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Location Scope: Development Support for
Location-awareness Software

KAZUTAKA MATSUZAKI,* NOBUKAZU Y OSHIOKAff
and SHINICHI HONIDENT. i1

An application that is working in ubiquitous environment needs to satisfy some use cases
about using services provided by service appliances considering distances among user and
services. In order to achieve this functionality, analyses and reactions for location conditions
are required. During developments of these applications, we found tendencies that the appli-
cations are made to run only for one environment. This causes the problem when we port the
application into another environment, i.e. another building, which means the bad reusability
of the application logic. In this paper, we use an abstract location model to describe relations
among service appliances and users. In this model, service appliances are classified according
to their services descriptions. We applied Aspect-Oriented Software Development (AOSD)
with our model for binding main concerns and location related concerns of an application at
deployment time in order to achieve portability. We propose to use a new concept, Location
Scope for these bindings. The Location Scope is designed to make structured activities of
the main concern, which allows handy description for reactive behaviors related with location
issues. We implemented and evaluated the support system of Location Scope.
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[One part of Main Concern]

[Activity]

Al: receiving document data

A2: receiving related information of the document

A3: stream the data to output port

Ax1: change the output port to the wall display service (LBS)
(activity that is invoked only when S1 occurs insides the IR1
Ax2: get information of the URC of the service

[Signal]

S1: detect wall display service near the user
[InterruptibleActivityRegion]

IR1: Interruptible region for display services
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Fig.1 An example of UML diagram that contains location-

awareness behaviors. A core concern and reactions

(location-awareness concerns) are modeled.
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Activity model (A component unit of application)

Field — [Location-aware Concern]
;

Main A

Thread

Class —

Message

Listener [Location Logic]

Class

[Field] contains condition variables

private Set<TopicSubscriber> subscriberSet_;
private boolean needVisualOutService_;
private boolean needSoundOutService_;

[Main Thread Class] contains interactions with infra.
public void run() {
new Thread (new Runnable() {
public void run() {
// Main concern

doSomething () ;
// Location-aware concer
_needSoundOutService_ = false;

doSomethingElse () ;}}) .start();
Context context = JNDIUtil.getInitialContext();
TopicConnection topicConnection = JNDIUtil
.getTopicConnection (context) ;
TopicSession topicSession = JNDIUtil
.getTopicSession (topicConnection) ;
Topic topic = JNDIUtil.getTopic (context);
subscriber = JNDIUtil.getTopicSubscriber (
topicSession, topic,USER_PREFERENCE_MONITOR) ;
subscriber .setMessageListener (new MockListener());
| //add as much as needed

[Message Listener Class]

public class MockListener implements LocationMessageListener {
public void onMessage (LocationMessage message) {
try {
String service = message.getStringProperty ("service");
String wsdl = message.getStringProperty("wsdl");
String QoS = message.getStringProperty("QoS");
if (needVisualOutService && needSoundOutService ) {
if (wsdl.equals(VisualOut.class)) {
if (QoS.equals(USER_PREFERENCE_MONITOR)) {
// DynamicInvoker.invoke (wsdl, ...);
doReaction() ;
}

}

} else if (needSoundOutService ) {
/o

} else {
throw new Exception("Unhandled");

02 LAAODOOOOOOOODODOOOOOOOOOOOOOOO
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000000000000 Main Thread ClassD0O0000
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Fig.2 These mock codes show how concerns in LAA are
deeply coupled. Even in the core concern (Field,
Main Thread Class), there are some location-related
descriptions.
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Bird" s eye view of the application model

Call of reactions crosscut the application model
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Fig.3 This figure shows how concerns in LAA are deeply

coupled. Each location-awareness reaction may ap-
pear several points in the activities. This makes it
hard to maintain both the core and the location-
awareness parts.
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/ Location Scope Desc.

XML
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Target
Application

[Application Container]

Service ontology
Location service info.
Event mechanlsrrAspch

Main Thread Class
public class ExLSMain implements

public void run() {
// TODO Auto-generated method stub
}

b

LocationScopeClient {

b

Reaction Class

public class ExLSReaction implements Runnable{

public void run() {
// TODO Auto-generated method stub
}

04 DOOODO0O0D0DO0ODO0OOOODOOODOMO Core LogicDODODOOOOODDOODOOO
0000 Location LogicOOOOO0OOO0O0OOO java.lang.Runnable 0000000
0000000000000 00ooo0g AspectJUweaverDOOOOOOOOOOD
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Fig.4 The development process with the Location Scope. Each activity and reac-

tion (Core Logic, Location Logic) implements java.lang.Runnable. AspectJ

weaves these components and some functions from application container

according to a location scope description file.
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" . . o 1 <?xml version="1.0" encoding="utf-8"?>
(a) mObII,e device prujter id=... 2 <locationScopeDescription>
(mobile) (printer) 3 <locationTopologyDescription name="ltd_example">
< &\. 4 <targets>
) ‘gm 5 <target>PSI:Direct/DirectMobile</target>
’ omplex id= 6 </targetss>
) complex id=... 7 <adjacent>
, ) (complex) 8 <base>urn:epc:id: IIJEFKL</base>
- 4: _-7 9% 9 <qualifiersnear</qualifiers
e . i 10 </adjacent>
different devices § 11 </locationTopologyDescriptions>
b 12 <locationScopeElements>
(b) PSI:/Direct/DirectMobile 13 <id>...</id>
(> 14 <in>
S 15 <activitysDrawURC</activity>
I E— ‘;m 16 <lifecycle>spawn</lifecycle>
! 17 </in>
! PSI:/Direct/DirectMobile 18 <outs
R PSI:/Service-based]/... 19 <activitys</activitys>
P N 20 <lifecycle></lifecycles>
-7 g 21 </out>
lsame location links 22 cactivitiess
OWI'Thiﬂg 23 <activitys>Al</activity>
: . : 24 <activitys>A2</activitys>
=10 Senvice 25 </activities>
;W%nm Direct 26 </locationScopeElements>
i ; ﬂ]]”]f Deskto 27 </locationScopeDescriptions
H il i Des
E»II[HJlﬁDirectIvE)bile 06 00OO0O0OO0OO0O0DOOOOXMLO
Fi T | Fig.6 Location Scope description (XML).
Irewall_ | raversal
Secure_Authentication
Senvice-based 000000000000000000000000
' gobobooboobobobooboboboobobogoo
gobooboboobobobooboooooooo
ServiceMobile 3.2 Location Scope
Ontology Tree Model of
Printer Service Interface 00000000000031000000000

05 D0000O0O000O00DO0O0ODOOO0OO0OOOO0O0D
0 PSIO Printer Service Interface0 0000000000
ooo

Fig.5 The comparison between an ordinal topology model

and the service oriented topology model with PSI
(Printer Service Interface) ontology tree.
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[Server Side]

Service
Y9
| Message | | Query |

$ $ [Query]

Graph

[Graph]

[Client Side]

Application

P

Container

[Service]

[Message]

[Container] Location Scope Application container

Ontology, RFID, WSDL Mapping
Accept subscription
<SOFA (Simple Ontology Framework API)>

Location Scope based
Subscribe/Publish
<OpenJMS (Java Messaging Service)>

Management of RFID Tag Reader
Periodical update of RFID Tag position
<JUNG (Java Universal Graph)>
<MySQL (Relational DB)>

<Spider Reader (RFID)>

<Aspect]>

07 0D000O0OO0OOOOOOOOOOOOOOOO0DOOODOOOODOOODOOOOOOOO
000> 0000000O00DO0DODO0ODODODODObDObOO
Fig.7 The functional stack for a location scope system. The stack covers both

client and server sides. The terms inside “<>” are the 3rd party tools that

are used in our implementation.
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Fig.8 This activity diagram shows a procedure for invoking location scope-based reaction.

<?xml version="1.0" encoding="UTF-8"?>

<graphml xmlns="http://graphml.graphdrawing.org/xmlns"

xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"

xsi:schemalocation="http://graphml.graphdrawing.org/xmlns

http://graphml.graphdrawing.org/xmlns/1-0/graphml-xsd"> —
<graph id="G" edgedefault="directed"> T
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<node
<node
<node
<node
<node
<edge
<edge
<edge
<edge
<edge

id="n1"/>
id="n2"/>
id="n3"/>
id="n4"/>
id="n5"/>

source="nl"
source="n2"
source="n2"
source="n3"
source="n2"

target="n2"/>
target="n3"/>
target="n4"/>
target="n4"/>
target="n5"/>

</g£ééﬁ>
</graphml>
09 OO0O0oO0OOOOoOoOoOooOoooog

denote node positions.
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Fig.9 An example of node graph layer implementation. GraphML is used to
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Fig.10 A sequence diagram for comparison between simple client/server model

(left) and location scope model (right). Numbered messages are needed to

obtain location information.
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Table 2 Overhead measurement regarding to the location scope (msec).

Calculation | Network | Database | (Numbered) (All)
1.init 1,266 1,266 2,532 2,532
register 906 3,438
2.newlnstance 16 2,548 3,454
3.inform 328 2,876 3,782
4.subscribe 94 2,970 3,876
queryDB, checkResult 314 110 4,300
publish 359 4,659
checkMainConcern, onLScope* 0 4,659
total 1,596 2,047 1,016 2,970 4,659
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Table 1 Overhead measurement regarding to the normal

sequence (msec).

Calculation | Network | Database | (All)
1.query 1,047 375 1,422
checkDB 438 1,860
inform 422 2,282
total 1,047 797 438 2,282

O00D000Q00OCalculationD 000 O O O Network[M
DBOODOODatabased0 0 OOO0O0O0O0O0O0O0OO
gobooilboooooooooo
O0000O00OOverhead-1 D0OOOOO 1500
Overhead-2 000000 0.800000000ORO
000000O0U00ooooUoooooUO 84.8%0

Y Overhead-1 00 D00 2,970 — 1,422 1,548 msecl
Overhead-2 00000 (4,659—2,970) —(2,282—1,422) =
829 msec
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01100120000

<?xml version="1.0"?>
<xsd:schema xmlns:xsd="http://www.w3.org/2001/XMLSchema" />

<xsd:element name="locationScopeDescription"s
<xsd:annotation>
<xsd:appinfosLocation Scope Description</xsd:appinfo>
</xsd:annotation>
<xsd:complexType>
<xsd:sequence>
<!-- Location Topology Description-->
<xsd:element name="locationTopologyDescription"
type="LTD_type" minOccurs="1" maxOccurs="unbounded" />
<!--Location Scope Element-->
<xsd:element name="locationScopeElements" type="LSE_type"
minOccurs="1" maxOccurs="1" />
</xsd:sequence>
</xsd:complexType>
</xsd:element>

<!-- Location Topology Description-->
<xsd:complexType name="LTD type">
<xsd:sequence>
<xsd:attribute name="name" type="xsd:string" />
<!--8Specify end points in the topology-->
<xsd:element name="targets"s>
<xsd:complexType>
<xsd:sequence>
<xsd:element name="node" type="xsd:string" />
</xsd:sequence>
</xsd: complexType>
</xsd:element>
<!--Specify proximity-->
<xsd:element name="adjacent">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="base" type="xsd:string" />
<xsd:element name="qualifier"s
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="near" />
<xsd:enumeration value="anywhere" />
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
</xsd:complexType>

011 0000000000000 XMLOOOO
Fig.11 XML schema for location scope description.
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<!--Location Scope Element--> 0o oooooon

<xsd:element name="id" type="xsd:int" />
Y A
<xsd:element name="in" maxOccurs="1"> \ B / I:l D I:l D D I:l D I:l D D I:l D I:l D D I:l

<xsd:complexType name="LSE_type">
19710001993 0000000
<!--Entering the area where the location
<xsd:complexType>
SEEISEUNCS  ottyes & 0000000000000000
<xsd:element name="reaction" type="xsd:string"/> O0M@oooogooooono 2002

<xsd:sequence>
- s gooooobooooodleesaoon
topology is satisfied-->
<!--Relationship with the caller activities-->

<x3i;3irﬁ$e;;:::nnfecycle"> gooooooooOooooooooooo?z0040
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o emmeration valoen-sespentt /- DonenoeannaEneREnEnEnane
<xsd:enumeration value="resume" /> oooOoooooooo

<xsd:enumeration value="euquire" />
<xsd:enumeration value="terminate" />
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
</xsd:sequence>
</x%sd:complexType>
</xsd:element>
<xsd:element name="out" />
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