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Abstract of Bachelor’s Thesis

A Research of Dynamic Composition of Distributed
Application

Academic Year 2002

Summary

At present, collaborative behavior between home networked appliances have become possible. Also,
sensor networks within the household have enabled status and location information to be obtained
allowing various collaborative behavior possible.

In this paper, we call such computing environment Interactive Space. In Interactive Space, col-
laboration between objects such as applications which run on home networked appliances and PCs is
possible. When descripting applications which realize collaborative behavior of distributed objects,
behavior is defined statically. Therefor, request for change of behavior due to change in status of the
user’s surrounding environment such as participation of new devices can not be dealt with flexibly. We
approach the above problems from two aspects. First, we separate the definition of distributed object
functions and collaborative behavior of distributed objects. By redefining collaborative behavior, an
environment adaptive to redefinition of user requests at runtime is possible. Second, we assume an
end user programming environment where the user exisiting in the Interactive Space redefines collab-
orative behavior. This realizes collaborative behavior definition with a description model more user
recognizable.

In this research, to solve these problems, the environment structured from distributed objects is
described as a collective of discrete status which the user can directly recognize. Interactive Space
Programming Language(ISPL), which describes the transition rule of collaborative behavior between
distributed objects is proposed. Implementations and evaluations of an evaluator and parser of ISPL
using Java RMI are also presented.

Keyworkds:
1 Distributed Object O 2 Behavior Protocol Description O 3 State Transition

4 Dynamic Application Reconstruction

Keio University Faculty of Environmental Information
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3.1 Interactive Space Programming Language [ [
[
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HANDLE light;//00000000000O0O0OO0OO

HANDLE radio;//0000000000O00O0ODO
HANDLE television;//00 000000000000
//0000000
while (true){
if (light.getState() .equals ("0FF")){
((TV)television) .turn0ff();//000000O0DOO0O0O0OO
((Radio)radio) .turnOn();//00 00000
}
Sleep(10);//000000O

}
N /
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goo

ggoobbobbouoooooobbobbuoooooobbobooooooon
gobobobboogooobbobbodoooobboobbooooooobooboon
gbobbobbbuooogbbbobbboooooobbbbouoooooobboo
gobbobbouooogobobboogooooboboboooooooboon
gbobbbbboooooobbbbbuoooooobbbbouooooobobobbo
gbogbbobuoooobbboooobobod

e DO UOOOODO
gboodgboggbboogobboouobbuoobbuoobboobbogon
gooo

e JUUUOOOLOOODODO
gbboodbboobbuoobboobooobbuobobooobooooon
gobobooooboboooonboobon

3.23 000000

gogogbbooboboolioobbboodoooooobbooboooooogn
gbobbbbbouoooogbobbbbbduoooobbbbbooooooobbooo
Oooboobobooooobob bvboobooooooooooboobooooo
Jodoobbboooooobobobbbobbboodb s40000oooboooo
gboboboogobboooagn

3.3 ISPLOOO

ISPL O O eXtensible Markup Language(XML)[11]0 000000000000 0O0O
OD0O000o0oOoXMLODODOOODODDODOODODOOOO XMLOOO ISPLOOOODOOO
oo

3.3.1 00000 eXtensible Markup Language [0 [0 ISPL

ISPLO XMLOODODODOOOOODOOOODODODOODOOooOooXMLOOOOO
000000000000000000000(000000)000000 3500
gbbogooboggbbbuoobbbooobobooobbuooobobbooobn
XMLOOOOOOOOoDOOoooooooboooooobo XMLOODOooooogo
gobbobougoogoobbbbuoooooooboboboobbuoooooobon
gobobobbbooooooobobboodoooooobbooooooooboooon
gobbbbbouooogobbbbbuooooobbobbbuooooobobon
XMLOOOOOJavaO C/C++0Perl0 0000000000000 O0OOOOO0O
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3.3.2 ISPLOOO
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OO00oO0DbDOooOoIspPLODODOOO0OOODOODOODOxISPL>OOOO0OODOO
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<?xml version="1.0" 7>
<ISPL>
</ISPL>

3.3.3 UUOUnoooga

ODooooispLO000DOO0O0O0OO0ODOOOODOOOOODOOOOODODOOOO
O0<entity>0 000000000000 0OOOODOOOOOODOOODOOODO

<ISPL>
<entity name="ObjectName">
</entity>

<ISPL>

oooobobobobb3200b0boboboboobobobobobobon
ooooo XMLOODODOOODODOoooDooo

gbboooodgoobood

OO00000O00000O0D0DOO<internal_state_definition>O 0O QO QOO0

\
<'--g0ggggd-->
<entity name="(ObjectName">
<internal_state_definition>
</internal_state_definition>
</entity>
J

goodooouobbobobooogouoobbbiboooouoobobobbobooog
<process>U U UUU0O0OOOOOOOOLOODOOO1IO0OOOOOO0OO0OODOO0O

4 ™
<\--ggoog-->
<internal_state_definition>
<process name="ProcessName">
</process>
</internal_state_definition> y

OO00bo0bboboboboboooboobobOobOxstate>d00o0gooon
ooboobuoobobooboobooobobooboobbobbooboobbon
Ub000bb00b0b000<entrance_action>J 0000000000 O0O00OO0
U<signature>U U U OOOOO<signature> U0 UUOUOOOOOOOOOOOOON
gbboboog33b00bugoubibibuodinid<input_channel>l 00U
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<'--00-->
<state name="StateName">
<entrance_action>
<signature type="in/out">
<invoked_method>hoge</invoked_method>
<input_channel>argl</input_channel>
<input_channel>arg2<input_channel>
</signature>
</entrance_ction>
</state>

0 33: 000000o0bad

void/void | 000000000 0OOO

in/void gobboboooobobooooon
void/owt | 000000000 O0ODOOOOOO
in/out gobbobooodn

3.34 0OO0OOOOOO

OO0O00OO0ISPLODODODODODODOODODODODODODODODODODOODODODODODODODODOO<vehavior>
gbobbuoooobbbuoobobboooobbbuoooobboboo

<ISPL>
<behavior name="BehaviorName">
</behavior>

</ISPL>

gobobobboogooobobobbodooooboobobbooooooooooon
XMLOODODODODOOoOOoDoooooobboobOobOoDbOD<transition_rule>
goobobodd

<behavior name="BehaviorName">
<transition_rule>
</transition_rule>
</behavior>

gobbbboooooobbbbuouooooobbobbbooooobboboo
gbooooogn
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gooboboodgd

000000<trigger>0 000000

<transition_rule>
<trigger>
</trigger>

</transition_rule>

gouogbobbudgbbogboobbuodbboobobbbobbdd<state>t
gbbobuoogbobbbooobbbuooobobbboooobbboo

<trigger>
<state entity="0ObjectName">StateName</state>
</trigger>

0000000000 dodoUuoUdd<simultaneous_states>l
O00000O<simultaneous_states>0 0000000000000 0OOOOOO0ONO
ogooooooo

digit*(ms|s|hl) (3.1)

gooood

~

<trigger>
<simultaneous_states valid_time="12s">
<state entity="ObjectName">StateName</state>
<state entity="ObjectName">StateName</state>
</simultaneous_states>

</trigger>
/

OO00D0D0O0O0O0OD0ODOD0OO0O000000<transition_sequence>l] [ [0 <state>
00000000 O<transition_sequence>U U0 OO UOOOOOOOOOOMODNO
obobooboobooboobon

digit*(ms|s|h|) (3.2)

gbooooo

~

<trigger>
<transition_sequence valid_time="1200ms">
<state entity="ObjectName">StateName</state>
<state entity="ObjectName">StateName</state>
</transition_sequence>

</trigger>
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gooogg

O0000D00ODOO<transition_target>0 00 0<state>0 00O 0O0O0OOOO
O00000Db00D00D0O<transition_target>0 0000000 0O0OOOOOOO
OO000000O0O<state>0 00000000 OOODODOOO<io_channel_mapping>
ooooogo

<transition_rule> h
<transition target_entity="ObjectName">
<state>StateName</state>
</transition>
</transition_rule> y

O0oooopooool/joo0ooooooooo0oooooooooo0oooooo
O0o000DOoO00oOoo00ooooooO0OooDooool/oocoooooooo
00 0O<tuple>d 00O O <input_channel>0 0 0 0 <source_state>0 0 0 0 0 I/O O
gooooouoood

~

<transition target_entity="ObjectName">
<io_channel_mapping>
<tuple>
<input_channel>InputChannelName</input_channel>
<source_state>SourceStateName</source_state>
</tuple>
</io_channel_mapping>

</transition>

gboooog

O000D0000O<gard>0 000000

<transition_rule>
<gard>
</gard>
</transition_rule>

gobbbboogogobbbbodooooobbobbouoooobobobon
U00D000000D000<exclusive_state> DU UUOOODON
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<gard>
<exclusive_state entity="0bjectName">StateName</exclusive_state>
<exclusive_state entity="ObjectName">StateName</exclusive_state>
</gard>

goboboobobobobiodbobid<logic_formula>l U000 O<logic_formula>
gbooboogoon

<gard> )
<logic_formula>
[ParameterNamel is bigger than ParameterName2]
</logic_formula>
</gard>
/

3.4 ISPLOOO

OOoDoOoolSspPLO00ODO0O0OO0ODO0OODOODOODOODOOO0ObObOODODO
gbbbuoobobbbooobbbuoooobbbooobbboooobobo

oooon

goboobbooggoobbobbbodgooooboobbbooooboboon
gobbbbbouogooobbbobbuoooooobbobouoooooobobon
gooboooon

oooobd

oodoogoubobbobbobioooouoobbbboooouoobboboooo
OO0oOOobOobOooooogiSspPLOoboboOobooboooboOobobooboobooo

Joboooooood

gboobooboobobobobobooobogbooboobobobboon
OO000000O0bO0o00O0b00o0ooD00ooO0oooO0obOoOooO0obObOOoDOobOnb ISPL
gbobbbbbouoooobbbbtbodoooooobobobbouooooboboboon
gbooboogooboood
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3.5 UOooon

000000000000 D00000D000000 Interactive Space Programming
Language 00O 00O0O0O0O0ODOOOO0ODOODOOOO0OO0ODOODOOOODODO
OO000000O00O0o0obOoooobOooooooboboooboooobooooon

OO00000D0000O00D0O00DO00DOO ASAROOOOISPLODOOODOOD
oood
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4.1 ASAROOOOO
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gbobobuoooobbobuooobbbooooobboooobbbooogn

4.1.1 O00O0O0OOO0OO0OOLOOOOO0

ggoobbbbbdooooobobbbboooooobbbbboooooon
gboboboogoboboooon

4.1.2 O00O0O0OOOOOOOOOOO0

O0O0OASARODODDODOOODOODODOO0O0OO0O0O0O0O00OODODODOO0OOOOO ASAR
gobbobbbouooogobobbouoooobbobbouoooobboon
gobbobbbouoggooobobobbodooooobooobboooooonooon
gbbbuoooobbbdoodobbboooobbbuooobn

4.2 ASAROO0O

gobuodgu4i1ugbobooggboooobobboobbooboooboon
OO0 ASAROOUOODOODASAROODOOOODOOOODOOOODOOODOOOOD
OoboooobooobooooboolspPLOb0b0oboooobobooooboogoD
0000000000000 000000000ASAROODODODODODOD
gbobooboooooobobodb
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glgogodoobbbbbboodooooooobbobbbuoooooobbooo
gobbobooogooobbbobbodgoobobobbboooooooboboon
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ASAR

U41: 00000000

4.2.2 O00O0O0OO0OOO
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4.3 Behavior Interpreter

Behavior Interpreter 0 O O O O O O Behavior Parser] Behavior Evaluatord State
Change Notifier 0 [0 State Recorder D0 000000 OODODOOOOOODODODO
0 O Behavior Interpreter D D D D 000 O00O0O0O0O0OO0OOOOOOOOOOOOOO
oooono

25



Behavior Parser
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State Change Notifier

State Change Notifier 0 [0 ASAR Abstract Object 00 OO0 OO OO OO Behavior
Evaluator U0 O OO0

4.4 Behavior Activator

Behavior Activator 0 0O O 0O O O O Behavior Interpreter 0 00 000000000
00000000000 00000O00000O0000O00O000DO00DO0o000DOO
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4.5 Object Deployment
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Deployment 00O O O00OO0O0OO0OO0OOOOOOOOOO0OOOOOOOOOOOOODO
gbooooao

4.6 ASAR Abstract Object
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5.1 ASAROOOO0OO0OOOOO

O00O0OOASAROOODO0ODOOODOOOODOOOOASAROOODOOO 510
OO0OASAROOODOODOODOOOODOODODOOODO0 JavavVMO O JavaO O
000000 O0dBehavior Interpreter 0 0 0 0 O OASAR Behavior Activator 0 000
00 OBehavior Interpreter O 0 0 0 O O Object Deployment 0 000000000 OO
RMIOOODOOODOODOODODOOXMLOOO ISPLOODOODODOOOOOOOOOOO
O0000000000D0OO0O0 Behavior Interpreter 0 0 0 0O 0O O O Object Deployment
O000000ASAR Abstract Object 0000 00O OO O O O Behavior Interpreter O
dododoooodooooodooobooooooooooooooog 51000
gooogn

0 5.1:. 0000

== 00
CpPU Athron Thunderbird 1GHz
oo DDR SDRAM 256MB
OS/Distribution kernel 2.4.18/Vine Linux 2.4.18
O000/o0 Java O O /J2sdk1.4.0
Ooooooooooogd | Java RMI
XMLOOO JAXP

5.2 Behavior Interpreter ][I O 00O O [

O0000Javal O OO OO Behavior Interpreter D O O 0O 0O 0O 0O OO O O Behav-
ior Interpreter [0 0 BehaviorIntepreterFacade [0 O [0 O Behavior Parser [0 O [0 O Object
Parser 00 00 0 0 Behavior Evaluator O O O O State Change Notifier 0 0 O O O State
Recorder 000000000 O0ODODOODOOODODOODOODODOOODO

5.2.1 BehaviorInterpreterFacade [1 [ [J

BehaviorInterpreterFacade 0 O [0 0 O BehaviorInterpreter D 00 000000000
O00O00ORMIDOOODODOOOODODOOOOODOO 5.20 BehaviorInterpreterFa-
cadde D0 00D0O0ODODOODOOODOOOO

5.2.2 BehaviorInterpreterMediator [J [ []

BehaviorIntepreterMediator 0 O O O O Behavior Interpreter U0 OO0 OO OO OO
000000000 DOO0O0000000000BehaviorParserOOOOOOOOONO
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O 5.2: BehaviorInterpreterFacade D 00O O OO 0OOOOOOO0O

public void stateChanged(StateEvent evt) throws RemoteException
public void objectDiscoveryEventFired(ObjectDiscoveryEvent evt) throws RemoteException

O000005100000000000D000000O0DO0O000O0ODO Behaviorln-
tepreterMediator U DO OO 0OO0O0O0O0O0O0O0O0O0O0O0OO0OO0OOO0O0O0OOOOO
00000000 5.30 BehaviorlnterpreterMediator 0 0 00O OO OO

0 5.3: BehaviorInterpreterMediator O 0 0 00O 0O OO
public void update(BehaviorInterpreterColleague colleaguel] Object obj)

5.2.3 BehaviorInterpreterColleague [1 (] [1 [1 [J

BehaviorIntepreterColleague O O O BehaviorInterpreter 0 00O 00000000
O000bO0o0obooooboobOoobobooboooooobooboooobOon
O000D0OD0OOOOOO O BehaviorInterpreterMediator 0 D 000000000 OO
O000000000OO0O BehaviorInterpreterMediator UD D OO O0OOOOOO0O
0000000000000 0DODOOOBehaviorInterpreterColleague 0 O O O O
O0540000

O 5.4: BehaviorInterpreterColleague U 0 O OO0 OO0 OO
public void addBehaviorMediator(BehaviorInterpreterMediator mediator)

protected void notify(Object obj)

BehaiviorIntepreterColleague O [0 O [0 O ConcreteColleague O [0 O 00 BehaviorInter-
preterMediator U 0 OO0 OO OO 520000

5.2.4 BehaviorDefinitionParserd [J [0 0 [0 ObjectDefinitionParser

BehaviorDefinitionParser 1 D O O OXMLOOOOOODOOOOOOODOOOOOOO
0000000000000 BehaviorOOOODODDODO OO DO OObjectDefinitionParser
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BehaviorDefinitionParser

BehaviorDefinitionParser 00 0 00000000 5000000000000

0 5.5: BehaviorDefinitionParser O O [0 0 O
public Behavior parse(String xml)

protected void encounteredTagA (Node node)
protected void encounteredTag(Node node)

parse 1000 parse 00000000000 XMLOOODOO String0 00000

OO0D0000000 JavaDOOOODOO BehaviorUOOOOOOOODOODOO
gbooboooon
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0 O BehaviorTreeVisitor D0 OO0 O0O0O0ODOMOOOOODO OO O O O OBehavior O
00000000 0o000oooo0do0oooOoOo0oooooobDooOoOooOon
000000000000 5.60 BehaviorTreeVisitorUO OO OO0 OOOOOONO
oooad

[0 5.6: BehaviorTreeVisitor U O 0O O O
public void visit(Node node) throws ParseException

protected void dispatch(Node node)

visitOOOO DoOoMODOODOOOOOOODOODOODbOobOOooooooo
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dispatch XMLOOOUOOODOOOOOOOOOOOOOOOODOOOODOOD

05240 XMLODOOOOOOOOOOOoOoOOooobOOooooooooboooo

//000000
public void visit (Node node)<{
dispatch(node) ;
for(int i = 0; i< nodeList.getLength();i++){
parentNode = node;
tree.visit(nodelist.item(i));
}
}
/000000000000
protected void dispatch(Node node){
String tagName = node.getNodeName() ;
if (tagName.equals(BehaviorParser.TAG_ISPL)){
parser.encounteredTagISPL (node) ;
telse if(tagName.equals(BehaviorParser.TAG_ENTITY)){

O 53: XMLOODOODOOOOO0OO

Behavior O O [

Behavior 0 O O O OBehaviorlnterpreter D0 0 OO0 0000000 OOOOOOOOO

ObjectDefinitionParser [ [ [

BehaviorDefinitionParser 0 0000000000 5.70 0 0 OObjectDefinitionParser
0 O 0O O 0 BehaviorDifinitionParser 0 O O O 0O O O O TreeVisitor 0 0 0 0O 0 DOM O
O00000OASARObject DO ODOO0O

36



O 5.7: ObjectDefinitionParser 0 O 0O O O
public ASARODbject parse(String xml)

protected void encounteredTagA (Node node)
protected void encounteredTagB(Node node)

ASARObject 0 0 0

ASARObject 0 0O 0 O O BehaviorInterpreter 0 0 000 000000000000
000000000 580 ASARObject 00D OODOOODOOO

0 5.8: ASARObject 000 OO
public Token setState(String stateName)

public Token setState(String stateName, Token[] tokens)
protected Method getMappedEntranceAction(String stateName)

setState 1 0 0 0 ASARAbstractObject 0O D000 0OD0OODOODOOOODODOOO
OOooooboooISspPLO00O0O0ODOO0OODOOODOObOOoODOn Javal
oohooboooboooobooboobobooboobobooo RMIODDDOO
gboboobooogagd

000000000000 setState(String stateName) 000 0 5240000

5.2.5 BehaviorEvaluator ] 0 [

BehaviorEvaluator 00 O O O O StateChangeNotifier 0 0 O O O StateChangeEvent [
0000000000000 D0O0DO0DO0000D0ooDooooDo0ooooooon
OO030000000000b00boooobDon

goobood oogobobboooobbooooboo
gbbobooodb oobbbooogbobuooooboo
gbboboooobtb obbboooobbbuooaooboo
gbobod booogobbooogbbobuoooobobuoooobo
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Class clazz = RMIClassLoader.loadClass(ipAddr, objName);

public Token setState(String stateName){
Method m
Object o = m.invoke(asarRemoteObj, null);

this.getMappedEntranceAction(stateName) ;

return o;
}
protected Method getMappedEnctanceAction(String stateName)
throws NoSuchMethodException{
Methods[] m = clazz.getMethods();
for(int i=0;i<methods.length;i++){
String mName = m[i].getName();
if (nName.equals(stateName)){
return nli];
}
}
throw new NoSuchMethodException("U U D ODUODOUODOODOODOODOOOO
ooogoog";

}
N %

Us4 Javal0DO0ODOO0ODOOOOODODOODOODLDOODO

OO0DO0000000D0StateRecorder 0000000000 OO0OODOOOOOODO
000 ASAR Abstract Object 0O DO ODOODOOOOO0OOOOOOORMIODOODO
O0O00000D0O000000DDO0O000 ASARAbstractObject DO OO OOODO
O000000DDOO0OASARObject O setState0J 0 OO0 OO0DODOOO

5.2.6 BehaviorDefinitionRepository I [ []

BehaviorDefinitionRepository U D O OO XMLOODOOOOOOOOODODOO Java
O000000000 BehaviorOOOOODOOOOOOOOOODOOO

5.2.7 ObjectDefinitionRepository I [ [

ObjectDefinitionRepository 0 DO 0 OXMLOOOODOOOOOOOOODODO Java
O000000000 ASARObject 0D ODDODDOODOOODOOODOO
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5.2.8 StateChangeNotifier [1 [1 [

StateChangeNotifer 0 0 0 0 OASARAbstractObject 00D 000000 OO O OBe-
haviorEvaluator 0 ASARStateChangeEvent 0 0000000000000 OODOOO
O O StateRecorder O StateChangeEvent U0 0 OO OODOOOOOOOO

5.2.9 StateChangedEvent [ [ [

StateChangedEvent 0 0 0 O OASARAbstractObject 0000000000 OOO0O
O Behaviorlnterpreter 0 000 00000000000 OO0OOODOOOOASARStat-
eChangeEvent 00 00000000 O0OO0O0OOOOOOOOOOOOOOODOOOOO
dooooooooooood

5.2.10 StateRecorder U J [

StateRecorder U0 0 00 D0O00OOO0O0O0OODOOODOO0OODOOODOODO Stat-
eChangeEvent 0 000000000 O00DOOO0DOODDOODO StateRecorder 00 OO
O000000000000000Db0O00 590 StateRecorder DD DO ODOODOOO
0ood

O 5.9: StateRecorder 0 0 00O
public void insertStateChanged Event (StateChanedEvent evt)

public State setState(String stateName, Token[] tokens)
protected Method getMappedEntranceAction(String stateName)

5.2.11 ASARStateChangeEvent [1 [1 [J

ASARStateChangeEvent 0 0 0O 0 O ASARAbstractObject 0 00 0O O O O Behavior-
Interpreter D 000000000000 OO0ODOODOOASARStateChangeEvent [
O0000051000000000000000000Ojava.io.Serializable0 00000
OO0D0OD0OORMIODODOOOODOODOODOODOODOOOO

getSourceObject 0000 ASAROODODODOODOODOOOO
getSourceState 0 D 00 OO0 O0OODODOOOO
getCurrentState 000 DODOODOODOOOO

getTokenOO OO O0OO0O0D0OOO0O0ODOODO
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O 5.10: ASARStateChangeEvent 0 0 00O O
public ASARADbstractObject getSourceObject()

public String getSourceState(String stateName)
public String getCurrentState(String stateName)
public Token getToken()

5.3 ASAR Abstract Object0 0D OO0 O OO0

ASAR Abstract Object DODOOOODOASAROOODOOODOODOOOOOOO
gbobbbbbouooooobobbbbbooooobbobouooooobbobon
OO000000D000000b00O00ORMIRegistryd D HTTPODODOODOODOOO
GETOOOOODOOOOOODO 53100000 ASARAbstractObject 00 0O O
gobooo

5.3.1 ASARAbstractObject0 0 00O

ASARAbstactObject OO OO OASAROOODOOODOODODODOOODOOOOOOO
OO00O0O00000o0ODOOoO000ooDOCObOOUASAROODODDOOODOOLOD
gbouodboudgbouodgbogbbooobooboobuogbuoboboobobonon
RMIOOODOOOOOOOOASARADbstractObject OO OORMIOOOOOOODOO
rmiregistry U0 HITPOODOOODO GETOODOOOOOOOOODODOOj2sdk1.4.00
goboboooobbboogosinigoobodooboboboooonbon

O 5.11: ASARAbstractObject 0 0 00O O
public void setBehaviorInterpreter(BehaviorInterpreterFacade facade)

throws RemoteException

public String getObjectDefinition() throws RemoteException
public String getCurrentState() throws RemoteException
protected void setCurrentState(String stateName)

protected void setToken(Token t)

proteccted void notify()

OO0 0OASARAbstractObject 0000000000 ODOODOOODOODOODOOOO
000000000000 00000000 BehaviorInterpreter OO OO OOOO
setCurrentState 0 0 OO0 0O setToken O OO OO OO0
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5.3.2 TokenU O OOO

TokenOUODODOOOODODOODOOODOOOODOOOOOOODOODLDODODUOBehav-
iorInterpreter 0 0 O OO0 Token OO ODOOODO 5.120000000000000
gobobobooogogobbobobbouooooobboobouoooooboon

oogd

0 5.12: TokenO OO OO OO
public abstract boolean isBiggerThan(String msg)

public abstract boolean isSmallerThan(String msg)
public abstract boolean euqals(String msg)

public abstract boolean isBiggerThan(int val)
public astract boolean isSmallerThan(int val)
public abstract boolean equals(int val)

5.3.3 MulticastAdvertiser [ [ [J

MutlicastAdvertiser 0 OO0 000000000 DOOOODOO RMIOOOODOOO
O00000000OD0ODOMutilicastAdvertiser O 0 O O O ASAR Abstract Object O
gooooooooooooonoooooooooonooooooooooooonon
doooboooooooobooodsdgoboooooooooooobnod 10240
godoooooooodoodoodoooooooooobooooobooon

0s13: 0000000000

gbooooog ooo g

PACKET CLASS 1bytes goboooog
OPCODE 1byte gobobooodgn
I[P ADDRESS 4bytes IpPOCO0

OBJECT NAME LENGTH | 4bytes goboooogobon
OBJECT NAME OO0 1014bytes | DO OO OODO

000000 MulticastAdvertiser 000000000000 5150000

join0 OO0 ASARAbstractObject 00000000 O0DODODO ASARAbstractObject
Joodooooooooooooooooooooooon
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0s514: 0000000000
gogobooboooooonD |0 g

JOIN Ox00 | OO0 boboooon
LEAVE Ox01 |00 ooboooaon

0 5.15: MulticastAdvertiser 0 0000000000
public void join()
public void leave()

leave 0 000 ASARAbstractObject 000000000 O0OO ASARAbstractOb-
ject D0 000O0O0OOOOOOOOODOODODOO

O 0O O MulticastAdvertiser 0 DO OO Thread DO OO0 00O OjoinO0000O0O0O
OO0D0DO0DOO0o0oO0O0oDoon

5.3.4 Repository [ [ [

Repository UOD 000000000 DOOODOODOOODO O BehaviorInterpreter O
O00000D00D0OO00D0D0OD0ODOO0O0 ASARAbstractObject 000 0000O0DODO
RepositoryUUO OO ODOOOO0ODOOOOOOOO

5.4 ASAR Object Deployment [0 [0 0 O 0O O [

ASAR Object Deployment 0 [0 ASAR Abstract Object 000000000 OOOO
O000000000ASAR Object Deployment 0 00 0O O O OASARAbstractObject
O000000000000000O00OASAR Abstract Object 00O OO0OOOONO
0000000000000 0000000000b000000D0 00000 DOBehavior
Interpreter 0 0 0000 00O0O0O0O0OOOOOOOOODOO0OOOOOOOOOO0O
goooooooo

5.4.1 ObjectDeployment [ [ [J

ObjectDeployment O OInterpreterBehavior O D00 OO0 O0O0O0OOO0OODOOO0O
0000000 5.160 ObjectDeployment 00 000000000000
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0 5.16: ObjectDeployment 0 0000000

public ASARAbstractObject getObjectReference(String name) throws RemoteException
public ASARAbstractObject getAllObjectReference() throws RemoteException

public void setBehaviorIntepreter(BehaviorIntepreterFacade facade)

throws RemoteException

protected void notify(ASARAbstractObject obj)

O 5.17: RemoteReferenceRepository [ 0 [
| 00 (rmi://xxoo/Name) | 0000000000000

5.4.2 MulticastAdvertisementReceiver [ [J [J

MulticastAdvertisementReceiver 0 D 00 0O 0O 5.3.30 0000000000000
O O RemoteReferenceRepository D O 00 00000000 DOO0ODO0O

5.4.3 RemoteReferenceRepository [ [] [J

RemoteReferenceRepository 0 0 0 0 O ASARAbstractObject 000000 O0OODO
0000ddoooooooooodddoooo URLOOOOOOOoooooooo
OO000DOO0o0O0OO0bOoogs1roonon

5.5 UUOOOOO

OODODASAROOOOOOOODOODOODOOOOODOODOODO JavaQODOO
RMIOOOOOOOODOOOODOOOOOOODOODOOD
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1 6 U

ASAROOOOOOOO

ODO0D0OODASAROO0OO0O0OD0ODO0OD0O0OD0OO0OOO0oOoooog
DO0000000oooooooboOooOo ASARODOODGOO
Joooobd
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6.1 ASAROOOOOOO

O0000DISPLOOODOOOODDOOOO BehaviorInterpreter D 000 0 O 0O ASARAD-
stract 0000000000000 D0ODO0ODOODOODODOO0ODO0ODOODODOOOO
ASARAbDbstractObject 0 0000000000000 O0ODOOOODOOOOOOOOOO
O0nO000000 ASARAbstractObject 0000000000 DODOOOODODOOODO
O0000000000000ASARAbstractObject00 000000000 ASARAD-
stractObject 0000000 0D0ODOO0OOODODOOOODODOOODOO ASARAD-
stractObject U0 D OO ODOODOOOOOOOO

e 10 00DODO ASARAbstractObject 0 0 O O O (TriggerObject)
AODZO26000000050ms0000000O0OO0O0O0OODODOO0O

e 1 0JOUDDODO ASARABstractObject 0 0 0 0O O (TargetObject)
0000000000000 RMIOOODODOOOOa O0O0O0OASARBehavior-
Interpreter OO0 O O00O0OOO00O0O0OOOOOOO0O

00000000000 0D0O0O0OTriggerObject 000000 O TargetObject O O
O0000D000O000DDDODDOTriggerObject 0O DO 0OOO0O0DODODOOO Targe-
tObject 00 1010000000000 (Casel) O TargetObject 0 O O O O O Trigger-
Object 00 10 100000000000 (00 Case2)20000000000O00OOO
O0000000D000OTriggerObject DD ODOD0OODOODODOODOOODOOOOO
00000 TargetObject 00D 0D 0000000 O0ODODOOODOOOODOOO
00000000000 1x26010x260000000000000000000O
0000 (Ioo0O0ooooo ASARAbstractObject 0000000000 ODOO
000 ASARAbstractObject 0D 00D O00OD0DOO0ODOOODOODOOODOODOO
0000000000000 0000000000DbO0DOO0ODOO0ODOODOODOODOOD
000000000000 00000DO0bO00o0oo0oDoooooooDooooon

Jodd

O0000O0ASARAbstractObject DO OO OOOOO0 ADOO BOOOOOOO
OOooobobOob coboooooouobobobobooooooooo

e IO A
1oooooooooooooooooooonoooboonoon

e OB
o0 of0o0o0oo0ooooooooooooog

e 00O C
ASARBehaviorInterpreter 00 000000000

gbobobel0d0b0DbOO0O0O0bbObUOooobbobOde1bnDOn
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asa[]

100Base-TX
Ethernet Switch

HostA

HostB

HostC

gel: 000040000

0 6.1: 0000
00 000 A(gilles) 000 B(roadstar) 000 C(Presso)
CPU | Athron Thunderbird 1GHz | Mobile Celeron 3 500MHz | Mobile Pentium 3 1.06 GHz
ooo 256MB 196 MB 1024MB
(ON] Linux 2.4.18 Windows2000 WindowXP Professional
JDK JDK1.4.0 JDK1.4.0 JDK1.4.1
HREREAN

CaselOOOO0O

Casel O O O TriggerObject O O O O O O TargetObject O (z) O 1010000000
O O TriggerObject 0 O O OO TargetObject 0D 00D O0O0DODOO1000000O0O
000000000000 Db00DO0boU0oDO0obO0bOO0oODOobOoUoDOoDOoDbOO
000000 TriggerObject O O TargetObject O RMIOD OO ODOODOOOOODOOO
000000000000 DOCasel DO0OODODOODOOODODOOODDOOOOOOODO
0000000000000 0000000000000O00O00DO0ObOODOODOnD
000000620 Casel DODODODODOODODOOODODODOOODO 100000000
000000300000 00000000O0000OO

000000 1 TriggerObject 00O TargetObject U0 00D OODOODOODOODO
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OO000D00O 2 ASARODOOODOODO

obogbod22-0g0bgob1 o0 1gooooooooobbD 20

afafslafals
35
30
% r/{;/’ AL
, 20 . EREUL2
® 15 o
0 T R L2
~ UL

O | | | | | | | | |
1 2 3 4 56 7 8 910
RDFEVERH/26

0 6.2: Casel DO OO0

ge20b0ddbdd200b0 TODLOODLOO0ODLOO0ObLOObLO 610D OOn

T =1.56 x x + 1.99 (6.1)

Case200000

Case2 0 O O TargetObject 0 0 O O O O TriggerObject 0 0 101000000000
O00D000000 TriggerObject 00 OO0 OO0DO 100 TargetObject 0O OO OO
oboobooboboobobooboboboobobboboboobobooon
bvooooboobobooboboboboooboboboboboooooboo
00000000000 TargetObject(O O )0 00O TriggerObject 00 OO0 OO0 OO
OO000D00Db0b0 630 Case20 00D 0OOOODODOODOODODODOO 100000
obobobobboosooboobuoobooboobod

000000 1 TriggerObject O O TargetObject 000 0000000000000

0000002 ASAROODOOCOODO

goobog2-0b0bbodgrgooooo1bbooobbooooobbo 20
gboogaog

ge3dbnuodoob20bd00goboboooobbboote2bbugogn

T =0.25x z+1.99 (6.2)
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0 6.3: Case20 0000

HEN

0610000000000001000000000 TargetObject 000 639(0 O
0)0000000062000000000000 1000000000 TriggerObject
0003992(000)0000000000000000DO00000OOOOOOO
0000000000000 0000000000O00DO0DOO0ODOODODOODOOD
0000000000 O0oooooooooog

O0OOCaselO0Case2000D0D0O0OO0O0O0O0O0ODOOOODODOO 6100062000
TriggerObject D0 DO 0ODOODOODOOOODOO0OTargetObject 00D ODDOOODOOa
0000000000000 00b00ob0obO0obOobOoobOobOOobOoboboDbOoD
O0n00c 000000000 0DOODOODOODOOODODOOODOOODOOODO0OO0
O0000 CaselOODOOODOOODOODOODO

6.2 UUOoog

ggbbodgbobbooobbuooobbooobooobbboobobbooobn
goobboobobobbboodooodobobobooooooooobobooboobo
gbobboogoobbbuoooobbobdao
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0 70

Juootdbood

dogbobooguboobobouboboboooboobod
Jdoboobboobbuoobobouuooboobuoobobd
OooodooooobooboboocCLAMODOO ISPLODOO
HRERN

49



/
light_handle = SETUP("LIGHT");//0000000O00O0O0O0O0OCOOO

dvd_handle = SETUP("DVDPlayer");//DVDUOUO0ODOO0OOOOODOOOOOO
WHILE(TRUE)

dvd_state_handle = dvd_handle.INVOKE("GET_STATE");//00000000O
O
Ooooooo

state = dvd_handle.EXTRACT();//0 0000000

IF(state = "PLAYING"){

light_handle.INVOKE("OFF");
}ELSE{

O 71 CLAMOODOOOODOOODOOOO

CLAM

CLAMOOO0OOO0OO0OOO0OO0oOOOoOoobooOOoOoooOoooboooobooOooOooon
gobbbodogooobbbbuooooobobobbuoooooobboboon
ooobobobobooobobooobobobooobobobooboobvbOoboon
gboboboboobooboobooboobooboob r1bobo

CLAMOODO

CLAMODOOODOOOODODODOOOOOO0OO00OODOODODOOODOOOOOObOLOO
gobobbooooogobobobbodooooboobbboooooooboobooboobo
gobbobboooogobbbobodoooooobboboooooobboboon
gboogboobogbobuooboobbooobooboobobobbooobon
oooubooboboooooobbobobobowWHILEDODODODODOO
gboodbodgbogubbgbboobodbugbogboobbooboonon
obooboobboobooboobbooboobbobbooboobbon
ooogbdobboobobdoboboboobooboboboooobboobooTvVon
ooobogobooTvobooobobooboboooboboobooboTvVOoDOOoo
Ooo0oooOo0oobooo0oooooooooob0ogoooobo cLAMDOOOoOooo
gbobogoobogobbooobbboooobbuooobbooonobbooobn
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CLAMOODO

oooocCLAMOO0OO0ODOOO0OOOoOOobooOoooboboboooooobooboo
OO0000DO0O0000DOO00000O0DOOESTIMATEDOOODOOOOODOOD
gboooboobobbobobboboobooboobuogbuooboobonon
O0D00000D0O0000DO00D0 INVOKEDODODODOODOODO INVEXODOD
OO0DoO0boOoOoooINVOKEODDODODUODOOoooobooooooobooooooo
OOOOINVEXODOODOOOooO730obooboooobooboboooboon
OOoboooboooooooboooooooon INNOKEODDOOoooooooo
goooboooobooboooooboboboooobobobobooobo 2000

\
//INVOKEO EXTRACTO OO DOOODOO0O
object_handle.INVOKE("MethodName")
(m
var = object_handle.EXTRACT()
N J
0720000000
[var = object_handle.INVEX("MethodName") ]

7300000

INVOKEOOODOO EXAMINEOOOODOOOODODODOODODOOODOOooooDOo
gobbobbbouoooogobbbbouoooobobboooooobboon
ooooor40000

0d

CLAMOOOOODODOOOODOobOobobOOoboOoboobOooDoboboooooo
gobbbbbouoooobbbbooooobbbbbbouoooooobboobo
OOoboooobOoobobobooobooooboooboobooboboooooIspPLO0boOoO
gbhooobobooboobuooboobobobobooboobooboobobo
gobbobboogoobobbbbuooooooobboobouoooooobbon
gbooboogooood

ggogoobbbobbboodooooobobooobbbooodooooooo
OOoooooooooogogooobo seLOb0000o0oooooooooooonoog
gobboboboouogoogobbbobbooooooboobobbooooooobon
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object_handle = SETUP("ObjectName");
method_handle = object_handle.INVOKE("SomeMethod");
WHILE (method_handle.EXAMINE()=!DONE){
IF (method_handle.EXAMINE()==PARTIAL){
/00000000
}ELSE IF (method_handle.EXAMINE ()==ERROR){
/0000000000
}

}
var = object_handle.EXTRACT();//0D0 00O 0OOO

074 000000000000000000DO0OO0

gobobobbouoooooobbobbodoooobboboooooobboon
OO00O0DOO0OISPLOOOOODOOOCLAMOODOODOODOODOODOO
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[SpPLOO0OOOOCOOO0O0O0DODOOO0O0O0ODOOODOOOO0OOD ASARDOO
OO RMIDODODOOISPLOOOOO CORBAODODODODODODODODOODODODO
gbobbbbbouooogobbbbouooobobobbouoooobobobon
OOo0O0obOobOo0ooobooboobOoboo IspPLOb0DobooboobDOoD

oooobod

ggoobbbobooooooobobbbbboodoodobobbbboooooo
OISPLOODOO ASAROO0DOODOODOODODOO«OO0bO0O0O0DOODOODOOO0
OO00ob0ob0ob0oboobooboobodbD e bbb Oon
0000000000000 000D0000D0000D0OOD0OOBehaviorInterpreter O
000000000000 bobobb0ooooooooobobbo0ooooooooo
gooboooobbooon

Joodobouogoooood

0000000000000 000000000000000000000 Visual
Programming Language(VPL) 0 D00 000000000000 O000O000O00
00000000000 ISPLO0O00O0O000O0000000000 VPLOOOO
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