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Abstract 

Recently, Continua Health Alliance has brought 
together a powerhouse team, including Cisco, IBM, 
Motorola and others, for personal telehealth products 
and services.  This team will provide commodity 
interoperable healthcare devices and services by 
introducing new connectivity standards for health 
management tools.  But the costs of integrating and 
configuring disparate system services have proven to 
be prohibitive in this domain – healthcare processes 
require extreme agility to assimilate information 
across traditional boundaries.  As a result, these tools 
must work effectively with dynamic business processes 
that often elude cost-effective integration themselves.  
This creates a requirement for software to be fluidly 
configurable and interoperable in order to best 
support personalized care with truly integrated 
solutions.  We believe that, without a new technology 
for the seamless integration of features within 
healthcare devices, costs associated with attempts to 
fuse IT with dynamic business processes will continue 
to be an obstacle in modern patient care. 

Aspect-Oriented Software Development (AOSD) is 
focused on novel notions of modularity that crosscut 
traditional abstraction boundaries. AOSD techniques 
and tools, applied at all stages of the software 
lifecycle, are changing the way software is developed 
in a wide spectrum of application domains, ranging 
from embedded systems to enterprise IT.  This paper 
outlines the ways in which aspects could aid the 
integration and evolution of software used to support 
modern healthcare practices across this spectrum, 
with examples at each stage.  We believe the key 
principle of AOSD – the modularization of 
crosscutting concerns – to be an integral part of the 
solution to the challenges currently facing modern 
health service infrastructures. 

1 Introduction 

Business processes in healthcare are changing rapidly.  
This is largely due to new technologies that enable 
processes that were unthinkable not that long ago.  
Astonishingly, the changes in business processes due 
to evolving technology also bring about changes in 
technology due to evolving business processes.  
Specifically, demands for highly configurable systems 
to support more personalized healthcare needs fall into 
this circular relationship.  Everything from wireless 
sensor network technology to adaptive web 
applications has been put to the test in these dynamic 
environments.  However, the inability for these 
systems to respond has posed a major challenge in 
process integration and evolution today. 

business process or software module

newly introduced 
integration

Figure 1 - Scattered and tangled introduction 
of an integration concern. 

Integration is hard – both at the level of business 
processes and legacy software systems.  We further 
believe that the inherent fusing of the two, and the 
circular relationship involved, makes it even harder. 

Modular Integration Through Aspects: 
Making Cents of Legacy Systems 
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The trigger factor for each micro-protocol can be 
defined as the state of message stability.  The 
difference thus lies in the definition of what marks 
entry to that state.  Much like programming to an 
interface, introducing an abstract aspect will force any 
subaspect to concretely define the principled points of 
execution associated with entry to a stable state. 

Figure 5 shows the abstract aspect 
MulticastStability  with the single abstract pointcut,
msgStability that will force inherited classes to 
provide a concrete implementation specifying the 
principled execution points in the system associated 
with message stability.   

public abstract aspect MulticastStability { 

   abstract pointcut
       msgStability( Msg m, Client c ); 
}

Figure 5 - Abstract aspect for stability 
microprotocol. 

Figure 6 shows a concrete implementation of the 
abstract aspect MulticastStability  for multicast 
system V1, where entry to a stable state is triggered 
with a global flag.  The concrete named pointcut,
msgStability , specifies the execution points for this 
particular implementation to be any place where the 
stability flag is set and a stable state is entered.  The 
message and the host as parameters are introduced as 
parameters within the pointcut, giving access to the 
instances of those objects.  The aspect builds on this 
named pointcut, specifying the action that will take 
place upon entry to this stable state.  In this case, the 
advice is archiving the instance of the message once 
the stable state is reached.  The after keyword 
explicitly forces this advice to be triggered only upon 
entry to the stable state.    

public aspect microProtocolV1 extends
       MulticastStabilityAspect { 

   Archive a = new Archive(); 

   //joinpoint 
   pointcut msgStability(Msg m, Host h): 
    set(boolean Host.STABILITY_FLAG())  
         && this(m) && target(h); 

   //advice 
   after(Msg m, Client c):
       msgStability(m, c) { 

       //add the message to archive 
        a.add(m); 
  } 
}

Figure 6 - Concrete implementation of 
stability microprotocol for MulticastV1. 

Similar to this implementation, multiple 
configurations of the micro-protocol can be created by 
simply introducing new concrete aspects and fine-
tuning of the pointcut and advice to match the 
specifications.  For example, V2 would define 
msgStability to occur after all acknowledgements 
have been sent out (albeit a more complicated 
pointcut, but still possible considering the high 
likelihood of an ack method for the advice to monitor). 

This small proof of concept has shown that in 
applying AOSD to the domain of CPs is not only 
possible, but also can clarify the structure as suggested 
by Hiltunen.  Further, this proof of concept indicates 
that these results are not limited to a single micro-
protocol, but might also extend to clarify interaction 
between existing micro-protocols.  The relationship 
between a given micro-protocol, the events that affect 
it and the action that they take is localized to one 
modular unit, allowing the code to emulate the design.  
In this form, developers can more effectively reason 
about the relationship between micro-protocols, as 
their internal structure is better separated, their 
external interaction is made explicit, and their 
functionality is exposed in context (within the aspect). 

The localized linguistic support provided in the 
AOSD implementation not only provides developers 
with structural clarity, but also provides access to their 
configuration to allow fine-grained customizations to 
be applied.  

This small study suggests that an AOSD approach 
alleviates the restrictions identified in the Cactus 
approach in the following three ways:    
€ Provides a clear structural view of the relationship 

between a given micro-protocol, the events 
affecting it and the strategies to handle those 
events. 

€ Allows for fine-grained customization of a given 
micro-protocol configuration. 

€ Provides a clear structural view of the interactions 
between multiple micro-protocols. 

There are several tradeoffs to consider with this 
approach.  CPs inherently require a fine-grained 
implementation, which in turn requires fine-grained 
pointcuts in an AO implementation.  Hiltunen 
suggests that current mechanisms for semantic 
pointcuts may be sufficient, but studies have shown 
the contrary.  In [13], Siadat et al provide results that 
suggest the amount of refactoring required in their 
case study to expose sufficient required execution 
points was intolerable.   

This refactoring required maybe alleviated with an 
AO language with stronger semantic support, but this 
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also may introduce the issue of performance.  For 
example, even the more semantic based support 
provided by AspectJ has been shown to incur extra 
performance.  In systems in general, and more 
specifically network architectures; the performance 
overhead of an implementation is a serious 
consideration.  

Another consideration in this domain is the varying 
architectures to consider.  CPs encompass the area of 
embedded devices and also real-time systems, widely 
used in health care.  Specifically, with portable hand-
held embedded devices memory footprint is an issue.  
Currently AO implementations are known to have a 
significant increase in memory footprint, making their 
use limited in this area.  Resource constraints become 
an even greater consideration in real-time systems, 
where deterministic runtimes are necessary for 
ensuring deadlines are met.   

4 Customizable Enterprise IT 

4.1 Dynamic Monitor Needs 

Traditional system diagnostic and optimization 
techniques in enterprise solutions to application level 
software rely on static system structure and static 
instrumentation.  But static approaches are simply no 
longer sustainable in the evolution of complex, 
distributed and dynamic systems.  This is particularly 
true in healthcare environments, where monitoring 
associated with patient status information may change 
rapidly.   

4.2 Challenges 

Heterogeneity and predefined abstraction 
boundaries are actually obstacles to evolution of the 
system – layering, componentization, and 
virtualization provide necessary levers for abstraction, 
but emergent behaviour ultimately impairs the efficacy 
of local reasoning.  Understanding and evolving 
system behavior thus requires approaches that can 
flow freely across boundaries and provide 
comprehensive analysis that can be easily collected, 
correlated, and subsequently used to adapt applications 
dynamically, as they are executing.  Looking at this 
problem from another angle, complex system 
architectures must be designed and documented from 
the perspective of multiple views for different 
stakeholders [6].  Furthermore, views may need to be 
iteratively refined, as focus changes during the process 
of analyzing interests [4].  Ideally, infrastructure to 

support views should be able to be easily removed 
once users no longer need them, and incur little to no 
performance penalty.   Recent technologies such as 
those employed by JFluid [10] go a long way to 
demonstrating that dynamic bytecode instrumentation 
can be both customized and efficient.      

4.3 Solution  

For a large class of optimization strategies related to 
unanticipated external environment conditions, 
optimizations are becoming an increasingly important 
obstacle to effective evolution.  Mixing optimization 
logic with application logic requires non-local 
information and makes both of them more difficult to 
understand, maintain, and evolve, due to the 
idiosyncratic dependencies on external factors.  
Optimization code is context dependent and highly 
sensitive to dynamic factors such as server load, 
network traffic, and even order of operation 
completion.  These factors make it particularly 
inefficient to encode certain kinds of optimizations in 
the absence of a priori knowledge about execution 
contexts. 

Figure 7 - Data from MonitorAspect.

SONAR (Sustainable Optimization and Navigation 
with Aspects at Runtime) is our current prototype for a 
fluid and unified framework that allows stakeholders 
to dynamically explore and adapt meaningful entities 
that are otherwise spread across predefined abstraction 
boundaries.   This allows for a safe and sound 
approach to system evolution. Through a combination 
of dynamic Aspect-Oriented Programming (AOP), 
Extensible Markup Language (XML), and Java 
Management Extensions (JMX), SONAR can 
comprehensively coalesce scattered artifacts, enabling 
iterative and interactive system-wide investigation and 
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