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ABSTRACT

Aspect-Oriented Programming enables the isolationd a
modularisation of crosscutting concerns that argically
implemented in a tangled fashion within the baseatesy.
However, the composition of these aspects is naobpbetely
orthogonal; with interactions between aspects wiagl direct and
indirect dependencies, and conflicts that can causgime
inconsistencies when those interactions are nactel. This is
particularly true of the dynamic composition andagigtion of
aspects within distributed systems; therefore iis fhaper we
propose a semantic composition model to detectsahc these
interaction issues at runtime. Our approach carrbployed in
dynamic AOP middleware, and we evaluate it herehiwithe
AO-OpenCom tool. We measure the overhead incurgedhb
semantic composition model when performing safe adyin
reconfigurations.

Categories and Subject Descriptors
D.2.11 [Boftware Engineerind: Software Architectures -
Patterns (Reflection).

General Terms
Design, Management

Keywords

Middleware, reflection, aspects, dynamic reconfigion.

1. INTRODUCTION
Aspect Oriented Programming (AOP) is a method okliag the
problems of tangled code i.e. the basic systemamphtation
becomes tangled with code for features such agiggataching,
and monitoring. These concerns are implementedaspects
which are made up of individual code elements itngtement the
concern &dvice3. Advices are deployed at multiple positions in a
system join point§ which are expressed byointcuts—a
particular form of composition language. Dynamic RAOfor
example as provided by the JAC [7] and DyReS [1R]dleware
then allow aspects to be composed and adapted raiimes
Further, [4] advocates the use of reflection tdqgren fine-grained
adaptation of the aspect elements.

Aspects are designed to have orthogonal propestethey
can be deployed obliviously from one another; hasveit is clear
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thatsemantic interactionsan cause compositional inconsistencies
to occur i.e. composing aspects that syntacticaliych with each
other, or with the base system may produce behavit is in
conflict with the original system operation. Foraexple, the
composition of both an authorisation and authetitivaaspect,
where the authentication aspect checks the credemt the user
produces a negative interaction if the authorisaispect gives
access to users before the credentials are veriffetbther
example of semantic inconsistency is the weaving aof
encryption aspect at the sending end join pointheuit the
corresponding decryption aspect at the receivind) jem point.

While these examples can be detected with knowleafgthe

aspect types, more complicated semantics may prooee

difficult to detect. For example a running systeavihg a cache
and a security aspect could result in an increasesource usage
resulting in an aspect with real-time constrainteniss deadlines.

The majority of dynamic AO middleware (AOM) apprbas
focus solely on dealing witlsyntactic inconsistencies; that is
detecting if aspects have the same type, versiom,igterfaces.
However, semantic inconsistencies are non-trizialétect, as the
semantics of aspects may interfere with each othighout
sharing a common element. In this paper, we presesgmantic
composition model (SCM) for dynamic aspect-oriented
component-based middleware; this provides the dhiyato
describe the various kinds of built-in and exteiingractions that
affect aspect semantic composition at runtime. T&isoupled
with a method forsemantic interaction resolutiowhich detects
inconsistencies at run-time and supports methodsesolve
semantic interactions.

We evaluate our approach within the AO-OpenComfquiat
for developing dynamic reconfigurable middlewar&isons; this
demonstrates the following contributions of our magh:

- Conflict resolution. We show that complex semantic

inconsistencies can be resolved for a number of-sasglies
with minimal performance overhead.
Transparency.We apply consistent (re)configuration with
minimal programmer effort or change to the undedyi
component model.
Flexibility. = New semantic conflicts can be described
dynamically to evolve with the running applicationdomain
context. Moreover, the approach can be appliedifferdnt
compositions approaches and tools; for examplehoa $row
both node-local and distributed (re)configuratioemantic
consistency can be achieved in this paper.

The remainder of this paper is organised as folloBection 2

examines the types of aspect interaction that m@yro Then,

section 3 describes the design of our semantic ositipn model,
followed by section 4 which validates the propossimantic
composition model. Finally, in section 5 we dedserthe related

research and offer our conclusions in section 6.



2. ASPECT-COMPONENT INTERACTION

In this section, we describe the potential souafesomposition
inconsistencies. To present the different types sefmantic
interactions we use a use case scenario to degbibdifferent
types of (re)configuration interactions. We thensatibe the
general built-in and external interactions influieigc the (re)
configuration in the aspect-component model.

2.1 Use Case Scenario

To motivate the requirement for semantic interactonsistency
we present an online gaming system case scendnm.system
allows users to play games via a central serverdbardinates
multiple online players. When a user logs in atgtat of a game
a list of available users based on their prefereraze provided
such that the user can contact peers and requesttthplay. In
such an environment, there are various types oflicgion
requirements in terms of multi-player, mobile-playeeal-time
and non-real-time gaming; further, peers may operadifferent
network domains e.g. Internet, Wi-Fi, or ad-hoc eldgss
networks. To cope with the application and envirental
demand a number of dynamic (re)configurations n&ydguired:
(i) new mobile users with limited bandwidth maynjorequiring a
fragmenter aspect to be configured to split dafarbebeing sent;
(i) when monitoring users a persistence aspest lbeadeployed
to keep track of authorised users connected tgeheer; (iii) data
may be required to be encrypted to protect thesugeivacy; (iv)
the authorisation module may be replaced with adatgad one
filtering users by privileges (e.g. by administragame user, etc).

2.2 Built-in Interaction

In aspect-component middleware, aspects (whichitemselves
implemented as component modules) are composedthéthase
components (hereafter termed components) using AMrEctors
[4, 10, 11, 12]. A list of advices is attached t® tconnector
between a receptacle and a provided interface. apsbility is
illustrated in Figure 1.
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Figure 1: Aspect-Component Interaction

We now identify and classify the types of interawtithat can
occur in this local aspect-component model; thedleirfto three
categories: dependency, conflict and indirect adgons.

2.2.1 Dependency Interaction

Dependency represents a required interaction batasgects i.e.
one aspect instance must be present for the aitogerate. In an
aspect-component model, such dependencies may fsoauithe
different parties involved; we now show the potanti
dependencies between different elements in the imode

Component to component dependendyhe ‘caller’ component
passes invocations through its required interfacehe ‘callee’
component’s provided interface. Required interfacese
dependencies that need to be fulfilled in ordegutarantee correct
semantics of the component model.

Component to aspect dependendy general one assumption is
that components must be present first, and aspsiteg non-
functional services are composed later. Howeverets are often
integral, with components depending upon specifigeats. For
example, a synchronisation aspect may be requoregliarantee
the real-time properties of the system, where traraunication
component is dependent on the synchronisation aispec

Aspect to aspect dependen8milar tocomponento component
dependencyaspects may depend upon each other. For example,
an encryption aspect depends upon the correspomuldioyption
aspect to operate effectively.

2.2.2 Conflict Interaction

A conflict interaction represents a negative intgom [5]
between two aspects, where the operation of onecasis
detrimental to the other. The causes of these ictmfin the
aspect-component model can be classified in tefms o

Component to component conflicThe interaction between two
components can conflict following reconfiguratiobhis can be
due to a number of factors: incompatible componges, invalid
state of component e.g. replacing a component géngrunique
users’ identifiers and the latter generates idat there previously
created by the old component.

Component to aspect conflictThe composition of an aspect with
the base system may also cause semantic confliatsexample,
weaving the encryption aspect at the communicatmmponent
join point may cause the system’s throughput tb Balow the
required level.

Aspect to aspect confliciComposing multiple aspects at a join

point is a common source of conflict. This can based mainly

from:
Ordering The order in which aspects are composed influence
their execution order. Consider a join point havitvgo
security aspects, an authentication aspect andthorésation
aspect. The order in which the aspects are invakiigence
the correct system execution. Invoking the autlatios
aspect before the authentication aspect may gieesacto
non-authenticated users.
Mutual-exclusion This involves two aspects that implement
concerns having contradictory semantics such titla¢reone
of them can be used but not both. For examplehéngaming
scenario, when multiple users are playing a livexgavith the
server using a real-time aspect to guarantee prgpaates to
be sent across the users, reconfiguring the sysyeadding a
synchronisation aspect may cause both aspectsoti;hthe
real-time aspect waiting for the synchronisatiord arice-
versa, resulting in deadlock at the server.

2.2.3 Indirect Interaction

A more complicated interaction that can occur ie thdirect
interaction between aspects involving multiple waiblis parties.
For instance, if an aspect “AC-1" depends on arralpect “AC-
2", which itself depends on another aspect “AC-8t BC-1 has
semantic conflicts with “AC-3". Such indirect intamtions are
harder to detect, and require reasoning at the ABr€ctor level
to find indirect interactions.



2.3 External Factors affecting Aspect

Interactions

Importantly these interactions are influenced fithi following:
Application-specific influences arising from  specific
constraints and requirements of the applicatiom. éxample,
composing an encryption and logging aspect dependthe
application-specific ~ requirements. In an  untrusted
environment, all data needs to be encrypted befaréogging
aspect reads the data, to preserve the data safély in a
trusted environment unencrypted data suffice.
Domain-specific interactions Aspect compositions differ
across domains. Each domain imposes specific psliabout
compositions, for example the combination of tw@erts
may cause incorrect synchronisation in a real-tooenain
e.g. applying a caching aspect with a synchromisaaspect is
likely to make the software system miss real-tineadlines.
In a non-real-time domain the interaction of the taspects
does however no cause any interaction concern. dwere
aspect weaved at the aspect-connector may alsaaigont
remote reference such that the order in which #reywoven
in one domain may differ to that woven in a diffgrdomain.
Applying the same weaving order in a different domaay
result in conflict semantics. In such cases, theall node
policy needs to be checked to ensure the correctofeshe
(re)configuration.

3. SEMANTIC COMPOSITION MODEL

In this section we describe our semantic modektgporting the
detection of interaction issues in the aspect-carappmodel and
resolution of emerging runtime semantics by suppgrithe
following dimensions: (i) describing semantic agfateractions;
(i) attaching metadata to entities in the aspectygonent model;
(i) using a resolution engine and policies to ales

inconsistencies. Each of the dimensions is now éxadrin turn.

3.1 Aspect Interaction Semantic Metadata

In order to detect possible semantic conflicts degendencies
each aspect-component is attached with metadatadésaribes
and explains its functionality. This is used tooimh the selection
and deployment of the aspect—i.e. to help managgositional

and reconfiguration interaction between aspect-aorapts in the
aspect-component model as illustrated. These g¢®os are
written in the format as illustrated in the BNFrfoof Figure 2.

The aspect-component interactiomodel consists of the
aspect scope, composition rules, and interactidicips. The
aspect scopeefers to the aspect-component instance of whéther
is deployed on the local host, or is remote, oepicated. More
specifically, an aspect-component is assigned tpaeticular
composition policy and has a specific aspect-séopehich it is
defined. Thecomposition policiegsleal with the types of policies
options to constrain aspect instances on each cpkati (or
multiple) address space. Theteraction policies defines the
aspects in which the underlying aspect-componentiiber
dependent on or conflicts with, or the set of ctinds that can
lead to indirect interactions.

Dependency-specific interactiondefine the coordination-
rules and enforcement rules that the aspect-cormp®meed. The
coordination and enforcement-rules specify the egparties with
which the composed aspect must coordinate withekample for
an encryption aspect, the underlying aspect musgcifgp
enforcement rules for a decryption aspect to be atkled to the

system when the encryption composition takes placel
coordination rules specifying that both should bddeal to
preserve the system consistency.

The conflict-specific interactionsefer to the set of orders and
mutual exclusive aspects that an aspect must b@azed with
respect to other aspects. Finatlye indirect-interactionglefine
the set of conditions on how the aspect can be osetb when
dependency-interactions and conflict-specific iat&ion occur in
the system.

aspect-composition-interaction ::= < { aspect-scope, composition-specific-policies, interaction-policies}

aspect-scope ::= local | remote | replicated

specific-policies ::= application-specific-policies | domain-specific-policies
interaction- policies ::= < {dependency-specific-interactions, conflict-specific-interactions, indirect-interactions} >
y-specific-interacti = < coordination-rules, enforcement-rules>
conflict-specific-interactions ::= <ordering-conflict, mutual-exclusion >

indirect-interactions ::= < dependency-specific-interactions, conflict-specific-interactions>
coordination-rules ::= refers to named aspect components that need to be coordinated

enforcement-rules ;= refers to named aspect components that need to be weaved/unweaved for aspect to operate
correctly.

ordering-conflict ::= {expressions describing on how aspect order(s) conflict with other aspects}

mutual-exclusion ::= {expression describing conditions on how aspects may be affected if other aspects are
composed}

Figure 2: BNF SCM for Aspect Interaction
3.2 Attaching Metadata

Aspect-components are considered as black-boxeshvgtovide
advices in the form of operations within the preddinterface
(but hide their implementation). Three implicatiaofsthis black-
box property are:

1. Metadata can be attached to the interfaces angtestes of
components and aspects, as they are the only apoess
available to other aspect-components at be inspeate
inform runtime decisions;

2. After aspect-components have been woven, theynaked
through their operations such that metadata israigoired to
be annotated at the aspect-component operatiordetirt
runtime interactions; This is because when recomnéipon is
performed at runtime, already weaved aspect metadaiht
be required to detect semantic interactions withke th
reconfiguration aspect(s) and at the join point dspect is
accessed through its operations;

The tagged metadata needs to be kept separatetemain
source functionality. This is because, an aspeptesents
crosscutting functionality such that adding degwips by
extending the implementation, e.g. through a netgrface,
will restrict its applicability to different applations and
domains because it couples the consistency cheekithgthe
aspect-component functionality. Thus, keeping nwt&ad
separate allows both the core functionality andadiata to be
reconfigured independently and transparently fracheother.

3.3 Semantic Resolution Engine & Policies

A Semantic Resolution Engine (SRE) provides the toquery
and reason about the annotated aspect-componenmts;esolve
possible sources of inconsistency that may resoith fa dynamic
reconfiguration. The latter retrieves the assodiat@spect-
component metadata as illustrated in Figure 3, bitirgy the
annotation file path from the aspect-component pacsing the
Aspect Metadatafile (retrieved from the Aspect Metadata
Repository to extract respective semantic composition tags for



the aspect-component (structured as described by BNF
semantic composition model from Figure 2). Thdme SRE
checks the reconfiguration aspect against a setoafposition
policy on each reconfigured address space (referseghode to
ensure reconfiguration follow the specified domain running
application policies. The composition policy usescandition-
action’ approach to ensure the associated metadetahe join
point aspects metadata are valid by not causingdamyain or
application inconsistency in the node in which tbeonfiguration
take place. In case the validation is successfub th
(re)configuration is allowed to proceed. Howevercase of any
interaction issue is found, based on the policecHication the
necessary remedy action is taken. Two alternatofesemedy
actions can be taken by the SRE in terms of: eigiepping
reconfiguration from proceeding by calling tf@lback operation
to drive the system to the state prior to whenrde®nfiguration
started; or if appropriate resolution policies specified these can
be deployed by the SRE and the reconfigurationpreneed (e.g.
resolving the correct order of advices).
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Figure 3: Semantic Resolution Framework

4. VALIDATION

In this section we validate our approach using Age@Com [11].

We first provide some background on AO-OpenCom Hreh

validate the extent to which our Semantic CompasitModel

(SCM) achieves the stated goals of semantic coriposi
resolution, transparency and flexibility. Finallyevmeasured the
overhead of deploying the SCM.

4.1 AO-OpenCom

AO-OpenComis an extension of the OpenCom [1] component
model and provides a distributed AO compositiorviser while
allowing aspectual compositions to be dynamicadigonfigured.
The purpose of AO-OpenCom is to build on OpenComi s
associated reflective meta-models and componemhefrgorks
architectures [1], to provide a distributed AO casifion service,
and to allow aspectual compositions to be dynatyical
reconfigured. The programming model employs comptméo
play the role of aspects—i.e. an aspect is simplyOpenCom
component. The AO-OpenCom aspect framework congpeseet
of components that are instantiated across each Tibs set of
components is as follows (see Figure 4):

The Configurator manages the other components in the
framework as it is responsible for accepting anchdling
(re)configurationrequeststhat will apply to a set of hosts. The
Configurator also caches join point informatiorréteives from
Pointcut-Evaluators in case similar behaviour ndsslspplied in
the future. TheAspect-Repository holds a set of instantiable
aspect-components e.g. the cache aspect, encrygsiatt, etc.

The Pointcut-Evaluator evaluates the pointcuts provided by
the Configurator and returns a list of the matchjoig points
found within the local address space. Finally,Alspect-Handler

acts on instructions from the Configurator to weadeices at join
points as well as supporting the invocation of renaspects.

The main API provided by an AO-OpenCom-enabledaimst
for AO (re)configuration is as follows:

Configurator.reconfigure(pc, command, aspect);

The pc argument specifies a pointcut that picks out e points

in the target nodes at which the desired recordigom should
occur. Thecommandargument offers options for the action to be
taken at the indentified join points: the ‘add’ iaotis used to
weave the specified aspect at the join points; neghis used to
remove it, and ‘replace’ is used to add the spatifispect after
removing an existing aspect of the same type thassumed to be
already there. Thaspectargument can be a direct reference to a
local aspect-component, or an indirect referencearioaspect
stored in an Aspect-Repository, or a reference rtoalkeady-
instantiated remotely-accessible singleton asp@&tte aspect
weaving orderand thetype of aspect in terms of (before, after,
around) are also specified in the aspect argument.

AO-OpenCom Framework
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Figure 4: AO-OpenCom platform Architecture
4.2 Applying the SCM to AO-OpenCom

To ensure the semantic consistency, the SRE and
Composition-Policy aspect are both encapsulatethaspect and
weaved at the AO-connector component join poinhecting the
Configurator and the pointcut component as an raétdvice in
the AO-OpenCom platform. Moreover, thespect Metadatdile
of the SCM is implemented in an XML file with eaespect
annotated with the path to the XML metadatafile.

4.3 Qualitative Validation

To llustrate the semantic reconfiguration congisfe we
consider the following reconfiguration: the applioa
programmer needs to reconfigure the online gamirsiem by
adding an encoder to all mobile wireless node memibe
fragmenter and a logger aspect have previously bemren at
that join point. To perform this reconfiguratiomet application
programmer would provide a reconfiguration requmstwriting
code as shown in Figure 5 (the code is simplifient f
presentational purposes).

the

Pointeut pc = new Pointeut( * des®”, I 7, ication®”);

List aspectlist =new LinkedList();

aspectLisi = new ArrayList();

Aspect aspectEncryption = new Aspect(encryption, before);
aspectList.add(aspectEncryption);

Configurator.reconfigure(mobile_app. pe, add, aspectList, perNode);

Figure 5: Aspect Reconfiguration specification exaple

Since AO-OpenCom also supports remote aspec}stfielrespective URL path to
the XML file Annotation Metadata Repositoiy provided for remote aspects.



The Configurator.reconfiguré(call takes the given pointcut and
aspect specifications and also specifies that fleeiied aspect
should beadded.This reconfiguration specification however fails
to capture the semantics of the reconfiguratiorietms of the:
ordering between the three aspects with the fragenemspect
needing to be woveheforethe encryption aspect; dependencies
involved by weaving an encryption aspect requiritige
corresponding decryption aspect to woven in a doatdd
manner to ensure good running of the applicationflicts due to
the weaving of the logging and encryption aspects.

4.3.1 Semantic Interaction Resolution

The encoder aspect in the AO-OpenCApplication Repository
is tagged with appropriate metadata describing $snantic
interactions, that is: the encoder aspect interiatagged with the
location path of the xml file containing the metdhaving: the
type of the aspect, dependency-interaction tagspecifying a
corresponding decoder aspect is dependent and lmeustoven
when the encoder is appliedonflict-interaction tagsspecifying
two constraints are specified in terms of: encagrect conflicts
with a logging aspect in an untrusted domain if erosfter the
logging aspect; the encryption aspect can be atlowe an
untrusted domain and can be allowed based on tderlymg
domain policies. The Composition-Policy aspestillastrated in
Figure 6, then contains the ‘condition-action’ rula terms: (i) a
fragmenter must be wovéeforedata is encrypted and similarly
containing another policy describing that the dption aspect
must be wovemeforethe reassembler aspect; (ii) the weaving of
fragmenter and reassembler aspects must be cotmdiaaross
nodes to ensure both needs to be woven as thegependent;
and (iii) the weaving of encryption and decryptaspects must be
coordinated across nodes to ensure that encrypésdages can
be decrypted.

<policy name ="encryption" reconfiguration-action= "add">
<condition>
<joinpoint type = "fragmenter" condition-logic= "and" type= "logger"></joinpoint>
<indirect-interaction application-type = "none" domain-specific = "none">
</indirect-interaction>
</condition>
<action>
<dependency-action>
<aspect-dependency type= "decryption” ></aspect-dependency>
<coordination-aspect type="coordination-protocol" ></coordination-aspect>
</dependency-action>
<ordering-conflict-action>
<aspect-order type= "fragmenter" order= "1"></aspect-order>
<aspect-order type= "encryption" order="2"></aspect-order>
<aspect-order type= "logger" order="3"></aspect-order>
</ordering-conflict>
<indirect-interaction-action>

</indirect-interaction-action>
</action>
</policy>

Figure 6: Composition Policy Example

When Configurator.reconfigure()s called on the Configurator of
one of the nodes (referred as the ‘initiator’), tater calls the
Pointcut-Evaluator to locate all the target joirin®. On returning
the located join points, the SRE aspect get®ked.Using the
target join points, metadata, that is from the rfnagter and
logging aspects metadata, together with the enioryphetadata,
the SRE first parses their respective metadata eiect any
semantic interactions. With the encryption aspechtaining
metadata with an order conflict for weaving withpest type
fragmenter, the SRE checks the Composition-Policpekt to
determine if the constraint islid for the reconfigured node and
checks for any other application-specific or dorrspecific
restrictions. With the fragmenter metadata coirgtnaatching
the Composition-Policy Aspect metadata, and no iegipbn-

specific or domain-specific constraints for thisseathe SRE
aspect instructs the AdviceHandler to weave a spomeding
reassembler-aspectvith the encryption-aspectwoven in the
second orderto ensure the reconfiguration can be successfully
done and thus semantically consistent. Moreovencesithe
original pointcut specification has been updathd, €onfigurator
caches an updated version of the pointcut spetiditaln case
remedy policies were not specified, the reconfigarawould be
aborted with the rollback operation deployed foy ahanges.

4.3.2 Transparency

The approach naturally supports selectively transparent
approach as the SRE aspect and the CompositiooyPatpect
can be pre-configured at application start-up tisee that the
application programmer who wishes to initiate a -tiome
reconfiguration needs only to make the approprieéd to
Configurator.reconfigure() This achieves complete transparency
of consistency-related mechanisms from the codénvoke a
reconfiguration. At the other extreme, the progranman be
explicit specifying the SRE and Composition-Poliegpects
should be put in place for each reconfigurationthis case, both
aspects are woven on-the-fly (if they are not alyegresent)
before proceeding to perform the requested recordtgpn. Note
that this extreme is stipjartially transparent as the programmer is
protected from the low level details of actuallyaving the SCM.

4.3.3 Flexibility

The use of a separafespect Metadatdile to attach semantics of
the aspect-components allows new metadata updabesapplied
without having to recompile existing source-codéoreover, our
approach adds the SCM as an independently-depysadivice
which can be used for both local and distributedc@nfiguration.
This means that the SCM imposes no overhead whweot itised,
and can be dynamically woven/unwoven where and when
required. We also believe that the approach, béaged upon
applying metadata and behaviour at common architact
elements (i.e. interfaces), can be applied geryeralbther AOM
not just AO-OpenCom; indeed we see important futmoek in
the deployment of our model in a wider range ofays.

4.4 Quantitative Evaluation

We next evaluate the overheads incurred by the $&perform

dynamic reconfiguration. The baseline for our ekpents is as
follows; we reconfigure aspects at one join poising AO-

OpenCom without SCM (in this case there are no lmefto

detect). This was performed locally on one nodethed repeated
with the aspects to be reconfigured spread acradiedt nodes
with another node acting as the initiator of redgunfation. Each
node ran on a separate Core Duo 2 processor 1.8 ReHwith

2GB RAM, using the Java-based version of the AO#@man

platform. Each measurement was repeated ten timikthe mean
value was calculated to discount anomalous results.

We then performed four separate reconfiguratioresand
measured the performance overhead compared toabe-line
measure above. In each of these cases we incrédzsextale of
the experiment by increasing the number of aspgoten at the
join point. Figure 7 shows the results of these frases: (i) SCM
manages reconfiguration where there is no confiicta local
node; (i) SCM manages reconfiguration where there conflict
across 5 nodes; (iii) we introduce an aspect atnfind SCM
manages reconfiguration on a local node; iv) SChhages a
conflicted reconfiguration across 5 nodes. We ifenthe
following results:



The overhead of using SCM increases as the nunfberdes
the reconfiguration executes across increases to 5.

As the number of aspects woven at a join pointeiases the
percentage overhead of SCM decreases.

The overhead to weavene’ aspect is the worst case. This is
mainly attributed to the retrieval of the CompasitiPolicy
aspect metadata and once obtained the metadabe qaarsed
for subsequent checks, causing less overhead.
Furthermore, it can be observed that on a singte rtbe use
of SCM added an average overhead of 15% when ritiatsn
where managed; there was an extra 1.84% when aspéht
a semantic concern were woven on the node.

The overhead of the SCM is mainly attributed to tise of
XML and the parsing of the file structure before gemantics
metadata are retrieved.

\I—. el (i) 1 NO e with no semantic

concern

10 +

1 5 15 20

10

Aspects

Figure 7: Overhead of SCM to perform reconfiguration per-
join point in the AO-OpenCom platform

5. RELATED WORK

Few AO middleware platforms have addressed thelesiggs of
performing consistent semantic (re)configuratiorAMZDAOP
[10] and DyReS [12] are prominent examples of AOBdleware
platforms but do not consider validation for aspernposition.

Other prominent platforms such as JAC [7] and DyNgic
are limited to solving aspect semantic by checkisgect ordering
only. custAOMware [5] is a runtime AO component dielvare
allowing aspect interactions to be evaluated. Theeraction
model allows the detection of conflicts, dependesciand
resolution of aspects by storing and accessingctspeetadata in
the runtime kernel repository. However, compared dor
approach, the platform offers only aspect confijara the
semantic validation of distributed dynamic recoafagions is not
supported. Spoon [8] is a Java program-transfoondtamework
that uses AOP and compile-time reflection to enssemantic
consistency of the middleware components. Howewbis
approach can only provide compile-time validationdais
therefore unsuitable for adaptive software.

Outside the domain of AO middleware there a numifer
language-based AO approaches. CompAr [9] is a kgeprased
AO approach to detect and solve aspect-composiissnes.
However, the approach only detects aspect-ordéntayactions
issues. Douence et al., [2] offers a similar apphofor the
automatic detection and explicit resolution of aspeteractions.
However, the approach only allows for static analysf aspect
interactions. SECRET [3] uses a similar reasonimghmanism as
our SCM by analysing all advices at a join pointfobe
composing them. However, the approach is languapertient
requiring advices to be written in Aspect-J languégr the
conflicting patterns to be detected. Our approaiferd from
these related approaches, in that we introducenarge SCM

within the field of AOM which can be applied to &aof the
aforementioned platforms.

6. CONCLUSION AND FUTURE WORK
In this paper we have demonstrated the need toidmmaspect
semantics to better support and ensure consistempasition and
reconfiguration in dynamic AO middleware. We halgstrated
our general approach to SCM for validating distréalidynamic
reconfiguration, catering for semantic differendasterms of
application-specific and domain-specific conditioMoreover,
our solution also prevents the combinatorial exploghat may
result as a consequence of coupling metadata tétltare aspect
functionality allowing aspects semantics to be dyically
evolving without changing the source-code of rugraspects.
Turning to future work, we first plan to investigatising our
approach in a self-managing autonomic environmantvhich
reconfiguration requests are initiated by the platf itself as
opposed to the user. Then, we also plan to extemdsemantic
philosophy to use an ontology model such that tbecepts
between applications and domain can better be stefet when
building large-scale distributed middleware applmas.
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