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This is far too much overhead for something thatldto
have been avoided from the beginning. This papews

an approach to avoid these pitfalls, which coultliéo a

better utilization of resources such as time andeyo

Abstract - Middleware technologies change so rapidly
that designers must adapt existing software architectures
to incorporate new emerging ones. This paper proposes
an architectural pattern and guidelines to abstract the
communication barrier whereby allowing the developer
to concentrate on the application logic. 2 Related Work

There is a plethora of middleware architectures,
frameworks, and protocols. They try to tackle efiént
problems and complexities. Each additional feabfra
middleware has a cost associated with it; mosheftime
it's a performance hit or a new learning curveackte for
the team.

We demonstrate our approach and the feasibility of easily
upgrading the middleware infrastructure in the context of
a sample application and three case studies using three
different middlewares on the .NET framework.
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Infrastructure, Distributed Communication. New policy-driven middleware approaches like QuO

handle many scenarios such as dynamic security
requirements, ad hoc networking of devices, andectn

1 Introduction aware computing [15].
Let us suppose that we have chosen a middlewareResource management becomes a key factor in the
and have written a distributed system. This méaaswe middleware arena. Resource awareness and dynamic

have an application logic that interfaces with the reallocation of resources are important resporisdslof a
middleware Application Programming Interface (API). resource management system. A way of adapting€o t
This also means that we have probably defined a network via reflection techniques is a key approaok
messaging infrastructure whereby we have defined th framework has attempted to accomplish [02].

messages being passed between certain componehts of

application. Most of the time this is done by meanfis Many other examples of middleware architectures eanak

some sort of interface definition language (IDL) the use of some of the aspects discussed already. Some
messaging infrastructure knows how to marshal/un- examples are Artic Bean developed at the University
marshal the complex types across the network, wtadls Tromso [01], a composable reflective framework rag t

for mappings between our application-specific camrpl  University of California, Irvin [17], an open netwo
types and the types defined as our messages. Anplatform protocol developed at Ericson [09], and an
application so designed is inherently prone to igbtly Advanced Communication Toolkit (ACT) developed at
dependent on the middleware in question! Rutgers University [05].

What does this mean for our application developers? There are architectural designs that apply to jiseem as
They would potentially need to modify large segraeuit a whole that address interaction between the egifgit
the logic that uses the middleware APl when evoiuti  domains; two of which are Federated Architectur23] [
imposes the use of a new middleware. This alsonmmea and Service Oriented Architectures by Microsofthey
that they would need to write a new set of classesap don’t however directly address the ability to abstrthe
to the new set of interface definition types. Tihig only middleware from the application logic that utilizes
means more development but the applications theesel

need to be recompiled, retested, and redeployed.



Most of these implementations are either built asdal on
commercial object-oriented middleware technologiesh
as OMG’s CORBA, Sun’s RMI, Microsoft's COM+, and
IBM's MSQ. All of these commercial implementations
offer great advantages when building a distribuggstem,
and work well for certain scenarios.

It is even easy to choose which one will work Hestthe
current implementation of the application given
domain. The unavoidable problem that arises isigha
the domain, the complexity, the environment, or the
application will change, and this may mean that the
middleware infrastructure needs to be changed aptad

the new requirements.

its

3 An Architectural Pattern

3.1  The Problem

3.2  The Application Programming Interface (API)

Each application must be written to interact witb
APl of the middleware. This means that we must
reference external libraries so that some busiloggs to
interoperate with the middleware. Switching to ewn
middleware therefore entails changing that codedw
interface with the new middleware’'s API. Now tives
have changed some of our business logic the wiystera
needs to be retested and the interaction code nedus
redeployed.

An example of this scenario that is often foundien the
application logic passes reference to the remoteese
which could potentially (tightly) couple the systemthe
middleware.

The solution to this is to have the host applicaibind to
an interface. Then, implement code to bind theiclog

When developing a component-based architecture apetween the interface and the middleware. Thisombt

variety of middlewares may potentially be used andie
different scenarios in the context of a distributed
enterprise system. The task for the architedtasetfore to
design the system in such a way that adapting dogs is
accomplished with minimal effort.
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Figure 1: Using layers to expose the middleware.
Logically, host and target can be a client or aeser

This requires a layer of abstraction between the
applications and the middleware. This layer isvghdn

the bottom portion of figure 1. This abstractiagdr must

be non-intrusive. Otherwise, it might compromise t
flexibility of the concrete middleware or introduce
unnecessary dependencies in the application.

In order to study the influence of the middlewanethe
whole design, we have identified two focus aredhe
first is the Application Programming Interface (ARINd
the second is the messaging infrastructure. Wg sba
explain these in more detail.

allows new bindings to be introduced but also sawes
from having to recompile, and even re-test the iapfibn
logic that uses it.

3.3  The Messaging Perspective

The other place where designers might not foresee
the need for future changes is in the messagingeeast
the components. Two applications communicate with
each other through the transfer of complex datastyp

Current implementations of middleware offer some b
interface definition language to define the compigxes
so that they can be marshaled and un-marshaleel sert
across the network

This creates a problem when designers couple the
application to specific data representation schenWwgh
each message being passed between applicationsigste m
define the types and instruct the middleware howeind
types across the network. A substantial amoumtark is
required to map large data objects in any interface
definition language. If repeated several times to
accommodate different middleware, the headachesof r
implementation surfaces quickly [03].

Our pattern promotes extensibility by delegating on
applications the responsibility of parsing and ripteting
the messages being passed across. The only théng t
middleware knows about is that a character stsrigeing
passed across. This exchanging of strings is wtiere
flexibility and decoupling of data and messaginjrdgon
come into play. Our idea is akin to the “open biggi
approach of Fitzpatrick et alia [04].

The current primary choice for this is the extelsib
markup language (XML), which offers a generic Idgse



coupled integration environment. The messaging
infrastructure is overall more extensible and aalaletand
lays the messaging infrastructure foundation for a
heterogeneous and diverse market of middleware
communications [11].

With the introduction of an adapter-like patterstahcting
the APl and an extensible messaging infrastructhee
groundwork is laid for our architectural patternhigh
when instantiated appropriately leads to highlyifike
and adaptive distributed systems. This will beconuze
and more important as many new middlewares will be
introduced in the next years to come.

3.4  Adaptable Middleware Pattern

We have summarized below the architectural pattern
into a recipe like format. This format is simitarthe one
used by Stephen Stelting [14], and includes a ectip
instantiating it.

1) Pattern Properties

Type: Behavioral
Level: Component/Architectural

2) Purpose

To introduce an abstraction layer that decouples th
application from the middleware being used and deeh
the application interpreting the data independeatlyhe
transport.

3) Introduction

Let's assume we have a distributed system. We dvoul
then probably decide to go with some form of middiee
among components. We might then later decide ttclsw
middlewares. We want to limit the changes necgssar
switch between them. We would also like to limitya
other efforts such as testing, compiling, and dgptp
already completed systems.

4)  Applicability

This pattern is very useful when distributed systeame
using some sort of middleware. It is also applieathen
the two communicating applications are built under
different platforms.

5) Description

This pattern is broken up into two parts. It ines
separating the application logic from the Applioati

To separate the APl we define an interface betwben
target and host application. On both sides wedbilie
business logic to bind to these interfaces, ilatsti by the
class diagram in figure 2. This implies that orfoe logic
is built and tested as long as the interfaces ddminge
this existing logic also doesn’t need to be chargjtver.

ﬁ

The host application will
bind to this interface.

1
«interface»
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ﬁ

Figure 2: Class Diagram for our pattern.

i
1
!
Each new middleware will

have a new adaptation
and interface with the API.

Now to separate the data from the communication
medium we define a way to have our applicationsallyt
interpret the data independently of the transport.
Providing meta-data information within our data ssges
does this. We will only allow one type of messagde
passed across the middleware and that is a characte
string. This interface will adapt to any middlewanf
choice.

6) Implementation

Each service will have an interface defined, aach
version of middleware will implement the interface,
providing the middleware integration now decoupfiean
the application.

Secondly, the messaging infrastructure will be rosdi by
passing a character string as the in parameterednihing

a character string as the output. This way we [Eass
XML messages and the interpretation of the messaijes
be done within the application, independently o€ th
middleware being used, which implies that therends
need to redo any mapping or defining the types with
respect to the new middleware (see figure 3).

7) Benefits and Drawbacks

This will significantly reduce the overhead of shiing to
a new middleware infrastructure. This will als@yide a

Programming Interface (API) and separating the data Way in which the application logic doesn’t have e

interpretation from the middleware.

retested and deployed. Only the code integratechéw



APl will have to be written and tested. Thirdlyist
messaging infrastructure provides for a more exbéns
framework.

Messages a
interpreted  withi
application  usin

XML parsers

Client With XML Server With XML|

Figure 3: Messaging Infrastructure.

The only drawback might be a loss of flexibility thvi
respect to the services that specific middlewaréghim
provide.

4 A Case Study

The application that spawns our case studies is a
sports statistic software system used to repoit tiee
statistics of athletic events. We will use thenter‘web
server” and “application server” to distinguishveeén the
two servers.

Depending on factors such as network layout, pevémice
requirements, and flexibility we would choose among
many different middlewares to best fulfill the régments

of the system. For our case study we will use ethre
different types of middleware all provided by ti¢ET
framework. We chose the .NET framework becaudbef
inherent XML tools it provides. We could have jast
easily used any other platform.

For our design we will now instantiate our architeal
pattern (c.f. Section Ill, D) and develop a solattbat will
enable the swapping of a new middleware easily.

The “Implementation” section in our pattern destoip is
about allowing our applications to interpret thessaging
infrastructure. We also mention that the best wmaygo
this is by using XML as the format for passing such
messages.

The .NET framework offers some tools when it cortmes
serializing classes into character streams usind. XKHor
our case studies we have decided to use these tools

We just have to create our complex types that waldvo
like to use and then auto-generate the XML marsbadif

the complex type to a character string, which iggplihat

we will not have to describe our types to the nesidire;

we only express one type of message going acrass th
middleware, namely a simple character string.

Therefore, the messaging infrastructure will be shene
for any middleware we decide to use. We will not
mention the messaging in the three different casdies
because they are all the same. Our applicatioihslovthe
interpretation (parsing) of the messages indepédrufehe
middleware. This de-coupling allows the middleveate
change and we will never have to describe to the
middleware how to marshal our messaging infrastinect

The .NET framework has a tool that will create the
methods to marshal any complex data type into eachker
string and read from a character string back intm o
object. The generated class has all of our typed
parameters being passed across for ease of usa with
other code.

This allows our application logic to handle any mpes in
our communication messages without ever depending o
changes to the middleware, which means that if eange
the middleware we don'’t have to map our objectdedine
our complex types to the specific middleware.

The first step of our pattern describes a way tcalgple
the middleware API from the host application. TmtHis
we will create an interface that the host will bbod Then
we will implement the interface with a class thdt act as
a bridge to the target that will service the reques

The implementation of this object will be dynamigal
loaded. As long as the interface doesn't chargehbst
application logic would not have to change or be re
compiled or be re-tested.

4.1 Case 1: COM+

Using Microsoft's distributed communication
protocol COM+, code snippets 1 and 2 in Appendix A
shows an example in C# of how to obtain a referdace
the remote server and invoke the service layeetiterve a
team object.

This class would implement the Item Service intezfand
act as a proxy to the remote server. There asrenetes
and configuration setup that would be coupled \tiitis
class. This implementation of the client side ABI
COM+ retains all syntax referring to COM+. The (XM
messaging is returned to the host and its code &now
nothing about the interactions with COM+.

Now on the server side, the class that accept€@iel+
request would then forward the request onto theiceer
layer. The service layer would retrieve the retipec



team and return the XML payload string to this roeitho
be passed back over COM+,

Just like with the client’s side, all API referescare kept
within this abstraction layer so that they are ocotipled
with the applications that are using them. Furtime,
these classes would be kept in a separately litikeary
so that none of the application logic using thistedztion
layer would have to be re-compiled after the ihitidease.

4.2  Case 2: .NET Remoting

Let's suppose that COM+ did not suffice as a
middleware between the applications. Now we have t
change all of the code that references the COM+akmll
change it so it will then reference .NET remotiygtax.

As long as we dynamically load this class we wdmive
to compile, test, or re-deploy and host applicatiode.

The minimal configuration changes and the new
implementation of this class is all that was neetbesivap
out one middleware infrastructure to another onenfthe
server end.
changes to the business logic class or anythingséts.
This saves us from having to test it. A sampleravided
in Appendix A code snippets 3 and 4.

4.3 Case 3: Web Services

As a third example we will now communicate with
the remote server using web services. Under tHeT.N
framework we would need to change some configunatio
information, such as add a reference to the webicger
and compile the web service proxy. Each toolkéduto
create a web client or server would be differe@tice the
proxy is built you just refer to it like any othebject. The
.NET framework has done a lot to make the integrati
with web services very seamless. There are mamg mo
protocols such as CORBA that make it more diffidolt
integrate with.

The server side portion is not so straightforwaxht only
one needs to extend a web class, but also to natk e
method as one published by this web service. Aptaim
provided in Appendix A, code snippet 5.

Once a request is accepted this service will thess the
request onto the middleware independent applicddiper
that will handle the request.

4.4  Summary

As shown in all three cases, the decoupling of the

middleware infrastructure from our business apfitice
can be achieved by applied our architectural patter
which calls for the separation of the applicatioonf API-
specific functionality, and the introduction of extensible

Once again, we didn't have to make any

messaging framework. We demonstrated this strategy
with three different middlewares but this could tjus
easily been done with any middleware on the market.

Although the case studies have been implementaty usi
the .NET technology, applying our pattern underB2&
equally seamless because the middleware used abthe
of J2EE is remote method invocation (RMI). RMI
abstraction could also be achieved with our pattern
similarly to the way in which we did it with .NET
remoting.

5 Conclusions and Future Work

The case studies presented in our paper demanstrat
that swapping among three different middlewares lwan
accomplished by a small amount of configurationncies
and only a few systematic modifications to the seur
code. The real key is that none of the actualnmssi logic
on the client and server side needed to be recethpit
tested. Only the code that depended on the specifi
middleware infrastructure had to be altered.

Since changes associated with the middleware are
inevitable for some application domains, developers
should prepare in advance to face them. In thiepag
have presented an architectural pattern that emahke
interchanging of middlewares with minimal effortdan
overhead for the development team

As with every form of software design pattern, thare
trade offs. A possible trade off with this approamuld

be some performance loss with the introduction of
message parsing done at a textual level and thidcadd
overhead that comes with another layer of indicecti
Future work includes a performance analysis of this
approach as opposed to a less flexible approachtten
automatic generation of some of the components from
simple specifications.

Appendix
1) COM +Client

public class COMTeamClient : ITeamService

{

public string GetTeamByld(string teamrequest)

{

try

TeamMgr mgr = new TeamMgr();

return mgr.GetTeamByld(teamrequest);



}

catch(Exception ex)

{

throw ex;

}

2) COM + Server
[Transaction(TransactionOption.Required)]
[Guid("822A6BC5-1C84-4052-838E-FA47E6EDADC3")]

public class TeamComponentService :
ServicedComponent, ITeamService

{
public string GetTeamByld(string teamid)
{
return new
TeamService().GetTeamByld(teamld);
}
}

3) .NET Remoting Client
public classs RemotingTeamClient : ITeamService
{

public string GetTeamByld(string teamrequest)

try

string url =
“http://localhost/TeamService/Team.rem”;

TeamMgr mgr = (ITeamService)
Activator.GetType(typeof (ITeamService),url);

return mgr.GetTeamByld(teamrequest);
}
catch(Exception ex)

{

throw ex;

}

4) .NET Remoting Server

public class TeamRemotingService :
MarshalByRefObject, ITeamService

{
public TeamRemotingService()
{
}

public Team GetTeamByld(int teamld)

{

return new
TeamService().GetTeamByld(teamld);

}
}
5) Web Service Server

public class TeamService : WebService,
ITeamService

{
[WebMethod]
public Team GetTeamByld(int teamld)

{

return new
TeamService().GetTeamByld(teamld);

}
}
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