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A Java Framework for Safe Ambients

SHOTA OKADA, " SEr UmaTaN, ! ToMoyukt HayasHr, !
MASAHIRO YAsuGIt! and TaricHr Yuasaf?

The Ambient calculus is a kind of process calculi. Code migration among com-
puters and synchronized movement among parallel processes are represented as
movements of ambients. LANs, PC clusters, multicore processors, and mobile
agents are uniformly represented as components of the hierarchy of ambients.
In our presentation, we propose a Java framework for parallel and distributed
computing, based on Safe Ambients. Each component of distributed environ-
ments is uniformly represented as an ambient and executed directly. Since each
ambient is a normal Java object, it can contain instance variables and instance

methods so that we can write programs in a practical manner and writing pro-
grams becomes easier. In the implementation of our framework, movements of
ambients among JVMs are achieved by the code translation. In a single JVM,
some events considered (e.g, waiting for finish of I/O APIs), multiple processes
should be executed using several Java threads in parallel. However, creating
a new Java thread for each fine-grain process at runtime is rather expensive.
Therefore, our framework decides which process (or ambient) is mapped to a
Java thread using type information of Safe Ambients.
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Fig.1 Reduction rules of actions in SA.
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Table 1 API of SA processes.

Safe Ambients P

Java

oo

PlQ

new Process(Ambient a){
public void run(){

self.P();
}
Y
[Ql}

0000 pPOQUOOOODO

M.P exec([M]); [P] MOOOOOPOODO

(vn)P Name n = A.createName(); [P] | O0O0O0DO
A.createName(String name) 0ooooooooa

MI[P] [M].createAmbient(); goooooooo
a.run([P]);

(M) send([M]); 0ooooooo

(x)P Object x = recv(); [P] oooooooo

rec X.P while(true){[P]} 000D
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0000000000000 0000000000000000000000Ambient 00
0000000000000 0000000000000000000000 STAmbient
O IMAmbient 00 0000000000000 O00OO0OODOODOODOOOOOOODOO
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3.2 API
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02 0000000O0O0OO0oOoO API
Table 2 API for creation of capabilities.

Safe Ambients M | Java 0o

in M [M].createIn() in M
in M [M].createColn() in M
out M [M].createOut() out M
out M [M].createCoOut() out M
open M [M].createOpen() open M
open M [M].createCoOpen() open M

M.N [M].append([N])
[M].createConnect()
[M].createCoConnect()
[M].createDisConnect()
[M].createCoDisConnect ()
[M].createExport(namelist)

connect M
connect M
disconnect M
disconnect M

[M].createImport(namelist)

goooooooono
goooooooo
0000000000000
gooooooooono
goooooooooooooo
gooooooooooo
gooooooooooo
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class A extends IMAmbient { ... }

0000000 Ambient 000000000 ODOOOOOOOOOOOOOOOOOO

OAQ0 IMAmbient 00 OOOOOOCOCO

Name bn;

public A(Object[] args) { this.bn = (Name)args[0]; }
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public void m() { ... }
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new Process(self) {

public void run() {
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class A extends IMAmbient {
Name bn;
public A(Object[] args) {
this.bn = (Name)args[0];
}
public void m() {
new Process(this) { //000000000000
public void run() {
((A)self).n1();
}
};
new Process(this) {
public void run() {
((A)self).n20);

//000000000000

}
1
}
private void n1() {
exec(this.name.createCoIn()); //co-in a
exec(bn.createOpen()); //open b

String s = (String)recv(); //00000000

System.out.println(s);
}
private void n2() {
System.out.println("hoge");
}

02 000O0O0ooogo
Fig.2 An example of ambient definition.

self.n1();
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private void n1() {

//co-in a
//open b
//00000000

exec(this.name.createCoIn());
exec(bn.createOpen());
String s = (String)recv();
System.out.println(s);
}
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O00000OOopenb0000000Capal0 0000000000 ODOOOOOODOODO
O000oooo0o0oooo0ooooooooooo
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Qopen B
class A extends IMAmbient {
int i = 0;
int j;
void m1() {

exec(bn.createCoOpen());
ke
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}

Q@coopen

class B extends STAmbient {
int k;
Q@coopen int i = 10;
void n1() {

exec(bn.createCoOpen());

ceJees
print(x);

}

0000000000 openJopen 000000000 ODOOOOODOOOOODODO
Ooo00b00openO00O0D0O0O00O0O0O0O0DO0OO0DOCOOONO@open BU@coopenT] [
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3.2.2 NameUOOOOOO
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Name an = A.createName();
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gooobDOONameOOOOODOOOOODOOOOOOODOOOOODOODOO
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A a = AName.createAmbient (bn);
000COO0Ouwm0OO00O0CO0OMPOODOOUOUODeOOOODODODOOUODOOO
a.run(new Process(this){

public void run() {
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ns[(vn) (P | calR] | sa[Q))]
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exec(nsn.createConnect());
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gobooboobobooboobuooboobooboobboobooboobooo
SAServer 100000000000 nsO000000000DOOCOODOOOOOODOOO

O00oO0O0O0O0000000O0OOcreateExport() 00 O0OOOOOOOO0OOOOO
O00000000000NameDOOOOOOO0OO0OOOO0OOO0ODOOOODODOOOOOO

public void s1() {

Name[] namelist = {n};
exec(nsn.createExport (namelist));

}
OnsO00000000O0O0OO0O0OOOO0ODOO0OCOOn0nsO00O0O0O0OOOOOO
O000o0oO0o0o0ooo0oooooooooooooo

exec(nsn.createImport (namelist)); //namelist 0 Name[] O
O00000000Rs0000000O0O00O00O0OO0O namelist00000O0O

4. OODOOOO
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Fig.3 Execution of a sample program.
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Net 00 OFileServerUMobile U0 ReqUU OO UOONUDOODOOODOOODOOODOO
OO0OOResO0O0O00O0D0OOOOCOODO B021-2800M0M000000O0O0FileServer
UOImgOO0OO0O0OOO Run 000 runambn 000 00O OMobile 0O FileSerevr U U0
OO0000Ofsn.createIn(OU0 00000 0ODO OMobile OO OFileServer DO 0O fsn OO
OO0O0OFileServer 00 O0O0OD0OOO0O0O0O0OO0O0O0O0O0O0O0O0O0O0O0O0O0O0O0OCODOO
ooobooooooooo

MobileOOOODOOOOOOODODOOO rnUO000ORmOOOOOOOOO0O 4025-29
OO0 FileServer OO OO0 Run 00O runambn 0 Img OO 000 6024-26 00O M
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Run [0 FileServer UO O 0OUOImg 00000000 701500 M Imgd 0000000
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class Mobile extends IMAmbient {

Name netn, reqn, resn;
public Mobile () {

}

netn = SAServer.createName("sa://networks.some-domain/net/");
Name mambn = Mobile.createName() ;
Mobile ma = (Mobile)mambn.createAmbient();

ma.run(new Process(this) { public void run(){ mset();}});

public void mset() {

}

new Process(this){ public void run(){ ((Mobile)self).connect();}};
new Process(this){ public void run(O{ ((Mobile)self).afterConnect();}};
new Process(this){ public void run(){ ((Mobile)self).runambs();}};

private void connect() {

}

exec(netn.createConnect()); //Net OO 0O
exec(netn.createImport (imports)); //00000

/**imports 0 0 reqn,resn 00 OO *x/

Req rq = reqn.createAmbient(this.name,runambn); //Req 00O
rq.run(new Process(this) { public void run() { regqset(); }} );

private void afterConnect() {

}

//Req 0 out
//Res O in
//Res O open
Capa ¢ = (Capa)recv(); //FSO0000000000
Capa itinerary = this.name.createOut().append(c); //FSO0O0O0O0O0OO
Name runambn = Run.createName();

exec(this.name.createCoOut());
exec(this.name.createCoIn());
exec(resn.createOpen()) ;

Run r = rumambn.createAmbient(itinerary);

r.run(new Process(this) { public void run() { rumset(); }} );

private void runambs() {

exec(this.name.createCoOut()); //Run O out
exec(this.name.createCoIn()); //Run O in
exec(netn.createDisConnent()); //Net DO OO OO

04 MobileOOOOOO
Fig.4 Mobile ambient.
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class Net extends SAServer {

Name reqn, resn;

public Net() {
Name netn = Net.createName("sa://networks.some-domain/net/");
Net nt = (Net)netn.createAmbient();
nt.run(new Process(this) { public void run() { netset(); }});
}
public void netset(){
new Process(this) { public void run() {((Net) self).exname(); }};
new Process(this) { public void run() {((Net) self).meschange(); 1}};
new Process(this) { public void run() {((Net) self).fsrun(); }};
}
private void exname() {
reqn = Req.createName();
resn = Res.createName();
Name [] exports = {reqn, resn};
exec (netn.createExport (exports)) ;

}
private void meschange() {
while(true){
exec(reqn.createOpen()); //Req [ open
Object obj = recv(); //Req 0000000000
Res res = resn.createAmbient();
/**FS 000 0OMobile 0 OO Ambient U O 0O runambn O res 0O 0O O **/
/**Mobile OO FSOOUOODOOOOOOODOOOOOOD resd0O0O*x/
res.run(new Process(this) { public void run() { resset(); }});
}
}

public void fsrun() {
Name fsn = FileServer.createName();
FileServer fs = fsn.createAmbient(); //FS OO0
fs.run(new Process(this) { public void run() { fsset(); }});

05 NetOODOOOO
Fig.5 Net ambient.
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1 class FileServer extends IMAmbient { 1 Qopen Img
2 Name reqn, resn, netn; 2 class Run extends STAmbient { //FSOOOOOODOO0O
3 public FileServer() { 3 Capa itinerary;
4 netn = SAServer.createName("sa://networks.some-domain/net/"); 4 Image imgl = ... ; /00000000
5 Name fsn = FileServer.createName(); 5 Name imgambn;
6 FileServer fs = (FileServer)fsn.createAmbient(); 6 public Run(Object[] args) {
7 fs.run(new Process(this) { public void run() { fsset(); }}); 7 itinerary = (Capa)args[0]; //FSO000000000
8 b 8 imgambn = Img.createName("imagel"); //Img 0000000
9 public void fsset() { 9 }
10 new Process(this){ public void run() { ((FileServer)self).connect(); }}; 10 public void runset() {
11 new Process(this){ public void run() { ((FileServer)self).come(); }}; 11 new Process(this){ public void run() { self.moves();}};
12 } 12 }
13  private void connect() { 13 private void moves() {
14 exec(netn.createImport (imports)); //Net 0 U reqn,resn 000 14 exec(itinerary); //Fs 000
15 Capa c = this.name.createIn() 15 exec(this.name.createCoIn()); /000000000 in
16 Req rq = reqn.createAmbient(this.name, c); 16 exec (imgambn.createOpen()) ; //000000000 open
17 rq.run(new Process(this) { public void run() { regset(); }}); 17 imgl = mergelmg(imgl, img2); //00000
18 } 18 exec(itinerary.inverse()); //FS U0 mobile DO OO
19 private void come() { 19 }
20 exec(this.name.createCoOut()); //ReqO OO OODOO out 20 public Image mergeImg(Image imgl, Image img2){...}
21 exec(this.name.createCoIn()); //Res 00 0O0O0OO0O in 21 }
22 exec(resn.createOpen()) ; //Res 0000000 open 22
23 Name runambn = (Name)recv(); //runambn 0 00O 23 Qcoopen
24 Name imgambn = ImgAmbient.createName("imagel"); //ImgAmb 00 00O 24 class Img extends STAmbient { /00000000
25 ImgAmbient imgamb = imgambn.createAmbient (runambn); 25 Image img2 = ... ; //00000
26 imgamb.run(new Process(this) { public void run() { imgset(); }}); 26 Name runambn;
27 exec(this.name.createCoIn()); //RunAmbn O in 27 public Img(Object[] args) {
28 exec(this.name.createCoOut()); //RunAmbn [ out 29 runambn = (Name)args[0];
29 b 30 }
30 } 31 public void imgset() {

0 6 FileServer 100000 32 new Process(this){ public void run() { self.ins();}};

Fig.6 FileServer ambient. 33 }

34 private void ins() {
. 35 exec (runambn.createIn()); //Run O in

ImgUODODOUUUD imgn UUULU ImgU open DO UL 7U16 DU LU O U UIng D 36 exec(this.name.createCoOpen()); //00000C0COO0 open
gobooo0oooOoooooOooOooOo yrRIDbOOOoOoOOOoUOobDOOoUODboOODoo 37 }
000000b0000b0ODb0O00 FileServer  Run OO OO0OOOODOODOOO 38 }

07 RunO0D000000 ImgOOO0O00OO

000000 ImgO openO0ImgUOOO0OO00O00DODO img20000000000O Fig.7 Run ambient and Img ambient.

Oimgi 0000000 7O1700MMO0OO0000O0O00O0OOFileServer [0 Mobile
OO0D0O0O 701800 Minverse() OO0DOO0O0O0O0O0OCOODOOOOOOOOOODODOO
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Fig.8 Actions in PAN.
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Fig.9 Structure of our framework.
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class A extends IMAmbient {
int i;
void m1({
exec(bn.createOpen) ;
ke

}
class B extends STAmbient {
int k;
void n1() {
exec(bn.createCoOpen) ;
R R
}
}
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class AB extends B {
int i;
void m1({

exec(bn.createlpen) ;

kel
}
void m2() {
R I
}
}
class B extends STAmbient {
int k;
void n1() {
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}
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