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Abstract of Bachelor’s Thesis

Service Roaming Framework

with Support for Legacy Applications

Recently, the progress of Informatics is leading to the realization of Ubiquitous
Computing Environments. Ubiquitous Computing Environments have various sensors
and computers embedded around humans. In these environments, states of users and
spaces are taken from the information of sensors. By referencing the states, the envi-
ronment can move the services to the nearest computer of a user or rearrange services
among computers. In this research, a “service” is defined as a function provided from
an application, and “service roaming’ is defined as migration of a service.

Applications used in service roaming must have migration abilities. However, the
implementation of migration abilities is to a cost for developers. Additional imple-
mentation is needed to use existing applications for service roaming.

In this research, we propose the service-roaming framework, which adds the migra-
tion abilities to application automatically. This framework not only moves applications
but also adds the migration abilities to the applications. We define the addition of the
migration abilities as “mobilization” and an application which has migration abilities
as a “mowvable application”. We can use not only movable applications built for service
roaming but also non-movable legacy applications with this framework.

This framework is consists of two mechanisms. One is the application converting
mechanism named “Sararizer”, and the other is application moving mechanism named
“Sarari?”. When users load an application with Sarari, Sararizer working in Sarari
converts the application to the movable application. Sararizer realizes this conversion
at execution code level not source code level.

In this thesis, we describe the need of service roaming and marshal the problems of
existing service roaming technology. Next, we detail this service-roaming framework,
which realize the application mobilization. Then, we describe the design and prototype
implementation of Sararizer and Sarari. Lastly, we evaluate Sarari and Sararizer and
summarize of this thesis.

Kengo Koizumi

Faculty of Environmental Information
Keio University
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public SarariInterface sararize(Class target){
Class newClass = null;
if (this.parser.checkHaveSarariInterface(target)==false)
SararizerChangelist list = this.parser.parse(target);
JavaClass newJavaClass = this.modifier.addSararilnterface(target);
newJavaClass = this.modifier.addInstructionIntoMethod(
newJavaClass,list);
newClass = this.loader.changeJavaClassToClass(
newJavaClass, newJavaClass.getClassName());
}elsed{
newClass = target;
}

return this.makeSarariObject(newClass);

public Sararilnterface sararize(String className){
Class target = this.loader.getClass(className);
return this.sararize(target);
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O 5.4: SararizerParser 0 OO OO

5.3.3 SararizerModifier [ [0 [

SararizerModifier U0 00 000000 OOOOOOOOOOOOOO

SarariModifier D 00O 000000000000 O0O0O0O0OO0ODODO Sarariln-
terface D 0 O 0 0O 0O O OO SarariModifier 0 addSararilnterface OO0 OO0 O OO0 OO
O0o00dbs20000
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public JavaClass addSararilnterface(Class targetClass) {
try {
JavaClass jc_target = Repository.lookupClass(targetClass);

ClassGen cg_target = new ClassGen(jc_target);
ConstantPoolGen cpg_target = new ConstantPoolGen(jc_target
00 0 O getConstantPool () ;

JavaClass jc_sarari = Repository.lookupClass(this.templateClass);
ConstantPoolGen cpg_sarari = new ConstantPoolGen(jc_sarari
00 0 0O getConstantPool());

Method methods[] = jc_sarari.getMethods();
for (int i = 1; i < methods.length; i++) {

MethodGen mg = new MethodGen(methods[i],
jc_sarari.getClassName(),
cpg_sarari);

MethodGen newMethod = mg.copy(targetClass.getName(),

cpg_target);
cg_target.addMethod (newMethod.getMethod()) ;

cg_target.setConstantPool (cpg_target);

JavaClass iface = Repository.lookupClass(
Class.forName(this.ifaceName)) ;
cg_target.addInterface(iface.getClassName());

JavaClass jc2 = cg_target.getJavaClass();
jc2.setFileName(targetClass.getName()) ;
jc2.setConstantPool (cpg_target.getFinalConstantPool());

return jc2;
} catch (Exception e) {

e.printStackTrace() ;
return null;

0 5.2: SarariModifier 0 0 O O addSararilnterface 0 O OO
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O000000D0000Sararilnterfaced D00 0000000 OO0DOO0OO Sarari-
ObjectTemplate 0 0 00 000 OO0 5.30 000 00O SarariObjectTemplate O O
0 O O Sararilnterface 0 O OO O Sararilnterface 0 OO0 OO0 OO0 0O OO0O0O0OOO

public class SarariObjectTemplate implements Sararilnterface { A
public void beforeSarariMigration() {}
public void sarariEndOfLife() {}
public void afterSarariMigration() {}
\} /

0 5.3: SarariObjectTemplate

SarariModifier 0 OO0 0000000000 ODOOOOOOODOOOOOODOOD
gougooggboodgdaboobbo

5.4 Sarari

0000 SarariD 000000 DOODOOSararid 00O Sarari 0 O O O SarariManager
00 O OSarariManager O O O O AppliSender(Receiver) 0 0 00 O000000C0 OO0
OO00O0oooDOOoooooogn

5.4.1 Sararill U

Sarari0 0 0000000000 0ODDOODODODODODOODOOSarari00O OO O Sara-
riManager 0 0 00 00O ServerManager 100000000

00000 SarariD 0 000000000 O Sarari 0 multicastDNS[17]0 000 O
000000000000 000000 OmulticastDNSOO OO O JmDNSO OO O
0 [18]0 00000 JmDNSO Appled Rendezvous[19]0 00000000

00 multicast DNSO OO OO O OO O O RendezvousManager U0 OO O OO OO
RendezvousManager 0 0 00 SarariD D0 000000 ODOOOODOOOOOOO
Sararil 0000000 5400000000

5.4.2 SarariManager [] [ [

SarariManager U 0 00 0000000 DOO0O0O0O0O0O0OOOOOOOODO SarariOb-
jectHolder 00 00 D000 DODDOOOODODDOOOSararizec0O0000O0ODOO
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rendezvousType=_srr._tcp.local.
rendezvousName=sarari

0 5.4: Rendezvous(multicast DNS O 0 O O

Sararizer D 0000 O0O000DOOOODOO0OOSarariObjectHolder D OO OO0 00O
0000000000000 0000000AppliSender000000000O0

OO0 OSarariManager 0 00000000000 DODOOO0OODODOOOOOAppliRe-
ceiver O OO DOOO0ODOODOO SarariObjectHolderHandler 0 OO DO OO DO OO
0 0 0 O SarariObjectHolderHandler 00 OO0 00 OO0 O OO0 5.50 000 AppliRe-
ceiver U 0 OO SarariObjectHolderHandler DO O OO0 OO0 0OO0OO0OOOOOODOO
0000000000 00DOD0OD0ODO0ODODbOO0000DbODOO SarariManager 0 0O 0O O
000000 obooooooboboobobbobobbboobooobobooon

public interface SarariObjectHolderHandler {
public void addSarariObjectIntoHolder(Object obj);
public int getSize();
public Sararilnterface findSarariObjectFromHolder(int index);

0 5.5: SarariObjectHolderHandler 00 OO O O O

5.4.3 AppliSenderd 0 00O OO AppliReceiver O 0 [

AppliSender 10 0000 AppliReceiver 0 0 00000 000000000000
O OAppliSender 0 0 00 OO0 0 00O SarariManager 000 0000 O OAppliReceiver
O000OO0Sarari0 00000000000 OOOODODODOO

oo oooooooooodoboooobooooouo g
0000000000000 0000D00D00D OAppliSender00 0000 AppliRe-
ceiver 0 0 O 0 O FileInput(Output)Stream 0 0 O 0 OO ObjectInput(Output)Stream
00000000000 00000000000000000000 (ObjectO0O)
O0Serialize0 D000 DOOO0ODOO0OOOODOODeserialized 00000 OO0OOOO
000 (Object 00 0)00D0O0DO0ODOOOO0ODOOODODOOODOODOOOODOODO

1. (000)0ODOoOooooooooUooooooooooogoo
2. (000)00c0000O00D0O0O0OoDOooOoODOOoOOoOoOon

3. (000)000D0000 Serialize0 OODODOO
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gogooodgoo
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