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Abstract When we develop a software system with a resuable component, we should refer not only to its own speci-
fication, e.g. its signatures and constraints of input, output and internal values, but also to the relationships between the
component and external environments. But the specification with such additional information tends to be a large document,
hence it is too hard to read and maintain its descriptions. In this paper, we specify an external environment for RMI, Remote
Method Invovation Components in Java using Z notation. And we also introduce a way to simplying and generalizing its
specification. As a result, we can systematically describe the specification of any remote objects.

Key words reusable component, runtime environment, Java, RMI, Z notation



1 0O0O00o

000000000000000000000000
0000000000000000000000 [1]00
0000000000000000000000000
0000000000000000000000000
0000000000000000 210000000
0000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000O0000000000
00000000000000O0Javad 00 RMIO O
B00000000000000000000 Z00
[400000000000000000000000
RMIOOOOO0O0000000000O00O0O00O0O0O
0oooO (50

0000[F000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
0000000000000000000000000
00000000000000000000

O00000O0OORMIOOOOOOOOOOOOO00O
0000000000000000000000000
00000000000000000000 RMIOO
000000000000

e 0000D0D0D000O0OOODDOOOO

e 00000O0OOODDODDOOOOOOOOO

0000000000000000

0000000000000000000000000
O0O0OOORMIOOOOOOOOOOOOOO0O0O0O00O
0000000000000000

00 §2000RMIO AppletD 0000000000
0000000000000000000000000
000000000000§3000000000000
00000000000 00000000000000
0000000000000 §400000000000
0000000000000000000000000

2 DO00OOoOooOooood

01,2,300000000D000C0O0CO00OO000O0OO
goboooooobooboooobooooobooooo
goooooRMIOOOOOOOOOOOODODO
gboooooooboooooooobooobooooo
gboooooooooOoooboooboocoobooooonoo
ubooooboooooboobooobooboooog

0il00booobooooooooooooooono
O0000000O0oO0oO0oOoooOod appletviewer
gboooobooooooboobooooboooooo
gboobOoooooboobooobooooooooon
goooobooooooboooooooooboog
obooooobooobooog

18

OO0O0A

| 00000
RMIO OO0 P '
oo0ooooQg

01:0000000000000000000000
00O (00)

CoOOB

gooc

httpD 00 0N

OOO0OA NOOB
N

\~

N

A5 Gano0 >

0

RMIOOOO

goooood

.

O2RMOOOOOOOOOOCODOOODOODOD
httpdOOODODOOOODOODODDOD (ODO)

O 20000000000D0000000Q00O0ODOO
httpd 0000000000 O0O0OOOCOOOODDOO
O000000Ohtpd OOOOOOOOO RMIOO
oobOooboooooooooboooooooooo
OO0 httpd OO0OOOOO0(@OOOOOO wawwd
0)0ooOoooOoooooooooooooooooo
goboboopooboobooboooooobobobon
ooooboobooooooooRrMIgbooonoono
0000000000 00000 httpd O RMIOO
coooooRMIOOOOOOOODOODOOODO
000000000000 0oOoooooo [3,p.28]0
ooboo0oooobooboooooooooooOooon
gbobooooboboboooobobobooooon
goboboooooooboboboboooobobaon
goooboooooon

0300000000000 00000b000DnO
httpd OO0O00O0O0OOCOO0OOOOCOCOOOODOO
OO00O0O000OOhttpd OOOOOOOOORMIOO
gbobooooooobooboboboobobobon
gooooooboooo



CoOOB

gooogo

OOO0A

httod OO0 D~}

RMIO DO OO

I

goooooog

.

O3RMIOOOODOOOOOOOOOOOOO httpdO
O000DoOoOOoODoOoODD (OD)

3 DOoopooo

31 0000O0OoOoooooo
Applet0000000D0ORMIOOOOOO Applet-
SecurityManager goooooooooboooboobon
ggobboobobooboobooobboooobo
ggobobobobooobboobbooobooooobo

000000ooO0o0oU0ooooooooooo
000o00o00o0oO0oU00o0oUoOooooooooo
ooooooo

Actions ::= CCONNETCT| CREAD] ...

0000000000 0000 23000000000
ood

gooooooooooooooooooboooooao
gooooooooooon

godoooboooobooooooooooooon
OO0 dihosERMIODOOOOO0OOOOOOO cldhostdd
g000d0o0o0oo0oooooooobooooooood
0 slfhostO O OO

__AppletSecurityManager
checkTable Actions— B
dlhost cldhost slfhost: Host

checkTable CCONNECT
= (dlhost= cldhos})
checkTable CREAE- false

3.2 00O0O: Hellolmpl
gobooooboooboooboobobobono
class Hellolmpl
extends UnicastRemoteObject
implements Hello
ogpooo
Helloimpl 0O0O0OO0OO00O0ODOOOCOOOOOO
goboooobooobooboobon

Hellolmpl
Tmessage String

19

oobooobooOoooooooboooboooooon
oboooooboooogon

Report ::= OK | Exception

sayhello OOOOQOOOOCOOOOO

__Hellolmpl.sayhella
out! : String rep! : Report
EHellolmpl; SecurityManager

outl = messagerep! = OK

000000000000 SecurityManager 230 000
0000000000000 0 D SecurityManager O
gooooooooooo

3.3 000: Naming
gooooobodddddooooooooooo
oooobooobooobooo
public final class Naming
extends Object
gooo
public static Remote
lookup(String name)
public static void
rebind(String name, Remote obj)
ooooboooboooboobon

ooboobooobooboooobooooooon
oob0oooOooboooboooboooOooobooon
000000000000 nmhostDO DO O OOOO

Naming
lookupTable String+~ Remote
nmhost Host

rebind OO0000O0O0OO0O0O0OOOOOOOOOO
oooooooooog

—Namingrebind
n? : String o? : Remote rep! : Report
ANaming SecurityManager

dlhost= nmhost=
lookupTablén? = o7; repl = OK
domlookupTableJ {n?}
= domlookupTablé
dihost# nmhost=
rep! = Exception

lookup OOODODODOOOODODOOOOOOOOODO
goooboooooooo



__Naminglookup e 000000000000 OODOODODDOD0000
00000000000000000000000
00000000000000000000000

RMIDOOOODOOOO00O0D00O00000000

0000000000000000000000000

cldhost= shost 0000000000000000000000000

(checkTable CCONNETCT 00000000000000000000000000

000000000000000000000

shost : String snameé : String
r! : Remote rep! : Report
=Naming SecurityManager

vslfhost= dlhost) =
snam& € domlookupTable=
lookupTable snante=r!
repl = OK
snamé ¢ domlookupTable=
ONaming= fNamind
rep! = Exception
—(checkTable CCONNETCT
vslfhost= dlhost) =
rep! = Exception

ResType
::= Strage| FileSystemR FileSystemW Port

4.1 AppletSecurityManagerd 0 O

Helloimpl 0000000000000 OOOOO
gooobooobooobooobooobon

Hellolmpl
message String x ResType

34 0O0OODO
AppletSecurityManagen O sayhelldd 0 OO0 O0000 sayhelo 0000000000 OO0MNW
gooodbobobobooooooooboobooo
Hellolmpl.sayhello —Hellolmpl.sayhella
[SecurityManagef out! : String rep! : Report
AppletSecurityManagér =Hellolmpl
- | SecurityManagee/message=-
outl = message rep! = OK (out, Strage — message
sayhellod O SecurityManagenl 0 00 00000000 repl = OK
goboooobooobooobooboobo ~SecurityManagea/message=

gboooobooooboooooooooooobooon
gboooooooboooboooooboooboooooo
0000000000000 0D00O00D0DO00D (O3

000)OoDOoOoooDoooooOoooooooooo 0000000000000 000000000000

ooooooubbddoboddboddondon 000000000000000 AppletSecurityManager
0000000000000000000000000 I

gboooobooooon

rep! = Exception

Namingrebind A Naminglookup __AppletSecurityManager
| dlhost= nmhost a: String x ResType
Anmhost= shost dlhost cldhost slfhost: Host

VX : Stringe a = (X, Strage
Vx: Stringe a # (x, FileSystemR
oooilooooooooooood Vx: Stringe a # (x, FileSystemW
Namingrebind A Naminglookup :
| sifhost= dlhost

n? = snamé = o? =r!

I_
, o O0000O0000O0000000000000000
n? = sname = o7 =r! O00000000000000O0000000OOn
4 0000000 0000000000000 000000000000

obooooOoboooooboonog
30 000pboboOoooooboooobooooOoDboDODD

gobobobooboboboooobobooobon Doooooooo
gobooooboooboobooo ooooooooooo

oooooooooooooooooooon

20



gooood

Hellolmpl.sayhello
[SecurityManager
/AppletSecurityManagér

rep! = OK

ggog

42 00000000000000000000C0O0OD
goooo

gboobobobobooboboboboboobo
gooboood

_FSReadSecurityManager
a: String x ResType
dihost cldhost sIfhost: Host

VX : Stringe a = (x, Strage
VX : Stringe a = (x, FileSystemR
VX : Stringe a # (X, FileSystemW

gooooooooooooooooooooooog
O readfle 20000000

Hellolimpreadfile
[SecurityManager
/FSReadSecurityManagjer

rep! = OK
oooo

Hellolmpreadfile
[SecurityManager
/AppletSecurityManager

rep! = Exception
goood

5 Uoon

goooorMIODOOODOOOOOODODOOOO
gooooobobobooooooobobobob
gobooooooooooooooboooooooooo
gboooobooooocoooobooooobooonoa
oboooooooooooboooboooooooon
gbooooooboobobobobobooooobon
gooooobobobobobobooobobob
gboobooboboboobobbobooooobon
gboooboooooooooooooobooobooon
gbobooood

20pooooooooo

21

gooo

[1]

[2] Tommy Thorn.

3]

Bertrand Meyer. The Next Software Breakthrough.
COMPUTER Vol. 30, No. 7, pp. 113-114, Jul. 1997.
IEEE/CS.

Programming languages for mobile
code. ACM Computing Surveys/ol. 29, No. 3, pp.
213-239, Sep. 1997.

Sun Microsystems, IncJava Remote Method Invoca-
tion Specification Feb. 1997. Revision 1.4, JDK1.1
FCsS.

[4] J. M. Spivey. The Z Notation, A Reference Man-

[5]

ual, Second Edition Prentice Hall, 1992.http://
spivey.oriel.ox.ac.uk/"mike/zrm/ .
gogbog,boobo.boobooboobog o
g oooooogg.boo
00000000000, Vol. 98, No. 439, pp. 7-14,
Dec.1998.0 0000000000000 SS98-31.



gd:oooboon
gboooooooon

1 /I $ 1999-04-15 19:35:57+09 kaiya Exp $
2
3 import java.rmi.*;
4
5 public interface Hello extends Remote{
6 public String sayHello() throws java.rmi.RemoteException;
7
8
goodooooooood
1 /I $ 1999-04-15 19:35:57+09 kaiya Exp $
2
3 import java.rmi.*;
4 import java.rmi.server.UnicastRemoteObject;
5 import java.net.*;
6
7 public class Hellolmpl extends UnicastRemoteObject implements Hello{
8 int cnt=0;
9
10 public Hellolmpl() throws RemoteException{
11 super();
12
13
14 public String sayHello() throws RemoteException{
15 cnt++,
16 System.err.printin(cnt+": Hello Jaist!");
17 return "Hello Jaist!";
18 }
19
20 public static void main(String args[]){
21 String n=args.length>0? args[0]: “"hello";
22 try{
23 System.setSecurityManager(new RMISecurityManager());
24 }catch(Exception e){
25 System.err.printin("can not set SM, "+e);
26
27
28 try{
29 Hellolmpl h=new Hellolmpl();
30 Naming.rebind(n, h);
31 System.out.printin(n+" ready as hello");
32 }catch(RemoteException re){
33 System.out.printin("RemoteException ");
34 }catch(MalformedURLException e){
35 System.out.printin("URL Excetion ");
36
37 }
38 }
39

Applet 000000 html OO O

<html>

<title>Hello jaist</title>

<applet codebase="." code="HelloApplet" width=200 height=100>
<param name=server value=RMI gooooooooooos>
<param name=service value=jaist>

</applet>

</html>
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1 /' $ 1999-04-15 19:35:57+09 kaiya Exp $

2 import java.awt.*;

3 import java.rmi.*;

4 import java.applet.*;

5

6 public class HelloApplet extends Applet{
7 String message="", serv;

8 public void init()}{

9 try{

10 serv="rmi://"+getParameter("server")+"/"+getParameter("service");
11 Hello obj=(Hello)Naming.lookup(serv);
12 message=obj.sayHello();

13 }catch(Exception e){

14 System.out.printin(""+e);

15

16 }

17 public void paint(Graphics g){

18 /I System.err.printin(message);

19 g.drawString(serv+" said, ", 0, 10);
20 g.drawString(message, 0, 20);

21 }

22 }

23
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