Vol. 46 No. 2 goooooooo Feb. 2005

doboooboooboobuobouobbooboobod

O o o offt o o o off
o000 oOof ooo  Oaofhf

goooO0o0o0oooooO0O00000O0O0O0000000D0O0O000000000Web OO
goooobooOoOoooOoO0oOoO0o0OoOoO0oO0O0oOoO0oO0OOoO0OO0O0bOOO0OO0OOO0O00b0O000O0
gooooooooooooooOoOoooOoOOOOOOOOCOOOOOOOOOOOOoOoOooooo
g0o0o0o0oooooooooooooOoOoOOOOOOOOOOOOOOO0OO0OoOOooOooooo
goooooooooooooOoOoOoOOOOOOOCOOOOCOOOOOOOOOODOoOoOoooooo
goooo1ooooooooboooOOOOOOOOOOOODOODOODOOOOOOOOOOO0O000
go00o0oo0oooooooooooooOoOObOOObOO0OO0O00O0o0oooooobooboooboooooooo
0oo0o0000O00O00000000000 IPEditor000000O00O0O0O0O0O0OOCOOOO
0oo0000oo0o000o0o0o0O0000000 SPINOOOOOOOOO PromelaOOOOOOO
0000000000000 00000000000000 Promela00000O00000O00OO
OD00D0O0O0IPEditor 00000000000 D00O0DO0OO0ODODOOODOODOSPINODOOOO
gooooooooooooooooboooooo

Visual Support of Model Checking and Development of
Distributed Systems

YASUYUKI TAHARA," NOBUKAZU Y OSHIOKA,t AKIHIKO OHSUGAT
and SHINICHI HONIDEN(t 1t

As wide-area open networks like the Internet and intranets grow larger, various technology
of distributed system development is rapidly emerging such as the Web service technology and
the agent technology. On the other hand, the growth is so rapid that people are reporting
a number of difficulties in actually operating practical systems such as management of com-
plexity, poor flexibility to cope with frequent changes of requirements and environments, and
security issues. Although the vendors are considering such difficulties, one of the most effec-
tive techniques is still in an early stage of research, that is, formal verification including model
checking. Application of formal verification techniques is thought of as difficult because it is
not easy to create models to verify. In this paper, we propose a method that visually supports
model checking and development of distributed systems. Our technique realizes integration of
visual modeling and model checking by providing formal representations of the visual models
and a procedure of generation of a part of Promela programs that are formal models for the
model checking tool SPIN. We can create the visual models using IPEditor, a development
support tool for multi-agent applications originally and also applicable to other technologies
including Web services. Thus the developer do not have to describe the entire Promela pro-
grams directly and therefore easily use SPIN in system development. We demonstrate the
advantage of our method with an example of mutual exclusion.
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Fig.1 Summary of our development process.
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chan clientiToServerl = [1] of { mtype }
chan clientiToServer2 = [1] of { mtype }
chan client2ToServerl = [1] of { mtype }
chan client2ToServer2 = [1] of { mtype }

active proctype client1() {

INIT:clientlToServerl!request;

client1ToServer2!request;

clientiToServerl!request;

goto INIT
}
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active proctype client2() {

INIT:client2ToServer2!request;
client2ToServerl!request;
client2ToServer2!request;
goto INIT

}

active proctype serverl() {

INIT:if
clientlToServerl?request ->
goto HandlingClientl
client2ToServerl?request ->
goto INIT
fi;
HandlingClient1:

clientiToServerl?request ->
goto INIT

active proctype server2() {

INIT:if
client2ToServer2?request ->
goto HandlingClient2
clientilToServer2?request ->
goto INIT
fi;
HandlingClient2:

client2ToServer2?request ->
goto INIT

A.l12 0J0OODOOOODODOOO
mtype = { request };

chan clientiToServerl = [1] of { mtype
chan clientiToServer2 = [1] of { mtype
chan client2ToServerl = [1] of { mtype
chan client2ToServer2 = [1] of { mtype

active proctype clientl1() {

INIT:clientlToServerl!request;
client1ToServer2!request;
client1ToServerl!request;
goto INIT

}

active proctype client2() {

el I

ooooooooooboooooooooooboooooo

INIT:client2ToServer2!request;
client2ToServerl!request;
client2ToServer2!request;
goto INIT

}

active proctype serveri() {

INIT:if
clientlToServerl?request ->
goto HandlingClientl
client2ToServerl?request ->
goto INIT
fi;

HandlingClientl:if
clientiToServerl?request ->
goto INIT
client2ToServerl?request ->
goto HandlingClient1And2

fi;

HandlingClient1And2:

clientlToServerl?request ->
goto INIT

active proctype server2() {

INIT:if
client2ToServer2?request ->
goto HandlingClient2
clientlToServer2?request ->
goto INIT
fi;

HandlingClient2:if
client2ToServer2?request ->
goto INIT
clientiToServer2?request ->
goto HandlingClient2Andl

fi;

HandlingClient2And1l:

client2ToServer2?request ->
goto INIT

A.1.3 2000000000000000

mtype = { request, commit, abort };

chan clientlToServerl =

chan clientlToServer2

467

[1] of { mtype }
[1] of { mtype }
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chan client2ToServeril

chan client2ToServer?2

active proctype client1() {
INIT:client1ToServerl!request;
if
:: goto Request2
: goto Abortl
fi;
Request2:clientl1ToServer2!request;
if
goto Commit
:: goto Abort2
fi;
Abortl:clientl1ToServerl!abort;
goto INIT;
Commit:clientlToServerl!commit;
client1ToServer2!commit;
goto INIT;
Abort2:client1ToServerl!abort;
client1ToServer2!abort;
goto INIT

active proctype client2() {
INIT:client2ToServer2!request;
if
:: goto Request2
:: goto Abortl
fi;
Request2:client2ToServerl!request;
if
:: goto Commit
:: goto Abort2
fi;
Abortl:client2ToServer2!abort;
goto INIT;
Commit:client2ToServer2!commit;
client2ToServerl!commit;
goto INIT;
Abort2:client2ToServer2!abort;
client2ToServerl'!abort;
goto INIT
}

active proctype serveri() {

[1] of { mtype }
[1] of { mtype }

goooooooo

INIT:if

fi;

Feb. 2005

clientlToServerl?request ->
goto HandlingClientl
client2ToServerl?request ->

goto HandlingClient2

HandlingClientl:if

fi;

clientlToServerl?commit ->
goto INIT
clientlToServeri?abort ->

goto INIT
client2ToServerl?request ->
goto HandlingClient1AndClient2

HandlingClient2:if

fi;

client2ToServerl?commit ->
goto INIT
client2ToServeri?abort ->
goto INIT
clientlToServerl?request ->
goto HandlingClient1AndClient2

HandlingClient1AndClient2:if

clientilToServerl?commit ->
goto HandlingClient2
clientlToServerl?abort ->
goto HandlingClient2
client2ToServerl?commit ->
goto HandlingClientl
client2ToServeri?abort ->

goto HandlingClientl

active proctype server2() {

INIT:if

fi;

clientiToServer2?request ->
goto HandlingClientl
client2ToServer2?request ->

goto HandlingClient2

HandlingClient1:if

clientlToServer2?7commit ->
goto INIT
clientl1ToServer27abort ->

goto INIT
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:: client2ToServer2?request ->
goto HandlingClient1AndClient2
fi;
HandlingClient2:if
:: client2ToServer2?7commit ->
goto INIT
:: client2ToServer27abort ->
goto INIT
:: clientlToServer2?request ->
goto HandlingClient1AndClient2
fi;
HandlingClient1AndClient2:if
:: clientlToServer2?7commit ->
goto HandlingClient2
:: clientlToServer27abort ->
goto HandlingClient2
:: client2ToServer2?commit ->
goto HandlingClientl
:: client2ToServer2?abort ->
goto HandlingClientl
fi;
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