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1 System Functions

The system is designed for cell phones able to connect to Internet. It provides
the following functionalities to the user:

— Creating expense records where the user can specify the following fields:

title (30 characters)

cost (decimal format)

currency of the expense

expense date (defaults to creation time)
short description (150 characters)
expense category (choice group)

delete options (see below)

— Editing existing records

— Sorting the expenses according to expense date, title, cost, creation date
or last modification date. The sort criteria defaults to expense date (most
recently first) and can be changed in the settings.

— Searching for record(s) according to title or description, max. cost, min. cost
or expense date

— Store the (changed) expenses to the server (Web4Wallet & database)

— Generating an expense report in form of 2 charts

— Retrieving the expenses form the server (overwrites all non-synchronized
records)

— customizing the application with settings: user name, password, sort criteria

The above mentioned delete options are as follows:

— keep expense: keeps the expense on the cell phone and as soon as it is syn-
chronized it is kept also on the server (default).

— keep only on server: hides the expense from the list and after the synchro-
nization to the server it is deleted on the cell phone.

— delete permanently: hides the expense from the list and after the synchro-
nization it is deleted on the cell phone and on the server. Choosing this
option for a newly created expense record won’t store this expense at all.



For the features of storing, retrieving expenses and report generation the user
must provide authentication information (user name and password) to the server
Web4Wallet. These information are automatically taken from the user’s settings.
Initially they have the value “to define” and can be changed under the settings.
The interactions with Web4Wallet and the underlying database is done by means
of HTTP requests, which implies that the user must have the possibility to con-
nect to the Internet in order to use these two services.

The application logs the server interactions. In the case of storing and retrieving
expenses to/from the server it displays immediately and in any case what is
going on and how much expenses are sent through the network. In the case of
reporting instead it shows the logged data only if there has been a problem.

2 Human Computer Interaction

The page flow diagram of this document (see next page) shows the possible
user interactions. The alerts are not shown. These arise for example whenever
the system is not able to process the user requests correctly. This can happen
particularly, if the user’s record store is not available or accessible.



Wallet

Entry point for Wallet4ME.

Hidds the recond view and

serves as ancaslor for gui
related objects.

Record View
(List of Expense Records)

Displays all local expense
reconds - initially sorted by
expensa date. It
encapsulatas the interaction
with the record store.

JAmg’ yyyy=-mme=dd hhzmm title
-

ammands
miplicit = Edit
MNew Expense
Search
SowAll
Server
Regort
Settings
Exit

howAll: remove
search filter and
shows all local
records._

Expense Record Form

Farm containing titke, cost,
currency, expense date,
description fields and
category and delete-option
chaice groups (single
cholcas).

If Edit Command: form items
are prepopulated for editing.
Else: empty or with default
values like for expense date.

Commands
Save
Cancel

Search Form

Form containing choice
group determining where to
search in a record and
correspoending fields to
provide what to search for,

Commands
Search
Cancal

Sync Log Form

TextBox logging the status of
storing new/changed records
or refrieving records tofrom
the server
Commands
Store Changes
Retrieve Expenses

Report View

Form showing 2 charis. Data
is calculated on the server,
charts are generated on the

mobile devica.
Settings View i Commands
List of setlings which can be L
changed: usemame,
password, sort critena
Commands Back: retums to main view. )
Back
Implicit = Edit
Input Form
Form showing a TextField {or
ChoicaGroup - single) to

Notes on RecrodView
Commands shown if empty list -> Mew
Expense, Server, Report, Settings, Exit.

Commands shown if in search mode -=
Show All, New Expense, Senver, Repart,
Exit

<

input settings for username/
password {or sort criteria).

Default, they are o define”,
Lo define”, expense date

ave: stores new/changed expense o
record store and updates main view.
Retums to main view.

Cancel; retums directly to main view wio
updating/saving anything.

earch: updates main view which shows
only records matching search. Returns to

main view. _/‘l

Cancel: retums directly to main view Wio™
applying search filter L

fore: sends the new/changed records to
the server (new thread)

Retrieve: requests all the expanses from
the server (new thread)

Back: returns to the main view )
Cancel: stops the server interaction. )

Command is only shown during the server
interactions.

Ok returns to record view )

respaciively.

Commands
Save

v stores to record store and returns lo

Cancel Cancel: returns directly to settings view
wio updating/saving anything.




4

3 Architecture

The system architecture is shown in figure 1. The server is used in order to be
able to store the expense records (= one way synchronization), as the initial
requirements postulated. In order to give additional meaning to the server, we
introduced the feature of retrieving the expenses from it. The user could delete
local records to save memory on the phone and retrieve all expenses if necessary.
Keeping this in mind, we let the server summarize the reported data so that we
are sure that all relevant expense records are taken into account.

The server interacts with an underlying postgres database where it stores
beside the expense records also the user’s credentials for performing the authen-
tication. The creation and update of the database is done using the hibernate
framework.

Wallet4ME Web4\Wallet

S

Store Changes
Server

Retrieve Expenses———
Report Generation

DataBase

Fig. 1: System Architecture



4 Code Structure

The main classes for the graphical user interface were already described in the
page flow diagram: Wallet, RecordView, ExpenseRecordForm, SearchForm, Syn-
cLogForm, ReportView, SettingsView, InputForm. These classes are packaged
within “gui” together with the class ChartFactory. The latter is responsible for
creating the charts displayed on the report view by means of an external library
called ChartComponent.

The “gui” package is tightly related to the package “records”. The classes Ex-
penseRecord and Chart represent the expense records and report charts. The
latter uses a list of ChartElement to hold its label-value pairs, which will be
passed to the ChartComponent library to draw the chart.

The classes used in combination with the record store and the record view are
ExpenseRecordFilter, ExpenseRecordSearchFilter and RecordComparator. The
first filter is used to retrieve only those expense records, which have to be sent
to the server; that are those having the modify or new date smaller greater than
the date of the last transmission. The second filter applies the search criteria so
that only matching expenses are retrieved. The comparator enables the different
sorting possibilities.

The class XMLHandler instead processes the data from the server and pro-
vides it to the gui classes. It uses the RecordXMLHandler for parsing the xml
with the records and uses the ChartXMLHandler for parsing the xml with the
data to produce the charts.

The third package is called “communication”. Classes related to the http con-
nection can be found here:

The Reporter is used to let the server generate the summary data. After
authentication Web4Wallet generates 2 summaries from all the data on the server
and sends it back. The Reporter passes the data to the records package where
the charts are then generated. The reporting runs in its own thread and is
directly invoked going to the ReportView. Leaving and returning to this view
will therefore just result in aborting the interaction and in another call to the
server.

The ServerInteraction instead is used for storing changes and retrieving
the expenses to/form the server. At storing the changes (=> Server— >Store
Changes) the user is authenticated and the records having the new or modify
data greater than the date of the last storage are transfered via xml string. The
deletion on the server is only done if the user set the deletion flag (=> delete-
option “delete permanently” when edit of record is performed). At retrieving
the expenses (=> Server— >Retrieve Expenses) the user is authenticated and
receives all expenses in form of xml string from the server. The ServerInterac-
tion passes the string to the records package, where it is parsed and all records
in the user’s record store are replaced by the new ones. All non-synchronized
records are lost. Both interactions run in their own threads. The user can leave
the SyncLogForm, he gets informed by an alert when the jobs are finished.



Both Reporter and ServerInteraction extend the abstract class Connection,
which performs the common tasks like authenticating.

In the record package we put also the class GlobalConstants. It holds com-
mon constants used by all classes. Also the Settings class is here, which provides
the user specific settings (like user name and password for the server communi-
cation).

The following 3 pages show the class diagrams of these 3 packages (in the
order gui, records, communication; if not readable please zoom in with your pdf
reader).



EisearchForm

private String CHOICES[O. *] = {GlobalConstants. SEARCH TITLE, GlobalConstants. SEARCH MAX, GlobalConstants SEARCH MIN, GlobalConstants SEARCH _DATE

Attributes

private TextField _searchForText
private DateField _searchForDate
private TextField _searchForCost
private ChoiceGroup _choiceGroup
private Command _apply

private Command _back

public SearchFarm( Wallet parent )

private Object getSelectedText( int selectedindex )
private void populateForm({ int index )

public void commandAction{ Command c, Displayable d )
public void itemStateChanged( ltem item )

Operations

Attributes
private Command _retrieve
private Command _back
private TextField _log
private Thread _serverinteraction
private Command _store
private Command _confirm
private Command _cancelConfirm
private Command _cancel

Operations
public SyncLogForm( VWallet parent )
public void startSync( boolean isSyne )
public void stop( boolean correct )
public void commandAction( Command ¢, Displayable d )
public void appendLog( String toAppend )
public ExpenseRecord[0..*] getRecordsAfter| Date date )
private void showConfirmationAlert| )
public void processRetrievedRecords( Vector records )

_parenL/U _parent

El settingsview

Attributes
package Command _hack

ElInputForm

Operations
public SettingsView( Wallet parent )
public void commandAction( Command ¢, Displayable d )
private void showlnputForm( int selectedindex )
public MIDlet getParent( )

e

_parent

Attributes
private Command _save
private Command _cancel
private [tem _input

Operations
public InputForm( SettingsView parent, Settings settings
public void commandAction( Command ¢, Displayakle d

ElExpenseRecordForm

EiReportview

Attributes
private TextField _title
private TextField _currency
private TextField _cost
private DateField _date
private TextField _desc
private ChoiceGroup _category
private Command _save

Elwallet

private Command _cancel

Attributes
private Command _exit
private Command _new
private Command _removeFilter
private Command _search
private Command _server
private Command _report
private Command _cancel
private Command _settings

private ChoiceGroup _deleteCptions

Operations
public ExpenseRecardForm{ Wallet parent )

—_—

public void saveRecord( )
private void appendltems( )
pT%ante void filltems( ExpenseRecord record )

public ExpenseRecordForm{ Wallet parent, ExpenseRecord record )

public void commandAction{ Command ¢, Displayable d )

Operations
public Wallet( )
public void startApp( )
public void pauseApp( )
public void destroyApp( boolean unconditional )
public RecordView getRecordView( )
private void showNewRecordForm{ ExpenseRecord record )
public void commandAction( Command ¢, Displayable d )
private void showErrorAlert( String message )
private void showSearchForm( )

Attributes
private Command _back
private Thread _reporter
private TextField _log

Operations
public Reportview( VWallet parent )
public vaid start( )
public void stop( boolean correct )
public vaid commandAction{ Command ¢, Displayable d )
public void setResult( Vector charts )
public void appendLog( String toAppend )

ElRecordview

/

_parent

_recordview

private int _sortCriteria
private boolean _all = true
private RecordStore _store = null
private String STORE = "WalletStora”

Attributes

ElchartFactory

Attributes
public int HEARCHART =0
public int VBARCHART = 1

public int LINECHART = 2
private Wector _elements

private Chartltemn _chart

private int _colors[0..*0..*] = {{255, 0, 0}, {0, 255, O}, {0, 0, 255}, {255, 255, 0}, {255, 0, 255)]

Operations
package ChartFactory( int type, String title )

public Chartltern getChart( )

public Vector getElements( )

public void setElements( Vector elements )

public String getTitle( )

public void setTitle( String title )

ElsyncLogForm

public RecaordView( )
public boolean isEmpty( )
public void addRecord{ ExpenseRecord record )

public void updateRecord( ExpenseRecord record )

public ExpenseRecord getRecord int pos )

public int getStorelD{ long id )

public void sortRecords( int criteria )

public void setFilter( ExpenseRecordSearchFilter expenseRecordSearchFilter )
public ExpenseRecordSearchFilter getSearchFilter( )

public void cleanupDataStore( )

private void initSontCriterial )

private void loadRecords( )

private void loadRecords( int offset )

public ExpenseRecord[0..*] getRecordsAfter( Date date )

public void processRetrievedRecords( Vector records )

Operations




ElExpenseRecord

Attributes
private String CATS[0..*] = {"Household", "Food", "Auto/Transport”, "Entertainment”, "Clothing”, "Other"}
private Image CATS_IMG[0..*] = null
private char SEPARATOR = 1'
private String _title 8
private String _desc
private String _currency
private String _category
private Date _date
private Date _lastMod
private float _cost
private long _id
private int _delete

Operations
public ExpenseRecard( byte rec[0..*] )
public ExpenseRecord( )
public void setCost( float cost )
public void setCurrency( String currency )
public void setCategory( String category )
public void setDate( Date date )
public void setDelete( int delete )
public void setDescription( String desc )
public void setlastMod( Date lastMod )
public void setTitle( String title )
public void setMewDate( long date )
public float getCost( )
public String getCategory( )
public String getCurrency( )
public Date getDate( )
public int getDelete( )
public String getDescription( )
public Date getlastMad( )
public String getTitle( )
public long getlD{ )
public Object get{ int criteria )
public byte[0..*] getBytes( )
private String[0..*] split{ String record )
public String toString( )
private String convert2Fix( int timePart )
public Image getlmage( )
public String[0..*] getCategories( )
public Image[0..*] getCategorylmages( )

ublic int getindexForCategory( String cat
public String getCategoryForindex( int index )

E chart

Attributes
private String _title
private Vector _elements

Operations
public Chart{ String title, Vectar elements )
public Chart( String title )
public Chart( )
public String getTitle( )
public Vector getElements( )
public vaoid setTitle( String title )
public void setDataf Vector elements )
public void addElement( ChartElement element )

E chartElement

Attributes
private String _lakel
private int _value

Operations
public ChartElement( String label, int value )
public String getLakel( )
public int getValue( )
public void setlLabel( String label )
public void setValue( int value )

ElExpenseRecordFilter

Attributes
private Date _date

Operations
public ExpenseRecordFilter{ Date date )
public boolean matches( byte candidate[0..*])

ElExpenseRecordSearchFilter

Attributes
private Chject _filter
private String _type

Operations
public ExpenseRecordSearchFilter( String type, Chject filter )

public boolean matches( byte candidate[0..*])

EIRecordXMLHandler EIXMLHandler

Attriburtes Attributes
private Wector _expenses = new Vector() private String HEADER = "<?xml version=\"1.0\" encoding=\"UTF-8\"?>\n"
private String _currentElement Operations

Operations public byte[0..*] transform( ExpenseRecord records[0..*] )
public void startDocument{ ) private String clean( String toClean )
public void startElement( String uri, String localName, String xmlElement, Attributes attributes ) | | public Vector prepareReportDatai byte reportXhML[0.."] )
public void characters( char ch[0..*], int start, int length ) public Vector prepareBackupData( byte reportXML[0..*] )
public Vector getExpenses( )

ElchartXMLHandler ElExpenseRecordComparator
Altributes Attributes

private Vector _charts = new Vector()
private String _currentLabel
private String _currentElement

Operations
public void startDocument{ )
public void endDocument( )
public void startElement( String uri, String localName, String xmlElement, Attributes attributes )
public void characters( char ch[0..*], int start, int length )
public Vector getCharts( )

private int _criteria = GlobalConstants. EXPDATE_ID

Operations
public ExpenseRecordComparator( )
public ExpenseRecordComparator( int sontCriteria )
public int compare( byte rec1[0..*], byte rec2[0..*])
private int compare( float toCompare1, float toCompare2 )
private int compare( Date toCompare1, Date toCompare2 )




=l connection

Attributes

pratected HttpConnection initConnection( )

protected Date authenticate( InputStream is, OutputStream os, Httannnectiog c)
protected void log{ String m )

protected Date retrieveDatelastSync( InputStream is, HitpConnection ¢ )

private Date toDate( byte data[0..*])

protected byte[0..*] addbyte( byte data[0..*], byte b))

protected byte[0..*] retrieveData( InputStream is, HttpConnection ¢ )

Operations

Elserverinteraction

Attributes
private boolean _isSync

Operations

public Serverinteraction{ SyncLogForm parent, boolean isSync )

public void run{ )

private byte[0..*] records2byte( ExpenseRecord recordsAfter[0..*])
private void requestBackup( InputStream is, CutputStream os, HttpConnection ¢ )
private boolean sendChanges( InputStream is, OutputStream os, HttpConnection ¢, Date date )

Operations Redefined From Connection

protected vaid log( String message )

ElclobalConstants ElReporter
Attributes Attributes
public String EXPEMSE = "expense Operations

public String TITLE = "title"

public String DESCRIPTION = "desc"
public String COST = "cost”

public String CURRENCY = "currency”
public String NEVWDATE = "datenew”
public String MODDATE = "datemod"
public String EXPDATE = "dateexp”
public String CATEGORY = "categary”
public String DELETE = "delste”
public int EXPDATE ID =0

public int TITLE 1D =1

public int COST D=2

public int NEWDATE |ID=3

public int MODDATE 1D =4

public int DESCRIPTION_ID =5

public int CURRENCY ID=§

public int CATEGORY ID=7

public int DELETE ID =8

public String ROOT = "root”

public String CHART = "chart”

public String CHART ATTRIBUTE = "title"
public String CHARTELEMENT = "chartelement”

public String CHARTELEMENT ATTRIBUTE = "label”

public Reparter ReportView parent )
public vaid run{ )
private byte[0..*] getChanData( InputStream is, OutputStream os, HttpConnection c, Date date )

Cperations Redefined From Connection
protected vaoid log( String message )

El settings

Attributes
public int USERMAME = 1

public int PASSWORD = 2

public int SCRITERIA =3

private String STORE = "WalletSettingsStore”
private String _user

private String _pass

private String _criteria

private int _toChange = -1

public String SEARCH TITLE = "Title or Description”

public String SEARCH MAX = "Max. Cost”
public String SEARCH MIMN = "Min. Cost"
public String SEARCH DATE = "Expense Date"

Operations

Operations
public Settings( )
public boolean saveSettings{ )
private void loadSettings( )
public String getTitle( )
public boolean masked{ )
public int getToChange( )
public void setToChange( int toChange )
public String getValue( )
public void setValue( String value )
public String getSortCriteria( )
public String getPass{ )
public String getUser( )
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5 Faced Technical Problems

5.1 Server

The major problems arose due to the usage of a server. We experienced, that
it represents a huge overhead to mobile applications. Besides setting up such a
server and an underlying database and keeping both running, the communica-
tion to and from the server were quite error prone. Although we could use the
SAXParser, it took effort to wrap and unwrap the transmitted information from
the expense objects to an xml string and vice versa. This shows also our code
structure, which could be much smaller without the usage of a server. For such
kind of mobile application we would not use a server again, if we are not forced
to.



