
Adapting Software Components by Structure
Fragmentation

Gautier Bastide
Ecole de Mines de Douai
941 rue Charles Bourseul

59558 Douai, France

bastide@ensm-douai.fr

Abdelhak Seriai
Ecole de Mines de Douai
941 rue Charles Bourseul

59558 Douai, France

seriai@ensm-douai.fr

Mourad Oussalah
LINA, université de Nantes

2 rue de la Houssinière
44322 Nantes, France

oussalah@lina.univ-
nantes.fr

ABSTRACT
We present in this paper an approach aiming at adapting
software components. It focuses on adapting component
structures instead of adapting component services. Among
the motivations of this kind of adaptation, we note its pos-
sible application to permit flexible deployment of software
components and flexible loading of component code accord-
ing to the available resources (CPU, memory). Our adapta-
tion process is based on the analysis and the instrumenta-
tion of component codes. It respects the black-box property
when it is implemented as a service provided by the compo-
nent to be adapted. To support this structural adaptation
technique, we developed an adaptation process which we
have experimented using the Java framework of the Fractal
component model.

Categories and Subject Descriptors
D.2.7 [Software Engineering]: Distribution, Maintenance,
and Enhancement—Restructuring, reverse engineering, and
reengineering

General Terms
Design, Languages

Keywords
Software component, structural adaptation, object-oriented,
refactoring

1. INTRODUCTION
Component-Based Software Engineering (CBSE) aims at
building applications by assembling reusable components
[24]. However, experiments show that direct component
reuse is extremely hard and this one usually has to be adapted
in order to be integrated into an application. This difficulty
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is due to the available large variety of infrastructures and
software environments, going from the simple mobile phone
equipped with minimal capacities to the cluster of several
multi-processor computers. The solution may consist in the
development of software components which can adapt them-
selves to these constraints. To deal with this issue, many
approaches were proposed to adapt component-based appli-
cations. They differ according to several criteria. Among
these last, we can quote: the adaptation target, the adap-
tation moment, the adaptation actor, the adaptation goal,
etc. For example, the adaptation target can be the applica-
tion architecture [19], the components [6] or the component
connections (i.e. connectors) [4]. Concerning the adaptation
moment, an application can be adapted during its concep-
tion, its deployment [9], [20] or its runtime [19].
Nevertheless, we can note that, in spite of this diversity of
proposed approaches, all ones which are interested to adapt
components focus on adapting their services and only some
works are interested to adapt the component structures.
Moreover, to our knowledge, all these last approaches are
interested in the adaptation of the component implemen-
tation by the replacement of an algorithm by another (i.e.
code replacement). The result is that, no approach proposes
techniques for restructuring software components (i.e. to
adapt their structures). The component restructuring can
concern either component external structure (e.g. ports, in-
terfaces or services) or component internal structure ( e.g.
its sub-components, its internal connexions).
While being based on the above considerations, our objec-
tive in this paper is to propose a software component re-
structuring approach (i.e. allowing adaptation of the com-
ponent structure). In fact, our approach permits to re-
structure software component implementation (i.e. internal
structure). We interested to components based on an object-
oriented implementation and we experiment this approach
using Fractal component model [8] and its Java implemen-
tation named Julia [7].
We discuss the proposed approach in the rest of this paper
as follows. Section 2 presents the general mean of the struc-
tural adaptation of a software component then describes our
study focus and an example of experimentation used to illus-
trate our approach. Section 3 describes adaptation process
and how to guarantee component coherence and communi-
cation. In section 4, some related works are briefly men-
tionned. Finally, conclusion and future works are outlined
in section 5.
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2. RESTRUCTURING SOFTWARE COMPO-
NENTS

2.1 General presentation and motivations
The structural adaptation of a software component consists
in the capacity to modify the structure of this one while pre-
serving its behavior and its services. In fact, the structural
adaptation is interested neither to modify the behavior of
the component nor its services, but rather to reorganize its
structure. Indeed, the structure of the component which
has to be adapted consists of the list of the structural ele-
ments, defined in this component, as well as their links. For
example, a component can be seen as collections of ports, in-
terfaces, sub-components, classes, etc. Thus, the structural
adaptation can consist of updating the list of a component
interfaces by modifying the content of each of these inter-
faces or restructuring the content of the component ports.
Also, the structural adaptation can consist in the decom-
position of a software component in some sub-components
where the set of provided services must be the same as that
provided by the initial component before its adaptation.
Adapting the structure of a software component can be use-
ful in many cases. For example, external structural adap-
tation can be use in order to increase component reuse and
internal structural adaptation for a flexible component de-
ployment.
First, component restructuring can be use in order to match
heterogeneous component external structures. In fact, to
assembly two components together or to integrate a com-
ponent to an existing application needs to restructure their
provided and required interfaces (or/and ports) if it proposes
all required services but when these one are not structured
in interfaces permitting to match them. For example, figure
1 shows that the C1 and C2 components can’t be assembled
because C1 required ports don’t match with thoses provided
by C2 although C2 provides all required services. So, using
our approach for restructuring ports, matching between C1
and C2 becomes possible.
Moreover, the component structure adaptation by its frag-
mentation in some generated components can be used to
define a flexible deployment strategy. Indeed, this adap-
tation permits to organize component services in separate
sub-sets and defining each sub-set in a new component gen-
erated by fragmenting the original one. Then, the generated
components can be deployed on one machine or separately
on different ones which can be distributed or not. These pos-
sibilities are very useful for load balancing and to increasing
performance (Fig. 1).

Figure 1: Structural adaptation

2.2 Our approach focus
Our approach is developed considering the following direc-
tions :
Restructuring software components by fragmenting their object-
oriented implementation: Our approach focuses on allowing
component internal structure fragmentation to fulfil some
needs as deployment flexibility. We consider here an oriented-
object implementation of components. Thus, the internal
structure of a component consists of some class hierarchies
representing the implementation code of its services and its
interfaces. Our approach deals with the Fractal component
model [8] and its Java implementation called Julia [7] devel-
oped by the INRIA1. Many deciding factors have motivated
the choice of Fractal. In fact, this model is a hierarchical
component model quite closed to UML2 model [11] with
the only difference that it not define port concept. In this
model, provided and required services are structured in in-
terfaces which are used by components when they commu-
nicate with each other. Each server interface gives access to
a set of operations. And, each client interface defines a set
of operations that the component may invoke. To create a
Fractal component, using the Java implementation, it neces-
sary to specify a unique class which implements all services
(i.e. methods) specified by the corresponding component
interfaces.

Figure 2: Fractal component model

Static component restructuring : The adaptation process is
realized in static way and it needs component source code
(i.e. static adaptation). In fact, component source code
parsing, transformation and instrumentation are used in or-
der to generate new component codes resulting by the frag-
mentation of the initial one. This process can be imple-
mented in two ways. The first one preserves the black-box
property of software component and the second one don’t.
The first technique consists of implementing adaptation pro-
cess during the component design as an extra services pro-
vided by a non-functional interface of the component to be
adapted. In this case, component code source is encapsu-
lated2 and can be handled only through this interface. The
second technique to implement the adaptation process is to
design it as a separate adaptation tool which need source
code of the component to be adapted.

2.3 Example of experimentation: a shared-
diary system

In order to illustrate our purpose, we use throughout this pa-
per an example of a software component providing services

1The French National Institute for Research in Computer
Science and Control. http://www.inria.fr/
2Source code can be handled using cryptic format.
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of a shared-diary system accessible to multiple users. We
have implemented this component using the Java platform
of the Fractal model. The component restructuring is real-
ized in order to adapt the component deployment following
the existing infrastructures. Different component instances
are deployed. Each instance is generated by intanciation of
a copy of the component obtained by a specific component
structure adaptation (i.e. specific code transformation) to
match with the specific infrastructure (e.g. one machine,
distributed machines or PDAs). The component to adapt
is a monolithic component which provides the following ser-
vices:

1. Managing user personal diary. This includes authen-
tification, consulting events (e.g. meeting, activity,
project), querying the diary, etc. These services are
provided through the Diary interface.

2. Organizing a meeting. This includes services permit-
ting to confirm the possibility to organize a meeting
where the date and the list of the concerned persons
are given as parameters, services returning possible
dates to organize a meeting of some people, etc. These
services are provided through the Meeting interface.

3. Managing absence. This includes services permitting
to verify the possibility to add an absence event, to
consult all the absence dates of one or some persons,
etc. These services are provided through the Absence
interface.

4. Right management. This includes services concern-
ing absence right attribution, service related to diaries
initialisation, etc. These services are provided through
the Right interface.

5. Updating the diary, the meeting dates, the absence
dates and the absence rights of a person. These ser-
vices are provided, respectively, through DiaryUpdate,
MeetingUpdate, AbsenceUpdate and RightUpdate in-
terfaces.

Figure 3: Specification of the shared-diary compo-
nent

3. STRUCTURAL ADAPTATION OF SOFT-
WARE COMPONENTS

As we announced previously, the restructuring of a compo-
nent aims at generating new components by the fragmenta-
tion of component based on an object-oriented implemen-
tation. This operation is realized without generating any
change on the services provided by the component nor on
its assembly with the others components of the application.

To answer these constraints, we defined a restructuring pro-
cess made up of four stages. First, we present these stages
in section 3.1, then we focus on component coherence and
communication problems in section 3.2.

3.1 Adaptation process
Component restructuring is achieved through a process com-
posed of four stages (Fig. 4). The first stage is the spec-
ification of the needed new structure of the component to
adapt. It aims at indicating which new components are to
be generated by the fragmentation of a specified component.
The second stage permits the component fragmentation ac-
cording to the given specification and the generation of the
needed new component structures. The third stage con-
cerns the assembly of the new generated components and
their coherence guarantee. It focuses on defining for each
generated component its provided and required interfaces
and to realize the adequate connexion between these compo-
nent interfaces in order to preserve coherence of the related
components. Finally, the last stage aims at integrating the
generated components. It alllows to ensure that component
adaptation is done without needing any change to do on
other components to be connected to the component after
its adaptation (i.e. of course if this is not needed before the
component adaptation).

Figure 4: Structural adaptation process

3.1.1 Specification of the new component structure
The first stage of the adaptation process consists in the spec-
ification of the needed results. Its aim is to indicate which
new components are to be adapted. The generated compo-
nents are specified by designating their provided interfaces.
In fact, these interfaces are considered as monolithic (i.e. un-
breakable) elements. The specification is created through an
adaptation script specified by using a notation close to XML
[15] language2 indicating for each new component its ports
and for each port, the associated interfaces. Two generic
directive formats, specifying what restructuring is to oper-
ate on a component called CompToAdapt, are given below.
The first format corresponds to the case when the adapta-
tion process is not implemented as a provided service of the
component to adapt itself (i.e. white-box approach). The
second format corresponds to the opposite case (i.e. black-
box approach). In this last case, AdaptInterface and Struc-
tAdat respectively represents the adaptation interface and
the service provided for the structural adaptation.

2Symbols ” + ”, ” ∗ ” indicate respectively one or more and
zero or more elements. ”{}” symbolizes a set of elements.
When an interface is defined in several generated compo-
nent, symbol ”||” associated with the interface name indi-
cates that this interface must be that which is used by the
rest of the application.

1753



StructuAdapt (CompToAdapt,

{CompDef = <{PortDef={[||] InterfaceDef}+ }+? >}*)

AdaptedComp.AdaptInterface.StructAdapt.(

{CompDef = <{PortDef = {[||] InterfaceDef}+}+>}*)

To illustrate this, let’s reconsider our example of the shared-
diary application, the goal of the structural adaptation is to
reorganize services provided by this one in four new gener-
ated components (e.g. Diary-Manager, DataBase-Manager,
Absence-Manager, Meeting-Manager). The script allowing
to specify the needed structure is the following:

Shared-Diary. Adapt-Interface. Struct-Adapt (

{Diary-Manager=<{P-Diary=Diary,DiaryUpdate}>}

{DataBase-Manager=<{DB=Right, RightUpdate}>}

{Absence-Manager=<{P-Absence=Absence,AbsenceUpdate}>}

{Meeting-Manager=<{P-Meeting=Meeting,MeetingUpdate}>}

)

3.1.2 Component fragmentation and generation of
the needed new component structures

Specification done during the previous stage is used in or-
der to generate the implementation of each new component
created by adaptation.
The component fragmentation aims at splitting component
services and consequently the corresponding component in-
ternal implementation in some sub-collections of services
where each sub-collection will be provided by a correspond-
ing component. The definition of these components requires
the generation of their external implementation in term of
interfaces and services and the corresponding internal im-
plementation in terms of object code. Two conditions are
to be checked:
The first condition is the construction of each new compo-
nent so as to guarantee its integrity. The integrity of gener-
ated components means that these ones function correctly
without syntactic bugs. Our solution for that is a top-down
construction of component to be generated. Starting from
ports and interfaces specified for this component, all struc-
tural elements (i.e. ports, interfaces, methods, etc.) which
are directly or indirectly dependent of these ones must be
accessible within the component naming space.
The second condition consists in the coherence of the new
generated component. In order to guarantee this, we pro-
pose a solution operating on two levels. First, at the compo-
nent interface level, we introduce specific interfaces used to
ensure communications between connected components (see
Sect. 3.1.3). Second, at the object implementation level re-
lated to services of these interfaces, we instrument source
code (see Sect. 3.2).
To guarantee the integrity of generated components, it is
necessary to determine how structural elements composing
a component can be dependent one to each other. In fact,
structural elements can be dependent through two types of
links: structural or behavioral links. For example, a port
P1 composed of an interface I1 is structurally dependent of
this last. However, if a method M1 calls a method M2 then
M1 depends on M2 through a behavioral link.
Thus, all dependent structural elements, related to the def-
inition of a generated component, form a graph which we
called SBDG (Structural and Behavioral Dependence Graph).
The SBDG is formed by analyzing, in top-down manner and
starting from the specified component ports and interfaces,

their source codes. Several behavioral links which appear
on the SBDG aren’t determinist because the polymorphism
property of the object-oriented code. Thus, SBDG includes
for a method all possible cases of dependencies considering
polymorphism property. The nodes defined in a SBDG re-
lated to a generated component are the structural elements
accessible within this component naming space. Each struc-
tural element of this graph must be defined in the corre-
sponding component naming space.
In addition, to determine structural elements to be defined
in a generated component naming space (i.e. its implemen-
tation), it is necessary to determine resources used by these
elements. Resources can be internal or external. Internal
ones are structural elements having states which can be up-
dated and whose persistence is more important than that
of the method in which it is used. When considering an
object oriented implementation, internal resources are in-
stances and class attributes. External resources are persis-
tent elements as files and databases. We limited ourself here
to consider only internal resources.
For example, figure 5 shows a part of the SBDG correspond-
ing to Meeting-Manager and Absence-Manager generated
components. As the checking meeting method is linked to
the is absent method (i.e. the checking meeting method of
the Meeting interface calls the is absent method of the Ab-
sence interface) which is contained in another interface, it is
needed to create a behavioral link between the Meeting and
Absence interfaces.

Figure 5: A part of the structural and behavioral
dependencies graph for the Shared-diary component

3.1.3 Assembly of the new generated components
After the components specified at the time of the specifica-
tion stage were generated, they have to be assembled. This
assembly reflects links which exist between these compo-
nents. These links are of two types. The first type of depen-
dence relates to the behavioural dependence links between
these components. A behavioural link reflects the use, by a
generated component, of a given service defined by another
generated component. The second type of link reflects the
resource sharing between two generated components.
Behavioural dependances are setting-up through the imple-
mentation of services provided by specific interfaces added to
the generated component structures: first, a required inter-
face implemented for each component and which include all
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needed services implemented by other components; second,
a provided interface implementing all services implemented
by this component and required by other components.
The shared-resource dependences are translated in the form
of interfaces added to the structure of each component. Con-
nexion of these interfaces allows the sharing and the commu-
nication of a common state of the shared resources. To ma-
terialize shared-resource dependences, we have defined for
each generated component defining a shared-resource two
interfaces:

• The first interface is defined as required and synchronous.
It allows the component to notify to all components
sharing a resource with it, its state modification. This
interface is synchronous because the component which
updates the resource state can continue its execution
only after the other components which share this re-
source take into account this state modification. It
allows to guarantee that components have a coherent
state and consequently their services.

• The second interface, defined as provided, allows a
component to receive the notifications of shared-resource
updates.

Figure 6 shows an example of notification interfaces which
are used in order to manage the resource Absence list. This
resource is an instance attribute whose value represents day
of absence for a given person. It is shared by the components
Absence-Manage and Meeting-Manager. Notification inter-
faces operate as follows: (1) When the resource Absence list
is updated by the component Absence-Manager, (2) a no-
tification is send to the component Meeting-Manager . (3)
Then, this last one memorizes the new value. (4) Once the
value updated, it can manipulate this resource.

Figure 6: Example of communication interfaces

In addition to the notification problem, it is necessary to
ensure that shared resource cannot be handled simultane-
ously. To prohibit simultaneous handling of these resources,
we defined two additional interfaces:

• The first interface, defined as required and synchronous,
allows it to get a resource access right. This interface
guarantees that only one access to the resource is pos-
sible for the given time.

• The second interface defined as provided and synchronous
allows a component to notify the availability of a re-
source to requester components.

Figure 7 shows an example of synchronization interfaces
which is used in order to manage the nb day free resource.
This resource is an instance attribute whose value represents

the number of free days for a given person. It is shared by the
Absence-Manager, Database-Manager and Diary-Manager
components. First, Absence-Manager component which needs
to update the nb day free resource (1) asks a right access
to the other component which shared this resource (e.g.
DataBase-Manager and Diary-Manager) (2). Then, after
it receives a notification from these components, Absence-
Manager can update the resource nb day free (3).

Figure 7: Example of synchronization interfaces

3.1.4 Integration of the structural adaptation result
The last stage of the adaptation process is the integration,
in the subjacent application, of the structural adaptation
result, which was obtained during the previous stages. It
consists in connecting the new created components with
the other application components and to guarantee that the
component adaptation is achieved in a transparent way com-
pared to the application components. In fact, the applica-
tion must continue to run without any change compared
to its initial configuration (i.e. configuration including the
component before its adaptation). For that, it is necessary
to satisfy the following properties:
First, the application shouldn’t be able to access, after the
adaptation, to other services than those which are provided
by the component before its adaptation. This means that all
the new services, being accessible to the new created compo-
nents, must be inaccessible to the other components of the
application. The new services are mainly linked to the man-
agement of the structural entity coherence and thus they
don’t must be accessible by an external component. Thus,
the interfaces created for the realization of the adaptation
process must be internal to the created components. They
must be masked for all the external requests. For example,
it would be forbidden to be able to access, by the applica-
tion components except those created by adaptation, to the
state of a shared resource.
Next, the new created (sub-) components could be accessible
independently one from each other. For example, it would
be possible to deploy separately these sub-components. It
hasn’t to provoke modifications on the rest of the applica-
tion.
Our approach consists in encapsulating the new structure re-
sulting from the adaptation in a new component (i.e. composite-
component). A composite-component is a component which
contains one or more other components called sub-components
which can be primitive or composite. This new component
(Fig. 8) allows to mask access to the component interfaces
resulting from the adaptation (i.e. it can filter unautho-
rized accesses). Moreover, it is necessary to integrate to the
composite-component some services used to handle its sub-
components which are created after the adaptation. For ex-
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ample, these services allow to define deployment procedures
associated to each one of these sub-components.

Figure 8: Structural adaptation result for the
shared-diary component

3.2 Component coherence and communication
As we explained previously, the coherence of the generated
components is ensured on two levels. Firstly, by considering
the external structures of the generated components. This is
done by the addition of new interfaces ensuring the commu-
nication between the components in question. Secondly, by
the implementation of these communication interfaces. This
is done, mainly, by the instrumentation of the source object-
oriented code corresponding to these interface services.

3.2.1 Notification management after a resource up-
date

After updating a resource in one generated component, the
new state of this resource must be communicated to the
other generated components. Thus, it is necessary to de-
termine how and where this resource is updated within the
component codes and next to instrument source code by
adding notification instructions from one component to the
others.
The first question is how a resource can be updated. This
operation can be realized by using a direct or indirect refer-
ence to this one and by using an update instruction. In the
case of Java, a resource (i.e. an attribute) can be updated
by using it directly or using a reference to this one. The last
case appears when we use an instance as an argument when
calling a method 3.
Moreover, we need to distinguish update instructions from
those which are not. For a primitive resource, this oper-
ation is easy because resource is updated using affectation
instructions. This is more complicated when the resource is
an object. This means that this resource can be updated
using methods. For that reason, we instrument code by sav-
ing the resource state before its manipulation. This state
is compared with that obtained after the instruction execu-
tion. If their states are different, a notification to the other
components is needed. Other instrumentation instructions
are related to this one. It is about methods needed to get
resource states. These ones are added to the corresponding
instantiation classes.
To illustrate this point, reconsider the shared-diary exam-
ple. The class implementing this component defines two at-
tributes named absence Dates list and right max which rep-
resent respectively the absence dates for people considered
by the shared-diary and the number of absence days which

3In Java, primitive attribute (e.g. integer, real numbers,
char, boolean and string) cannot be called using a reference.

a person still has right. These attributes are considered
as shared resources. In fact, the add new absence day and
consult remaining days methods use both these attributes.
After the structure updating, these methods are defined re-
spectively in two separate generated components: Absence-
Manager and Right-Manager.
The last issue is about the moment of notification sending:
when we have to send an update notification? In fact, the
moment of this notification depends on the moment when
components which receive the message take into account this
notification. Indeed, it is useless to notify to these compo-
nents several updates if it is only the last one which will
be taken into account. Indeed, this proposal is true only
if several resource update operations are gathered in the
same critical section blocking for the other components. In
this case, these last cannot modify the state of this resource
which the execution stream of the component is at the end
of this section. Thus, the operations of resource update no-
tification are inserted at the end of each critical section (see
below) which is defined for this resource.

3.2.2 Management of concurrent access
The resource access synchronization is the second condition
to ensure the coherence of the generated components and
thus the validity of the results which are returned by the
execution of different services. The access synchronization
consists in the ban of all simultaneous accesses to a same
resource. The solution lies on the placement of access op-
erations inside sections which are protected by semaphores
(i.e. section of mutual exclusion).

3.2.2.1 Critical section setting.
Critical sections (i.e. section of mutual exclusion) which al-
low to ban concurrent access are setting up through locks
within entire services. So, we define a service critical section
as the code fraction which includes all write or read resource
accesses. In fact, locks are setting up between the first and
last resource access instructions (i.e. first and last with re-
gard to the entire service: linked to the initial component).
We use the static code analysis in order to determine the
possible exclusion section starts and ends which are defined
on a resource then we instrument code according to these
data. However, in order to favor parallelism, the critical
section size has to be the shortest as possible. So, the ef-
fective set-up of an exclusion section is realized dynamically
(i.e. during the service runtime). In fact, the critical section
set-up requires two steps(Fig. 9):
First, we search all the possible entry points for the service
critical section. For that purpose, it is necessary to parse the
method source code in order to find resource access points.
Then, code is instrumented before each resource access in
order to allow service to put a lock dynamically (i.e. just
before the first resource access). Indeed, during the applica-
tion run, when a critical section starting point is detected,
service checks the lock state. If it is not activated, then
service has to start a critical section (i.e. to lock resource
accesses). Else, nothing is done.
Second, we search all the possible critical section exit points.
For that purpose, it is necessary to determine the resource
updating points (see Sect. 3.2.1). We build the execution
stream graph of the entire service. We extract a sub-graph
whose nodes represent the update resource instructions or
the first instructions which are executed just after a fork
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within the stream graph. Then, we analyze it in order to
determine the critical section exit points. Our algorithm
which is used for setting up the lock release tools is the
following one:

For each path
For every node N

P = {path p / p starts from this node,
its end is an exit point and
it contains a resource access
point}

If P=� Then
add(N,List of possible critical section exit
points);

EndIf
EndFor

EndFor

add(N,L): method which add the node N inside the list L.

Figure 9: Critical section setting

3.2.2.2 Concurrent access to a shared-resource.
The concurrent access to a shared-resource is carried out by
the installation of mutual exclusion sections. These sections
created by the instrumentation of the source code make it
possible to manage the single access to a resource. The ac-
tivation of a concurrent access within a section of code han-
dling a resource is carried out by the request for this right.
Concurrent access right is materialized by the acquisition of
what we call ”the token”. Our approach requires the use of a
stack for every component and a sequencer 3. Each element
of the stack contains an identifier of the service which asks
token and the set of resources which are concerned. The
stack elements are ordered according to their identifier.
The process for getting a token (i.e. for starting a critical
section) is the following one: when a service wants to start a
critical section, it asks the sequencer for an identifier which
allows to order requests. Then, it puts this identifier and
the set of needed resources into its stack. So, it sends its re-
quest to the other components by supplying these data (e.g.
identifier and set of needed resources). When a component
receives its request, it puts that in its stack according to
the number which was supplied by the sequencer. Then, it
sends back a delivery notification. A component gets the
token only when there is no element of the stack before it
which contain a resource included in its set and when it

3Tool used to deliver identifiers which aims at ordering
events or transactions.

receives a delivery notification from all other components
sharing the resource.
When the service which has the token aborts a critical sec-
tion, this last one is deleted of the stack.
When the service calls another service, it gives the token
and waits for. Thus, a service can need to send the token
from a method to the other one. As two different methods
can have the same signature, every method (i.e. service)
has to know in which context they are called (i.e. by which
method). Thus, methods have to send an identifier of their
entire service.
For example, if there are two components C1 and C2 which
provide respectively the services A and B, service A of the
component C1 calls the service B of the component C2, it is
necessary that the service B knows that it is called within
the context of service A. Indeed, if service A locks the needed
resources before calling the service B, when the service B is
running, it must know that it has the token (i.e. in order to
release the lock) because the service B is included in service
A.
In order to ensure the token transfer, we introduce a new
optional parameter for each method (i.e. service). Thus,
it allows services to determine in which context it is called.
When this parameter is indicated, the service is called within
the context of a specified service. Otherwise, if this pa-
rameter is not indicated, method is the first which is called
inside the entire service. However, one of the adaptation
constraints is that we can’t modify component interfaces
because they can be used by other application components.
Thus, new interfaces which contain the internal method sig-
natures (i.e. signatures of services which are called by other)
should be created.

4. RELATED WORKS
We classify related works according to two criteria. First, we
presents works related to software component adaptation.
The other criterion focuses on works which topic is restruc-
turing program codes and more particular object-oriented
ones.
If we consider the first criterion related to the work goal,
many adaptation approaches have been discussed in the lit-
erature. Broadly speaking, adaptation techniques can be
categorized as either white-box and black-box. White-box
techniques typically require understanding of the internal
implementation of the reused component, whereas black-
box techniques only require knowledge about the compo-
nent’s interface. A commonly discussed black-box technique
is wrapping, also known as containment in COM literature.
Superimposition [5] is an alternative technique, the idea be-
hind which is that the entire functionality of a component
(i.e. rather than that of a single method) should be super-
imposed by certain behavior.
To our knowledge no approach, among those quoted, is in-
terested in the adaptation of component structures. All are
interested in the adaptation of services. This adaptation can
be carried out in a static [18] or dynamic [19], [10] way. Bi-
nary component adaptation (BCA) [18] is a mechanism to
modify existing components (such as Java class files) to the
specific needs of a programmer. Binary component adapta-
tion (BCA) allows components to be adapted and evolved
in binary form and on-the-fly (i.e. during program loading).
Concerning the second criterion related to restructuring ap-
proaches, we can quote refactoring techniques [21], [23] which
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the aim is to restructure an existing body of an object-
oriented code, altering its internal structure without chang-
ing its external behavior [21]. Generally, refactoring is used
to make the code simpler in order to include or understand
it more easily [13]. It also allows to find the potential bugs
or errors more quickly. It makes it possible to eliminate the
duplicated code. The goal of this technique is to reorganize
classes, variables and methods in a new hierarchy in order
to facilitate its future adaptation or extension [12]. Its use
increases the program quality (e.g. reusability, effectiveness,
updating, etc.).
Another technique of program analysis is slicing [1]. It is
generally used for the code debugging and testing [2], for
maintaining [14] or for transforming source code. The goal
of this technique is to determine the programs behavior but
also that of all elements which it can contain (e.g. variables,
methods, etc.). For example, slicing can allow to detect all
instructions which can affect a variable. In fact, this tech-
nique is related to the dependence graph of a program [17].

5. CONCLUSION
We presented in this paper an approach to dual with the
adaptation of software components. This approach is based
on the consideration of a new adaptation facet: the structure
of a software component. This approach is implemented and
a prototype has been developed using the Julia [7] software
component framework. This last is a Java implementation of
the Fractal component model [8]. We have developed, in ad-
dition to the structural adaptation process presented here, a
component model supporting this process. This model was
not presented here due to space limitation.
Our approach need source code analysis and instrumenta-
tion. It not consider run-time adaptation problem. How-
ever, it’s enough generic to be applicable for dynamic adap-
tation. Nevertheless, concerning this possibility, it is nec-
essary to define, in addition to the already defined process,
mechanisms for the management of the dynamicity (e.g. dis-
connection, connection, interception of the invocations of
services, service recovery, etc). Thus, the dynamicity man-
agement constitutes one direction of our future work.
As we noted it before, many applications of the structural
adaptation approach are possible. We expect, for a bet-
ter management of system resources availability, develop-
ing mechanisms permitting to use structural adaptation ap-
proach for the mobile and ubiquitous applications [20].
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