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Abstract

With the prevalence of the Global Positioning System, an increasing number of electronic
devices and vehicles have been equipped with a GPS module for a variety of applications
including navigation and location-based search. Early GPS software was developed as
monolithic tool in which all functions packed in the same software. But, these GPS software
have the problems of the high cost of constructing system. close system architecture and the
reusability. And there is a lack of interoperability between them because most of them have
their own unique data format according to their application fields. Therefore in the paper
new extended for better modeling GPS application in the UML Diagram are proposed, and
the Implementation of a program called StereotypeCreator, which is able to create iconic
stereotypes used in one of the most popular visual modeling tools for software development,
Rational Rose, will be also proposed.
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1. Introduction

GPS application domain is an especial environment that requires precise measurement and
precision calculation of real-world geographical entities with the help of GPS (Global
Position System) in both temporal and spatial factor[1]. The conventional modeling element
of class in UML is not powerful enough to present the spatial feature and temporal feature
that GNSS objects embody. Therefore, new modeling elements of class for GPS application
with UML are needed [2]. This paper will propose several new iconic stereotypes formulating
modeling elements for GPS application. Also in this paper the implementation of a program
called StereotypeCreator, which is able to create iconic stereotypes used in Rational Rose,
will be proposed.

The paper consists of five sections. The following section discusses issues for related
works. Several iconic stereotypes presenting class meta-model element in the UML class
diagram will be proposed in the third section. Section 4 describes the implementation of a tool
called StereotypeCreator for Rational Rose Section 5 presents our conclusion.

2. Related Works

Currently a project of GPS component extraction and development process is being
developed by our research team, 4S (GIS, ITS, SIIS, GNSS) research team of software
engineering laboratory [3, 4]. In the modeling process we find it is not good enough to
present the object features in GPS application domain by the conventional class model
elements in UML [5, 6]. Because the conventional class model element cannot describe
the geometry property of the class whose objects can be displayed in a monitoring
system, and the conventional class model elements cannot embody the issue that the
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location of the object can be recorded in a time range and can be gotten in any time
later[7, 8]. Therefore, the conventional stereotype for the modeling element of class is
inappropriate for the modeling in GPS application with UML. In order to meet these
specific requirements of GPS application domain, new extended iconic stereotypes for
class modeling elements need to be brought forward and will be presented in the next
section[9, 10].

3. Meta-model Element

In Figure 1, the visual notations are used to represent georeferenced classes which
are distinguished from conventional classes. Main elements of georeferenced classes
are:

a graphical representation with a symbolistic icon,

an iconic notation for geographic types (points, lines and polygons),
the class name,

attributes,

operations.
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Figure 1. Graphical Representation of Class Meta-model Element

For example, the Figure 2(a) depicts the visual representation of a class named
“Building” with a symbolistic icon and an iconic notation for geographic types
(corresponding to a polygon) on the left side of the class name, Building. The polygon
symbol means that each object "Building" is associated to a polygon. Attributes are
"address" and "inhabiting_area". The only operation associated to the class is "build".
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Figure 2. Examples of Georeferenced Class

The georeferenced classes allow the representation of complex objects and composed
objects. Each complex object is related to several points, lines or polygons. For
example, a waterway may be considered as a lake (a polygon) connected to a river (a
line). Graphically speaking, overlapped iconic figures express complex objects. An
example of a complex object class is given in Figure 2(b). Composed objects have
several representations in function of scale's point of view. Figure 2(c) presents the
graphical notation of a composed class "City". We do not consider composed-complex
objects in this paper.

In many cases the value of an attribute of an object varies during all the life cycle of
the object. It is possible to associate a temporality to an attribute x of an object a. In
that case, during all the life cycle of a, the object is able to "know™ all previous values
of x. Graphically, an icon representing a clock is placed on the right side of the attribute
in the class(Figure 3(a)). In the same way, a temporality may be associated to the
geometry of an object. In that case, an icon representing a clock is placed on the right
side of the iconic notation for geographic types (Figure 3(b)). The Figure 4 depicts the
implementation of Class MobileStation presented in Figure 3(a).
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Figure 3. Examples of Georeferenced cCass with Temporality
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using ayster,
using Systern Data;
(lass MobaleStation
{lzengraphue features of object
piblic Pomt the poid=tull;
public mt ID;
piblic mt speed,
public Pomt location,
pablic BlobileStation() { Feode of the constractor®/}
prublic voud start located),
{ the_poird=new Pomt();
f*.code of the operation,
Coordinates are associated to the pomf*/
j
piblic void end locate()
{ f'{the_pomtl=NULL)
{*eode of the operation™/
the powd=MULL;}
j
piblic Pomt get location{double time,
{/Meturn the value of location at a t e
retum search valueiset of location walues,tire));
j

prblic void set location;Point value)
i get the current tie of the system

double current _tirme=getCurrentTirme!),

Mg the current value of location with

Il the crrent tie of the system

set of location walues pubicwrent tire value)
;
j

Figure 4. Example of Class MobileStation Implementation in C#

4. Implementation of Stereotype Creator

According to the specification of extended iconic stereotype of class meta-modeling
element for a georeferenced class in UML class diagram, many kinds of the iconic
stereotypes of class can be designed. Stereotype Creator is a software tool used to
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automatically create all kinds of user-defined iconic stereotypes that can be used in
Rational Rose. It can be considered as an extended tool for Rational Rose.
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Figure 5. Whole Process of StereotypeCreator

4.1. Create Stereotype Configuration File

Stereotype configuration file is required by Rational Rose software. The stereotypes
in Rational Rose must be defined in a stereotype configuration file. Rational Rose is
delivered with a default stereotype configuration file, called DefaultStereotypes.ini. If
possible, users may add own stereotypes to that file. If users do not want to use that
file, a new stereotype configuration file can be created.
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Figure 6. The Format of Stereotype Configuration File

The format of the stereotype configuration file must be known before the creation of
stereotype configuration file. Stereotype configuration file is a text file with extension
name of INI. A stereotype configuration file may include one or more stereotypes
information. The Figure 6 presents the general format of stereotype configuration file.
In the format of stereotype configuration file, the general section contains the
information of specific setting. The section can be omitted when building the stereotype
configuration file. The section of stereotypes item is like a table of contents for the
stereotypes. It contains a list of stereotyped REI(Rational Rose Extensibility Interface)
objects. For example, Class:Control, Component:DLL, Operation:Set. The section of
REI item contains the settings for each stereotype, including any optional icon files and
settings.

Considering the relationship between stereotype configuration file and stereotype
that a stereotype configuration file may include one or more stereotypes information,
two major classes are defined for implementation of StereotypeCreator: StereotypeSet
class and IconicStereotype class. The definitions of some class methods are neglected.
A StereotypeSet object is associated to a stereotype configuration file. A
IconicStereotype object represents a kind of iconic stereotype. A StereotypeSet object
may contain one or more IconicStereotype object. A StereotypeSet object may add or
delete IconicStereotype objects. The relationship between StereotypeSet class and
IconicStereotype class is presented in Figure 7.
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Figure 7. Relationship between StereotypeSet Class and IconicStereotype
Class

The function of creation of stereotype configuration file is implemented by the
method of WriteStereotypeCfgFile in the StereotypeSet class. The implementation code
is the following (see Figure 9).The WriteStereotypeCfgFile method adds the stereotype
sent by first parameter into the stereotype configuration file associated to current
StereotypeSet object and determines whether to create new file or not before adding the
stereotype according to the second parameter.

Horeate stereotype confimuation file
publicwoid
WnteStereotypeC figFilef o onicStereotype
sty0bg bool bCreateCrA ddFlag)
{ string str,
string strBuffer=mull;
1f b CreateOraddFlag)
{ #The section of [ General]
HThe section of [ Stereotyped Items]
str="[ Stereotyped [tems]'wan",
strBuffer+=str,
str= styOl . GakKindStnng+" "+
styOhi . Stereotypellam e+ wha'ean”,
sttBuffer+=str,
AddliermnBedion(ref st uffer, sty Chi
1 else
{/Fead all information to strbuffer fom file
Streamb eader InFile =File OpenTesxt
[ Sty CfigFil el Jame),
sttBuffer=InFile Fead ToEnd);
InFile Close,
Hlnzert one line about the nesw stereotype
Hinforrrati on
int iPos=strPuffer IndexOf] " wae'n™;
st=""\t1" +atyOb] . GetKind String D+
"M batyrOly . Stereotyp eblarme,
sttBuffer=trBuffer Inzert(iPos, sir);
AddltemBect onref sttBuffer stvOhi),
X
HWrite stereotype configuration file
Atrear'Writer OutFile
OnhtFile = File CreateT exh] StyC fgf il eb-Jarmed;,
CutFile Write(strBuffer),
ChtFile Closey,
i

Figure 8. WriteStereotypeCfgFile Method
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4.2. Update Registry Information

After creating the stereotype configuration file, another task is to update the registry
information for stereotype configuration file in order to make stereotype configuration
file loaded correctly when Rational Rose software initiates.

fAMIpdate the registry for stereotype configumtion
file
public bool UpdateR egi strsa
I string str@tyCfgFil el-larme=
EztractFil elam el Sty T ol il el-larme),
try
{ Wicrosoft Win3l Fegistiwlewr

FosestereotypeC fioFil e ew—=

Ilicrosoft Win3d Fegistry Locallachine.

CrpenSubl ey SOFTWAR EVEati onal

softwaredFosewStereotypeC o1l es" trae);

if (FoszeStereotypeC fiolil e espr—ull)

{ Mlessageh ox Showa " Can't find the subloess
of SterectypeCfolFiles”, "Eegistry find ervor”,
IiessageboxBPuttons. O,

IWiessageboxloon Eimror,
et false

+
string [ stV aluel-Tarnedsrasy—
F ozeStereotypeC fioFilell ey GatWValuelt-larmes ),
string stihvlaz=strWValue-atnes rasw| 0],
for (int 1=1 i <=strfalueklamesray Lengthi++0
1f st aluel-lanesray(i]. CormpareTol strhvlasos Oy
strivlaz=str"aluek-lames mras|i] .
string str=rnall;
string stri-Tarre=rmll
for (int i=strMlasz Length-1 i ==0;1--1
ifCsttvlasx[i] ='0' || strlvlazdi]="0"
{ str=stihvlasx. Substnng 0,1+17;
stri-Turrestilvlaz:. Substingi+17;
i gf==1

int mure1;
i CstrtTuml=null)
mun=Imnt32 Parsestrl-han+-1;
F oselbtereotsrpeC fgFil el ey
SetvWalue st ToString D, strStyws FoFil el-latne)
F oselbtereotypeC foFilel ey Close),
+
catdh Seoarit wEszoepti or
{ Messageb ox. Showa" You do not hawe Fegistry
Permmnission" "Fegistry wiite acess error”,
Liessagel oxbBosttons O IWessagebh oxlcon Error,
retum fal se;

¥
retarn trae;

H

Figure 9. Update Registry Method

The above figure presents the location where stereotype configuration information
will be placed with the help of the registry editor tool. (In the figure registry key value
corresponding to the key name, File 3 is the string of Mystereotypes.ini which is
created by StereotypeCreator. The function of updating the registry is implemented by
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the method of UpdateRegistry of StereotypeSet class. The implementation code is
presented in figure. The UpdateRegistry method updates setting for stereotype
configure file in registry associated to current StereotypeSet object. When stereotypes
associated to a stereotype configuration file need to be unloaded from Rational Rose
software, the setting corresponding to the stereotype configuration file should be
removed from the registry.

public bool DeldeFeqstrylnformation)
{
striing strotyC faFilelame=
ExtractFil eMame(=tvC fgilelame),
try
{ Whcrosoft Windd Fegistrviley
FosebtereotypeCighileley=
licrosoft Win32 Fegistry. Locallvlachine.
OpenSubk ey SOF TWARFEVRational
softwaret B osetSterect ypeC g les" trued,
ifiFoseltereotypeC foFileler—mull}
{ Wlessageb oz Show" Can't find the subleey of
StereotypeC foFiles" "Feg sty ind error”,
Ivlezzaged oxButtons. 0K Ivlessagel oxlcon Error),
retarn false
}
stiing [] st aluehlamelray=
FozedsterentypeC foFilell ey GetValuelMames(),
for (int =01 <strWValueMarmed may. Length;i++)
i (i sting FoseBtereotypeC gl el ey GetValue
(strValueMatmed may(i]y st Sty C o il elame)
{FosebtereotypeCighildley
Dielete’falue] stV aluetarmed tray]i]
FosebterenotypeCighilel ey Cloze(),
retum thie,

¥

}

catchl BecuntyF=zception)

{Ilessageh oz Show" ¥ ou do not have Begistry
Penmission" "Fegstry wmteacess ermor”,
Ivlessageb oxButtons. OF Wessaged oxlcon. Error),

3

return false;

}
Figure 10. Delete Registry Information Method

The function of updating the registry is implemented by the method of
UpdateRegistry of StereotypeSet class. The implementation code is presented in figure
10. The UpdateRegistry method updates setting for stereotype configure file in registry
associated to current StereotypeSet object. When stereotypes associated to a stereotype
configuration file need to be unloaded from Rational Rose software, the setting
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corresponding to the stereotype configuration file should be removed from the registry.
The Figure 10 presents the function implementation by the DeleteRegistrylnformation
method of the StereotypeSet class.

5. Conclusion

This paper proposes extended iconic stereotypes of class meta-model element for
GNSS application in the UML Diagram and provides its implementation as a tool of
StereotypeCreator for Rational Rose. Current research is so little that a great deal of
work remains and should be done in the future. Future research can be positioned in
customizing iconic stereotypes for other modeling elements such as association,
generalization, attribute and so on, in GPS application. Now the tool of
StereotypeCreator just supports the creation of iconic stereotype for the modeling
element of class in class diagram, but in the future StereotypeCreator for Rational Rose
will support more kinds of iconic stereotype for different modeling element.
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