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line="312"
FrameProxy fp = new FrameProxy();
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line="320"
FrameProxy fp = new FrameProxy();
</patch>

000 FrameCallerjava 0000000000 OOOOOOOOOOOO
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subclass@java.swing. * </import>
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3.1 UO0ouoogon

gobbobbobbooboboodoooooobobbuoduoooooooo
gobbobobbooooooobobbbibddgbuuduodin new
gogobbbbbbbduoooooobbbobooooooobobn
gobobobooogobobooooboobon

Addistant 2 00000000000 0OO0ODOOOODOOOOO

<import proxy="subclass" in="FrameClient.createViewerFrame()"
from="rmt">
<subclass name="javax.swing.JFrame"/>
</import>

O000000000000MOFrameClient OO0 OO createViewer-
Frame() D0 000000000 JFrame O00O00000O00OOOO
mt 0000000000000 000000O0ODOODODOOOOOO0O0O0O
OsubclassD 0000000000 D0O0OOOOODOOOODOAddistant
200000000 mO000000O0O0O0000DO0DOOO00O0O0DOOO0
00000000000 00mO00DO0OD0O00000DOOO0000O0
000000000 o0Oo0o000on

3.2 OO0OO0O0OO0OOOOOOO

gbuogbbobboobbboobbobbooboobbobbo
gogobbbbbbuooooooobbbbbbodoooogoo
gobbobbbooooooobbbbbboboboooooooobn
gobboogobobuoggooo

gboboogguogdbbodbbuogbbuooobbodgboooboon

<start name="app">
<host name="picard" rmiPort="14004" bytecodePort="14005"
searchDir=apprun"/>
</start>
<remote name='"rmt">



030 Addistant2-000000 13

<host name="taro" rmiPort="14006" bytecodePort="14007"
searchDir="rmtrun"/>
</remote>

O000D000D000Db00Db0O0 start UODOOODOOODOO remote
O000o0g 20000000000000 appOO0OODOODODODODO
O000o00oo0obOoobob0oob0o0 mt0booboobooo
0000000000000 00000000000D0000 host OO
OO000O00 hest UDDUODDUODOODOODODODOOname 00O
00000 O rmiPort,bytecodePort O 0O 0 00O OO O O O searchDir [
000 4000000000000O00DOO0ODODO0ODOOODOODO
O0Oo0oDoooo

3.3 Object Request Broker [ [ [

Object Request Brokerl ORBO OO0 000000 OOOOOOOOO
OO00000O000bO000o00bO0ooooooooooooooog
O000000O00000000DO0D0OO0DO0oDo0Oo0n0 OrRBOOO
0000000000000 00bO0oobOooo orRBOOOOOOOO
O000000D00000D00000O ORBOOODO RequestBrokerable
000000000 implements 00 O00OOO0OO0OO0OOOOOORBOOMO
0000000000000 DO000000D0DO000OAddistant 2 00
OORBOODODOOOODDODOOOODODODOO

O000D00ODOODOO000 ORBOOOOOOOOOOOOOOOO
000000000000 DbOOo0oOoooooooooooooooo
000000000000 DODO ORBOOOOOOOOOOOOODOO
mt 0000000000000 DOO0OOO0OOODOO0ODOOO0OOOOd
OO0 ORBOOOOOODODODOOOODDODODOOOODOODOOOO

<orb classname="RequestMultiplyingBroker"/>

RequestMultiplyingBroker 00 0 Addistant 2 0 0 0 O OO RequestBrok-
able 00 ODO0DD0ODOD0OO0OOODODOOOOOODODO ORBOOOOO
O0000 mtO000D000O0O0OO0ODODOOODOOOODOO 2000
O0oad
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gboboboodgobbodod

gbobouoobbbod0 mtO0ogooooogoboboogon
gobobogoggd

34 U0O0O0OO0OOOOOOOOOOO

00000000 ORBOOOOOOOOOOOOOOODOOODOOO
0000000000000 00dd0oooooOoOo0000oooon
00000000 CommChannel 0000 extends D0 O0O0O00O0O0OO

0000000000000 000D0OO00000000ooooO
O000O000ooooooo

<channel classname="SSLCommChannel"/>
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gbobobooooboo



15

40 OQooooduh

Addistant 2 0000 0O Addistant 1 000000 00OODO O Join point
gbogobgobugbooboboooboboobuooboobogn
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4.1 O0U0OO0O0OO0OO0OOO0OOOOOOOOOOOn0

4.1.1 O000OOOOOOOLOOOO0OO0OOOOO0

Jawva 0O OOOOO0OO0OODODOOODODOODOOODOOOOOODOO
O0000000000000b0b00000b0O000 javalang.ClassLoader
000000000 DO000O00000bOOo0oDOOo0oooOoOoobooooon
OO0o0oboobooobooobooboobooboobon

O00D00O0O0000DOOOjavalang.ClassLoader D0 OO0 OO0 OO
O00o0obooboooboobobooboooobooobooooo
0000000000000 000ObOO00ODbOOo0ooObOOoOobOoOoon
O00o0oboobobooboboooboooobooobooboooo
OO0 MyClass 0 ODO00DO0ODOO0ODO0OO MyClassLoader 0 0O 0O
OO0foo() DOOODDOOOODDOODODOOOOODODOOOOOOOOO

ClassLoader loader = new MyClassLoader();
Class c = loader.loadClass("MyClass");
Method m = c.getDeclaredMethod("foo", null);

m.invoke(null, null);

00000 JavareflectionAPIO OO O0OO0O0OOOOOODO 4000
gobbobbbbuouoooooboobbbbbooooooooobn
gogobobobbbougoooooobobbbbboodoooooon
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goobbbbobbuoudooooobobobbboodooooooo
0000000000000 0O0O000b0ODbO0000DAddistant 2 0
gogobbobouodgooooooobbobbobuouoooooon
gobooodgo

4.1.2 Javassist 0 0 0O

Javassist 00000000000 [5] Ostructural reflectiond 0 O O O
goobbbbbobbobdoooooobbobbbbooooooobn
gobbobbobobbodgoooooboboobboodugooogoo
O000Java OO0 Java APIOOOODOOOOOOODOOOOOO
goobbbobobbbodooooobobooobboodooooooo
gogobbbbbbobouduooogobbbobboouoooooobn
U OO introspectiond 000000000 OOOOO0O0OO0O0OOOO
obooboobd0JawadbOOOooOoOoDOOoOOO0ODOOOODODODO
gogobbbobbbuoudgooooobbobbooduooooon
000000 behavioral reflectiond0 0000 0000000000000
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gogobbbbbobobouooooboobbbbboooooooobn
gobbobbbogooooooobboobbbooduooooonoo
goobbbbobbbooooooobobbbootoooooaon
googbbobbooobogbogbooooboobooobon
gbobboooobbbuooobbboooon

Javassist U0 OO O0OO00OOOOO0OOOOO0OoooOOooOog JvM
goobbbbbbuouuooooobbbbbbotoooooobn
ooobobooooJvMbooooooobooooooooobonog
OO0 JawaOOOODOODODODODODOOOOOODOODOOOOOO
goboobbbuoougooooobboboobobbootbgooooon
DbooboboobbobOodbJavassist UODOOOO0O0DOO0OO
gbobobbooogbobobooooboboooon

Addistant 2 00 000000000000D0DO0OCOOOOJavassist O
gboobogooobogooboo
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4.1.3 Javassist OO0 O O0O0O0O00OOOOO

Addistant 2 00000000000 DOOOOOODOODOOOOODO
gbogoodgboodbobooboobobuobobboobogbon
goobbbbbbbuduooooobbobbboouoooooonbn
gogobbbbbuoogooooooobobbbooduooooon
gogobbbbbbuouduooooobbbbbbodoooooobn
goboboogobbobuoogbbobbugomuoooboog

cl ass byt ecode

\ 4

4 N 4 N

user transl ated < byt ecode
Cl assLoader byt ecode translation

A

[0 4.1: Bytecode acquisition and translation

Addistant 2 000000000000 O0ODODODOOO Javassist OO
O000O0Javassist 0000000000000 O0OODOOOOO0OO
000000000000 odDdooooooDoooooooooon
00000000000 CtClass O compile-time classC0 0 000 00O
00000000 CtClass OODDOOOO0OOOODOODODOOOODOOO
CtClass U0 OO0 O0ODOO0ODOODOOODOOOOOOODOOOODOO
O0D0D00000D0000OJavassist 0 CtClass OO OO0 O0OO0O00OO
O000 APIODO0O0ODO0OOCtClass DOO0OOOOODOOOO
O0O00oOOooooooad

Javassist API 0000000000000 DOOO000O0O0O

e JUUOUOOOO

gboboboogon

gbbobooguoobboooobbbuoooon

gbbbuooogbbbuoooobbbuooooobooo

gbobboogbobboooobboboo
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OO0 4200 Addistant 200 0000000000000 Javassist
gbobboooobbbuooobbbboooon

4.2 OJ0O0O0O0O0O0OO0O0OO0O0O0O0

Addistant 2 00 00000000CO0OO0OO0ODOOOOOOOODO
gogbbobobobobbodgooooobobooobooduooooonoo
goobbbbbbduoooooboobbbbbboooooooobn
OO000D00DO0D0D0O000 Java API O javaio OO DO OO0 java.net
O00D000D0O00D000O0000 Addistant 2000000000
gooo

googooobbbbbbbobobbboboouoououuaaago
O00000000O0DO0O00O0Db0o00O0b0o0bOODOoOAddistant
20000000000000000000000O0O0O0O00O0O0 [6]0
gooboogogn

4.2.1 0O00O0O0OOO0O0OOOOOOOOOO0

gbogbobobbobgboboobuooboobogboobogn
gboboodgbudgboboobobobobuobobboobuogbon
OO000DO00O000O00OoDoobobboOoog Java O reflection API
O0O00000000DD0O0O00 Java O reflection APIODOOOOOO
gbobogdgbbuogobogbboobbuoobobuooobooobooog
Addistant 2 O reflection API OO 0000000 OOCOOOOODOOO
goobbbbbbuoooooooobobbobobooodoooooon
gogoobbbbbobbobbbbbbbbbouoduooooooobn
gbobogdbbogobogbboobbuoobbogobooooooon
gbobboooobbbuoogbbboboooon

goobbbobbboooooooobbbbbuooooobbn
gogoobbbbbodoogouoobboodooobooooobobd
goobbbbbuooooooobobbbbbbooodoooooobn
guogouoobbbbodogoooobobboooooooobobbbn
Addistant 2 00000000000 OOOOOO0OOOOOOODOO
gobogobooooon

gbgbobdbugboboobodgbuooboboobooobon
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O000oboOooobooboboooboboooobooooon RMIS-
erver HUOOOOOOODOO0OO0O0O0OOODOOOLDODOOOOOLDObDOn
O00000000000oboO0o0oobboooboooboo RMIServer
OO00O00o00o0oooDooonoooooooOonDOn objectlDU key
gobobbooogobood
gobbbobboboogooobbbbbbbbbuuoooooonon
gogobbbobobbboddgoooobooboboboodooooooo
OOOORMIServer UOODOODOOOOOOODOOO

/** Client *x/
ObjectOutputStream out

= new ObjectOutputStream(socket.getOutputStream());
out.writeObject(className) ;
out.writeObject (parameterTypes) ;
out.writeObject(parameterValues) ;

int objectID = readInt();

O000000000000OString 00 className[DOOOOOO0O0OO
000 String[] O O parameterTypestDO 00000000 O OO Object]]
00 parameterValuesU DO OO0 ODO0O000O0O0O0OO0OODOOOOOO
OO000O RMIServer OO DODOOOOODODOOOOODOODOOOO
objecti DO keyU D D0 ODU00DDODOOOOOODDODOOO0OODODOOOO
goooooooooon

000000000000 000000000000RMIServerd OO
guoooooboobboogd

/** RMIServer (remote object creater) *x*/
ObjectInputStream in

= new ObjectInputStream(socket.getInputStream());
String className = (String) in.readObject();
String[] parameterTypes = (String[]) in.readObject();
Object[] parameterValues = (Object[]) in.readObject();
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Class[] paramTypes = getClassArray(parameterTypes);

Class targetClass = loader.loadClass(className);

//loader is a value of ProxyClassLoader that extends ClassLoader.
Constructor cons = targetClass.getConstructor (paramTypes);
Object obj = cons.newInstance(parameterValues);

int objectID = ((Integer) table.registerObject(obj)).intValue;
out.writeInt(objectID);

RMIServer 0000 D0000DO0OO0OODOODODOOODODOODOO String
00 classNameOOOOOOOOOO0OOOOString[] OO0 parameter-
TypesUO 00000000 OOOOODbject[] OO parameterValuesO O
OO0000000 JavaO reflection APIODOOOOOOOOOOOO
O000000000O00ORMIServer DO0OOD0OOODOOODODO table
00000000000 000000000 objectIDOkeyO OO O OO
0000000000000 0000000000 RMIServer 0000
goooooooooooooooonooogn

renot e obj ect

protocol 3

Net wor k

\ protocol 1

protocol 2

protocol 1: dient sends "className", "paranifTypes" and "paranVal ues"
to RM Server, then RM Server receives those.

protocol 2: RM Server sends objectlD(key) to dient,
then Cient receives it fromRM Server.

protocol 3: The created object is put on ObjectReferenceTabl e
by obj ect| D(key) .

0 4.2: remote object creation protocol
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000 00000000000 0000000b00b0o000n objectID
OkeyDOOOOODOOOODOOO objetIDOkey DO OOOOOONO
JdddoooooooooooooooooobooooooonO Java
API O java.util.Hashtable 0 0O 0 HashMap OO0 O OOOOOOO0O
000000000000 0000000000000OOHashtable O
HashMap OO0 OO0 0000000 DOOOODOOOOOOOOOOOO
0000000000000 0OHashtable JOOO contains() 00000
HashMap 0000 containsValues() D 0000000 javalang.Object
0000 equals() 000000000000 OOOOOOOOOOOO
gooooodoonoooonoooooooooooon

Hashtable OO0 OO HashMap OO0 OO0 OO0 OO0O0OOOOOOOOO0O
0oooooooonoooobooooooooooon

Integer refl = new Integer(1);

Integer ref2 = new Integer(1);

if (refl.equals(ref2)) {
System.out.println("equals: true");
} else {
System.out.println("equals: false");

}
if (refl == ref2) {

System.out.println(" == : true");
} else {

System.out.println(" == : false");
}

00 0 0java.lang.Object 000 0 equals() 0000000000000
gbbudbib==000000000bbuog0bbooobbood
refl O ref2 000 javalang.Integer 0000 OO0OOOOOOOOOO
00000000000000'000000000000000000
gboboboooobbboooobbb

000000000000 00000000000000000O0D0O0O00000
gboooboooboobgoobobooboo
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equals: true
== : false

O000000000javalang.Object 00000000 equals() 0000
000000000 true0d 0000000 d==0000
0000000000000 00000D0 false00000O0DO0OO0OO
00000000 Hashtable 0 HashMap OO0 0O O0O0OO0OOOOO
000 java.lang.Object OO OO equals 00 OO0 O00OO0OOODOOOONO
O0000OAddistant 2 000000000000 0OO0DOOOODOOOO
goooooooobooooooooogoooobooooooo
O000 ABOOODOOOOODOOOODDODOOOODDODOOOODOOO
000 key O Integer(1),Integer(2) 0000 000000000000
O00 BOO keyOOOOOOOOOOOOequals() 00000000
00000000000 Integer(l) O Integer(2) 0000000000
dooddoooobodooooooooooooodd==00000
goooooooooooonoonnoooooooobooooon
O0ooooooooonO keyOooooooooooooooooo
O0000000Addistant 2 0000 Java API O java.util. ArrayList
0oooooooooooobooooooooooooo
0odoooooooooodonoodoodooooooonong
dooooooooooooooooooooooooooooooon

4.2.2 000O0O0OOOODOO

goobbbbboduooooooobbbobdooouooooon
gbgboboobobboobooboobboobobbuogbobon
O00000ODOO0O00OO0boOooOoOoD 00 Java O reflectionAPI O 00O
OO000000D00OD0OAddistant 200000000000 reflection
gogoobobbbbobobobbbbbbbbbdudooooobobn
gbobobogoobbbuoooooobooboooooon

gobbbobbobouoooobobbbbbuoouodoooooonn
gooobooobod
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/** Client *x*/
ObjectOutputStream out

= new ObjectOutputStream(socket.getOutputStream());
ObjectInputStream in

= new ObjectInputStream(socket.getInputStream());
out.writeInt(objectID);
out.writeObject(className) ;
out.writeObject (methodName) ;
out.writeObject (parameterTypes) ;
out.writeObject(parameterValues) ;

Object result = in.readObject();

godoooooooouoodooodoooooouoooooooon
O int O O objectIDO key[ String 0 0 0 00O classNamel String O 0
00000 methodNameOO OO0 OO0 OO String[] 0 O paramTypes[
O000000000ODbject]] 00 paramValuesD 0000000000
ddooooooooououoooodooooooooooogao
O00000ooooooo0oOddORMIServerD OOOOOO0OOOOO

/** RMIServer (remote method invocation) *x*/
ObjectInputStream in

= new ObjectInputStream(socket.getInputStream());
Integer objectID = new Integer(in.readObject());
String className = (String) in.readObject();
String methodName = (String) in.readObject();
String[] parameterTypes = (String[]) in.readObject();
Object[] parameterValues = (Object[]) in.readObject();

Class[] paramTypes = getClassArray(parameterTypes);

Object targetObj = table.referObject(objectID);

Class targetClass = loader.loadClass(className);

//loader is a value of ProxyClassLoader that extends ClassLoader.
Method method = targetClass.getMethod(methodName, paramTypes);
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Object result = method.invoke(targetObj, parameterValues);

RMIServer 00000 0O0O0O0OODO0OOOOOOOOOOOOODODOO
O Java API O java.lang.reflect. Method 00D 0000000 DOO0OO
0000000000000 0DO00bO0000DO0oDOoDOO0DbO0O0n

4.2.3 0O00O0OOOOOOO

Addistant 2000000000 O0O0OOOOOOOODOODOODDOO
gbuogobogbbbuodgbuogboobbboobbooboboodgn
gogobbbbobbbodooooobobbbboodooooooo
goobbbbbbuouugooobbbbbbdoooooooobn
gogdog42100 4220000000000000000000
gbobooboobobbbbbboobotbuodooooooooooooon
gogoobbbobbobobobootooudgooooobbooooobn
gboboobobbobooooboooogbuoououoooooooboobn
gooobog

obog 43 000000000000 000000O0O0O00DL0O0O0
goboboboobbbboooooggoooooobbooboobn
OO000o0o0oo0obob0 AQODOOoOobDO BOOoooOooooobooo
OO0000O0D AODO ObOobUob Bhoboboobooogooo
oboobobobbooboobdb BOobOobooboooobooo
OO0000obO0o0oboobo0oooooobbobbooobooooD ADO
oboobooodb BOobOobDOoobobbooooboobooboobooo
Oo0o0gbon0O BOOOOO 42100 422000000000000
OO0O0O0000 Object Request BrokerD ORBUO OO OOOOOOOO
OO000D0000 BOORBOODOOOOOODOODOOODOODOODO
OO0 BOODOODOOODO
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Cient:A :C::::> obj ect: B

case 1: non-distributed access

renote object:B

proxy object:B
(mast er object: B)

RM Ser ver

Net wor k

case 2: distributed access

0 4.3: message protocol with proxy/master model

O000d0oo0ooboboooboooobooobooobooobooon
O0000000000 Java APT O java.awt.Frame 00000000
00000 Frame D0 0000000000000OO0 setTitle() 00O
O00000D0DOOoDbDDOOo

/** java.util.Frame.java **/
public Frame(String title) {
this(title, ...);

public void setTitle(String title) {
//sets title.
this.title = title;
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OD0O000000 Frame DO0OD0DO00O0DUOO0DOO0ODOOO Frame-
Proxy UODOO0ODOODODODOOODOOODOOODOOO

/** FrameProxy.java *x*/
RequestBroker orb = new RequestBroker();

public FrameProxy(String title) {
int objectID = orb.createRemoteObject("Frame", "String", title);
table.registerObject(this, objectID);

public void setTitle(String title) {
int objectID = table.referObject(this);
Object result = orb.invokeRemoteMethod(objectID, "Frame", "setTitle",
"String", title);

return ;

000 RequestBroker 10 04.2.1 00 422000000000000
O000000000000000000000000000 createRe-
moteObject(),invokeRemoteMethod() DO 00000000 ODOOOO
gobubbogoooboogobbouooooboobbobuoooo
guooubbooooobbboodogobobbooobobobbooan
goodooooon

goboboooobbouogoobobod

Addistant 2 0000000000 DO0OOOO0OOOOOOOOOODO
gbobobobbbuouooooooboobbbbboboooooooobn
gboogobuodboobbodoogbuoobboobuooobooon
gbobboooobbboooobbboo
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e DD OOUOOODLODLDLOOUOUOOUODLDLDLDDLOOOOU
gbobbuoooobbboodobbboooon

e HOUUODLDOUOOLOODLDLODLDDLOODLOUOODLObOOODLOO
gbobggboggoobboobboboooboooboon
gbobobooooboo

Addistant 2 000000000 Javassist 00000000 OCO0O0O0O
gboggoobood

goboobooggn

Addistant 2 O 0D O0O0OOD0OO0OOODOOODOOODOOODOODO
ObobDooooobobboooobboooobbobn Javassist OO
OO00O0O0OAddistant 2 000000 44 0000000000000
O 0 ProxyGeneratorU OO 0000000 O0O0OO0O0OOOOODOODOO
O TemplateProxyO O O OO0 OO0 000000 OO0OOOOOOOOOOO
000000000000 000000b0oOoooDoDbobO Addistant
2000000000000 booboobobobbobobobobbobo
gboooboggn

mast er cl ass
(byt ecode)

Tenpl at ePr oxy
(byt ecode)

proxy cl ass
Q (byt ecode)

0 4.4: proxy object creation used to bytecode translation by Javassist

0000 45000Addistant 20000000000 0O0ODO0OFrame O
DOO00bO00bUdd FrameProxy UODOODODOOO0ODOOODOODOO
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000000000 FrameOOOOOO0OO setTile() 00000 String
gbogbobodgbobboobobbobbobboobobbagn
OO000DbO0O00o0booO0o00oboboOOo0oooOoOo0oOoOoobDOUOoORB
gogobobbbuouoooooobbbbbbobdouooooobn
gogobbobobobbbuggoobbobbbobdodoooooon
gbobobobooodgobobod

Tenpl at ePr oxy
(byt ecode)

Obj ect tenpl at eMet hod
(oject[] typs, String cvalue){

or b. i nvokeRenot eMet hod(key, cval ue, types);

}

\Pr oxyGener at or

void setTitle
(String title)

/lsets title

master class
(byt ecode)

/public voi d makeProxydass (...) {

Ctd ass nasterd ass

= pool . get (mast er Nane) ;
Ct d ass proxyd ass

= pool . makeC ass( pr oxyNane) ;
Ct Met hod et hod

= mast er C ass. get Decl aredMet hod(...);

Ct Met hod newiet hod
= Ct NewMet hod. wr apped(...);
proxyd ass. addMet hod( newiVet hod) ;

~

J

O 4.5: sample: FrameProxy creation by Addistant 2

pr oxy

void setTitle(String title) {

orb. i nvokeRenot eMet hod
(key, cvalue, types);

}

cl ass

(byt ecode)

gogoobbbobobobbbbbobbobbbbbddoooooooon
gbobbooogbobbbouooobbbooogobooo

gboboboooobbobuoooboboboooon

Addistant 2 000000000000 OOOOOOODOOO0OOODO
gogbbobbobobbodgooooobobboobboodgoooooo
DooboboboobobobOoobooobobOobd Javassist OO
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O000O0OJavassist OO OOOO0O0OO0DOOnewd ODDOOOOOO
O000000D0D0O00000C00DOODO000O0 replaceNew() DODO
gogoobobobbbobbbbdddddodoooooooobooo
gogobbobobobbbbbbbbbbootbgogoooooobobn
goobbobbbbbododdooooobobbboodoooooonoo
gobbobobbboobouuoooboobbbobooouoooooobn
OO00do0boobobobobobo0bo00d implements 00O OO
gooo

goobbobobobobbbbdbbbbbddouoooooooon
gogobobbbuuuooooobobbbbbbboooooooobn
gobobbooogobood

4.3 RMlServer OO0 OO OOO

RMIServer OO O O0O00O0O0OO0OODOODOODOODOODOODODODO
gogobbbbbbbbbototoddooodouoooooooonbn
OO0000D000000D000D00b0000Addistant 20000000
OO00O00O0D0Ob00bOb0OORMIServer DOODOOOOODOODOO
DOo0o0000JavaODOOO0OO0OO0OO0OoOobOOobOobOobOOobObDOD
OO0O0D00DbO0OO00O0O0O0d "synchronized” DO0DOOO0O0OOOOO0O
gooo

O0000O0RMIServer O synchronized D 0O O0OO0OOO0OOOO
gobobbooogbboboooobobooooboobooon

4.3.1 synchronaized DO 0O OOOO

OO00000O0O0O00000 "synchronized” DO OOOOOODOODO
OO000O0Osynchronized OO0 OO0O0ODOOD0OOOODOODOODOODOO
goobbbbbobobouduooodbbbbobdooooooobn
gogobbbbobbuoudooooobobobbbbibddooooooo
gbogbuoodbbogbboobuogobuooobboobobooon
O0000obo0boobbOo0obdobbOUbdsynchronized OO
goobbbbobbobooooobobobbbbbootbooooaon
gbgdbboobbobuboboboobuoobuognboboboagon
gogobbbbbuououuooobobbobbbbooodooooobn
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O0000Osynchronized D00 O0ODO0OOOOOOOODOOOOO
OO00000000OOsynchronized DODOOOODOODOOOODOODOO
gogobbbbbougoooooobobobbbbooduooooon
O00Osynchronized D0 0O 0OD00OO00ODOODOODODOODOODOODOO
O0000obo0booobobOo0ob0dnnddsynchronized O 0O0OO
OO0Ostatic 00D O0O000O000OO0OO0OO00O0ODO0O ClassOOOO
gooobbbobbobbbooobuooidodooooooooon
OO0000D00O0O0OD0O0 synchronized DO 00O O OO myMethod O
gooobog

synchronized void mySyncMethod() {
// ... do Something ...

D000 4600000000000000000D0O0ODO ABOOO
00000000000 00b000o0oOoDDbD A O mySyncMethod O
OO0000bO0b0ob0O BOOOOD AObOoboboobobooboooo

oo
Thread A my SyncMet hod Thread B

nmyThr ead

»
>

nmyThr ead

<
«

< vai ting

O 4.6: effect of synchronized keyword

OO00O00O000O0o0o0oboOb0O0 AgOoooboooo BoooooO
OoOo00oooooOoboOoDbDoO BOOOOooOOoOooobooooD AOO
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guobodgbogbbooboobooboobboboobobogon
gbuboobuodgbboboobobobbbobboooboboooon

obj ect A object B

net hod i nvocation

»
>

met hod i nvocation(call back)

return value(call back

»
>

return val ue

O 4.7: call back

OA0ODODOO0OO0DOOODOOCOOO0ODOOOOOsynchronized O
goboobboouoggogboobbbobobbbobdodoooooon
gogobobbbbbuoooooobobbbbbbootoooooobn
gobobouoggbboboogoboboo

4.3.2 0O00O0OO0OOOOOOO

OO00000D000000ORMIServer HOOOOOOOOODOODO
OOOORMIServer DODOODOODOOOOODOODOODOODOODODOO
gbgbobobboboobbobbboobboboobooobagn
0000000000000 00D000O0DO0O RMIServer DOODOO
gbobobobbbuoooooooobobbobbbboooooooooon
gooobbbbbbdoddouooooooooobobooboobobn
O00 ADOOOOO 10 synchronized 0O0O00OO0O0O0OOCOOCOOO
oboobooboo0obo BOhobooobobooboboooboboooo
gbodbodobuoobuogoboobbobboogbuaoboggn
OAQO0ODOOO02000000000D000D00O00DOO0O0ODOO
gogbbobbbuouuogooobobbbbboddooooooobn
O00000OOsynchronized DD O0OODOOOOOOOOODOOOOO
gobg
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4.3.3 java.lang.ThreadLocal OO OO OOOOO

Addistant 2 0000000000000 0ODOO0O0OOCOOCOODODO
OO0000O000O00b0oO0obObO0oobooooooooooo RMIServer
gogobbbbuououugooobbbbbbbboodoooooobn
goboobbbuoouugooobbbbbboddoooooooon
OO00O0D0O0D0b00DbO0O000O00RMIServer OO OOODOODOO
goobbbobbooudooooooobbbooodgooooon
goboodgo

000000000000 O000o0obOoboooboonO Java API OO
O0000 javadang. ThreadLocal DO OO DO OO OODOOOOOODOO
goboobbouodgooooooobobobbboodgooooon
goobbbbbuououuoooobbbbbbbbtboooooaob
gobboboobobbbooooooobbobobbboobggooooo
gbuogbbuboobodgbodgboobbobooboobuogon
goobbbbobboudooooogooobootbgooooon
gooobbobbbbobbbbbbbbbdogooooooooon
gogobbbbobbuooooooobbobbobboooooooooo
gbobobooggbbboooobbon

4.4 RMlServer OO0 OOOOOO

OO0O0O0O0OOO0ORMIServer OO0 DO OOOO0OOOOOOODDODOOO
gbgboobuodgboobuoobobobobobobbobobbobon
OoooobooobooboooboobboobooobddJava
OoOobobooboobobooboboobuoobobotJavaoon
gbobboooobbbuooobbbboogogbboboaon

gobbboboboooogooobbobobbbuodooooon
gboboboboogon

4.4.1 O0O0O0O0OOOOOOOOOO

gobbbbbuodgooogobbobbbuodgooooooo
gogobbbbbbuoduduoooobbbbbbboooooooobn
goboboooobobuoggoboo
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gbobobuoogobbboogbobob2bbu0gobobod

e OO OOODO

gboboggbboggboguoboooobbobbuoobboon
gbbbuoooobbo obbbuooggbbod bbbodgo
gobbbobbooooogobbobobobdooooouobooboooon
gbogbbougbbuooobooobboobobooboon
gbobogdbuogobuogoooogobooobbuooboboboo
gbboogbooouobbobboobobooboooboon
gboboggboggboobodbboobboobboobon
gbogbobodbuogbogbooobboobooobado
gboogbbuogobboogbouogbobooobbobboon
gobbbbbouoogobbbbbbudoooooobbooo
gboboggugobobogbbooobuogbobooooboon
gbooboodgobbogo

o [JUOUU

0000000000000 00000O (Lwp)OOoOoOooooO
gbooboubbogl1ggbboobooobuogbobooogoo
gbobgguobbodgbobooboboobobuoobobooooan
gbooggbbuodbobobbuodbbouobbooobboon
gbobogboboodgbbogbbogoboobuoooboon
gbobobuoogoogn

gbobboooobbbuooogbobbbuoooob 20000000
gogobbbbbbbooooooooobbbuouoooooonoo
gbobboooobbboogn

4.4.2 Thread 00O Runable OOOOOOOO

Jwva OO0O0ODO0O0OODOOODODODOOODODO 200000000
0ooo
e java.lang. Thread OO0 OO DO0OOOOOODOOO

OO0 Java API O javalang. Thread D0 OO0 ODO0O0ODOOOODO
Oooo0obo0oooobooboOooOoooooobobOooboooo



040 0DOO00OOO0O0O 34

OO0000oobooboboobobobobo0oboOobObdThread O
gboboogboogbooobbooobbuabobooobood
00 Thread D000 OO0O0 run() 00000000 OOOOO
gboogbbuagbuggbboogbbuabobboobobod
0000 start() DO00OO0O0O000 0000 run() 000000
gogdgobougoobbooogo

class MyThread extends Thread {
MyThread () {

}
public void run() {
for (; ;) A
Thread.sleep(...);
}
}

public static void main(String[] args) {
MyThread mt1l
mtl.start();
MyThread mt2
mt2.start();

new MyTread();

new MyTread();

gboboobugdgbobobbodobboobbobobboobood
gbobogobuogobuogobogbbuogbboboonoobog
Doooobobobobobob0JavaDOD0OD0DODODOO
gbouogobobogbugbobooboogboboob 1ooo
gobbbbbbbuoooouoooooooobobbobooboo
javalang. Thread OO0 OO 0O0OOODOOOOOOOOOOODOO

e java.lang.Runable D0 OO O0OOO0OOOOO



040 0DOO00OOO0O0O 35

OO0 Runable D00 0O00O0O0O0 1000000 run() D000
gboobgobbodgbuooobooobboobbooboon
O00000000 Runable DO0DOOOO0OOO0ODOOOODOOO
gbbboodgobood

class MyThread2 implements Runable {
MyThread2 () {

}
public void run() {
for (; ;) A
Thread.sleep(...);
}
}

public static void main(String[] args) {
Thread t1 = new Thread(new MyThread2());
tl.start();
Thread t2 = new Thread(new MyThread2());
t2.start();

Runable 0000000 0O0OOOOODOOOOOOODOOOODOOO
ODO0DbOOoO000booO0oooboo0oo0bDbbOddjavalang. Thread
goboboogobobbooobboboogoobooo

4.4.3 0O0O0OUOOOinner classd

JDK 11 00Oo0ooooooboboboobobobooooboobog
goboboooobbobuooobobbbogoboobooon
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e 10000 DO O top classld

gboodgobuogobdgbbuogobooobbuoooboodaoo
gboboboooogon

/** TopClass.java **/

public class TopClass {

e 10O ODODODODO O nest top classld

gbobogobodbboguogobogoboooboboooan
gobbbbbouoooogobbbbooooooobboboo
U0 staticOOUODOO0OODOOOOO0OOOOO0O0OO0O0OO0
OO0D0000O0b0O0obDOthisOOOO0ODOOOO0OOO0OOO0O00O00OO
gboboboogobbboooboboogoobooon

/** TopClass2.java **/
public class TopClass2 {
public static void main(String[] args) {
TopClass2.NestTop nest = new TopClass2.NestTop();
nest.write();
}
static class NestTop {

void write() {

e 100000 QO member classO

gbobooudbuobogbuodbobboboobobobobo
gbgdbbogobuogobuogboobooobboooon
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OO0 staticU OO ODUOOO0ODO0OO0O0O0O0OO0O0OO0O0O0OO0
gbbboodgobbooon

/** TopClass3.java **/
public class TopClass3 {
public static void main(String[] args) {
TopClass3 tc = new TopClass3();
tc.Member member = tc.getMember();
member.write() ;
}
Member getMember() {
Member obj = new Member();
return obj;
}
class Member {

void write() {

gbobogbuogobuogboboobooboooboooboon
godbdbobobuoogobbooobobobubooobao
gboboggboggboogboogbobboobboobon
gbobbuoooobbboodobbboooon

e 10O DOOODOOlocal classO

gboboodgboboogbobbuoooboooboooboogbo
gbogbodbboguobboobboooobbouogbboon
gboboogboobuoobodgbboobobuooboooboon
goboooddg
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/** TopClassé4.java **/
public class TopClass4 {
public static void main(String[] args) {
TopClass4 tc = new TopClass4();
Foo foo = tc.getFoo();
foo.write();
}
Foo getFoo()
class Local extends Foo {
void write() {

b

return new Local();

}
abstract class Foo {
abstract void write();

e 100000 anonymous class[]

gboogobogoobgbobodgbogo 1obogogboo
gbboogbooobobbobooboobboobboboon
gboobogoboogobooobooobboobboonoooo
gooo

/** TopClassb.java **/
public class TopClassb {
public static void main(String[] args) {
TopClassb tc = new TopClass5();
Foo foo = tc.getFoo();
foo.write();
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Foo getFoo() {
return new Foo() {

void write() {

}
abstract class Foo {

abstract void write();

4.4.4 RMlServer OO0 O0OO00OO0O

000 javalang. Thread DO DO OOO0O0OOO0OOOODO RMIServer O
Oooooooooobobooboboboboobobooooooonon RMIServer
OOoooooboboboog

public class RMIServer extends Thread {

public RMIServer (int port, ...) {

ServerSocket ssocket = new ServerSocket(port);
b
public void run() {

for( ; ; ) {

final Socket socket = ssocket.accept();
new Thread() {
public void run() {
while (true) {

processRequest (socket) ;

}
}.start();
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0000000000 RMIServer 00000 run() 0000000 Thread
gogobobbbodgoooooooobboobbboduooooon
OO0o00o0bo0bo0DoooubD finalO00OOO0ODOOOOODOO
OO000O000 RMIServer OOOO0ODOODOODOODOOOOODOO

4.5 OO00O0OO0OOOOOOOOOOO

4.5.1 O00O0O0OO0OOOOOOO

000000000 (1100000 Jawva APIOOOO0O0O0O0O00O
gogbobbbuoouggoooooooboobobotooooogon
gobbbbbougooooooboobbbbbbodoooooobn
gogobbbobobbobdoooooobooobbotboogoooon
gooobobobbbbbbbbbbbbddggooooooooon
b dgoobbboooobobooobbboooon

OO0000DO000 JavaOOOOOODOODOOwriteObjectD OO
O00OOreadObjectD 00000000 DO0OOOOOOOODOOODODOO
goobbbbuoooooooobbbbbobdooooooobn
gogoboboobobbboddooooooobboboodgooooon
gbobobbououoooooobobbobbbbboouooooobn
OO00000D0O0000Db00DO00D000D00OOjava.io.Serializable O
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goboobbbuodugoooooooobobobootbgooooon
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Addistant 20 0000000000000 00OOCCODODOOOOO0OOO
0000000000000002000000000000 RMIServer
gogoobbbbboobobotouogdoooobouuuoooooobn
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gbobodbobbobugougbuoboobooboboobob
OO0O00OO00D0O0 objectIDOkeyD DO D ODOODOOOODOONO objectID
OkeyDOODODOOOOOOOOODOOODOOODODOODOOODODOOO
OO0O00O000ODOO0O00O0b0obO0o0oooooooDbO Java APIOO
OO0DO000000D0DOString OO java.util.Vector DO OO OODO OO
gobogbuogoboggboogobooobooooooooooon
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godoooooooooodoooooooouooooooood
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4.5.3 replaceObject 10 00

ObjectOutputStream 0 00000000 0OOOO0OOOOOODOO
0000000 replaceObject() OO0 0D O0D0O0OO0OO0O0OOOOOOO
goobbbbuouooooooboobbbobobuuoooooobn
O000000000000000000000000 replaceObject() O
0000000000 0OenableRaplaceObject() 000D O0O0O0O0O0OO0
goobooogn

00 enableReplaceObject() D 0000000000 ObjectOutput-
Streem 00000000 0OO0ODOO0ODOODOOOOODODOOOO
gbobobobbbuouuooooooobbobbobbbbuouooaon
00000 0O enableReplaceObject() 00000 true 00000000
OO0000000O0bO0b0obooob0obOoooonbOobUOOnfalse O
0000000000000 0O00O0O0OOenableReplaceObject() OO O
U ougbboogbbbuoggbboooobbooobboaon
0000 private DO DO DODODOOOOOOOOOOOOOOOOOO
00000000000000000000 replaceObject() 00000
goobobooogoooo

O0000OAddistant 200000 ObjectOutputStream 000000
RMIObjectOutputStream OO0 0000000000

public class RMIObjectOutputStream
extends ObjectOutputStream {

public RMIObjectOutputStream
(OutputStream out, ...) {
super (out) ;
enableReplaceObject(true);
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public final Object replaceObject(Object obj) {
Object returnObj = obj;
if (isProxyObject(obj)) {

return0Obj = new ProxyTag(objectID);
return returnObj;

}

if (isMasterObject(obj)) {

return0Obj = new MasterTag(objectID);
}
}

return returnQObj;

gdoooodoooooouoooodoooooouooooooo
0000000000000 0000000000D00000 objectID
OkeyOOOOOOOO objectID DOO00OOOOOOOOOOODODOOOob-
jectiIDODOOOODOOODOOOODOODODOONO objectIDOOOODO
O objectlD DO OOOOOOOOOODOOO objectID DO OOOOO
O MasterTag OO0 O0O00O0O00O00OO MasterTag 000 OO O Addis-
tant 2 000000000 OobjectlD OODOOOOOOOOOOOOO
O00000D0D0O0O0OMasterTag 00O 0O Serializable 0 0000000
implements D 000000000000 OODODODOONO objectID OO
O0Addistant 2 000000000 O0OOProxyTagOOOOOOOO
gdododooooooduoooououooooooooogo
gdddououodouououoouooooa

000000 ObjectOutputStream O O O O replaceObject() O O 0O O
goouooogooooaod
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protected Object replaceObject(Object obj)
throws IOException

return obj;

OO0O0OOoOOo0oOoooobooogobjObboobobobbobbbbobOOoOg
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O000 true JOD0O00OD0O0OOD0OO0OD0OOOOOODODOObjectOut-
putStream 0 00 O writeObject() 000000000 true000000
replaceObject() 00000 00000000000
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Addistant 2 OO0 D O0000OD0O00O0OO0OOOODOODOODOOODO
goobbbbbobbouuoooboobbbbbdouoooooobn
O0Oo0o0obo45200 453000000 MasterTag DD DO OOOO
ProxyTag U0 D UOUOODDOOOD0ODOOOO0ODODODOMasterTag U U
00000 ProxyTag DODOOUOOOOobjectlD DOODOOODOOONO
OO000000 objectDDODOOODOOODOOODOODLOOODOODOO
gboogdbooboogbbobbogbuoobooboboobooagon
UoOoobuoobbooobooboobbOobDMasterTag DO OO0
OO00D00D0O0O00bOobDg objectiD OO ODOOOOOODOODOOO
DbOoobooobooobooooboobbUddMasterTag 0O 0O
OO0000bO0bOobobobdbDProxyTagO OO oooooogon
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guobgbgoboobobooboboobobooboboooan
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0000 resolveObject() OO0 OO0O0OO0O0OOOOOOOODOOOO
gbobbooogbbboooobbboooon
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4.5.5 resolveObject 0000

ObjectInputStream O O O O resolveObject() DO DO 0O 04.5.2 00
replaceObject() 00 000000000000 O00OO0OOOOOOO0O
OoooooOOOOODODOODOODODODODDOOODOODOO0O0O Java API
O OresolveObject() 00 D000 O0O0O0OO

protected Object resolveObject(Object obj)
throws IOException

return obj;

00 resolveObject() 00000 Object D000 objOO0OOOO Object
O00obj000000000OOOO resolveObject() DOODODOODOOO
OO0000D00ODOOOObjectlnputStream OO O OO0 OO0OODOOOO
guoboboddooboboooogobobuoooobbobuoooan
00 resolveObject() D 0000 readObject() 00O O0O0OO0OO0O0O0O0O
0 O enableResolbeObject() 0000000000000 OOODOOOO
O enableResolbeObject() O O 0 O O O ObjectOutputStream 00 0 0 O
enableReplaceObject() O 0 0 00O O O O ObjectInputStream 0 0 0 00O
goobobobbtbdoogubbobooboooonbooooooooo
O000D000Addistant 2 0000 O ObjectInputStream 0 0O 0 0O O
0000000 RMIObjectlnputStreem OO0 0D OO0 O00OO0O0OOO

public class RMIObjectInputStream
extends objectInputStream {

public RMIObjectInputStream(InputStream in, ...) {

super (in) ;
enableResolveObject (true);

public final Object resolveObject(Object obj) {
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Object returnlbj = obj;
if (isProxyTag(obj)) {
int objectID = ((ProxyTag) obj).objctID;
return0Obj = masterTable.referObject(objectID);
} else if (isMasterTag(obj)) {
int objectID = ((MasterTag) obj).objctID;
returnObj = proxyTable.referObject(objectID);
}

return returnObj;

RMIObjectOutputStream DO OO0 O0OO0O0OO0OOOO0OOODOOO
O0O000000bOo0bDd ProxyTag DD OODOOOOOOO objec-
tIDO0 0000000 b0b000boobooobooooouooooonDo
gogobbbobbbobbooooooooboobooogooooon
O MasterTag DO O OOOOOOOO objectDOOOODOOOODOOO
OOOo0o0boooboooboobuobobobobobOoobgd objectID
gbobboogobbobuooobbo
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Addistant 2 00 O0XML OOODOOODOOOODOOOODOOOODO
O00000000DO0ODO0ODO0000000 Addistant 200000
oboogboboobbobboobooboobbg XMLOoOoooo
XMLODOODOODOODO Addistant 2000000000000
gbooboggn

4.6.1 XML OO0O0O
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OO0O0O0OHTMLOOODOOOOOOoOooOOobOooDobOooooboooo
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ooooboobooooboboooobooboboooboboHaT™ML
O WebODOODODOOOOOOOOOOOODODODODODOOOOOOOO
OO0O0ooobobo sGgMLOOODOOOObOoOOooooXMLOOOOOOd
oooboboboboooboooXMLOoooooobooooooogo
goboboggobbobouogoobobod

XMLOOOOOoOooOooboobDooooooobooooooboooooo
ooobooobooboboooboboooboobobooobonoXML
gogobbbbobbobbogoooogbobobboouooooooobon
gogobbbobbbbtbtbdoooooobobobooooooobon
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4.6.2 XML OOOOOOOO

XML OOOOOOOOOOOOOoOooooboboooooobobo
XMLOODOOOODO XMLOODOGOOOoDDOOoooooboooooo
O0Addistant 2 00 XML ODOOODOO javax.xml.parsers 0 0000
OO0o0ooobooboooooooooXMLOooooboooood XML
O0O00000O00oOoOoboooboooon

XMLOODODODODOODDOOoOooooo

/** policy.xml *x*/
<policy>
<start name="app">
<host name="picard" rmiPort="14000, 14001"

bytecodePort="14002" dir="apprun"/>

</start>
<remote name="rmt">
<host name="taro" rmiPort="14003"
bytecodePort="14004" dir="rmtrun"/>
<host name="yulian" rmiPort="14005"

bytecodePort="14006" dir="rmtrun2"/>

</remote>
</policy>

XMLOOHTMLOODOOOODOOODOOoOOooboooboobouoXML
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Ooogoo XMLOODOOOOoooobooooooooooboooo
OO0Doooooooooon XML ODOOOO policyxmld O XML OO
gboboboogobbbouogobobod

root

|
| ___ node policy

_text \n

__node start

| \___attribute name = app
| __text \n

|

node host

| \___attribute name = picard

| \___attribute rmiPort = 14000, 14001
| \___attribute bytecodePort = 14002

| \___attribute dir = apprun
|
|

|

|

|

|

| _text \n
|

|_

_text \n

_node remote

\___attribute name = rmt
_text \n

_node host

| \___attribute name = taro
\___attribute rmiPort = 14003
_attribute bytecodePort = 14004

_attribute dir = rmtrun

\__
\
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| __text \n
_text \n

_node host

| \___attribute name = yulian

| \___attribute rmiPort = 14005

| \___attribute bytecodePort = 14006
| \___attribute dir = rmtrun2

|

|

_text \n

|

|

| _
|

| __
|

|

|

|

|

|

|

| __text \n

_text \n

O000OogooxXMLOOOOOO XMLOODOOOGOOQODOOOooOoo
O000O0O00OOremote UOOOOOOO host OO0 name O0OO
OOtaro0 000 0000O0O0O0OOOOOOOOOOO0O

import java.io.File;

import java.io.IOException;
import javax.xml.parsers.x*;
import org.xml.sax.SAXException;
import org.w3c.dom. *;

DocumentBuilderFactory factory
= DocumentBuilderFactory.newlInstance();
DocumentBuilder builder = factory.newDocumentBuilder();

Document document = builder.parse(new File("policy.xml"));

NodeList nodelistO = document.getElementsByTagName("remote") ;
Node node0 = nodelistO.item(0);

NodeList nodelist = node0.getChildNodes();

Node node = nodelist.item(1);
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NamedNodeMap attrs = node.getAttributes();
Node attr = attrs0.item(0);
String attr_value = attr.getNodeValue();

DocumentBuilder 00 00 parse() 000000000000 XML OO
0000000o0oooodddDocument O OOOOOOOOOOOONO
00000000 0OFile, InputStream, InputSource 0 DO OO0 OO0 OO
000 XMLOOOOOOOOOOoOooooooooooooooooo
O00000Document 000000000 getElementsByTagName()
000000000000 0000000NodeOOOOOOOOOQOQ
ONodeList 00O DODO0O0OOOOOOOODOOOO remote” O0OO0O
O0000007remote” DOOOOOOOOOODODOMONodeList OO
00000000000 item() 000000000 DODOOODOOOOO
O00O0OXML OOO0OO "remote” DOOOOOOOOOOODOOO
O00item(0) O0ODODO 0000000 ONode DOODODODOODOO
000 getChildNodes() 00 D000 O0O0O000OOO0O0O0OOOOOOO
00000000 nodelist OO text, node(host), text, node(host), textO
O00000D text D00 0OO0O0OOOOO Text OOOOOOoQOoo
00000000 Onodelist.item(1) 000000000000 OOOO
O Text OOOOO0O0O0OOO0OOONodedOOOOOOOOOOOOonO
getAttributes() 00 0000000000000 OOOOOOOOOO
00000000 name JO0O00O00OO0OOO0O0OOOOO NodeOOOO
000000000 getNodeValue() 00O OO0

O000O0O0Oremote OODODOOOOO host 0000 name 0000
Otaroc0 0000000000 O0DOODOODOAddistant 2000 XML OO
OdddooooooooooooooooobooobooboonodoXML
000o00o0ooododdddremote OO0 00000 Ostart 00O
OorbO0O0OOOJoinpoint 0O0OOODOOOOOOOOOOOOOO
gooooooooooood

4.6.3 U0OUO0OOUOOODOOOOOOOOOOO

Addistant 2 0000000000000 OO0O0ODOODOODOOOOO
000 ServerManager 00O O0OO00OOOONO ServerManager U 0 OO
OO000D0000o0o00oO0oOo XMLOODODODOODODDOOoOoooooo
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0000000000000 00b0DbO0OO0O000b0DbDDODOUOAddistant
20000 ServerManager U0 OO0 O0UO0O0O0O0O0OODOODOOOOO
gobooodgg

policy file
<pol i cy>
<i mport >
</inport>
<start>
<Istart>
</ policy>
XM par ser

(host _nane = 3)

initialized

Ser ver Manager Ser ver Mangar e
(before initialized) (after initialized)

O 4.8: Analizes policy file by XML parser, then initializes the variables
in ServerManager.

OO000ServerManager 0000000000 0OOODOOOOO

public class ServerManager {
public static int HOST_NUMBER;
public static void setHOST_NUMBER(int num) {
HOST_NUMBER = num;
}
public static int getHOST_NUMBER() {
return HOST_NUMBER;

O00D0O HOST.NUMBER OUOAddistant 200 00000000000
OO0OAddistant 2 0000000000 0O0O0ODOOODOOODOOOOO
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O00000O0Joinpoint 00000000 DOODODOOAddistant 2000
ServerManager 0 0 00O 00O HOSTNUMBER OO OO O DefaultCon-
structionSetter 0 0 0 000000000 O0DODOO0O DefaultConstruc-
tionSetter 0 0 D OO OOOO0O

public class DefaultConstructionSetter {
XMLParser parser = new XMLParser("policy.xml");
ServerManager .setHOST_NUMBER (parser.getHostNumber () ) ;

XMLParser 00000000 getHostNumber() 0000000000
O00000000OpolicyxmlDOOODOAddistant 2000000000
00 000OServerManager 0 00000 HOSTNUMBER OO OO0
setHOST_NUMBER() 000000000000 0OOOO Addistant 2
O000000D0ODO0ODOD0OO ServerManager 0 OO OOOO getH-
OSTNUMBER()OOOODOOOODO0OO0OOODOODOOOODefault-
ConstructionSetter 0 0000000000000 O0OODOOOOO
O0O000O000 ServerManager 0O O0OO0D0OOOODOO
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O0O0O0DOAddistant 1 000 DO0OCO0O0OOO 23000000000
Addistant 2 0000000000 DO0O0OO0ODOOOOOO ORBOODOO
gobg

5.1 U0OUOOOOOOOONO

23 00000JFrame DOOO0ODOOO0O0O0O viewerFrame O editor-
Frame O 0 0 OveiwerFrame O OO0 0000 O 0O O O OeditorFrame O O
Oddooooooooooooddddooooooooooooon

Addistant 2000000000000 O0O00OO0OOOODOOOOOOO
0000000000000 D0000D0200000000 viewerFrame
O editorFrame D 0000000000000 0O0OODODOO newdOd0Od
00000 createViewerFrame() O createEditorFrame() 0000000
O00dooooooobbooboooooOooooon

00dd23000000000000O00O0O0O0O0O000000004
00

<import proxy="subclass" in="FrameClient.createViewerFrame()"
from="rmt">
<subclass name="javax.swing.JFrame"/>
</import>
<import proxy="subclass" in="FrameClient.createEditorFrame()"
from="app">
<subclass name="javax.swing.JFrame"/>
</import>
<start name="app">
<host name="picard" rmiPort="14003" bytecodePort="14004"
searchDir="apprun"/>
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</start>
<remote name="rmt">
<host name="taro" rmiPort="14005" bytecodePort="14006"
searchDir="rmtrun"/>
</remote>

O0000 Addsitant 2 000 000230000000000 3100
O00000OviewerFrame OO OOD0O0O0O0O0 mt ODO0O0D0OO0OO
OO0 DOeditorFrame OO0 D O00000O0 app D000 00O0OOOODODO
Ooooboooobo

5.2 ORB OOOOOO

O00Tic Tac ToeD O DD ODOOODDODOOODODOOODOO
O0O00O0ob0o0o0o0obOoboOoboo orRBOOOODODODO

gbobobbod 20000000o0bbb20bbbbodgooad
goobbbobbbouogooobbobbbbddoooooooo
Ooogobodb Jrrame DOO0DOOO0DOOOOOODOOODO
OoobOooob Jrrame OO0 0O0ODOODOODOODOOODOODOODOO
gbbogbooboogbudbooobuogo200baguoooogn
goboboggobbouogobobod

5.2.1 RequestMultiplyingBroker [0 0 [ [0 [

OO00o00ob0obO0obOoboobooboboobOob orRBOOODODOO
OO0 oOrRBOOOODOOOO

RequestBrokable 0 0 O OO OO0

O300000000000ORBOOODOODODOONO RequestBrokable
OOO00O0o0booobooboobobobOobDoobOoobd Request-
Brokable DO OOOOOOOOOO
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public interface RequestBrokable

{
public Object invokeRemoteMethod(int id, String cvalue, Object[] args)
throws InvocationTargetException;
public int createRemoteObject(String cvalue, Object[] args)
throws InvocationTargetException;
public void registerNewProxyObject(int proxyID, RemoteProxy proxy);
+

OO0000 3000000000000 RMIServer DOODOODODOO
gboboboooobbbuoodobbboooon

e invokeRemoteMethod() O O O O
objectI DU IO DD DO00O0O0OODOOOOOODOOOOODOOOO
O00String 0 cvalue D00 O00O0O0O0O0O0OO0OOOOODOOO
O0000000Object]] 0 args 00 000000000000
gooooog

e createRemoteObject() OO OO
O00D00000D00000O0DOO0O0O0ORMIServer OO OO0O
key Oobject]DOO OO OODOOOODNOString O cvalue 0O OO
0000000000000 00000000OObject]] O args
guoooooboobbobbooodad

e registerNewProxyObject() O 0 0O O
O0000D00D0D0O00000000 RMIServer 000000
000000000 RemoteProxy U O proxy DOUOODOOOO
O000000000000int 00 proxyIDOODOODOOODOO
00000 objectID DO OO

ORBUOUOOOODOOODLDOODOOODOD 30OOoOoOoOoOobOogon
Addistant 2 00000000000 0ODOOOODOOODOOOOODOOO
gooo
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RequestMultiplyingBroker [ [0 [

O00000000DO0DO00000000bO0DOO0ODbOODOOoD0O0
OO0 ORBOODOODOODOODOOOD appOO00O0O0OO0ODODOO
ORBOODOOODOOODO RMIServer 00000000 OODOODODODO
000000000000 000000 ORBOOOODOODOOO

O0O000000000 ORBUORequestMultiplyingBroker O O 00 0O O
0000000 invokeRemoteMethod() D000 0000

public class RequestMultiplyingBroker implements RequestBrokable
{
RequestBrokable[] brokers;
public RequestMultiplyingBroker (RequestBrokable[] brokers) {
this.brokers = new RequestBrokable[brokers.length];
for (int i = 0; i < brokers.length; ++i) {

this.brokers[i] = brokers[i];

public Object invokeRemoteMethod(int id, String cvalue, Object[] args)
throws InvocationTargetException

{
Object result = null;
for (int i = 0; i < brokers.length; ++i) {
result = brokers[i].invokeRemoteMethod(id, cvalue, args);
}
return result;
}

OO0000DO0O0000000bD0o0bDOog RMISerzver DODOOODOO
000 ORBO RequestBrokable 0O OO OO0OOOOODODO O invok-
eRemoteMethod() DO OO0OO0OO0O0O0O00O0O ORBOOOOOOOOOO
OO0DO00000000 RMIServer O OOOO0OOO0OOODOOOOO
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gbobob 200000000000000O00000OOO

5.2.2 ORBUOUOOOOOOOO0OODODOODOOOOOO
gonbn

OO0 DO0O ORBODOODOOTicTac Toe OO ODOODOODOODOODO
gbobobooogbbboooobbn

<import proxy="subclass" in="TTTStarter" from="app">
<subclass name="javax.swing.JFrame"/>
</import>
<import proxy="subclass" in="EventHandler" from="rmt">
<subclass name="javax.swing.JFrame"/>
</import>
<orb classname="RequestMultiplyingBroker"/>
<start name="app">
<host name="picard" rmiPort="14003" bytecodePort="14004"
searchDir="apprun"/>
</start>
<remote name="rmt">
<host name="taro" rmiPort="14005" bytecodePort="14006"
searchDir="rmtrun"/>
<host name="yulian" rmiPort="14007" bytecodePort="14008"
searchDir="rmtrun2"/>
</remote>

O0000 Addistant 2 000 0003200000000 ORBODOO
O0000D0000 RequestMultiplyingBroker OO0 OO OO OOOOO
0000000000000 00D00taro000000OOOODOOO
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000000000000 0DO000O0bOO00DODbO00oDOobOoOOoDOog
0000000000000 oD0oooooooooooooogog
000000000Java 00 APIOOOO0O0O0O0O0O JavaRMI [7][8]
0000000000000 oDOO0oooooooooooooooog
O0000000O0DOO0D00DO0DODO0oDO00o0DO0oDbOOobOOoDOODO
O00JavaRMIOODOOOOODOODODOODOOODO ORBOODOOODO
O0000000D000D0000000Addistant 000000 ODODOO
O00000000DOO0DoD0ooOooooooooooooooogogd
OO0 JawvaRMIOODOOODO

DOO 9000000000 00O0DOOOO0DOODODOOODOODO
000000000000 00DO0DOO00DbOO0DO0ODO0ODOOo0DbOODO
0,00000000000000000000 coordination 00000
000000000000 0O0 Interface Definition Languaged IDLO [
00000000000 DO0DoDO0ooooooooooooooogog
O00000000DOO0DOO0DO0DOD00O000000DbOO0ODOOoDbOODO
00000000000 DOO0oDooooooooooooooogog
O00D000000Addistant 000000000000 ODOOODODOO
OO00D00O000000oooDooooooog

AspectJ 2] O0Java 0000000 AOPODO OO OOAspect 000
OO0000000000DO0DOO0DoDOooooo0ooobOooOoogog
O0000000D0000D000 joinpoint 00D0O0D0O0OD0OODOODOO
0000000000000 0O00DO00bOoOobbOoODOOooooDog
0000000000000 00oDOooooooooooooooog
0000 Aspect O Addistant 00000000 O0OO0OO AOPODOO
000000000000 DO0000bO0 AOPOODODODODOODOO
Aspect] OO OO0 joinpoint 000000 0ODOODOODOODOODOODO
O000OAspect)] 00D 0D0OD0ODO0ODDOODODOOODOOODODO
000000000000 00000D000
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ooboboooobooJvMbObooobooboobooooboobooobogo
O000000000O00D0000DOAddistant 200000 O Addistant
200000000DbO0bLO0bO0bobOobOobDO0 JavaDOooQ@
gbggbuogbogbogbuogbuoogobuogbogooooboagno
gboodbbuogboboobbuogoboogobbuoobboogoon
Addistant 2 00000000000 0ODOOODOOODOOOOOODOOO
O0000D0O0OC0O0O000DOO000DODOO0O0000nDAddistant 10
OO000000DLO0O0DO0000D000D000D0Addistant 2 00O 0O Join
point U0 UOODUOOO0OOOOOOOODDOOOOOOOOO0O0ObOO0n
OO0000000000O0Addistant 2000000000000000
gbogubbbogoobuooboobboobbooboobooob
gogobbbobobbboodgoooooobobobobbuooooooo
goobbbbbuouougooooobbbbboodoooooobn
OORBOODODOOOODOODOOODOOOOODODOOOODODO
O00000O0O000DOO00DOO000DDbO00DbDDbOOOAddistant
200000000000 O0SwWwingOOOODODOOODOODODODO
Ooboboooboooooboo Gguloooooooooooooog
goboobooggn

Addistant 20 Addistant 1 OO0 000000000000 O0OOO0OO
O0000000D0Addistant 1000 00000O0OODOO0OODOOOOO
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