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Abstract

Distributed autonomous applications are generally
composed of a set of distributed objects (compo-
nents) that collaborate to offer some particular func-
tions. These applications execute in environments in
which operational context changes occur frequently.
Allowing such applications to use dynamic adapta-
tion mechanisms becomes necessary in order to meet
requirements. Adaptation actions performed by such
mechanisms may affect collaborations among several
distributed components. Therefore, planning such
distributed adaptations is a complex task for devel-
opers. This paper presents Adapt-Medium, an archi-
tecture structuring adaptation mechanisms for adap-
tive distributed components as well as a model-based
methodology that automatically generates the com-
ponents with adaptation plans executed on context
changes.

1 Introduction

Many applications are composed of a set of dis-
tributed components collaborating in order to offer
some particular functions. Increasingly, such appli-
cations execute on dynamically changing environ-
ments and to perform their task the use of adap-
tation mechanisms is required. Applications must
therefore be able to dynamically change their behav-

ior or even their internal structure [13]. However,
adapting the behavior or architecture of a distributed
component-based application may require adaptation
actions on several distributed collaborating compo-
nents which can be challenging. In particular, run-
time architecture-based adaptation [7] requires:

e Specifying consistent architecture wvariants:
Through an adaptation action, an application
moves from a consistent architecture variant to
another consistent architecture variant. Speci-
fying such consistent variants is thus critical to
ensure the correctness of the application after
executing the adaptation action.

e Supporting runtime transitions: Runtime transi-
tions between architecture variants are also crit-
ical in order to preserve states and data through
adaptation actions. Such transitions involve
simultaneous distributed processes having de-
pendencies between them. These dependencies
make the transitions more difficult.

In order to help developers on both tasks, we pro-
pose Adapt-Medium, an architecture-based approach
that introduces dynamic adaptation mechanisms on
distributed component-based applications. From a
collaboration abstraction called “medium”, we spec-
ify a refinement process that builds consistent archi-
tecture variants of the medium and embeds these
variants into a platform that can select the proper



one at runtime. Thanks to the refinement process all
the architecture variants are consistent. Moreover,
because all the variants and their structures are em-
bedded in the platform at design time, planning run-
time transitions including data transfer can be per-
formed easily.

The remainder of this paper is organized as follows.
Section 2 presents the original collaboration abstrac-
tion called medium proposed in our project by Eric
Cariou et al [5]. Section 3 introduces the design prin-
ciples of the Adapt-Medium architecture based on
the medium. Section 4 illustrates how our refinement
process can build consistent architecture variants and
how it is possible to automatically generate adapta-
tion plans by an example. Section 5 presents related
work. Finally, Section 6 summarizes the paper and
discusses future work.

2 Medium

A medium is a collaboration abstraction represented
as a software entity. A medium-based application is
built by interconnecting functional components with
a particular medium that models their collabora-
tion [5]. A medium is a logical component that is
composed of a set of distributed sub-components. A
medium is reusable.
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Figure 1: Medium deployment architecture

As an example, consider an airplane seats reser-
vation application of an airline company with travel
agencies located worldwide. As shown in Figure 1 (a),

we can specify a reservation medium managing seats’
identifiers (IDs) and offering medium services to ini-
tialize information about seats, to reserve seats and
to cancel reservations. The reservation application
can then be built by interconnecting the reservation
medium and functional components representing the
airline company and the agencies.

This medium can be reused in similar applications,
e.g., in an application for a parking lot that has many
places (IDs), cars come in or go out via several en-
tries.

Figure 1 (b) shows the deployment architecture of
the reservation medium. At this level, the medium is
splitted into physical role managers. Each role man-
ager is associated with a functional component and
implements the medium services used by the func-
tional component. As shown in the figure, the seats’
IDs set may be distributed among role managers. De-
pending on the data management strategy (e.g., dis-
tributed, centralized) or the data type (e.g. list, tree),
the medium at the deployment time may be different.

3 Adapt-Medium
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Figure 2: Adapt-Medium design principle

The design principle followed by our approach is to
obtain all planned architecture variants from a collab-



oration abstraction, then compose these variants into
a new medium, the adapt-medium, and add the nec-
essary machinery to select a proper running variant
at runtime.

Figure 2 briefly shows the utilization of our de-
velopment approach to build an adaptive reservation
medium (called reservation adapt-medium). This
adapt-medium can be used in reservation applica-
tions that dynamically switch the data type and
the data management algorithm used for manag-
ing seats’ IDs when the execution context changes
(e.g., the number of agencies increases, evolution of
database systems). An adapt-medium is a medium,
it is reusable in other similar applications.

e Refinement. From the collaboration abstraction,
we specify design decision models. Each of these
models contains a sequence of design alternatives
that lead the refinement of the abstraction to an
architecture variant. All the architecture vari-
ants conform to the abstraction.

e Composition. All the role managers correspond-
ing to a functional component are composed into
an adapt-manager. A generic implementation
of adapt-managers is introduced in this step.
Models of the architecture variants, the adapt-
medium model, and design decision models are
preserved in the adapt-medium.

3.2 Adapt-Medium Architecture
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Figure 3: Adapt-Medium architecture

Figure 3 shows the global view of a distributed ap-
plication using an adapt-medium. This application is
deployed on two sites, on each site, a functional com-
ponent is associated with an adapt-manager. The
adapt-medium is then the logical aggregation of two
adapt-managers, one per site. As shown in Figure
4, each adapt-manager consists of a composite man-
ager, an adaptation controller and a medium logic
component. The composite manager contains all the
manager variants of the corresponding role manager
and an adaptor.
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Figure 4: Adapt-Manager architecture

The adaptor calls the medium services of the run-
ning variant. The adaptation controller receives con-
text information, makes adaptation decisions, se-
lects a proper running variant, generates adaptation
plans and executes them. The medium logic sub-
component manages medium’s meta-data, i.e. infor-
mation about structures of all variants and design
decision models and adapt-managers’ instances in-
formation. Functional collaboration between com-
posite managers and adaptation coordination be-
tween adaptation controllers are performed through
the medium logic layer. In addition, adaptation con-
trollers use medium information managed by medium
logic sub-components to schedule adaptations.



3.3 Planning Transitions

Because an adapt-medium contains all the architec-
ture variants at runtime, data of a replaced architec-
ture variant can be transferred to the new one.
Transition plans can be built by analyzing the two
design decision models corresponding to the current
running variant and the target variant to determine
which data from which managers of the current vari-
ant should be read, and then, should be write in
which managers of the target variant. The result is
then a plan of Read and Write actions. Each of these
actions is refined into some coordinated distributed
actions by top-down goal decompositions [11].

4 Example: Reservation
Adapt-Medium

This section illustrates the refinement process in the

adapt-medium design principle presented in the pre-

vious section by the example of the reservation adapt-
medium.
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Figure 5: Refinement process

As shown in Figure 5, the refinement process is
organized as a tree, the root node corresponds to

the medium abstraction, the end-nodes (gray) cor-
respond to architecture variants, and the inner nodes
correspond to refinement stages. The following sub-
sections explain in detail the process.

4.1 Node 0: Abstraction
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Figure 6: Abstract specification of the reservation
medium (Node 0)

Figure 6 shows the class diagram of the reser-
vation medium at the abstract level. The class
ReservationMedium represents the logical medium

that implements the ISourceMediumServices
interface used by the Source class and the
IReserverMediumServices interface used by

the Reserver class. The class Reserveld represents
a seat’s ID. The medium manages the (available)
set of available seats’ IDs. Each instance of the
Reserver class has a (reserved) set of seats’ IDs
reserved by the corresponding agency.

4.2 Node 1: Managers

In order to introduce distributed implementations
into the medium, role managers are introduced, one
per functional component. Figure 7 shows the class
diagram of the medium after role managers intro-
duction. The SourceManager and ReserverManager
classes are introduced. Both classes implement the
medium services, but the available data are still
managed by the ReservationMedium class represent-
ing the logical medium. The reserved data of the
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Figure 7: Managers introduction (Node 1)

Reserver class in the abstract specification is now
managed by the ReserverManager class.

4.3 Nodes 2-4: Storage Strategy
Alternatives

ReservationMedium of the previous stage is still “ab-
stract” and its Available data needs to be dis-
tributed. The data can be stored by many strategies:

e Centralized: All IDs are stored on a site, e.g., on
a reserver.

e Replication: n replicas of an ID are stored on
n reservers. For example, with n = 2, we have
replication strategy A.

e Distributed: An ID is stored on a reserver.

4.4 Nodes 5-9: Data Location
Algorithm Alternatives

In order to locate IDs, we can use many algorithms.
For example, when an ID is stored on a site, we can
insert a pair (ID, Manager’s ID) in a hash table. Then
we can use distributed hash table algorithms (e.g.,
Chord [18], Pastry [15]) or centralized hash table to
manage the hash table. Figure 8 shows the medium
variant corresponding to Node 6.

4.5 Modeling Design Alternatives

Abstract types used to represent data are also alter-
natives. Data can be structured in tables, lists, etc.
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Figure 8: Medium variant corresponding to Node 6

Likewise, corresponding to a data location algorithm,
there may be several implementation alternatives.

Design concerns. In this example, we have iden-
tified several design concerns of the seats’ IDs dis-
tribution: the abstract type used to represent dis-
tributed data, the abstract type implementation, the
data format used to represent local data, the data
distribution topology specifying role managers that
can participate in the distribution, the role of role
managers in the distribution (e.g., client, server,
peer), the distributed protocol used to implement the
data distributed strategy (e.g., Chord [18]), the dis-
tributed protocol implementation algorithm that spec-
ifies the protocol implementation (e.g., OpenChord
[1] or MIT Chord implementation [12]). For each
design concern, there are several design alternatives
(e.g., Chord, Pastry design alternatives for the dis-
tributed protocol design concern).

Design decision models. From the identified de-
sign concerns, we create design decision models. Each
design decision model guide a refinement step that
transforms the abstraction into some medium archi-
tecture variants. With each design decision model, a
medium architecture variant’s model is built.

Figure 9 shows the generic design decision model
(a) and a design decision model for the distribution
of seats’ IDs (b). For example, the available set
can be distributed on ReserverManager role man-
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Figure 9: (a) Generic design decision model and (b)
a design decision model

agers by using the OpenChord implementation. The
available distributed data can be accessed via prox-
ies as List data. Primitives of the List data are
implemented by ListDefaultAlgorithm. With this
design decision model, the abstract medium is trans-
formed into the variant corresponding to Node 8.

The refinement process presented below are auto-
mated by model-transformations [14]. We have im-
plemented a transformation program in Kermeta [10]
that transforms a UML diagram of the medium ab-
straction into UML class diagrams of medium archi-
tecture variants at the implementation level.

Our refinement process ensures that all the
medium architecture variants conform to the medium
abstraction. Thereby, they are consistent from the
point of view of distributed functional collaborations.

4.6 Composition

The architecture variants from the refinement process
are then composed into adapt-managers (Figure 4).
This step has been also automated by a transforma-
tion program in Java.

Figure 10 shows three component models of three
manager variants. These variants 1, 2, 3 correspond
to the nodes 8, 2, 7 of the tree in Figure 5.
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4.7 Generating Transition Plans

In the refinement process, a sequence of design alter-
natives forms a design decision model. For example,
the sequence of design alternatives corresponding to
nodes {(0), (1), (4), (6), (8)} in the refinement tree
corresponds to manager variant 1 in Figure 10.

In order to automatically generate adaptation
plans, we specify transition actions within each step
of the refinement process. Therefore, for each step
on the refinement process, we specify 1) actions that
need to be executed to transfer data from one step to
the next one and 2) actions that are needed to restore
data of this step from the next one.

For example, with the sequence {(0), (1), (4), (6),
(8)}, the actions can be described as follows:

From (0) to (1):
// No data to be transferred
From (1) to (4):
// distribution of Available
for ID in (1).Available



{
(4) .SourceManager. insert (ID)
// insert function is implemented
// in SourceManager
}
Restore (1) from (4):
// Restore the Available data
(1) .Available = null
for m in {all managers}
{
(1) .Available.add(m.localAvailable)
}
From (4) to (6):
// No data to be transferred
From (4) to (8):
// build OpenChord HashTable
for m in {all managers}
{
for ID in m.localAvailable
{
m.ChordObject.add(ID,m.name)
}
}
From (8) to (4):
// No data to be restored

Another design decision model corresponds to an
architecture variant in which the available set is
organized in a centralized way. It corresponds to the
sequence: {(0),(1),(2)} in the refinement process of
Figure 5. With this sequence, we can specify the
following transition actions:

From (0) to (1):

// No data to be transferred
From (1) to (2):

(2) .serverNode.available =
Restore (2) from (1):

(1) .Available = (2).serverNode.available

(1) .Available

Using these actions, we can automatically generate
adaptation plans for switching between both archi-
tecture variants. For example, from variant 2 (Cen-
tralized) to variant 1 (OpenChord), the path is {(2)
to (1) to (4) to (6) to (8)}, then actions need to be
performed to transfer data are:

variant 2 to variant 1: {
//Restore (2) from (1):
(1) .Available = (2).serverNode.available

// From (1) to (4):

for ID in (1).Available

{

(4) .SourceManager . insert (ID)

}

// From (4) to (8):

for m in {all managers}

{

for ID in m.localAvailable
{
m.ChordObject.add (ID,m.name)
}
}
}

We have implemented a transformation program
that generates the reservation adapt-medium. In our
program, some functions of the reservation medium
are implemented beforehand, then integrated in the
adapt-medium by model transformations with the
OpenChord implementation and a centralized hash
table implementation.

5 Related Work

Many research projects have been investigating tech-
niques to support runtime adaptation of distributed
applications. But currently, to the best of our knowl-
edge, there does not exist an approach that supports
automatically planning runtime adaptations of appli-
cations having distributed functional collaboration.

In the field of robotic, some work supported au-
tomatically planning adaptation. For example, in
[19], Daniel Sykes et al proposed a three-layer model
in which adaptation plans are generated from goal
models expressed in temporal logic. The plans are
executed by selecting alternative components. In the
context of distributed collaboration, e.g., two robots
collaborate to perform a task, this work does not en-
sure the correctness of the collaboration between al-
ternatives components of the robots.

A number of approaches supports adaptation
mechanisms by replacing or rebinding components [8]
or by customizable frameworks to developing adapt-
able component-based applications [16, 3]. In these
approaches, the authors did not focus on the dis-
tributed functional logic of applications.



In [2], Gautier Bastide et al proposed an approach
to create composite components from monolithic ones
by restructuring the latter. A composite compo-
nent consists of sub-components that are deployed
on distributed hosts in order to adapt to deployment
policies (e.g., when the monolithic component can-
not be deployed on a host). Compared with Adapt-
Medium, the monolithic component corresponds to
the abstraction and a composite component corre-
sponds to an architecture variant. However, because
the goal of [2] is to adapt the application deployment,
this approach does not support mechanism to switch
composite components. Moreover, as concluded in
[2], this work does not allow runtime adaptations.

A few approaches support multiple distributed
adaptations. In ACEEL [6], an adaptive distributed
application has some distributed coordinators that
coordinate multiple distributed adaptation in order
to maintain the cooperation of distributed compo-
nents. The coordinators collaborate by using an
adaptation policy provided by developers. In [9],
Kurt Geihs et al proposed an approach to develop
component-based distributed applications that in-
cludes a framework for selecting proper variants
based on the current state of the execution context.
In this work, the creation of the application variants
is also based on some component plans describing the
components composition defined by developers. By
allowing developers define the adaptation policy [6]
and the component plans [9], these approaches sup-
port a large class of applications, but the capability
to maintain distributed collaboration thus depends
on developers.

In [4], Nelly Bencomo et al proposed an approach
to modeling structural variants of component-based
applications. The such variants correspond to con-
figurations that are executed by a reflective compo-
nent framework. Because this work does not partic-
ularly focus on distributed collaborations, the pre-
sented configurations are not “distributed”.

From the viewpoint of distributed components con-
nection, mediums have a similarity to explicit soft-
ware connectors [17] used in ArchStudio [13] to sup-
porting runtime evolution. But they differ in many
aspects: In contrary to mediums being reusable com-
ponents, connectors are built by compilers that an-

alyze interfaces specifications of distributed compo-
nents that need to be connected. Moreover, mediums
implement functional collaboration, but connectors
implement non-functional interaction of distributed
components.

6 Conclusion

In this paper, we presented Adapt-Medium, an archi-
tecture to support adaptive distributed components.
In the architecture, adaptations are realized by per-
forming dynamic compositions of distributed compo-
nents. We introduced a model-based process for 1)
specifying architecture variants of such distributed
components and 2) automatically generating adapta-
tion plans that are performed at runtime to switch
running architecture variant. The context includes
applications having distributed functional collabora-
tions. In this class of applications, adaptations in-
volving distributed processes may affect the collabo-
rations, planning adaptations is thus a complex task
for developers.

In our approach, a distributed application is firstly
specified using a collaboration abstraction called
medium. Then we presented a refinement process
that transforms this abstraction into many architec-
ture variants. These architecture variants are then
composed into an adapt-medium that can select a
proper running variant and dynamically switch be-
tween variants in order to adapt to context changes.
We proposed to specify adaptation actions within the
refinement process, thus automatically generate plans
for performing adaptations.

Our current architecture does not support contin-
uous availability [13]. An adapt-medium enables the
application using it to move from a consistent archi-
tecture to another consistent architecture at runtime
without loss of data, but during the data transfer, the
medium services must be stopped. Our ongoing work
includes specifying local data as shared objects be-
tween manager variants by analyzing common design
alternatives of the design decision models. Thereby,
we could replace the Read and Write actions in tran-
sitions by rebinding components, thus make applica-
tions available during transitions.



Our future work includes supporting runtime
model transformations in adapt-mediums in order to
allow integrating new medium architecture variants
at runtime, thus supporting better runtime evolution
of adapt-mediums.
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