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ABSTRACTAspect-Oriented Programming (AOP) promises the modwdtiaa of so-called cross-
cutting functionality in large applications. Currentlylraost all approaches to AOP provide
means for the description of sequential aspects that aretapgplied to a sequential base pro-
gram. A recent approach, Concurrent Event-based AOP (CBARM2 been introduced, which
models the concurrent application of aspects to concurbaste programs. CEAOP uses Fi-
nite State Processes (FSP) and their representation asleédb&ansition Systems (LTS) for
modeling aspects, base programs and their concurrent ceitipo, thus enabling the use of
the Labeled Transition System Analyzer (LTSA) for formaperty verification. The initial
work on CEAOP does not provide an implementation of its gasceestricting the study of
concurrent aspects to the study of a model. The contribudfahis paper is the provision of
an implementation of CEAOP as a small DSAL (Domain-Specgmeét Language), Baton,
which is very close to FSP, and can be compiled into Java. Astanmediate layer, we have
developed a Java library which makes it possible to asse@atava implementation to a finite
state process. The compilation process consists of tréingldoth the Baton aspects and the
Java base program into Java finite state processes. Thislatan relies on Metaborg/SDF to
extend Java with Baton and Reflex to instrument the baseamagr

RESUME.La programmation par aspects (AOP) promet une meilleureutaoidé des préoccu-
pations fonctionnelles dispersées dans les applicatiengrdnde taille. Aujourd’hui, presque
toutes les approches de la programmation par aspects fssenit les moyens nécessaires a la
description d’aspects séquentiels appliqués a des progresnde base qui sont aussi séquen-
tiels. Une approche récente, Concurrent Event-based AGEA@P), permet la modélisation
d’aspects concurrents. CEAOP utilise des notions issued-uhéte State Process€BSP) et

de leur représentation sous la forme de systemes de tramsiéitiquetées pour la définition
des aspects et des programmes de base. Il est alors possibileser I'outil LTSA a des fins
de vérification. Les travaux initiaux sur CEAOP ne fournigsgas d'implémentation de ses
concepts, limitant I'étude des aspects concurrents & urdyase des systémes de transitions.
Le contribution de ce papier est la production d’'une implémagon de CEAOP sous la forme



2 JFDLPA 2007.

d’'un langage dédié aux aspects concurrents. Ce langagel@gaton, est trés proche de FSP,
et peut étre compilé en Java en utilisant une bibliotheque dpii rend possible 'association
d’une implémentation Java a un processus a états finis. Ledgiare de compilation consiste
a traduire les aspects écrits en Baton et le programme de éeseen Java en des processus
a états finis implémentés en Java. Cette traduction estsé@algrace a I'outil Metaborg/SDF,
qui permet la combinaison de Java et des constructions peogBaton, et a Reflex, qui réalise
l'instrumentation du programme de base.

KEYWORDSAOP, Concurrency, FSP, LTS, Java, Reflex
MOTS-CLES AOP, Concurrence, FSP, LTS, Java, Reflex

1. Introduction

Arecentapproach, Concurrent Event-based AOP (CEAOP) [D6t) DOU 064],
has been introduced, which models the concurrent applitafiaspects to concurrent
base programs. CEAOP uses Finite State Processes (FSPeamepresentation as
Labeled Transition Systems (LTS) for modeling aspectss basgrams and their con-
current composition. The use of FSP provides a straighdodwnodel for the com-
position of concurrent processes, and enables the use tddahkabeled Transition
System Analyser (LTSA) [MAG 06] for formal property verifidan.

CEAORP translates aspects and base program into FSPs byrappipper trans-
formation rules. Those FSPs are composed in terms of FSP asitiom, which is
customized by the use of high-level operators defined in tbdah These operators
introduce more or less synchronization when required. $hieema is interesting
since it permits aspects to execute their advices (modaldeS® actions), in coor-
dination with the base program using the CEAOP semantidhiowi requiring the
need of a different mechanism (aspect-oriented or othejwitose only purpose is
to introduce synchronization-related code.

CEAOP has been proposed and developed as a model. Not mubbdradone in
terms of a concrete implementation. The importance of arl@mentation is that it
would permit to test and experiment with concrete scenatiostudy the real appli-
cability of the concepts introduced. This paper is a ste@tda/this aim by providing
an implementation of CEAOP as a small Domain-Specific Ashangjuage (DSAL)
named Baton. We consider Baton as a DSAL because it is not-Befdged Aspect
Language. It concentrates on some issues only of Aspeetateéd Programming such
as stateful aspects and concurrency. Actually, we belleseg instead of building new
AOP languages from scratch, it would be nice to build themdiypposing DSALSs.

Baton is very close to FSP, and can be compiled into Java. dieitation process
consists of translating both the Baton aspects and the J&e firogram into Java
finite state processes (Java FSPs). This translation miidéetaborg/SDF [BRA 05]
to extend Java with Baton, and Reflex [TAN 05] to instrumestlihse program. The
overall translation scheme of Baton is illustrated in FigBaton aspects are translated
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into Java FSPs. They are also modeled as CEAOP aspects, gdndbe translated
into FSPs. Something analogous occurs with the base prograenmost important

property of the implementation is that the translation st at both levels are the
same and that each individual Java FSP can be modeled asthsponding FSP, so
that the composition at the implementation level behaveh@gomposition of the

models by construction.

Baton aspect modeled as CEAOP modeled as CEAOP base
aspect program program

translated into translated into translated into
(instrumented)

I

translated into

Java FSP modeled as FSP Java FSP modeled as FSP

i
0

Figure 1. Overall translation scheme of Baton: aspects and base progr

As an intermediate layer, we have developed a Java libratyrthkes it possible to
compose Java FSPs in terms of FSP composition. Java FSe#, avhiactive objects,
are coordinated using a centralized monitor.

This paper is structured as follows. Section 2 reviews thgcbigleas behind
CEAOP as a model. Section 3 is a first refinement of this modeditd a language
for concurrent aspects. Section 4 introduces Baton, ourlDiS¥lementing CEAOP,
which permits to define aspects that are translated into B&#s behaving as speci-
fied in the model. Section 5 describes how those Java FSPsawvarktime. Section 6
shows how aspects written in Baton as well as the base progritan in plain Java
are translated to Java FSPs. Section 7 is about related wdr&ection 8 concludes.

2. CEAOP overview

CEAOP is an approach for AOP that models the concurrent ¢xecaf aspects
and the base program computation. CEAOP addresses thentiajee issues con-
cerning the coordination of concurrent aspects: (i) agp@cdularize functionalities
that typically modify base executions at a large number etakon points, (ii) mod-
ifications (“advices”) can be divided into pieces that cancberdinated differently
with the base execution, and (iii) multiple advices may ghlan execution point, in
which case different coordination strategies may be agptiehe concurrent setting
(in contrast to the standard “advice chaining” strategydiresequential AOP).

In order to explain CEAOP we use an example [DOU 06a, DOU Qgdgjired by
typical e-commerce applications. Clients connect to a welsd mustlogin to
identify themselves, then they mayowse an on-line catalog. The session ends at
checkout, that is, as soon as the client has paid. In addition, an asitrator of the



4 JFDLPA 2007.

shop carupdate the website at any time by publishing a working version. Welaio
this using the following sequential FSP:

Server ( login -> InSession | update -> Server ),
InSession = ( checkout -> Server | update -> InSession

| browse -> InSession ).

A sequential FSP is defined by a series of (sub)process d#fimithereServer
and InSession), whose bodies are in turn defined using (atomic) actidrgin,
update, checkout, andbrowse), the sequence operater, the choice operatof,
and the names of the subprocesses being defined, whichsreatesive definitions.
The subprocesses directly correspond to significant Statee LTS associated to the
FSP. We will use the subprocess names to denote these states.

Let us now consider the problem of canceling updates to thetespecific view of
the e-commerce shop during sessiang,,to ensure consistent pricing to the client.
We can define a suitable aspect, which we €allsistency, to solve this problem.
This aspect can be defined usingseudo-FSPan FSP in which some actions have
been equipped with expressions of the forrb ps ato denote advices, whepsis
one of the keywordgroceed or skip, andb, a denote sequences aflvice actions
that are executed respectively before and gfer At the level of pseudo-FSP, all
the actions, except the advice actions, are interpretev@stsemitted by the base
program.Consistency can be defined as follows:

Consistency = ( login -> InSession ),
InSession = ( update > skip, log -> InSession
| checkout -> Consistency ).

This aspect initially starts in sta®nsistency and waits for aogin event from
the base program (other events are just ignored). Whendfen event occurs, the
base program resumes by performing thegin, and the aspect proceeds to state
InSession in which it waits for either ampdate or acheckout event (other events
being ignored). Ifupdate occurs first, the associated advigeip, log causes the
base program to skip thepdate action and the aspect performs ftwg action. Then
the base program resumes and the aspect returns tasgatesion. If checkout oc-
curs first, the aspect returns to st@tesistency and the base program execution re-
sumes. Sincepdate events are ignored in stalensistency, updates occurring out
of a session are performed, while those occurring withisiees (statdnSession)
are skipped.

Moreover, each time the website is updated.(the administrator publishes an
internal working version), it is desirable that a secondeaspehashes a database of
links before the publication, and backups the databasengftd. The second aspect,
calledsafety, can be defined as follows:

Safety = ( update > rehash, proceed, backup -> Safety ).
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Both aspects interact through the evepdiate. Plain EAOP [DOU 02, DOU 04]
can deal with the composition of such aspects, butin a séiglisetting. However, the
concurrent execution of the aspects together with the bagraim may be desirable
(e.g.,in the case of the rehashing and backup actions of#fety aspect, which
are rather time-consuming operations). CEAOP explainsémantics of weaving
the aspects into the base program in two steps: 1) each asmbthe base program
are translated into FSPs; 2) the concurrent behavior ofgheds applied to the base
program is modeled as the parallel composition of those FSPs

2.1. Trandation

The aim of the translation is to express both the base progratithe aspects as
appropriate FSPs. The informal translation of a pseudoifi®Rn FSP is done in two
steps. First, for each pseudo-FSP subprocess we inalaiimg loopson the events
of the pseudo-FSP not included in the subprocess. For icestéme events dealt with
by theConsistency aspect arefogin, update, andcheckout}. Therefore, we in-
clude waiting loops on bothpdate andcheckout in the Consistency subprocess
and onlogin in the InSession subprocess. Second, we introduce synchronization
events that are used to coordinate the aspects and the lmggamr Aspect expres-
sionse > b ps aare translated intdeventB_e -> b -> pB_e -> p£_e -> a ->
eventE_e). An evente, which can trigger an advice, is calledkippableaction (the
advice may decide to skip the action or not). Each skippatilerathat still appears in
the pseudo-FSR(g.,as a waiting loop) is translated infeventB_e-> proceedB_e
-> proceedE_e-> eventE_e). The following FSP is the result of the translation of
theConsistency aspect of our example:

Consistency = ( login -> InSession | checkout -> Consistency
| eventB_update -> proceedB_update -> proceedE_update
-> eventE_update -> Consistency ),
InSession = ( login -> InSession | checkout -> Consistency

| eventB_update -> skipB_update -> skipE_update -> log
-> eventE_update -> InSession ).

In an analogous way, the FSP for the Safety aspect is as fllow

Safety = ( eventB_update -> rehash -> proceedB_update
-> proceedE_update-> backup -> eventE_update -> Safety ).

In addition, the base program is directly modeled by an FS®.,the FSP of the
e-commerce application shown previously). But this is notejthe FSP that we can
use for composition. Indeed, in order to allow control of shépable actions by the
aspects, this original FSP has to be “instrumented”. ThimEemented by replacing
each sequence expression starting with a skippable agtiorP by the expression:
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eventB_e -> (proceedB_e->e€-> proceedE_e-> eventE_e->P
| skipB_e-> skipE_e-> eventE_e->P)

2.2. Composition

Once the aspects and the base program have been trans|®&8e,ttheir com-
position is based on parallel composition, a form of synolmed product, where in-
teractions are modeled by shared actions. When an actidraied among several
processes, the shared action must be executed at the saenbytithese processes.
As an example, Fig. 2 shows the output of the parallel contiposof theConsistency
aspect and the base program. The left-hand side cycle pesfgrdates outside of
sessions. The right-hand side cycle skipgate commands during sessions and does
some logging. The middle cycle starts and ends sessions.

where:

e, = eventB_update
e. = eventE_update
p, = proceedB_update
p. = proceedE_update
s, = skipB_update

e €e Se = skipE_update

Pe browse

Figure 2. Woven example

Composition operators can be designed to compose the aspelifferent ways.
For instance, let us consider therAnd operator. The semantics of this binary op-
erator is the following. When two advices can be applied atghme joinpoint,
their before action sequences are executed in parallethbw is a rendez-vous on
proceed andskip. If both of them wish to proceed, they will proceed in paral-
lel. If (at least) one of them wishes to skip, both will skipparallel. In our ex-
ample,ParAnd (Consistency,Safety) composes both advices during sessions to
get, using informal syntaxyackup skip (log || rehash), which ensures that all
database management actions are performed, if reasomapégallel. This composi-
tion is modeled in FSP by renaming some synchronizationteweithe aspect defini-
tions and by defining a proceBsrAnd that dynamically renameskip andproceed
messages. Both aspects share the evanistB_e andeventE_e so that the begin-
ning and the end of advices are synchronized. Before (aed)aftip or proceed,
advices of the aspects are executed in parallel. The wowrgm is represented by
the automaton of Fig. 3.

It makes clear that the advices are executed concurrenthth bequences
log—backup andbackup—1log are valid. Furthermore, the user can still browse
in parallel with the advice. More concurrency can be inttlby hiding the event
eventE_ebefore the parallel composition.



Figure 3. Woven program usinBarAnd (unlabeled loops arérowse events)

Other operators can be defined similarly. For instance,diiicas composed with
Par0r proceed when at least one of them proceeds.

This concludes our presentation of the CEAOP model. Moraidedre available
in [DOU 06b, DOU 064a], using instead of pseudo-FSP an ecemidlut different way
of expressing aspects. We have chosen here a syntax cloS@tm erder to simplify
the presentation. The following section introduces Batam,implementation of this
model.

3. Toward a language for concurrent aspects

At the model level, pseudo-FSP syntax provides a good laygyé@m modeling
concurrent aspects on top of CEAOP. Aspects can be writterg us syntax very
close to FSP that makes it easy to understand the underlgimzepts. However, this
syntax lacks expressiveness. For instance, informatiptuoad on events cannot be
passed to advices. We improve the expressiveness of ps&kiéigyntax by allowing
subprocesses and actions to declare parameters. The useacigiers permits to
model more realistic applications where actions may ifi@nge information. As an
illustration, the code below is a version of the pseudo-FSReConsistency aspect
that uses parameters:

Consistency = ( login(client) -> InSession(client)),
InSession(client) = ( update(admin) > skip, log(client,admin)
-> InSession(client)
| checkout(client) -> Consistency).

In this example, th€onsistency aspect uses the variablesient andadmin,
which represent a client that logs in and an administratorgdan update, respectively.
Parameters of events represent information that is bouimghat, whereas parameters
of advice actions represent information that has beengusly bound and that is now
output.
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Parameters are not relevant for modeling concurrency. Mexyeve use the pa-
rameters to define the information passing policy when doatihg shared actions:
1) The parameters of a skippable actmof a pseudo-FSP are associated to the re-
spective synchronization everdgentB_e of the corresponding aspect FSP and base
program FSP. The eventis classified as a receiving actiadhéosispect and as a send-
ing action for the base program. 2) The parameters assddatiie non-skippable
actions of a pseudo-FSP are associated to the respectivesact the corresponding
aspect FSP and base program FSP. These actions are classifeiving actions for
the aspect and as sending actions for the base program. jafameters associated
to advice actions of a pseudo-FSP are associated to thectiegpactions of the cor-
responding aspect FSP, which are classified as sendingactipln the coordination
of a shared action, the sending instance of the shared gutamides the receiving
instances with values for the associated parameters.

Adding parameters and the notion of sending and receivitigrec makes the
model syntactically closer to the implementation withouéeging its semantics, ex-
cept that we only consider models with a single sending adtistance per shared
action. In particular, the semantics of the compositionasshanged even if it can
now be interpreted as resulting in parameter passing. Iddif@ving section we
present our DSAL, which uses the pseudo-FSP syntax withmpeteas presented in
this section.

4. Baton

Baton is a small DSAL that provides us with a first implementabf CEAOP.
The architecture of a program written using Baton is basethoge conceptsas-
pects connectorsandbase object¢see Fig. 4). Aspects and base objects are consid-
ered to beeomponentavhose behavior is described through finite state proceBses
components, we mean that the corresponding Baton and Jesseslcan be compiled
independently and reused as black boxes. Using these camgsoconsists of first
instantiating them and second connecting them thraagimectors Aspects and con-
nectors are defined using the syntax provided by Baton. Tée jpagram is defined
in plain Java (source code or bytecode), more specificalyctge objects.

Consistency update Admin exec(* Admin.update()) Admlr_1 base
aspect connector object
login i exec(* Client.login i
Safety aspect 9 Client A ( . gin() Client base
checkout connector exec(* Client.checkout()) object

Figure 4. Architecture of the e-commerce application written in BatéAdmin and
Client are the classes representing the client and the aidtnétor, respectively.



Baton 9

The behavior of an aspect is described in pseudo-FSP (s@erSe); using a Java-
like syntax. On top of its behavior, an aspect may also irchadthod definitions, used
to locally define actions, as well as instance variablesitatance, th€onsistency
aspect can be written using a local definition of the actiog as follows:

aspect Consistency {
public void log() {
System.out.println("Update skipped.");

}
behaviour {
Server = ( login -> InSession ),
InSession = ( update > skip,log -> InSession | checkout -> Server ).
}
}

In the code above the action labielg denotes the execution of the methbs,
which just writes the message “Update skipped” after skigghe actionupdate.
Baton allows us to improve this aspect by using parametémsCdnsistency aspect
of the code below improves the message displayed by the ehetpby receiving
both the client and the administrator involved in the skippgdate action.

aspect Consistency {
public void log(Client client, Admin admin) {
System.out.println(admin + " skipped:" + client + " is connected.");

}
behaviour {
Server = ( login(Client client) -> InSession(client) ),
InSession(client) =
( update(Admin admin) > skip, log(client,admin)
-> InSession(client)
| checkout(client) -> Server ).
}
}

Aspects defined using the Baton syntax prienitive aspects More complex as-
pects can be defined by composing them using built-in opexdtoy.ParAnd and
Fun), resulting incomposite aspects

The base program consists of one or mioase objectsThese objects aractive
i.e.,they are equipped with their own thread. The base objectalsarbe composed
together via connectors to build up the base program. At tbeéailevel, each base
program object is abstracted into an FSP. At the implemiemtégvel, we do not need
the full FSPs in order to connect the base objects. We justtodeow which are their
shared actions in order to instrument them, using at theesmphtation level the ideas
described at the model level. These shared actions aressguras AspectJ pointcuts
and are associated a possibly parameterized label in ctmmeeEor instance, the code
below:
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connector ClientConnectorq{
connect login : execution(* Client.login(..));
connect checkout : execution(* Client.checkout(..));

}

A structure, namelynain, represents a main program. It permits to instantiate
several aspects, compose the aspects using operatcastiaie several base objects,
and connect these objects with the aspects. For exampleptteebelow composes
an instance ofonsistency and an instance (fafety using theParAnd operator.
Afterwards, the instructioBaton.connect makes a first connection between the
composite aspect to an object representing a client andandezonnection to an
object representing an administrator.

main Ecommerce{
Aspect aspect = new ParAnd(new Consistency(), new Safety());
Client client = new Client();
Admin admin = new Admin();
Connector clientCon = new ClientConnector();
Connector adminCon = new AdminConnector();
Baton.connect (aspect,clientCon,client) ;
Baton.connect (aspect,adminCon,admin) ;
Baton.start();

The compilation of the base objects and the aspects into B&Ps, as well as
their composition is explained in Section 6. But let us sest fiow Java FSPs work at
runtime so that their composition produces a program whasehis the composition
of their models.

5. AJava library for FSP composition

This section presents our Java implementation of finite gtedcesses. We mainly
discuss how Java finite state processes work and interaghtitne. We work with
the graphical form of an FSPe.,its associated LTS, whose correspondence with FSP
is described in [MAG 06]. Section 5.1 explains the princgthehind the composition
of finite state processes. Section 5.2 describes the impil@tien of these processes
and their coordination in Java. Section 5.3 studies the sgosaof the coordination
in Java.

5.1. Principles of LTS composition using a centralized monitor

LTS composition defines a single LTS describing the comjmwsdf several LTSs.
This single LTS is used to coordinate the processes impléntgthe composed LTSs.
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In a scheme without any coordination, each single procassan its own, following
its LTS description and taking its own decisions. The LT Scdééng the composition
coordinates the single processes, by telling them whiafsitians to follow at each
instant.

The semantics of LTS composition is presented in [MAG 06]. Ak explain the
same ideas in a way more useful for the purposes of this papeus considen LTSs
L; (with 1 <4 < n), with their shared alphabets.; and their sets of transitions;.
A states,. of the composition corresponds to a state tugle ss, ..., s, ), wheres;
is a state ofL;. The transition((s1, s2, ..., sn), a;, (57, 5, ..., 55,)) IS @ transition in
the composition, itVL; such thata; € aLi, (s;,a;,s;) € A;. Then,Vi such that
a; ¢ aL;, s, = s;. The first state of the composition corresponds to the Statie t
(89,59, ...,89), wheres! corresponds to the initial state &f. In other words, in a
state(s, sq, ..., s, ) Of the compositiong; corresponds to a transitionWiZ,; such that
a; € aL;, a; is atransition in the statg. Then the semantics of the composition tells
us that all these LTSs transit together through

In order to coordinate several processes in terms of LTS ositipn, we have
designated a central entity, namely thenitor. It has the global view of the execution
of the processes so that it conducts their coordinatiorceSe#ach process cannot take
the decision about which transition to follow at the rigimi& on its own, the decision
is taken by the monitor, based on the information obtainethfthe other processes.
We can define the monitor as follows. Let us considprocesse®; (with 1 < i < n)
behaving as their respective LT&s, andm shared actions; (with 1 < j < m). At
a given instant, we say thd, is in states}” if it is waiting to pass to a next state
and its LTSL; is in a states;, or it is in statesﬁ? if it is busyand its LTSL; is in a
states;. We defineb; a bound indicating the amount duch that; € aL;, andc;

a counter indicating the amount d6uch thatz; is a transition froms; and P; is in
states}”. At each instantg; tells us the number of processes waiting to pass to a next
state (possibly) using the actiar. The monitor is an entity in charge of checking at
each instant for all the actiong whetherc; = b;. When in an arbitrary instant, for

an actionay, ¢, = by, then the actiom;, may be chosen as the action to proceed. If
ay, is chosen, theWi, such thatu, € alL;, P; may transit to a next state using.
Moreover, all theP; must transit together.

The election of an action; such that; = b; in a certain instant is correct with
respect to LTS composition because in the respective Gtate,, ..., s,,) of the LTS
composition, the transition; effectively corresponds to a transition in the composi-
tion. This is becaus#i such thatu; € aL;, its processP; is waiting to pass to the
next state using,;, and therefore; is a transition in the state of L,.

Figure 5 shows an example of the synchronization schemereT®re three LTSs
P, P andP3 with the alphabet&Pl = {al, QQ}, aP, = {CLQ, ag} andaP3 = {CLQ}.
At a certain instant”; and P; are waiting to pass to a next state, wheréasis
still busy. The monitor keeps the counters updated and chibick the actior; has
reached its bound.
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a2
LTS: P3
State: waiting
atl
LTS: P1 g
State: waiting X
i a3
a2 LTS: P2
State: busy
a2

Figure 5. Example of synchronization.

5.2. Implementation of the LTSs and the monitor

The process that follows a given LTS is implemented as ancbbjethe abstract
classLTS. This object is supposed to be an active object mapping it®tistate to
the state of its LTS and moving along its transitions. Furti@e, it provides the
functionality to be coordinated with the rest of the system.

The monitor is designed as an object that keeps the variapksdb; described
before, and that is able to choose the actions followed bl peacess in the compo-
sition. It keeps watch over the execution of the processdsraticates the transition
to follow at the right instant to the waiting processes. Idesrto calculate the bounds
of each action, the initialization of the monitor requiree tomplete alphabet of each
LTS participating in the composition.

The mechanism of synchronization can be explained as felléhen a process
is in some state, ready to pass to a next one, it notifies tferelift actions available
in the current state of its LTS to the monitor and waits for aisien. The monitor
increments the countets associated to the actions passed by the process, and checks
whether some action has reached its bobtipdIf no action has reached its bound,
it does nothing. Otherwise, if an action reaches its boumel ,nonitor chooses the
action to proceed with. Then, it wakes up and notifies thesitatito all the processes
having the chosen action in their LTS alphabets. When iffiestthe decision to a
process, it also decrements the counters of the action$neea that were previously
notified by the process. When the processes wake up and egbeiwecision, they
transit to the next state. Then, some extra synchronizétinacessary to ensure that
these LTSs transit together.

5.3. Semantics of the coordination

Suppose the monitor has chosen an acticand the processdy, P,..., P, are
ready to pass to their next states using this action. The ERsastics says that the
actiona has to be executed at the same time by all these LTSs. In ardgve a
general meaning to this definition, the actimoan be refined into theubactions:,,
az,..-,am, Wherea; corresponds to the acti@in P;. The execution (or interpretation)
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of the actiona corresponds to the execution (or interpretation) of eathasiona;

by the proces$’;. The actiona is executed at the same time by &l if their sub-
actionsa; are executed togethemr.,any possible interleaving — by — ... — by,

is allowed such tha¥ b; 3 a; such that);, = a,; (no action is executed in the middle
of two subactions). Aynchronization on the entof « makes allP; meet at the same
point. From this point they begin the execution of their silmws a;, generating
some interleaving. Aynchronization on the exitnposes that all processes meet at
the end of the execution of their subactions. This impedat $bmeP; executes
some other action (such thatv a;, a; # c¢;) when it has finished the execution of
its subaction but some process has not already finished.isnwty, an interleaving
by — by —..— c— ...— b, isavoided.

The synchronization on entry is implemented as the notifinahat each process
does when it is ready to pass to a next state. Then, each prpasses to the monitor
the different actions that it could follow. In an ideal sceaaif the next action to be
chosen is known a priori, all the processes having this adticheir alphabets should
wait in a commorwaiting set However, the action to be chosen is not known a priori,
so it is not possible to group the processes by any critedi@na result, we chose to
make the processes wait in their own waiting set. Afterwatdsmonitor has to wake
up these processes one by one. Finally, the synchronizatiexit is implemented as
a notification to the monitor that every process has to perfaiter a shared action.
Following this natification, the process waits in a commoritiwg set until the last
process exits, which can be detected thanks to the notditati

6. Aspect compilation and base instrumentation

This section describes the Java finite state processesylibwhich implements
finite state processes and their coordination in terms ofdée@iposition.

Java FSPs define an abstract class, namEdy representing an LTS process. An
LTS object is an active object executing LTS actions and swiiglfrom one LTS
state to the other. This object is equipped with the mechajzreviously described,
so that it can be properly coordinated with othas objects. An aspect is imple-
mented as an instance of the claaserpretedLTS, which is a subclass afTS. An
InterpretedLTS object is equipped with the definition of the LTS that desesithe
aspect behavior. This object interprets each transitibellas the execution of an
instance method named with the same label. In order for a jyaggam object to
behave as an LTS, we instrument the code of the object. Thieatiebf interest are
intercepted, so that their execution is delegated to amanest of arObservedLTS
class. This class is another specialization©f that represents a slice of the process
of a base program object. The instrumentation is done usifig:R[TAN 05].

Operators are defined by implementing the interfégerator. Our library pro-
vides an implementation of some basic operators sudmasnd andFun. These
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operators work by relabeling the respectiveerpretedLTSs and by possibly creat-
ing otherLTS objects.

Baton syntax is translated into Java code in a processsimilationusing the
tool Metaborg/SDF [BRA 05]. The assimilation consists daf fbllowing steps: (1)
The assimilation of a Baton aspect generates a subcldss efpretedLTS with the
LTS describing the aspect behavior and with the instandablas and Java methods
defined in the Baton aspect. (2) The assimilation of a Batameotor generates
a Java class providing a method to obtain part of the Reflefigimation used for
instrumenting the base program. (3) The assimilation of tBanain permits to
obtain the final Java FSPs. The instantiation of a Baton aspeBaton connector
and an operator are translated into the instantiation ofg¢kpective classes, which
were generated in the previous steps (except the class obtirector that is a built-
in class). The connection between a Baton aspect and a bgs# obing a Baton
connector creates an instanceddkervedLTS for the base objects and generates the
Reflex configuration that carries out a connection betweerbtise object and the
ObservedLTS object. Finally, the execution of the resultings objects starts the
FSP coordination at runtime explained in the previous sacti

7. Related Work

EAOP is a general framework for AOP, in which aspects are ddfin terms of
eventemitted during program execution aasscutselate sequences of events. Its
formal model [DOU 02, DOU 04] introducestateful aspectand makes it possible
to automatically deduce possible malicious interactiogtsvben aspects. CEAOP is
a stateful aspect model that extends EAOP in the concuresat cTherefore, Baton
behaves, in the sequential case, as the EAOP prototypeSoJ&8J)V 03, VAN 05] is
an implementations of EAOP. It introduces the conceptspect beansvhich define
reusable abstract aspects, awhnectors which makes it possible to dynamically
deploy aspect beans in the context of concrete componeattsn B based on the same
basic notions of aspects and connectors. It does not prayidemic deployment but
unlike JasCo provides explicit support for concurrency.

In the area of Component-Oriented Programming, SYNTHESIS D6] intro-
duces a tool for the automatic correct assembly of compsn@umponents, defining
their individual behaviors through an LTS, are correctlgicected together in order to
avoid deadlocks. The assembly is performed by a centratedesich acts as glue
code between the components. The implementation of Batefaied to this schema.
Aspects and base program objects in Baton are designed gmoents using LTSs
to define their behavior. We also detected the necessity @h&ral entity. How-
ever, SYNTHESIS considers the case of one-to-one conmadtietween clients and
servers, whereas in our case several aspects can be caeddivith a base program
object through a shared action.
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ProActive [BAD 06] implements in Java a parallel and disitédd conceptual pro-
gramming model for the GRID. The basic model of ProActivelsledth active ob-
jects. Each active object has its own thread of control argtasted the ability to
decide in which order to serve the incoming method callsah@tutomatically stored
in a queue of pending requests. Method calls sent to actietshare asynchronous
with transparent future objects and synchronization igllethby a mechanism known
as wait-by-necessity We considered using ProActive to implement Baton. Unfor-
tunately, ProActive does not provide a mechanism to symiheoactive objects on
common actions, which is the main requirement of Baton. Téarest feature of
ProActive isgroup communication®AD 02], which allows several active objects to
serve a request in parallel.

8. Conclusions

This paper has presented a preliminary implementation oAQME as a small
DSAL, Baton. This experimentis a first step towards a coredaiguage that would
permit to test and experiment with concrete scenarios, arstudy the real appli-
cability of the concepts introduced by CEAOP. This impletaéion is based on an
implementation-level version of Finite State Processesvaobjects coordinated by
a centralized monitor.

This direct mapping between FSPs at the model level and JaRs Bt the im-
plementation level has a number of advantages. In particiilenakes it easier to
guarantee the correctness of the implementation. It aldem# possible to pro-
vide a quite expressive language with a form of group compatin. It is however
bound not to be satisfactory when considering distribuystiesns, which we contem-
plate as future work. One possibility may be to distribute tfonitor along the lines
of [AUT 06], possibly restricting action sharing to binafyaging (that is, one sender,
one receiver). In order to deal with more realistic appiazd, we also need to im-
prove the advice language, in particular by allowing to dbondally decide whether
a base action should be skipped or not.

Finally, we are interested in investigating a strongergraéon between aspect-
oriented and component-oriented programming as it seeatS8BAOP makes this
integration quite natural.
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