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Abstract The development of component-based software engineering enables the con-
struction of application servers by integrating reliable OTS middleware services. However it
is dicult to achieve exibilit y in convertional hard coding way. In this paper, we propose
a exible OTS middleware servicesintegration framework to addressthis problem. In this
framework, we de ne two kinds of modules: the middleware service contract module to repre-
sert the stable contract which speci es the abstract interaction logic betweenthe application
server and a kind of middleware services,and the middleware service implementation module
to encapsulate the mutable implementation details of dierent OTS middleware servicesin
a unied way. Additionally , we propose a module management mechanism to enable the
application server to replace the OTS products at runtime via con guration. We implement
the framework in a J2EE application server, and the evaluations show that our framework
e ectiv ely reducesthe cost and the time of maintaining and customizing the OTS middleware
services-basedapplication server.
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1 Intro duction

Until now, J2EE application serversare becominggigartic and complexlik e never
before. Take RedHat Jbos$Y, a widely usedJava application server, for example, the
size of it has increasedthree times (from lessthan 30MB at version 3.0.0 to more
than 100MB at version5.0.0), and the number of middleware servicesit provides has
reached to 20, most of them are complex, such as EJB/W eb container and transac-
tion service. Componert-based software engineerind? is a good solution to optimize
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the time and the cost of the application server construction, therefore rather than
enabling all the features themselwes, more and more application server vendors are
inclined to selectively implemernt somemiddleware serviceson the one side, such as
the EJB container, and to integrate somereliable O -the-Shelf (OTS) middleware ser-
vices on the other side, such as ObjectWeb JOTM Bl for transaction service, Apache
Tomcat! for Web container, which is called OTS middleware serviee integration.
(In the context of this paper, we use the terms \OTS middleware service", \OTS
product” interchangeably)

However, corvertional integration approach usually hard codesthe concreteOTS
middleware services. Becausethe OTS products are cortinually ewolving by third-
parties, hard-coding approach will burden the application server developerswith oner-
ous maintenancework. Take Apache Tomcat for example, it hasreleased22 di erent
versions containing 4 milestones from late 2004 to 2007.A minor change of the in-
tegrated OTS product demandsthe developersto review and modify all the related
codes scattered in the application serwer, and either the large scaleof related codes
or the de ciency of developmert documert make the maintenanceharder. Moreover,
the application serversare bound with xed OTS middleware services,which can not
meet the various needsof di erent applications. For example, sometimesthe speed of
transaction serviceis their rst concern,while sometimesit is better to choosea slower
but lessmemory consumedone. For thesereasons,it is very di cult to achieve exi-
bility in the construction of application senersthrough assenbling together di erent
OTS products.

Flexibilit y relates to the range of possible changesthat can be supported by a
platform®. In the OTS middleware service integration, exibilit y can in turn be
re ned into the requiremerts supported by the application serer: (1) easeof modi -
cation for the ewolvemen of OTS products; (2) easeof OTS products substitution.

To addressthe exibilit y, we proposean OTS middleware servicesintegration
framework. According to the information hiding principle®!, we de ne two kinds of
modules: the middleware service contract module to represen the stable contract
which speci es the abstract interaction logic between the application server and a
kind of middleware services,and the middleware service implementation module to
encapsulatethe mutable implemenrtation details of di erent OTS middleware services
in auni ed way. Additionally , we proposea module managementmechanismto enable
the application sener to replacethe OTS products at runtime via con guration.

The main cortributions of this framework are as follow. First, we implement
the framework in a J2EE application serer called PeKing University Application
Sener (PKUAS) [l to demonstrateits feasibility and e ectiv enessin constructing the
complex application server. Second,it e ectiv ely reducesthe cost and the time of
maintaining the OTS middleware services-basedpplication server. Through compar-
ing two versionsof PKUAS (with and without the framework), we found the numbers
of classesneededchanging during the modi cation or substitution of OTS products
have been greatly reduced (the best result is from 53 classesto 5 classes). Third,
it allows the application server vendor rapidly customizing the application sener to
better meet the diverseapplication requiremerts through con guration.

The rest of the paper is organizedasfollows: Section?2 intro ducesthe integration
framework. Section 3 describes the implemertation of the framework in PKUAS.
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Section 4 givesthe evaluation of this framework. Section 5 summarizesthe related
work. Finally, section 6 concludesthe paper and discusseghe further work.

2 The Middlew are Service Integration Framew ork

The goal of the integration framework is to achieve exibilit y in the middle-
ware serviceintegration. David Parnas has discussedin(®:8l that modularization is a
mechanism for improving the exibilit y in complex systemconstruction, and the only
assumptionsthat should appear in the interfacesbetweenmodules are thosethat are
consideredunlikely to change. Soto achieve this goal, the diversemiddleware service
implemenrtations should be modularized in a unied form, which not only to hide
the implementation details, but alsoto enablethe application sewer to manage(e.qg.
load, con gure, and so on) them through unied operations. Besides,explicit and
stable contracts for invoking the middleware servicesshould be de ned to decouple
any product implementation-speci c logic from the logic of the application sener.

The framework overview is shown in Fig.1. Each middleware serviceimplemen-
tation is wrappedin a unied form: middleware serviceimplementation (abbr. MSI)
module (Section 2.1.1). To avoid tangling the product implementation-speci c logic
with the logic of the application sener, the framework de nes a contract for ead
kind of middleware service,and encapsulatesit into the middleware service corntract
(abbr. MSC) module (Section 2.1.2). The dependenciesamong middleware services
should comply with the contracts. The module managememn mecanism (Section 2.2)
is responsible for loading, instantiating, registering the MSC modules, and con gur-
ing the appointed middleware service implementation for eac kind of middleware
services(MS Manager). The runtime behaviors of the framework are described in
Section2.3.
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MS Manager Sﬁlgguﬁté‘i“>
Use XXImpl
</MS>
Component Registty | | | ..
instances
T Console <:|
Input
MSCM Instantiator 1| Loader <l
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Figure 1. Framework overview
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2.1 Modules

2.1.1 Middleware Servicelmplementation Module

Each middleware service implementation module (abbr. MSI module) corre-
sponds to a middleware serviceimplementation. It is composedof a set of adapters
and one middleware serviceimplementation, shown in Fig.2.

4 )

MSI Module Adapter |

encapsulate

Middleware Service
Implementation

. J

Figure 2. The structure of middlew are service implementation module

As the middleware service cortract (Section 2.1.2) may di er from the APIs of
a middleware service implemertation, adapters are employed to adapt the APIs to
the contract. Becausethe APIs (of an OTS product) only describe the functionality
of the componert and provide no insights for adapting the componert®, the appli-
cation server developers need rst to do an operation mapping betweenthe contract
interfaces and the API. We classify the issuesoccurring during the mapping prac-
tices into three kinds of mismatch named name mismatch, function mismatch, and
function de ciency. The de nitions are listed in Table 1. According to the map-
ping results, di erent adaptation strategiesare employed: As for name mismatch, the
adapter directly forwards the invocation to the corresponding OTS product's API.
As for function mismatch, the adapter either wraps the API (e.g., add the pre/p ost
processingparts) or invokesthe related APIs in a sequence As for function de ciency,
the adapter must implement the function itself.

Table 1 Three kinds of mismatch

Kind De nition
Name mismatch The API rightly corresponds to the operation M in the contract,
but only the names of the operations do not match.
Function mismatch The API is incomplete to the operations in the contract, e.g., applica-

tion server has to do pre or post processingfor the operations in the
contract. Or operation M in the contract should be implemented by a
sequenceof the operations in the APIs.

Function de ciency No operation in the APl supports operation M in the contract.

The MSI module brings two advantages: rst, it hides the complex details of
various middleware serviceimplementations from other parts of the application sener,
by wrapping it to a separatemodule. Second,it reducesthe maintenance workload
of the OTS middleware serviceintegration, by con ning the possible changesto the
adapters whenever the third parties upgrade their products.

2.1.2 Middleware Service Contract Module
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Each middleware servicecontract module (abbr. MSC module) correspondsto a
kind of middleware service. It is composedof an entry componert, a metadata le,
and a set of cortract interfacesfor this kind of middleware service,shown in Fig.3.

PContract RContract

QP v¥Y
MSC Module
Entry
implement Camponan
Contract ||| | ---memmm-
interface metadata.xml
\G J

Figure 3. The structure of middlew are service contract module

The contract interfacesare de ned by the application sener developer from the
perspective of the application server rather than a concreteOTS product, that is, the
cortract interfacesexactly cover the functionalities required by the application server
to invoke and control this kind of middleware service, while reveal little about the
concrete implementation. When de ning the cortract interfaces, application server
dewelopershad better rst investigatethe speci cations related to this kind of middle-
ware service. If the ServiceProvider Interface (SPI) hasalready existed, the contract
interfaces should be consistert with it. Then, the developers de ne the application
sener speci ¢ operations for this kind of middleware service. Until now, the major-
ity of SPIs have not beenthoroughly prescribed: they may either scatter in seweral
speci cations or even not be de ned. It is recommendedthat the developer should
be careful when de ning serwer-speci ¢ operations, becauseit may not be supported
by all the OTS products, which eventually brings much burden to the adapter im-
plementations. The ewlutions of the speci cations and the application sener itself
may result in the modi cation of the cortract interfaces, but they are consideredto
be stable most of the time.

As the entrance of the MSC module, the entry componert is responsible for not
only instantiating the con gured MSI module via the Java re ection mechanism, but
alsorouting the invocations betweenthe MSI module and other parts of the applica-
tion sener. On the one hand, the entry componert implements someof the cortract
interfaces(PContract), and processeshe requestsfrom the external modulesthrough
invoking the con gured MSI module. On the other hand, the enry component ex-
pressesthe required cortracts (RContract) of this kind of middleware service, and
forwards the requestsof the MSI module to the external modules.

The metadata le contains the name of the MSC module and the implemenrtation
classof the entry component, the contract interfacesit provides and requires, and the
componert properties (e.g., the properties about the OTS product).

The MSC module brings two advantages: rst, well de ned contract interfaces
releasethe application sener from headady integration maintenance wheneer the
OTS products update. In the cornvertional hard-coding integration, the developer
had to review and modify eat part depending on the OTS product in the applica-
tion server, which is not only time-consumingbut also error-prone with the increasing
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number of OTS middleware services(think of 5 OTS middleware servicesand eath
with average20 related parts in the application serwer), and the constartly growing
size of the application server (think of 1000+ classeswhich is ordinary for somepop-
ular application seners, e.g. Redhat JBoss). In cortrast, now the application sener
interacts with the OTS products through the relative stable contract interfaces. The
adapters, which implemert the contract interfacesin an MSI module, instead of the
whole application server needto be modi ed along with the OTS products update.
That is, the scaleof modi cation is e ectiv ely reduced. Second,through organizing
the cortract interfacesinto a separatemodule rather than combining with the mid-
dleware service implemertations, it alleviates the work of OTS middleware service
substitution to a large extent. The application server no longer binds to a specic
one at its code level but to the MSC module, and the Java re ection mecanism
employed in the entry componert makesit possibleto substitute the OTS product
via con guration at runtime, rather than modify a great deal of classesand restart
the application sener.

2.2 Module ManagementMechanism

The framework contains seweral componerts to executethe managemen tasks:
the loader loads the classesof the MSI and MSC modules; the MSCM (Middleware
ServiceContract Module) Instantiators instantiate the entry componerts in the corre-
sponding MSC modules; the registry processeghe instancesregistration and lookup
issues;the MS (Middleware Service) manager is in charge of con guring the mid-
dleware services;the consoleis usedto receive the commandsfrom the application
senver administrator, sud asreplacing an existing OTS product with another one at
runtime, and then the consoleforwards the commandsto the MS manager.

The con guration le prescribesthe speci ¢ OTS middleware servicesto be used.
For eadh kind of middleware service,the con guration should specify the name of the
middleware service'sentry componert, the property values of the entry componert,
and soon (refer to List.3 for more details). Generally, there is a default con guration
le.

2.3 Framework Runtime Behaviors

To make clear how the framework works, we illustrate two types of runtime
behaviors of the framework in this section: the behaviors when bootstrapping and
the behaviors when substituting an OTS product.

At bootstrap, there are sewen steps, as shown in Fig. 4:

1. The loader loads every MSC module (step 1.1), createsan MSCM Instantiator
for it (step 1.2). The MSCM Instantiator will register itself with the name of
the MSC module to the registry in order to make the MS manager nd them
(step 1.3).

2. The MS managerparsesthe con guration le and storesthe con guration (step
2).

3. Toinstantiate the entry componert in eadh MSC module, the MS manager rst
looks up the module's MSCM Instantiator from the registry (step 3.1), and asks
factory to create an instance of the entry componert (step 3.2 3.3).
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4. The MS managercon gures the MSC module with the con guration loadedin
step 2, that is, the instanceof the entry componert is noti ed with the appointed
OTS product at that time. This is achieved by setting the properties value to
the instance (step 4).

5. After con gured, the MSC module requeststhe loader to load the appointed
MSI module (step 5). If the MSI module is successfuloaded, the MSC module
is valid, that is, it can be usedby other MSC modules.

6. As the instanceof the entry componert registersitself with its provided contract
to the registry, sothat the registry could inject it to the other entry componerts
that require this contract (step 6).

7. At last, the registry binds the MSC modules according their provided and re-
quired contract (step 7). Dependencyinjection?”] technique is employed here.
At runtime, the middleware service invokes ead other via the prede ned con-
tract interfaces, and the entry componert forwards the invocation to the ap-
pointed OTS product.

Figure 4. Runtime behaviors at bootstrap

When the application server administrator needsto substitute an OTS product
due to the variation of the application requiremerts, the following stepsare executed,
shown in Fig. 5:

1. After the administrator con gures a new OTS product from the console,the
consolecalls the MS manager (step 1).
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2. The MS managerlooks up the componert instance of this middleware service
(step 2.1), and con gures the componert instance with the new con guration
(step 2.2).

3. The MSC module requeststhe loader to rst load the new MSI module (step
3.1) and then to unload the old MSI module (step 3.2).

4. Right after the MSC module becomesvalid again, the registry binds it with
other MSC modules.

Figure 5. Runtime behaviors when substituting an OTS product

3 Implemen tation

PKUAS, deweloped by Peking University, is an open sourceJ2EE-compliant ap-
plication sererl'?. It developssomemiddleware servicesitself, such asEJB cortainer,
data sourceand transaction service,while at the sametime alsointegratessomeOTS
middleware services,such as ObjectWeb JOTM for transaction service. However, in
its old version, the integration was done in hard coding way, so the logic of PKUAS
itself was interweaved with that of OTS middleware services,which led to two an-
noying problems: rst, the high maintenance cost of the integration which has been
discussedn Section2.3. Second,the customization de ciency: nowadays applications
often want to customize the kinds and the implementations of middleware services
to exactly t their needs,rather than accept all the features that the vendor pro-
vides. However, as specic OTS middleware serviceswere hard coded in PKUAS,
implemenrtations substitution is not supported.

Due to the problems, PKUAS hasimplemented the integration framework, shovn
in Fig. 6. The module managemem mechanismis implemented in its kernel. The mid-
dleware service implemertations, ObjectWeb JORAM 11| Codehaus ActiveMQ?
and SONIC OpenJMS!3! for messageservice,PKUAS Transaction, ObjectWebJOTM
for transaction service, and Apache Tomcat and Mort Bay Consulting Jetty™*! for
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Web container, and PKUAS EJB container, are encapsulatedin MSI modulesrespec-
tively. Besidesthe classesof the OTS product, one MSI module also corntains the
adapters developed by PKUAS for this OTS product. Theseadaptersimplemert the
cortract interfacesto allow the MSC module invoking this OTS product when receiv-
ing requestscoming from other middleware services,such as EJB container. For ead
kind of middleware service, PKUAS dewelopsan MSC module. Each MSC module
cortains three parts: the cortract interfaces,the entry componert, and the metadata
le. To give a concreteview of the MSC module, we take the transaction servicefor
exampleto describe each part of MSC module, which is similar to other MSC module.

Figure 6. Framework overview in PKUAS

As the contract interfacesshould be consistert with the speci cations, the trans-
action cortract interfacesare derived from the Java EE 5 and the Java Transaction
Service(JTS) 5] speci cation. The entry componert implemerts the interfacesasits
PContract (See Section 2.1.2) for other middleware services. List.1 is the contract
interface for transaction service. However, other middleware services(e.g. message
service) may have more than one contract interfaces.

For the clarit y and the spacelimited, only the dependenciesbetween EJB container and other mid-
dleware service are shown in this gure, however, there are many dependencies between middlew are
services, such as data source service depends on transaction service.



26 International Journal of Software and Informatics Vol.2, No.1, July 2008

List. 1. Transaction service contract interface

List. 2 is the metadata le for the transaction servicecontract module. Most of
the metadata les are comprisedof three parts: the classof the entry componernt must
be declaredwith the <compnernt> tag; The PContract and the RContract are marked
with <pravides>and <requires>tags respectively, and the RContract is optimal; The
properties usedto con gure the OTS product, if exist, could be announcedwith the
<property> tag. Besidesthe property's name, the method usedto set the property
should be given.

List. 2. Metadata le in the MSC module

Additionally , to make the application server forward the invocations to the ap-
pointed OTS products, the administrator could con gure the pkuas.xml con guration
le. List. 3. is a snapshotof transaction servicecon guration in pkuas.xml. It em-
ploys the classname of the entry componernt to denote the middleware service, and
the values of the properties for the appointed OTS product are given. MS manager
parsesthis le, and then the boundary of the application serer is determined at
runtime.

List. 3. PKUAS con guration le
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4  Evaluation

In this sectionwe rst present an evaluation of the integration framework with
respectto the exibilit y discussedn Sectionl. After that, weanalyzethe performance
overheadof the framework in PKUAS.

4.1 Flexibility

As de ned in the introduction section, the exibilit y is the requiremerts of ease
of modi cation for the ewolvemert of OTS products and easeof OTS products sub-
stitution. in the OTS middleware service integration. Both when modifying and
substituting, the application server developers have to at least changeall the classes,
which refer to the OTS product's APl and scatter in the application server. So we
usethis number of classeshamed N¢. to measurethe workloads of modi cation and
substitution, that is, the exibilit y.

In our evaluation, we compare the new PKUAS (PKUASN) with our original
PKUAS (PKUAS ©) which hard codesa set of speci ¢ OTS products to comply with
J2EE speci cation. Besides, to show the usage of the OTS products in original
PKUAS is reasonable,we also court the corresponding Nc in a well-known open
sourceapplication server ObjectWeb JONAS v4.81¢l which alsousethesemiddleware
services.The N¢ of three OTS middleware services,which are ObjectWeb JOTM for
transaction service,Object JORAM for messageserviceand Apache Tomcat for web
cortainer, in the three application sernersare showvn in Table. 2.

Table 2 Numbers of classesreferring to OTS middlew are services

ObjectWeb JOTM ObjectWeb JORAM Apache Tomcat
PKUAS © 53 9 14
JOnAS v4.8 40 11 18
PKUAS N 5 3 1

As shown in the table, the numbers of classesdo be changedduring modi cation
and substitution have beengreatly reduced. Becausethe MSC modules separatethe
application serner from the concrete OTS products, only the adapters in the MSI
module will use the specic OTS products' APIs, thus N¢ in the new version is
decreasedto the number of adapter-related classes. Consequetly, the application
sener developers just needto maintain the adapters wheneer the OTS middleware
servicesewlve, and can substitute an OTS middleware serviceby simply modifying
the con guration.

4.2 Performance Overhead

As this integration framework inserts a set of intermediary entities (the entry
componerts and the adapters) into the middleware service invocation process,it in-
tro ducesa performanceoverheadinto the application server. To analyzethe overhead,
we compared our original PKUAS application server with the new version by some
performancetests. (Testswere performed on a Dell Precision 410 MT pc equipped
with 1G Mb RAM and an Intel Pentium4 processorated at 2.5G Mhz; the operating
systemwas Microsoft's Windows XP).
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As mertioned before, Apache Tomcat and ObjectWeb JOTM have been inte-
grated in original and presert PKUAS. In the experiments, we ran two test programs,
ead of which invoked one OTS product. Becauseour aim is to examine the perfor-
mance overhead occurred when the OTS middleware servicesare invoked, we hope
these test programs focus on their target middleware service and avoid interacting
with other application server components. Therefore, for testing the integrated web
container service (Tomcat), we chose Orientware XLink erl!”l's TestEdho web service
asthe sener-sideprogram, which only usethe web cortainer of the application senr;
and for testing the integrated transaction service(JOTM), we usedthe JOnAS Trans-
action Serviceconformancetest suite'®. Table.3 givesthe obtained results.

Table 3 Experimental results

OTS Service Avg. responsetimeN  Avg. responsetime®  Performance overhead
Apache Tomcat 540 ms 532 ms 1.5%
ObjectWeb JOTM 133s 129 s 3.1%

As shown in Table.3, about 3% performanceis lost in the new version. Com-
paring with the bene ts the integration framework brings, we believe the overheadis
a ordable.

5 Related Work

Considerablereseart work*®l hasbeendonein componert integration. Yau and
Karim 2% focus on the distributed componert integration by proposing a distributed
componert framework. Saueret al.l?!l establish a componert-based approac to en-
capsulateand wrap the legacysystem. Rather than exibilit y, interoperability is their
rst concern. Instead of constructing an ertire integration framework, Min et al.[??
focuson the connectorwhich acts asan adapter to Il the gap betweenthe candidate
componerts and the speci cation of componerts required. Bastide et al.*®l presen
an approach to adapting componert structures, but the rst step of this approadc is
to decompose the component code, which is unfeasible for middleware service inte-
gration.

In current application servers' community, OTS middleware servicesintegration
is becomingpopular. However, the integrated OTS product is generally wrapped into
a componert of the vendor-speci c framework, while exibilit y is not always men-
tioned. Java Managemen eXtentions (JMX) 24 is a popular framework to construct
the application sener: eah OTS middleware serviceis wrapped as a managedbean
componert, named MBean, which ensuresthe application server to manage(e.g. life
cycle managemetn) di erent kinds of middleware servicesin the sameway. However,
the OTS middleware servicesare usually hard coded in the MBean which represerts
onekind of middleware service,that is, the application sener is tightly bound to this
OTS product. Recerly, Open Service Gateway initiativ e (0OSGi)!?%!, which bears
somesimilarity with our work, emergesas a new framework to modularize the appli-
cation sener: each OTS middleware serviceis encapsulatedinto a bundle, but there
is still lack of mechanism to separate the application serer from the APIs of the
OTS product. Apache Geronimo?®! proposesits own GBean framework which aims
at integrating existing OTS middleware services: each OTS middleware service cor-
respondsto oneor more GBeans. Its deploy plan is similar with the con guration to
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con gure the OTS middleware service,but service-lewel contract is alsonot supported
explicitly .

Comparedto thesework, our framework proposesa MSI module to insulate the
other componerts of the application server from the implementation details of the
OTS products, and basedon the MSC module and module managemen mechanism,
we realize the substitution of the OTS products through simple con guration. These

make our application serer exible to the product ewolution and substitution.
6 Conclusion

In this paper, we preseried an OTS middleware service integration framework.
The framework is composed of the middleware service implemertation module, the
middleware service cortract module and the module managemen mechanism. The
three parts together hide the complex details of OTS products, and make the OTS
products plug into the application server with lessamount of code modi cation, be-
sidesthey enablethe customization of the OTS middleware servicesvia simple con-
guration. Through the exibilit y the framework achieves,the maintenanceand the
customization cost for the application server developersis greatly reduced.

In the future, we are planning to strengthen the framework to allow application
deployersto specify a set of con guration rules to support self-con guration. These
rules will be evaluated at runtime to decide which OTS middleware service should
be bound (e.g. \when the memory is below 512M, switch to PKUAS-T ransaction").
Furthermore, we are combining this framework with OSGi technologiesto make the

J2EE application serer gain exibilit y aswell as dynamism.
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