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Abstract

With the increasing use and multiplication of component platforms, the methods
for safe adaptation of components will become of greater imprtance in the future.
Facing this problem, we propose to ensure adaptation safetypy abstracting away
properties. We de ne a metamodel for adaptable components o which we describe
safety properties independently from component platforms
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1 Introduction

To improve software productivity and quality, and to reduce omplexity, skill
requirements and development costs, development by assemblg sapplanted
development by programming. A solution to support rapid softwee evolution
is to construct software systems from reusable components. Thrdughis
approach, the architecture of a system is described as componassemblies
along with the interactions among these components. Howevermp@ication
evolution is often unforeseen. Hence systems also need to be eweendynami-
cally adaptable to meet the demands of new kinds of applicati domains such
as mobility whose execution needs to take into account runtienapplication
aspects (variation in the use context of an application, platirm connectivity,
available resources, user localization, and so on).

A number of component models and component platforms based these
models are emerging to support adaptability. By comparing soencomponent
models P2, [14], [6], [19], [16], [4], [23], we can see that they do not provide
the same kinds of adaptation (add/remove functionality, chage behavior of
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a functionality, alter component assembly, etc). Moreover, sae adaptations
may be implemented di erently in distinct component models. Br exam-
ple, CCM [14] bases its assembly adaptation on binding modi cations, SOFA
[19] and Fractal [6] on containment compositions, ACEEL 23] on automaton
compositions, and Noah4] on interaction pattern applications. One prob-
lem with these approaches is that each adaptation process ingd modifying
components. Although runtime adaptations often lead the appation to an
unsafe state, the problem of determining the safety of comportedynamic
adaptations has received, in our opinion, little attentionof needed.

With the increasing use of software components and the multigktion
of component platforms, the methods for safe adaptation of cqranents will
become of greater importance in the future. Facing this préém, we propose
to ensure adaptation safety by abstracting away properties. Wealie chosen
to work at a meta level: we de ne a metamodel for adaptable cqmonents on
which we describe safety properties independently from compent platforms.
This generic approach is usable by any existing component platm to make
dynamic adaptations safer.

Section 2 presents how the safety of dynamic adaptations is hded in
existing component models. Section 3 describes a metamodeljaithighlights
the key elements involved in component adaptations. Sectidnpresents safety
properties. The last section concludes and presents future work

2 Safety of Dynamic Adaptation in Component Models

Existing component models, which allow dynamic adaptations,ighlight var-

ious kinds of adaptations. As the set of adaptation cases is toorde, our
proposal focuses on the more frequently encountered companatiaptations:

adding or removing a functionality to a component, composingew actions
with the previous ones associated to a component functionalitand modifying
a component assembly. We have selected component models thathedieve
to be representative of the kinds of adaptations we are intesged in and which
lack adaptation safety. To conclude the section, we will see wihean be made
safer according to this state of the art analysis.

CCM. The CCM model [L4] de nes a component framework to design,
produce, deploy, and run distributed heterogeneous companeased appli-
cations. It provides new solutions to exhibit component intexonnections, to
separate functional and non-functional aspects, and to deplayomponents.
According to the CCM speci cation, it is dynamically possible toload com-
ponents into generic container servers, to create instancesdatmen to inter-
connect these instances by means of an assembly. This assemblyrmétion is
de ned in the CCM to be static. Indeed, the Component Assembly Desptor
de nes which components to use and how to interconnect them. Kever, it is
possible to change connections during the life time of a compant instance as
far as it respects connection conformity. Nevertheless, the cponent model
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does not provide means to check that the behavior of the newmponent
conforms the behavior of the one replaced.

SOFA. SOFA [19 is a component model which allows an application to
be composed of a set of dynamically hierarchical updatable cponents. The
strength of the SOFA model is in the use of behavioral protoco[4]. Behav-
loral protocols describe how components can be used: the bebawf a SOFA
component is the set of all traces, which can be produced by thersponent.
SOFA allows one kind of adaptation: assembly modi cation. Though pro-
tocols, when replacing a component, we can check that the neweocan be
used in the same manner as the one replaced. Another charactecsif the
model is that adaptation events are also included in behaviagpeci cation
of components to indicate precise moments where any adaptati can occur.
The begin event and the end event of potential adaptations arintegrated into
protocol traces so that they do not follow a request event on theomponent
being adapted and so that there can be no other event betweereth. Thus,
SOFA components do not need to be stopped, while being adaptéa contrast
to ACEEL components (see description in the next paragraph). Nertheless,
the programmer has in charge to de ne the \right points" of adgtations in
protocols, and no tool is provided to check that the adaptatio method calls
are in the \right place". Moreover, no distinction can be madebetween dif-
ferent kinds of adaptation: the moments allowing an adapta&bn to occur are
the same for all adaptations.

ACEEL. ACEEL [23) is a framework allowing components to be dynami-
cally adapted to variations of mobile environments. ACEEL cmponents reify
their adaptation needs like an automaton whose states represesxecution
conditions and whose transitions represent a signi cant vari&n in the en-
vironment and determine the adaptation to be performed whethe variation
occurs. Two types of adaptation may be performed. The rst oneonsists in
changing the value of some elements of the internal state of tktemponent.
The second one consists in replacing the implementation of theraponent.
ACEEL takes into account synchronization when recon guringseveral com-
ponents and consistency among automata of components. Howevbeg com-
position of behaviors remains di cult and error prone since tle composition
must be managed ad-hoc by the programmer at the level of the awhata.
On the other hand, as for the CCM model and Fractald], replacing an im-
plementation by another one does not guarantee that the betiar described
in the new component implementation will conform the behawr described in
the one replaced. The ACEEL framework implements a mechanisimenforce
waiting until the end of ongoing requests before adapting cgonents. This
is not adequate because a method may never end.

Noah. Noah [] is a framework providing a dynamic adaptation layer over
the EJB [22]. The framework allows the programmer to express the interac
tions between components declaratively and externally taoomponents via the
ISL language 18]. By describing interaction rules between components, the
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programmer can modify the behavior of components dynamital Compo-
nents participating in an interaction rule are de ned by type names but no
type checking is carried out. Hence, if a functionality thats required in an
interaction rule is missing, no warning is given until the fungonality is called.

A merging operation based on ISL operators is used to compose aaetules
applied to a component. Since the merging operation is comtative, apply-

ing a set of rules to a component always results in equivalent He/ior and

does not depend on a particular order.

Synthesis. In conclusion, each component model checks the safety of some
adaptations. But the validations are not systematically perfomed, and the
techniques used to validate the modi cations are often ad-lwoor are in charge
of the programmer. By comparing such component models, we chre that
existing solutions cannot be used everywhere to determine thefesg of the
three kinds of adaptations:

Type evolution consistency: if we consider that the componenype corre-
sponds to the set of functionalities it o ers, then we can comparthis need
to a change of the component type during its life cycle. Howevework on
typing as de ned in Object Oriented applications ]

are not su cient to validate type evolutions during execution.

Behavior composition coherence: associating new behavior tdusction-
ality should not imply contradictory or non deterministic execution of the
functionality. Mechanisms used for functionality compositio in metamod-
eling [12) or in AOP [16] should be extended to take into account behavior
composition coherence.

Assembly soundness: is the connectivity correct and complete? tipossible
to call an unknown functionality? Is a component missing in anssembly or
of an inadequate type? ADLs](] are insu cient to guarantee that dynamic

changes will be applied to the executing system in a safety mamnéhey

ensure assembly validity only for initial constructions.

In addition, adaptation-related modi cations are often caried out pro-
grammatically as for the CCM [L4], Fractal [6], SOFA [19 and ACEEL [23].
Hence, we can only detect errors after the modi cations haveelen performed
and we lose a degree in the application safety. On the other hanao e ort
has been done to support safety when performing adaptationkaged modi -
cations. Some component models try to determine when it is safe adapt
components. ACEEL P3] and Fractal [6] require components to be stopped
during adaptation. SOFA [19 proposes to determine a priori the moments of
adaptation. But these techniques are not appropriate: the st worsen per-
formance of the system and is too drastic, the second is too congtiag and
not enough exible.

Our proposal to making the adaptation process safer is to idefiti 1) what
are the criteria of safe adaptations, 2)vhendo adaptations have to be carried
out and 3) how do the modi cations associated to a given adaptation have to
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be performed. We believe that these questions can be answeredibtermining
\safety properties"” (section 4.1). Then, our approach is basedch@a metamodel
for adaptable components (section 3) using UML1p], which allows us to set
the vocabulary. In addition, we de ne OCL R4] constraints, which are checked
on class instances (section 4.2) to ensure the safety properties.

3 A Metamodel for Adaptable Components

An informal de nition of each element of the metamodel is give in this sec-
tion. To illustrate the metamodel, we will consider, as a runmg example,
1) diary components which provide functionalities to add, emove, and con-
sult appointments, 2) database components which provide furionalities to

memorize and restore states and to synchronize data.

A role (gure 1) has a name and describes component properties. There
are two kinds of roles. Ageneric role expresses properties that the compo-
nents participating in a collaboration must exhibit as for UML interfaces [L5|
or role modeling B], [21]. For example, AttributeManager is a generic role
that o ers generic getters and setters functionalities. Aconcrete role is as-
sociated with a particular component in contrast to generic fles. It describes
what is provided and required as well as the adaptations dorm the compo-
nent. It must not be confused with classical typing approaches][because it
supports dynamic features additionally and it may be seen as aetaobject
controlling the behavior of its component like Peschanski res [L7]. Exam-
ples of concrete roles will be done in the remainder of this §en. Note that
generic roles can be seen as formal parameters (of methods) eodcrete roles
as parameter value.

Fole
&praleMame : String

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

i

[ |
ConcreteRole GeneticRole

QisDeductedFrom{i Slmplantation, r: GenericRale) : boolean

Fig. 1. UML representation of roles

Eachport (gure 2)is determined by a signature: an expression to name
the port, a set of parameter roles and possibly a return role. Wasatinguish
two types of ports. A port with a name captures and handles a particular
functionality addressed to the component. A port with anexpression can
only be de ned in a generic role and may correspond to a set of fttionalities.

For example, theAttributeManager generic role has two provided ports:
get(Any) and set*( Any) where get* (resp. set*) is an expression represent-
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ing getters (resp. setters) functionalities andAny is a special generic role
representing all possible roles. ThdéasicDiary concrete role, associated
with diary components, has three provided ports:addM eeting(Meeting),
removeMeeting() and searchFor(Date): Meeting. The DataBase concrete
role, associated with database components, has four providedrizo load():
BasicDiary , store(BasicDiary ), lock(BasicDiary ) and unlock(BasicDiary ).

Note that BasicDiary (resp. DataBase) can be both a generic and con-
crete role : it will be 1) a generic role when determining theote of a parameter
(with provided/required features), and 2) a concrete role wén associated with
a component (with not only provided/required features but $so adaptation
features) but, in fact, it will not be the same role.

Role Fort Expression
EproleName : String

“HsConformTol)
LisSuperRoledfo 1
+portMatme
+return * ' +parameters P
+providedPorts 0.1
Marme

ProvidedPort -] BasePuor
"]

Fig. 2. UML representation of ports

A template (gure 3) de nes a category of components and instantiates
components. Animplantation (gure 3) is the representation, at the meta-
model level, of the component code (classes, descriptors, ...)sd&ed in
a speci c component model. Details regarding the implemenian are ab-
stracted away, hiding internal activity. We only focus on theadaptability part
of a component: implantation only holds ports that can be adaed and called
within an adaptation.

Compaonent

i T lat
anmponentName : Btring Instanciate smplate

preateFramic ; Colection[GenedcRale], i: Implantation)  Termplate
cheateFrDm(i lplantation) . Template

+oles P +roles Vinstanciated : Component
ConcreteRole .
1 Implantation ProvidedPort
“isDeductedFrami) +implantation +fonctionnalities

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

A component (gure 3) is an instance of a template, a unit of execution.
A component is associated with concrete rolesnfyDiary is associated with a
BasicDiary role andmyDB with a DataBase role), which can be seen as view
points similar to RM-ODP [9] and CCM [14]. In contrast with these work, we
can use a component according to a subset of its roles simultansiyu At any
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time, the roles of a component re ect its interactions with he environment.
The roles of a component evolve in time by adaptation. All theamponents
instantiated from a given template initially have the same assaated roles but
the roles of two components evolve independently.

We believe that describing adaptations is better than programing be-
cause it checks for safety before performing the modi catioressociated with
adaptations. Then, anadaptation pattern (gure 4) describes explicitly
what an adaptation is: it allows to express the e ect of an adagttion on the
structure and on the behavior of components. An adaptation pagrn has a
name and de nes a set of adaptation rules (see the de nition bak) on generic
roles (its parameters).

AdaptationPattern
Sppattermiame ; String

Q’createFrnm(rnles s Sequence[GenericRole], rules : CollectionfadaptationRule]) ; AdaptationFPattern
~’*’-‘ﬂ*instanu:iate{u:u:urm:u:unents s Sequence[Caompanent]) | Adaptationinstance

Adapt ationRule

- EpcompanentPasition : Integer
GenericRale +parameters +ules

N o | “getEmettedPorts
SranApplyTog
SeontainsMaoCyeleFrom

Fig. 4. UML representation of adaptation pattern

For example, the way to make a component persistent is to de nena
adaptation pattern (see the code, written in an ISL-like style[18], below).
The PersistencePatterry takes two parameters: the role of components we
want to make persistent and the role of components providing ghpersistent
storage. The ComponentT oP ersist generic role has three provided ports:
add*(Any), remove*(Any) and search(Any): Any. The P ersistentSupport
generic role has four provided ports:load(): Any, store(Any), lock(Any)
and unlock(Any). Then, we can use this adaptation pattern with diary and
database components: diaries notify a data base of actions perhed Note
that any component providing asearchF or port and two ports whose name
begins with add and remove can be made persistent using this pattern. Sim-
ilarly, any kind of persistence support can be used providing thahey o er
load and store ports.

PersistencePattern(ComponentToPersist ctp, Persistenc eSupport ps)

1. ctp.add*(Any a) -> ctp.add*(a); ps.store(ctp)
. ctp.remove*(Any a) -> ctp.remove*(a); ps.store(ctp)
. ctp.searchFor(Any a) : (Any aa) -> ps.load(ctp); ctp.sea rchFor(a)

2

3

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

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

3 The \;" operator stands for port sequencing.
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The operation of adaptation consists in applying an adaptatio pattern
to a set of components. The operation modi es a subset of the role$ the
participating components and may add required component® tsome of the
participating components (in this case an assembly is createdjhe operation
also creates aradaptation instance (gure 5) that has a hame, comprises
components and provides navigability functionalities be&teen participants. To
apply an adaptation pattern is a reversible action. Thus, we caundo the
modi cations carried out to the roles of the components (whdrawal of added
ports/roles, suppression of the controls applied to adaptationgots, destruc-
tion of component assemblies, ...).

Adaptationlnstance
QinstanceName . Btring

QcontainsDependancies(npr - MWewPatRule)
Sremaovel) +participants

Ty

*

AdaptationPattern -
-
Eppatterntlame : String

Component
&cnmponentName . Btring

Instanciate

rreateFromo
instanciated

Fig. 5. UML representation of adaptation instance

An adaptation rule (gure 6) describes explicitly what modi cations on
components are expected and the link between components. Ation rules
can be seen as an abstraction of declarative adaptation techoes such as?,
[5] or [4]. According to the Medvidovic software connector classi catio [11],
they can also be understood as implicit connectors with ADL cometion ends
(generic roles) that are attached to ADL ports/interfaces (coarete roles). A
rule is de ned on a particular parameter of the adaptation ptern. Rules of
adaptation can be of three categories: 1) @ntrol rule consists in modifying
the behavior of component ports, 2) anew port rule consists in adding a
provided port to component roles, and 3) aew role rule consists in adding
a new role to components.

AdaptationRue ControMype
%componentPositinn Integer

s Compatiblewith )
“getEmettedParts() : Collection[Por] “sgetErmetedPorts(
“canfpplyTa(c : Component) : hoolean SisDelegation()
“rontainsMoCycleFromiar : AdaptationRule) : boolean
+eantrolType 1
BaseFort
1

MewRoleRule
SproleName String MewPortRule ControlRule

* 1
“pgetiddedPorts() : Collecion[Por] +newP oHRUles

+poTaCantral

+rontrolRule

Fig. 6. UML representation of adaptation rules
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For example, P ersistenceP attern (see the code above) de nes ve rules:
three control rules (1 to 3) and two new port rules (4 and 5). Inthis example,
all rules are de ned on the componentToPersist role parameter Suppose
we apply P ersistenceP attern to myDiary as ComponentT oP ersistand to
myBD as P ersistenceSupport Then the BasicDiary role of myDiary is
modi ed and new features appear in it.

Up to now, we have only seen one kind of port that represent prowed
features. A set ofprovided ports can be seen as an UML 2.0 provided port or
a CCM facet. Adaptation rules involve two new kind of ports:emitted ports
and adaptation ports (gure 7). An emitted port appears in a role when
a component requires this port to perform an action. But, wheas an UML
2.0 required port and a CCM receptacle re ects the requireduhctionalities
of a component at design time, emitted ports only deal with ragrements at
adaptation time. Note that when an emitted port (o, r) is added in a role
ro then the role of the receiver of p is also added to the set ofequired
component roles (gure 7) of r% An adaptation port is a provided or an
emitted port whose behavior has been altered usingpntrols ( gure 8).

+reguieredComponentsRoles Port
0

*

Qiannfﬂran(p cPorfy  boolean
Rok

EproleMame : String +return

isSupe Rale0f) 0.1

BaseFort
* 3580 ! +ponToAdapt
+parameters
ConcreteRole +emiftedForts .
: AdaptationPaort

igDeducted Fromd &pct: ControlType

EmittedPort ProvidedPort
Eptarget : Role SranspplyContralict | ContralTyped  boolean

*

+providedPorts +adaptationPorts

Fig. 7. UML representation of the di erent kinds of ports

Each kind of adaptation rule expresses modi cations on compents. A
control rule alters the behavior associated with a port. The component rade
will be modi ed as follows: 1) addition of an adaptation port,2) addition of
the emitted ports associated with the adaptation port, 3) addion of the
required components roles.

According to rules 1, 2 and 3 ofP ersistenceP attern, three adaptation
ports are added to theBasicDiary role ofmyDiary : (addMeeting, self, ctl),
(removeMeeting, self, ct2), (getMeetings, self, ct3) whereself represents
the currently considered role of the component (see the valué @l in gure
9). Two emitted ports are also added tdBasicDiary : (store, DataBase) and
(load, DataBase). The role DataBase of the required componenimyDB is
also added.
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ControlTygpe

] ] ] +subContralTypes
Q’ISCDmpatlblEWlth(Et CControlType) - hoolean

QgetEmeﬁedPDr‘[so s Collection[Par] 2
QisDeIegatinnO choolean

Motify Control DelegateCaontrol ExceptionControl CompositeControl
+emitiedPort
EmittedPort | 1
Eyptarget: Role SequentialContral FarallelControl ConditionnalContral

Fig. 8. UML representation of the di erent kinds of controls

’—[S equentialControlJ—‘

[ NotifyControl ] [DelegationControl]
|

[EmittedPort = (sfore, DamBase)]

Fig. 9. Example of control tree: ctl

A new port rule adds a port to a component. The component roles will
be modi ed as follows: 1) addition of a provided port to the set oprovided
ports. 2) addition of an adaptation port to the set of adaptation ports in
order to give a code de nition for this port. A new role rule adds a role to
a component. The component will be modi ed as follows: adddin of a new
role (comprising new provided ports and their associated adagiton ports) to
the set of roles of the component.

According to rules 4 and 5, two new provided ports are added tayDiary 's
BasicDiary : lock and unlock. Two adaptation ports are added: lock, self,
ct4) and (lock, self, ct5), two emitted ports are added: [ock, DataBase) and
(unlock, DataBase). This time, the role DataBase of myDB does not need to
be added as it has already been added. After applyirfgersistenceP attern
to myDiary and to myDB, eachaddMeeting (or removeMeeting) call on
myDiary is preceded by astore call on myDB.

4 Safety Properties

Section 4.1 informally outlines the expected properties tanswer the three
safety questions:What, When and How (see section 2). Section 4.2 describes
how to use OCL P4] to express the safety properties on the metamodel classes.
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4.1 Informal De nitions

\What" properties : Here, we detail ve safety properties, which have to be
guaranteed before an adaptation can be performed. These peopes can be
understood as criteria that determine if a given adaptations safe or not.
P1: The adaptation conserves initial roles  of a component. This property is important
to avoid errors due to a call to an unknown functionality. If the BasicDiary role initially
provides three ports corresponding to functionalities of dding, removing and consulting

meetings then a component which initially presents theBasicDiary role will always be
able to answer requests from these three functionalities.

P,: The adaptation creates only valid assemblies : each required functionality is
o ered.

P3: The adaptation takes into account component's semantic of use : Even if two
components o er structurally-equivalent ports, they may not be interchangeablein term
of use. A log component cannot be used where a database component égjuired (even if
they o er the same \store" port) .

P4: The adaptation does not introduce functionality con icts: adaptation rule com-
position coherence . Multiple adaptations of a component may lead to delegate the
responsibility of handling a functionality to di erent ent ities, which may introduce an
incompatibility.

Ps: The adaptation warns about cycle detection. Let consider three componentsa, b
and c. a has been adapted to delegate the responsibility of handlitfee m functionality to
b. b has been adapted to notify c (that is:b calls n on c) every time m is called onb. Now
suppose thatc is adapted to delegate the responsibility of handling the functionality to
a. Then a cycle is introduced by propagation indirectly.

\When" properties : After determining that a given adaptation is safe,
the next step is to detect when it is safe to actually carry out tB adaptation.
A major criterion identifying a potentially \proper" moment is that there
should be no communication between the components to be adagtand their
environment*. But there is always an operation in execution. Then this
criterion implies requiring the termination of the currenty executing operation
before handling an adaptation. This is neither pertinent ag may take quite
a long time, nor su cient as the modi cations should not break the execution
of one contiguous unit of work.

\How" properties : As for data base applications, an adaptation has to
be performed as an ACID transaction.

4.2 A Step towards Formalization

Our approach to guaranteeing the properties over the metardel is to describe
constraints in OCL [24], which must be satis ed by class instances. The OCL
constraints that formalize the ve \What" properties listed in section 4.1,
correspond to a set of preconditions, postconditions and invarits on methods
and classes of the metamodel. All the OCL expressions correspormgio these

4 Otherwise Atomicity cannot be ensured (see théHow properties" in the following para-
graph).
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constraints can be found in13]. Next table summarizes how each property is
ensured and on which elements of the metamodel.

Property Constraints Elements concerned Functionalities used
Py A1, Az, Ay, A7 Template, Component, AdaptationPattern IsSuperRoleOf
P2 As, A1 AdaptationPattern, Adaptationinstance containsDependancies
P3 As Template, Role, Component, Implantation IsSuperRoleOf
Py Ag AdaptationPattern CanApplyTo
Ps Ag, Ag AdaptationPattern containsNoCycleFrom

In this paper, we describe the OCL constraints that validate mperties
\initial role conservation” p,; and \valid assemblies construction"p,. A, A,,
A, and A; (resp. As and Ajp) are the translation in \natural language™ of the
OCL constraints that guaranteep; (resp. py).

A1: Any component required in a given role must always correspond to this role.This

constraint can evolve in time.

A,: Any template connects a set of roles to an implantation so that each port ofthe roles
is associated to a de nition code.

A4: Any component \can always answer" to functionalities associated with itsroles.

A;: Before applying an adaptation pattern to a sequence of components, the role ohe
involved components must conform to the parameter roles of the pattern.

As: To each port emitted in direction of a given required component roler, corresponds
a provided port of r.

Ai1p: 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 othe
same component.

In constraint As (see the corresponding OCL expression below), tlven-
forms operation checks that a portp conforms another portp®. For a space
preoccupation, we do not give OCL expression for operations stibutions ex-
pression here but, informally, conformity between ports coesponds to: name
matching, for example,getX matches theget regular expression; contravari-
ance on parameters roles; and covariance on return role if eeed. Conformity
between roles isSuperRoleOf operation) refers to a typing relation, which is
satis ed when: for each provided portp of super roler, there is a provided
port p° of sub roler®and p° conformsp (and if r or r%is a generic port: for
each emitted portp of r, there is an emitted portp° of r® and p° conformsp).
Then, the OCL precondition As, guarantees that for all rules, for each port
emitted epin direction of a roler, there is a provided port ofr that conforms
epor epis a port added tor within the current pattern.

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

pre Aba:

rules->forAll(ru | ru.getEmettedPorts()->forAll(ep |
ep.oclAsType(EmettedPort).target.providedPorts->exi sts(
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pp | pp-conforms(ep)) xor rules->select(ru | not
ru.ocllsTypeOf(ControlRule) and ru.componentPosition =
Sequence{l..roles->size()}->select(i | roles->at(i).r oleName =
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).controlRu le.port)
endif)->exists(ap | ap.conforms(ep))))

pre ASb : ...

In constraint Ay, (see the corresponding OCL expression below), tisen-
tainsDependanciesoperation checks if an added port of the adaptation in-
stance is used or adapted in another adaptation instance. We aast remove
the adaptation instance until there are no more dependencies.

context Adaptationinstance::remove()

pre AlO:
self.pattern.rules->forAll(ru |
if ru.oclisTypeOf(NewPortRule) then
not self.containsDependancies(ru.oclAsType(NewPortRu le))
else if ru.oclisTypeOf(NewRoleRule) then
ru.oclAsType(NewRoleRule).newPortRules->forAll(npr | not
self.containsDependancies(npr))
else true endif endif)

5 Conclusion and Future Work

In this paper, we have shown that to determine the safety of dymaic adapta-
tions of components we have to answer three questions:wihat are the criteria
of safe adaptations, 2whendo adaptations have to be carried out and 3how
do the modi cations associated to a given adaptation have to bperformed.
Our approach is to de ne \safety properties” to be ful lled by components
and adaptations. Then, we have proposed a metamodel for adapta compo-
nents using UML [L5], and \What" properties have been ensured using OCL
[24] constraints attached to the metamodel classes.

Independence from middleware allows us to prove the propms formally
and then prevent from runtime adaptation problems in each ecoponent model
where the properties are projected. The validation of the setfy properties
Is reduced to the validation of the sampler assumptions describbdy OCL
constraints. The validation of the OCL constraints consist in preing that they
are consistent with respect to the property they have to guaraee®. It has
been done using simulation technique&(]. The validation of the metamodel
itself has been investigated by instantiating it to two componet frameworks:
Fractal [6] and Noah f]. This work has helped us to evaluate how much the

5 Constraint value domain and property value domain must be the same.
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approach is reusable because we have chosen, as projectiones;,gwo very
di erent component models. For further details on theses valations, see13).
Future work will consist of the consolidation and the extension fothe
metamodel and its safety properties. Indeed, the metamodel shd be easily
extensible to new kinds of adaptation. In particular, we wilkake into account
communication mode switchingT]. On the other hand, we will make a pro-
totype of a generic safety service that ensurdg/hat” and \How" properties.
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