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Moxa: An Aspect-oriented
Behavioral Interface Specification Language

KivosHl YAMADA®H® and TAKUO WATANABEft

In this paper, we report the design and implementation of Moxa — a behavioral inter-
face specification language that supports DbC (Design by Contract) based specifications.
In DbC methodology, a contract arranges responsibilities between a user and a supplier of
the service. This improves software quality because this makes clear who has responsibility,
how to use, and what is the result of the service. With JML (Java Modeling Language),
a DbC based behavioral interface specification language for Java, we can declare assertions
as pre/post-conditions for each method. However, as the number of methods increases and
the functionalities of services become complex, assertions for each method gets complicated.
This makes it difficult to keep the consistency between assertions and methods while we are
modifying them. Using Moxa, we can divide and describe assertions into several modules
called assertion-aspects, when we can regard the behavior of the object(s) as the composition
of some independent aspects. In JML style specification declaration, the aspects are crosscut
over the assertions declared for difference methods. In this paper, we show the modularization
mechanism for assertion declarations and description method provided by Moxa.
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1 public class Foo {

2 /%@ public behavior

3 Q@ requires Pi;

4 @ ensures Q1;

5 @ signals (Exceptionl e) Ri(e);
6 @ also public behavior

7 @ requires P2;

8 @ ensures Q2;

9 Q@ signals (Exception2 e) R2(e);
10 ox/

11 public void foo() throws ExceptionX {...}
12 %

14  class Bar extends Foo {
15 /*@ also public behavior

16 @ requires P3;

17 @ ensures Q3;

18 @ signals (Exception3 e) R3(e);

19 ox/

20 public void foo() throws ExceptionY {...}
21 ¥

01 JMLOOOOOOOOO
Fig.1 An example of assertion declarations in JML.
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Fig.2 An image of DbC based assertion declarations.
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Fig.3 An image of JML specification that can not be
divided into some submodules.
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class C {

/*@ public behavior ___
@ requires -’;1&: && :;1b: ;
@ ensures :elal &&1elbt;
@/ o

mi(...); ! H

N | H
Aspect A | N7 | Aspect B : 1 ! !
V- /@ public bghavior: |

A [l | —=
~ N P @ requlres:rZan &&:r2b|&&lr2c‘ H

~ /7 1
S s @ ensures :eza:&&'\ezb}&&ue2c:;
h | @/ ! 1 i !
1

1 ! 1
! ! m2(...); !

1
1
.. H | 1
]
Aspect C /*@ public b?hav’,or i i
@ requiresirna) &&!rnc) ;
I | |
@ ensures enal &&lenc);
@x/ Aspect A Aspect B Aspect C
mn(...);

}
04 JMLOOOOOOOOOOOO
Fig.4 Crosscutting concerns seen in a JML specification.
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Assertion Aspect A // code
Advice Al C c = new C();
pointcut: D.n (int a); =" c.m().;
precondition: P(a); D d = new D();
d.n(0);d.o();
Advice A2 P@)

int m(int){...
Q(a,\result),R

pointcut: C.m(int a); Mo
postcondition: Q(a,\result);

/
/
/

Class D

Assertion Aspect B / void n(int) {...
Advice Bl S L wvoid 00 {...
pointcut: C.m(int) ,D.o(); o
postcondition: R; __:Join Points

A : Assertion Check
05 0D0000D0O0O0ODO0OOOOO0OOOO0ODOOOD

Fig.5 An example of modularization of assertions based

on aspect-orientation.
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goooboooodooooooooooogooooon
gdloooooooobooooooboooooan
oobooobooooooboooooo

also0O00O0O0OD0OO0OODOO0ODOODOODODOOO

gbooooobobbooooboooobooboo

gooobooobooobobooboooooboobooog

gboboooboboboooobooobooo
rlvVr2,

(r1 Del) A(r2 D e2)
gbooobooooobobooobobboboo
obdebOonogonO

(rl D ((e instanceof E1) D sl))

A (r2 D ((e instanceof E2) D s2))
gboooooooooboobooooooobooboo
oo

/*@ public behavior
@ requires r;
@x/
void C.foo();
void C.bar();

oboooooooooobooooooooooo
oooooooooooooooocoooooooo
oobooooooooboooooooobooooo

/*@ public behavior
@ requiers rl || r2;
(rl==>el) && (r2==>e2);

(Exception e)

@ ensures
@ signals
Q (r1==>((e instanceof FE1)==>s1))
@ && (r2==>((e instanceof FE2)==>52));
Qx/

(D0ooooooooao)

/*@ public behavior
@ requires r;
@x/
void C.foo();

/*@ public behavior
@ requires r;
@x/
void C.bar();

ooo0ooooooboOooJMLOOOOOODOOOO
ooboooobobo==>000000o0o0000o

oooooJMLOOOOOOOOOOOOOO0O
ooooooooooboooooo

OO0OO0OMoxaOOODOODODOOOOODODODDOOO
gooobooooooooooobobooooooo
goooooooooooooooooooboobo
00 cOO0000000 fooOOOOOODOODO
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OO0O00O0var() OO0O0O0O0DOOOOOO 000
ooboooobooooo

/*@ public behavior
@ requires r;
Qx/
void C.foo();
void D.bar();

4.2.2 00000
000o0o0o0o0o0ooOoooooooooodg
00000000000 behavioral subtypingdO O %
00o00o00oo0oo0oooo0oooooooog
O000o00o0o0o0o0ooOoooooOoooooo
0000000o00oo0o0ooO0oo0ooooooo
O0ooO0o0ooOoocObpOdOocOOoOoOoooOooO
O0o0o0oo0oooooooooO0ocooOoo
O0000o00oO0oO0oOooooOooooOcoooOoo
000000 pOO0OOUOOOUOOOODOOODOOO
O000o000oo0oooooUooOooooooooo
0000000000000 0oO0oooOoooooO
000000o00o0oooooooooog
MoxaOOOOOOOO200000000000
00000oo0o00oooooooooo

class C { void foo() {...} ...}
class D extends C { void foo() {...} ...}

goboooboooooooooocoooooboooo
00O void D.foo() OOOODODO r1vr20000
00 (rlDel)A(r2De2) 0000

/*@ public behavior
@ requires rl;
@ ensures el;
ox/
void C.foo();

/*@ public behavior
@ requires r2;
@ ensures e2;
Qx*/
void D.foo();

4.2.3 OO0OO0OO0OOOOO
goooooboooooooooooobooooooo
gooooooooooooooboooooooo
ooobo0o0obo0o0oobO0oboO00n c.feo()OOOO

20000000C00DOCOOOOOOOOOn

/*@ public behavior
@ requires rl;
Qx/
void C.foo();

/*@ public behavior
@ requires r2;
@x/
void C.foo();

gooobobooooooooooboooooon r1d
r20000000000000

/*@ public behavior
@ requires rl && r2;
@x/
void C.foo();

goboooolooocooboooooobooooo
oooo20000000c000o0o0ooboooooon
000000000000 depends JOOOOOO
oooooboooooooooooboooonoooo
goooboooooooooooobooooooboobo
OcO0O0O0O0000 fooOOOOOOMON &&r20
oooobr10000 2200000000000

spec AspecthA {

/*@ public behavior
@ requires rl;
Qx/
void C.foo();

}

spec AspectB {
depends AspectA;

/*@ public behavior
@ requires r2;
@x/
void C.foo();

5. DOOoooaoo

5.1 0O O

gooooboooooooooooooooboooo
g0o0o0o0o0o0o0ooooooOobooOoOO0OO0JML O Moxa
ooooooooboobooboobooboboooo
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01 JMLO MoxaDODOODODODDOOOOOO
Table 1 Comparison of the scale of specification
descriptions in JML and Moxa.

JML Moxa
Service Store Service Store
gooooo 1 1 3 5
ooooooooo 42 53 13 18
oo 190 149 152 286
0oo0/00oooo 190 149 51 57

000O000JMLOOOOOMoxaOOOOOODOOOOODOO

000000000AnZenMail 00O OO0O0O0O0O
OO0O0O0O0O000000000000 MaildirO0O
ooooooooooooooooooooooboo
oooO0o0o0oooooOObOO0O0o0oboooDbO0O00o
JMLO MoxaOOODOODODOOODOOODOODOOOD
goos20000000000000s5300000
O0O00DO00O00O00000000O0Maildir0oQd
0000000000000 0O00OMaildirddgdd
coobooooooboooooboooboooobooooo
U000 javax.mail.Servicel javax.mail.Store[]
000000000000 Al1000 200JMLO
MoxaOOOODOODO Service 0O0OODOOODO
ocoooOOoOooOoocoOO0OO000O00o0ooboooOoO
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oo

5.2 OOOOO0OOOO
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oooooooOooo100000oO0O0oood
ocoooooooooooooooooOobocOoJML O
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goboooooooDbo0ooooboo0o000n0 Moxa
OO0000000000000 ServiceOODOOO
ooooO0O0O0O0000 30000 steored 000 5
Ud0o0o0oobOodOdy servicedO OO Store
ooooOOooooooooooOooOooobDOo0onoo
ocooooooOooOoOoooooOoooOoobooooo
000 service 00000000 O00O0OOOOO
000000000 SserviceSpec_isConnected[110]
OO0O0000000ServiceSpec_getURLNamel[T]10 00
O0ServiceSpec 0 3000000000000OO
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OO0 store000000000O0COOOOODOO
Service 1 3000000000O000DO0OODO
OO00O0D00O0ODO StoreSpec_isConnectedl] Store-
Spec_getURLName[] StoreSpecll [0 00 00 O Store O U
000000 StoreSpec_getFolderI O OOOONO
00000 StoreSpec_getNamespacesUO O OO OO
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o o o
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MoxaOOODOOO 10000D000000O0OC0DCO
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JMLOOOOOOO0OOOO0OOServicedO 190
OOsStore 00 149000000Moxa D OOOO
Service 00O 1520 0Store 00 286 DO DODODODO
O0OMoxaOOODOOOOOOOODODODDOOODOO
oooooOoOoDOOOO01000000000000
OO0O0JMLODOOO Service OO 190 0 0O Store O
0149000000MoxadO0OO Service OO 51
OO0Ostore 00 5700000Moxa0000OCOO
OooO0O00000000000o0ob0b0Moxald
gooboooooooooooooooooooon
goooooooooooOoooooooobooooo
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O00000O0MoxaOOOOOOOODOO JMLOO
oooO0O0O0000000o0O000O0o0oO000000
oooooOoOJMLODOOOOOOO MoxaOOO
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go0l1gdooooooooooooooooooon
oooooo

5.3 000000000

JML O MoxaOODOODOODOOOOOOOOO
oooo0oooooO0o0ooooO0oOooooDO0o0o
02 000000000000 Servicel Store
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Table 2 Comparison of the amount of region on the spec-
ification descriptions affected by a modification.

JML Moxa
Service Store

gooooobao 42 53 6 4

gooooooo
noo 190 149 54 40
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00000 StoreSpec_isConnected0 0 00O OO0
000o00o0ooo0oDo0o0ooooDoooooooo
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O 000 boolean Service.isConnected() O OO
gddoooooooooooliooopooooooo
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54 0O O
520000 530000000000000DbC
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6.2 0OOOOO
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1 package javax.mail;

2

3 import java.util.Vector;

4

5  import javax.mail.event.ConnectionListener;

6 import javax.mail.event.MailEvent;

7 //@ import javax.mail.event.ConnectionEvent;

8

9 public abstract class Service {

10 //

11 // Instance Variables

12 //

13 // protected Session session;

14 // protected URLName url;

15 // protected boolean debug;

16

17 // private boolean connected;

18 // private Vector connectionListeners;

19
20 //

21 // Comstructor

22 //

23 /%@ protected behavior

24 Q requires session != null;

25 [ ensures 'this.isConnected();

26 @x*/

27 protected Service(Session session, URLName urlname);

28

29 //
30 // Connection Management
31 //
32 /*@ public behavior
33 [d
34 Q requires !this.isConnected();
35 @ ensures this.isConnected();
36 [¢] ensures (* open ConnectionEvent is delivered *);
37 @ signals (AuthenticationFailedException) !this.isConnected();
38 Q // subclassof MessagingException
39 [¢ signals (MessagingException) 'this.isConnected();
40 @x*/

41 public void connect() throws MessagingException;
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/*@ public behavior

Q

Q requires !this.isConnected();

Q ensures this.isConnected();

Q ensures (* open ConnectionEvent is delivered *);

Q signals (AuthenticationFailedException) !this.isConnected();

Q // subclassof MessagingException
Q signals (MessagingException) 'this.isConnected();

Qx/

public void connect(String host, String user, String password)
throws MessagingException;

/*@ public behavior

Q
requires !this.isConnected();
Q ensures this.isConnected();
Q ensures (* open ConnectionEvent is delivered *);
Q signals (AuthenticationFailedException) !this.isConnected();
Q // subclassof MessagingException
Q signals (MessagingException) 'this.isConnected();
Qx/

public void connect(String host, int port, String user, String password)
throws MessagingException;

/*@ public behavior

Q requires this.isConnected();

(] ensures URLName.equals2_model(this.getURLName(), \old(this.getURLName()));

Q signals (MessagingException)

[c] URLName.equals2_model(this.getURLName(), \old(this.getURLName()));
Q ensures !this.isConnected();

Q ensures (* close ConnectionEvent is delivered *);

Q signals (MessagingException) !this.isConnected();

@x/

public synchronized void close() throws MessagingException;

/%@ public behavior

Q ensures URLName.equals2_model(this.getURLName(), \old(this.getURLName()));
Q assignable \nothing;
Qx/

public /*@ pure @/
boolean isConnected();

//
/*@ protected behavior
Q requires !this.isConnected();
@ ensures this.isConnected() == \old(this.isConnected());
Q signals (AuthenticationFailedException)
Q@ this.isConnected() == \old(this.isConnected());
Q signals (MessagingException)
@ this.isConnected() == \old(this.isConnected());
(] ensures URLName.equals2_model(this.getURLName(), \old(this.getURLName()));
Q signals (AuthenticationFailedException)
Q URLName.equals2_model(this.getURLName(), \old(this.getURLName()));
(] signals (MessagingException)
Q URLName.equals2_model(this.getURLName (), \old(this.getURLName()));

Qx/
protected boolean protocolConnect (
String host,
int port,
String user,
String password)
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throws MessagingException; // , AuthenticationFailedException

/%@ protected behavior

[¢] ensures URLName.equals2_model(this.getURLName(), \old(this.getURLName()));
Q ensures this.isConnected() == connected;
@x/

protected void setConnected(boolean connected) ;

//
// URLName Management
//

/%@ public behavior

@ ensures this.isConnected() == \old(this.isConnected());
@ ensures \result == null || \result.getPassword() == null;
Qx/

public /*@ pure @*/
URLName getURLName() ;

/*@ protected behavior
Q ensures this.isConnected() == \old(this.isConnected());
Qx/

protected void setURLName (URLName url);

//
// Event Management
//
/%@ public behavior
Q requires 1 !'= null;
Q ensures this.isConnected() == \old(this.isConnected());
(¢] ensures URLName.equals2_model(this.getURLName(), \old(this.getURLName()));
o/

public synchronized void addConnectionListener(ConnectionListener 1);

/*@ public behavior

[ requires 1 != null;

(] ensures this.isConnected() == \old(this.isConnected());

Q ensures URLName.equals2_model(this.getURLName(), \old(this.getURLName()));
Qx/

public synchronized void removeConnectionListener(ConnectionListener 1);

/*@ protected behavior

[ requires type == ConnectionEvent.CLOSED

Q |l type == ConnectionEvent.DISCONNECTED

[ |l type == ConnectionEvent.OPENED;

[¢] ensures this.isConnected() == \old(this.isConnected());

Q ensures URLName.equals2_model(this.getURLName(), \old(this.getURLName()));
Qx/

protected void notifyConnectionListeners(int type);

//
// methods inherit from Object
//
/*@ also public behavior
[¢] ensures this.isConnected() == \old(this.isConnected());
Q ensures URLName.equals2_model(this.getURLName(), \old(this.getURLName()));
Q ensures \result != null;
o/

public String toString();

//

// Event Management

41
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//

goooooooooooooooo

// private EventQueue g;

// private Object qLock;

/*@ protected behavior

(]
(]
(¢]
(]
Qx/

requires event != null;
requires vector != null;
ensures this.isConnected() == \old(this.isConnected());

ensures URLName.equals2_model(this.getURLName(), \old(this.getURLName()));

protected void queueEvent(MailEvent event, Vector vector);

// private void terminateQueue();

//

// methods inherit from Object

//

/%@ also protected behavior

@
Q
ox/

requires true;

ensures !this.isConnected();

protected void finalize() throws Throwable;

Moxa OO ODODOOOOODO Service.moxall

package jp.ac.jaist.kyamada.goodies.maildir;

import java.util.Vector;

import
import
import
import
import
import
import

ja
ja
ja
ja
ja
ja
ja

vax.mail.Service;
vax.mail.Session;
vax.mail.MessagingException;
vax.mail.URLName;
vax.mail.event.ConnectionEvent;
vax.mail.event.ConnectionListener;

vax.mail.event.MailEvent;

//
// for
//

pul

blic boolean Service.isConnected()

spec ServiceSpec_isConnected {

//----requires

/*@ public behavior

Q
@x/

requires !isConnected();

void Service.connect() throws MessagingException;

void Service.connect(String, String, String) throws MessagingException;

void Service.connect(String, int, String, String) throws MessagingException;

boolean Service.protocolConnect(String, int, String, String) throws MessagingException;

/%@ public behavior

e
ox*/

requires isConnected();

public void Service.close() throws MessagingException;

//----ensures

// changes

Aug. 2005
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/%@ public beahvior
@ ensures isConnected();
Qx/
void Service.connect() throws MessagingException;
void Service.connect(String, String, String) throws MessagingException;
void Service.connect(String, int, String, String) throws MessagingException;

/*@ public beahvior
@ ensures !isConnected();
Qx/
boolean Service.protocolConnect(String, int, String, String) throws MessagingException
void Service.connect() throws MessagingException;
void Service.connect(String, String, String) throws MessagingException;

void Service.connect(String, int, String, String) throws MessagingException;

/%@ public behavior
@ ensures isConnected() == connected;
@x/
void Service.setConnected(boolean connected);

// no changes
/%@ public behavior
@ ensures isConnected() == \old(isConnected());
@x*/
URLName Service.getURLName() ;
void Service.setURLName (URLName) ;
void Service.addConnectionListener(ConnectionListener);
void Service.removeConnectionListener (ConnectionListener);
void Service.notifyConnectionListeners(int);
void Service.queueEvent (MailEvent, Vector);
void Service.toString();

// constructor

/%@ public behavior
@ ensures !isConnected();
@x*/

Service.new(Session, URLName) ;

73 // for public URLName Service.getURLName ()

4 //

75  spec ServiceSpec_getURLName {

76  //---requires

7

78 //---ensures

79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94 %

// changes

// no changes

/%@ public behavior
@ requires MaildirUtility.checkEqualsURLNames(getURLName(), \old(getURLName()));
@x/

boolean Service.protocolConnect(String, int, String, String) throws MessagingException;

boolean Service.isConnected();

void Service.setConnected(boolean);

void Service.close() throws MessagingException;

void Service.addConnectionListener (ConnectionListener);

void Service.removeConnectionListener(ConnectionListener);

void Service.notifyConnectionListeners(int);

String Service.toString();

void Service.queueEvent(MailEvent, Vector);

43



44 goooooooooooooooo

95

96 //
97 // extra preconditions
98 //
99  spec ServiceSpec {

100 //---requires
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gobooboooooooooooocooooooo
gobooooooooobooocboOooooooboobooo
goboooooooooobooocoooooooboo
goboooooooooobooocoooooooboo
goboooooooooobooocoooooooboo

101 /*@ public behavior

102 @ requires session != null & urlname '= ulL;0 0000000000000 0O0O0O0O0OOOOO0O
103 o/ 000000000000000000000000
104 Service.new(Session sesison,URLName urlname);

105 goobodoooooboboboooooooobooooda
106 /%@ public behavior goobodoooooboboboooooooobooooda
e o, jooumes L tm mils 000000000000000000000000
109 void Service.addConnectionListener(ConnectionListbhédd Wl 0 U O OO OO0OO0OOOOOOOOOOO
110 void Service.removeConnectionListener(Connectionliztener 13 0000000000 DOOOOOOO
111

112 /%@ public behavior Jobdd0od0ooooObOoOooooooooooaa
113 @ requires type == ConnectionEvent.CLOSED goooooooobooboooooboobooo
114 Q ==

Il type == ConnectionEvent.DISCUNNECTEE 00000O0000O00O0OoOoOooOooooooon

115 Q |1 type == ConnectionEvent.OPENED;

116 o/ Oo0ooO0000d00DooOObOO00o000oboooOoOoooao
117 void Service.notifyConnectionListener(int type); DO 00D O O0O000000O0ODOOOOOOOOODO
118 000000000000000000000000
119 /*@ public behavior

120 @ requires event != null && vector !'= null; vboooboooboooboooouooood
121 Qox/ goobodoooooboboboooooooobooooda
122 void Service.queueEvent(MailEvent event, Vector vﬁtﬁrﬁ;[l 00000000000 000000000

123
124  //---ensures

gobooooooooobooocboOooooooboobooo

125 /%@ public behavior 00000000000 000O0ooooooooo
126 @ ensures \result != null && \result.getPasswo: 1= ;

197 o B PP oooooooooooooooooo
128 URLName Service.getURLName(); oo0oooOoooOoooObOoOoooOoooOobooo
129 3 O
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