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Verification of Distributed Hierarchical 
Components
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Software Components
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Behaviour specification and
Safe composition
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Fractive’s components
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Content

Fractal  Components
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Fractive : Active objects

Proxy

Java Object

A ag = newActive (“A”, […], VirtualNode)
V v1 = ag.foo (param);
V v2 = ag.bar (param);
...
v1.bar(); //Wait-By-Necessity

V

Wait-By-Necessity 
is a

Dataflow 

Synchronization

A

Active Object

Future Object Request

Req. Queue

Thread

v1v2 ag

WBN!
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Fractive example
<?xml version="1.0" encoding="ISO-8859-1" ?>
<!DOCTYPE .... >

<definition name="components.System"> 
<component ... </component>

<component name="Alarm">
<interface name="alarm" role="server"

signature="components.AlarmInterface"/>
<content class="components.Alarm"> </content>
<behaviour file="AlarmBehav"

format="FC2Param"/>
</component>

<binding client="BufferSystem.alarm"
server="Alarm.alarm"/>

</definition>

<?xml version="1.0" encoding="ISO-8859-1" ?>
<!DOCTYPE .... >

<definition name="components.System"> 
<component ... </component>

<component name="Alarm">
<interface name="alarm" role="server"

signature="components.AlarmInterface"/>
<content class="components.Alarm"> </content>
<behaviour file="AlarmBehav"

format="FC2Param"/>
</component>

<binding client="BufferSystem.alarm"
server="Alarm.alarm"/>

</definition>
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Behaviour: Parameterized Networks
of synchronised Transitions Systems

T. Barros, R. Boulifa, E. Madelaine: Parameterized Models for Distributed Java Objects, 
Forte'2004 Conference, Madrid, Sep. 2004, LNCS 3235, © Springer-Verlag
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value domains, on a per-formula basis

� Preservation of safety and liveness properties [Cleaveland & Riely 93]
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Abstractions and Correctness
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Fractive Behavioural Models : Principles 
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Building Fractive Behavioural Models

1) Assemble sub-
components,

Buffer(Max,S)

!B.Q_get()

!B.R_get(v)

Consumer(c) …

…

…
SQ_get()

R_get(v)

Alarm(m )

BufferSubSystem
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Building Fractive Behavioural Models

1) Assemble sub-
components

2) add non-functional 
controls:

1) Bindings

C(c)

B

Q_get()

R_get(v)

?bind(B,IA)
?unbind(B,IA)

!Err(unbound,B,IA)

P(p)

Q_put(x)

B.Alarm()

BSS.Alarm ()

?bind(B,IF)

?unbind(B,IF)

unboundbound
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Building Fractive Behavioural Models

1) Assemble sub-
components

2) add non-functional 
controls:

1) Bindings

B

?bind(…)
?unbind(…)

!Err(unbound,…)

B.Alarm()

P(p)

C(c)
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Building Fractive Behavioural Models

1) Assemble sub-
components

2) add non-functional 
controls:

1) Bindings

2) Start/Stop

B

?bind(…)
?unbind(…)

!Err(unbound,…)

B.Alarm()

P(p)

C(c)

!start()
!stop()
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Building Fractive Behavioural Models

1) Assemble sub-
components

2) add non-functional 
controls:

1) Bindings

2) Start/Stop

3) Add Interceptor :

1) Body

C(c)

B

!Err(unbound,…)

P(p)

!start()
!stop()

Body

?Serve 
start/stop

?Serve 
bind/unbind

?Serve(M,fut,args) 

!fut.call(M,args) 
!bind/unbind

!start/stop

?bind(…)
?unbind(…)
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Building Fractive Behavioural Models

1) Assemble sub-
components

2) add non-functional 
controls:

1) Bindings

2) Start/Stop

3) Add Interceptor :

1) Body

2) Queue, LF 
and proxies

= Controller

Body Proxy
(fut)

Queue
?Serve(M,…) Call(M,…) 

LF Response…
Request…

C(c)

B

!Err(unbound,…)

P(p)

!start()
!stop()

?bind(…)
?unbind(…)
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Result : The Static Automaton

Deployment Automaton :

Static Automaton = ( Controller || Deployment )
+ hiding & minimisation

Fine Tuning = Specify different hiding sets, depending on the 
properties we want to prove:

deployment phase
functional phase
topology-preserving  transformations
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Behaviour correctness 
(from the user point of view)
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Verification of Properties 
regular  � -calculus  (Mateescu’2004)

e.g. start Buffer without linking the alarm interface
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Verification of Properties

[ true*.Req_Get () ] mX. (< true > true Ù [ØResp_Get() ] X )
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� 1�%�����#��%��)��$��&������������%�"����!��*�����#� ����%����
����(�$�������������!��������!���%����

� � !.

5��������������%������:%�%�����%�"�%�������-��!�%&�
�����-��!����%�����#���%����.

Verification of Properties 

[ true*.Req_Get() ] mX. (< true > true Ù [ØResp_Get() ] X )
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Structural Transformations
(ongoing work)

:��������.
2�����!��##����%����������%��2�#����/F#��%��������� (��"#����%
,&����%&��#��%�������"#�%�����%$����������#����"��%

5�����#���.
F���%&�����"�����&�������:#�������%���

���%��$��%�%������%&���##����%������&�������"����� ���-&��&�%&��%�������"�%�������
#��������
E ��"#�%��%&��������#�����!��%�%�����%���%�������"�% ��� 
F���%&��"��!�����%�"�%���%���&����#��#��%��� 
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Related Work
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Vercors Platform
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An ACI-Security action of the French research minis try
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Ongoing work

��#�����������5��#��%����.
� 5�%%�������!��!���#�������%��C�����##����%���
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Conclusions

� ����� ����%&����&�������������%����%���&������&�������"#� ���%�

� ��%�"�%���,���%���%��� ���%&�����%����#��%�
� M�������%�������#��#��%���� �����������%�#&����
� 
"#��"��%�%���������#��%�%$#��%���� ����"���������%���%���������!��%�������"����(

�&�����!�%�����

Asynchrony is essential for large scale grid applications (hide the latency, 
fewer deadlocks), but brings in new difficulties (at developer level).
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