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1 Introduction ture development is an emerging area of research involv-
ing many techniques such as Aspect-Oriented Program-
The OMG’s Model Driven Architecture [1] is emerg-ming, Subject Oriented Programming, Intentional Pro-
ing as a way to enable seamless interaction betwegamming, Generic Programming and Template Meta-
applications developed using various middleware pl&rogramming. These techniques complement each other
forms like CORBA [2], Java/EJB [3], .NET [4] andin various ways. In this section, we discuss the applicabil-
XML/SOAP [5]. Component based development teckty of Template Meta-Programming, in particular, to the
nologies like the CORBA Component Model [6] and Erconfiguration of dispatching infrastructure mechanisms.
terprise Java Beans aim to provide meta-level frameworks
for simplifying development on any particular middie eal-time Dispatching Middleware Infrastructure:
ware platform. These component frameworks ease @e
development, configuration and deploymentapplica-

€al-time dispatching infrastructure mechanisms [8] as-
. . -~ sume different roles under different contexts, although the
tion componentsEach of theseonfigurableapplication
components can be developed using low level program-

basic principle remains the same: to dispatch a particular
: N . -commanabject based on its QoS attributes. For example,
ming frameworks that provide finer grained programmi

n R :
orimitives. While the application components can be aogf_spatchlng infrastructure can be used in the context of a

sembled using component based development tools, r%%l-tlme event channel [9] to push events to consumers at

implementations of the components themselves and ﬂqg appropriate priorities, or it could be used in the con-
'mp P ext of an ORB to dispatch requests to servant objects at
infrastructure below the component framework are ust?l}

. : . e right priority. Furthermore, different configurations
ally acheived via manual assembly. Several design pat- T
L ) : . ight be appropriate in different contexts. For example,
terns aid in making this manual assembly possible so t1It

a
the resulting end product is extensible and reusable.

gconfiguration in an ORB core might preserve priority
Generative Programminfy] paradigm offers techniques

anes, but to avoid overhead, might not render requests

which could be used by the component implementor ga/nammally_
(1) configure the component implementation based on the RT Event Channel
configuration settings of the component and (2) configure M e N — 2 consumar

the infrastructure more flexibly. In this position paper, we
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investigate the applicability of C++ Template Meta Pro- way [T — 8
gramming [7] - a specific Generative Programming tech- Dispatcher Consumer
zgtéﬁénti(;r;hse development of middleware infrastructure Figure 1: Example Dispatching Configuration [8]

Figure 1 showsninstance of a dispatching infrastruc-
) ture that consists of real-time threads and queues based
2 Middleware Infrastructure Con- on a scheduling strategy chosen by the application. This
; ; strategy could be decided as part of the configuration of
flguratlon an application component.

Modern software engineering methodologies emphasize

the design otonfigurableandcustomizableomponents. Configuration of Dispatcher mechanisms: Configur-
Each instance of a component may have its own unigug this infrastructure consists of setting up (1) the ap-
customizations. This is analogous to a car assembly plagpriate number of queues, (2) the thread priorities, and
in which each car might have its own customized fi{3) the attributes corresponding to each individual queue
tings [7]. Applying these ideas to middleware infrastrudased on the dispatching type used. For example, for a



deadline based strategy, the most eligible item is the dme detected until runtime. With the new approach, it is
with the earliest deadline, whereas for RMS [10], the dipessible to make the generator flag invalid configurations
patch queue could just be a FIFO. This configuration ias being erroneous at compile-time itself. Thus, the new
formation could be supplied by an off-line scheduler. approach facilitates buildingype-systemahich enforces
domain level semantics, all within the confines of the C++

Factory based configuration: One approach to config-anguage.

uring infrastructure is to use thi@ctory[11] patterntoin- ~ Even though the example above is trivial, the Template
stantiate the appropriate queues and threads based on Mga Programming mechanism provides a very powerful
figuration parameters given as part of ttreatemethod tool togenerateeomponent configurations and customiza-
of the factory. This approach configures the dispatchiigns. Its power is realized when the configuration param-
mechanisms at runtime even though, in some situatiofitgrs from CORBA CCM are passed on to such generators
the dispatching and scheduling strategies are knownWhich generates the appropriate customized versions for
advance at design time itself. Moreover, this approaite underlying infrastructure.

suffers from accidental complexities like the fact that the

QoS descriptor structure contains fields irrelevant to the

type of scheduling discipline in use. For example, t4 Related Work
QoS descriptor information might look like the following:

struct QoSDescriptor AOP approach to OS: This is an ongoing research
| o area [12] to find cross-cutting concerns within OS code.
long deadline; Our approach differs from this work with respect to the
long worst_case_execution_time; technique used (AOP vs Template Meta Programming) as
nt importance; well as the domain under consideration (OS vs Middle-
ware).
If RMS is chosen as the scheduling discipline, all fields QoS-CCM: [13] describes ongoing research on real-
other tharperiodbecome unnecessary overhead. time extensions to CCM. This research area aims to iden-

tify the configurable real-time and other QoS properties
) . which could be integrated with CCM, which currently
3 A new approach - Configuration goes not have QoS specifications. Our approach intends
Generators to complement this effort with techniques to enforce the
higher level component configuration (CCM) with lower

C++ Template Meta Programming aids in the develol§vel infrastructure configuration.

ment of configuration generators which generate configu-Aspect CCM: [14] describes an extension to the CCM
rations at compile-time using the power of C++ templatd#sing Aspect Oriented Programming techniques. This ap-
For example, the above QoS descriptor structure co@i®ach addresses the cross-cutting concerns encountered
be written using template metaprogramming construdig various phases of the component development life cy-
(IF, SWITCH, CASE, etc.) described in [7]. These cor¢le. This approach complements the template program-
structs are used to build a configuration generator whighng approach since the latter is used to generate various
actually generates the customized component. For #stances o particular component, whereas the former
ample, the QoSDescriptor above could be generateddsgvides mechanisms to deal with requirements cutting
a QoSDescriptorGenerator which is a class tem- acrossseveralcomponents.

plate parameterized with the scheduling strategy. In condn conclusion, we note that infratructure configuration
trast with the factory approach, this solutionmposes can be thought of along two dominant dimensions: (1)
only the necessanfields in the QoSDescriptor. More-self-contained environments and (2) aspects that cross
over, with the factory approach there could be some ittose environments. Our work complements each of these
valid configurations or combination thereof, that may nby offering a configurable substrate.
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