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Abstract. Development by assembly has supplanted development by program-
ming, thereby making applications more reusable and flexible. However, sys-
tems need to be evermore dynamically adaptable to meet the demands of new
kinds of application domains. A number of component models and component
platforms based on those models are emerging to support adaptability. Al-
though runtime adaptations can lead the application to an unsafe state, this
problem has received little attention of needed. We will therefore propose a
methodology for any existing component platform to benefit from our results,
reuse our concepts and make dynamic adaptations safer.

Key words: safety, runtime adaptations, components, metamodeling, validation
by simulation.

1 Introduction

To improve software productivity and quality, and to reduce complexity, skill re-
quirements and development costs, development by assembly has supplanted devel-
opment by programming. A solution to support rapid software evolution is to con-
struct software systems from reusable components. Through this approach, the archi-
tecture of a system is described as component assemblies along with the interactions
among these components. However, application evolution is often unforeseen. Hence
systems also need to be evermore dynamically adaptable to meet the demands of new
kinds of application domains such as mobility whose execution need to take into ac-
count runtime application aspects (variation in the use context of an application, plat-
form connectivity, available resources, user localization, and so on).

A number of component models and component platforms based on those models
are emerging to support adaptability. By comparing some component models [37, 24,
5, 31, 28, 32, 36], we can see that they do not provide the same kinds of adaptation
(add/remove functionality, change behavior of a functionality, alter component as-
sembly, ...). Moreover, each kind of adaptation is implemented differently in compo-
nent models. For example, Noah [32] bases its assembly adaptation on interaction



pattern applications, SOFA [31] and Fractal [5] on containment compositions, CCM
[24] on binding modifications, and ACEEL [36] on automaton compositions. One
problem with these approaches is that each adaptation process implies modifying
components. Thus, runtime adaptations often lead the application to an unsafe state.
However, the problem of determining the safety of component dynamic adaptations
has received, in our opinion, little attention.

With the increasing use of software components and the multiplication of compo-
nent platforms, the methods for safe adaptation of components will become of greater
importance in the future. Facing this problem, we propose to ensure adaptation safety
by abstracting away properties. Rather than designing a safety tool for one component
platform, we will propose a methodology for any existing component platform to
benefit from our results, reuse our concepts and make dynamic adaptations safer. So
as to propose a general methodology for adaptation safety, we have chosen to work at
a meta level: we define a metamodel for adaptable components on which we describe
and prove safety properties independently from component platforms.

Section 2 presents how safety of dynamic adaptation is handled in existing compo-
nent models. Section 3 describes the basis of our proposal for safe component adapta-
tions: our metamodel highlights the key elements involved in the process of compo-
nent adaptation independently from specific component models and safety properties
have been identified and expressed through our metamodel. Section 4 shows how to
validate our approach. First, we will see how the safety properties can be proven once
and for all via the metamodel. Secondly, we will see how the safety properties proofs
can be projected in specific component models. The last section concludes and pre-
sents future work.

2 Safety of Dynamic Adaptation in Component Models

Existing component models, which allow dynamic adaptations, highlight various kinds
of adaptations. As the set of adaptation cases is too large, our proposal focuses on the
more frequently encountered component adaptations: adding or removing a function-
ality to a component, composing new actions with the previous ones associated to a
component functionality, and modifying a component assembly.

Component models allowing dynamic adaptation are not limited to those presented
in this section. We have selected component models that we believe to be representa-
tive of the kinds of adaptations we are interested in and which lack adaptation safety.
To conclude the section, we will see what can be made safer according to this state of
the art analysis.

CCM. The CCM model [24] defines a component framework to design, produce,
deploy, and run distributed heterogeneous component based applications. It provides
new solutions to exhibit component interconnections, to separate functional and non-
functional aspects, and to deploy components. According to the CCM specification, it
is dynamically possible to load components into generic container servers, to create
instances and then to interconnect these instances by means of an assembly. This as-
sembly information is defined in the CCM to be static. Indeed, the Component As-



sembly Descriptor defines which components to use and how to interconnect them.
However, it is possible to change connections during the life time of a component
instance as far as it respects connection conformity'. Although we can replace a com-
ponent by another in an assembly, the component model does not provide means to
check that the behavior of the new component conforms the behavior of the one re-
placed.

Fractal. The Fractal model [22, 5] is a dynamic and recursive component model
which allows structural composition based on containment and binding relationships
between components. In this paper, we will speak about the Julia framework [5],
which is the Java standard implementation of Fractal. Julia allows two kinds of adap-
tation: assembly modification and functionality composition. The first kind of adapta-
tion refers to the fact that composite components can change their structure over time.
The second one refers to the fact that controllers can change the behavior of compo-
nents. Typing rules on binding ensure that assembly modifications are valid but as for
the CCM, Fractal does not check that the behavior of the new component conforms
the behavior of the one replaced. A life cycle service is used to manage synchroniza-
tion when reconfiguring several components: components are stopped when adapted
and are restarted only when the needed modifications have been carried out. This is
time consuming. Moreover, the set of components that has to be stopped to make the
adaptation is not computed automatically. The programmer has to stop the compo-
nents that are supposed to be concerned by the needed modifications manually. This is
not sufficient to guarantee that all the modifications have been carried out properly.
On the other hand, the modifications implied by a given adaptation are not explicitly
described but are carried out through the programming: adaptation can only be vali-
dated after applying the modifications. Consequently, components may be restarted
introducing errors.

SOFA. SOFA [31] is a component model which allows an application to be com-
posed of a set of dynamically hierarchical updatable components. The strength of the
SOFA model is in the use of behavioral protocols [2]. Behavioral protocols describe
how components can be used: the behavior of a SOFA component is the set of all
traces?, which can be produced by the component. SOFA allows one kind of adapta-
tion: assembly modification. Though protocols, when replacing a component, we can
check that the new one can be used in the same manner as the one replaced. Another
characteristic of the model is that adaptation events are also included in behavior
specification of components to indicate precise moments where any adaptation can
occur. The begin event and the end event of potential adaptations are integrated into
protocols traces so that they do not follow a request event on the component being
adapted and so that there can be no other event between them. Since no other calls can
be handled until the end of the adaptation, SOFA components do not need to be
stopped, while being adapted, in contrast to ACEEL components (see description in

! For two component types to be connectable, it is required that a port provided (a facet) by one
of them has to be compatible with a port used (a receptacle) by the other. The facet type must
be the same or a subtype (interface inheritance) of the receptacle type

2 A trace is formed of a sequence of tokens denoting events (requests or responses of method
calls) occurring on a component.



the next paragraph) and Fractal components. Nevertheless, the programmer has in
charge to define the “right points” of adaptations in protocols, and no tool is provided
to check that the adaptation method calls are in the “right place”. Moreover, no dis-
tinction can be made between different kinds of adaptation: the moments allowing an
adaptation to occur are the same for all adaptations.

ACEEL. ACEEL [36] is a framework allowing components to be dynamically
adapted to variations of mobile environments. ACEEL components reify their adapta-
tion needs like an automaton whose states represent execution conditions and whose
transitions represent a significant variation in the environment and determine the adap-
tation to be performed when the variation occurs. Two types of adaptation may be
performed. The first one consists in changing the value of some elements of the inter-
nal state of the component. The second one consists in replacing the implementation
of the component. ACEEL takes into account synchronization when reconfiguring
several components and consistency among automata of components. However, the
composition of behaviors remains difficult and error prone since the composition must
be managed ad-hoc by the programmer at the level of the automata. On the other hand,
as for the CCM model and Fractal, replacing an implementation by another one does
not guarantee that the behavior described in the new component implementation will
conform the behavior described in the one replaced. The ACEEL framework imple-
ments a mechanism to enforce waiting until the end of ongoing requests before adapt-
ing components. This is not adequate because a method may never end.

JAC. JAC [28] is a Java framework for AOP applications. Wrappers are used to in-
tercept messages before reception by the component. Wrappers can be added, re-
moved and rescheduled dynamically. Wrappers are used to perform two kinds of ad-
aptation: adding functionalities to a component and modifying the behavior of a com-
ponent. On one hand, adding a functionality does not extend the component type. The
disadvantage is that calls to such added functionalities must be carried out explicitly
using a specific API of the framework instead of applying the functionality directly to
the receptor component. Even if the API can be specialized by the framework user to
perform verifications, the process remains ad-hoc and is optional. On the other hand,
an aspect compositor schedules actions associated with the aspects by defining a pol-
icy of dependence and incompatibility rules between aspects. The policy is then used
to manage conflicts of control composition. But the validation of the control composi-
tion must be carried out by the programmer. Then, the validation of the control com-
position remains informal and is error prone.

Noah. Noah [32, 3] is a framework providing a dynamic adaptation layer over the
EJB [37]. The framework allows the programmer to express the interactions between
components declaratively and externally to components via the ISL language. By
describing interaction rules (rewriting rules on functionalities) between components,
the programmer can modify the behavior of components dynamically. Components
participating in an interaction rule are defined by type names but no type checking is
carried out. Hence, if a functionality that is required in an interaction rule is missing,
no warning is given until the functionality is called. A merging operation based on ISL
operators is used to compose a set of rules applied on a component [30]. Since the



merging operation is commutative, applying a set of rules applied to a component
always results in equivalent behavior and does not depend on a particular order.

Synthesis. In conclusion, each component model checks the safety of some adapta-
tions. But the validations performed are not systematically taken into account, and the
techniques used to validate the modifications are often ad-hoc or are in charge of the
programmer. By comparing such component models, we conclude that existing solu-
tions cannot be used to determine the safety of the three kinds of adaptations:

1. Type evolution consistency: if we consider that the component type corresponds to
the set of functionalities it offers, then we can compare our need to a change of the
component type during its life cycle. However, work on typing as defined in Object
Oriented applications [7, 10] are not sufficient to validate type evolution during
execution.

2. Behavior composition coherence: associating new behavior to a functionality
should not imply contradictory or non deterministic execution of the functionality.
Mechanisms used for functionality composition in metamodeling [21] or in AOP
[28] should be extended to take into account behavior composition coherence.

3. Assembly soundness: is the connectivity correct and complete? Is it possible to call
an unknown functionality? Is a component missing in an assembly or of an inade-
quate type? ADLs [19] are insufficient to guarantee that dynamic changes will be
applied to the executing system in a safety manner. They ensure assembly validity
only for initial constructions.

In addition, adaptation-related modifications are often carried out programmatically
as for the CCM [24], Fractal [5], SOFA [31] and ACEEL [36]. Hence, we can only
detect errors after the modifications have been performed and we lose a degree in the
application safety. On the other hand, no effort has been done to support safety when
performing adaptation-related modifications.

Some component models try to determine when it is safe to adapt components.
ACEEL [36] and Fractal [5] require components to be stopped during adaptation.
SOFA [2] proposes to determine a priori the moments of adaptation. But those tech-
niques are not appropriate: the first worsen performance of the system and is too dras-
tic, the second is too constraining and not enough flexible.

3 The Basis of our Approach

Our proposal to making the adaptation process safer is to identify: 1) what are the
criteria of safe adaptations, 2) when do adaptations have to be carried out and 3) how
do the modifications associated to a given adaptation have to be performed. We be-
lieve that those questions can be answered by determining what we call “safety prop-
erties” (see section 3.2) that components and adaptations must fulfill. Our proposal is
similar to approaches in formal specification and coherence validation at runtime by
abstracting away properties [9] (for example, Briais [4] defines properties to be
checked when objects move on network). Our approach is based on a metamodel for
adaptable components (see section 3.1) using UML [27], which allows us to set the



vocabulary. In addition, we define OCL [38] constraints, which are checked on class
instances (see section 3.2) in order to ensure the safety properties.

To illustrate our proposal, we will use in next sections, as running example, two
component types. A BasicDiary component type will provide functionalities which
correspond to adding, removing, and consulting meetings. A DataBase component
type will provide functionalities to memorize and restore states and to synchronize its
data.

3.1 A Metamodel for Adaptable Components

Whereas CodA [17] defines a metamodel to reify the process of communication be-
tween actors, we define a metamodel, based on the MOF [26], whose elements involve
dynamic adaptations of components. Our approach follows the MDA recommendation
[25], in the same way as [14, 23].

The first central element of our metamodel refers to a typing notion allowing speci-
fication evolutions. To avoid any confusion with classical typing approaches [7, 10],
our typing notion will be referenced as "role". In addition to a typing notion, we will
see in this section that our role definition also includes other role definitions. The
second central element is the adaptation pattern, which can be understood as a dy-
namic reconfiguration protocol [29]. We believe that describing adaptations is better
than programming because it checks for safety before performing the modifications
associated with adaptations. Then, the adaptation pattern describes explicitly what an
adaptation is: it allows to express the effect of an adaptation on the structure and on
the behavior of components. An informal definition of each element of our metamodel
is given below.

A role (see figure 1) has a name and describes component properties: not only
syntactic definitions of ports but also behavioral features associated with these ports.
There are two kinds of roles. A simple role has provided ports determined by a
simple name. Simple roles may be seen as metaobjects controlling the behavior of the
components they are associated with like Peschanski roles [29]. An example of a sim-
ple role can be the BasicDiary role and the DataBase role. A generic role has
provided ports determined by regular expressions and express properties that the
components participating in a collaboration must exhibit, but do not necessarily de-
termine a specific “type” in particular as for UML interfaces® [27]. An example of a
generic role can be the AttributeManager role, which offers generic getters and setters
functionalities.

3 UML 2.0 interfaces subsume the UML 1.x concepts of classifier role.



Role

QroleName : String

Wis SuperRoleOf (c : Sequence[Role]) : boolean

?

SimpleRole GenericRole

@isDeductedFrom(i : Implantation, r : GenericRole) : boolean

Fig. 1. UML representation of roles

Each port (see figure 2) is determined by a signature: a designation, a set of pa-
rameter roles and possibly a return role. We distinguish two types of ports. A port
whose designation is a name captures and handles a particular functionality addressed
to the component. A port whose designation is a regular expression corresponds to a
set of functionalities.

For example, suppose we have the definition of a role Meeting and of a role Date.
Then the BasicDiary simple role has three provided ports: addMeeting(Meeting),
removeMeeting() and searchFor(Date): Meeting. The DataBase simple role has four
provided ports: load(): BasicDiary, store(BasicDiary), lock(BasicDiary) and un-
lock(BasicDiary). And the AttributManager generic role has two provided ports:
get*(Any) and set*(Any) where get* (resp. set*) is a regular expression denoting any
name starting with get (resp. set) and representing getters (resp. setters) functional-
1ties.

Role

E&roleName : String

@isSuperRoleOf(c : Sequence[Role]) : boolean

0.1 / Port
+return +p ‘ rameters

isConformTo()

BasePort 1 Designation
+portName
+providedPorts ‘
L ProvidedPort RegExp Name

Fig. 2. UML representation of port

A template (see figure 3) defines a category of components. Template instanti-
ates components. A template is composed of simple roles and an implementation.



An implantation (see figure 3) has only ports determined by a simple name
and is the representation, at the metamodel level, of the component code (classes,
descriptors, ...) described in a specific component model. Details regarding the im-
plementation are abstracted away, hiding internal activity. We only focus on the
adaptability part of a component: implantation only holds ports that can be adapted
and called within an adaptation.

A component (see figure 3) is an instance of a template, a unit of execution. A
component has only simple roles, which can be seen as view points similar to work as
RM-ODP [12] and CCM [8]. But in contrast with those work, we can use a compo-
nent according to a subset of its roles by recovering the union of the desired roles
simultaneously. At any time, the roles of a component reflect its interactions with the
environment. The roles of a component can evolve in time by adaptation. All the
components instantiated from a given template initially have the same associated roles
but the roles of two components can evolve in time independently.

Template

@createFrom(c : Collection[GenericRole], i : Implantation) : Template
ScreateFrom(i : Iplantation) : Template
“instanciate() : Component

Instanciate \ +implantation
Z \

Implantation

Component
%componentN ame : String

+fonctionnalities .|, «
ProvidedPort

+roles
+roles *

SimpleRole

@FisDeductedFrom(i : Implantation, r : GenericRole) : boolean

Fig. 3. UML representation of template, implantation and component

An adaptation pattern (see figure 4) has a name and defines a set of adapta-
tion rules (see the definition below) on generic roles (its parameters).



AdaptationPattern

@patternName : String

WcreateFrom(roles : Sequence[GenericRole], rules : Collection[AdaptationRule]) : AdaptationPattern
Sinstanciate(components : Sequence[Component]) : Adaptationinstance

trules . \+param eters
*

AdaptationRule :
P GenericRole
%componentPosition : Integer

@getEmettedPorts() : Collection[Port]
canApply To(c : Component) : boolean
containsNoCy cleFrom(ar : AdaptationRule) : boolean

Fig. 4. UML representation of adaptation pattern

Suppose we now want to make our diary component persistent. A way to achieve
this is that the diary notifies a data base of actions performed. Then we define an ad-
aptation pattern specifying how to make a component persist (see figure 5). This pat-
tern takes two parameters: the role of components we want to make persistent and the
role of components providing the persistent storage. The ComponentToPersist generic
role has three provided ports: add*(Any), remove*(Any) and search(Any): Any. The
PersistentSupport generic role has four provided ports: load(): Any, store(Any),
lock(Any) and unlock(Any). Note here that any component providing a searchFor
port and two ports whose name begins with add and remove can be made persistent
using this pattern. Similarly, any kind of persistence support (data base, file system,
...) can be used providing that they offer load and store ports.

PersistencePattern (ComponentToPersist ctp,
PersistenceSupport ps)

1. ctp.add* (Any a) -> ctp.add*(a); ps.store(ctp)

2. ctp.remove* (Any a) -> ctp.remove* (a); ps.store(ctp)

3. ctp.searchFor (Any a) : (Any aa) -> ps.load(ctp);
ctp.searchFor (a)

4. new ctp.lock() -> ps.lock(ctp)

5. new ctp.unlock() -> ps.unlock (ctp)

Fig. 5. Example of adaptation pattern composed of five rules: the PersistencePattern. “Any” is

a special generic role representing all possible roles. The “;” operator stands for port sequenc-
ing

The operation of adaptation consists in applying an adaptation pattern to a set of
components. The operation modifies a subset of the roles of the participating compo-
nents and may add required components to some of the participating components (in
this case an assembly is created). The operation also creates an adaptation in-
stance (see figure 6) that has a name, comprises components and provides naviga-




bility functionalities between participants. To apply an adaptation pattern is a reversi-
ble action. Thus, we can undo the modifications carried out to the roles of the compo-
nents (withdrawal of added ports or roles, suppression of the controls applied to some
adapted ports, destruction of some component assemblies, etc).

AdaptationPattern

@patternName : String

cheateFrom(roles : Sequence[GenericRole], rules : Collection[AdaptationRule]) : AdaptationPattern
Qinstanciate(components : Sequence[Component]) : Adaptationinstance

Ins}a,n({ate
£

Adaptationinstance

%instanceName : String * Component
%componentName : String
@contains Dependancies(npr : NewPortRule) +participants
Lremov e()

Fig. 6. UML representation of adaptation instance

An adaptation rule (see figure 7) describes explicitly what modifications on
components are expected and the link between components. According to the Medvi-
dovic software connector classification [20], our adaptation rules can be understood as
implicit connectors. A rule is defined on a particular parameter of the adaptation pat-
tern. Rules of adaptation can be of three categories:
control rule consists in modifying the behavior of component ports,

- anew port rule consists in adding a provided port to component roles,
- new role rule consists in adding a new role to components.

For example, the PersistencePattern adaptation pattern (see figure 5) defines five
rules: three control rules (1 to 3) and two new port rules (4 and 5). In this example, all
rules are defined on the componentToPersist role parameter. Suppose we apply the
PersistencePattern to a component myDiary exhibiting the role BasicDiary and to
another component myBD exhibiting the role DataBase. Then the BasicDiary role of
myDiary is modified and new features appear in it.

10



AdaptationRule

%componentPosition : Integer

FgetEmettedPorts() : Collection[Port]
‘canAppIyTo(c : Component) : boolean

containsNoCy cleFrom(ar : AdaptationRule) : boolean

i

‘ ‘ +portToControl
NewPortRule | *eontrolRule [ conirgiRule 1] BasePort
1
+newPortRules
+control Type\ 1
NewRoleRule Control Type

I%roleName String

getAddedPorts() : Collection[Port]

Fig. 7. UML representation of adaptation rules

@is CompatibleWith(ct : ControlType) : boolean
SgetEmettedPorts() : Collection[Port]
SisDelegation() : boolean

Up to now, we have only seen one kind of port: provided ports. But adaptation
rules involve two new kind of ports: emitted ports* and adaptation ports® (see figure
8). A set of emitted ports can be seen as a CCM receptacle [24] (whereas a set of
provided ports can be seen as a CCM facet [24]). An emitted port appears in a
role when a component requires this port to perform an action. Note that when an
emitted port (p, ») is added in a role ’ then the role of the receiver r of p is also added
to the set of roles of required components of »’. An adapted port is a provided or
an emitted port that is being adapted and whose behavior is being altered using con -

trols (see figure 9).

4 An emitted port is a pair characterized by a port p and the role of the receiver r (p, r).
3> An adapted port is a triplet characterized by a port p, the role of the receiver r, the tree ¢t of
controls applied to p and containing emitted ports (p, 7, ct).

11



Port

@is ConformTo(p : Port) : boolean

+parameters BasePort
+requieredComponentsRoles 1
+return
* ¢ 0.1 +portToAdapt
Role AdaptationPort
%mleName : String %ct “ControType
@isSuperRoleOf (c : Sequence[Role]) : boolean canApply Control(ct : ControlType) : boolean
A‘ *
+emettedPorts .
+ad‘aptat|onPorts
* |
EmettedPort |
SimpleRole EStarget : Role ‘
|
|

@is DeductedFrom()

+providedPorts | p o igedPort

*

Fig. 8. UML representation of the different kinds of ports

Control Type
+subControlTypes

@is CompatibleWith(ct : ControlType) : boolean <
FgetEmettedPorts() : Collection[Port] 2
“is Delegation() : boolean

[ \ :

Notify Control DelegateControl ExceptionControl CompositeControl

=~ +emettedPort Z>
EmettedPort | 1 [
E5target : Role SequentialControl ParallelControl Conditionnal Control

Fig. 9. UML representation of the different kinds of controls

Now that the different kinds of ports have been explained, we can express the effect
of each kind of adaptation rule more formally.

A control rule alters the behavior associated with a port. The component roles
concerned will be modified as follows: 1) addition of an adapted port, 2) addition of
the emitted ports required by the adapted port, 3) addition of the roles of the required
components (see figure 8).

If we consider our running example and according to rules 1, 2 and 3, three adapted
ports are added to the role BasicDiary of myDiary: (addMeeting, self, ctl), (remove-

12



Meeting, self, ct2), (getMeetings, self, ct3) where self represents the currently consid-
ered role of the component (see the value of ¢t/ in figure 10). Two emitted ports are
also added to BasicDiary: (store, DataBase) and (load, DataBase). The role Data-
Base of the required component myDB is also added.

Sequential Control

[ NotifyControl } (DelegationControl}
|

[EmittedPort = (sfore, DataBa.re)}

Fig. 10. Example of control tree: ct/

A new port rule adds a port to a component. The component roles concerned
will be modified as follows: 1) addition of a provided port to the set of provided ports.
2) addition of an adapted port® to the set of adapted ports in order to give a code defi-
nition for this port.

A new role rule adds a role to a component. The component roles concerned
will be modified as follows: addition of a role (comprising new provided ports and
their associated adaptation ports) to the set of roles of the component.

According to rules 4 and 5, two new provided ports are added to the role BasicDi-
ary of myDiary: lock and unlock. Two adaptation ports are added: (lock, self, ct4) and
(lock, self; ct5), two emitted ports are added: (lock, DataBase) and (unlock, Data-
Base). This time, the role DataBase of the required component myDB does not need
to be added as it has already been added via rules 1, 2 and 3. After applying Persis-
tencePattern to myDiary and to myDB, each “addMeeting” (or “removeMeeting’) call
on myDiary is preceded by a “store” call on myDB.

3.2 Safety Properties

Section 3.2.1 informally outlines the expected properties to answer the three safety
questions: what criteria determine the safe adaptations, when do safe adaptations have
to be carried out and #ow do the modifications associated to a given safe adaptation
have to be performed. Section 3.2.2 describes how to use OCL [38] to express our
safety properties on the metamodel classes.

3.2.1 Informal Definitions
“What” properties

Currently we have listed five safety properties, which have to be guaranteed before an
adaptation can be performed. Those properties can be understood as criteria that de-

¢ Emitted ports and roles of required components associated to the given adapted port are also
added.

13



termine if a given adaptation is safe or not. Hence we allow an adaptation to be per-
formed if, and only if, the following properties are fulfilled:

P]I

PZI

P4:

P_s:

The adaptation conserves initial roles of a component: The initial roles of a com-
ponent must be maintained during the component life cycle. This property is im-
portant to avoid errors due to a call to an unknown functionality.

If the BasicDiary role initially provides three ports corresponding to functional-
ities of adding, removing and consulting meetings then a component which ini-
tially presents the BasicDiary role will always be able to answer requests to those
three functionalities.

The adaptation creates only valid assemblies: each required functionality is of-
fered.

: The adaptation takes into account component’s semantic of use: Even if, structur-

ally, two components offer the same ports, they may not be interchangeable in
term of use.

A log component cannot be used where a database component is required (even if
structurally they offer the same “store” port).

The adaptation does not introduce conflicts in functionality use. Several adapta-
tions of the same port must be consistent: Delegating the responsibility of handling
a functionality to different components, at the same time, may introduce an incom-
patibility, which we would like to warn of or even forbid.

Delegating the responsibility of handling the “store” functionality for diaries to
different entities (a database and a file system for example) may mean that there is
an incompatibility.

The adaptation accepts only cycles and non-deterministic points voluntarily de-
fined by users.

Figure 11 shows an example of adaptation graph that introduces a non-
deterministic point.

e
a.ml) f,r’f E_““—h____ "-ﬁ
—{ & Yimg->ang; prgreoy 4
e =77 non-determiristic point
cof)-=dpfl
The italic forrmlae express adaptation miles. For exargle, bonl) -=dpl)
means that each titne 1 is called on'b, this call is replaced bya call to pond.

;13 the secquertial operator and /Y the parallelism operator

Fig. 11. Example of non-deterministic point. if d is a one-place buffer component with read (p)
and write (p’) functionalities, then there will be a conflict between read and write because they
can be called in any order
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“When” properties

After determining that a given adaptation is safe, the next step is to detect when it is
safe to actually carry out the adaptation. A major criterion identifying a potentially
“proper” moment is that there should be no communication between the components
to be adapted and their environment. Otherwise Afomicity cannot be ensured (see the
“How” properties in the following paragraph). But there is always an operation in
execution. Then this criterion implies requiring the termination of the currently exe-
cuting operation before handling an adaptation. And, this is neither pertinent as it may
take quite a long time, nor sufficient as the modifications should not break the execu-
tion of one contiguous unit of work.

“How” properties

As for data base applications, we can reuse the ACID properties to perform adapta-
tion-related modifications on components safely.

Atomicity guarantees that modifications performed within an adaptation undergo an
all-or-nothing paradigm. In fact, this property ensures that actions performed during
applying or unapplying a pattern appear as one contiguous unit of work. Conse-
quently, this property guarantees that the restoration of the previous component state
(the state just before the adaptation) is always possible.

If a diary is connected to a database and if we want to manage a disconnected
mode between them, the adaptation has to be atomic. Otherwise, supposing only the
diary has been adapted, any time a disconnection occurs, if the diary synchronizes
the database then the database may be partially inaccessible.

Consistency guarantees that an adaptation will leave the system’s state to be consis-
tent after completion. In our approach the five « What » properties listed above are a
set of rules that define a consistent system state. During the course of an adaptation,
these rules may be violated, resulting in a temporarily inconsistent state. And when the
adaptation completes, the state is consistent once more. As an adaptation executes
atomically (from the Atomicity property above), the system will always appear to be
consistent to a third party.

Isolation protects concurrently executing adaptations from seeing each other’s in-
complete results. Without isolation, the consistency property cannot be ensured. Dur-
ing an adaptation, locks on components must be assigned as necessary. The locks
guarantee that, while an adaptation is occurring, no other concurrent updates can inter-
fere. This allows many users to modify the same set of components simultaneously
without concern for interleaving of adaptation operations.

Durability guarantees that updates survive failures (hard disks crashing, power fail-
ures, etc). In database applications, recoverable resources keep a log in order to be
reconstructed by reapplying the steps in the log. In the context of adaptation proc-
esses, component state and component interconnections can be recovered from adap-
tation rules.
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3.2.2 A Step towards Formalization

We have defined our metamodel using UML [27] and our approach to validating
properties over the metamodel is to describe “behavioral” constraints in OCL [38],
which must be satisfied by class instances. We have also defined “structural” con-
straints to specify, for example, that components, adaptation patterns and adaptation
instances are identified by their names and that one cannot use the same role as par-
ticipant in a given adaptation pattern twice. Currently, we have formalize all the
“what” properties. Thus we have defined 16 structural invariants, two structural pre-
conditions, 12 behavioral preconditions and five behavioral postconditions.

The constraints validating the “what” properties are listed below. Table 1 summa-
rizes how each property is ensured and on which elements of our metamodel. Some
OCL expressions are given in Figures 12 and 13 and in the appendix.

A;: Any component required in a given role must always correspond to this role.

A»: Any template connects a set of roles to an implantation so that each port of the
roles is associated to an implantation port (that is a definition code).

Asz: Two structurally equivalent ports can belong to different roles of a component
provided that they have an equivalent semantic of use.

A4 Any component « can always answer » to functionalities associated with its roles.

As: To each port emitted in direction of a given required component role r, corre-
sponds a provided port of 7.

Ag: Each rule of an adaptation pattern does not generate any cycle.

A7: Before applying an adaptation pattern to a sequence of components, each compo-
nent involved in the adaptation must provide a role that conforms the parameter
role of the pattern that the component is associated with.

Ag: For each control rule of an adaptation pattern, controls applied on the port to be
adapted of the concerned component are not incompatible with new control to be
applied.

Ag: For each rule of an adaptation pattern, its application to a component does not
generate any cycle.

Ajp: A pattern with a role or port addition rule cannot be unapplied to a set of compo-
nents if, at least, another pattern instance adapts or uses the given added ports.

Table 1. “What” Properties synthesis

Property Constraints Elements concerned
Components initial roles Template, component, adaptation pattern
conservation: P; Uses: IsSuperRoleOf
Valid assemblies con- Adaptation pattern, adaptation instance

S As, Aig . : ;
struction: P, Uses: containsDependancies
Component’s semantic Template, role, component, implantation

A17 AZ; A47 A7

of use preservation: P; 43 Uses: IsSuperRoleOf of Role
Conflicts in functionality 4 Adaptation pattern
use: P, 8 Uses: CanApplyTo
Cycles and non- Adaptation pattern
A67 A9

deterministic points: Ps Uses: containsNoCycleFrom
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In constraint 45, conforms operation checks that a port p conforms another port
p’. For a space preoccupation, we do not give OCL expression for operations substitu-
tions expression here but, informally, conformity between ports corresponds to: name
matching, for example, getX matches the get* regular expression; contravariance on
parameters roles; and covariance on return role if defined. Conformity between roles
(isSuperRoleOf operation) refers to a typing relation, which is satisfied when: for
each provided port p of super role 7, there is a provided port p’ of sub role »” and p’
conforms p (and if » or r’ is a generic port: for each emitted port p of r, there is an
emitted port p’ of »” and p’ conforms p). Then, the OCL precondition constraints
guarantees that for all rules, for each port emetted ep in direction of a role r, there is a
provided port of » that conforms ep or ep is a port added to » within the current pat-
tern.

context AdaptationPattern::createFrom(roles
Sequence (GenericRole), rules : Collection (AdaptationRule))
AdaptationPattern

pre Aba:
rules->forAll (ru | ru.getEmettedPorts()->forAll (ep |
ep.oclAsType (EmettedPort) . target .providedPorts->exists (pp |
pp.conforms (ep)) xor rules-sselect(ru | not
ru.oclIsTypeOf (ControlRule) and ru.componentPosition =

Sequence{l..roles->size() }->select (i | roles->at(i).roleName =
ep.oclAsType (EmettedPort) .target.roleName) ->at (1)) ->iterate(
ru ; accu : Set(Port) = Set{} |

if ru.oclIsTypeOf (NewRoleRule) then

accu->union (ru.oclAsType (NewRoleRule) .getAddedPorts())
else

accu->including( ru.oclAsType (NewPortRule) .controlRule.port)
endif) ->exists (ap | ap.conforms(ep))))

pre A5b
rules->select (ru | ru.oclIsTypeOf (ControlRule))->forAll (ru |
if ru.oclAsType (ControlRule) .port.oclIsTypeOf (ProvidedPort) then
roles->at (ru.componentPosition) .providedPorts->exists (p |
p.conforms (ru.oclAsType (ControlRule) .port))
else roles->at (ru.componentPosition) .emettedPorts->exists (p |
p.conforms (ru.oclAsType (ControlRule) .port) and
p.oclAsType (EmettedPort) .target.roleName =
ru.oclAsType (ControlRule) .port.oclAsType (EmettedPort) .
target.roleName)
endif)

Fig. 12. OCL Expression for 45
In constraint 4;), containsDependancies operation checks if an added port

of the adaptation instance is used or adapted in another adaptation instance. We can-
not remove the adaptation instance until there are no more dependencies.
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context AdaptationInstance::remove ()

pre AlOQ:
self.pattern.rules->forAll (ru |
if ru.oclIsTypeOf (NewPortRule) then not
self.containsDependancies (ru.oclAsType (NewPortRule) )
else 1f ru.oclIsTypeOf (NewRoleRule) then
ru.oclAsType (NewRoleRule) .newPortRules->forAll (npr | not
self.containsDependancies (npr))
else true endif endif)

Fig. 13. OCL Expression for 4,,

The aim of the approach is to simplify safety property proofs for component adap-
tation by reducing them to proofs of the sampler assumptions described by OCL con-
straints. The validity of the approach is also investigated by instantiating it to two
component frameworks. We will take advantage of the work aroud transformation
rules [15, 16, 18] to automatically translate our UML/OCL specification into a B
specification.

4 Validating our Approach

Once that constraints have been defined formally using OCL, the next step is to check
that they are syntactically correct. We also have to prove that they are consistent with
respect to the property they have to guarantee’. Another step is to validate that the
abstraction level of our metamodel is correct. For this, we have to verify that the
safety properties proofs can be reused in specific component models. In this section,
we show how we use a simulation technique [33] to validate our constraints (section
4.1) and how to integrate our safety properties proofs in two component models (sec-
tion 4.2).

4.1 Validation Based on Simulation and on Proof Obligations

We need to validate the UML model and the OCL constraints not only syntactically to
verify the specification against OCL grammar and type checking but also “semanti-
cally” to be sure that constraints cover exactly the property that they have to guaran-
tee. Open-source tools for validating UML models are proposed in [33, 35]. Objec-
teering [35] provides a framework to dynamically test integrity constraints but implies
defining constraints in a specific input language J. Gogolla et al [33] developed a tool
called USE (UML-based Specification Environment) [34] to validate UML and OCL
constraints from standard definition.

7 There must be a bijection between constraints value domain and property value domain.
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To validate a property by simulation with the USE tool, we check the property-
related constraints. The property-related constraints are checked explicitly construct-
ing snapshots representing system states. A snapshot is a set of objects with attribute
values and links to other objects. For example, the snapshots we have tested against
constraint 4, are around a system of 64 states. Another point is that if any of the con-
straints is evaluated to “false” or has an undefined result, the system state is consid-
ered illegal and the snapshot is rejected. Then, the second step is to test known contra-
examples “by hand”. We isolate significant contra examples to verify that our proper-
ties recognize erroneous adaptations. We have tested if a template can be created from
an implantation and from a set of roles that have some ports not corresponding to
those of the implantation. We have tested this contra example on several port values
and none of the snapshots check our constraint 4, as we expected.

Nevertheless, to rapidly validate a large number of snapshots, we would like to
construct the snapshots in a more declarative way for a systematic state space explora-
tion. For this means, we use the language ASSL (A Snapshot Sequence Language)
[13] on top of USE. ASSL serves to construct snapshots by specifying properties the
desired snapshot has to fulfill instead of giving a explicit sequence of commands.
Then, USE generates objects with randomly chosen attribute values and all possible
link combinations between objects until a valid state space is found. As ASSL forbids
side-effects, only invariants can be checked. Then we encountered some difficulties to
translate pre and post condition into invariants. Preconditions are often defined on
operation parameters. If operation parameters of an object o correspond to objects
associated to o, there is no problem.

For example, the preconditions corresponding to constraint A5 are applied on op-
eration create of AdaptationPattern and deals with rules and parameters
roles. It is really easy to transform these preconditions into invariants since roles and
rules belong to the state of adaptation patterns. One only has to be careful to insert a
supplementary condition: adaptation pattern links to its rules and to its roles must be
defined. Otherwise, the first snapshot (where there are no links between objects) will
always be chosen and the state space exploration will end. It is more difficult to trans-
late postconditions since the result of the operation has to be taken into account. In-
stead of using post condition on instantiate operations, we move the constraint appli-
cation onto the instantiated object. For example, post condition on instantiate
operation of AdaptationPattern is moved into an invariant on Adaptation-
Instance.

By analyzing rejected and accepted system states, we have improved our specifica-
tion. Desired snapshots that do not fulfill a constraint indicate too strong constraint.
We corrected it by relaxing the constraints to include these cases. On the other hand,
too weak constraints can accept undesirable system states. In this case, constraints are
changed to be more restrictive. In fact, we cannot certify that a property is covered by
a set of constraints that have to guarantee it and vice versa. Even if invalid snapshots
are detected and valid snapshots pass all constraints, it cannot be generalized, and we
cannot conclude the correctness of a specification in a formal sense.

Simulation has help us to find bugs and to gain confidence in our model. However,
it only says that the model is correct with respect to the analyzed system states. Since
one has to check that all accepted snapshots are really those we expected, it is a man-
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ual process, which is subject to human limitations. Then there is always an error rate
that we have to consider. Even if verification by theorem proving required more skill
to use, the level of confidence obtained by proof verification is higher than with simu-
lation techniques [33]. Using a formal method is essential to be more rigorous. There-
fore, complementary to Use, we plan to use B formal method [1] in order to analyze
and verify consistency and coherence of our UML/OCL specification.

4.2 Validation Based on Projection

The aim is not to modify existing component models to provide all the possible prop-
erties proofs but to help control adaptations allowed by each component model. This
section presents two examples of projections: in the Julia implementation framework
[5] of the Fractal model [22] and in the Noah framework [3, 32]. We have chosen
Noah because it allows us to integrate and reuse a maximum of properties proofs. As
the structure of the Julia model differs on many points from ours, we have chosen
Julia to determine to what extent our metamodel has the right level of abstraction and
is reusable.

4.2.1 Projection of the Elements of our Metamodel

The projections show that our metamodel is not a priori projected in totality in each
component model, and each component model is not a fortiori completely abstracted.
For each specific component model, only the elements corresponding to the adapta-
tions provided in this specific component model can be projected (see Table 2).

Table 2. Projection of the metamodel elements synthesis. The X symbol means that there is no
corresponding element in the concrete model for the considered metamodel element. The
metamodel elements not presented in the table have no corresponding element neither in Noah
nor in Julia

Metamodel element Noah Julia
Template X Template
Role Name of Java interface Interface type
Implantation Public methods of Java class Primitive component
Component Noah object Component
Provided port Java method Java method of server interface
Required component role X Client interface
Adaptation port Interacting method Interceptor/controller
Adaptation pattern Interaction pattern X
Adaptation instance Interaction X

4.2.2 Projection of the Safety Properties Proofs

This section deals with the projection of properties proofs in Julia and Noah frame-
works. Table 3 summarizes which properties proofs are or may be projected and
which projections are immediate as the property proofs are ensured in each frame-
work. As for the projection of the metamodel elements, only the properties proofs
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corresponding to the adaptations provided in that specific component model are pro-
jected.

Table 3. Projection of the safety properties proofs synthesis. The ! symbol means that the
projection is immediate as the property is completely ensured in the component model. The x
symbol means that the adaptation corresponding to the property is not provided in the compo-
nent model implying that the property does not have to be ensured. The ? symbol means that
we do not know how to project the proof of the property in the component model. The o sym-
bol means that we know how to project the proof of the property

Safety properties Noah Julia
P, 0 o for A, and A4, X for A; and 4,
P, ! for As, X for Ay !
P; ! !
P, ! X
P; 0 o for cycle, ? for non deterministic points

Julia. Here is how the assertions corresponding to properties P; (4;, A2, A4, A7), P
(45, Ajp) and P; (A43) can be projected in Julia:

A as Julia does not allow type evolution, this assertion does not have to be projected.

Aj: ensured by Julia template creation mechanism.

A, ensured by Julia template instantiation mechanism, which guarantees that compo-
nents instantiated from a template 7 “can answer” to calls of operations of 7.

A7: as there is no equivalent element for the adaptation pattern in the Julia model, this
assertion does not have to be projected.

As: ensured by typing rule on bindings. A client interface /¢/ of a component ¢ can be
connected to a server interface /2 of a component s if and only if /22 is a subtype
of It1.

Ajp: ensured by the life cycle service. To alter the type of a component s, we have to
stop all the client components of s simultaneously.

Aj: ensured by the Java type system. Common methods of several interfaces imple-
mented by a class have automatically the same implementation because we cannot
have several methods with the same signature. Then, common methods automati-
cally have the same semantic of use automatically.

Property P, does not have to be ensured in Julia. The initial behavior of services
associated to a given component can be modified by using controllers. Controllers
desired for a given component are defined in a property file, which is read when the
application is loaded. But at runtime, the set of controllers applied on a given compo-
nent cannot be altered. Then, we do not have to manage service composition dynami-
cally.

Property P;s is partially ensured by containment cycle detection. Indeed, contain-
ment cycle detection eliminate the cycles in methods calls that are the result of cycles
of containment but it does not eliminate all cycles in methods calls. However, no pro-
jection of this property is studied since Fractal philosophy states that cycles in se-
quence of method calls are perfectly legal and are consider to be voluntary defined by
programmer. The programmer has then in charge to ensure that the introduced cycles
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do not produce infinite loop. Currently, we do not know how to project the detection
of non-deterministic points because parallelism is not standardized in Julia.

Noah. As Noah implements a lot of adaptations, all the properties can be, at least
partially, projected. Here is how the 10 assertions can be projected in Noah:

A;: ensured by typing rules on role when applying interaction patterns.

A»: ensured by the “implement” mechanism verified by the Java compiler.

Aj: ensured by the Java type system. Common methods of several interfaces imple-
mented by a class have automatically the same implementation because we cannot
have several methods with the same signature. Then, common methods automati-
cally have the same semantic of use.

A, ensured by the Java instantiation mechanism, which guarantees that objects instan-
tiated from a class 4 “can answer” to calls of methods of 4.

As: formal participants of an interaction are represented by a name. Implicitly, the role
of a formal participant p is equal to the union of services addressed to p in left part
of interaction rules and services addressed to p in right part of interaction rules.
Then component assemblies are supposed to be correct provided that effective par-
ticipants roles are conform to formal ones. The projection of the assertion is done
by the intermediate of the projection of assertion A;.

Ag: since interaction rules are navigable, the OCL assertion can be directly projected

into a Java assertion.

: since we can extrapolate the role of each participant of the interaction (see projec-
tion of assertion A4s), we project the assertion using the Java reflexivity to deter-
mine if a component (effective participant) is a good candidate to fulfill the role of
a given participant.

Ag: ensured be the Noah merging mechanism, which composes behaviors.

Ag: since interaction rules and components are navigable, the OCL assertion can be

directly projected into a Java assertion.

Ajp: adding of functionality is not implemented in Noah. Then, the assertion does not
have to be projected.

A

N

Synthesis. For the moment, all projections are performed manually. We have to insert
code in some methods of some elements of each concrete model. Currently, we are not
able to automate the projection process. However, the metamodel reifies the key ele-
ments of the process of adaptation, and we can determine how the metamodel ele-
ments are projected in concrete models. Then, we can locate precisely where the
modifications have to be carried out. With the help of rewriting rules attached to some
elements of the metamodel, we hope to be able, at least, to generate code automati-
cally per target.

5 Conclusion and Future Work

In this paper, we have shown that to determine the safety of dynamic adaptations of
components we have to answer three questions: 1) what are the criteria of safe adapta-
tions, 2) when do adaptations have to be carried out and 3) sow do the modifications
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associated to a given adaptation have to be performed. To answer these questions, our
approach is to define what we have called “safety properties”. Then, we have pro-
posed a metamodel for adaptable components using UML [27], and safety properties
have been ensured using OCL [38] constraints attached to our metamodel classes.

Due to the abstraction level provided by the metamodel, we have already validated
the main properties proofs by simulation [33]. Indeed, by analyzing rejected and ac-
cepted system states, we have improved definitions of the OCL constraints [38] but
since we cannot fairly check the states space entirely and as there is always an error
rate to consider, we plan to use B formal method [1] in complement. The properties
proofs validated on the metamodel ensure that no bugs will appear at runtime in each
component model where the proved properties proofs are projected. Indeed, once a
proof projection is proven consistent with respect to the property it guarantees, the
given property is always preserved in the concerned component model independently
from the application it hosts.

Our work around projections allows us to evaluate how far our approach is reusable
because we have chosen, as projection targets, two very different component models.
Noah [3, 32] defines component assemblies on interaction patterns and Julia [5, 22]
on structural composition based on containment and bindings. Moreover, safety of
adaptations is integrated into the targeted frameworks: we have shown how to project
some properties proofs.

Our future work will consist of different issues, from the consolidation and exten-
sion of our metamodel and its safety properties to a general validation of our proposal
mentioned above. We will strengthen the OCL [38] constraints associated to the prop-
erty P; (component’s semantic of use conservation) by adding a behavioral subtyping
relation [11] to our role definition. We will also go deeper into the validation of our
OCL constraints using B formal method [1]. On the other hand, our metamodel should
be easily extended to new kinds of adaptation. In particular, we will take into account
communication mode switching [6]. Finally, we will automate the projection process
for some component models implemented in Java by meta programming.
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Appendix: OCL Description of Constraints

Note that in precondition constraint7, pattern instantiation is atomic since we check
that all components (forAll statement) can conform its associated role of the pattern
before creating the effective adaptation instance. Consequently, the atomicity property
is also guaranteed by this constraint.

Constraint Al:
context Component::methodCalll (method : ProvidedPort,
effectiveParams : Sequence (Component) )

pre Al la:
method.return->isEmpty and self.roles->forAll(r |
r.providedPorts->exists (p | p.conforms (method))) and
effectiveParams->size () = method.parameters->size() and

Sequence{l. .method.parameters->size () }—>iterate (index : Integer;
accu : Boolean = true | accu and

method.parameters->at (index) . isSuperRoleOf (

effectiveParams->at (index) .roles->asSequence()))

context Component::methodCall2 (method : ProvidedPort,
effectiveParams : Sequence (Component)) : Role

pre Al 1b:
method.return->notEmpty and self.roles->forAll (r
r.providedPorts->exists(p | p.conforms (method))) and
effectiveParams->size () = method.parameters->size() and
Sequence{l..method.parameters->size () }->iterate (index : Integer;
accu : Boolean = true | accu and
method.parameters->at (index) . isSuperRoleOf (
effectiveParams->at (index) .roles->asSequence()))

post Al 2:
result.isSuperRoleOf (Sequence{method.return})
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context Component::declaration assignement (waitingRole : Role,

providedComponent : Component) : Component
pre Al 3:

waitingRole.isSuperRoleOf (providedComponent .roles->asSequence ())

post Al 4: result.roles = providedComponent.roles

Constraint A2:

context Template::createFrom(i : Implantation) : Template
post A2 1:

i.fonctionnalities->forAll (fct | result.roles-sexists(r |

r.providedPorts->includes (fct)))

context Template::createFrom2 (c : Collection(GenericRole),

Implantation) : Template

pre A2 2a:
c->forAll(r | r.providedPorts->forAll (pl
i.fonctionnalities->exists( p2 | pl.conforms (p2) ))) and
c->forAll (rl, r2 | rl <> r2 implies not (rl.roleName =
r2.roleName) )

post A2 2b:
result.roles->size() = c->size() and
result.roles->forAll (rl | c->exists(r2 |

rl.isDeductedFrom(i, r2)))

Constraint A4:
context Template::instanciate (componentName : String)
Component
post A4: result.roles = self.roles
Constraint A7:
context AdaptationPattern::instanciate (components
Sequence (Component) ) : AdaptationInstance
pre A7:
Sequence{l..components->size}->forAll( index : Integer |

self .parameters->at (index) .isSuperRoleOf (
components-s>at (index) .roles->asSequence () ))

i
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