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ABSTRACT

Interfacing Matlab algorithms and functions to Scala

Programming language using Matlab standalone packages

Sravanthi Nalamalapu

Scala is a modern muiftiaradigm programming language which combines the featfre
functional and objeebriented pogramming. Matlabis widely used by academic, research
institutions as well as industrial enterprisktlab algorithms are available only within Matlab
software due to the closed nature of Matlab softwainés report discussessimple process to
interfaceselected Matlab algorithms and functionghe Scalaplatform. A user can choosthe
algorithmsand functions to be interfaceMCR (Matlab Compiler Runtimeg¢nables execution
of standlonecomponerd generated bythe Matlab compiler Thestandaloneomponenbundles

all .mfiles (Matlab function} and associated .mex files together with libraries into a package
user canmportthe generated standalone packede Scalaplatform;thereby Matlab algorithms
can be executed and tested in Sqalktform. In additionselected Matlab functions can be used
in the Scala programming languag@éthout having Matlab softwargstalled This eliminates
the necessity oimanualMatlab code traslation to $ala platform This reportfocuses on the
process that allows Matlab algorithns and functions to be accessible froime Scala

programming language
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CHAPTER 1INTRODUCTION

1.1 Background

Matlabis aneasy to use programming environment for computation and powerful vesiaiiz
of technical computingdt is used in many academic, research industries and in many industries.
Matlab includesa wide range of toolboxe#/atlab i The language of technical computirsy

usedto implementawide range oflgorithms

Scala is a modern muparadigm programminnguagelt is a general programming language
and scripting language. Scala combines the features of -avjented and functional
programming languages. It is designed to express sadutioooncise and elegant code. This
programming language providésctional programmindeaturesthat are not available in Java
such as immutable values, higlweder functions, pattern matching and collectiombese
featureshelp developers to be productivBava can incorporate these features functional
languages sturcas closure, but it is limited due to backward compatibisala features such as
implicit conversions and optional objects will help greatly to reduce the number of statements
and checks in a program. Scala tries to be leaner than Java, thus prt@sdibgilerplate code.
Scala can mitigate the problems of concurrency (locks, semaphoreanet@arallelisrmusing
immutable objects. An immutable object can be copied shared without worrying about who
is using the objectScala interoperates wittavla and .NETScala source code is compiled to
Java byte code. This executable code runs on Java Virtual Machine (JWigl)oyte code is

machine independent, so it can run on any machine which has Java Runtime Environment (JRE).



All Java libraries can be accessed from Sddlav-a-days moreand more companies addva

developers are leaning towards Scala inspired by Trwitte

The combination of Matlab and Scala platforms can open interesting new possibilities in
application developmenEor example, one can use Scala as a platform independent framework
together withMatlab interfaceDue to closed nature of Matlab softwatgasithms deeloped in

Matlab and functions we available only with in Matlab software. Significant efforts are being
made to interface Matlab with other platforms. To address this, Matlahipped withJava

Virtual Machine since few released his enables a user to access Java classes from Matlab.
Unfortunately, this does not help to access Matlab from other platfdiadab softwareis
required to test the algorithm agMv This restricts ugge of Matlabalgorithns and functioms in

other plaforms. When Matlab algorithms are sharddhe uses areonly testing the algorithm

and accessinfew Matlab functionst is not feasible to purchase the license for every machine.
Earlier programmers used to create source code for the same Matlab algorithm in their desired
language. However, manual translation is laborious task andpeowe process as wellhis

limits the distribution and usage of algorithm developed using blafla address this problem
Matlab provides MatlalCompiler Runtime (MCR) to execute standalone compagerierated

by Matlab compiler Mat | ab compi |l er is invoked wusing 6ém
packagesSome efforts are made to interface Matlatsome extent with C and Jatowever

there is no infamation provided on how to executatlabalgorithmsfrom Scala platformThis

report focuses on detailguocess to interface Scala with Matlab.

Any Scalaprogrammerwho does nothave Matlab software installed on their computer can

install MCR. With license freeScalaplatform a user canmport these standlone packaget®



use thefunctions included in the packaged to test théncludedalgorithns without the user

needing to install Matlab on his/her computer.

The limitations of this methodre:

1 User cannot view the Matlab code of the algorithm.
1 Modification of original algorithm is not possible.

1 User has to know beforehand what Matlab functicgishe needs in Scala program.

1.2 Problem Statement

The main goals to make a usaaccesselectedMatlab algorithms andelectedunctionsfrom

Scala platformusing standalone packagethus avoiding manual code translatiddatlab
Compiler O6mccd command i s The esdrcan mcludevanylMatlals t a n d
algorithms and any Matlab functions in the packafee user will be able to specify what
functions he/she wants to include in package. Once the pacaeg@enerated they are in .jar

format.

1.3 Contribution

This report describes the processataess Matlab algorithms and function from Scala platform
This primary objective is to make a developer Watlab algorithms and functions in his/her

Scala apptations withait manual translation of Matlaimde to Scalaode.

User machine should have MCR (Matlab Compiler Runtime) installed on his/her machine to
execute standlone packages. When this package is imported into Scala platform, he/she can

access and use those functions and algorithms with MCR installed on thpurtecsn



When the user has many functions to include in the package, a script written in the python
programming language can be used to generate the appropriate mcc command. Tdlerstand
packages contain .m files, associated .mex files and library ifilas These packages are
imported into Scala platform.

The processan bedemonstrated aScala and MCR are installed on a user computer which does
not have Matlab installed. A user can select what algorithms and functions he/she want to bundle
in standlone package(s). For exampleotstandalone packages are built using Matlab. One
package contains all Image processing toolbox functions of Matlab. The other package contains
algorithm that implementbilateral filtering and cartooimage abstraction.lese packages are
imported into Scala platform. Scala code is developed to run the Matlab algorithm and to use

selected Matlab functions



CHAPTER 2LITERATURE OVERVIEW

Significant efforts have been made in recent yéaraterface Matlalwvith variousplatforms like
C, R Javaand PythonThe projects mentioned below are efforts made to interface Matlab with

MapReduce framework and Java platform to avoid manual code translation:

2.1 M2M: A Simple Matlab -to-MapReduce Translator for Cloud Computing (4

M2M translatedMatlab code to MapReduc@arallelProgrammingmodel) code.M2M is
developed to translate up 160 Matlab command® MapReduce code in very less time

Thefollowing arethree stagefor M2M development

1 The first stageThetoken generatiors done using lexical analyzer in this stalyetially
the scanner starts analyzing by reading théd@asource code. This input source code is
read character by character. Based ondefened grammar of regular expressions the
read claracters are grouped to form meaningful words and symbols/tokens.

1 The second stag@&his stage is about a syntax analylmgmparsing.Syntax analyzer uses
top-down parsing in this stag&he syntax analyzer reads formal syntax specification
input asContextFree Grammar (CFG). These tokens are grouped into units based on
CFG.

1 The third stageThis stage is about a sematic analyzer, also called translator. It is used for
parsing or analysis of semantics. It takes appropriate actions basestpogssion
validations and implications. Based on Map Reduce, a simple Math Operation Library
using Map Reduce (MOLM) is builtWhen a math command is processed by translator,

MOLM is used to get corresponding Map Reduce code to combine with main function.



2.2 How to Access Matlab from Javayy

Matlab includes an interface to access Jheaause Matlab is shipped with Java Virtual
Machine. This project focuses on interfacing Matlab from Jaw@. approacheare describetb

interface Matlab with javas follows

1 First approach: In this approadhva Runtimelassis usedo start a new Matlab process.
Through standard Matlab input and output streams, communication from Java to Matlab
is achieved.

1 Second approach: In this approach, Java Native Interfal) is used. JNI writes a
wrapper class for the C engine library of Math works. The data transfer is character and
stream basedhis causes high latency and lower transfer rates when compared to direct

memory access. So, the data transfer is ineffidier large amounts of data.

Both approaches need Matlab to be installed on the machines.

2.3 Building Matlab Standalone Package from Java for Differential

Dependence Network Analysis Bioinformatics Toolkit [2]

A Matlab algorithmfor network analysis bioinformatids transated into aplatform dependent

Java based softwar€here are four stages in this process:

1 First stageAll Matlab files, .m or .mex of the Matlab algorithm are gathered. Matlab

compiler is used to create a skdfibrary for the gathered Matlab files.



1 Secondstage: A Java driver is developed. This Java driver is used as user interface. All
inputs given to Matlab algorithm and outputs of Matlab algorithm are taken care by the
Java user interface. This will prepare native methods as well.

1 Third stageThe varidle transfer between Java and Matlab is taken care by a C driver.
This C driver is implemented with the help of IJNI.

1 Fourth stageThe shared library created in first stage and the C driver of third stage are
compiled with mbuild function of Matlab. Theswt is a dependent library. This library

is callable from standalone Java interface.

C/C++ Library - Matlab complied

C/C++ code to
Java Object —_
convert data passed
from the Java code
into a format used

by Matlab (mxArray)

library - takes the
data in mxArray
format and runs the
desired Matlab

function.

L]

Matlab

Figurel Variable Flow charto build standalone package;

2.4 JavaBuilder )

This is also called Matlab builder for Java. One can use Java Builder to wrap Matlab functions

into Java classMatlab functiors are encapsulated amethods under this wrapper cla3$iese
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Java classes and methods can be invoked from Java applicatiomrafiper class packages can
be deployed to end user. To execute the deployed package end user should have Java Builder

supporting files and MCR (Matlab Compiler Runtime).

Scalais a powerful programming language whishboth functional and objeariented. Using

Scala one can get rid of boilerplatede suchas variable type declaration, object declaration
which many programming languages have. This problem report is an effort to interface Matlab
with Scala.A standalore package is built in Matlalusing python script which bundles all
functions of Matlab Image Processitgplbox; therebya user can access and use any Matlab

functionof Image processing toolbox in Scala progragether with selected algorithms



CHAPTER3: DEVELOPMENTMETHOD

3.1 Requirements and Specifications

Matlab R2013a available on wcMVVU Wireless Communications Research Laboratesy
cluster is usedo create desired staraionepackagesMatlab Compiler Runtime igequiredon
user, Scalalevelopemachine Java Development Kit (JDK) is necess#oy userto work with
the stand alonpackages created. The above mentiagwdtivare packagearedependenbn each
other as they have to inteperate.Due to the specifications dhe Matlab compilerit is
important to note that waeed specific versions of theoftwvare packageto set up the
environment. Matlab compiler runtime is operating system specific as Weliser can only
run the applications with the specific version of MER that is created by the specific version
of Matlab Compiler.The Linux operating systerwas used for this reparSo, we should have
our entire environment set up in Linux operating system. As Matlab R201-B& G#hux
version is used, MCR of corresmting version MCR 8.1 64 bit Linux is needed. For Linux
operating system starting from Matlab R2012b versions onlgitodf MCR is supported. We
should get JDK of versiocorresponding to Matlab version we haMmatlab command 'version
java' gives the Ja version it has. The final form of tiséandalonepackage generated will be a
jar file which requires user to have same version of JDK/JRE in their machines. We need JDK

1.6.0 for this project.

Eclipse, an Integrated Development Environment (IBfiQuld beinstalled to work withScala.
Eclipse has various pldgs available because of which it can be used to develop applications in

various programming languages likava python, Perl, C, C++ etc.



The programming language used is Scala. Scada abject oriented, functional programming

and scripting language which runs on JVM. This enables Java and Scala to be mixed freely for
seamless integration. Scala supports immutable values, pattern matching, case classes, higher
order functions etc. Whenompared to Java it provides less broiler plate, concise, more

expressive and cleaner cocinbe written.

3.2 Design

The .jar file generated by Matlab compiler contains one or more classes that encapsulate Matlab
code These classes when importetbiGcalaplatform providemethods thaare callable directly

from Scalacode. Deploy tool of Matlaprovides a GUI thacan be used to create the stahahe
package. If command line is preferred mcc is the Matlab command that can be used instead of

deploy t@l. The mcc command works like this:

mcc-v W j ava: packageName, cl assName' filel. m fi

The details of this mcc command are:

The option 'v' stands for Verbose. When this option is used together with mcc command we can
see the display of comption steps, source file names as they are processed, the names of the
generated output files as they are created etc. The oftias used together with mcc command

to create a class that encapsulates one or more Matlab files. 'java:' is the kinavtaits the

Matlab compiler to create a Java component. Package name andachesspecify the name of

the Scalapackage andscalaclass to be created respectively. Multiple Matlab files, names

separated by space in mcc command can be enctgusatanethods undeclassName
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Matlab has wide variety of toolboxes available and each of these toolpox@desvarious
functions readily available to the user. Imggecessingoolboxis chosen as an example in this
report A list containing names of funots from Image Processing toolbox and some general
Matlab functions is being made. The list can get lengthy with manyidmscto be included in

the Scalgpackage and class. Going through each file name and including it in mcc command can
be time taking,error prone and tedious when we have few hundreds of Matlab files to be
encapsulated in the package. To avoid this, a python script is developed which takes the file
containing list of Matlab functions as input and generates requireccomemand that creates the

Scalapackage of functions listed.

3.3 Working with the standalone package

The package created by Matlab compiler is a jar file that is imported intpgecIDE. In order

to enable Scalapplications tanteroperatewvith Matlab functions invoked, Matlalhas a API
which is implemented as gackage com.mathworks.toolbox.javabuilder.MWArray. This
package should benported at the starting of Scgbaoject. This package provides a set of data
conversion classes ieed from MWArray, which is anabstract class. Thesab classes of
MWArray abstract class represent major Matlabdata types: MWNumericArray,
MWLogicalArray, MWCharArray, MWCellArray and MWStructArray. Each of these classes
provide constructors and basic set of methodadtantiate and dispose Matlab arrays, methods
to read and write array data and method to converthir alata types. If a natiaray is used as

an input parameter withowxplicit data conversion, MCRonverts it to an instance of the

appropriate MWAray class before it is passed to the method.

11



A set of overloaded methods, which correspond to calls to the Matlab functions for each

combination of the possible number and type of input arguments is generated.

The datatype returred from a Matlab method cde an instance of thappropriateMWArray
subclass. But the retumiatatype is not converted to a Scatgpe by MCR. The userhasto

convertreturn datdype usingdoArraydmethod and then dispose the array.

On the user machine, MCR directory shoulddaleled to system path specified by the user
systembs envir onme nt,as\Gblrsinat bvhilableve hawe td_usentarinals y st e
to set PATH. LD_LIBRARY_PATHSshould be set up. If a user set the LD_LIBRARY_PATH it

works only once. If we use bash file to set the environment path variables, this wdtestary

variables whenever started. This path changes for 32 bit and 64 bit Linux machines. The

following isthe LD_LIBRARY_PATH for 64bit Linux machine:

{usr/local/MATLAB/MATLAB_Compiler_Runtime/v81/runtime/ginxa64:
/usr/local/MATLAB/MATLAB_Compiler_Runtime/v81/sys/os/glnxa64:

/usr/local/MATLAB/MATLAB_Compiler_Runtime/v81/sys/javaljre/ginxa64/jre/lib/amd64/native_t

hreads:
/usr/local/MATLAB/MATLAB_Compiler_Runtime/v81/sys/javaljre/ginxa64/jre/lib/lamd64/server:
/usr/local/MATLAB/MATLAB_Compiler_Runtime/v81/sysl/javaljre/ginxa64/jre/lib/amd64:
{usr/local/MATLAB/MATLAB_Compiler_Runtime/v81/bin/ginxa64

/usr/local/MATLAB/MATLAB_Compiler_Runtime/v81 is called MCR root, where MCR is

installed.

12



'~/Desktop) - gedit

E_ P Open ~ ﬂ Save = € Undo

Z| script1 ® | | ] *steps ¥
#!/binfbash

MCR_ROOT="fusr/local fMATLAB/MATLAB_Compiler_Runtime/v81"
LD_LIBRARY_PATH="S{MCR_ROOT}/runtime/glnxa64:}\
S{MCR_ROOT}/sys/osfglnxat4:\
S{MCR_ROOT}/sys/javafjre/glnxa64/jre/lib/amd64/native_threads:}\
S{MCR_ROOT}/sys/javafjre/glnxas4/jre/1lib/amd64/server:)
S{MCR_ROOT}/sys/javafjrefglnxac4/jre/lib/amd64:\
S{MCR_ROOT}/bin/glnxac4:\

“pwd'"

export LD_LIBRARY PATH

echo SLD_LIBRARY_PATH m‘

Figure2 LD_LIBRARY_PATH script
On target machine using termimalvigate to eclipse folder:
cd /opt/eclipse

Start the eclipse executable

Jeclipse

Do ssh to wecrl clusteo get the standlone package:
sshsrnalamalapu@wcrlcluster.csee.wvu.edu

To use thestand alone package generated by Matlab compé#emnust:
Import Matlab libraries usingmportfunctionas follows
importcom.mathworks.toolbox.javabuilder.*;

Import the package and class created

import packageName.*

import className;*

13



Theclass should be instantiated before using its methods in the program:

className funs = new className();

Now we can call Matlalfunctions asf they are functions of thelassjust created

The user has to handle necessary data type caovert® and from Matlab t8cala. The native
resources use by MATLAB algorithm or functions should be made free at the end of the program
so that it is available for garbage collector.

For examplef the user wants to accessviatlab algorithm which does bilateral filtering and
caitoon image abstraction:

Thestandalone package is generatesing the command:

mcc-W 'java:BFPackage, BFClass' cartoon.m, colorspace.m, bfilter2.m, runDemo.m

The package generated BFPackage.jar is transferred to local computer using scp command. Now
this package is imported to Eclipse IDE which will be listed under referenced libraries.

The Scala program is:

import com.mathworks.toolbox.javabuilder._

import FunsPackage2.

import BFPackagel._

objectBilateralFilter {

/lInstantiate theclass BFClass1

val funs= newBFClassl()

//call methods in the class instantiated

variml= funsimread(,"academy.jpg)

var runl = funsrunDemo()

[*Array of Objects is returned whenNatlab method is called.

14



The first element of the array is the first output parametecpond element is the second output
parameter returned and so on.*/

/[Convert returned object data type to an instance of MWArray or specific MWArray using
classID method

varim2 = im1(0).asInstanceOffMWNumericArray]

im2.classID()

/[Convert MWArray to a regulafrray with same dimensions as the underhifeglab array
varim3= im2.toArray()

//Get the dimensions of array

val dim = im2.getDimensions()

/IDispose native resources

MWArray.disposeArray(nl)

MWArray.disposeArrayl)

/IMakeit eligible for garbage collection

runl= null
im1= null
}

15



CHAPTER 4RESULTS

A Matlab algorithm which illustrates bilateral filtering and cartamage abstractiois chosen.
Bilateral filtering is a nosterative method for edgpreservingsmoothing of an image.
Cartoonfunctionmodifies the color image to have a cartdide appearance.

Colorspace function converts the color representation of a given image.

This algorithm has 4 filek cartoon.m, colorspace.m, bfilter2.m and runDemo.m.

The inputs for this algorithm are a color amdgray image The output of the algorithrm

MATLAB softwareis:

Figure 3: Image Abstraction Input

File Edit ¥Yiew Insert Tools Desktop Window Help N

NEAS|KA0PEL-[3|0E =D

Input Image

50

100

150 |

Figure3 Input given for Matlab software
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Figure 4: Result of Image Abstraction

File Edit ¥Yiew |Insert Tools Desktop Window Help

DEES M RARIOUPDEL- || 0EH | =D

Abstracted Image

50

100

150

200

50 100 150 200 250 300 350 400

Figure4 Output in Matlab software
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10:19PM % sravs {f

Color Bilateral Filtering Results
FEile Edit ¥iew Insert Tools Desktop Window Help

NEEL| AV EL- (B[0B[am

Result of Bilateral Filtering

50

100

150

200

250

Figure5 Matlab color bilateral filtering

Grayscale Bilateral Filtering Results
File Edit  ¥iew |nsert Tools Deskiop lMindow Help

NEds|h|A309EL- A0 uDd

Result of Bilateral Filtering

Figure6 Matlab Gray imagebilateral filtering
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The output of this Scala programesactly same output &g Matlab softwareThe results of the

Matlab algorihm executed in Scalplatform are shown below:

File Edit Refactor Navigate Search Project Scala Commands Run Window Help

Bl o0y BN H 0 Q@I v ;
a DB @ava
f# Package Explorer 2 = B  [§testlscala ¥ = g
B (] = -~ import com.mathworks.toolbox.javabuilder.
= //import FunsPackage2.
P = Javal import BFPackagel.
» & projt import FunsPackagel.
» (= python1
¥ = scalaTest -~ object BilateralFilter {
v
Bsrc val mag = new FunsClassl()
¥ f scalaTest val nl " e
Bilateral Filter Progress

» [5 BFTest.scala
//Instan
4
5] test1.scala val funs
» = Scala Library [2.10.2] //ecall i
» =), JRE System Library [JavaSE-1.6] var iml
» =) Referenced Libraries B .
/*Array of Objects is returned when a Matlab method is called.
The first element of the array is the first output parameter, second element is the
’.f(

fpplying bilateral filter,..

Iz : (] Scala Interpreter (scalaTest) #
Scala Interpreter (Project: scalaTest)

import FunsPackagel.

val funs = new BFClassl()

funs: BFPackagel.BFClassl = BFPackagel.BFClass1@42dbc3aa

Evaluate: |<type an expression=
Writable SmartInsert  16:1

Figure7 Matlab algorithm execution in Scala
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slaqumRnE N

Result of Bilateral Filtering

Input Inage

100

Figure8 ColorBilateral Filtering output in Scala

EEYEREE

Result of Bilateral Filtering

Figure9 Gray imagebilateral filter result in Scah
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FE rackage Explorer =2 = [<.}===>-|

o000 0000CO0OQO0OOCO0QO0CQODOOOO0ODOY

im2Zdouble{List, Liskt) - wvoid
imaz2inc1&a{int, ObjeckE._.) : Objecc[]
imZintk1 s{Objeck[], ObjeckE[]) = waid
im2Zinci1as{Liskt, Liskt) : void
im2Zjava(int, Object._._) : Objeckt[]
im2zjava(objecel]. Objecke[]) - void
im2jawvallList, Liskt) : wvoid
im2Zjawvaz2d{int, Objeckt...}) : Objeckt|[]
imzjavazd{object[]., Objeckt[]) : wvoid
imzZjavazdi{Liskt, List) - woid
im2Zsingle(int, Objeckt._.) - Objecc][]
im2single{(Object[]., ©bject[]1) : void
im2Zsingle{Liskt, List) - void
imzZuint1s(ine, ObjeckE._..) : Objeck[]
imZuint1s{Objece[], Objece[]) = vaid
im2Z2uint1as{Liskt, Liskt) - vwoid
im2Zuints(inkt, Object__.) : Objeckt[]
imzuincts{object[]. Objece[]) : void
im2uints{Liskt, Liskt) : wvaid
imabsdiFF{int, Objeckt...) : ©bjeckt[]
imabsdiFF{Object]. Object[]) : void
imabsdiFFR{LiIiskt, Liskt) : void
imadd{int, Object...) : Objecc][]
imadd{Object[], Object[]1) : wvoid

Figurel0Matlab Functionsavaialble in Scala environment
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