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Abstract. By dynamic adaptation, we mean the ability to fyodn application
at run-time. This provides a system with the gkillynamically alter its behav-
iour while it is running, depending on tliehanging) conditions of the envi-
ronment. In this work we show how to perform dynamilaptation by means
of contextual environments, which define flexibleéaptation policiesThus,
our main goal is to describe a context-dependemtpimg between the inter-
faces of the components being adapted, as oppessthtic mappings pre-
sented in previous works. We present a case studsder to illustrate the pro-
posal. We also discuss the improvements that aueruproposal represents in
comparison with previous works, as well as somendgsues.

1 Introduction

Software Adaptation (SA) is a key issue for theadepment of a real market of com-
ponents for the advance of software reuse. The miairof Software Adaptation is to
enhance the flexibility and maintainability of syists [8]. The old notion of develop-
ing a system by writing code has been replaced Ingr@ssembling existing compo-
nents. Thus, in an ideal scenario, component-bgggt@ms would be built from pre-
produced Commercial-Off-The-Shelf (COTS) componetitg plugging together
perfectly compatible components, which in conjunretachieve the desired function-
ality. However, it turns out that the constituentrponents often do not fit one an-
other when they are going to be reused, and adaptads to be done to eliminate the
resulting mismatches [2]. Therefore, the softwarmposition always requires a cer-
tain degree of adaptation [8,13], and its purpaséoiensure that conflicts among
components are minimised.

Here, we consider the problem of adapting mismatghiehaviour that compo-
nents may exhibit. The notion of adaptor was inticetl formally in [16], being de-
fined as a software entity capable of enabling comepts with mismatching behav-
iour to interoperate. Component-oriented platfotiks CORBA, J2EE or .NET ad-
dress several adaptation issues, allowing a cediimee of interoperability between
software components. Indeed, they provide convémiays to describe signatures
using Interface Description Languages (IDLs), lnatyt offer a quite limited and low-
level support to describe the concurrent behavauromponents, since solving all
signature problems does not guarantee that the @oemps will suitably interoperate.
In fact, mismatch may also occur at the protocwkledue to the ordering of ex-
changed messages, and also to blocking conditibffs fhat is, because of behav-
ioural mismatch of the (possibly) heterogeneousasoe components involved. Fur-
thermore, component interoperability should be istidn general at the semantic
level, but this is quite an ambitious and broadbpem, very difficult to tackle in full.



As a first target, recent research effort [1,7,d@jcentrates on the interoperability of
reusable components at the behavioural level, dineebasis for the verification of
system properties consisting on two or more hetmregus components is a well-
defined formal description of component behaviour.

Our current proposal focuses in defining flexibtiaptation policies by means of
contextual environments, providing a system with #ility to dynamically alter its
behaviour during execution depending on ¢bleanging) conditions of the environ-
ment. This is a broader scenario than that predeinteour previous works [4,5],
where the mapping was static or immutable. Hentagglild not control the dynami-
cally changing conditions of the system. It is refging mentioning, that by dynamic
adaptation, we mean the ability to change a spetifin at run-time.

The structure of this paper is the following: IncBen 2, we briefly present the
module calculus [3] we use in our proposal, anddwaav a formal notation that de-
fines the proposal. Section 3 presents a case gtugtyler to illustrate our approach,
indicating the improvements in comparison with poeg works. Finally, Section 4
draws up the main conclusions of this paper anttbks some future tasks that will
be accomplished to extend its results.

2 Overview of the proposal

Some recent works in the field of Software Adaptathave addressed several prob-
lems related to signature and behavioural mismdtchhis section, we outline an
approach for dynamic software component adaptation.

The first step needed to overcome behavioural ntigmag is to let behaviour in-
formation be explicitly represented in componeneifaces. Typing component be-
haviour and service specification applied in receotks [1,6,9,10,11] have been
described both in terms the process algebra aségsion types, with their uses, ad-
vantages and drawbacks discussed in works as [5ASuitable formalism to ex-
press adaptor specifications is also required.ddsired adaptation will be expressed
by simply defining a set of (possibly non-deterrsiit) correspondences between the
actions provided by the two (or more) componentsg@dapted.

A limitation of the adaptation technique describied4] is that it is somewhat
rigid, in that it only succeeds if there is an adaghat strictly satisfies the given
specification. Indeed, in many situations an adaptmuld be nevertheless deployed
by weakening some of the requirements stated insfieeification. Hence, we ex-
tended the aforementioned methodology preciselpviercome this limitation and
presented the results in [5,6]. The idea was feajua securesoftadaptation of third-
party software components when the given adaptatiqnirements could not be fully
satisfied. Technically this was achieved by expigithe notion osubservicgsubsti-
tution of a service for another one which featwrely a limited part of its functional-
ity) to suitably weaken the initial specificatiorhen needed. Correspondingly, com-
ponent interfaces are extended with a declaratigdheir subservice relations as well
as with theaccess rightseeded to access the component services. But dingen
qguestion in that approach was how to deal with secgghts that may change dy-
namically.



2.1 A module calculusfor dynamic adaptation

In this proposal, we briefly describe context-degent flexible mappings in order to
solve the problem of dynamic component adaptatimercoming the limitations of
static mappings presented in [4,5,6]. Indeed, Wosk aims to achieve a richer ex-
pressiveness and flexible mappings in contrast with reduced expressiveness of
immutable mappings from previous works. For thappse, we make use of a mod-
ule calculus presented in [3]. The main goal islitain a dynamic mapping through
the use of contextual environments.

The module calculus in [3] defines a small setmdrators over environments and
modules, designed to express various encapsulptibcies, composition rules, and
extensibility mechanisms. Using these operatorss possible to specify a set of
module combinators (composing and manipulating resjuhat capture the seman-
tics of modules in different object-oriented pragraing languages. This module
calculus employs the primitive notion efivironmen{mapping from some domain
to an extended rangé=R0O{C} ), and modulesare defined as abstractions over

environments.

We employ the module calculus in order to defirefitrmalism to express adap-
tor specifications. Aforementioned, we propose dahadology, briefly presented in
the following section, to obtain dynamic mappingpending on thehanging condi-
tions of the environment, which will permit to appch the problem of dynamic
component adaptation using contextual environmamtismodules.

2.2 Drawing the proposal

This Section is devoted to outline a brief desaipbf our proposal, which is based
in the module calculus presented in [3]. Table dwahan informal definition which
describes the approach we use in order to obtamngext-dependent dynamic map-
ping between the interfaces of the components kexiiagted.

The definition of the set of operators over envinemts and modules, mentioned
in Section 2.1, falls out of the scope of this waakd it is already presented in [3].
We describe below the specifications shown in TablélThe symbaob represents

function composition.

Table 1. Adaptor specifications using the module calculesadibed in [3].

Actions and Agents

Actions I/O a,b,c,...

Agents (P.O.R,S,...0) Agent
Environments and Modules

Environment (eO)E=2" - 2"

Contextual Environment  (yO)r =2° - 2" © Agent - T

(mapping) g(a) if aD2”
ar OE)D(u0A - T /y(a)=

yor i (e 0E)O(u0 Agent)) ~ T / y(a) {ﬂ(a) i o0 Agent

Module (mapping) (mO)M =T - T




In our proposed notation, we suppose behavioutatface of the components will
be given byagents(processes) specification in some process algahchpur adaptor
specifications will map message namastipng in D to R, contextually depending
on the agent for which they are defined. Correspands between messages in both
components are established. We have different ioptio order to map these corre-
spondences: a message in one part (component) avayrto correspondence in the
other part (component); or one or more messagashtiang to one of the compo-
nents may correspond to either only one actioniféerdnt actions in the other com-
ponent.Then, it is necessary defining anvironments a function mappind’parts
of D) to & (parts ofR), whereD andR are the alphabets used by the components.
With the objective of simplifying the notation, whéhere is a single action (message)
mapped (in a component) we will denote it withot {

We represengnvironmentss finite sets of mappings. For example:

g = {am b 4c-{34{}-2}
is an environment that mapsto 1,b to 4,c to 3and 4, and defines no correspon-
dence to 2. In [3] all the values in the domaintleé environment which are not
mapped, correspond twottom (O), however here we add the possibility to specify
values without correspondence, which will be mapjoeg.

On the other hand, we represenntextual environments functions taking® or
an Agent (which denotes behavioural interface of the congmts) as domain, and
returning2® or a contextual environment as image (note thiatréssponds to recur-
sive definition):

Y, = {al—)l,QH{CHQ,RI—){S I—){al—)4,cH{3,4}}}},bH4}

is an contextual environment whe@e R andS are agent (process) definitions in the
behavioural specification of the components beidgpéed. This contextual environ-
ment mapsa to 1. In the context of: c is mapped to 2; and in the contextRif
within the context of, a is mapped to 4, andto 3 and 4. Out of those contextss
mapped to 4.

Finally, we represennodulesas functions taking a contextual environment aad r
turning a contextual environment:

m, = Ay.{a|—>1,Q|—>{c|—>2,R|—> Vb ch}
As we see i, , they parameter makes it possible for entries in a motiuleok

up other bindings in the parameter contextual emvirent. In this case, the mapping
is the following:a is mapped to 1 (everywhere); within the contexQot is mapped
to 2, and the context dR is mapped to the contextual environmentLast, b is

mapped to the result applying within the contextralironment a mapping fromin
a defined value in the context Qf(if the actionc has no correspondence in the con-
text of Q within the contextual environmept, thenc will be mapped to {} émpty).

3 Casestudy and comparison to previousworks

We present a simple case study in order to illtsstitee methodology of this proposal,
and then we discuss the improvements this workgrtspn comparison with previ-
ous ones. The example consists on a simplifiédeo-on-DemandVVoD) system
taken from [5], which is a Web service providingass to a database of movies and
news. In Table 2, we present the VoD behaviouratiigation. We assume a typical



scenario where &lient component wishes to use some of services offeyethd
VoD service. The client will ask for the VoD interfaand then submit its service
request in the form of an adaptor specificatiort thaa contextual mapping as de-
scribed in Section 2.1. For each request, a daemssion Daemonagent) is opened.
The daemon is handed over to the client, and the k&urns to its initial state, al-
lowing concurrent access to the system.

Table 2. Specifications oVoD service: system behaviour interface and cliemrfate.

VoD: behaviour specification

VoD = open ?( ) (suscrip ?(priv). Daemon'| VOD)

Daemon = search? (title). list !(movies). Daemon
+ preview? (item) . Stream !(video) . Daemon
+view? (item). (play ?( ) . stream!(video) . Daemon
+record ?( ) stream !(video). Daemon)
+news? ( date) . stream !( news) . Daemon
+ suscrip ‘?(priv) . Daemon
+close ?( ) .0

Client adaptation specification
Client =user!(priv). menu !( ) in ()?(list).

(watch\(title). data? (m()vie). 0
+ store !(title). data ?(movie). 0

+user!(priv). 0)

In the system, there are four different profilescénts depending on certain ac-
cess rights. Thus, there exist registered and istezgd (by default) users. The for-
mer are those paying a regular fee, and they atidedi intonews moviesandfull
clients, while the lattergues} are only allowed tsearchfor a movie in the VoD
cataloguepreviewit for a few minutes, and quit the system. Cliemith newsprofile
have the same capabilities gigest but they may alswatchandstorethe news (see
contextual environments defined in Table 3). Tit@viesprofile grants access toew
movies but not the news, whilell clients may access both news and movies.

We will take the different profiles as the conterfsthe system, and they could
change through actionsser (Client requests to the system the modification of its
privileges) andsuscrip (Client is subscribed to the requested profile). Furtheemo
we will take into account the possibility that tervices may not be available at some
point during the execution.

When a client opens a session with the VoD systamcfrrespondence ialient
is mapped to the actiaspenin VoD), it follows a connection procedure which asso-
ciates the session with one of the four profilescdeed guestby default), depending
on the identity of the client which will be givery the mapping fronuser tosuscrip
The “priv’  parameter will indicate the user privileges. Tham)aemonsession is
thrown and theClient could perform any permitted actiowdtch storé), or this could
also dynamically change its access rights, obtgismew context with a different
behavioural interface. For example, once a spegifivie has been selected for view-
ing, moviesusers might start its visualizatiopldy), while full users might also decide



to record it permanently in their computers. They are déf@rcontext environments
with distinctive mappings (described in contexteaVironments of Table 3). Finally
and following the sequence, tBmemonprocess finalizes its session (no correspon-
dence necessary for the actidose.

In our example, the client profile by defaultgsest thereby in Table 3 the initial
adaptation by default is forguestclient (seeDaemoncontext). But the access rights
can change at run-time (actionserandsuscrip, depending or€lient context Mov-
ies News Full), and accordingly it will dynamically change thepping. Thus, if a
client begins its execution wituestprofile, this will only have the privileges by
default, but if, for example, it changes its pmfib moviesclient, it will acquire new
permissions corresponding to tidovies contextual environment (represented in
Table 3). In the mapping shown in Table 3, we haw@aemoncontext, where the
mapping between both component®D service andClient) is presented. Within the
Daemoncontext, in the context @Elient, a user hamoviesprofile, so that the client
could change the access rights, or perform anyrahthorized action to movies
client, according to the behavioural interfacetf@Moviescontextual environments.

Table 3. Dynamic adaptation with contextual environmentg&g(tlprofiles).

Adaptation: correspondence of actions (and data)

VoD = Ay. {{ } — open?( ) user! (priv) — suscrip?(priv),
Daemon +— {menu !( ) > search ?(" ") s
info ?(string) > list !(string ) ,
watch !(litle) = preview?(litle) ,
store!(title) > preview? (title) s
Client =y,

data? (video) > stream !(viden) s

{ } — close?( )}}

Contextual environments: client profiles (by defaBilies}

Movies = {user I(priv) = suscrip ? (priv) ,
watch !(title) = {View ? (title). play ?( )} ,

sture!(title) = {view?(ritle‘). play ?( )}}

News = {user!(priv) > suscrip ?(priv),
watch !(title) > news ?(date),

store !(title) > news ? (date)}

Full = {user (priv) > suscrip ?(priv) ,
watch !(title) - {view? (tille) . play ?( )} ,
store\(title) > { view?(title). record ?( )},
Movies - { store\(title) v {view(ritle). play?( )}}.
News — {watch !(litle) = news ?(dale),

smre!(title) > news? (date)}}




Mapping :VoD system andlovies(client profile)

VoD = Ay. {{ } — open?( ) user! (priv) — suscrip?(priv),
Daemon |—>{menu !( ) > search ?(" ") s

info? (string ) — list !(string) ,

watch !(title) = preview? (title) ,

store !(title) — preview? (title) R

Client —> {user (priv) > suscrip ?(priv),
watch !(title) = { view? (title). play ‘?( )} ,
store!(title) — { view? (title). play ‘?( )}} ,

data ?(video) = stream !(video),

{ } — close ?( )}}

An improvement of the notation proposed in thisgrap comparison with previ-
ous works is that this new technique intends ndg tmget a dynamic adaptation by
the fact the system alters its behaviour at ruretibut also because of the adaptation
(mapping) changes during the execution of the systiepending on changing condi-
tions of the environment (in this case, dependingclient profiles).Therefore we
obtain an adaptation in which a message is mappédferent actions, according to
the state of the environment (context). Howevef4id] the mapping was static, so a
command was always translated to the same sequénuessages (actions).

4 Conclusions and open issues

We have presented throughout this paper a desaripfi a formal notation for con-
textual component adaptation. The purpose of tkis technique is to obtain dy-
namic mappings between the interfaces of the comemtsnbeing adapted, through
contextual environments that define flexible adtpta policies. In our previous
works, this idea was presented, although from terift point of view gubservice
andright accesy With this approach, we intend to overcome sorneus previous
constraints, making a significant advance to fingolution for issues like dynamic
access rights (user privileges) by contextual ategt.

We have employed a module calculus defined ind3jlitain a high degree of ex-
pressiveness through flexible mappings, so thatsages translation between the
components will change depending on the conditminthe system. In order to ex-
emplify our proposal we have presented a case stuthys paper relative to\dideo-
on-DemandVoD) system with different client profiles (comtaal environments).

This notation has still certain limitations. Itwsrth noting that our proposal con-
stitutes a modular and dynamic approach of spexjfghe required adaptation be-
tween two software components. Thus, an interestktgnsion is to consider adapta-
tion between three or more interoperating companemd composition among them.
Likewise, it will be important to take into accoutlte derivative problems of the
recursion in this new proposal, but it will be grea issue to deal with in future work.
An issue to be studied more profoundly is the whwlteration of the environment
conditions for which the mapping changes at ruretim



The distinguishing aspect of the notation usethas it produces a high-level, par-
tial specification of the adaptor required. A sfie@daptor component will be gener-
ated via a fully automated procedure. The adaptmstmuarantee the safe interaction
of the adapted components (verification of propsijti making sure that they will
never deadlock during an interaction session. Euantlore, an interesting future work
will be to develop an adaptor generation procamsded on the algorithm presented
in [4], producing an adaptor which provides the mmaxm possible flexibility.

We look forward to contribute in the research dagation issues, so that we can
continue advancing in this formal technique. Altgbuwe will also explore other
possible ways to describe highly expressive mapgpiiog solving component mis-
match.
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