Java™ Platform, Micro Edition

Part 6 — Record Stores, Distribution and
Localization

Andreas Jakl, 2009 v3.0a — 03 December 2009



Disclaimer

These slides are provided free of charge at http://www.symbianresources.com and
are used during Java ME courses at the University of Applied Sciences in Hagenberg,

Austria at the Mobile Computing department ( http://www.fh-ooe.at/mc )

Respecting the copyright laws, you are allowed to use them:

—- for your own, personal, non-commercial use

— in the academic environment

In all other cases (e.g. for commercial training), please contact andreas.jakl@fh-
hagenberg.at

The correctness of the contents of these materials cannot be guaranteed. Andreas Jakl

is not liable for incorrect information or damage that may arise from using the
materials.

This document contains copyright materials which are proprietary to Sun or various
mobile device manufacturers, including Nokia, SonyEricsson and Motorola. Sun, Sun
Microsystems, the Sun Logo and the Java™ Platform, Micro Edition are trademarks or

registered trademarks of Sun Microsystems, Inc. in the United States and other
countries.
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Save your data

Record Stores
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Persistent Data

. Most applications have to store something, e.g.:
— Settings
— Current status / progress / high scores

— User documents and results

. MIDP requires:

- Non-volatile memory
— At least 8kB

. Full file system access is optional (JSR 75)
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Record Store & Records

. Records: can be thought of rows in a table

Record Store

Record ID Data

1 <Array of bytes>
2 <Array of bytes>
3 <Array of bytes>

S e

P
Integer value, role of a

% orimary key for the database Stores the record data

7 “
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Record Management System

MIDP Record Management System (RMS) works like DBMS

Device-independent reading and writing,
hides real database-file and location

Database = “Record Store”

— Consists of a number of records with automatically
assigned, unique IDs: 1, 2, ...

Record = Array of bytes
- To change content: read byte array — modify it — replace

original record
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MIDlets and Record Stores

. MIDlets can access all record stores in their suite

. With a fully qualified name also from other suites

Record Store “S” Record Store “T”

MIDlet Suite A

Names must I ___Data | ID  Data
~ MIDlet 1 ‘——""
be unique ; \\_ ? “c .12;
within a single |  o*
S MIDlet 2 e
MIDlet suite ) r
>
(“
Record Store “S” ‘1"
MiIDlet Suite B l/“
ID  Data - ) o
B === MiDlet1
2

|

.~ MiDlet2
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Record Store Features

. Record Store saves:

— Time + Date of last modification

—- Version number (integer), incremented for each
operation that modified the contents

. Individual operations (write, ...) are atomic,
synchronous and serialized

- When MIDlet uses multiple threads to access a single
record store, it is responsible for synchronization
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RecordStore API

. Opening / Creating a Record Store
- RecordStore rs = RecordStore.openRecordStore(
String recordStoreName, boolean createlfNecessary);

- recordStoreName: MIDlet suite-unigue name, up to 32 (Unicode) chars

- createlfNecessary: if it does not exist, create it or throw an exception

. Add Records
- int newld = rs.addRecord(byte[] data, int offset, int numBytes);

- newld: ID of the record that was created (1, 2, ...)
- data: byte-array to add as a new record
_ offset: index into data buffer (first byte to write), usually O

- numBytes: number of bytes to use (length of data to write)
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RecordStore API

. Reading a record

— byte[] record = rs.getRecord(int recordld);

- record: copy of the data stored in the record

- recordld: ID of the record to retrieve
. Close the record store

— rs.closeRecordStore();

. Delete a record store

— RecordStore.deleteRecordStore(String recordStoreName);
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Working with

Byte-Arrays
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Streams

. Java offers comfortable streams to:

— Create byte arrays on the fly (ByteArrayOutputStream)
- Write standard data types to the stream

(DataOutputStream)
| String object l String object
DataOutputStream.writeUTF(); DatalnputStream.readUTF();
DataOutputStream DatalnpﬁtStream
ByteArrayOl;l‘tputStream ByteArraylnputStream
byte[]] m=mmmmms===m=====4p byte]]
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Output Stream Example

// Open (+ create) the record store with the name "MyData"
RecordStore rs = RecordStore.openRecordStore("MyData", true);

// First create the byte array output stream which can generate the array
ByteArrayOutputStream bos = new ByteArrayOutputStream();

// On top of that, create the data output stream,

// which can serialize several standard Java data types
DataOutputStream dos = new DataOutputStream(bos);

// Write data to the stream

dos.writelnt(667487);

dos.writeBoolean(true);

dos.writeUTF("Test");

// Flush data to make sure everything is commited down streams
dos.flush();

// Grab byte array from the stream

byte[] recordOut = bos.toByteArray();

// Add a new record to the record store, write the whole array from 0 to its length
int newRecordld = rs.addRecord(recordOut, 0, recordOut.length);

// Finished working on the record store — close it

dos.close(); // Closes underlying output stream as well
rs.closeRecordStore();

(example omits catching Exceptions for clarity)
14 Andreas Jakl, 2009



Byte Array

. Contents of the byte array: dos.writelnt{ );

dos.writeBoolean(true);
dos.writeUTF("Test");

| #229415(length=11]

=& recordOut

=T .

{& > e _I Int (4 bytes)

....... & [4 byte _|I - Boolean (1 byte)

T i Number of bytes used (2 bytes)
: i byke o

i e j String

______ T i UTF-8 encoded String (4 bytes)
....... {%} '10] bk _I

- N

DataOutputStream-Methods only save data, no type information

— you have to remember what you wrote and read it in exactly the same order
o J
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Reading

. Rather similar to writing:

// Open the record store with the name "MyData"

RecordStore rs = RecordStore.openRecordStore("MyData", false);
// Get record contents

byte[] record = rs.getRecord(newRecordld);

// First create the byte array input stream which accesses the byte array
ByteArraylnputStream bis = new ByteArraylnputStream(record);

// On top of that, create the data input stream,

// which can interpret the contents byte array as Java data types
DatalnputStream dis = new DatalnputStream(bis);

// Read data from the stream

int version = dis.readint();

boolean firstStart = dis.readBoolean();

String userName = dis.readUTF();

// Finished working on the record store — close it

dis.close(); // Closes underlying input stream as well
rs.closeRecordStore();

(example omits catching Exceptions for clarity)
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Enough reading and writing ...

... back to the RecordStore
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RecordStore API

Modify (= overwrite, replace) existing record

— rs.setRecord(int recordld, byte[] newData, int offset, int numBytes);

- recordld: ID of the record to replace
- data: byte-array to add as a the new record
- offset: index into data buffer (first byte to write), usually O

- numBytes: number of bytes to use (length of data to write)
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Strategy — Settings

. Saving application settings

- Write all settings to a byte array into one record of a
single record store

~ |f possible: Write directly after settings change,
not when exiting the application

- You never know when and how the program is closed
(battery removed?)

- Read on application start-up

- Use default settings for “file not found”-Exception
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Settings — Existing Record

. When saving settings, check:

— New record store was created - add record

—- Record store already exists - replace record

if (rs.getNumRecords () == 0) { // Check if record store already contains our settings record
rs.addRecord (recordOut, 0, recordOut.length); // Add new record to the store, will get position 1

} else {
rs.setRecord (1, recordOut, 0, recordOut.length); // Replace previous settings-record

]
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Settings — Version

. Save version of data structure to prevent problems
after updating application

- (Version of Record Store only saves # of modifications!)

. Store version at the beginning of the stream

Installer

— dos.writeShort (1); // Version
. Check version when reading stream

— int version = dis.readShort();

if (version ==1) { /* Continue parsing */ } v >

application data?
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Strategy — Database

. Application with database (e.g. time management)

— Multiple records per record store.
Each record = one entry, which consists of the data,
written as a byte array as usual

. Serializing Objects
—- Used to save object’s state to a sequence of bytes
- Allows rebuilding an identical object later on

— Not supported in current CLDC

- Write it yourself: Use a stream to put all relevant data
into a stream; read and create obj. in a static method
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Example — Database |

ContactData class, contains information about a person
public class ContactData {
private String name; // Saves name of the contact
private int age; // Saves age

public ContactData (String name, int age) {
this.name = name;
this.age = age;

J

/** Write all relevant data to the stream, which will allow rebuilding the object when reading the stream. */
public void externalize(DataOutputStream dos) throws IOException {

dos.writeUTF (name);

dos.writelnt (age);

J

/** Read data from the stream and use it to create and return a new instance of this object. */
public static ContactData internalize(DatalnputStream dis) throws IOException {

String tmpName = dis.readUTF ();

int tmpAge = dis.readInt ();

return new ContactData(tmpName, tmpAge);

)

/** Return relevant information in string form. */
public String toString() {
return ("Contact data: Name ="+ name + ", Age =" + age);

}
}



Example — Database |l

Main application — save contacts to the database

// Create new vector that will contain all contact data

Vector names = new Vector();

names.addElement (new ContactData("Valerie Dimeling", 20));

names.addElement (new ContactData("Ginger Hay", 54));

try

{
RecordStore.deleteRecordStore ("myRs"); // Make sure no record store already exists
RecordStore rs = RecordStore.openRecordStore("myRs", true); // Create a new record store
ByteArrayOutputStream bos = new ByteArrayOutputStream(); // Create streams for writing data
DataOutputStream dos = new DataOutputStream(bos);
// Go through the vector and create a record for each element
for (Enumeration e = names.elements (); e.hasMoreElements (); )

{

ContactData cd = (ContactData) e.nextElement (); // Get next element of the vector

cd.externalize (dos); // Let the instance externalize itself into our stream

dos.flush(); // Make sure everything is written

byte[] record = bos.toByteArray (); // Get byte array from the record

rs.addRecord (record, O, record.length); // Add the record to the store

bos.reset (); // Clear the output stream so that we can start from scratch
}

dos.close ();

s
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Example — Database llI

Main application — restore database from the record store
// Read back data using a record enumerator to go through all elements
// Record enumerator would be more powerful, we do not use the advanced features here
RecordEnumeration renum = rs.enumerateRecords (null, null, false);
while (renum.hasNextElement ())

{
byte[] record = renum.nextRecord (); // Get data of the next record
ByteArraylnputStream bis = new ByteArraylnputStream(record); // Input streams for parsing data
DatalnputStream dis = new DatalnputStream(bis);
ContactData cd = ContactData.internalize (dis); // Internalize and create new instance (static method)
System.out.printin(cd); // Print information to console
dis.close();

}

rs.closeRecordStore (); // Close the record store

} catch (RecordStoreException ex) {
ex.printStackTrace();

} catch (IOException ex) {
ex.printStackTrace();

}
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Advanced Access

. Sorting

— RecordComparator

. Searching

— RecordFilter

. Notification of changes

— RecordListener
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Let others experience your fabulous applications!

Distributing MIDlets
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Device Fragmentation

. Mobile devices vary in:

— Screen size

~ Colour depth

—- Speed

— Optional APl support (Bluetooth, ...)

— Bugs (+ their workarounds)

. Solution (in NetBeans):

- Project configurations + pre-processing (like in C++)
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Project Configurations

. Project Configurations used for

— Setting variables that are used for pre-processing
— Including required files to .jar-archive

- Modify build settings (Obfuscation, ...)

1. Create new configu ration | Project Configuration Manager x|
Configurations:

— Project Properties — :EFT;'tCD_”Fig”mm” D:dc't
Manage Configurations ... > —
Duplicate one of the Save A Templae...
configurations o (|

29 Andreas Jakl, 2009



Adapt Abilities

.. Define variables for pre-processing

- e.g. ScreenWidth,
support for APlIs, ...

30

Elschiabo

Project Configuration: IMediumScreen

Iy 4

Manage Configurations. .. |

Caktegory:

gl General

------ Platfarm

o Abilities

[:-]E?1 Application Descripkor

- [3 attributes
[3 MIDlets

--[3 Push Registry

- [ API Permissions
=48 Build

Sources Filtering
Compiling

Libraries & Resources

o
%

=

-2 Obfuscating
s

i_reating JAR
Signing

Eﬂ izenerating Javadoc

Andreas Jakl, 2009

[ Use Yalues from "DefaultConfiguration”

Abilities;

Ability Yalue (opkional) Add... |
WA 2.0 -
5R75 1.0 Edit. .. |
screenHeight 320
S 1.1 Remove |
OBEX 1.0
MMAPI W |
JSR. 154 1.0
J5R172 1.0
B e
ScreenColorDe. .. |3
MIDP 2.0
olorScreen
JaR&z 1.0

‘ QK I Cancel




Fragment your Code

. Use pre-processor directives to adapt code depending
on abilities of current project configuration

File |Edit Yiew Mavigate Source Refactor Build Run CWS Tools ‘Window Help
| I_-; Preprocessar Elocks . Add Configurations To Project, .,

Create If J Else Block
&dld ElfBlock Sectiolg

| Pre . Redo Strg+Y
- Create [ebug Block,
E = (_ Ut Strg+a J
: . ) ) Re-Comientk Strg+Umschalk+R
: L "1'-l1' o }:}'—1—1
e ———— "-—W"E"‘ F— —":':'F-{-' Lol e .

atring loadFile;
FIHiE ScreenHeight-260
P loadFile = "bgSmall.prg™:
Fielif ScreenHeight-<450

loadFile = "hgMedium. png™;
! ffelse
P loadFile
fifendif

“"hglarge.png” ;
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Adapt Included Resources

. Choose which files to include for each project

configuration:

32

xi

Project Configuration: |MediumScreen

v I Manage Configurations. ., |

Category:

-3y General =
------ PlatForm

—4f Abiities

EE-W application Descriptor

 [@ Attributes

[ MIDlets

-[3 Push Registry

- [& API Permissions
=48 Build

% Sources Filtering
55 Compiling

E’ Libraries & Resources
5 Obfuscating

@ Creating JaR

------ ﬁ' 21gning

B Generating Javadoc 2
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[T Use Yalues from "DefaultConfiguration”

[V Exclude Files That ant Excludes By Default

[ Exclude Test Sources

Sources Used in Build;

AR TR

F ] com
EIIF ] res

Q balLarge.png
=i baMedium.png
Q bgsSmall.png .‘
g bullek.png
ﬂ enemy.pngd
=i player.png
ﬂ tiles.pnig

‘ oK I Cancel




Set Active Configuration

. Right click on the project — “Set Active Project
Configuration”: Defines which pre-processor block is

active

33

Set Active Project Configuration

Build &ll Project Configurations

Clean & Build &ll Project Configurations

Clean All Project Configurations
Deploy All Project Configurations

DefaultConfiguration

¢ MediumScreen

Smallscr h

Add configuration ko project, ..

_....-I:. H..J.-‘——

F/HLif ScreenHeight-_260
loadFile = "bginall.png™:
fifelif ScreenHeight<450

LI E loadFile = "bgMedium.png';
f fflelse
Ll # loadFile = "bglarge.png™:
fiendif
" ”
SmallScreen

ScreenHeight = 128

F/HLiEf ScreenHeight-<"260
L E loadFile = "bgSnall.png™:
fifelif ScreenHeight-<450

loadFile = "hgMedium.png':
f felse
/1% loadFile = "bglarge.png™;
fifendif

“MediumScreen”
ScreenHeight = 320
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Optimization — Obfuscation

Original intention:
- Make reverse engineering more difficult
-~ Code more difficult to read after de-compilation

Renames classes to “a.class, b.class, ...”
Removes non-used methods, variables, classes

— Significant size reduction
— Over-the-Air = expensive!
— MIDlet size restrictions in many phones

— Improves speed (less code to load / parse)
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Obfuscation

Original archive Obfuscated
79.2 kB 42.9 kB = 45% smaller!
H 1] H %! iv, entpackte GraBe 136.637 Byte ™ | H £y H [E: UiLibDemo.jar - ZIP Archiv, entpac ™| ‘

f.dass
g.class
h.class
G icon_X_x2.png | i.class
i |0go. png j.class
G logo_x2.png k.class
a.class |.class
aa.class m.class
b.cass n.class
c.class
d.cass
e.class

MultiLineStri Ll icon_w.png

% Inputbox.dass SoftkeyBar.: Hicon_w_x2.png
_E Inputltem.dass _E SplashScree G iCoM_ X, png

) Listbox. dass E SplashScree
ListboxItemInfo.dass E Textbox.da
|| LocalizationSupport. dass || TitleBar. das
Menu.dass

MenultemBase. class

MenultemCheckbox.dass

MenultemSelect.class

MenultemText.dass

Messagebox.cdass

i
[ o
=

% J[%

o.class

p.class
q.class

[ [ ) s [, [

B
=
B
h

E
Sl
Tk
el
[
Gl
o)

F
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Define Obfuscation Level

. For release builds: Activate obfuscation (max. level)

| Schlabo N X|
4 . |
& D O n t u S e I t Project Configuration: |Medium5crean v Manage Configurations. .. |

f d b . Cateqgory: —— —

0 r e u gg I n g | g % General - Use iv'éiues From "DefaultConfiguration” N
o fﬂﬁ Plakform i _ N
- - Obfuscation Level: \
- Abilities ( }

HE}‘ Application Descriptor OFfF 1 2 3 4 5 & 7 8 High _r:.

o [ Attributes Level DEseription: *

- [3 mIDlets 5701 0 - Every Uiy EXCept pubhe methode o MITISE cias

= _ eyel F - EVEryLning except pu 10as 0 2L CIaS5Es,
[ Push Registry l:'lainl',.f for applications,

\\.

—[3 APLPermissions
[=-#%  Build CObfuscator arguments:
L5 SourcesFitering -duntusemlxedcafeclassnames
i~ L -defaultpackage
P i  Compiling -ovetloadaggressively
- EF Libraries & Resources -keep public class ** extends javax, microedition, midlet. MIDlet
=l Obruscating public *;
b reating JAR '
pod Signing
B Generating Javadoc Additional Obfuscation Settings:
o b Running
- Deploying

| K I Cancel I Help

36 Andreas Jakl, 2009



Build All Configurations

‘Eullcl Fun Y5 Tools Window Help

l[?_:_lf Build Main Project Fi1
C:,'t Zlean and Build Main Project Umschalt+F11
Sek Main Project Configuration i

Build All Main Project Configurations

Clean and Build all k Project ConFigurations

... creates own directory and .jar/.jad for each configuration
Default configuration located in base directory

Name = |

CIMediumScreen
C)SmallScreen
B schlabo. jad
E}:; Schlabo.jar
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Transmitting MIDlets to phones

Over-The-Air Deployment
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Why OTA for Deployment?

. Some phones (Samsung, Sagem, BREW,...) do not support
installing MIDlets through the PC or Bluetooth

. Only alternative:

- Download directly through mobile phone (UTMS)
—> Over-the-Air (OTA) delivery

- @ Bookmarks E
¥ \4 abc 0O}

mJ

= Web feeds
47 Nokia.com
47 Nokia Nseries

—
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Over-the-Air

Mobile Device Web Server
e : r &
AMS (Application Ea—
Management JAD-Server JAR-Server Notification
| Server
Software) ) P

GET /midlet.jad

GET /midlet.jar
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Web Server - MIME Types

. Add MIME-Types for .jad and .jar to your web server

—- Required for the phone to correctly handle the files
—~ Then, simply provide a link to the .jad-file on your website
—- The .jad-file contains the link to the .jar archive

Add MIME types

Hint. MIME extensions are case sensitive.

MIME Type Extension(s)
|app|icationfjava-archive |jar
Add

User defined MIME types

~ application/java-archive jar
text/'vnd.sun.j2me.app-descriptorjad

Example screenshot: SiteAdmin-Tool used at:
41 Andreas Jakl, 2009 http://www.site5.com/




Automated Deployment

Make sure the .jar-URL is set

Project Configuration: IMecIiumScreen v I Manage Configurations. correct Iy N th e .j d d -fl I e th at
ey you upload to your
| g &% General [ Use Values from "DefaultConfiguration” we bse rver!

] Platform [

b (B Abilities Select Deployment Method: |Fiha Transfer Protocol (FTP) ]|

3‘1 Attributes
- [[@ MIDlets
------- (3 Push Reqistry

H Yy . .
------- |5 API Permissions

E{]%ﬁ Build

-5 Sources Filtering
------- ww  Compiling
------ = Libraries & Resources
------- = Obfuscating
- Creating JAR
------ @ Signing
B Generating Javadoc
P Running

42

v Owverride JAR URL in 14D: ||'|tl:|:u:,l';'www.mnpius.ca::rni$-{dist,jar}
${dist.jar} will be replaced by the real jar name

Server: |ft|:h.mu|:uius. Com Port: I 2] (.

Separatar: I,l' ;I

Target Directory: ijul:ulic_html,f

User Name: ||

Password®; I

[ Passive Mode Transfer

¥) The passwords are stored in an unencrypted Form. This may be & securiby risk
in some cases, IF yvou leave the field empty vou will be asked bo snter the passw
ord when required,

‘ O, I Cancel | Help
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Prepare for the international market

Localization
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Localization

Mobile phones available on a global market

Goal: Make source code independent of language,
load text for user language from a file

Query current language:

— String locale = System.getProperty ("microedition.locale");

- Examples:
en-US, en-GB, de-DE

NetBeans:

—- Provides ready-made LocalizationSupport-class &
tools for managing message bundles
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Add Support Class

I o 4 L L e . T L=

iia Mew h FilefFolder ...
93[ Build Project Lt:u:alizn Support Class. ™
[g | Clean & Build Project Java Class, .

e

E| Mew File

Steps Choose File Type

1. Choose File Type Praject: \§| Schiabo -
o =

Categories: File Types:

-] MIDF [ visual MIDIet

ced ] dava Cladg 5| MIDlet

I:l YL MIDP Canvas

|:, Ant Build Scripts Localization Support Class

: r. ;

] oth kg Hello Visual MIDlet

= £} Mohile Client ko Web Application
£} 12ME Web Service Client

Description!

Create |localization support class for the Java 2 Micro Edition {12ME) Mobile
Information Device Profile (MIDP),

= Back ” Mext = I Finish Cancel Help
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Define Settings

. You can usually accept the default values:

£ /new File ' X

Steps Mame and Location

1. Mame and Location Class Mame: LocalizationSupport

Messages Bundle Mame: |messages

Project: |Sa:hlat:nu
Package: I:Dm.muﬂiuagame il
Created Class File: |~.f’15chlah|:|'|,5r|:i,cu:m'l,mupius'l,game'l,anaEEzatiDnSUppurt.]'aﬁ.-'a

Created Bundle File: ||'l,d|3'-.-"l,S-:hlal:u:u\,src'l,ccum'l,mcu]:uius'l,game'l,mesgages.pmperties

Default String Yalue: |???

Error Message: IErrur when initializing localization support, reason: {0}

« Back, ext = H Finish I Cancel Help
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Add Localized String

. Tools — Internationalization —»
Insert Internationalized String...

E| Insert Internationalized String . =

Get the localized string from your

Bundle Mame: |com.mopius.game.messages

Browse. ., | Mew. .. | Source COde USing the

static function:

Replace String: |iava.util.Resuurceaundle.getBundle(“r:nrn.l’mr:upiusp'gamf

arguments, .. | Eornat string exitfuery = Localizationiupport.getMessage ("EXIT OUEEY™) :
B | = | Initialization will be done automatically
- o - | when you retrieve the first message.
Value: o vou really want ko quit? ;I
r1| | b

‘ o, I Cancel | Help |
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Message Bundle

. Add additional locales for new languages

. Define same keys in all files

= E messages, properbies

—|-- g default language SCORE=5core) :

 L.Bm EXIT_QUERY | EXIT QUERY=Do you really want to quit? I)

: B0 SCORE

= g de - Deutsch SCORE=Punkte’:
------- ant ExXIT_QUERY EXIT QUERY=lollen S5ie das Programm wirklich beenden?
B SCORE |
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That’s it!

Thanks for your attention
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