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From Wrel ess Java Programm ng with J2ME, 0-672-32135-1
Chapter 8
Persi stent Storage

Wrel ess devices, such as cell phones and pagers, normally have two
types of menory: nenory for running applications and nmenory for
persi stent storage. Data stored in persistent storage outlasts
application prograns that operate on that data. Users can store
personal preference settings and/or information that can be
dynam cal Iy changed over tine in persistent storage.

A dat abase, by definition, is a large, persistent, integrated
col l ection of dynam c data that provides sone operations to

descri be, establish, manipul ate, and access this data. J2ME M DP
defines a sinple record-oriented database systemcalled a record
managenment system (RVS). Each table of the database systemis
called a record store, and each entry in a record store is called a
record. The APIs for creating a record store and accessi ng and
mani pul ating its records are described in the

javax. mcroedition.rnms package. This package defines two cl asses,
three interfaces, and five exceptions:

- Classes--RecordStore, RecordEnuneration

- Interfaces--RecordConparator, RecordFilter,
Recor dLi st ener

- Exceptions--Invali dRecordl DExcepti on,

Recor dSt or eExcepti on, RecordSt oreFul | Excepti on
Recor dSt or eNot FoundExcepti on,

Recor dSt or eNot OQpenExcepti on

In the MDP specification, RecordEnuneration is defined as an
interface. However, an inplenentation of MDP nust provide an

i mpl ementation of this interface. You don’t need to inplenent the
interface to use it. So, it is treated as a regular class in this
chapter.

Thi s chapter discusses how to create, delete, and access a record
store and how to mani pulate its records.

Record Stores

The RMs in MDP is a flat-file database system A record store,
which is equivalent to a table in a database, is a file that
consists of a collection of records. A record store is represented
by a RecordStore class. Here are the rules regarding record store
nanes:

1. Record store nanes are case sensitive and may
consi st of any conbination of up to 32 Uni code
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characters.

2. Record stores created by MDiets within a MD et
suite are located in the sane directory. However,
record store files created by MDiets within different
MD et suites are located in different directories.
(This rule is not true for MdtoSDK version 0.7.)

3. Record store nanes nmust be unique within a M Dl et

suite.
4. Record stores created by MD ets within one M D et
suite are not accessible to MD ets within other MD et

sui tes.

Operations on a Record Store

The RecordStore class provides the foll ow ng nethods to
create/ open, close, and delete a record store, respectively:

public static RecordStore openRecordStore(String recordStoreNane,

bool ean createl f Necessary)

public void closeRecordStore()

public static void del eteRecordStore(String recordStoreNane)

M Dl ets can create a record store using

Recor dSt or e. openRecor dSt or e(recor dSt or eNane, true)

If the record store specified by recordStoreNane does not exist, a

record store with recordStoreNane will be created. If the record
store already exists, no new record store will be created and the
record store with recordStoreNane will be opened.

M Dl ets can open an existing record store with

Recor dSt or e. openRecor dSt or e(recor dSt or eNane, fal se)

If the record store exists, it will be opened. However, if the
record store does not exist, then a RecordSt or eNot FoundExcepti on
will be thrown. You can use this method to test whether a record
store file exists, like this:

public bool ean exist(String recordStoreNane) {

bool ean exi st F=true;

RecordStore rs=null;

if(recordStoreNane. |l ength()>32) return false;

try {

rs=Recor dSt or e. openRecor dSt or e(r ecor dSt or eNane, f al se) ;
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}cat ch( Recor dSt or eNot FoundException e) {existF=false;}

catch(Exception e){}

finall y{

try{

rs.close();

}catch(Exception e){}

2

return existF;

T

Each record store contains at |east a header field (the infornmation
mai ntai ned in the header is discussed in the foll ow ng section,
"The Record Store Header"). If not enough nmenory is allocated for a
header, the record store will not be created and a

Recor dSt or eFul | Exception will be thrown. |If other problens occur,
such as a record store name that is too long or a corrupted record
store file, then a RecordSt oreException will be thrown.

For exanple, the MD et in Listing 81 will create a record store
called filel.

Listing 8.1 RecordStoreTest1.java

inport javax.m croedition. mdlet.*;

inport javax.mcroedition.rms.*;

public class RecordStoreTestl extends MD et {

public RecordStoreTest1() {

I3

public void startApp() throws M D et St at eChangeException {

RecordStore rs=null;

try {

rs = RecordStore. openRecordStore("filel",true);

Systemout.printin("record store filel is opened."):;

}cat ch(Exception e){

Systemout.println("Error: "+e.get Message()):

Hfinally{

//close the record store
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try {

rs.closeRecordStore():

Systemout.printin("record store filel is closed");

}catch (Exception e){

Systemout.println("Error: "+e.getMessage()):

2

2

destroyApp(true);

noti fyDestroyed():

12

| *x*

* Pause the M D et

*/

public void pauseApp() {

12

| *x*

* Called by the framework before the application is unl oaded

*/

public void destroyApp(bool ean unconditional) {

2

2

If this MDl et is within the MD et suite Chapter8 and you run it
using Sun’s emulator, you will find the record store file in
$J2MEWK DI R/ noj aml Chapter8 with the nane filel.db, where
$I2MEWK DIR is the directory in which J2MEWIK is installed. |If you
start the ktool bar program froma conmand pronpt or run the M D et
fromcomuand [ine, you will find the file under the directory
$Current DI R/ noj am Chapter8, where $Current DIR is the directory
fromwhich you start ktoolbar or the MDet. If you would like to
start ktoolbar or a MD et fromthe command |ine, you should start
fromthe sanme directory every tine. Oherwi se, you will not find
the sane record store you create before.

If you run the M D et using Mdtorola s emulator, you will find the
record store filel.db in $MOTOSDK DI R\ Ii b\resources\1, where
SMOTOSDK DIR is the directory in which MotoSDK is install ed.
(Currently, MtoSDK does not differentiate MD et suites, so all
record stores are located in the sane directory.)
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A record store should be closed with cl oseRecordStore() when you
finish using it. (As long as the record store is open, it consunes
resources of the wireless devices.) Each process or thread that
opens a record store should call the close nmethod explicitly. The
cl oseRecordStore() nethod does not actually close the record store
file; it just notifies the application manager that this process or
thread has finished using the record store. The record store file
will not actually close until all processes that have opened the
record store call closeRecordStore().

When a record store is no | onger needed, you can delete it using

t he del et eRecordStore(String recordStoreNane) nmethod. Before you
can delete a record store, the record store nust be cl osed.

O herwi se, a RecordStoreException will be thrown. The name rul es

al so apply here; a MDi et can only delete record stores associ at ed
wthits MDl et suite. If the record store is not found, a

Recor dSt or eNot FoundException will be thrown. When a M Dl et suite is
renmoved froma wirel ess device, all the record stores associ at ed
with it will also be renpved.

The Record Store Header

Simlar to other flat-file databases, a record store contains a
header and many data bl ocks. Each data block is a record within the
record store. Data bl ocks are linked together as a |inked list, and
each block maintains a pointer to the next block. To make such a
flat-file database work, the header nust maintain a link to the
first data block and a link to the first block of free space. The
header of a record store also maintains the follow ng information:

1. The nunber of records in the record store. The
initial value is zero. Wien a new record is added, this
val ue increases by one. Wen a record is deleted, it
decreases by one.

2. Version nunber. The initial version nunber is

i npl enent ati on dependent (normally, it is zero). The
ver si on nunber increnments by a positive integer greater
than zero (usually one). Each tine a record store is
nodified (a record is added, nodified, or deleted), the
version nunber is increnmented. This increnenting
enables MDlets to quickly tell if the record store has
been nodified by other processes or threads.

3. Last nodified time. The tinme the record store was
last nodified, in the same format used by
SystemcurrentTimeMIlis(). This value is conplenmentary
to the version nunber; they change together.

4. Next recordld. The recordld of the next record to be
added to the record store. Wien the addRecord() nethod
is called, the next recordld increases by one. This

nmet hod can be useful for setting up pseudo-rel ational
rel ati onships. That is, if you have two or nore record
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stores whose records need to refer to one another, you
can predeterm ne the recordlds of the records that wll
be created in one record store, before populating the
fields and allocating the records in another record
store.

The header information of a record store can be retrieved by using
the foll ow ng nmethods of the RecordStore class:

public | ong getlastMdified()

public int getNextRecordl )

public int getNunRecords()

public int getVersion()

Addi ti onal Record Store Data

Sone informati on about a record store is not maintained inits
header, but is provided through inplenmentations. For exanple,

public int getSizeAvail able()

returns the amount of additional room (in bytes) available for this
record store to grow. Note that this is not necessarily the anmount
of extra MDl et-level data that can be stored, because

i npl enentations may store additional data structures with each
record to support integration with native applications,
synchroni zati on, and so on.

The et hod

public int getSize()

returns the anmount of space, in bytes, that the record store
occupi es. The size returned includes any overhead associated with
the inpl ementation, such as the data structures used to hold the
state of the record store.

The net hod

public static String[] |istRecordStores()

returns an array of the names of record stores owned by the MD et
suite. Note that if the MDl et suite does not have any record
stores, this function will return null.

Record Store Limtations

The RM5 in MDP is a bare-bones database system The APl provides
only a mninmm set of operations that allow you to initialize,
update, and retrieve data. The schema of each record store is very
sinple: an integer recordld as the primary key and a byte array as
a record field. Many popul ar dat abase features, such as transaction
control, crash recovery, and data integrity control, are not
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supported by RMS.

Miltiple MDlets within a MDi et suite or nultiple threads of a
M Dl et can open and access the sane record store sinultaneously.
Al'l record store operations are atom c, synchronous, and
serialized, thus guaranteeing that no corruption will occur due t
si mul t aneous accesses. Any operations (both reads and wites) wl
| ock the record store until they finish. If a MD et uses multinpl
threads to access a record store, it is the MD et’'s responsi bil
to coordi nate these accesses--otherw se, unintended consequences
may result. For exanple, suppose you want to set up pseudo-

rel ational relationships as nentioned earlier. One thread t1
predeterm nes the next recordld of record store A using the

get Next Recordl D() nethod and puts the recordlid into a record of
record store B. Before thread t1 creates a record in record store
A, another thread t2 adds a record into record store A. At this
time, the relationship between record stores A and B is corrupted.
Coordinating threads t1 and t2 is the application’s responsibility.

0
|

e
ty

Recor ds

Entries in a record store are called records. These records are
represented by byte arrays and are uniquely identified by
recordlds. Records can be added, deleted, retrieved, and nodified
from an opened record store with the follow ng nethods in the API:

public int addRecord(byte[] data, int offset, int nunBytes)

public void del eteRecord(int recordld)

public int getRecord(int recordld, byte[] buffer, int offset)

public byte[] getRecord(int recordld)

public void setRecord(int recordld, byte[] newData, int offset, int nunBytes)

Addi ng Records

The first record created in a record store will have a recordld

val ue of 1. Each subsequent record added to the record store wll
be assigned a recordld one greater than the record added before it.
For exanple, the MD et in Listing 8.2 adds two records to the
record store filel that you created when executing Listing 8. 1.

Listing 8.2 RecordStoreTest?2.java

inport javax.mcroedition. mdlet.*;

inport javax.mcroedition.rms.*;

public class RecordStoreTest2 extends MD et {

public RecordStoreTest2() {

I3

public void startApp() throws M D et St at eChangeException {
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RecordStore rs=null;

try {

rs = RecordStore. openRecordStore("filel",true);

byte data[]= new byte[4]:

for(int j=0; j<2; j++4) {

int i=rs.getNextRecordl D():

data[0] = (byte)((i >> 24) & Oxff);
data[1] = (byte)((i >> 16) & Oxff);
data[2] = (byte)((i >> 8) & Oxff);
data[3] = (byte)(i & Oxff);

Systemout.println("record "+rs. addRecord(data, 0, 4) +

" is added.");

2

}catch(Exception e){}

finall y{

//close the record store

try {

rs.closeRecordStore():

}catch (Exception e){}

2

destroyApp(true);

noti fyDestroyed():

2

| *x*

* Pause the M D et

*/

public void pauseApp() {

2

| *x*

* Called by the framework before the application is unl oaded

*/
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public void destroyApp(bool ean unconditional) {

T

2

If you run the MD et in Listing 8.2 nultiple tines, you will get
the follow ng results:

Addi ng Record to rMS. . .......

record 1 is added.

Addi ng Record to rMS. . .......

record 2 is added.

Adding Record to rMS. . .......

record 3 is added.

Addi ng Record to rMS. . .......

record 4 is added.

The text "Adding Record to riM5......... " iIs a system nessage t hat
appears when addi ng records.

Del eting Records

You can delete a record froma record store by calling del eteRecord
(int recordld). If the nethod is called before the record store is

open, a RecordSt oreNot OpenException will be thrown. |If the record
specified by the recordld does not exist in the record store, an
| nval i dRecor dl DException will be thrown. |If another general record

store exception occurs, a RecordStoreException will be thrown.

The recordlds of deleted records are not reused; the primary key of
t he next new record, nextRecordl D, increases by one over that of
t he previous new record.

Del eting a record does not make the record store file smaller; the
data bl ock of the deleted record is just marked free for future
use. The exanple in Listing 8.3 adds two records and then renoves
one fromthe record store filel

Li sting 8.3 RecordStoreTest3.java

inmport javax.mcroedition. mdlet.*;

inmport javax.mcroedition.rns.*;

public class RecordStoreTest3 extends MD et {

public RecordStoreTest3() {
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2

public void startApp() throws M D et St at eChangeException {

RecordStore rs=null;

try {

rs = RecordStore. openRecordStore("filel",true);

byte data[]= new byte[4]:

for(int j=0; j<2; j++4) {

int i=rs.getNextRecordl D():

data[0] = (byte)((i >> 24) & Oxff);

data[ 1] (byte) ((i_>> 16) & Oxff):

data[2] = (byte)((i >> 8) & Oxff);

data[3] = (byte)(i & Oxff);

Systemout.println("record "+rs. addRecord(data, 0, 4) +

" is added.");

12

try {

rs.del et eRecord(2);

Systemout.printin("record 2 is deleted.");

}catch(l nval i dRecor dl DException e) {

Systemout.printlin("record 2 does not exist");

2

}catch(Exception e){}

finall y{

//close the record store

try {

rs.closeRecordStore():

}catch (Exception e){}

2

destroyApp(true);

noti fyDestroyed():

12
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| *x*

* Pause the M D et

*/

public void pauseApp() {

2

| *x*

* Called by the framework before the application is unl oaded

*/

public void destroyApp(bool ean unconditional) {

12

2

When you run the MD et in Listing 8.3 for the first time, you wll
get output simlar to the foll ow ng:

Addi ng Record to rMS. . .......

record 7 is added.

Addi ng Record to rMS. . .......

record 8 is added.

record 2 is deleted.

When you run it again, you will see output like this:

Adding Record to rMS. . .......

record 9 is added.

Adding Record to rMS. . .......

record 10 is added.

record 2 does not exist.

Two nore records are added, and their recordlds are consecutive
fromthe previous run. The record with a recordld value of 2 is not
del eted, because that record no longer exists in the record store.

Moni toring Record Changes

A record store can nonitor changes that happen to it using the
RecordLi stener interface. Wien a change is made to the record
store, an event is delivered to the registered RecordLi stener. (The
event - handl i ng nodel is the sane as the del egati on-based event -
handl i ng nodel discussed in Chapter 5, "Central Conponents of the
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U for Wreless Devices.") Three types of events--recordChanged,
recor dAdded, and recordDel et ed--can be delivered to a

RecordLi stener. These events are handl ed by the foll owi ng net hods
of the RecordListener interface:

voi d recordAdded(RecordStore recordStore, int recordld)

voi d recordChanged(RecordStore recordStore, int recordld)

voi d recordDel et ed(RecordStore recordStore, int recordld)

The RecordStore class provides the foll ow ng nethods to add or
renove a RecordLi stener:

public void addRecordLi stener(RecordLi stener |istener)

public void renpveRecordLi st ener(RecordLi stener |istener)

Unli ke a Displayable, which can have at nost one registered
CommandLi stener, or a Form which can have at nobst one registered
Itenttateli stener, a RecordStore object can have nultiple

regi stered RecordLi st eners.

For instance, suppose you want to keep two record stores
synchroni zed. You can do so using a RecordLi stener as shown in
Listing 8.4. Wen records in record store rsl1 are nodified, the
changes will be automatically reflected in record store rs2.

Listing 8.4 RecordLi stenerTest.|ava

inport javax.m croedition. mdlet.*;

inport javax.mcroedition.rms.*;

public class RecordListenerTest extends M Dl et inplenents RecordListener {

RecordStore rsi=null;

RecordStore rs2=null;

public RecordListenerTest() {

I3

public void startApp() throws M D et St at eChangeException {

//open two record stores

try {

rsl = RecordStore.openRecordStore("testl1",true);

rsil. addRecordLi stener(this);

}catch(Exception e) {}

try {

rs2 = RecordStore. openRecordStore("test2",true);
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}catch(Exception e) {}

//add two records to rsl

byte data[]= new byte[4]:

for(int j=0; j<2; j++4) {

try {

int i=rsl.getNextRecordl D();:

data[0] = (byte)((i >> 24) & Oxff);
data[1] = (byte)((i >> 16) & Oxff);
data[2] = (byte)((i >> 8) & Oxff);
data[3] = (byte)(i & Oxff);

Systemout.println("record #"+rsl. addRecord(data,0, 4) +

is added to record store 1");

}catch (Exception e){}

2

//nodified the second | ast added record

try {

int id=rsl.getNextRecordl D()-2;

dat a=rsi. get Record(id);

dat a[ 0] +=1;

rsl.setRecord(id, data, 0, 4);

Systemout.printlin("record #"+id+" of record store 1 is nodified.");

}catch(Exception e) {}

//del ete the | ast added

try {

int id=rsl.getNextRecordl D()-1;

rsl.del eteRecord(id);

Systemout.println("record #"+id+" of record store 1 is deleted.");

}catch (Exception e){}

/[l end

destroyApp(true);

noti fyDestroyed():
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2

| *x*

* Pause the M D et

*/

public void pauseApp() {

2

| *x*

* Called by the framework before the application is unl oaded

*/

public void destroyApp(bool ean unconditional) {

//close the two record stores

try {

if(rsl!=null) rsi.closeRecordStore();

}catch(Exception e){}

try {

if(rs2!=null) rs2.closeRecordStore();

}catch (Exception e){}

2

[/linmpl enent RecordLi st ener

public void recordAdded(RecordStore rs, int rid) {

if(rs==rsi

try {

byte data[]=rs.getRecord(rid);

int id=rs2.addRecord(data, 0O, data.length);

Systemout.println("record #"+id+

is added to record store 2.");

}catch(Exception e) {}

2

2

public void recordChanged(RecordStore rs, int rid) {

if(rs==rsi
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try {

byte data[]=rs.getRecord(rid);

rs2.setRecord(rid, data, 0, data.length);

Systemout.println("record #"+rid+

of record store 2 is nodified.");

}catch(Exception e) {}

2

12

public void recordDel et ed(RecordStore rs, int rid) {

if(rs==rsi

try {

rs2.del eteRecord(rid);

Systemout.println("record #"+rid+

of record store 2 is deleted.");

}catch(Exception e) {}

}
}
}
If you run the MD et, you will see output like follow ng:

Addi ng Record to rMS.........

Addi ng Record to rMS.........

record #1 is added to record store 2.

record #1 is added to record store 1

Addi ng Record to rMS.........

Addi ng Record to rMS.........

record #2 is added to record store 2.

record #2 is added to record store 1

record #1 of record store 2 is nodified.

record #1 of record store 1 is nodified.

record #2 of record store 2 is del eted.

record #2 of record store 1 is deleted.
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Record store rs2 automatically copies record changes made to record
store rsl.

Recor dEnuner ati on

After records are deleted, recordlds of records in the record store
are no | onger consecutive. You can retrieve all the records using
the MD et showm in Listing 85, but it is not a good and efficient
way to do so.

Listing 8.5 RecordStorelListl.java

inmport javax.mcroedition. mdlet.*;

inmport javax.mcroedition.rns.*;

public class RecordStorelListl extends MD et {

public RecordStoreListl() {

2

public void startApp() throws M D et St at eChangeException {

RecordStore rs=null;

try {

rs = RecordStore. openRecordStore("filel", true):

byte data[];

Systemout . println(rs. get NunRecords()+

' records are in the record store.");

for(int i=1; i<rs.getNextRecordID(); i++) {

try{

dat a=rs. get Record(i);

Systemout.printlin("record "+i+" is retrieved.");

}catch (Exception e) {}

2

}catch(Exception e){}

finall y{

//close the record store

try {

rs.closeRecordStore():

}catch (Exception e){}
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2

destroyApp(true);

noti f yDestroyed():

T

| *x*

* Pause the M D et

*/

public void pauseApp() {

T

| *x*

* Called by the framework before the application is unl oaded

*/

public void destroyApp(bool ean unconditional) {

2

12

If you run the MD et in Listing 8.5, you will get output as
foll ows:

9 records are in the record store.

record 1 is retrieved.

record 3 is retrieved.

record 4 is retrieved.

This is a trial-and-error way to retrieve all records: If the
record specified by the recordld exists, it will be retrieved with
the get Record() method; but if the record identified by the
recordld does not exist, an InvalidRecordl DException will be
thrown. If many records have been del eted since the record store
was created, getting records with this MD et will be very

i nefficient.

The APl of RMS provides a better way to traverse all records in a
record store. RecordEnuneration is a class representing a

bi directional record store record enunerator. M DP defines

Recor dEnuneration as an interface, because the detail ed

i mpl ementations are left for device manufacturers. Any device

manuf acturers that inplement J2ME M DP rnust i npl enent

Recor dEnuner ati on. For devel opers |ike us, the RecordEnuneration is
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a solid class.

A RecordEnuneration is simlar to a double-linked |ist with each
node representing a recordld. The RecordEnuneration |ogically
mai ntai ns a sequence of the recordlds of the records in a record
store. The RecordStore class provides the nmethod for creating a
Recor dEnuner at i on

publ i c RecordEnuneration enunerateRecords(RecordFilter filter,

Recor dConpar at or _conparator, bool ean keepUpdat ed)

I f a RecordEnuneration is created with keepUpdated set to true, the
enunerator will keep its enuneration current with any changes in
the record store’s records. If the RecordEnuneration is created
with keepUpdated set to false, the MD et is responsible for
updating the enunerator with the rebuild() nmethod. If the
enuneration is not kept current, it may return recordlds for
records that have been deleted, or it may mss records that are
added | ater. Wien keepUpdated is set to true, performance may be
penal i zed because sone unnecessary enuneration updates can be
triggered by changes in the record store. For exanple, when both
the filter and conparator are set to null, a data change in a
record should not trigger an update of the enunerator. A M D et

al so can wait to update the enunmerator until all changes are done,
if the enunerator is not used between changes.

The keepUpdated setting of a RecordEnunerati on object can be
changed with the nethod

voi d keepUpdat ed(bool ean keepUpdat ed)

The setting can be retrieved by calling the nethod

bool ean i sKept Updat ed()

Accessing and Traversi ng Records

The APl of the RecordEnuneration class provides the follow ng
met hods to access or traverse all records in a record store:

voi d destroy()

bool ean hasNext El enent ()

bool ean hasPr evi ousEl enent ()

byte[] next Record()

i nt_next Recordl d()

i nt_nunRecords()

byte[] previousRecord()

int previousRecordld()
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voi d rebuild()

void reset ()

If you need to use the enunerator nmultiple tinmes, renmenber to use
the reset() nethod to reset the current node (pointer) to the first
recordld in the linked list. The exanple in Listing 8.6 lists al
records wth even recordlds and then lists all records with odd
recordl ds.

Listing 8.6 RecordStorelist2.java

inmport javax.mcroedition. mdlet.*;

inmport javax.mcroedition.rns.*;

public class RecordStorelList2 extends MD et {

public RecordStoreList2() {

2

public void startApp() throws M D et St at eChangeException {

RecordStore rs=null;

RecordEnuneration re=null;

try {

rs = RecordStore. openRecordStore("filel", true):

byte data[];

re= rs.enunerateRecords(null, null, false);

System out.println(re. nunRecords() +

' records are in the record store.");

Systemout.printlin("records with even recordlds:");

for(int i=1; i<=re.nunRecords(); i++) {

try{

int j=re.nextRecordld():

if(j 9R==0

dat a=rs. get Record(j);

Systemout.printin("record "+j+" is retrieved.");

12

}catch (Exception e) {}

12
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Systemout.printlin("records with odd recordlds:");

/* now the current pointer points to the |last node of the

* enunerator. To use it again, you have to reset

*

re.reset();:

whi | e(re. hasNext El enent ()) {

try{

int j=re.nextRecordld():

if(jor==1

dat a=rs. get Record(j);

Systemout.printin("record "+j+" is retrieved.");

2

}catch (Exception e) {}

2

}catch(Exception e){}

finall y{

//detroy the record enunerator

try {

re.destroy();

}catch(Exception e){}

//close the record store

try {

rs.closeRecordStore():

}catch (Exception e){}

12

destroyApp(true);

noti fyDestroyed():

2

| *x*

* Pause the M D et

*/
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public void pauseApp() {

T

| *x*

* Called by the framework before the application is unl oaded

*/

public void destroyApp(bool ean unconditional) {

2

12

When you run the MD et in Listing 8.6, you will see output like
the foll ow ng:

9 records are in the record store.

records with even recordlds:

record 4 is retrieved.

record 6 is retrieved.

record 8 is retrieved.

record 10 is retrieved.

records with odd recordlds:

record 1 is retrieved.

record 3 is retrieved.

record 5 is retrieved.

Record 2 is not retrieved because it was deleted fromthe record
store when you ran the M D et in Listing 8.3.

Creating Tables with Multiple Col ums

Cenerally, a database table has nultiple colums. A record in a
record store has only one data field, which is represented by a
byte array. However, you can pack multiple fields into a single
record using UTF-8 encoding, so that the record store is equival ent
to a multiple-colum table. J2ME' s java.i o package inherits the

cl asses Datal nput Stream DataQutputStream ByteArrayl nput Stream
and ByteArrayQutput Stream from J2SE s _java.i o package. You can use
t hese cl asses to pack and unpack different data types into and out
of byte arrays.

For exanpl e, suppose you want to store an appoi ntrment record with
the followng four fields: tinme (long integer), length (integer),
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| ocation (string), and subject (string). You can create this class
for appoi nt ments:

public class Appointnent {

private int id;

private long tine;

private int |ength;

private String | ocation;

private String subject;

L
The id in the class corresponds to the recordld in the record
store. If you want to save an appointnment record to a record store,
you can first pack all the fields into a byte array like this:

public class Appointnent {

/* convert to the byte array that will be saved in the record store*/

public byte[] toBytes() {

byte data[]=null;

try {

Byt eAr r ayQut put St r eam baos= new Byt eArrayQut put Strean():

Dat aQut put St r eam dos= new Dat aQut put St r ean{ baos) ;

dos.writelong(tine);

dos.writelnt(length);

dos. writeUTF(l ocation);

dos. writeUTF(subject);

dat a=baos. t oByteArray():

baos. cl ose() ;

dos. cl ose();

}catch(Exception e) {}

return data;

2
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2

Then, you can save the byte array to the record store as foll ows:

public class Cal endarDB {

RecordStore rs=null;

//save an appointnent (new and ol d)

public bool ean save(Appointnent app) {

if(rs==null) return false;

bool ean success=fal se;

try {

byte[] data= app.toBytes();

int id= app.getld():

if(id==0) {//create a new record

id=rs. addRecord(data, 0,data.l ength);

app.setld(id);

2

else {//update the old record

rs.setRecord(id, data, 0, data.length);

2

success=true;

}catch(Exception e){

Systemout.println("Error: "+e.getMessage()):

2

return success;

2

2

In the Cal ender DB. save() nethod, the appointnent’s id is a flag
t hat indicates whether this appointnment record is an old
appoi ntnment or a new one. |If the appointnment is a new one, a new

record is created with

id=rs. addRecord(data, 0,data.l ength);
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and a new recordld is assigned to the appointnent’s id as
app. setld(id);

If the appointnment already exists in the record store, it is
updated with

rs.setRecord(id,data, 0,data.length);

***Begi n WArni ng***

There is a bug in the RecordStore. set Record() nethod of
Sun’s J2ME tool kit. If the length of the new record s data
is larger than the Iength of the old data, the record store
will be corrupted.

***End WArni ng***

In Chapter 6, "Using Hi gh-Level APIs in U Devel opnent,"” you saw a
U program Appoi nt nrent Form j ava that takes user input and outputs
the result to a terminal. Now you can link the U part with a
record store and save users’ input as follows (the conplete program
is listed in the section "Sanple Application: Mbile Schedul er”
later in the chapter):

public class Appointnent Form extends Form inpl enents ConmandLi st ener {

private Display display;

private Displayable parent;

private Command saveConmand = new Command(" Save", Command. OK, 2):

private Command del et eCommand = new Conmand( " Del et e", Conmand. OK, 2) ;

private Command cancel Command = new Conmand( " Cancel ", Command. CANCEL, 1);

private Appointnment app:

private Cal endar DB cal endar DB;

public void commandActi on(Command c, Displayable d) {

i f(c==saveCommand) {

[ltinme

app. set Ti me(((Dat eFi el d)get(0)).getDate().getTinme()):

TextField tf;

[/1ength

tf= (TextField) get(1);

app. setlLengt h(lnteger.parselnt(tf.getString())):
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[/1ocation

tf= (TextField) get(2);

app. setlocation(tf.getString()):

[/ subj ect

tf= (TextField) get(3);

app. set Subj ect (tf.getString()):

/[l create an alert

Al ert savelnfo= new Al ert("Save Appointnent",

null, AlertType.lNFO);

savel nf 0. set Ti neout (Al ert. FOREVER) ;

i f (cal endar DB. save(app)) {

savel nfo. set String("Success!");

2

el se {

savelnfo.setString("Fail!");

2

displ ay. set Current (savel nfo, parent)

2

el se if(c==del et eCommand) {

/lcreate an alert

Alert deletelnfo= new Alert("Del ete Appointnment",

null, AlertType.lNFO);

del et el nf 0. set Ti meout (Al ert. FOREVER) ;

i f (cal endar DB. del et e(app)) {

del et el nfo. set String("Success!");

2

el se {

del etelnfo.setString("Fail!");

2

display. set Current (del etel nfo, parent)

12
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el se if(c==cancel Command) {

di spl ay. set Current (parent) ;

2

T

2

Page 26 of 52

For instance, suppose you want to create an appoi ntment with these

val ues
tinme: 1/1/01, 19:00
 ength: 120 m nutes
| ocation: Universal city

subj ect: new year cel ebration

and then save it. Because Mditorola s enul ator gives better
per formance when used with record stores, we will use it

in the

rest of this chapter. You can start the Scheduler M D et and sel ect
t he Add Appoi ntnent function. After you input all the informtion
(see Figure 8.1), click Save. If the appointnent is saved properly,

you will see a success nessage, as shown as Figure 8. 2.
Figure 8.1

Addi ng an appoi nt nent .

***|nsert Figure 8.1 06fig01l PC Crop

Figure 8.2

After successfully addi ng an appoi nt ment.

***|nsert Figure 8.2 06fig02 PC Crop

After you save appointnents, you want to retrieve themfor review

The next exanple shows how to retrieve and display al
appointnents in the record store:

public class Cal endarDB {

RecordStore rs=null;

public Vector retrieveAll() {

Recor dEnuneration re=null;

Vector apps= new Vector();
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try {

re = rs. enunerateRecords(null, null, false);

whi | e(re. hasNext El enent ()) {

int rec_id=re.nextRecordld():

apps. addEl enent (new Appoi ntment (rec_i d,

rs.getRecord(rec_id))):

2

}catch(Exception e) {}

finall y{

[/ destroy the enunerator

if(re'=null) re.destroy():

2

return apps;

2

2

The retrieveA l () nethod creates a RecordEnuneration for
stepping through all the records. After a record

Page 27 of 52

in

is retrieved with

rs.get Record(rec_id), the byte array is parsed to get the val ue of

each field in the appointnent record as foll ows:

public class Appointnent {

/* rec is the byte array saved in record store */

public Appointnent (int _id, byte[] rec) {

id=_id;

ru=_14u,

init_a rec);

I3

/* rec is the byte array saved in record store */

public void init_app(byte[] rec) {

|/ parse the record

Byt eArrayl nput St r eam bai s= new Byt eArrayl nput St rean{rec):

Dat al nput St ream di s= new Dat al nput St r ean{ bai s) ;
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try {

time=dis. readlLong();

l engt h=dis.readlnt();

| ocati on=di s. readUTF();

subj ect =di s. readUTF() ;

}catch(Exception e){}

2

T

You can add the Retrieve Appointnents function to the Schedul er

M Dl et (see the section "Sanple Application: Mbile Scheduler"). If
you run the Scheduler M D et and invoke Retrieve Appointnments, you
will see all the appointnents listed as in Figure 8.3. If you

sel ect an appointnment in the list, the appointnment’s detai
information will be shown, as in Figure 8. 4. From here, you can
edit the appointnent or you can save it or delete it by selecting
the appropriate menu item (see Figure 8.5).

Figure 8.3

Li st all appointnents.

***|nsert Figure 8.3 06fig03 PC Crop

Figure 8.4

Edit an appoi ntment selected fromthe |ist.

***|nsert Figure 8.4 06fig04 PC Crop

Figure 8.5

Avai | abl e operations on a sel ected appoi nt nent.

***|nsert Figure 8.5 06fig05 PC Crop

The RecordFilter and RecordConparator Interfaces

In general, you will insert appointnents into the record store
whenever you need to. But when you view or retrieve appoi ntnents,
you usually want to sort them by appointnment tinme and filter out
appoi ntnments that are too old. The RVMS package provides two
interfaces, RecordFilter and RecordConparator, to neet this need.

The RecordFilter interface has only one function:

file://I\Sams\chapters\jw210.htm 5/9/01



Chris Seguin; March 2, 1999; Java 1

public bool ean mat ches(byte[] candi date)

Page 29 of 52

You can define criteria for selecting a record in this method.

Listing 8.7 defines an AppointnentFilter class that

i mpl ements the

RecordFilter interface. Any appointnents that are later than a

cutoff time wll pass through the filter.

Listing 8.7 AppointnentFilter.java

/-k

* AppointnmentFilter.java

*/

inport javax.mcroedition.rms.*;

public class AppointnentFilter inplenments RecordFilter{

private long cutoff;

public AppointnentFilter (long cutoff) {

cutoff= cutoff;

I3

public bool ean matches(byte[] candidate) {

Appoi nt ment _app= new Appoi nt nent () ;

app.init_app(candidate);

if (app.getTinme()>cutoff) {

return true;

I3

el se {

return false;

I3

I3

I3

The RecordConparator interface provides an easy way to sort

records. It also has only one function:

int conpare(byte[] recl, byte[] rec2)

The return val ue nust be one of three constants--PRECEDES, FOLLOMS,
and EQUI VALENT- -t hat indicates the ordering of the two records. |f

recl precedes rec2 in the sort order, the function returns
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Recor dConpar at or. PRECEDES. |If recl follows rec2 in the sort order,
t he function returns RecordConparator. FOLLOANS. If recl and rec2 are
equivalent in ternms of sort order, the function returns

Recor dConpar at or . EQUI VALENT.

To sort appointnents by appointnment time, you can create an
Appoi nt nrent Conpar ator class as shown in Listing 8.8. This cl ass
i mpl ements the RecordConparator interface.

Li sting 8.8 Appoi nt ment Conparator.java

/*

* Appoi nt nent Conpar ator. j ava

*/

inmport javax.mcroedition.rns.*;

public class Appointnent Conparat or i npl enents Recor dConpar at or {

public int conpare(byte[] recl, byte[] rec2) {

Appoi nt rent _appl= new Appoi ntnment ()

appl.init_app(recl);

Appoi nt rent _app2= new Appoi nt nent () ;

app2.init_app(rec2);

if (appl.getTinme()==app2.getTinme()) {

return RecordConpar at or . EQUI VALENT;

2

else if(appl.getTine()<app2.getTinme()) {

return RecordConpar at or . PRECEDES;

2

el se {

return RecordConpar at or. FOLLOS;

}
12

12

The conpare() nethod of the Appoi nt ment Conparator class determ nes
the order of two records by appointnent tinme. For instance, suppose
you don’t want to see any appointnents that are 90 days ol d and you
want to sort appointnents by tinme. You can use AppointnentFilter

and Appoi nt nent Conparator to nodify the retrieveAll() nmethod in the

file://I\Sams\chapters\jw210.htm 5/9/01



Chris Seguin; March 2, 1999; Java 1 Page 31 of 52

Cal endar DB cl ass as foll ows:

public class Cal endarDB {

public Vector retrieveAl() {

RecordEnuneration re=null;

Vect or _apps= new Vector();

try {

[/lcutoff is 90 days old

long cutoff=SystemcurrentTimeMI1lis()-

new | nt eger (90).1ongVal ue()*24*60*60000;

RecordFilter rf = new AppointnentFilter(cutoff);:

RecordConparator rc = new Appoi nt ment Conparator();

re = rs. enunerateRecords(rf,rc,fal se);

whi | e(re. hasNext El enent ()) {

int rec_id=re.nextRecordld();

apps. addEl enent (new Appoi ntnent(rec_id,rs.getRecord(rec_id))):

I3

}catch(Exception e) {}

finally{

[/ destroy the enunerator

if(rel=null) re.destroy():

r
return apps;

b
Sanpl e Application: Mbile Schedul er

Chapter 6 presented the Scheduler.java M D et. To save appoi nt nent
data on wirel ess devices, you need to use a record store. The
ability to retrieve appoi ntnents has al so been added. After all
appointnents are retrieved, they can be displayed in a list or can
be graphically displayed using the MnthlySchedul eVi ewer devel oped
in Chapter 7, "Using Low Level APlIs in U Devel opnent." The updated
Schedul er.java shown in Listing 8.9 |inks together pieces of
prograns devel oped in Chapters 6, 7 and this chapter.

Listing 8.9 Schedul er.java

inmport java.util.*;

file://I\Sams\chapters\jw210.htm 5/9/01



Chris Seguin; March 2, 1999; Java 1 Page 32 of 52

inmport javax.mcroedition. mdlet.*;

inmport javax.mcroedition.lcdui.*;

public class Schedul er extends M D et inplenents ConmandLi stener{

private Cal endar cal endar:

private List nenu;

private Appoi nt ment For m appFor menul | ;

private List appList=null;

private SynchOpti onForm soFor nenul | ;

private MonthlySchedul eVi ewer nonthl yvi ewer =nul | ;

private String[] options={"Add Appoi ntnent",

"Retrieve Appointnents"”,

"Synch Option Setup",

"Cal endar_view'};

private Display display:

private Command backCommand= new Command( " Back", Command. BACK, 1) ;

private Command exit Command = new Conmand("Exit", Command. EXI T, 1) ;

private Command detail Command = new Conmand("Detail", Command. SCREEN, 1);

private Cal endar DB cal endar DB;

private Vector apps;

private Hashtable app_table;

private SynchOption so;

public Scheduler() {

/lcreate an inplicit choice list, and use it as start nenu

menu= new List("Scheduler", List.IMPLICIT, options,null):

nmenu. addConmmrand( exi t Command) ;

nenu. set ConmandLi st ener (this);

//get a cal endar

cal endar =Cal endar. get | nst ance() ;

[/ open the record store that stores appointnents

cal endar DB = new Cal endar DB() ;

/lretrieve synchoption
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so = new SynchOption();

[lretrieve display

di spl ay=Di spl ay. get Di spl ay(this):

T

public void startApp() throws M D et St at eChangeException {

di spl ay. set Current (nenu) ;

2

| *x*

* Pause the M D et

*/

public void pauseApp() {

2

| *x*

* Called by the framework before the application is unl oaded

*/

public void destroyApp(bool ean unconditional) {

//close record store

cal endar DB. cl ose() ;

[/l cl ear everything

menu= null;

cal endar =nul | ;

di spl ay=nul | ;

appForm = null;

appList =null;

apps=nul | ;

soForm = null;

nont hl yvi ewer =nul | ;

2

public void commandActi on(Conmand c, Displayable d) {

i f(d==menu && c==Li st.SELECT COMAND) {

swi t ch(menu. get Sel ect edl ndex()) {

file://I\Sams\chapters\jw210.htm 5/9/01



Chris Seguin; March 2, 1999; Java 1

case 0: //Add appoi nt nent

[/create a new appointnent from

appForm = new Appoi nt nent For m( di spl ay, nenu, cal endarDB) ;

appFor m set Appoi nt nent (new Appoi nt ment (cal endar. getTine()));

di spl ay. set Current (appForm ;

br eak;

case 1. //retrieve appointnents

[/create an appointnent |ist

appList = new List("Appointments",List. IMPLICIT);

applLi st. addCommand( backComand) ;

appLi st . set CommandLi st ener (this);

/lretrieve all the appointnents

apps= cal endarDB.retrieveAl():

for(int i=0; i<apps.size(); i++) {

Appoi nt rent _app= (Appoi ntnent) apps.el ement At (i):

StringBuffer sb = new StringBuffer():

sb. append(app. getTi neString()).append(" "). append(app. get Subject()):

appli st. append(sb.toString(),null);

2

di spl ay. set Current (appLi st);

br eak;

case 2: //synchroni zation set up

if(soForme=null) {

[/ synchsetting

soForm = new SynchOpti onFor n{ di spl ay, nenu, so) ;

2

di spl ay. set Current (soForm ;

br eak;

case 3: // nonthly schedul e view

/lretrieve all the appointnents

apps= cal endarDB.retrieveAl():
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app_t abl e= new Hashtabl e();

for(int i=0; i<apps.size(); i++) {

Appoi nt rent _app= (Appoi ntnent) apps.el ement At (i):

String key=app.getTimeString():

key=key. substring(0, key.indexOr(" '));

app_tabl e. put (key, new Object()):

2

nont hl yvi ewer = new Mont hl ySchedul eVi ewer (cal endar, app_table);

nont hl yvi ewer . addConmmand( det ai | Command) ;

nont hl yvi ewer . addCommand( back Conmand) ;

nont hl yvi ewer . set CommandLi st ener (thi s) ;

di spl ay. set Current (nont hl yvi ewer) ;

br eak;

defaul t:

12

2

else if(d==nenu && c==exitCommand ) {

destroyApp(true);

noti f yDestroyed():

2

el se if(d==appList) {

if(c==List. SELECT COMWAND) {

[/ create a new appointnent from

appFor m = new Appoi nt nent For n{ di spl ay, nenu, cal endar DB) ;

appFor m set Appoi nt nent (

((Appoi nt ment ) apps. el enent At (appli st. get Sel ectedl ndex()));

di spl ay. set Current (appForm ;

2

el se if(c==backCommand) {

di spl ay. set Current (nenu) ;

12
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2

el se if(d==nonthl yviewer) {

i f (c==backCommrand) {

di spl ay. set Current (nenu) ;

2

else {//detail command

[/create an appointnent |ist

appList = new Li st ("Appointments", List. IMPLICIT);

applLi st . addCommand( backCommand) ;

appLi st. set CommandLi st ener (this);

/lretrieve all the appointnents

apps= cal endarDB.retrieveAl | ByDat e( cal endar) ;

for(int i=0; i<apps.size(); i++) {

Appoi nt mrent _app= (Appoi ntnent) apps.el ement At (i):

StringBuffer sb = new StringBuffer():

sb. append(app. get Ti meStri ng()) . append(" ").

append(app. get Subj ect()):

appli st. append(sb.toString(),null);

2

di spl ay. set Current (appLi st);

2
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W’ ve al ready discussed the functions that add new appoi nt ments and
retrieve all appointnents. You also need to change (or edit) and

cancel (or delete) appointnments.
Appoi nt mrent Form j ava (Listing 8.10).

Li sting 8.10 Appointnent Form j ava

inport javax.mcroedition. mdlet.*;

inport javax.mcroedition.lcdui.*;

inport java.util.Date;
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inmport java.util.Cal endar;

public class Appointnent Form extends Form i npl enents ConmmandLi st ener {

private Display display:;

private Displayable parent;

private Command saveConmmand = new Command(" Save", Command. OK, 2);

private Command del et eCommand = new Conmand(" Del et e", Conmand. OK, 2) ;

private Command cancel Command = new Conmand( " Cancel ", Command. CANCEL, 1);

private Appointment app:

private Cal endar DB cal endar DB;

publ i c Appoi ntnent Forn{Di splay d, Displayable p, CalendarDB cal DB) {

super (" Appoi ntment ") ;

di spl ay=d;

par ent =p;

cal endar DB=cal DB;

addCommand( cancel Conmand) ;

addCommand( saveConmand) ;

addComand( del et eConmand) ;

set CommandLi st ener (this);

[/ Appoi nt nent Ti ne

Dat eFi el d df = new DateFi el d("Date and Ti ne", Dat eFi el d. DATE_TI ME) ;

df . set Dat e(new Dat e(System currentTineMI1lis()));

append(df) ;

[/ Appoi nt rent Length

append(new TextFi el d("Length (Mn)", "30", 10, TextField.NUMVERIQ));

[/ Appoi nt nent | ocati on

append(new Text Fi el d("Location","", 50, Text Fi el d. ANY) ) ;
[/ Subj ect

append(new Text Fi el d(" Subj ect","", 50, Text Fi el d. ANY));
13

public void setAppoi nt ment (Appoi nt ment _app) {
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[/ Appoi nt nent Ti ne

DateField df= (DateField) get(0):

df . set Dat e(new Dat e(app.getTinme())):

[/ Appoi nt rent Length

TextField tf_length= (TextField) get(1);

tf_length.setString(String.valueX (app.getlength())):

[/ Appoi nt nent | ocati on

TextField tf location= (TextField) get(2);

tf_location.setString(app.getlocation()):

[/ Appoi nt nent subj ect

TextField tf_subject= (TextField) get(3);

tf_subject.setString(app.getSubject());

2

public void commandActi on(Conmmand c, Displayable d) {

i f (c==saveCommand) {

[ltinme

app. set Ti me(((DateField)get(0)).getDate().getTine()):;

TextField tf;

//1ength

tf= (TextField) get(1);

app. set Lengt h(Integer.parselnt(tf.getString())):

[/1ocation

tf= (TextField) get(2);

app. setlocation(tf.getString()):

[/ subj ect

tf= (TextField) get(3);

app. set Subj ect (tf.getString()):

/[l create an alert

Alert savelnfo= new Alert("Save Appointment","", null, Al ertType.INFO) ;

savel nf 0. set Ti neout (Al ert. FOREVER) ;

i f (cal endar DB. save(app)) {
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savel nfo. set String("Success!");

T

el se {

savelnfo.setString("Fail!");

2

display. set Current (savel nfo, parent)

2

el se if(c==del et eCommand) {

/lcreate an alert

Alert deletelnfo= new Alert("Delete Appointrment","", null, Al ertType.|NFO ;

del et el nf 0. set Ti meout (Al ert. FOREVER) ;

i f (cal endar DB. del et e(app)) {

del et el nfo. set String("Success!");

2

el se {

del etelnfo.setString("Fail!");

2

displ ay. set Current (del etel nfo, parent)

2

el se if(c==cancel Command) {

di spl ay. set Current (parent) ;

12
}

2

Al'l nmethods related to the record store are provided in the
CalendarDB class in Listing 8.11. It uses a calendarDB record store
to save all appointnent records. (You can give the file any name
you like.)

Listing 8.11 Cal endarDB. | ava

/-k

* Cal endarDB. j ava

*
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*/

inmport java.io.*;

inmport java.util.*;

inmport javax.mcroedition.rns.*;

public class Cal endarDB {

RecordStore rs=null;

public CalendarDB () {

//the file to store the db is "cal endar DB"

String file="cal endar DB";

try {

/[l open a record store naned file

rs = RecordStore. openRecordStore(file,true);

}catch(Exception e) {

Systemout.println("Error: "+e.getMessage()):

12

2

//close the record store

public void close() {

if(rs!=null

try {

rs.closeRecordStore():

}catch (Exception e){}

2

2

//delete a record

public bool ean del et e( Appoi ntment app) {

bool ean success=fal se;

int id=app.getld();

if(id==0) return false;

try {

rs.del eteRecord(id);
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success=true;

}catch(Exception e) {}

return success;

T

public Appointnment getAppointmentByld(int id) {

Appoi nt rent _app=nul | ;

try {

byte data[]=rs.getRecord(id):

app= new Appointnment (id, data);

}catch(Exception e) {}

return app;

2

/lretrieve all appointnments

public Vector retrieveAll() {

Recor dEnuneration re=null;

Vector apps= new Vector();

try {

//cutoff is 90 days old

long cutoff=SystemcurrentTimeM I1is()-new I nteger(90).IongVal ue()*24*60*60000;

RecordFilter rf = new AppointnmentFilter(cutoff);

Recor dConparator rc = new Appoi nt ment Conpar at or () ;

re = rs.enunerateRecords(rf,rc,fal se);

whi | e(re. hasNext El enent ()) {

int rec_id=re.nextRecordld():

apps. addEl enent (new Appoi ntrent (rec_id, rs. get Record(rec_id)));

2

}catch(Exception e) {}

finall y{

[/ destroy the enunerator

if(re'=null) re.destroy():

12
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return apps;
}

[lretrieve all appointments on a single date

public Vector retrieveAllByDate(Cal endar cal endar) {

Recor dEnuneration re=null;

Vector apps= new Vector();

try {

RecordFilter rf = new AppointnentDateFilter(cal endar);

Recor dConparator rc = new Appoi nt ment Conpar at or () ;

re = rs.enunerateRecords(rf,rc,false);

whi | e(re. hasNext El enent ()) {

int rec_id=re.nextRecordld():

apps. addEl enent (new Appointnent(rec_id, rs. get Record(rec_id)));

2

}catch(Exception e) {}

finall y{

[/ destroy the enunerator

if(re'=null) re.destroy():

2

return apps;

2

//save an appointnent (new and ol d)

public bool ean save(Appointnent app) {

if(rs==null) return false;

bool ean success=fal se;

try {

byte[] data= app.toBytes();

int id= app.getld():

if(id==0) {//create a new record

id=rs. addRecord(data, 0,data.l ength);

app.setld(id);
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2

else {//update the old record

rs.setRecord(id, data, 0, data.length);

T

success=true;

}catch(Exception e){

Systemout.println("Error: "+e.getMessage()):

12

return success;

12

2

A net hod to pack appointnent fields into a byte array using UTF-8
encoding is added to the Appointnent class. A nethod to construct
an appoi ntnment froma UTF-8 encoded byte array is added as wel|.
The updated Appointnent.java is shown in Listing 8.12.

Li sting 8.12 Appointnent.java

/-k

* Appointnent.java

*/

inport java.util.Cal endar;

inport java.util.Date;

inport java.util.Vector;

inport java.io.DatalnputStream

inport java.io.DataQutputStream

inport java.io.ByteArraylnputStream

inport java.io.ByteArrayQutputStream

inport javax.mcroedition.rms.*;

public class Appointnent {

private int id;

private long tinme;

file://I\Sams\chapters\jw210.htm 5/9/01



Chris Seguin; March 2, 1999; Java 1 Page 44 of 52

private int |ength;

private String | ocation;

private String subject;

[* default constructor */

public Appointrment () {

i d=0;

| engt h=0;

location="";

subj ect="";

2

public Appointment(int id,long _tine, int length, String location, String _subject) {

this();

id=_id;

time=_tine;

| engt h=_1 engt h;

location=_location;

subj ect =_subj ect ;

2

publ i ¢ Appoi nt ment (Date date) {

this();

time=date. get Ti me();

| engt h=30;

2

/[* rec is the byte array saved in record store */

public Appointment (int _id, byte[] rec) {

id=_id;

init_a rec);

2

/[* rec is the byte array saved in record store */

public void init_app(byte[] rec) {
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[/l parse the record

Byt eArrayl nput St r eam bai s= new Byt eArrayl nput Strean{rec):

Dat al nput St r eam di s= new Dat al nput St r ean( bai s) ;

try {

time=di s.readlLong();

l engt h=dis.readlnt();

| ocati on=di s. readUTF() ;

subj ect =di s. readUTF() ;

}catch(Exception e){}

12

[* convert to the byte array that will

be saved in the record store*/

public byte[] toBytes() {

byte data[]=null;

try {

Byt eAr r ayQut put St r eam baos= new Byt eArrayQut put Strean():

Dat aQut put St r eam dos= new Dat aQut put St r ean{ baos) ;

dos.writelong(tine);

dos.writelnt(length);

dos. writeUTF(l ocation);

dos. writeUTF(subject);

dat a=baos. t oByteArray():

baos. cl ose() ;

dos. cl ose();

}catch(Exception e) {}

return data;

2

[* get the appointnment tine in display formt

*/

public String getTinmeString() {

StringBuffer sb= new StringBuffer():;

Cal endar cal = Cal endar. getl nstance();

cal .setTi ne(new Date(tinme)):
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sb. append(cal . get (Cal endar .. MONTH) +1) . append("/");

sb. append(cal . get (Cal endar. DAY_OF_MONTH) ) . append("/");

sb. append(cal . get (Cal endar. YEAR)) . append(" ");

sb. append(cal . get (Cal endar. HOUR_OF_DAY) ). append(":");

i f(cal.get(Cal endar. M NUTE)<10) sb. append(0);

sb. append(cal . get (Cal endar. M NUTE) ) ;

return sh.toString():

12

public int getld() {return id;}

public void setld(int _id) { id=_id;}

public long getTinme() {return tine;}

public void setTinme(long _tine){time=_tinme;}

public int getlLength(){return |Iength;}

public void setlength(int _length) {length=|ength;}

public String getlocation() {return |ocation;}

public void setlocation(String _location){location=_|ocation;}

public String getSubject() {return subject;}

public void setSubject(String _subject) {subject=_subject;}

2

The SynchOption setting is saved to a record store with the nanme
synchQption. Methods to save a setting to the record store and to
retrieve a setting fromthe record store are added to the updated
SynchOption.java (see Listing 8.13).

Listing 8.13 SynchOption.java

inport java.io.*;

inport javax.mcroedition.rms.*;

public class SynchOption {

private String url;

private String user;

private String passwd;

private bool ean autoSynch;

private int frequency;
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private String file="synchQption";

public SynchOption(){

[/ default value
url="";

user=

passwd="";

aut oSynch=f al se;

frequency=0;

RecordStore rs=null;

try {

/[l open a record store naned file

rs = RecordStore. openRecordStore(file,true);

if(rs.getNunRecords()>0) {

byte data[]=rs.getRecord(1);:

[/l parse the record

Byt eArrayl nput St r eam bai s= new Byt eArrayl nput St rean{ dat a) ;

Dat al nput St r eam di s= new Dat al nput St r ean( bai s) ;

try {

url =di s. readUTF() ;

user =di s. readUTF() ;

passwd=di s. readUTF() ;

aut oSynch=di s. r eadBool ean() ;

frequency=di s.readlnt();

}catch(Exception e) {}

dis.close();

2

}catch(Exception e) {

Systemout.println("Error: "+e.getMessage()):

yfinally {
if(rs!=null
try {
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rs.closeRecordStore():

}catch(Exception e) {}

2

T

2

publ i c bool ean save() {

[/ convert to byte array

byte data[]=null;

try {

Byt eAr r ayQut put St r eam baos= new Byt eArrayQut put Strean():

Dat aQut put St r eam dos= new Dat aQut put St r ean{ baos) ;

dos. writeUTF(url);

dos. writ eUTF(user);

dos. wri t eUTF(passwd) ;

dos. wri t eBool ean(aut oSynch) ;

dos.witelnt(frequency);

dat a=baos. t oByteArray():

[l close

baos. cl ose() ;

dos. cl ose();

}catch(Exception e) {}

bool ean success=fal se;

//save data to file

RecordStore rs=null;

try {

/[l open a record store naned file

rs = RecordStore. openRecordStore(file,true);

if(rs.getNunRecords()>0) {

rs.setRecord(1, data, 0, data.length);

2

el se {
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rs. addRecord(data, 0, data.l ength);

T

success=true;

}catch(Exception e) {

Systemout.println("Error: "+e.getMessage()):

yfinally {

if(rsl=null) {

tryf{

rs.closeRecordStore():

}catch(Exception e) {}

2

2

return success;

2

public String getUrl () {

return url;

2

public String getUser() {

return user;

2

public String getPasswd() {

return passwd;

2

public bool ean get Aut oSynch() {

return autoSynch;

2

public int getFrequency() {

return frequency;

2

public void setUrl (String url) {

this.url=url;
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2

public void setUser(String user) {

this. user=user;

T

public void setPasswd(String passwd) {

t hi s. passwd=passwd;

2

public void set Aut oSynch(bool ean aut oSynch) {

t hi s. aut oSynch=aut oSynch;

12

public void setFrequency(int frequency) {

this. frequency=frequency;

2

2

I n Mont hl ySchedul eVi ew. j ava, devel oped in Chapter 7, a day that has
appoi ntments is highlighted in the viewer. Fromthe viewer, you
know a day has appoi ntnents; now, you want to know how many

appoi ntnments are on that day and what they are. In Schedul er.java,
a Detail conmmand is added to the Monthl ySchedul eVi ewer object. If
you click the Detail command, all appointnments on the sel ected day
will be retrieved and listed. The appointnent filter that selects
appoi ntments on a single day is shown in Listing 8.14.

Li sting 8. 14 AppointnentDateFilter.java

/-k

* AppointnmentDateFilter.java

* Only the appointnent that has the sane date will match.

*/

inport java.util.*;

inport javax.mcroedition.rms.*;

public class AppointnentDateFilter inplenents RecordFilter{

private long cutoffO;

private long cutoffil;

public Appoi ntnentDateFilter (Calendar cal endar) {

long daylnM I lis=24*60*60*1000;

file://I\Sams\chapters\jw210.htm 5/9/01



Chris Seguin; March 2, 1999; Java 1 Page 51 of 52

cut of f 0=cal endar. get Time().getTinme()/daylnM I lis*daylnMIlis;

cutof f1=cut of f O+daylnM | | i s;

2

public bool ean matches(byte[] candidate) {

Appoi nt rent _app= new Appoi ntent () ;

app.init_app(candidate);

if (app.getTime()>=cutoff0 & app.getTime()<cutoffl) {

return true;

13

else {
return fal se;
13

13

2

SynchQpti onForm java from Chapter 6 and Mont hl ySchedul eVi ew. j ava
from Chapter 7 are used in this application. W haven't nodified
them thus, they are not |listed here, but are included on this
book’ s Wb site.

Now you have a conplete |ocal application that can store, retrieve,
and edit your appointnents. Al the appointnents can be sunmari zed
inalist or be graphically presented in nonthly cal endar view.
Suppose you have appointnments as shown in Figure 8.3. If you go to
the nonthly schedule viewer, you wll see a display |like Figure
8.6. You can change the selected date to March 10, 2001 using the
arrow keys; then, choose the Detail command. You will see the

appoi ntnments on that day, as shown in Figure 8.7. Fromthe |ist,
you can edit or delete sel ected appoi ntnents.

To make the application nore useful, it should have the ability to
synchroni ze with your appointnents stored on a networked data
server. In later chapters, we will discuss network connections and

XM.. In Chapter 12, "Data Synchronization for Wrel ess
Applications,” this application will be converted to a network
application with the addition of synchronization functions.

Sunmary

M DP defines a record-oriented database, RVS, for storing
persistent data. A set of APIs for managi ng the database is
provided in the package javax.m croedition.rns. This package
defines a RecordStore class for representing a record store. Each
record store is a file that functions simlarly to a table in a
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dat abase. Each record in a record store contains an integer
recordld as its primary key and a byte array that hol ds dat a.

The RecordStore class provides nmethods for adding, nodifying, and
del eting records. The RecordEnuneration class provides nethods to
enunerate all records. Even though a record in a record store has
only one data field, it can be used to store a record with nmultiple
colums by using UTF-8 coding. In the javax. m croedition.rns
package, two interfaces (RecordConparator and RecordFilter) are
provi ded for selecting and sorting records. Another interface,
RecordLi stener, is provided for nonitoring record changes in a
record store.
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