..) function, refer to MATLAB manual [6].
Problem 2

Find the root of the function:

f(x) = sin(2z) + cos(z) + 1

A. FOR C SHARED LIBRARY
The following is the code to solve Problem 2 by using the function mlfMyfzero(..).

Listing code

void Test::FindingZeroFunction ( )

{

/* Find the solution of the function f(x) = sin(2*x) + cos(x) + 1
fzero(..) returns ONLY ONE SOLUTION near a initial guess value
If your problem is complicated, please look at functions
in Optimization Tool Box

*/

double db_initialGuess = 0.9 ;

const char strfunc[] = "sin(2#*x) + cos(x) + 1" ;

/* step 1 : declare mxArray variables */
mxArray *mx_initialGuess = NULL ;
mxArray *mx_x = NULL ;

mxArray *mx_strfunc ;

/* step 2 : assign memory */

mx_initialGuess = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_x mxCreateDoubleMatrix (1, 1, mxREAL) ;

/* step 3 : convert C/C++ double to mxArray */

double2mxArray_scalarReal (db_initialGuess, mx_initialGuess) ;
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mx_strfunc = mxCreateString(strfunc) ;

/* step 4 : call an implemental function */

mlfMyfzero(1l, &mx_x, mx_strfunc, mx_initialGuess);

/* step 5 : convert back to C/C++ double */
double db_xReal 5

db_xReal = mxArray2double_scalarReal (mx_x) ;

/* print out */
cout << "Solutions of the given function : " << endl ;

cout << db_xReal << endl ;

/* step 6 : free memories */
mxDestroyArray (mx_initialGuess) ;
mxDestroyArray (mx_x) ;

mxDestroyArray (mx_strfunc) ;

end code

B. FOR C+t+ SHARED LIBRARY

The following is the code to solve Problem 2 by using the function myfzero(..).

Listing code

void Test::FindingZeroFunction () {

/* Find the solution of the function f(x) = sin(2*x) + cos(x) + 1
fzero(..) returns ONLY ONE SOLUTION near a initial guess value
If your problem is complicated, please look at functions
in Optimization Tool Box

*/

mwArray mw_initialGuess(1l, 1, mxDOUBLE_CLASS) ;
mw_initialGuess(1,1) = 0.9 ;

mwArray mw_strfunc("sin(2*x) + cos(x) + 1")
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/* call an implemental function */
mwArray mw_x(1, 1, mxDOUBLE_CLASS) ;

myfzero(1l, mw_x, mw_strfunc, mw_initialGuess);

/* convert back to C/C++ double x*/

double db_xReal = (double) mw_x(1,1) ;
/* print out */

cout << "Solutions of the given function : " << endl ;

cout << db_xReal << endl ;

end code

Note
The generated function myfzero(..) or myfzero(..) is a function-function and has an argument as
an expression string. The form of this expression string follows the rule of a MATLAB expression

string.



Chapter 14

Fast Fourier Transform

Fourier analysis is very useful for data analysis in applications. The Fourier transform divides a

function into constituent sinusoids of different frequencies.

The Fourier transform of a function f(x) is defined as:
+oo ]
F(s) :/ f(x)e_’(%s)xdx
and its inverse

flo)= /+OO F(s)e "*m)3ds

— 0o

(14.1a)

(14.1b)

The Fast Fourier Transform (FFT) is an efficient algorithm for computing the discrete Fourier

transform [1]. MATLAB provides functions for working on the Fast Fourier Transform and its

inverse. These functions will be used to generate shared libraries in the following sections.

In this chapter we’ll generate a C shared library fftlib and a Ct+ shared library cppfftlib from

common M-files working on FFT problems. The generated functions of these libraries will be

used in a MSVC .Net project to solve the integral problems.

Following are steps to create a C shared library fftlib.dll and a C++ shared library cppfftlib.dll

which will be used to solve FFT problems in the next sections.

We will write the M-files as shown below. These functions will be used to generate the C and

C+t+ shared libraries.

myfft.m, myifft.m, myfft2.m, and myifft2.m



238

function Y = myfft(X)
Y = £££(X) ;
function Y = myifft(X)

Y =

ifft(X) ;

function Y = myfft2(X)

Y = ££t2(X) ;

function Y = myifft2(X)

ifft2(X) ;

FOR C SHARED LIBRARY

. Write the command in Windows Command Prompt as follows to create a C shared library

Sfttlidb -
mcc -B csharedlib:fftlib myfft.m myifft.m myfft2.m myifft2.m

. MATLAB Compiler 4.0 will create eight files for this C shared library:

fftlib.c fftlib.ctf fftlib.dll
fftlib.exp fftlib.exports fftlib.h

fftlib.1lib  fftlib_mcc_component_data.c

Add and set these files to the MSVC .Net project as described in Chapter 6.

In the following sections, we’ll use the following implemental functions in this library to
solve the common problems in the fast Fourier transform (open the file fitlib.h to see the

names of these functions):

void mlfMyfft (int nargout, mxArray** Y, mxArray* X);

void mlfMyifft (int nargout, mxArray** mxArray* X);

void mlfMyfft2 (int nargout, mxArray** mxArray* X);

<< <

void mlfMyifft2(int nargout, mxArray** Y, mxArray* X);
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B. FOR C+t+ SHARED LIBRARY

1. Write the command in Windows Command Prompt as follows to create a C*t+ shared
library cppfttlib :
mcc -W cpplib:cppfftlib -T link:lib myfft.m myifft.m myfft2.m myifft2.m

2. MATLAB Compiler 4 will create eight files for this C*+ shared library:

cppfftlib.cpp cppfftlib.ctf cppfftlib.dll
cppfftlib.exp cppfftlib.exports cppfftlib.h

cppfftlib.1lib  cppfftlib_mcc_component_data.c

Add and set these files to the MSVC .Net project as described in Chapter 6.

3. In the following sections, we’ll use the following implemental functions in this library to
solve the common problems in the fast Fourier transform (open the file cppfftlib.h to see

the names of these functions):

void myfft (int nargout, mwArray& Y, const mwArray& X);
void myifft (int nargout, mwArray& Y, const mwArray& X);
void myfft2 (int nargout, mwArray& Y, const mwArray& X);

void myifft2(int nargout, mwArray& Y, const mwArray& X);

14.1 One-Dimensional Fast Fourier Transform

The MATLAB functions implement FFT and its inverse for a vector X with length N as follows:

N
Y=Y X, e(=i2m) (254) (k=) 1<k<N (14.2a)
n=1
and its inverse
1 N . k—l) 1
X, =~ ;Yk o(i2m) (551) (n=1) 1<n<N (14.2b)

Remarks

1. The vectors X and Y in equation 14.2 are represented by functions f(z) and F(s) in

equation 14.1, respectively.

2. The first index of a vector in MATLAB starts at 1, therefore in the equation 14.2 we have
term (n—1) and (k—1). This produces identical results as the traditional Fourier equations

from 0 to (N —1).
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Problem 1

input Vector X,
X:{673777'970737'271}

output Finding the FFT vector Y in Eq. 14.2a

A. FOR C SHARED LIBRARY
The following is the code to solve Problem 1 by using the function mlfMyfft(..).

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include "Example.h"

int main() {
cout << "Fast Fourier Transform." << endl ;
Test obj ;

obj.FastFourierTransiD() ;

return O ;

/* Example.h */

#include <iostream.h>

#include "fftlib.h"

#include "mxUtilityCompilerVer4.h"

class Test {

public:

void FastFourierTransiD() ;
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Test O {
mclInitializeApplication(NULL,O0);
fftlibInitialize();

}

“Test O {
fftlibTerminate();

mclTerminateApplication();

}

}

/* 3k 3k >k >k 3k 3k 3k 3k %k %k %k 3k 3k 3k 5k 5k %k %k 3k 3k 3k %k %k %k Xk > 3k k */

void Test::FastFourierTransiD() {

double db_X [8] ={6, 3,7, -9, 0, 3, -2, 1} ;

int vectorSize = 8 ;

/* step 1 : declare mxArray variables */
mxArray *mx_X = NULL ;
mxArray *mx_Y = NULL ;

/* step 2 : assign memory */

mx_X = mxCreateDoubleMatrix(vectorSize, 1, mxREAL) ;

mx_Y mxCreateDoubleMatrix(vectorSize, 1, mxCOMPLEX) ;
/* step 3 : convert C/C++ double to mxArray */

double2mxArray_vectorReal (db_X, mx_X) ;

/* step 4 : call an implemental function */

mlfMyfft (1, &mx_Y, mx_X);

/* step 5 : convert back to C/C++ double */
double *db_YReal = new double [vectorSize] ;

double *db_YImag = new double [vectorSize] ;

mxArray2double_vectorComplex(mX_Y, db_YReal, db_YImag) ;

/* print out */
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cout << "Fast Fourier Transform of X : " << endl ;
int i ;
for (i=0; i<vectorSize; i++) {
cout << db_YReal[i] << " + " ;
cout << db_YImag[i] << "i" << endl ;
}

cout << endl ;

/* step 6 : free memories */
mxDestroyArray (mx_X) ;

mxDestroyArray (mx_Y) ;

delete [] db_YReal ;
delete [] db_YImag ;

end code

B. FOR Ct+ SHARED LIBRARY
The following is the code to solve Problem 1 by using the function myfft(..).

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include "Example.h"

int main() {
cout << "Fast Fourier Transform." << endl ;
Test obj ;

obj.FastFourierTransiD() ;

return O ;




/* Example.h */

#include <iostream.

h>

#include "cppfftlib.h"

#include "mwUtilityCompilerVer4.h"

class Test {

public:

void FastFourierTransiD() ;

Test O {

mclInitializeApplication(NULL,O0);

cppfftlibInitialize();

}
“Test () {
cppfftlibTerminate();

mclTerminateApplication();

}

s

/% kkokskkskkokskkkkok kK kRokk kK kokkkkkok K/

void Test::FastFourierTransiD() {

double db_X [8] =

int vectorSize = 8 ;

/* declare mwArray

mwArray mw_X(vectorSize, 1, mxDOUBLE_CLASS) ;

mw_X.SetData(db_X,

{6,3,7,-9,0,3, -2, 1};

variables */

vectorSize) ;

/* call an implemental function */

mwArray mw_Y(vectorSize, 1, mxDOUBLE_CLASS) ;

myfft (1, mw_ Y, mw_X);

/* convert back to
double *db_YReal =

double *db_YImag =

C/C++ double =*/
new double [vectorSize]

new double [vectorSize]

)

3

243



244

mwArray2double_vectorComplex (mw_Y, db_YReal, db_YImag) ;

/* print out */
cout << "Fast Fourier Transform of X : " << endl ;
int i ;
for (i=0; i<vectorSize; i++) {
cout << db_YReall[i] << " + " ;
cout << db_YImag[i] << "i" << endl ;
}

cout << endl ;

delete [] db_YReal ;
delete [] db_YImag ;

}

end code
Problem 1B
input a vector Y,

Y real numbers = {9.00, 13.0711, 1.0, -1.0711, 13.0, -1.0711 , 1.0 , 13.0711 }
Y imaginary numbers = {0, -1.9289, -14.0, 16.0711, 0, -16.0711, 14.0, 1.9289 }

output Finding an inverse FFT vector X in Eq. 14.2b

A. FOR C SHARED LIBRARY
The following is the code to solve Problem 1B by using the function mlfMyifft(..).

Listing code

void Test::InverseFastFourierTransiD() {

double db_YReall[8]

{ 9.00, 13.0711, 1.00, -1.0711, 13.00, -1.0711 , 1.00 , 13.0711 } ;

double db_YImag[8] {o , —1.9289, -14.00, 16.0711, O , —16.0711, 14.00, 1.9289 1} ;

int vectorSize = 8 ;

/* step 1 : declare mxArray variables */

mxArray *mx_X = NULL ;
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mxArray *mx_Y = NULL ;

/* step 2 : assign memory */

mx_Y mxCreateDoubleMatrix(vectorSize, 1, mxCOMPLEX) ;

mx_X = mxCreateDoubleMatrix(vectorSize, 1, mxCOMPLEX) ;

/* step 3 : convert C/C++ double to mxArray */

double2mxArray_vectorComplex (db_YReal, db_YImag, mx_Y) ;

/* step 4 : call an implemental function */

mlfMyifft (1, &mx_X, mx_Y);

/* step 5 : convert back to C/C++ double */
double *db_XReal = new double [vectorSize] ;

double *db_XImag = new double [vectorSize] ;

mxArray2double_vectorComplex(mx_X, db_XReal, db_XImag) ;

/* print out */
cout << "Inverse Fast Fourier Transform of Y : " << endl ;
int i ;
for (i=0; i<vectorSize; i++) {
cout << db_XReall[i] << " + " ;
cout << db_XImagl[i] << "i" << endl ;
}

cout << endl ;
/* step 6 : free memories */
mxDestroyArray (mx_X) ;

mxDestroyArray (mx_Y) ;

delete [] db_XReal ;

delete [] db_XImag ;

end code

B. FOR Ct+ SHARED LIBRARY
The following is the code to solve Problem 1B by using the function myifft(..).
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Listing code

void Test::InverseFastFourierTransiD() {

double db_YReal[8] = { 9.00, 13.0711, 1.00, -1.0711, 13.00, -1.0711 , 1.00 , 13.0711 } ;
double db_YImag[8]

{o , —1.9289, -14.00, 16.0711, O , -16.0711, 14.00, 1.9289 1} ;

int vectorSize = 8 ;

/* declare mxArray variables */
mwArray mw_Y(vectorSize, 1, mxDOUBLE_CLASS, mxCOMPLEX) ;
mw_Y.Real() .SetData(db_YReal, vectorSize) ;

mw_Y.Imag() .SetData(db_YImag, vectorSize) ;

/* call an implemental function */
mwArray mw_X(vectorSize, 1, mxDOUBLE_CLASS, mxCOMPLEX) ;

myifft(l, mw_X, mw_Y);

std::cout << mw_X << std::endl ;

/* convert back to C/C++ double x*/
double *db_XReal = new double [vectorSize] ;

double *db_XImag = new double [vectorSize] ;

mwArray2double_vectorComplex(mw_X, db_XReal, db_XImag) ;

/* print out */
cout << "Inverse Fast Fourier Transform of Y : " << endl ;
int i ;
for (i=0; i<vectorSize; i++) {
cout << db_XReall[i] << " + " ;
cout << db_XImagl[i] << "i" << endl ;
}

cout << endl ;

/* free memories x/
delete [] db_XReal ;
delete [] db_XImag ;
}

end code
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14.2 Two-Dimensional Fast Fourier Transform

The MATLAB function fft2(..) (Y = fft2(X)) computes the one-dimensional FFT of each col-
umn of a matrix X, and the size of the result matrix Y is the same size of X. If you want to get

a different size, use the function Y = fft2(X, m,n), refer to the MATLAB manual [6].

Problem 2

input Matrix X,

4 3.2 6.8 91
X=|-4 12 43 54
22 —-6.7 8 12

output Finding the matrix Y, which is a FFT matrix of X.

A. FOR C SHARED LIBRARY
The following is the code to solve Problem 2 by using the function mlfMyfft2(..) in the generated

fFtlib.

Listing code

void Test::FastFourierTrans2D() {

double X[3]1[4] = { {4 , 3.2, 6.8, 9.1 + ,\
{-4, 1.2, 4.3, 5.4 } ,\
{2.2, -6.7, 8 , 12.2} };

int row = 3 ;
int col = 4 ;
int i, j ;

/* assign values for a buffer */
double **db_X = new doublex[row] ;
for (i=0; i<row; i++) A

db_X[i] = new double [col] ;

for(i=0; i<row; i++) {

db_X[i] = & X[i][0] ;
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/* step 1 : declare mxArray variables */
mxArray *mx_X = NULL ;

mxArray *mx_Y = NULL ;

/* step 2 : assign memory */

mx_X mxCreateDoubleMatrix(row, col, mxREAL)

mx_Y = mxCreateDoubleMatrix(row, col, mxCOMPLEX) ;

/* step 3 : convert C/C++ double to mxArray */

double2mxArray_matrixReal (db_X, mx_X) ;

/* step 4 : call an implemental function */

mlfMyfft2 (1, &mx_Y, mx_X);

/* step 5 : convert back to C/C++ double */

double **db_YReal = new doublex* [row] ;

double **db_YImag = new double* [col] ;
for (i=0; i<row; i++) A
db_YReal[i] = new double [col] ;

db_YImag[i] = new double [col] ;

mxArray2double_matrixComplex(mx_Y, db_YReal, db_YImag) ;

/* print out */

cout << "2-D Fast Fourier Transform of X : " << endl ;

for (i=0; i<row; i++) {
for (j=0; j<col; j++ ) {
cout << db_YReall[i][j] << " + " ;
cout << db_YImag[i][j] << "i" << "\t\t" ;
}
cout << endl ;
}

cout << endl ;

/* step 6 : free memories */

mxDestroyArray (mx_X) ;
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mxDestroyArray (mx_Y) ;
delete [] db_X ;

delete [] db_YReal ;
delete [] db_YImag ;

end code

B. FOR Ct1t SHARED LIBRARY
The following is the code to solve Problem 2 by using the function myfft2(..) in the generated

cppfftlib.

Listing code

void Test::FastFourierTrans2D() {

double X[3]1[4] = { {4 , 3.2, 6.8, 9.1 + ,\
{-4, 1.2, 4.3, 5.4 } ,\
{2.2, -6.7, 8 , 12.2} };

int row = 3 ;
int col = 4 ;
int i, j ;

/* step 1 : declare mxArray variables */
mxArray *mx_X = NULL ;
mxArray *mx_Y = NULL ;

/* step 2 : assign memory */

mx_X mxCreateDoubleMatrix(row, col, mxREAL) ;

mx_Y mxCreateDoubleMatrix(row, col, mxCOMPLEX) ;
/* step 3 : convert C/C++ double to mxArray */

mwArray mw_X = double2mwArray_matrixReal (&X[0] [0], row, col) ;

/* step 4 : call an implemental function */
mwArray mw_Y(row, col, mxDOUBLE_CLASS, mxCOMPLEX) ;

myfft2 (1, mw_Y, mw_X);
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/* step 5 : convert back to C/C++ double */
double **db_YReal = new double* [row] ;

double **db_YImag = new double* [col] ;

for (i=0; i<row; i++) A
db_YReal[i] = new double [col] ;
db_YImag[i] = new double [col] ;

mwArray2double_matrixComplex (mw_Y, db_YReal, db_YImag) ;

/* print out */

cout << "2-D Fast Fourier Transform of X : " << endl ;

for (i=0; i<row; i++) {
for (j=0; j<col; j++ ) {
cout << db_YReall[i][j] << " + " ;
cout << db_YImag[i][j] << "i" << "\t\t" ;
}
cout << endl ;
}

cout << endl ;

/* step 6 : free memories */
delete [] db_YReal ;

delete [] db_YImag ;

}

end code

Problem 2B

input Matrix Y,

(4570 +0i)  (—16.9000 + 29.0000i)  (—3.10+0i)  (—16.9000 — 29.00007)
Y = [(11.80 + 7.621i)  (—8.4806 — 3.4849i)  (—0.70 +9.5263i)  (16.9806 + 7.8151)
(11.80 — 7.6215)  (16.9806 — 7.81517)  (—0.70 — 9.5263i)  (—8.4806 + 3.4849i)

output Finding the matrix X which is an inverse FFT matrix of Y.



A. FOR C SHARED LIBRARY

The following is the code to solve Problem 2B using the function mlfMyifft2(..).

Listing code
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void Test::InverseFastFourierTrans2D() {

double YReal[3][4]

double YImag[3][4]

int row

]
w

int col = 4 ;

int i, j ;

{{ 45.7000, -16.9000, -3.1000,
{ 11.8000, -8.4806, -0.7000,
{ 11.8000, 16.9806, -0.7000,

{{ o, 29.0000, O,

{ 7.6210, -3.4849, 9.5263,
{-7.6210, -7.8151, -9.5263,

/* assign values for a buffer x*/

double**x db_YReal =

double** db_YImag =

for (i=0; i<row; i++)

new double* [row] ;

new double* [row] ;

{

db_YReal[i] = new double [col] ;

db_YImag[i]

new double [col] ;

/* assign value for dbBufferMatrixY_Real */

for (i=0; i<row; i++)

db_YReal[i]

db_YImag[i]

{

&YReal[i] [0] ;
&YImag[i] [0] ;

/* step 1 : declare mxArray variables */

mxArray *mx_X = NULL

mxArray *mx_Y = NULL

)

/* step 2 : assign memory */

-29.0000 } ,\
7.8151 } ,\
3.4849 } };
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mx_Y mxCreateDoubleMatrix(row, col, mxCOMPLEX) ;

mx_X mxCreateDoubleMatrix(row, col, mxCOMPLEX) ;

/* step 3 : convert C/C++ double to mxArray */

double2mxArray_matrixComplex (&YReal[0] [0], &YImag[0] [0], mx_Y) ;

/* step 4 : call an implemental function */

mlfMyifft2 (1, &mx_X, mx_Y);

/* step 5 : convert back to C/C++ double */

double **db_XReal = new doublex* [row] ;

double **db_XImag = new double* [row] ;

for(i=0; i<row; i++) {

db_XReal[i] = new double [col] ;

db_XImag[i] = new double [col] ;

mxArray2double_matrixComplex (mx_X, db_XReal, db_XImag) ;

/* print out */

cout << "Inverse 2-D Fast Fourier Transform of Y : " << endl ;

for (i=0; i<row; i++) {
for (j=0; j<col; j++ ) {
cout << db_XReall[i][j] << " + "
cout << db_XImag[i] [j] << "i" << "\t\t"
}
cout << endl ;

}

cout << endl ;

/* step 6 : free memories */
mxDestroyArray (mx_X) ;

mxDestroyArray (mx_Y) ;

delete [] db_XReal ;
delete [] db_XImag ;
}

end code
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B. FOR Ct+ SHARED LIBRARY
The following is the code to solve Problem 2B using the function myifft2(..).
Listing code

void Test::InverseFastFourierTrans2D() {

double YReal[3] [4]

{{ 45.7000, -16.9000, -3.1000, -16.9000 } >\
{ 11.8000, -8.4806, -0.7000, 16.9806 } >\
{ 11.8000, 16.9806, -0.7000, -8.4806 1} I};

double YImag[3][4] {{o, 29.0000, 0, -29.0000 } ,\
{ 7.6210, -3.4849, 9.5263, 7.8151 } ,\

{-7.6210, -7.8151, -9.5263, 3.4849 } };

int row = 3 ;

int col 4

int i, j ;

/* convert C/C++ double to mxArray */

mwArray mw_Y = double2mwArray_matrixComplex (&YReall[O0][0], &YImag[O0][0], row, col) ;

/* call an implemental function */
mwArray mw_X(row, col, mxDOUBLE_CLASS, mxCOMPLEX) ;

myifft2 (1, mw_X, mw_Y);

/* convert back to C/C++ double x*/

double **db_XReal = new doublex* [row] ;

double **db_XImag = new doublex [row] ;

for(i=0; i<row; i++) A

db_XReal[i] = new double [col] ;

db_XImag[i] = new double [col] ;

mwArradeouble_matrixComplex(mw_X, db_XReal, db_XImag) ;

/* print out */

cout << "Inverse 2-D Fast Fourier Transform of Y : " << endl ;
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for (i=0; i<row; i++) {
for (j=0; j<col; j++ ) {
cout << db_XRealli] [j] << " + "
cout << db_XImag[i] [j] << "i" << "\t\t"
}
cout << endl ;
}

cout << endl ;
/* free memories */

delete [] db_XReal ;

delete [] db_XImag ;

end code




Chapter 15

Eigenvalues and Eigenvectors

In this chapter we’ll generate a C shared library eigenlib and a Ct+ shared library cppeigenlib
from common M-files working on problems of eigenvectors and eigenvalues. The generated func-
tions of these libraries will be used in a MSVC .Net project to solve the eigen problems. This
chapter focus on using the MATLAB function eig(..) to find the eigenvalues and eigenvectors of

a square matrix. For more information of this function, refer to the MATLAB manual [5].

Following are steps to create a C shared library eigenlib.dll and a C*+ shared library cppeigen-

lib.dll which will be used to solve problems in the next sections.

We will write the M-file myeig.m as shown below. These functions will be used to generate the

C and C** shared libraries.

function [V,D] = myeig(A)
[V,D] = eig(h) ;

A. FOR C SHARED LIBRARY

1. Write the command in Windows Command Prompt as follows to create a C shared library
etgenlib :

mcc -B csharedlib:eigenlib myeig.m

2. MATLAB Compiler 4 will create eight files for this C shared library:

eigenlib.c eigenlib.ctf eigenlib.dll
eigenlib.exp eigenlib.exports eigenlib.h

eigenlib.lib  eigenlib_mcc_component_data.c

Add and set these files to the MSVC .Net project as described in Chapter 6.
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3. In the next sections, we’ll use the following implemental function in this library to solve

the common eigen-problems (open the file eigenlib.h to see the name of this function):

void mlfMyeig(int nargout, mxArray** V, mxArray** D, mxArray* A);

B. FOR C+t+ SHARED LIBRARY

1. Write the command in Windows Command Prompt as follows to create a C*t+ shared
library cppeigenlib :
mcc -W cpplib:cppeigenlib -T link:lib myeig.m

2. MATLAB Compiler 4 will create eight files for this C*+ shared library:

cppeigenlib.cpp  cppeigenlib.ctf cppeigenlib.dll
cppeigenlib.exp cppeigenlib.exports cppeigenlib.h

cppeigenlib.lib  cppeigenlib_mcc_component_data.c

Add and set these files to the MSVC .Net project as described in Chapter 6.

3. In the next sections, we’ll use the following implemental function in this library to solve

the common eigen-problems (open the file cppeigenlib.h to see the name of this function):

void myeig(int nargout, mwArray& V, mwArray& D, const mwArray& A);

15.1 Eigenvalues and Eigenvectors

Problem 1
input a square matrix A
0 -6 -1
A=1]6¢6 2 -16
-5 20 -10

output  Finding eigenvalues and eigenvectors of A

A. FOR C SHARED LIBRARY
The following is the code to solve Problem 1 by using function mlfMyeig(..) in the generated

etgenlib library to find eigenvalues and eigenvectors of a square matrix.
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Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include "Example.h"

int main() {
cout << "Eigenvalues and eigenvectors" << endl ;
Test obj ;

obj.EigValueVector() ;

return O ;

/* Example.h */

#include <iostream.h>
#include "eigenlib.h"

#include "mxUtilityCompilerVer4.h"

class Test {
public:

void EigValueVector() ;

Test O A
mclInitializeApplication(NULL,O0);
eigenlibInitialize();

}

“Test O {
eigenlibTerminate();

mclTerminateApplication() ;

}

Y

/* 3k 3K 3K 3k >k >k 3k 3k 3k 3k 3k 3k %k >k %k 5k %k 5k 5k 3k 5k %k %k %k %k %k %k 5k */

void Test::EigValueVector() {

double A[3][3] = {{ 0, -6, -1} , {6, 2, -16} , {-5, 20, -10} } ;
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int row

1]
w

int col = 3 ;

int i, j ;

/* step 1

mxArray *mx_A

mxArray *mx_eigenvectors

mxArray *mx_eigenvalues

/* step 2 :
mx_A
mx_eigenvectors

mx_eigenvalues

/* step 3 :

mxCreateDoubleMatrix (row,
mxCreateDoubleMatrix (row,

mxCreateDoubleMatrix(row,

: declare mxArray variables */

NULL ;

NULL ;

NULL ;

assign memory */

convert C/C++ double to mxArray

double2mxArray_matrixReal (&A[0] [0], mx_A) ;

/* step 4 :

mlfMyeig(2, &mx_eigenvectors, &mx_eigenvalues, mx_A);

/* step 5 :

double **db_eigenvectorsReal

double **db_eigenvectorsImag

double **db_eigenvaluesReal

double **db_eigenvaluesImag

for (i=0; i<row; i++) A

db_eigenvectorsReal[i]

db_eigenvectorsImag[i]

db_eigenvaluesReal[i]

db_eigenvaluesImag[i]

call an implemental function */

convert back to C/C++ double */
= new double* [col]

= new double* [coll]

*/

new doublex [row]

new doublex [row]

new double [col]

new double [col]

new double [col]

new double [col]

s

3

)

s

col, mxREAL)
col, mxCOMPLEX)
col, mxCOMPLEX)

>

>

>

>

>

mxArray2double_matrixComplex (mx_eigenvectors, db_eigenvectorsReal, db_eigenvectorsImag) ;

mxArray2double_matrixComplex(mx_eigenvalues , db_eigenvaluesReal ,

/* print out */

db_eigenvaluesImag) ;
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cout << "Eigenvalues of the matrix A : " << endl ;

for (i=0; i<row; i++) {

cout << db_eigenvaluesReal[i] [i] << " + "

cout << db_eigenvaluesImag[i] [i] << "i" << endl ;
}

cout << endl ;

cout << "Eigenvectors of the matrix A : " << endl ;

for (j=0; j<col; j++ ) {

cout << "Eigenvector " << (j+1) << " is : " << endl ;

for (i=0; i<row; i++) {
cout << db_eigenvectorsReall[i][j] << " + "

cout << db_eigenvectorsImagl[i] [j] << "i" << endl ;

cout << endl ;
}

cout << endl ;

/* step 6 : free memories */
mxDestroyArray (mx_A) ;
mxDestroyArray (mx_eigenvalues ) ;

mxDestroyArray (mx_eigenvectors) ;

delete [] db_eigenvaluesReal ;

delete [] db_eigenvaluesImag ;

delete [] db_eigenvectorsReal ;
delete [] db_eigenvectorsImag ;
}

end code
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B. FOR C+t+ SHARED LIBRARY

The following is the code to solve Problem 1 by using function myeig(..) in the generated

cppeigenlib library to find eigenvalues and eigenvectors of a square matrix.

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include "Example.h"

int main() {
cout << "Eigenvalues and eigenvectors" << endl ;
Test obj ;

obj.EigValueVector() ;

return O ;

/* Example.h */

#include <iostream.h>
#include "cppeigenlib.h"

#include "mwUtilityCompilerVer4.h"

class Test {

public:

void EigValueVector() ;

Test O {
mclInitializeApplication(NULL,0);
cppeigenlibInitialize();

}

“Test O {
cppeigenlibTerminate();

mclTerminateApplication();
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}

/% skskokokskokok ok sk kok ok ok ok ok ok kkokkokokkok %k /

void Test::EigValueVector() {

double A[3][3] = {{ 0, -6, -1} , {6, 2, -16} , {-5, 20, -10} } ;

int row = 3 ;
int col = 3 ;
int i, j ;

/* convert C/C++ double to mxArray */

mwArray mw_A = double2mwArray_matrixReal (&A[0] [0], row, col) ;
/* call an implemental function */

mwArray mw_eigenvectors(row, col, mxDOUBLE_CLASS, mxCOMPLEX) ;
mwArray mw_eigenvalues (row, col, mxDOUBLE_CLASS, mxCOMPLEX) ;
myeig(2, mw_eigenvectors, mw_eigenvalues, mw_A);

/* convert back to C/C++ double */

double **db_eigenvectorsReal = new double* [col] ;

double **db_eigenvectorsImag = new doublex [col] ;

double **db_eigenvaluesReal = new doublex [row] ;

double **db_eigenvaluesImag = new doublex [row] ;
for (i=0; i<row; i++) {
db_eigenvectorsReal[i] = new double [col] ;

db_eigenvectorsImag[i] = new double [col] ;

db_eigenvaluesReal[i] = new double [col] ;

db_eigenvaluesImag[i] = new double [col] ;

mwArray2double_matrixComplex (mw_eigenvectors, db_eigenvectorsReal, db_eigenvectorsImag) ;

mwArray2doub1e_matrixCompleX(mw_eigenvalues , db_eigenvaluesReal , db_eigenvaluesImag )
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/* print out */

cout << "Eigenvalues of the matrix A : " << endl ;

for (i=0; i<row; i++) {
cout << db_eigenvaluesReal[i] [i] << " + " ;
cout << db_eigenvaluesImag[i] [i] << "i" << endl ;

}

cout << endl ;

cout << "Eigenvectors of the matrix A : " << endl ;

for (j=0; j<col; j++ ) {

cout << "Eigenvector " << (j+1) << " is : " << emndl ;

for (i=0; i<row; i++) {

cout << db_eigenvectorsReal[i] [j] << " + "

cout << db_eigenvectorsImag[il [j] << "i" << endl ;

cout << endl ;
¥

cout << endl ;

/* step 6 : free memories */
delete [] db_eigenvaluesReal ;

delete [] db_eigenvaluesImag ;

delete [] db_eigenvectorsReal ;

delete [] db_eigenvectorsImag ;

end code

See the code of the files mxUtilityCompilerVer4.h and mwUtilityCompilerVer4.h in Chapter 7.

Remarks

1. The MATLAB function [V,D] = eig(A) assigns eigenvalues D as a diagonal matrix, in

which the eigenvalues are diagonal terms. The above programming gives the eigenvalues in
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the matrix form as follow:

—0.30710 0.00000 0.00000
eigenvalues = | 0.00000 —0.24645 + 1.76008¢ 0.00000
0.00000 0.00000 —0.24645 — 1.76008i

then the eigenvalues of the matrix A are:

etgenvalue; = —0.30710
eigenvalues = —0.24645 + 1.76008¢

eigenvalues = —0.24645 — 1.760084

. The MATLAB function [V,D] = eig(A) also assigns eigenvectors V as a matrix, in which

the eigenvectors are matrix columns. The above programming gives the value as follows:

—0.83261 0.20027 — 0.13936% 0.20027 + 0.13936:
eigenvectors = | —0.35534 —0.21104 — 0.64472; —0.21104 + 0.64472;
—0.42485 —0.69301 —0.69301

then the eigenvectors of the matrix A are:

—0.83261 0.20027 — 0.139361

etgenvectory = |—0.35534 , etgenvectory = | —0.21104 — 0.644723
—0.42485 —0.69301

0.20027 + 0.139364¢
,and eigenvectors = | —0.21104 + 0.64472i

—0.69301
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Chapter 16

Random Numbers

In this chapter we’ll generate a C shared library randomlib and a C*+ shared library
cpprandomlib from common M-files working on random problems. The generated functions of

these libraries will be used in a MSVC .Net project to solve the typical random problems.

Following are steps to create a C shared library randomlib.dll and a C*+ shared library cppran-

domlib.dll which will be used to solve problems in the next sections.

We will write the M-files, myrand.m and myrandn.m, as shown below. These functions will be

used to generate the C and C*t+ shared libraries.

function Y = myrand(m,n)

Y = rand(m,n) ;

function Y = myrandn(m,n)

Y = randn(m,n) ;

h

A. FOR C SHARED LIBRARY

1. Write the command in Windows Command Prompt as follows to create a C shared library
randomlib:

mcc -B csharedlib:randomlib myrand.m myrandn.m
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2. MATLAB Compiler 4 will create eight files for this C shared library:

randomlib.c randomlib.ctf randomlib.dll
randomlib.exp randomlib.exports randomlib.h

randomlib.lib  randomlib_mcc_component_data.c

Add and set these files to the MSVC .Net project as described in Chapter 6.

In the following sections, we’ll use the following implemental functions in this library to
solve the common random problems (open the file randomlib.h to see the names of these

functions):

void mlfMyrand (int nargout, mxArray#** Y, mxArray* m, mxArray* n);

void mlfMyrandn(int nargout, mxArray** Y, mxArray* m, mxArray* n);

B. FOR C+t+ SHARED LIBRARY

1. Write the command in Windows Command Prompt as follows to create a C*t+ shared

library epprandomlib:
mcc -W cpplib:cpprandomlib -T link:lib myrand.m myrandn.m

MATLAB Compiler 4 will create eight files for this C*++ shared library:

cpprandomlib. cpp cpprandomlib.ctf cpprandomlib.dll
cpprandomlib.exp  cpprandomlib.exports cpprandomlib.h

cpprandomlib.1lib  cpprandomlib_mcc_component_data.c

Add and set these files to the MSVC .Net project as described in Chapter 6.

In the following sections, we’ll use the following implemental functions in this library to
solve the common random problems (open the file cpprandomlib.h to see the names of these

functions):

void myrand(int nargout, mwArray& Y, const mwArray& m, const mwArray& n);

void myrandn(int nargout, mwArray& Y, const mwArray& m, const mwArray& n);

16.1 Uniform Random Numbers

This section describe how to use the function mlfMyrand(..) in the generated randomlib library

or myrand(..) in the generated epprandomlib library to find uniform random numbers. Uniform

random numbers are random numbers that lie within a specified range. This section describe
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how to use the function mlfMyrand(..) or myrand(..) in the generated libraries to solve uniform
random number problems. These functions use the MATLAB function rand(m,n) to generate
a matrix (size m x n) of random numbers. These random numbers are uniformly distributed
in the interval (0,1). For more information of this function rand(m,n), refer to the MATLAB

manual [7].

16.1.1 Generating Uniform Random Numbers in Range [0,1]

Problem 1

input A number, N =5

output  Generating N uniform random numbers in range [0, 1]

A. FOR C SHARED LIBRARY
The following is the code to solve Problem 1 by using the function mlfMyrand(..)

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include "Example.h"

int main() {
cout << "Random Number" << endl ;
Test obj ;

obj.uniformRandom_vector() ;

return O ;

/* Example.h */

#include <iostream.h>

#include <math.h>
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#include "randomlib.h"

#include "mxUtilityCompilerVer4.h"

class Test {

public:

void uniformRandom_vector () ;

Test () {
mclInitializeApplication(NULL,0);

randomlibInitialize();

}

“Test () {
randomlibTerminate() ;
mclTerminateApplication();

¥
};
/* 3k >k 3k >k 3k 3k >k 5k >k 3k 3k >k 5k %k 3k 5k k 5k %k 5k >k k 5k %k 5k k k k. */

void Test::uniformRandom_vector () {

int row

1]
-

int col = 5 ;

int i ;

/* step 1 : declare mxArray variables */

mxArray *mx_row = NULL ;
mxArray *mx_col = NULL ;
mxArray *mx_uniformRandVector = NULL ;

/* step 2 : assign memory */

mx_row = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_col mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_uniformRandVector = mxCreateDoubleMatrix(row, col, mxREAL) ;

/* step 3 : convert C/C++ double to mxArray */
double2mxArray_scalarReal (row, mx_row) ;

double2mxArray_scalarReal (col, mx_col) ;
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/* step 4 : call an implemental function */

mlfMyrand(1, &mx_uniformRandVector, mx_row, mx_col);

/* step 5 : convert back to C/C++ double */
double * db_uniformRandVector = new double [col] ;

mxArray2double_vectorReal (mx_uniformRandVector, db_uniformRandVector) ;

/* print out */
cout << endl ;
cout << "Uniform random numbers from O to 1 :" << endl ;
for (i=0; i<col; i++) {
cout << db_uniformRandVector[i] << "\t" ;
}

cout << endl ;

/* step 6 : free memories */
mxDestroyArray (mx_row) ;
mxDestroyArray(mx_col) ;

mxDestroyArray (mx_uniformRandVector) ;

delete [] db_uniformRandVector ;

end code

B. FOR Ct1t SHARED LIBRARY
The following is the code to solve Problem 1 by using the function myrand(..)

Listing code

/* Example.cpp */

#pragma warning(disable : 4995)

#include "Example.h"

int main() {

cout << "Random Number" << endl ;
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Test obj ;

obj.uniformRandom_vector () ;

return 0 ;

/* Example.h */

#include <iostream.h>
#include <math.h>
#include "cpprandomlib.h"

#include "mwUtilityCompilerVer4.h"

class Test {

public:

void uniformRandom_vector () ;

Test O {
mclInitializeApplication(NULL,O0);

cpprandomlibInitialize();

}

“"Test O {
cpprandomlibTerminate () ;

mclTerminateApplication();

}

}
/* 3k >k 3k ok 3k 3k >k 3k >k Sk ok >k 3k >k Sk ok >k 3k >k k ok k 5k >k 5k k >k k. */

void Test::uniformRandom_vector () {

int row = 1 ;
int col =5 ;
int i ;

/* declare mwArray variables */
mwArray mw_row(1l, 1, mxDOUBLE_CLASS) ;

mw_row(1l,1) = row ;
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mwArray mw_col(1l, 1, mxDOUBLE_CLASS) ;

mw_col(1,1) = col ;

/* call an implemental function */
mwArray mw_uniformRandVector(row, col, mxDOUBLE_CLASS) ;

myrand (1, mw_uniformRandVector, mw_row, mw_col);

/* convert back to C/C++ double x*/
double * db_uniformRandVector = new double [col] ;

mwArray2double_vectorReal(mw_uniformRandVector, db_uniformRandVector) ;

/* print out */
cout << endl ;
cout << "Uniform random numbers from O to 1 :" << endl ;
for (i=0; i<col; i++) <{
cout << db_uniformRandVector[i] << "\t" ;
}

cout << endl ;

/* free memories */

delete [] db_uniformRandVector ;

end code ——M

16.1.2 Generating Uniform Random Numbers in Range [a,b]

Problem 2

input A number, N =6
A range [a,b], where a=2 and b=18

output  Generating N uniform random numbers in the range [a, b]
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A. FOR C SHARED LIBRARY
The following is the code to solve Problem 2 using the function mlfMyrand(..).

Listing code

void Test::uniformRandom_vector2 () {

double a = 2.0 ;
double b = 18.0 ;
int row = 1 ;

int col = 6 ;

int i ;

/* step 1 : declare mxArray variables */

mxArray *mx_row = NULL ;

mxArray *mx_col = NULL ;

mxArray *mx_uniformRandVector = NULL ;

/* step 2 : assign memory */
mx_row = mxCreateDoubleMatrix(1, 1, mxREAL) ;
mx_col = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_uniformRandVector = mxCreateDoubleMatrix(row, col, mxREAL) H

/* step 3 : convert C/C++ double to mxArray */
double2mxArray_scalarReal (row, mx_row) ;

double2mxArray_scalarReal (col, mx_col) ;

/* step 4 : call an implemental function */
/* random numbers in [0, 1] */

mlfMyrand (1, &mx_uniformRandVector, mx_row, mx_col);

/* step 5 : convert back to C/C++ double */
double * db_uniformRandVector = new double [col] ;

mxArradeouble_vectorReal(mx_uniformRandVector, db_uniformRandVector) ;

/* print out */

cout << endl ;

cout << "Uniform random numbers from a=2 to b=18 : " << endl ;
for (i=0; i<col; i++) {

cout << a + (b-a)*db_uniformRandVector[i] << "\t" ;
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}

cout << endl ;

/* step 6 : free memories */
mxDestroyArray (mx_row) ;
mxDestroyArray(mx_col) ;

mxDestroyArray (mx_uniformRandVector) ;

delete [] db_uniformRandVector ;

end code

B. FOR C+t+ SHARED LIBRARY

The following is the code to solve Problem 2 using the function myrand(..).

Listing code

void Test::uniformRandom_vector2 () {

double a = 2.0 ;
double b = 18.0 ;
int row = 1 ;

int col = 6 ;

int i ;

/* declare mwArray variables */
mwArray mw_row(1l, 1, mxDOUBLE_CLASS) ;

mw_row(1l,1) = row ;

mwArray mw_col(1l, 1, mxDOUBLE_CLASS) ;
mw_col(1,1) = col ;

/* call an implemental function */
/* random numbers in [0, 1] */
mwArray mw_uniformRandVector (row, col, mxDOUBLE_CLASS) ;

myrand (1, mw_uniformRandVector, mw_row, mw_col);



274

/* convert back to C/C++ double x*/
double * db_uniformRandVector = new double [col] ;

mwArray2doub1e_vectorReal(mw_uniformRandVector, db_uniformRandVector) ;

/* print out */
cout << endl ;
cout << "Uniform random numbers from a=2 to b=18 : " << endl ;
for (i=0; i<col; i++) <{
cout << a + (b-a)*db_uniformRandVector[i] << "\t" ;
}

cout << endl ;

/* free memories */

delete [] db_uniformRandVector ;

end code

16.1.3 Generating a Matrix of Uniform Random Numbers in Range
[0,1]

Problem 3

input A row number m = 8 and a column number n =5

output Generating a matrix (size m x n) of uniform random numbers in the range [0,1]

A. FOR C SHARED LIBRARY
The following is the code to solve Problem 3 by using the function mlfMyrand(..).

Listing code

void Test::uniformRandom_matrix () {
int row = 8 ;
int col =5 ;

int i, j ;

/* step 1 : declare mxArray variables */
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mxArray *mx_row NULL ;
mxArray *mx_col = NULL ;

mxArray *mx_uniformRandMatrix = NULL ;

/* step 2 : assign memory */

mx_row = mxCreateDoubleMatrix(1, 1, mxREAL) ;
mx_col = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_uniformRandMatrix = mxCreateDoubleMatrix(row, col, mxREAL) ;

/* step 3 : convert C/C++ double to mxArray */
double2mxArray_scalarReal (row, mx_row) ;

double2mxArray_scalarReal (col, mx_col) ;

/* step 4 : call an implemental function */

mlfMyrand(1, &mx_uniformRandMatrix, mx_row, mx_col);

/* step 5 : convert back to C/C++ double */
double ** db_uniformRandMatrix = new doublex [row] ;
for (i=0; i<row; i++) A

db_uniformRandMatrix[i] = new double [col] ;

mxArray2double_matrixReal (mx_uniformRandMatrix, db_uniformRandMatrix) ;

/* print out */
cout << endl ;
cout << "The matrix of uniform random numbers from O to 1 :" << endl ;
for (i=0; i<row; i++) <{

for (j=0; j<col; j++) {

cout << db_uniformRandMatrix[i] [j] << "\t"

}

cout << endl ;
}

cout << endl ;

/* step 6 : free memories */
mxDestroyArray (mx_row) ;
mxDestroyArray(mx_col) ;

mxDestroyArray (mx_uniformRandMatrix) ;
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delete [] db_uniformRandMatrix ;

end code

B. FOR C+t+ SHARED LIBRARY

The following is the code to solve Problem 3 by using the function myrand(..).

Listing code

void Test::uniformRandom_matrix () {

int row
int col =5 ;

int i;

/* declare mwArray variables */
mwArray mw_row(1l, 1, mxDOUBLE_CLASS) ;

mw_row(1l,1) = row ;

mwArray mw_col(1l, 1, mxDOUBLE_CLASS) ;

mw_col(1,1) = col ;

/* call an implemental function */
mwArray mw_uniformRandMatrix(row, col, mxDOUBLE_CLASS) ;

myrand (1, mw_uniformRandMatrix, mw_row, mw_col);

/* convert back to C/C++ double x*/
double ** db_uniformRandMatrix = new double* [row] ;
for (i=0; i<row; i++) {

db_uniformRandMatrix[i] = new double [col] ;

mwArradeouble_matrixReal(mw_uniformRandMatrix, db_uniformRandMatrix) ;

/* print out */

cout << endl ;

cout << "The matrix of uniform random numbers from O to 1 :" << endl ;
printMatrix(db_uniformRandMatrix, row, col) ;

cout << endl ;
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delete [] db_uniformRandMatrix ;

}

end code

16.1.4 Generating a Matrix of Uniform Random Numbers in Range

[a,b]

Problem 4

input A row number m = 8 and a column number n =5

Range [a, ], where a=4 and b=17

output Generating a matrix (size m x n) of uniform random numbers in the range [a, ]

A. FOR C SHARED LIBRARY The following is the code to solve Problem 4 by
using the function mlfMyrand(..).

Listing code

void Test::uniformRandom_matrix () {

int row
int col =5 ;

int i, j ;

/* step 1 : declare mxArray variables */
mxArray *mx_row = NULL ;
mxArray *mx_col = NULL ;

mxArray *mx_uniformRandMatrix = NULL ;

/* step 2 : assign memory */
mx_row = mxCreateDoubleMatrix(1, 1, mxREAL) ;
mx_col = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_uniformRandMatrix = mxCreateDoubleMatrix(row, col, mxREAL) ;

/* step 3 : convert C/C++ double to mxArray */

double2mxArray_scalarReal (row, mx_row) ;
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double2mxArray_scalarReal (col, mx_col) ;

/* step 4 : call an implemental function */

mlfMyrand(1l, &mx_uniformRandMatrix, mx_row, mx_col);

/* step 5 : convert back to C/C++ double */
double ** db_uniformRandMatrix = new double* [row]
for (i=0; i<row; i++) {

db_uniformRandMatrix[i] = new double [col] ;

mxArray2double_matrixReal (mx_uniformRandMatrix, db_uniformRandMatrix) ;

/* print out */

cout << endl ;

cout << "The matrix of uniform random numbers from O to 1

for (i=0; i<row; i++) A
for (j=0; j<col; j++) {
cout << db_uniformRandMatrix[i] [j] << "\t"
}
cout << endl ;
}

cout << endl ;

/* step 6 : free memories */
mxDestroyArray (mx_row) ;
mxDestroyArray(mx_col) ;

mxDestroyArray (mx_uniformRandMatrix) ;

delete [] db_uniformRandMatrix ;

B. FOR C+t+ SHARED LIBRARY

:" << endl ;

end code

The following is the code to solve Problem 4 by using the function myrand(..).
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Listing code

void Test::uniformRandom_matrix2 () {

int row = 8 ;

int col =5 ;

int i, j ;

double a = 4.0 ;
double b = 17.0 ;

/* declare mwArray variables */
mwArray mw_row(1l, 1, mxDOUBLE_CLASS) ;

mw_row(1l,1) = row ;

mwArray mw_col(1l, 1, mxDOUBLE_CLASS) ;
mw_col(1,1) = col ;

/* call an implemental function */
mwArray mw_uniformRandMatrix(row, col, mxDOUBLE_CLASS) ;

myrand (1, mw_uniformRandMatrix, mw_row, mw_col);

/* convert back to C/C++ double x*/
double ** db_uniformRandMatrix = new double* [row] ;
for (i=0; i<row; i++) {

db_uniformRandMatrix[i] = new double [col] ;

mwArradeouble_matrixReal(mw_uniformRandMatrix, db_uniformRandMatrix) ;

/* print out */
cout << endl ;
cout << "The matrix of uniform random numbers from a to b :" << endl ;
for (i=0; i<row; i++) {

for (j=0; j<col; j++) {

cout << a + (b-a)*db_uniformRandMatrix[i] [j] << "\t" ;

}

cout << endl ;
}

cout << endl ;
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/* free memories */

delete [] db_uniformRandMatrix ;

end code

16.2 Normal Random Numbers

Normal random numbers are random numbers that establish the normal distribution (Gaussian
distribution). This section describe how to use the function mlfMyrandn(..) in the generated
randomlib library or myrandn(..) in the generated randomlib to solve normal random number
problems. These functions use the MATLAB function randn(m,n) to generate a matrix (size
n by m) of random numbers. These random numbers are normally distributed with specified

properties, u = 0, variance o2 = 1.

16.2.1 Generating Normal Random Numbers with mean=0 and vari-

ance=1

Problem 5
input A number, N =5
output  Generating (N) normal random numbers with :

mean p =0

variance 02 = 1

A. FOR C SHARED LIBRARY
The following is the code to solve Problem 5 by using the function mlfMyrandn(..).

Listing code

void Test::normalRandom_vector () {

int row
int col = 5 ;

int i ;
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/* step 1 : declare mxArray variables */
mxArray *mx_row = NULL ;
mxArray *mx_col = NULL ;

mxArray *mx_normalRandVector = NULL ;

/* step 2 : assign memory */
mx_row = mxCreateDoubleMatrix(1, 1, mxREAL) ;
mx_col = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_normalRandVector = mxCreateDoubleMatrix(row, col, mxREAL) ;

/* step 3 : convert C/C++ double to mxArray */
double2mxArray_scalarReal (row, mx_row) ;

double2mxArray_scalarReal (col, mx_col) ;

/* step 4 : call an implemental function */

mlfMyrandn(1l, &mx_normalRandVector, mx_row, mx_col);

/* step 5 : convert back to C/C++ double */
double * db_normalRandVector = new double [col] ;

mxArray2double_vectorReal (mx_normalRandVector, db_normalRandVector) ;

/* print out */
cout << endl ;
cout << "Normal random numbers :" << endl ;
for (i=0; i<col; i++) {

cout << db_normalRandVector[i] << "\t"
}

cout << endl ;

/* step 6 : free memories */
mxDestroyArray (mx_row) ;
mxDestroyArray(mx_col) ;

mxDestroyArray (mx_normalRandVector) ;

delete [] db_normalRandVector ;
}

end code
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B. FOR C+t+ SHARED LIBRARY

The following is the code to solve Problem 5 by using the function myrandn(..).

Listing code

void Test::normalRandom_vector () {

int row = 1 ;

int col

1]
[}

int i ;

/* declare mwArray variables */
mwArray mw_row(l, 1, mxDOUBLE_CLASS) ;

mw_row(1l,1) = row ;

mwArray mw_col(1l, 1, mxDOUBLE_CLASS) ;

mw_col(1,1) = col ;

/* call an implemental function */
mwArray mw_normalRandVector(row, col, mxDOUBLE_CLASS) ;

myrandn (1, mw_normalRandVector, mw_row, mw_col);

/* convert back to C/C++ double */
double * db_normalRandVector = new double [col] ;

mwArray2double_vectorReal (mw_normalRandVector, db_normalRandVector) ;

/* print out */
cout << endl ;
cout << "Normal random numbers :" << endl ;
for (i=0; i<col; i++) {

cout << db_normalRandVector[i] << "\t"
¥

cout << endl ;

/* free memories */

delete [] db_normalRandVector ;

end code
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16.2.2 Generating Normal Random Numbers with mean=a and vari-

ance=Db
Problem 6
input A number, N =5
output

mean ;1 = 0.56

variance o2 = 0.12

A. FOR C SHARED LIBRARY

The following is the code to solve Problem 6 by using the function mlfMyrandn(..).

Listing code

Generating N normal random numbers with specified properties:

void Test::normalRandom_vector2 () {

/* Generate a vector of normal random numbers at

particular mean and variance */

int row = 1 ;
int col =5 ;
double mean_mu = 0.56 ;

double variance = 0.12 ;

int i ;

/* step
mxArray
mxArray

mxArray

/* step
mX_row

mx_col

mx_normalRandVector = mxCreateDoubleMatrix(row, col, mxREAL)

/* step

1 : declare mxArray variables */
*mx_row = NULL ;

*mx_col = NULL ;
*mx_normalRandVector = NULL ;
2 : assign memory */

3

mxCreateDoubleMatrix(1, 1, mxREAL)

mxCreateDoubleMatrix(1, 1, mxREAL)

double2mxArray_scalarReal (row, mx_row) ;

convert C/C++ double to mxArray */
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double2mxArray_scalarReal (col, mx_col) ;

/* step 4 : call an implemental function */

mlfMyrandn(1l, &mx_normalRandVector, mx_row, mx_col);

/* step 5 : convert back to C/C++ double */
double * db_normalRandVector = new double [col] ;

mxArray2double_vectorReal (mx_normalRandVector, db_normalRandVector) ;

/* print out */
cout << endl ;

double standard_deviation = sqrt(variance) ;

cout << "Normal random numbers :" << endl ;
for (i=0; i<col; i++) {

cout << mean_mu + standard_deviation*db_normalRandVector[i] << "\t"
}

cout << endl ;

/* step 6 : free memories */
mxDestroyArray (mx_row) ;
mxDestroyArray(mx_col) ;

mxDestroyArray (mx_normalRandVector) ;

delete [] db_normalRandVector ;

end code

B. FOR C+t+ SHARED LIBRARY

The following is the code to solve Problem 6 by using the function myrandn(..).

Listing code

void Test::normalRandom_vector2 () {

/* Generate a vector of normal random numbers at

particular mean and variance */
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int row

1]
-

int col = 5 ;

double mean_mu = 0.56 ;

double variance 0.12 ;

int i ;

/* declare mwArray variables */
mwArray mw_row(1l, 1, mxDOUBLE_CLASS) ;

mw_row(1l,1) = row ;

mwArray mw_col(1l, 1, mxDOUBLE_CLASS) ;

mw_col(1,1) = col ;

/* call an implemental function */
mwArray mw_normalRandVector (row, col, mxDOUBLE_CLASS) ;

myrandn (1, mw_normalRandVector, mw_row, mw_col);

/* convert back to C/C++ double */
double * db_normalRandVector = new double [col] ;

mwArray2double_vectorReal (mw_normalRandVector, db_normalRandVector) ;

/* print out */
cout << endl ;

double standard_deviation = sqrt(variance) ;

cout << "Normal random numbers :" << endl ;
for (i=0; i<col; i++) A
cout << mean_mu + standard_deviation*db_normalRandVector[i] << "\t" ;

}

cout << endl ;

/* free memories */

delete [] db_normalRandVector ;

end code
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16.2.3 Generating a Matrix of Normal Random Numbers with mean=0

and variance=1

Problem 7

input A row number m = 8 and a column number n =5

output  Generating a matrix (size m x n) of normal random numbers
with specified properties:
mean g =0

variance 02 = 1

A. FOR C SHARED LIBRARY
The following is the code to solve Problem 7 by using the function mlfMyrandn(..).

Listing code

void Test::normalRandom_matrix () {

int row = 8 ;
int col =5 ;
int i, j ;

/* step 1 : declare mxArray variables */
mxArray *mx_row = NULL ;
mxArray *mx_col = NULL ;

mxArray *mx_normalRandMatrix = NULL ;

/* step 2 : assign memory */
mx_row = mxCreateDoubleMatrix(1, 1, mxREAL) ;
mx_col = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_normalRandMatrix = mxCreateDoubleMatrix(row, col, mxREAL) ;

/* step 3 : convert C/C++ double to mxArray */
double2mxArray_scalarReal (row, mx_row) ;

double2mxArray_scalarReal (col, mx_col) ;

/* step 4 : call an implemental function */

mlfMyrandn(1l, &mx_normalRandMatrix, mx_row, mx_col);
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/* step 5 : convert back to C/C++ double */
double ** db_normalRandMatrix = new double* [row] ;
for (i=0; i<row; i++) A

db_normalRandMatrix[i] = new double [col] ;

mxArray2double_matrixReal (mx_normalRandMatrix, db_normalRandMatrix) ;

/* print out */

cout << endl ;

cout << "The matrix of normal random numbers from O to 1 :" << endl ;
printMatrix(db_normalRandMatrix, row, col) ;

cout << endl ;

/* step 6 : free memories */
mxDestroyArray (mx_row) ;
mxDestroyArray(mx_col) ;

mxDestroyArray (mx_normalRandMatrix) ;

delete [] db_normalRandMatrix ;

end code

B. FOR C+t+ SHARED LIBRARY

The following is the code to solve Problem 7 by using the function myrandn(..).

Listing code

void Test::normalRandom_matrix () {

int row = 8 ;
int col =5 ;
int i, j ;

/* declare mwArray variables */
mwArray mw_row(1l, 1, mxDOUBLE_CLASS) ;

mw_row(1l,1) = row ;
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mwArray mw_col(1l, 1, mxDOUBLE_CLASS) ;
mw_col(1,1) = col ;

/* call an implemental function */
mwArray mw_normalRandMatrix(row, col, mxDOUBLE_CLASS) ;

myrandn (1, mw_normalRandMatrix, mw_row, mw_col);

/* convert back to C/C++ double x*/
double ** db_normalRandMatrix = new doublex [row] ;
for (i=0; i<row; i++) A

db_normalRandMatrix[i] = new double [col] ;

mwArray2double_matrixReal(mw_normalRandMatrix, db_normalRandMatrix) ;

/* print out */

cout << endl ;

cout << "The matrix of normal random numbers from O to 1 :" << endl ;
printMatrix(db_normalRandMatrix, row, col) ;

cout << endl ;

/* free memories */

delete [] db_normalRandMatrix ;

end code

16.2.4 Generating a Matrix of Normal Random Numbers with mean=a

and variance=Db

Problem 8

input A row number m = 8 and a column number n =5

output Generating a matrix (size m x n) of normal random numbers
with specified properties:
mean g = 0.56

variance g2 = 0.12
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A. FOR C SHARED LIBRARY
The following is the code to solve Problem 8 by using the function mlfMyrandn(..).

Listing code

void Test::normalRandom_matrix2 () {

int row = 8 ;

int col =5 ;

int i, j ;

double mean_mu = 0.56 ;

double variance = 0.12 ;

double standard_deviation = sqrt (variance) ;
/* step 1 : declare mxArray variables */
mxArray *mx_row = NULL ;

mxArray *mx_col = NULL ;

mxArray *mx_normalRandMatrix = NULL ;

/* step 2 : assign memory */

mx_row = mxCreateDoubleMatrix(1, 1, mxREAL) ;
mx_col = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_normalRandMatrix = mxCreateDoubleMatrix(row, col, mxREAL) H

/* step 3 : convert C/C++ double to mxArray */
double2mxArray_scalarReal (row, mx_row) ;

double2mxArray_scalarReal (col, mx_col) ;

/* step 4 : call an implemental function */

mlfMyrandn(1l, &mx_normalRandMatrix, mx_row, mx_col);

/* step 5 : convert back to C/C++ double x*/
double ** db_normalRandMatrix = new double* [row] ;
for (i=0; i<row; i++) A

db_normalRandMatrix[i] = new double [col] ;
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mxArray2doub1e_matrixReal(mx_normalRandMatrix, db_normalRandMatrix) ;

/* print out */

cout << endl ;

cout << "The matrix of normal random numbers "

cout << "at specified mean and variance" << endl H

for (i=0; i<row; i++) {
for (j=0; j<col; j++) {

cout << mean_mu + standard_deviation*db_normalRandMatrix[i] [j] << "\t"
}
cout << endl ;

}

cout << endl ;

/* step 6 : free memories */
mxDestroyArray (mx_row) ;
mxDestroyArray(mx_col) ;

mxDestroyArray (mx_normalRandMatrix) ;

delete [] db_normalRandMatrix ;

end code

B. FOR C+t+ SHARED LIBRARY

The following is the code to solve Problem 8 by using the function myrandn(..).

Listing code

void Test::normalRandom_matrix2 () {

int row = 8 ;

int col =5 ;

int i, j ;

double mean_mu = 0.56 ;

double variance 0.12 ;



291

double standard_deviation = sqrt (variance) ;

/* declare mwArray variables */
mwArray mw_row(1l, 1, mxDOUBLE_CLASS) ;

mw_row(l,1) = row ;

mwArray mw_col(1l, 1, mxDOUBLE_CLASS) ;

mw_col(1,1) = col ;

/* call an implemental function */
mwArray mw_normalRandMatrix(row, col, mxDOUBLE_CLASS) ;

myrandn (1, mw_normalRandMatrix, mw_row, mw_col);

/* convert back to C/C++ double */
double ** db_normalRandMatrix = new double* [row] ;
for (i=0; i<row; i++) {

db_normalRandMatrix[i] = new double [col] ;

mwArray2double_matrixReal (mw_normalRandMatrix, db_normalRandMatrix) ;

/* print out */

cout << endl ;

cout << "The matrix of normal random numbers " ;

cout << "at specified mean and variance" << endl H

for (i=0; i<row; i++) <{
for (j=0; j<col; j++) {

cout << mean_mu + standard_deviation*db_normalRandMatrix[i] [j] << "\t"
}
cout << endl ;

}

cout << endl ;

/* step 6 : free memories */

delete [] db_normalRandMatrix ;

end code
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Chapter 17

Calling MATLAB Workspace in
C/C** Functions

This chapter describes how to call the MATLAB workspace to perform particular tasks from a
C/C++ function. When performing tasks in the MATLAB workspace, we need to transfer inputs
from a C/C*++ function to the MATLAB workspace and then transfer outputs from the MATLAB
workspace back to the C/Ct+ function. In this chapter, scalars, vectors, and matrixes are used

as the function inputs/outputs in the example codes.

17.1 Calling MATLAB Workspace with Input/Output as

a Scalar
Problem 1
input Two given numbers a = 1.2 and b = 2.5

output
. Call the MATLAB workspace to perform the task, ¢ = a + b, in a Ct* function
. Get the result ¢ in the MATLAB workspace and transfer back to the Ct+ function

The following is the code to solve Problem 1 by using MATLAB Engine in MATLAB Compiler 4.

Listing code

/* Example.cpp */
/*
showing the purpose of calling the MATLAB workspace to perform

a particular task.
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Procedure:
1. convert C/C++ double to mxArray
2. convert an mwArray name to a new name for using in the MATLAB workspace
3. ask the MATLAB workspace performing the particular tasks
4. get results in the MATLAB workspace then convert back to mxArray
5. convert the results mxArray to C++ double

*/
#pragma warning(disable : 4995)

#include <iostream.h>

#include "Example.h"
int main() {

cout << "Using MATLAB Engine to call the MATLAB workspace " << endl ;

cout << "performing the particular tasks " << endl ;
Test obj ;

obj.SimplePlus() ;

obj.LinearSolve() ;

return 0 ;

/* Example.h */

#include "engine.h"

#include "mxUtilityCompilerVer4.h"

class Test {

public:

void SimplePlus () ;
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Engine *ep ;

Test O {

if (!(ep = engOpen(NULL))) {

cout<<"Can’t start MATLAB engine, check again!";

exit(-1);
}
}
“Test O A
engClose(ep) ;
}

}

/* 3k 3k >k 3k 3k 3k 3k 3k 5k %k %k 3k 3k 3k 5k 5k %k %k 3k 3k 3k %k %k %k Xk > 3k k */

void Test::SimplePlus() {

double db_a

]
e
N

double db_b

]
N
[é)]

// stepl: declare mxArray variables to use

mxArray *mx_a = NULL ;

mxArray *mx_b = NULL ;

mxArray *mx_c NULL ;
// step2: create mxArray variables
mx_a = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_b = mxCreateDoubleMatrix(1, 1, mxREAL) ;

mx_c = mxCreateDoubleMatrix(1, 1, mxREAL) ;
// step3: convert C++ double to mxArray
double2mxArray_scalarReal(db_a, mx_a) ;

double2mxArray_scalarReal(db_b, mx_b) ;
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// step4: convert name mx_a to ml_a to use in the MATLAB workspace
engPutVariable(ep, "ml_a", mx_a) ;

engPutVariable(ep, "ml_b", mx_b) ;

// stepb: perform a task in MATLAB workspace

engEvalString( ep, "ml_c¢ =ml_a + ml_b ;" ) ;

// step6: get result in Matlab workspace then convert to mxArray

mx_c = engGetVariable(ep, "ml_c" ) ;

// step7: convert mxArray to C++ double

double db_c = mxArray2double_scalarReal(mx_c) ;

// step8: close Matlab workspace

engEvalString(ep, "close") ;
// step9: print out

cout << "The result from the simple plus:"<< endl ;

cout << db_c << endl ;

end code

See the code of the file mxUtilityCompilerVer4.h in Chapter 7.

17.2 Calling MATLAB Workspace with Input/Output as

a Vector and a Matrix

Problem 2
input a matrix A and a vector b,
1.1 56 3.3 12.5
A= 44 123 6.6 ;. b=1322
7.7 88 99 45.6
output

. Call the MATLAB workspace to perform the tasks as following in a C** function:
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a) Finding the solution x of linear system equations Ax = b
b) Calculating the upper matrix U in the LU decompression method
¢) Getting results in the MATLAB workspace and converting to C*+ double

The following is the code to solve Problem 2 by using MATLAB Engine in MATLAB Compiler 4.

Listing code

void Test::LinearSolve() {

int i ;

double A[3][3] = { {1.1, 5.6, 3.3}, {4.4, 12.3, 6.6} , { 7.7, 8.8, 9.9} } ;
double b[3]

{12.5, 32.2 , 45.6 } ;

1]
w

int row

]
w

int col

double **db_matrixU

double *db_vectorX ;

db_matrixU = new doublex[row] ;

db_vectorX = new double [row] ;

for(i=0; i<row; i++) A

db_matrixU[i] = new double [col] ;

/* declare mxArray variables */

mxArray *mx_A NULL ;
mxArray *mx_b = NULL ;
mxArray *mx_vectorX = NULL ;

mxArray *mx_U = NULL ;

/* assign memory */

mx_A = mxCreateDoubleMatrix(row, col, mxREAL) ;
mx_U = mxCreateDoubleMatrix(row, col, mxREAL) ;
mx_b = mxCreateDoubleMatrix(row, 1 , mxREAL) ;

mx_vectorX = mxCreateDoubleMatrix(row, 1 , mxREAL) ;
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/* convert C/C++ double to mxArray */
double2mxArray_vectorReal(b, mx_b) ;

double2mxArray_matrixReal (&A[0] [0], mx_A) ;

/* begin performing tasks in the Matlab workspace
Matlab workspace tasks : Solve Ax = b, and get

a vector x and an upper matrix U.

The problem Ax = b is solved here as the purpose

of showing the use of the MATLAB workspace in a C/C++ function. */

engPutVariable(ep, "ml_A", mx_A) ;

engPutVariable(ep, "ml_b", mx_b) ;

engEvalString(ep, " ml_vectorX = mldivide(ml_A, ml_b) ; " )

engEvalString(ep, " [ml_L, m1_U, m1_P] = lu( ml_A ) ; " )

/* end tasks in the Matlab workspace */

/* get results in the Matlab workspace then convert to mxArray */

mx_vectorX = engGetVariable(ep, "ml_vectorX" ) ;

mx_U engGetVariable(ep, "ml_U" ) ;
/* convert mxArray to C/C++ double */
mxArray2doub1e_vectorReal(mx_vectorX, db_vectorX) ;

mxArray2double_matrixReal (mx_U, db_matrixU) ;

/* close Matlab workspace */

engEvalString(ep, "close")

/* print out */

cout << "Solution of the equation Ax = b is: " << endl ;
for (i=0; i<row; i++) {

cout<< *( db_vectorX + i) << endl ;

cout<< "The upper matrix U :" << endl;

printMatrix(db_matrixU, row, col) ;
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/* free memory */
mxDestroyArray (mx_A) ;
mxDestroyArray(mx_b) ;
mxDestroyArray (mx_vectorX) ;

mxDestroyArray (mx_U) ;

delete [] db_matrixU ;

delete [] db_vectorX ;

end code

17.3 Generating a MATLAB Graphic from a C/C+* Func-
tion

In this section we will directly create a MATLAB graphic by performing a plotting task in the
MATLAB workspace. The steps are:

1. Set up a project in Microsoft Visual Ct*+ Net (MSVC.Net) for working with MATLAB

Compiler 4 as described in Chapter 5.
2. Write a code to call the MATLAB workspace to perform the plotting task in a C*+ function.

Following is the code to create the graphic. The figure is created as shown in Fig. 17.1.
Listing code

void Test:: MatlabEnginePlot() {

double X[3] { 12.5, 32.2 , 45.6 } ;

double Y[3] { 12.5, 32.2 , 45.6 } ;

int vectorSize = 3 ;

/* stepl: declare mxArray variables */

mxArray *mx_X NULL ;

mxArray *mx_Y NULL ;

/* step2: create mxArray vectors and mxArray matrixes */

mx_X = mxCreateDoubleMatrix(vectorSize, 1 , mxREAL) ;

mx_Y mxCreateDoubleMatrix(vectorSize, 1 , mxREAL) ;



302

// step3: Convert C/C++ double to mxArray
double2mxArray_vectorReal(X, mx_X) ;

double2mxArray_vectorReal(Y, mx_Y) ;

/* step4: transfer name mx_X to the name, ml_X */
engPutVariable(ep, "ml_ X" , mx_ X ) ;

engPutVariable(ep, "ml_Y" , mx_Y ) ;

/* stepb: perform tasks in the Matlab workspace */

engEvalString(ep, " plot(ml_X, ml_Y ,’r’); " )

/* keep the figure */
cout << "Hit return to close the figure and continue" ;
cout << endl ;

fgetc(stdin);

/* step6: close the Matlab workspace */

engEvalString(ep, "close") ;
/* step7: free memory */

mxDestroyArray (mx_X) ;

mxDestroyArray (mx_Y) ;

end code

_iolx
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Figure 17.1: The figure is created by using the MATLAB workspace
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Remark

e With directly creating the graphic by MATLAB Engine, you can use the graphic features

as Insert, Tool, etc.

e You need to hit Enter key to close the figure as shown in the line of the code fgetc(stdin).
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Chapter 18

MEX-Files, Calling a C Function
in MATLAB Workspace

In working with the MATLAB workspace, we can call an existing C function by writing a MEX-
function for it. This MEX-function then will be called into the MATLAB workspace. The
procedure to call a C function from the MATLAB workspace is:

1. Write the MEX-function for the existing C function.

2. Write the command in the MATLAB space to generate an dll-file that contains the MEX-

function.

3. Call the generated MEX-function from the MATLAB workspace.

This chapter describes how to write a MEX-file for an existing C function and use this function
in MATLAB. The following sections are for working on the C functions that have input/output

as scalars, vectors, or matrixes.

18.1 MEX-File with Input/Output as Scalars

Suppose that there is an existing C function mysquare(..) in the file mysquare.c (see the code
below and note that the function name and the file name are the same). To call this function in
the MATLAB workspace, we write the command, mex mysquare.c ;, MATLAB will generate
a file mysquare.dll that contains the function mysquare(..). This function mysquare(..) will be
called into the MATLAB workspace to calculate the square value. The example code in the
MATLAB workspace is:

>> mex mysquare.c ;
> x =1.2 ;

>> square = mysquare(x) ;
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>> square

square =

1.4400

>>

The following is the MEX-function code of the function double mysquare(double x).

Listing code

/* mysquare.c */

#include "mex.h"
double mysquare(double x)
{
double y = x*x ;
return y ;

}

/* 3k 3k >k %k 3k 3k 3k 3k 5k %k % 3K 3k 3k 5k %k %k %k 3k 3k 3k %k %k Xk X */

void mexFunction( int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[]) {
/* declare double variables */
double *db_py ;

double db_x ;

/* assign value for input */

db_x = mxGetScalar( prhs[0] ) ;

/* assign memory for return value */

plhs[0] = mxCreateDoubleMatrix(1, 1, mxREAL) ;

/* assign memory for output */

db_py = mxGetPr( plhs[0] ) ;

/* assign value for output */

*db_py = mysquare( db_x ) ;

end code
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18.2 MEX-File with Input/Output as Vectors

In this section, we will show how to write a MEX-function for an existing C function that has

the input/output as vectors. This function will then be called into the MATLAB workspace.

Suppose that there is an existing C function vectortimes(..) in the wvectortimes.c file (note
that the C function name and the C file name are the same). To call this function in the
MATLAB workspace we write the command, mex vectortimes.c ;, MATLAB will generate
a file vectortimes.dll that contains the function vectortimes(..). This function vectortimes(..)
will be called into the MATLAB workspace to calculate the value. The example code in the
MATLAB workspace is:

>> mex vectortimes.c ;

> X =10[1.12.23.34.41] ;

>> factor = 3.4 ;

>> Y = vectortimes(X, factor) ;

>> Y

3.7400 7.4800 11.2200 14.9600

The following is the MEX-function code of the function void vectortimes(..).

Listing code

/* vectortimes.c */

#include "mex.h"

void vectortimes( double #*x, int vectorSize, double factor, double *y ) {

/* calculate y = kxx  */

int i ;

for (i=0; i<vectorSize; i++) {

y[i]l = x[il*factor ;
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/* 3k 3k >k >k 3k 3k 3k 5k %k %k 3k 3K 3k 3k 5k %k %k 3k 3k 3k 5k %k %k % 3k 3k %k %k % Xk */

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

{

/* step 1 : declare double variables */
double *db_vectorY ;

double *db_vectorX ;

double db_factor ;

int vectorSize ;

/* step 2 : assign value for input */
db_vectorX = mxGetPr( prhs[0] ) ;
db_factor = mxGetScalar( prhs[1] ) ;

vectorSize = mxGetN( prhs[0] ) ;

/* step 3 : assign memory for return value */

plhs[0] = mxCreateDoubleMatrix(1l, vectorSize, mxREAL) ;

/* step 4 : assign memory for output */

db_vectorY = mxGetPr( plhs[0] ) ;

/* step 5 : assign value for output */

vectortimes( db_vectorX, vectorSize, db_factor, db_vectorY ) ;

end code

18.3 MEX-File with Input/Output as Matrixes

In this section, we will show how to write a MEX-function for a C function that has the in-

put/output as matrixes. This function then will be called into MATLAB workspace.

Suppose that there is an existing C function, matriztimes(..), in the file matriztimes.c (note
that C function name and C file name are the same). To call this function in the MATLAB
workspace we write the command, mex matrixtimes.c ;, MATLAB will generate a file ma-
triztimes.dll that contains the function matriztimes(..). This function matriztimes(..) will

be called from the MATLAB workspace to calculate the value. The example code in the MATLAB



workspace is:

>> mex matrixtimes.c ;

>>

> A=1[1.12.23.3; 4.45.56.6]

>

A =
1.1000 2.2000 3.3000
4.4000 5.5000 6.6000
>>
>> k = 5.5 ;
>>
>> B = matrixtimes(A, k)
B =
6.0500 12.1000 18.1500
24..2000 30.2500 36.3000
>>

The following is the MEX-function code of the function void matriztimes(..).

Listing code
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/* matrixtimes.c */

#include <stdlib.h>

#include "mex.h"

/*
purpose : Writing the MEX function
input : . scalar
. matrix
output : . matrix

*/
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void DoubleMatrixToDoubleVector (double **db_matrix, int row, int col, double *db_vector)
{
int i, j, index ;
for(j=0; j<col; j++) {
for(i=0; i<row; i++) {
index = j*row + i ;

db_vector [index] = db_matrix [i][j] ;

}

/* 3k 3k >k >k 3k 3k 3k 3k %k %k %k 3k 3k 3k %k 5k %k %k 3k 3k 3k %k %k %k % > 3k k */

void DoubleVectorToDoubleMatrix(double **db_matrix, int row, int col, double *db_vector)
{

int i, j, index ;

for(j=0; j<col; j++) {
for(i=0; i<row; i++) {
index = j*row + i ;

db_matrix [i][j] = db_vector[index] ;

/* 3k 3k >k >k 3k 3k 3k 3k 5k %k %k 3k 3k 3k 5k >k %k %k 3k 3k 3k %k %k %k %k > 3k k */

/% kkokskkskkokokkkok kK kRokk kK kokkkkkok K/

void matrixtimes( double **x, int row, int col, double factor, double **y )
{
/* calculate y = xxk */
int i, j ;
for (i=0; i<row; i++) {
for (j=0; j<col; j++) {
y[il[j] = x[il [jl1*factor ;

}

/* 3k 3k >k >k 3k 3k 3k 3k %k %k %k 3k 3k 3k 5k 5k %k %k 3k 3k 3k %k %k %k %k > 3k k */
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void mexFunction( int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[])
{
/* procedure :

input prhs[0] --> vectorX --> matrixX --> call matrixtimes(..) get matrixY

--> matrixY --> vectorY --> output plhs[0] */
int i ;
int row ;
int col ;
/* step 1 : declare double variables */

double **db_matrixVY ;
double **db_matrixX ;
double *db_vectorX ;

double *db_vectorY ;

double db_factor ;

/* step 2 : assign value for input */

db_vectorX = mxGetPr( prhs[0] ) ;

row = mxGetM( prhs[0] ) ;

col = mxGetN( prhs[0] ) ;

db_factor = mxGetScalar( prhs[1] ) ;

/* step 3 : assign memory for matrix */

db_matrixX = (double **)malloc( row * sizeof (double *) );

db_matrixY = (double **)malloc( row * sizeof (double *) );

for(i = 0; i < row; i++) {

db_matrixX[i] = (double *)malloc( col * sizeof (double) );
db_matrixY[i] = (double *)malloc( col * sizeof (double) );
}

/* step 4 : transfer C vector to C matrix. The matrix is used as

a buffer input in calling function matrixtimes */

DoubleVectorToDoubleMatrix(db_matrixX, row, col, db_vectorX) ;
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/* step 5 : assign memory for return value */

plhs[0] = mxCreateDoubleMatrix(row, col, mxREAL) ;

/* step 6 : assign memory for output */

db_vectorY = mxGetPr( plhs([0] ) ;

/* step 7 : Calculate the value of output */

matrixtimes( db_matrixX, row, col, db_factor, db_matrixY ) ;

/* step 8: transfer back C matrix to C vector,

for db_vectorY=result in mex-file */

DoubleMatrixToDoubleVector( db_matrixY, row, col, db_vectorY ) ;

/* free memory */

for(i = 0; i < row; i++) {

free(db_matrixX[i]);

free(db_matrixY[i]);

free(db_matrixX);

free(db_matrixY);

/*
Note: Matrixes db_matrixX and db_matrixY are used as the buffer variables.
Therefore their memories are need to free after using.

*/

end code
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18.4 MEX-Function Analysis

Going through three above examples will give us a general understanding of writing a MEX-
function. This section is a more in-depth analysis of the MEX-function. The MEX-function

features are:

1. The MEX-function has the form,

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

2. The arguments in this void mezFunction(..) are:

nlhs is number of the left hand side representing number of outputs
*plhs[] is pointer to the left hand side representing the outputs,
plhs[0] is first output
plhs[1] is second output

plhs[n] is (n + 1) output
nrhs is number of the right hand side representing number of inputs
*xprhs[] is pointer to the right hand side representing the inputs,
prhs[0] is first input

prhs[1] is second input

prhs[n] is (n + 1) input

outputs - M Ex-fu nCtion inputs

left hand side right hand side

Figure 18.1: The MEX-Function in the mathematical form

3. The matrix input prhs[i] and matrix output plhs[i] of mexFunction(..) has the relation-
ship with C programming in a vector form (double*), not in a matrix form (double**).
Therefore, we need to transfer the matrix form to the vector form before assigning the
matrix to the input or output of mezxFunction(..). For example in Section 18.3, the code

to perform this task is:

/* step 2 : assign value for input */

db_vectorX = mxGetPr( prhs[0] ) ;
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/* step 6 : assign memory for output */

db_vectorY = mxGetPr( plhs[0] ) ;

4. The function,
void matrixtimes( double **x, int row, int col, double factor, double **y )
, in the file matrixtimes.c is different from the function that we called in the MATLAB
workspace, matrixtimes(A, k). The difference is in the arguments. And note that, the
function that we call in the MATLAB workspace, matrixtimes (A, k), is established from
mexFuncion(..). In mexFuncion(..), we determine the inputs and outputs for the func-

tion, B = matrixtimes(A, k), that is called in the MATLAB workspace.



Chapter 19

Stand-Alone Applications

MATLAB Compiler 4 provides the method to create stand-alone applications from either entirely
of M-files or some combination of M-files, MEX-files, and C/C** source code files. These stand-
alone applications then can be used in the target machine which doesn’t have the MATLAB
software. This chapter describes how to generated and use the stand-alone applications. These

applications are executable files and generated from the M-files.

19.1 Installing MATLAB Component Runtime to a target
machine

To use the stand-alone applications, we need to install MATLAB Component Runtime (MCR)

to the target machine. The steps of installing are:

1. Copy the file MCRInstaller.exe to your target machine (MCRInstaller.exe is located in the
directory ..\MATLABT\toolbox\compiler\deploy\win32\). Double-click it to install.

i MATLAB Component Runtime 8 [l 1|

MATLAB

Component Runtime

Cancel < Back:

Figure 19.1: MCR installation
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2. Click Next, Fig. 19.2 appears.

el
Welcome to the MATLAB Component Runtime
Setup Wizard

The installer will guide you through the steps required ta install MATLAB Component Runtime on
Pour computer.

NOTE: THIS INSTALLATION SHOULD TAKE ABOUT 5 MINUTES TO COMPLETE

WARNING: This computer program is protected by copyright law and international treaties.
Unauthorized duplication or distribution of this pragram, or any portion of it, may result in severe civil
or criminal penalties, and will be prosecuted to the maximum extent possible under the: law.

Cancel | < Back | Hext > o

Figure 19.2: MCR installation (continued)

3. Click Next, Fig. 19.3 appears. You can choose any directory to install. In here we choose

a default directory.

iZ{l MATLAB Component Runtime I ] 5

Select Installation Folder ‘\

The installer will install MATLAB Component Runtime ta the fallowing folder

Toinstall in this folder, click "Mext”. To install to a different folder. enter it below or click "Browse"

FEolder:

C:\Program FilestM athiw/ork ssMATLAB Component Funtime. Browse...
Disk Cost...

Install MATLAB Component Runtime for yourself, or for anpane wha uses this computer.

€ Eveyone

® Just me

Cancel | < Back

Figure 19.3: MCR installation (continued)

4. Click Next to install.
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{@ MATLAB Component Runtime i I ] 53

Confirm Installation ‘\

The installer is ready ta install MATLAE Component Runtime on your computer

Click "Nest" to start the installation.

Cancel <Back il

Figure 19.4: MCR installation (continued)

In Fig. 19.3 choosing Everyone or Just me is not effective on your stand-alone application.
The following sections we’ll write several examples of M-files for stand-alone applications. We’ll
compile its to get the executable files, then use in Command Prompt. There are some limitations

for M-files in generating stand-alone applications, we refer to page 1-19 of [2].

19.2 Stand-Alone Application for an Addition Operator

In this section we’ll write a stand-alone application for a simple addition operator. The steps of

this procedure are:

1. Writing the M-file myaddition.m to generate the executable file myaddition.exe as follows:

function myaddition(a, b)

if (ischar(a))
a = str2num(a);

end

if (ischar(b))
b = str2num(b);

end

c=a+b

2. Write the command in Command Prompt (see Fig. 19.5):

mcc -m myaddition.m
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ommand Prompt

D:=~S5tandAloneCompilerd>mce —m myaddition.m

Figure 19.5: Stand-alone compile command

3. MATLAB Compiler will create five files:

myaddition.ctf
myaddition.exe
myaddition.m
myaddition_main.c

myaddition_mcc_component_data.c

4. Copy two files myaddition.ctf and myaddition.exe to your target machine.

5. Execute this stand-alone application by write the command in Command Prompt (see

Fig. 19.6): myaddition.exe 1.2 3.4

ommand Prompt

4. 6800

D-~StandAloneCompilerd >

Figure 19.6: Execute command

Note

e You will receive a warning as following, but this is a bug and MathWorks Inc. will
fix it. This warning does not affect the compilation or execution of the program. See
this warning at:
www.mathworks.com/support/solutions/data/1-ONONN.html?solution=1-ONONN.

The warning is:
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Warning: C:\Program Files\MathWorks\MATLAB Component Runtime\v70\toolbox\
local\pathdef.m not found.
Toolbox Path Cache is not being used. Type ’help toolbox_path_cache’

for more info.

e The inputs of the executable file are separated by the space(s).

e The inputs of the executable file are recognized as characters not a number. There-
fore in the M-file myaddition.m we wrote lines of code to convert these characters to

a number before using.

The procedure for examples in the next sections is similar in this section.

19.3 Stand-Alone Application for Linear Equations

In this subsection, we’ll write a stand-alone application for the linear equations to solve the
solution x from Ax = b. The input values of a vector b and a matrix A are stored in the
files vectorb.dat and matrixa.dat, respectively. The output solution x is written to the file

mysolution.dat.

In this example, we have the input files as follows.

vectorb.dat

12.5
32.2
45.6

matrixa.dat

1.1 5.6 3.3
4.4 12.3 6.6
7.7 8.8 9.9

The steps to create this stand-alone application are:

1. Writing the M-file mylinear.m to generate the executable file mylinear.exe as follows:

function mylinear(matrixsize)

if (ischar(matrixsize))
matrixsize = str2num(matrixsize) ;

end
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vectorfile = fopen(’vectorb.dat’, ’r’) ;
b = fscanf(vectorfile, ’%f’, matrixsize) ;

fclose(vectorfile) ;

matrixfile = fopen(’matrixa.dat’, ’r’) ;
A = fscanf(matrixfile, ’%f’, [matrixsize matrixsize]) ;

fclose(matrixfile) ;

% MATLAB reads a matrix in column major

% we need A as a matrix in row major (C/C++ format)
A=A

x = A\b ;

fid = fopen(’mysolution.dat’,’w’);
fprintf (fid, ’%f\t’, x);
fclose(fid) ;

Write the command in Command Prompt to generated files of the stand-alone application:

mcc -m mylinear.m
Copy two files mylinear.ctf and mylinear.exe to the target machine.

Execute this stand-alone application by write the command in Command Prompt:

mylinear.exe 3

MATLAB Component Runtime in the target machine will execute the file mylinear.exe

and create the file mysolution.dat which includes the solution x.

19.4 Stand-Alone Application for Using Matlab Plots

In this subsection, we’ll write a stand-alone application for using MATLAB plots. The input

values of x and y are stored in files xdata.dat and ydata.dat, respectively. In this example, we

have the input files as follows.

xdata.dat

W N
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ydata.dat

21.1 41.1
22.2 42.2
23.3 43.3
24 .4 44 .4

The steps to create this stand-alone application are:

1.

Writing the M-file myplot.m to generate the executable file myplot.exe.

function myplot(xdatafile, ydatafile)

X = textread(xdatafile, ’%f’) ;

[y1, y2] = textread(ydatafile, ’%f %f’) ;

hold on ;

plot(x,y1) ;
plot(x,y2) ;

title(’Figure in Stand-Alone Application’) ;
xlabel (’x axis’) ;

ylabel(’y axis’) ;

hold off

. Write the command in Command Prompt to generate files for the stand-alone application:

mcc -m myplot.m

Copy two files myplot.ctf and myplot.exe to the target machine.

. Execute this stand-alone application by write the command in Command Prompt:

myplot.exe xdata.dat ydata.dat

MATLAB Component Runtime in the target machine will execute the file myplot.exe and

create the figure as shown in Fig. 19.7.
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Figure in Stand-Alone Application
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Figure 19.7: Plots in a stand-alone application

19.5 Stand-Alone Application for Calculating an Integra-
tion

In this subsection, we’ll write a stand-alone application for calculating an integration. The steps

to create this stand-alone application are:

1. Writing the M-file myquad.m to generate the executable file myquad.exe.

function myquad(strfunc, a, b)
F = inline(strfunc) ;
if (ischar(a))

a=str2num(a) ;

end

if (ischar(b))
b=str2num(b) ;

end
y = quad(F, a, b)

2. Write the command in Command Prompt to generated files of the stand-alone application:

mcce -m myquad.m

3. Copy two files myquad.ctf and myquad.exe to the target machine.
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4. Suppose you want to calculate an integration I in the target machine:
1.2
I= / cos(2x) + 2® 4+ 1.2z — 0.24
0.1
To calculate I, execute the stand-alone application by write the command in Command
Prompt:
myquad.exe cos(2*x)+power(x,2)+1.2%xx-0.24 0.1 1.2

MATLAB Component Runtime in the target machine will execute the file myquad.exe
(Fig. 19.8) to calculate I.

Command Prompt

1.4681

D:~EtandAloneConpilerd>

Figure 19.8: Calculating an integration in a stand-alone application

Note

e First input variable of myquad.exe is an expression string. This expression string does
not include the space, because the executable file recognizes the space as the symbol of

separation of input variables.

e In the expression string, try to use the function name instead of a special character. For

example, use the function name power(..) instead of the character ~
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