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Abstract: Complex software systems, like operating systent raiddleware,
have to cope with a broad range of requirementsvel$ as strict resource
constraints. Family-based software development ipr@amising approach to
develop application-specific systems from reusalmponents. However, once
statically configured, these systems still needdapt at runtime according to the
dynamics of the environment. The majority of thenagrns in the complex
systems, that need to be adaptable, are crosgrulfifith the application of
Aspect-oriented Programming (AOP), these conceansbe cleanly encapsulated,
and then dynamic AOP can be applied for the adaptato be contained, and
applied at runtime. An efficient dynamic aspect werds needed for the dynamic
weaving and unweaving of these crosscutting comscarto the system. None of
the currently available dynamic weaver can be dpth according to specific
application requirements. In this paper we pregbet family-based dynamic
weaver framework that supports the static as wslldgnamic weaving and
unweaving of the aspects to the components. By applthe program family
concept, the system itself as well as the dynanméawver, built on top of it, is
tailored down to provide only the features or segsirequired by any particular
application.

1 Introduction

The complex software systems, like operating systend middleware, are notorious for
their problematic structure due to the high degoéecrosscutting concerns. These
systems are, traditionally, designed and built tovigle a wide feature set to suit the
needs of multiple problem domains. The extra festunot used by an application
contribute to unnecessary code size and configuramplexity.

These conventional software systems are not suiteduse in some particular

environments, for example, distributed embeddedrenments, as they need to scale
with specific requirements, pertaining both to tlaedware as well as the software level.
Thus, it is quite a nightmare to build a systent dwuld fulfil all the requirements of

different applications, and still will be economliéa terms of resource consumption.
The solution is to be able to tailor down the syss®o that it provides only the services
needed by any particular application. This leada product-line or family-based [Pa79]
approach, where the variablility and commdgalimong system family members is
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expressed by feature models [CEOQ]. A crucial pisithe mapping of all selectable and
configurable features to their corresponding, wehcapsulated, implementation
components. Many of the features that need to laptatle or reconfigurable in these
complex systems are crosscutting in nature. Thisnmethat their encapsulation is
limited, as their implementations crosscut, and thimder adaptability and granularity in
the family-based development. This makes it alnmogtossible to implement them as
independent encapsulated entities and therebyiatestmodularity, variability and
granularity. Some examples of such crosscuttingcems are security, distribution,
scheduling, transaction, fault tolerance, qualitgervice (QoS) and logging.

Aspect-Oriented Programming (AOP) [Ki97] is appliédr the localization and
encapsulation of such crosscutting concerns intdutes called aspects. The aspect code
guides a tool, the aspect weaver, inserting coaignfents specified by the aspect code
into locations where they are required. These fitgempoints are called join points.
AOP complements object-oriented programming byvalg to modify the object-
oriented model, statically (static weaving) as veslldynamically (dynamic weaving), to
create a system that can grow to meet the newrmgants. A well directed application
of AOP principles in the development of family-bassystems lead to a high variability,
modularity and granularity of the selectable sysfeatures, as their implementations
can not only be encapsulated by classes, but glssjpects. This potentially results in
very flexible systems that offer configurability afven fundamental architectural
properties [LS03]. As an example, figure 1 shovpag of an operating system product
line feature model, where features are mappeddsetlclasses and aspects that provide
their implementation.

For adding and removing the features realized asamhyc aspects in the adaptable
family-based systems, there is a need of an optithi’namic weaver. Dynamic weaver
enables the dynamic aspects to be woven and unwivgen the system on the fly,

which makes it useful for rapid prototyping, andakles the systems to adapt their
services in response to changes in the requiremdotst of the existing weavers are not
suitable for all domains because of either the@resgive use of resources or application-
specific solutions. Here again, we apply the farbifised approach and come up with a
family-based dynamic weaver. An application-specthilored weaver is constructed

from the weaver family by leaving out as much assjlie, and selecting only those
features, which are required to fulfil the applicas demands. Besides a fine-grained
selection of the available AOP features (requir€PAfeatures), it is especially possible



to exploit a-priori-knowledge about the system atsdexecution environment. This
results in a much optimized, low-cost applicatipedfic dynamic weaver.

This paper is organized as follows. Section 2 dessrthe family-based concept in

combination with AOP. In section 3 we will be dissing some of the available

dynamic weavers. Section 4 presents our familygtaynamic aspect weaver approach
along with the feature model developed. In sectignthe main architecture and

implementation details of our dynamic weaver arespnted. Section 6 shows some
results from the different variants of the weaved gheir memory consumption. Section
7 concludes the paper along with some further rebesreas.

2 Family-based Software Development with AOP

We are shifting the focus from the developmentindle software systems to a family of
systems (product-line). The same holds true fordiyreamic weavers as well, which are
built on top of such systems, to support reconéigjon of features realized as dynamic
aspects. Family-based development allows suppodpyications with their desired

specialized family member, which provides all trecessary functionalities but omits
any functionality or service not required by theplagation. This makes it possible to

achieve the desired application-orientation, andeduce the memory and run time
consumption.

A set of programs is considered to be a progranilyafithey have so much in common
that it pays to study their common aspects befookihg at the aspects that differentiate
them [Pa79]. Domain engineering helps us to accisimghe family-based software
development [CEOQ]. Feature-oriented domain analysi performed to capture the
commonalities and variabilities of the systems bioaain. A feature model represents a
hierarchal decomposition of features includingitidication of whether or not a feature
is mandatory (each system in a domain must havaicdeatures), alternative (a system
can possess only one feature at a time) or optitmaystem may or may not have
certain features). These different feature typeseaplained in figure 2. There are two
stages where AOP is applied to family-based sysfenmmsdaptation.

2.1 Static Weaving for Static Adaptation

The user selects from the features presented infeghiire model, and set defaults
according to the needs of the application. A vdriar@nagement system is used to
specify default dependencies in the feature maxptévent the combinatorial explosion
of the variants [Pu03]. It provides a graphical ruseterface, which displays a

hierarchical representation of the feature modeahefproduct family. The user selects
feature nodes, which are mapped onto implementatmnponents. This process of
selecting features and setting defaults to generatember of the family of products is
known as application engineering [CEOQ]. This infation is fed to generators, which
output and build the final product. The static asp@re superimposed onto the primary
functionality in an additive manner without altaginhe existing architecture. These
aspects, which are woven, cannot be removed onfigewed later during the runtime.



The result of static adaptation is an applicatipeesfic product, which contains only
those features, which are needed by the applicalibe whole process is completely
automated and does not require any hand coding.

2.2 Dynamic Weaving for Dynamic Adaptation

Once the system starts running, it may be subgetlhé changing requirements during
runtime. This is especially true in complex distitded systems, which exhibit strong
dynamics. Several approaches have been adoptechieva dynamic adaptation and
reconfiguration of the software systems duringirat Some try to provide adaptability
by using patterns in several features [SC99]. Hawné¢le customization resulting from
this approach is still unsatisfactory as it lealesks in the core code, and null strategies
substitute for the excluded features. This addb@éaccomplexity of code as well as to the
memory footprint. Other approaches suggest the afseeflection and component
frameworks [Le99], [Ko00], [BI02]. In some of thesepproaches, the system
implementation adapts itself according to the clangnvironment by means of
selecting different implementation strategies. Bhegproaches mainly address the
customizability and adaptability aspect of the eyst. The drawback of these techniques
is that these have rather large memory requiremants also incur performance
overhead.

Dynamic weaving is a natural choice for implemegtan adaptable system due to the
reason that it can apply code retrospectively taraing application [GB03]. Dynamic
weaving helps avoid the recompilation, redeployrnaamt restart of the application. The
dynamic adaptation of complex software systemseiseplly dependent on policies,
which all tend to be crosscutting concerns, andcbere realized as dynamic aspects.
Dynamic weaving is basically an autonomous poliogrdination facility that allows
system to continuously adapt itself to a changingirenment by deter-mining which
policy needs to be changed and how policies a@mbimed so that the system can keep
performing well. Thus, for performing the job ofawing and un-weaving of features,
realized as dynamic aspects, the dynamic weavan isitegral feature in the feature
model of our family-based adaptable software system

3 Related Work

Different approaches have been proposed by the A@SBmunity for dynamic
weaving. Most of the existing approaches targetJénea domain. These are generally
based on Java-specific APIs, JVM Debugging Intexfatatic instrumentation, run-time
byte code manipulation or virtual machine extensifBo04], [Po03], [Pa01], [AUO3],
[Sa03], [BHO4], [Va05]. Most of these Java-basedprapches offer different
performance penalties like execution speed (exacuti debugging mode), memory
consumption and joinpoint support etc.

We are working in the C/C++ domain, and are moterasted in the work being carried
out in the C/C++ domain. There are several appemehthe C domain [Do05], [EF05],
[2J03]. In these approaches, hooks are insertedtived base program at weave time at



all affected joinpoint positions. Arachne [DoO5REKANA [EF05] and TinyC2 [2J03]
are all based on binary code manipulation. Thepeoaghes use debugging information
or symbol tables, produced by the compiler, to itewhe binary code dynamically to
inject the aspects. New version of Arachne is &bldo the instrumentation of the binary
code at weave time. TinyG@nakes use of Dyninst instrumentation system fppstting
runtime weaving. TOSKANA is designed specificallgr fin-kernel functions and is
being employed for supporting autonomic computingcfionality via dynamic aspects
for operating system kernel.

We know only one approach which is specificallyg&ting C++ domain [AE04]. In this
approach, aspects are woven by registering thenimsiga runtime registration system.
The original C++ code is instrumented, either bpchar with the help of tools, to call
the runtime system at each potential joinpoint. umgime system then calls all aspects
registered for this joinpoint. There are also sgpneposals in the C++ domain for
making use of low level virtual machine running tmp of a microkernel system in
cooperation with an aspect deployment service [En05

Even the approaches proposed for the C/C++ domame lsome limitations. This is
especially true for the DAO C++ approach [AE04],enh the runtime system has to be
called at each potential joinpoint and, thus, fesularge performance overhead. Also,
DAO C++ supports only a limited joinpoint model,nmely the execution of before and
after advices. This system could be improved byintakise of some joinpoint filtration
mechanism to instrument only the joinpoints of iag. The binary code manipulation
approaches have better performance since the @crihee to the static insertion of
hooks is minimized. But these approaches have othertcomings like they are
machine and compiler-specific solutions, and theesf not applicable for the broad
spectrum of hardware platforms in the domain of, dgample, embedded systems.
These approaches are further restricted to the ahoiwavailable symbolic information
in the executable code. Moreover, all of these @gpphes provide a fixed runtime
support system. This means that they cannot bedeaicording to the requirements of
any particular application.

4 Family-based Dynamic Weaver

Different applications can have different requiretsefrom the dynamic weavers. In
consideration of the specific demands of certaipliegtions, it becomes extremely
difficult, if not impossible, to successfully adaguty of the existing weavers. Thus, the
dynamic weavers are required to be designed toifgadly support the execution of

applications under any sort of environmental casts.

A family-based dynamic weaver is able to targetidewange of applications including
embedded systems with very small memories. Applyinggram family concept, a
domain analysis is performed for dynamic weaveomdin. A feature diagram is drawn
to capture the commonalities and variabilities i tveavers as shown in figure 2. By
applying the program family concept, not only tlygetem itself, but the dynamic weaver
as well, is tailored down to provide only the seed or features required by a particular
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Fig 2: Feature diagram of Dynamic Weaver

application, resulting in a very economical and laagion-specific solution. “Less
demanding’ applications are no more forced to paythe resources consumed by
unneeded features.

The family-based weavers are based on the techoijuentime aspect registration, but
can be tailored down according to the specific igpfibn requirements. The dynamic
weavers are constructed from the feature modelelyctng only the required features.
Each selected feature has certain cost associdthditwn terms of the runtime and
memory, and hence selection of features is totapendent upon the specific
application requirements and the memory available.

Our approach makes it possible to build low-costadyic weavers by exploiting the
before hand knowledgea“priori-knowledge” about the system (domain analysis), and
its execution environment. This helps tailor dovise dynamic weaver infrastructure
according to specific application requirementscéntain applications such as embedded
systems, there is not much variation in terms efittiormation regarding classes, since
the set of classes, and thereby the set of availgbhpoints, is usually known in
advance. Thus, when constructing a dynamic weawersfich systems, the feature
“JoinPoints Known” is selected. This enables to do compile time mmatg of the
aspects to their respective join points for whiekyt will later be registering themselves.
In some systems, there might be requirements tty @gpects in specific modules, such
as the potential points of interest for systemtstji@s and other crosscutting concerns.



The vast majority of joinpoints in a system is nmewsed by any aspect, as many
joinpoints hardly contribute to the application satics. The execution or control flows
of basic library functions, for instance, can bengidered as such "low semantics
joinpoints”. Thus, in our approach, it is possilide explicitly filter the huge set of
available joinpoints to a quite small subset byestithg the feature JoinPoints
Filtered”, which results in a very efficient system, sinamecessary checks are avoided
at each joinpoint.

If even the set of potential aspects is known weade (‘Aspects Known”), it is possible
to generate such a filter automatically from theaintcut descriptions and thereby,
registering only those joinpoints, which are goitg be affected by the aspects.
Furthermore, if the number of aspects is knowndwaace, it is possible to fix the size
of runtime advice lists associated with each joinfaand thereby, avoiding the use of
costly dynamic data structures.

In some cases, there is a need to define the ofdexecution AspectsOrder” of the
advices, to resolve the conflicts between diffeahtices, affecting the same joinpoints.
The order of activation is supported in static wegvtechnologies like AspectC++
[Sp02], Aspect] [KiO1]. In certain dynamic weavirs not allowed that more than one
aspect can affect the same join point. Thus, im slymamic weaver constructions there
is no need to select the featukssiectsOrder”. Moreover, if all the aspects are known
in advance, AspectsKknown”, then the order of advice execution can be defiaad
resolved statically, saving runtime.

The joinpoint model can also be defined, as per dpplication requirements, by
selecting only those features fror8upported AOP Features’ which are needed, and
same is the case regarding support for differepe tyf advices (before, after, around),
and for changing the static structure dinttoductions’) the program.

In the case of extensible systems, the feature €fiSibleSystem” is needed to be
selected. The selection of this feature means diyaamic aspects can not only be
applied to the main application, but also to théergion modules. A more detailed
description of how this feature enables the dynaasisects to be woven in distributed
environment will be provided in the next section.

The different instances of the weaver are generatedpletely automatically by the
variant management tool by selecting the requireatufres. This truly application-
oriented weaver construction drastically reducesdbsts (in terms of performance and
memory consumption) of the dynamic aspect weavinfgastructure. If the set of
effective joinpoints is small, it should even badible to implement dynamic aspect
weaving as efficient as dynamic class loading.

5 Dynamic Weaver Implementation

Aspect weavers should be able to support bothcsastiwell as dynamic weaving, thus
combining the advantages of both techniques. Aspbet do not need to be adapted at
runtime should be woven statically for performanosasons. In the following



subsections, we give an overview of the subsetefdéatures currently supported by our
family-based weaver, the weaver architecture, adéeussion of the different variants
that can be instantiated from the feature modeé difthitecture consists of three main
modules:

=  Weaver Binding
= Run-time monitor
= Dynamic Aspects (shared libraries)

All these modules are completely independent ohexdber. In this specific construction
of the family member, the main aim is to provide-oost dynamic weaving.

5.1 Weaver Binding

The weaver binding generates information aboujdhgoints in the system. This could
be a symbol table, generated by the compiler, énciise of binary code manipulation
employed as a weaver binding, or a joinpoint infation repository, in the case of static
weaver employed as a weaver binding etc. The s$eteaf the binding mode is
completely dependent on the specific applicatiauirements.

In the current implementation of the different eats of the weaver family,Static
Weaver” is used as a weaver binding for code instrumé@ntatse of a static weaver as
a binding mode helps support both static as wedlyammic aspects. Here, the main idea
is that all the potential dynamic joinpoints can bentrolled by a static aspect
implementation. There are some available staticversalike Aspectd and AspectC++,
but again this selection is dependent on the dpeaifplication requirements. We are
using AspectC++ for this purpose. AspectC++ is @eresion to C++, and facilitates to
have a dynamic weaver with a very small memory foait. The code below shows, for
example, how we are hooking the execution joingoim the base code of some
application by making use of pure virtual pointouthe static aspect.

aspectbeforeafterinstr{
pointcut virtual dynamicJPS() = 0;
public:
advice dynamicJPS(&round(){
monitor->BeforeAdviceList(JoinPoint::id ());
tjp->proceed(); ethod itself is called
monitor-3AfterAdviceList (JoinPoint::id ());

}
3

aspectbeforeafterExe:public beforeafterinstr{
pointcut virtual dynamicJPS() execution("% ... :: %()" );
3
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It can be seen from the above code that the araavite is not supported in this
specific variant. Thus, by means of derived aspgotapoint filtration mechanism is

performed. This results in minimal hooks being itesé into the component code and
hence, provides us with an efficient and portalyteagnic weaver.

5.2 Runtime Monitor

The runtime monitor is responsible for coordinatimgfween the aspects (advices) and
the component code (e.g. “class Buffer” in figude Bll the joinpoints and aspects are
registered with the runtime monitor.

In our different variants implementations, statisp&ctC++ weaver generates an XML
based file containing information about the joingosignatures and their unique ids,
which are going to be affected by the dynamic aspddte joinpoints are registered with
the runtime monitor. This information is used b thuntime monitor to create data
structures for each potential dynamic joinpoint.

5.3 Aspects

We are working to build a weaver family, where $iatic as well as the dynamic aspects
could be described with a single description lagguadVhenever some advice registers
with the runtime monitor, it carries with it infoation about the joinpoints that it is
going to affect. The list of joinpoints registerith the monitor is traversed to find out
the joinpoints on which this advice is interest&tiree lists of pointers to before, after
and around advices are maintained against eacttedf¢oinpoint. If there is an around
advice registered for some joinpoint, then it meta the around advice is executed
instead of the joinpoint.

In our current implementation, static aspects ascdbed using AspectC++ language,
and the dynamic aspects are simple C++ classes.dJhamic aspects are shared
libraries, and so the advices are loaded at runtiimehe case of non-extensible systems,
the compilation process of the dynamic aspectsh@ava in figure 4. The pointcut
expression describes the joinpoints of interestm®ans of string matching and wild
cards. The XML file contains the joinpoint signasrand their unique ids. At the
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compile time, pointcut evaluation is performed byracting id information from the
respective XML file, to find out the ids of the fjoints that are going to be affected by
the dynamic aspects. Thus, at runtime, id matclisngerformed instead of joinpoint
signature matching, which results in an efficianmtime system. Once ids are extracted,
they are compiled in combination with the dynamipect with a standard gcc compiler.
The object file is converted into a shared libraviajch can then be loaded and unloaded
at runtime into the system by means of “weave” amiveave” commands from the
shell. But in the case of extensible systems whaeaspects, already into the system,
might be required to affect the modules comingrlatéo the system, this poincut
evaluation is completely done at runtime. In ouplementation, more than one advice
can affect the same joinpoint. Therefore, the featAspectOrder” can be selected from
the feature model in order to resolve the conflisésween multiple advices. In such
variant of weaver, each advice carries with it, gteority number. So when a certain
joinpoint is reached, then, these advices are e¢zdcas per their priorities or order of
execution.

5.4 Dynamic Weaver Implementation in Extensible/Digibuted Systems

A dynamic weaver variant to support weaving aspetisthe modules loaded later into
the running system can be generated from the feahodel by selecting the feature
“ExtensibleSystem”.

In such a scenario, in the start, we have the “rapplication” running, which is affected
by a static aspect, as shown in figure 5. This peed information of dynamic joinpoints
of the main application in the form of an XML filsjamed as 0O.acp. The main
application, as well as each module, either rernoten the same machine, added later to
the system, has its unique runtime monitor objebich registers itself with a monitor
registering object called “MonitorRegister”. Theigration of monitors happens only in
the case of extensible systems. In case of nomekie systems, no such monitor
registration is employed, thus, saving resourceslittonal modules are loaded into such
extensible system at runtime. The same static aggscts all the new modules, and
produces their corresponding joinpoint informatiives (.acp files). We could have used
separate static aspects for the instrumentatidghesfe different modules, but this purely
depends upon the specific application requiremdnt@ur proposed mechanism, it is
possible to generate a customized weaver for eattleanodules separately, but this is
again a question of specific application requiretsemhe white indicate each module
registering its monitor object with “Monitor-Regist. Each of these monitor objects is
associated with a specific module, and hence, oafysters dynamic joinpoints and
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Fig 5: Dynamic weaver for extensible system
aspects for its respective module. Dynamic aspéets extensible systems can
specifically be compiled to affect only the mainphgation, one of the modules,
multiple modules or some combination of the maipligption and the modules. While
writing the dynamic aspects for different moduli@st the monitor object for a specific
module is extracted from the monitor repository (MorRegister). The joinpoint
repositories might be located in different remateations. The developer has access to
the joinpoint repositories for different modulesvesll as to the main application. This
enables him to write an aspect which could affegt jainpoints of interest in the whole
system, whether it is any combination of modulethermain application.

6 Results

Dynamic weaving is generally an expensive appraauhis not affordable in resource
constraint domains like embedded systems. Thedfl&amily-based weavers enables to
produce a very optimized and low-cost dynamic weawhich could be viable for even

resource constraint systems. Our approach has wden over other existing

approaches in two ways. First, it allows for theimgation of the runtime support for

each application according to its specific requeats in comparison to the generally
fixed runtime support offered by other availablena@mic weavers. And, secondly, our
approach allows for the minimal hooking of the basde to build a weaver which is

efficient and highly portable.

6.1 Cost of Runtime System

Our approach makes it possible to build dynamieespreavers with as much runtime
support as one application can afford. Each featuoeir dynamic weaver feature model
has a fixed cost, associated with it in terms ofmoly consumption. Table 1 shows cost
in terms of byte consumption of some of the featdrem the dynamic weaver feature
model. One example of saving resources by makiregofioefore hand knowledge of

system can be observed from the different costuica features presented in the table.
If the number of aspects, going to affect the systis known in advance, the cost of



“before”, “after” and “around” advice supported by the runtime system falls acbu
22%. This is due to the reason that in the caskeofeature Aspectsknown” selected in
combination with any of theb&fore”, “after”, or “around” advice features, each of
these advice features is mapped to the implementatihat make use of fixed size
arrays. The size of array is defined by the useitewdpenerating the dynamic weaver
from the variant management tool according to teéode hand knowledge of the
number of the aspects going to affect the systarthd case of the number of aspects not
known in advance, the different advice featuresnaapped to implementations that use
costly dynamic structures. This results in a moqgeasive system in comparison to the
one with beforehand knowledge of the number of etspeFurthermore, the cost of the
feature ‘AspectsOrder” is quite considerable (2155 bytes). This featisraeeded to be
selected only if the different advices coming itlie system for the same joinpoint have
interdependencies, which is not a very usual c@ke. weaver becomes considerably
expensive if it is to be constructed for extensiblestems. The cost of the feature
“ExtensibleSystem” is the maximum in the whole feature model anchdsaat 5078
bytes of memory.

Table 1. Feature cost in terms of memory consumption

Features Cost in Bytes

1 before 1192
2 after 1192
3 around 1331
4 AspectsOrder (order of execution) 2155
5 ExtensibleSystem 5078
6 before (Aspects Known) 934

7 after (Aspects Known) 934

8 around (Aspects Known) 1034

Figure 6 illustrates that as we move towards mappert for dynamism in building the
dynamic weavers, we pay more in terms of resourthsee different variants of the
dynamic weaver family are depicted in the figurengl with their memory consumption.
It can be seen that the construction of the fiestant (1) is the lightest one in terms of
memory consumption. The features supported by iils¢ ¥ariant (1) are limited as
shown in the figure. If more support for dynamissnréquired like that of the third
variant (3), more features have to be selected ftmnfeature model. This means that
the construction becomes more expensive. It candbed from the graph that there is
significant difference in memory consumption betwelee variant supporting only one
type of advice (1) and the other one (3) whichx®mlsible, supports all types of advices
and their order of execution. The memory cost dfedént variants of the dynamic
weaver ranges from 11045 bytes to 23315 bytes. ifieians that the construction of a



dynamic weaver with maximum dynamism would consushdeast twice as much
memory as the one with the lightest constructiohe Tgoal, while constructing a
dynamic weaver for any application, is to get toneopoint in the graph in figure 6,
where we are not exhausted of the resources arfthweeas much features added to our
weaver construction, to support dynamism, as plessib

6.2 Minimal Hooking Approach

Binary code manipulation approach is cheap in tesfmgsource consumption, but it is
not portable and carries limitations like compileand architecture-specific
implementation, fixed runtime support etc.

Code instrumentation avoids these problems andigeeva very portable solution.

However, there are certain costs associated withe dastrumentation. Firstly, the

instrumentation of all the joinpoints results itaage memory overhead. Secondly, it is
expensive, because the instrumentation of alldh®pints result in severe performance
overhead because of checks performed, at runtitregach joinpoint to find out if there

is any advice registered. As one experiment withweaver, we took an open source
webserver called “MyServer” [Sc05], implementeddr+, to illustrate this point. We

instrumented all the joinpoints of “MyServer” indimg all the call and execution

joinpoints. Therewere, in total, 1830 joinpoints instrumentethe code size of the

executable increased 7.04 times from 102597 bwes/22589 bytes. This fully

instrumented version of server considerably slowedvn in terms of the average
response time, and the number of connections hap#iesecond.

However, in practice full instrumentation will edy be needed. The adaptable features
are generally affecting a limited number of joingsi and therefore we argue that, in no
case, there is a need to instrument all the jomtpoiAs an example, consider
synchronization in operating system kernels. previous paper [MS02], we described
the aspect-oriented implementation of a specificchyonization policy in the PURE
operating system [Be99]. An analysis of the soushewed 166 different affected
joinpoints spread out over 15 classes. Other symibation policies might affect some
additional joinpoints of the system later on. Etles union of all joinpoints which might
be affected by synchronization policies in the fatis still much smaller than the
thousand of potential joinpoints which exist in twhole system. Therefore, for the
adaptation of synchronization policy, hooking iguied only in this relevant subset of
joinpoints and not in all the potential joinpoirtsthe system. Thus, for the adaptation
of any global policy, a subset of the joinpointsfirst needed to be derived from the
union of all the anticipated joinpoints on whicparticular policy is expected to affect.



24000

22000 ‘-‘/7

20000 +

18000 3
16000 - @ (13

14000 2

12000 —’/‘/oo/

10000

Bytes Consumed -

1 3 5 7 911131517 19 21 232527 29 31 33
Features w=p

No. | Features Supported ( Variants of Dynamic Weaver Faity) Cost in Bytes

1 before, AspectsKnown, call, execution 11045

2 before, after, around, AspectsKnown,, Extensitad, execution 17990

3 before, after, around, AspectsOrder, Extensdat, execution 23315

Fig 6: Cost of different variants of the weaver figm

Our approach makes it possible to explicitly filtke huge set of available joinpoints to
a quite minimal subset, like the potential poirtinterest for system strategies and other
crosscutting concernsJdinPoints Filtered”). This minimal hooking approach enables
us to avoid unnecessary memory overhead and peafaencosts.

7 Conclusion and Future Work

This paper illustrates how the ideas of programilfarooncept are applied to the
dynamic aspect weaver domain to build applicatipeesfic dynamic weavers to support
for the runtime reconfiguration of crosscutting tieas in the family-based software
systems. Most of the concerns in complex softwgséesns that need to be adaptable are
crosscutting. AOP is applied for the localizatioxdancapsulation of such crosscutting
concerns. The implementations of the features elaibit crosscutting behaviour are
mapped by aspects in the feature models. For theving and unweaving of such
features at runtime, dynamic weaving is employaaréconcile our demand on minimal
resource usage with (inherently expensive) dynamweaving, we presented a
configurable weaver family. Family-based dynamiawer is presented as a mandatory
feature in the development of a complex family-laadaptable software system. Thus,
the software system, as well as the dynamic wedsecustomized according to the
specific requirements of any application by sefegtonly required features from the
feature model. Moreover, many of the featuresctvhie offer in the feature model of
the dynamic weaver, for example around advice astfumentation of call joinpoints,
are not yet supported by other dynamic weavereen/C++ domain. Most of the other



existing weavers are targeting specific applicatjoand so do not have scalability
problems yet. A simple example where we could thaikconstructing customized
dynamic weaver would be of some embedded system weity small memory in the
range of, for example, a few hundred of Kbytes. Nelle doing application specific
construction of a dynamic weaver for such systewss,can select features from the
feature model to have as much degree of dynamismeasory space allows. The result
would be a dynamic weaver which would be able tty futilise the available memory
space and allow us with as much dynamism as waffard.

As a future work we intend to extend the Aspect@einpiler to have a single language
approach. This would mean that both the static elt ag the dynamic aspects could be
written with the same AspectC++ language. It wél deecided only at the configuration
time, whether some aspect has to be static or dignatkepending purely on the
application requirements and resource availability.
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