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Outline

wWhy Java API interfaces?

Java API interfaces
— Variable consideration

Java Object wrap-up
Performance consideration
Applications

Problem
— Memory management



Demand

 Distribution systems over the Web
— Java-based server
e Apache Tomcat

 Manipulation of data for the Web
application
— Re-projection service
— Classification service
— Re-format service



Bridging Java Program and C/C++ library

The Problem
/ A

\ « HDF-EOS library — in C/C++ library

» All functions to manipulate grid and
point are written in C

 Primer for HDF-EOS is for C
HDF JNI AP « HDF JNI libraries are available

* Possible approach

Java Reader . .
WEB APPLICATION /

* Pros: better for Java environment

The Solution » Cons: enormous work and need
\ to keep track of revision
o Call the library directly through JNI
* Pros: manageable work and

efficient re-use
HDF-EOS/HDF JNI AP « Cons: memory management,

debugging
Java Reader
WEB APPLICATION /




How JNI works (1)

e Java interface

— public static native int GDopen(String filename, int
access) throws HDFEOSEXxception;

— Load library
« System.loadLibrary("jhdfeos4");

« Compile the above code
— javac HDFEOSLibrary.java

e Create header File
— javah -jni edu



How JNI works (2)

Create the library in C/C++

— Template

 JNIEXPORT void JNICALL Java_ ClassName MethodName
(JNIEnv *env, jobject obj) {

* /[Implement Native Method Here
*}
— Example

e JNIEXPORT jint INICALL
Java_edu_gmu_laits_hdfeos_ HDFEOSLibrary SWdupregion

(JNIEnv *env, jclass class, jint oldregionID)

{

int32 regioniD;
regionID=SWdupregion((int32)oldregionID);
return (jint)regionlD;



Tasks to enable the JNI

 To access a C library from a Java
program, four tasks must be completed:

— Declare appropriate “native” methods in Java
classes

— Write “Iinterface” code for each native method
to implement the JNI C or C++ standard

— complile the JNI “interface” (C or C++) to
create a JNI library

— deploy the Java classes and the JNI library on
the system



Mapping types (1)

* Interchangeable types

Native type Java Language | Description HDF/HDF-
(C/C++) Type EOS

bool jboolean Unsigned 8 bits | intn, uint8
byte joyte Signed 8 bits INt8

char jchar Unsigned 16 bits | uintl6
short jshort Signed 16 bits INt16

long jint Signed 32 bits Int32

long long jlong Signed 64 bits Int64
Float jfloat Float 32 bits float32
Double jdouble Float 64 bits float64




Mapping types (2)

String
— Wrong
 JNIEXPORT jint INICALL Java _edu_gmu_laits_hdfeos HDFEOSLibrary SWocreate
 (JINIEnv *env, jclass class, jint file_id, jstring swath_name)
« {
* return SWcreate( (int32)file_id, (char *) swath_name);

*}

— Correct
 JNIEXPORT jint INICALL Java_edu_gmu_laits_hdfeos  HDFEOSLibrary SWcreate
(INIEnv *env, jclass class, jint file_id, jstring swath_name)

« {

o char *s_filename;

e int32 swath _id;

« s_filename = (char *) (*env)->GetStringUTFChars( env, swath_name, 0);
 swath_id = SWcreate( (int32)file_id, (char *)s_filename );
 (*env)->ReleaseStringUTFChars(env, swath_name, s_filename);

e return (jint)swath_id;



Mapping types (3)

 Array
— Wrong

¢ JNIEXPORT jboolean JNICALL
Java_edu_gmu_laits_hdfeos HDFEOSLibrary GDorigininfo

(INIENnv *env, jclass class, jint gridID, jintArray origincode)

« {
. int32 status;
. status= GDorigininfo((int32)gridID,(int32 *)origincode);
. If (status==-1) return JNI_FALSE;
. else return JNI_ TRUE;
© }
— Correct

JNIEXPORT jboolean JNICALL Java_edu_gmu_laits_hdfeos HDFEOSLibrary GDorigininfo
(INIEnv *env, jclass class, jint gridID, jintArray origincode)
{
int32 *i_origincode;
int32 status;
i_origincode=(int32 *)(*env)->GetIntArrayElements(env,origincode,0);
status=GDorigininfo((int32)gridID,i_origincode);
(*env)->ReleaselntArrayElements(env,origincode,(jint *)i_origincode,0);
if (status==-1) return JNI_FALSE;
else return JNI_TRUE;



Mapping types (4)

e Pointer

—InC

e Intn SWattrinfo(int32 swathlD, char *attrname, int32
* numbertype, Int32 *count);

— |n Java

 public static native boolean SWattrinfo(int swathiD,
String attrname, int[] numbertype, int[] count) throws
HDFEOSEXxception;



The HDF-EQOS library

e Interface level
— One class to hold all “native” methods

— One C “Interface” library — e.g. jhdfeos4 (dll,
S0)

— One-to-one

public <lass HDFECSLibrary o
private final static String JHI_WVERSION= "1.0";

public final static String HDFEQSPATH_PROPERTY_KEY = "edu.gmu.laits.hdfeos.HDFEQSLIbrary";
public static native int Ghopen(string filename, int access) throws HOFEOSExXCeption;
public statdic native dnt Ghoreateint fid, string gridname, dnt xdimsize, dnt ydimsize,

double upleftpt[], double Towrightpt[]) throws HDFEOSException;
public static natiwe int Ghattach{int fid, String gridname) throws HDFEOQSException;
public static native boolean codefdim(int gridio, string dimname, dnt dim) throws HDFEOSExcCeption;
public static natiwve boolean Godefprojfint gridip, int projcode, int zonecode, int spherecode,

double projparm[]) throws HDFEOSException;
public static natiwve boolean GDhlksomMoffset(int gridip, float offset[], int count, sString code) throws HDFEQSException;
public static native boolean Godefcomp(int gridip, int compcode, int compparm[]) throws HOFEQSException;
public static native boolean Ghdeftiledint gridID, int tilecode, int tilerank, int tiledims[]) throws HDFECSException;
public static native hoolean Ghsettilecomp(int gridip, string fieldname, dnt tilerank, dnt[]
tiledims, int compcode, int[] compparm) throws HODFEOSExCeption;



Hierarchy of objects

dataset
*

GeoDataset
/\
RasterDataset VectorDataset

HESwathDataset |HEGridDataset| |HEPointDataset

To be implemented HEGrid

A

HEGridField

A

HEGridFieldBand2d




Thread safe vs. efficiency

e Model 1: Access & close

 Model 2: Open — access — close

T

HEGridDataset

HEGrid

HEGridField

HEGridFieldBand2d

T

HEGridDataset

HEGrid2

HEGridField2

Model 1

HEGridFieldBand2d?2

Model 2



Applications (1)

e Web services

Conversion
http://laits.gmu.edu:18080/DataMining/HDFEOS2ARFF?WSDL

Conversion
http://laits.gmu.edu:18080/DataMining/ARFF2HDFEOS2?WSDL
Training
http://laits.gmu.edu:18080/DataMining/LogisticReqgressionTrainer
?WSDL

Classification
http://laits.gmu.edu:18080/DataMining/LogisticReqressionClassif
ler?WSDL

Regression
http://laits.gmu.edu:18080/DataMining/LoqisticReqgressor?WSDL

 Test pages
http://laits.gmu.edu:18080/DataMiningClientWeb/



Applications (2)

'_r.M NASA EOS Higher-Education Alliance (NEHEA) -- GeoBrain | \
NEWEA Mobilization of NASA EOS Dats and Information through Web Services and Knowledge Management \ LAITS ,ll
J%ﬂﬂmrn Technologies for Higher-Education Teaching and Research

HOME I PROJECT 'Uf_)l‘ti.‘uﬁ-l\i'l 'f)NI PARTNERS I PEOPLE

Data Download

» Download personalized Landsat, MODIS, and other EOS data from GeoBrain. ¥2.0, V1.1 GMU LAITS Data Products Download V1.1

@@

Multiple-Protocol Geospatial Client (MPGC) v1.0 Copyrights © LAITS. GMU 2006, All Rights Reserved

& If you would like to access to all OGC compliant data services, please download and install MPGC at your machine.

Enter.. : ia: @@

OGC-Compatible Web Services (URL, description...)

" or "path/ron")

All service WSDLS

Or click and drag to define an area from the map Or input the BBox directly
Web Coverage Service (WCS)

Web Feature Service [WFS) Projection | WGSB4 Lat/Lon ¥

etc
North
[ web Map Service (WMS) ‘ e T
Catalog Service for Web (CSW) Westera ] H ‘ [
Web Image Classification Service (WICS) ‘ ]
Southern

Data Format Translation Service & the coordmaes of

Web Coordinate Transformation Service (WCTS)

ore... (Geospatial Web Services) Web Clients for Dﬂtﬂl\lll]l]lg
Web Service Name WSDL Iocation web based test client page Description

[ass [httpsiaits s a1 8080 DataMinine T oristicRaerassion WSDI test Add A tast of opAdd operation to 26 two intezers
EDFEOS2ARFF ‘et sits sy 2631 8080 DataMinins HDFEQS) ARFFTWIDL  tast HDFEQS)ARFE :;:ﬂ‘:::“ e R R R R
*HDFEQS2ARFF2 [httpsiaits sem ady] 8080 DataMinins HDFEQS? ARFFI7WSDIL. tast HDFEOS2 ARFF? :;;:::“ T R Y
ARFFIHDFECS (http: faits s ecu] 8080 Datalining ARFFIHDFEOSTWEDL  test ARFFIHDFEQS :;:[;:::“ SHESIL L g T
ARFF2EDFEQS (3 bt p:ilaits enm sdu1 8080 DataMining ARFF?HDFEOSTWSDL  test ARFFIHDFEOS 3 Atest client to invoke ARFFIHDFEOS op ARFF2HDFEOSS
parametars) e oparation
*ARFF2HDFEOS2 Ittt smv 2] 8080 DataMining ARFF2HDFEOSITWSDL test ARFF2HDFEQS2 ;;:[;:l‘:“ TR A S TR P Y
FARFF2HDFEQ0S2 3 et lzits 2o 26y 8080 DataMining ARFFIHDFEQSTWSDL tast ARFF2HDFEDS2 3 Atest client to invale ARFFZHDFEOS2 0pARFF2HDFEOSS
pparamatercs) e oparation

*LogisticRezression Trainar ;A[a;; cliznt toinvokes

ogisticRegrassion Trainer opLogisticRegrassion Ty

A test cliznt to involes LogisticRegrassion opLogisticRagrassionIng
operation

LesisticResrsssion (s

A test elient to invoks LogisticRez
opsration

ssicn opLogisticRezrassi

ILogisticRegrassion (small fils}http:
A test clisnt toinveks

zisticRazrassionClassifier oplogisticReprassionClas:
oparation

A test clisnt toinveks
LozisticR2zrassionClassifisr opl ogisticR2grassionClas
oparation

(small file)

A test clisnt to involkes LogisticRegrassor opLogisticRazrassIne
opzration

LosisticRagrassor (lars:

=) |httpoiaits emu.edu:1 8080 DataMining [ oisticRearessorTWSDL testlogisticRe

A test client toinvoles LogisticRegressor opLogisticRagrass
oparation

*LogisticRegressor (small file]httplaits emu 2o 8080 DataMinine L oeisticReeressorWSDL, testl osisticRe




Limitations to the JNI approach

e Limitations
— JNI is not an easy API,

— Invocation: only applications and signed applets can invoke the
JNI;

— Portability: No

« compile different set of libraries and dynamically load
— Memory management: no garbage collection

« Careful to manage memory and exception in C

* Timely re-start Tomcat server (not a good solution)

— Debugging difficulty: error checking is a MUST or it has the
potential
 to crash the server
e to left dead thread
* to cause memory leak



Conclusions

* The library is available at
— http://laits.gmu.edu/~qgyu/HDFEQOS/

Platform Source Code Binary Distribution

All Platform csiss hdfeos java apl 0. 9. zip

Windows csiss hdfeos Java apl bin win v, 9. zip

solaris csiss hdfeos java apl bin solarisv(. 4. zip

Limx csiss hdfeos java apl bin linux(. 9, zip




Future work

e Continue on updating the interface
 Work on HDF5-EOS

* Refine the object with considerations of
performance and usability
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