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Abstract—Pervasive computing environments aim to integrate construction of complex distributed systems; although, it is
components which are highly heterogeneous, not only in terms of monolithic, usually it requires large memory space and it is

software technologies, but also in terms of hardware resources. . . .
Unfortunately, classic middleware platforms do not appear able not flexible. In order to cope with these limitations, many

to cope with such a level of heterogeneity and new communication re_search efforts have focu§ed on .degigning . new-generation

mechanisms are thus required. middleware for new-generation applications. Middleware must
This paper presents Plugin-Orb, an adaptive middleware for be sufficiently flexible to enable adaptation to changes in

mobile and embedded devices with poor resources. Plugin-Orb the underling environment and customized to fit into devices,

aims to obtain a communication mechanism which would make from PDAs and sensors to powerful desktops communication
a client application able to inter-operate with server objects mechanism

running over different middleware technologies using an unified . . .
communication interface, thus having the programmer able to TV‘_/O main §5p39t5 of neyv-generatlon mldQIeware are .dy—
develop applications without taking into account underlying namic customizabilityand high-level abstractions. Dynamic

middleware technologies. customizability provides the flexibility required to adapt the
middleware for resource-aware mobile applications [3]. High-
|. INTRODUCTION level abstractions simplify the problem of expressing complex
interaction patterns by enabling application developers to
In recent years, the adoption of middleware systems sugbecify interactions [11]. To achieve this, it is possible to
as Web Services, J2EE, .NET and CORBA has significantiopt the computational reflection (originally devised by Brian
increased. At the same time, mobile computing devices such@gntwell Smith, in 1989 that is a computational process with
palmtop computers, mobile phones, personal digital assistagisne self-awareness that is able to reason about itself.
(PDA) and wireless networking technologies have gainedA reflective system thus has the ability to modify dy-
wide-spread popularity. namically its internals in response to changes in certain
In this context new classes of distributed, mobile ancircumstances. In addition, reflection complements open im-
pervasive applications are born. These applications poselementations by enabling the ability to modify or extend the
number of new challenges for the underlying middleware tecimplementations at run time.
nology since, first of all, we need light-weight middlewares for Generally, a reflective system provides a meta representa-
applications running on devices with poor resources. tion (e.g., meta-objects) of its own operations and structures
The problem of interoperating with heterogeneous middlend changes can be made to that representation, which are
ware technologies which exist in different locations needs altiten dynamically reflected into the system internals. The two
to be addressed since mobile client applications are meanb&sic stages of reflection atatrospection and Adaptation.
be able to interact with application services available in difatrospection allows the internals of a system to be observed
ferent environments which use heterogeneous communicat(erg. interfaces, policies, configurations etc) while adaptation
mechanisms. The problem of middleware heterogeneity [10]dgovides mechanisms for the internals of a system to be
more sensitive in the pervasive scenario; however the solutidynamically altered to suit better the current context. This
"change space-change client application” is unachievable dambination provides a straightforward and unfettered access
this scenario because a seamless access of services is esstmtiaé underlying system components.
for the user. The right solution is "change space-save clientReflective middleware [1] offers a meta-representation of
application” but for its realization we need middlewares which 1Ry o _ o
rian Smith originally introduced reflection and wrote an article, "Reflec-

allow Fhe building of the client app_llcatlt_)n 'F‘dePe”de“t'Y froMon and Semantics in a Procedural Language”, which can be found in the
the middleware used for the services in different locations. technical report (272) of MIT Laboratory for Computer Science, dated 1982.



its own behavior that is amenable to both introspection amdncepts of components and reflection as proposed in the
adaptation. The main advantage to use reflection is the abilipenORB Project. It employs WSDL as the basis of service
to react and adapt to changes within the system, thus allowidgscription and it is constructed out of component frameworks
increased flexibility and fault tolerance. by OpenCOM technology. OpenCOM is a lightweight, effi-
Reflective middleware platforms are best suited to supient and reflective component model, built atop a subset of
port applications where the environment and the applicatidficrosoft's COM. ReMMoC consists of two key component
requirements frequently change. In particular we adopt tHimmeworks: the binding framework and the service discovery
technology in order to cope with the problem of middlewarfamework. The binding framework can be re-configured to
heterogeneity. Our solution is Plugin-Orb, a reflective midallow the mobile device to interoperate with different types
dleware that adapts its behavior to the changing environmeftcommunication mechanism (e.g., CORBA, SOAP, publish-
in order to support existing applications. For instance, if subscribe, etc.). Similarly, the service discovery framework can
mobile client application needs to interact with a servicehange between one or more of the different service discovery
using unknown protocols, at runtime through the Plugin-Orb,tiéchnologies (SLP, UPnP, and so on).
reconfigures itself by loading the appropriate communication The Universally Interoperable Core (UIC) is a reflective
plug-ins and then it starts the conversation with the serviogiddleware infrastructure developed on reconfiguration tech-
using the right protocol. These steps are completely hiddenrigues of DynamicTAO, specifically designed for handheld
the client application. devices, which allows bi-directional interoperability with ex-
The paper is organized as follows. After having discussésting middleware platforms. It is a generic request broker
some related approaches (section Il) we describe the progrdor- generic interoperability core) designed as a collection of
ming model we use for our ORB (section Ill). The concern afomponents that abstract the mechanisms required by classic
Section 1V is to show the architecture and the implementationiddleware platforms to send and receive method requests.
of Plugin-Orb and to evaluate the cost in terms of size ainiddefines a skeleton of abstract components, which have to
performance of the proposed ORB. Section V describes be specialized to the particular properties of each middleware
heterogeneous scenario that highlights the usefulness of platform, device and network. Such specializations implement
middleware while section VI reports some conclusions arile personalities and define the behavior of the core and,
describes our work in progress. therefore, determine the type of entities the system will be
able to interact with (e.g. CORBA servers, JavaRMI servers
and so on). A personality is a small-size, poor memory
Recently, many research groups have focused on designif®yice suitable, communication library, which allows a client
new-generation middleware for new-generation applicatiopsogram to interoperate with server components deployed
in domains such as distributed, mobile and pervasive appr a conventional middleware platform. Multi-personalities
cations. The requirements in this context are flexibility andhplement a communication mechanism that makes a client
dynamic reconfigurability to enable the middleware to respomilogram interoperable with server objects running over differ-
to changes in its environment. ent middleware technologies using the same communication
Over the years a group of reflective middleware was born teodel.
cope with these requirements; OpenCorba [8], dynamicTAOReMMoC and UIC offer similar capabilities to the Plugin-
[7] and OpenORB [4] are only some examples. HoweveDrb platform to overcome middleware heterogeneity. However,
these existing systems are built to experiment with reflectiotite main difference of Plugin-Orb respecting the other mid-
they were based on standard middleware implementatiafiewares is the use of plug-in technology. In fact, it is possible
and therefore targeted to a wired distributed environment far remark that ReMMoC and UIC adopt their own commu-
application domains, such as multimedia and real-time. Thajcation libraries to interact through different communication
do not address the issue of middleware heterogeneity and mostocols, while Plugin-Orb, thanks to plug-ins technology, is
bile devices with poor resource, while these are fundamentddle to use the communication libraries present in the device
requirements in mobile and pervasive computing. This is tlitself. In this way, we have light plug-ins that use efficiently
reason that triggered the birth of reflective middlewares déte resources already available for the device.
signed for hand-held devices, which allow, by using dynamic At last, it is possible to observe that Plugin-Orb, compared
configuration, for interoperability with different platforms (e.gto ReMMoC, does not expose plug-ins to interact with dis-
SOAP, RMI) and aim to maintain a small memory footprint bgovery protocols (e.g. SLP Plugin or UpnP Plugin, and so on)
only offering the functionality an application actually needsbecause these protocols implement the service matching at a
Our Plugin-Orb belongs to this category of reflective midsyntactic level; in a mobile and pervasive scenario, on the other
dleware but other middlewares with same features have bdemd, we need a semantic reasoning about the services which
developed from different groups of research. In particular, lef®pulate the environment. At the moment, there is a great
take into exam two important middlewares: ReMMoC [6] andumber of work on semantic-level service discovery [5][2],
uiC [9]. but a standard has not been realized yet. This is the reason
ReMMoC (Reflective Middleware for Mobile Computing)why we prefer to suppose that the client application interacts
is a reflective middleware for mobile clients built upon théhrough Plugin-Orb with a generic discovery service which

Il. RELATED WORK



achieves the semantic reasoning, but in future it is alwatien Interface and includes the Binding Middleware Plug-ins
possible to build a plug-in for a particular semantic discovemyhich manages the binding of the different Middleware Plug-
protocol. ins.

I1l. THE PROGRAMMING MODEL A. Meta-ORB Core module

The Plugin-Orb architecture has been devised to realize arhe Meta-Orb Core is a module which lets the programmer,
new object-oriented programming model to build the cliedhrough the Communication Interface, abstract himself from
application independently from platforms, languages and ttee particular middleware he interacts with. This achieves
heterogeneous services met in a different application-daveral abstract functionalities:
space. For instance, through the Plugin-Orb’s programming1) lookup: through the URI of the remote object is possible

model it is possible to build a mobile client application which to get the object reference to allow to invoke methods
uses a generic print service. This service is incarnated by print  on it.

services available at run-time, in the different places where the2) remote method invocation: knowing the IDL of the

device tends to move. service and the object reference it is possible to perform
To allow the client application to be designed and developed  method invocations.

independently from a particular service, we need to describe3) marshalling and demarshalling: organizing data into

the service in an abstract way; we have thus used OMG IDL, several standard forms allows MetaORB Core to be used

a well established and known international standard that aims  py different middlewares.

to separate the abstract description of service’s functionality4) IDL to language mapping: mapping relates the abstrac-

from the service implementation. In our model, the IDL tions provided at IDLs level to the features found at

standard lets the programmer to develop the client application  programming language level.

through an abstract service description, hiding the problem ofp very important component of the Meta-ORB Core is

middleware heterogeneity to the developer. the Binding Middleware Plug-ins. This manages, at runtime,
A generic m|dd|evyare rea}llzeg _the communication mechgre different Middleware Plug-ins by loading and unloading
nisms with three main functionalities: plug-ins accordingly to the middleware it interacts with. The
1) performs lookup for the distribute-object we need tBinding Middleware Plug-ins manages the plug-ins in flexible
interact with; and not heavy way.
2) generates and sends a request invocations on the particFherefore, when there is an invocation on a remote object,
ular remote object; the Binding Middleware Plug-ins will load the right plug-in
3) catches and parses the reply invocations. which incarnates the functionalities to interact with the partic-

Therefore, it's possible to realize a generic abstract comlar middleware and will release it when this will not be of
munication interface that includes basic functionalities hidingse, guaranteeing an efficient management of the resources. In
the specific properties of the particular middleware. In otihe end, when the programmer needs to interact with a remote
programming model the communication interface is realizewject, through the Meta-Orb Core’s abstract functionality,
with just two methods: théookup() method, which provides it is possible to hide the middleware and the programming
the object reference with the object URI (Uniform Resourdanguage adopted for it.

Identifiers), and thsean(_aquest(yethod that sends a requesh_ Middleware Plug-ins

to the object by specifying the object reference, the name ) o
of the method invoked in the remote object and the input” Middleware Plug-in is a software component loaded at
parameters. Knowing the URI and the IDL of a service, tHéintime which implements Meta-ORB Core’s abstract func-
user, through the communication interface, is able to invok@nalities (lookup, marshalling, demarshalling, remote method
methods on a remote object even if he/she doesn’t kndiyocation). In particular, we have defined two kind of plug-

the programming language and the communication paradids: €mbedded plug-in which realizes directly the function-

adopted. a_\llt|e§ and _\Nrappe_d plug-in, th_at wraps the communication

In this work, we assume that the URI of the server objeiPraries which realize the functionalities. _
to interact with is provided by a generic discovery service [N the current implementation, two Middleware Plug-ins
described by its IDL and which adopts a generic communicB@ve been realized:
tion paradigm. This means that the generic discovery service iz Wrapper ORBacus, that allows CORBAs communica-
incarnated by the real discovery service in the actual pervasive tions through the ORBacus’s library. We used this mid-
environment and through Plugin-Orb, the client application is  dleware because it has been designed both for wired
able to interact with it. distributed environment and for mobile devices with poor

resources (ORBacus/E). Moreover, it ships as source
IV. ARCHITECTURE ANDIMPLEMENTATION OF code, which allows it to be built and customized for
PLUGIN-ORB optimal performance in all target environments.

The Plugin-Orb architecture, illustrated in figure 1, consists e« Embedded RMIC++ implements directly the abstract

of a Meta-ORB Core module which provides the Communica- functionalities in C++ and allows communication with
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Fig. 1. Plugin-Orb architecture.

Java RMI. This means that, through a client written inpbject's middleware. The Plug-ins Manager, for managerial
C++, it is possible to interact with a Java RMI remotand efficient reasons, writegvitetable() in a dynamic table
object without the Sun’s JVM installed. This feature ishe information on a particular remote object: the object’s
useful because in the pervasive computing the technologference, the plug-in reference and the middleware type.
adopted is hidden from the final user and you cannot forceOnce that object reference has been obtained in the lookup
the user to install JVM on his/her device. phase, the programmer, through teendRequest(unction,
Another way to build a Middleware Plug-in is to use nativévokes a method on the remote object. Therefore, the Plugin-
communication library of a particular programming languag€rb, thanks to the object reference, readsagtable() on
In this case, the Middleware P|ug_in is a wrapper Capab|eft|@e table the information associated with the remote ObjeCt
use functionalities (lookup, remote method invocation , etcnd through it, it constructscénstructMethodf) the right
from the particular native communication libraries (e.g. Jav@ethod invocation closely to the middleware of the remote
RMI package, Java CORBA package). The idea is to integrétBject. Subsequently, this method, through the right plug-
into Plugin-Orb the different communication platforms whictin (sendRequestPlugin()will be delivered once the remote
are in the host device, so that hardware and software resourdéddleware’s communication protocol has been observed.
are used efficiently. For instance, it is possible to realize aAtthe same time, the Plugin-Orb is able to manage different
wrapper plug-in which uses either Java RMI package or Jakgmote objects which use different middlewares, switching the

CORBA package of Sun’s JVM present in the host device.remote invocation on the right plug-in. These plug-ins will
be managed efficiently; this means that they are loaded and

C. Implementation of the Middleware Plug-ins Managemehgld at least for the time during which one object will use it,
through a Runtime Scenario otherwise they will be unloaded.

Through the runtime scenario, shown in the sequence dja-
gram of figure 2, it is possible to observe what happens wherra
program client invokes a method on a generic remote object byin a pervasive scenario where most part of the users’ device
using Plugin-Orb. Firstly, on the Communication Interface, wis a mobile one with limited resources which can be quickly
invoke the lookup method and subsequently the sendRequestisumed by users’applications, it is fundamental to reduce

In the lookup phase an introspectiomtfospection() is the size of the Plugin-Orb in terms of occupied memory; this
done which consists in a parsing of the URI of the objedhas been an important constraint in the development of our
since a communication protocol label is part of it. Oncaiddleware.
the communication protocol has been identified, the Plug-insThe sizes of the components of Plugin-Orb, that are the
Manager loadsl¢adPlugin() the right plug-in and achieves MetaORB Core, CORBA and RMI middleware plug-ins with
the real lookup lpokupPlugin() invocation on the remote the associated libraries, are shown in Table I. The size of the

Cost: Size and Performance
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WIN XP on x86 | PocketPC 03 on XSCalée
Module Meta-Orb Core 42 KB 20 KB
Middleware Plug-In Wrapper Orbacus 31 KB 18.5 KB
Middleware Plug-In Embedded RMZ++ Lib 154 KB 48.5 KB
TABLE |

THE OBTAINED PERFORMANCE IN TERMS OF USED MEMORY

First invocation | Second invocation| _ .
Corba 3ms s The scenario illustrated above shows that the same Discov-

RMI 5 ms 2ms ery Application is used in two different application-data space
where the middlewares of the services are heterogeneous and
the implementations of them are different but the interfaces
have the same method signature. For instance, the print
function of the Discovery Application is incarnated, at the
tourist office, by Maps Print Service on RMI server and at the

static memory allowed for x86-computers with Windows Xpnuseum by CORBA Picture Print Service. The programmer
is about hundreds of Kbytes; the size on a mobile device ¥fites only one print function and demands to Plugin-Orb the
XScale platform with PocketPC 2003 is, instead, about feqdaptation to the server implementation and communication
tens of Kbytes allowing a strong reduction of the storage spa&gotocol.

In order to test the performances of P|ugin_0rb, we have AT the end, itis pOSSible to observe that the loaded plug-ins
done a lot of remote invocation by RMI and 1IOP. Througl®n the device, depend on the software resource present in it.
this experience we have observed that theocation time For instance, in order to interact with a RMI Server, the Plugin-
that is the time elapsed between the call and the responsé$p upon the laptop loads the RMI Native Plug-in which
the method, it is quicker in the following requests, since th&raps the Java RMI package of the Sun's JVM present in the
plug-ins have been loaded in the first request (see Table Aigvice; differently the Plugin-Orb upon the PocketPC loads
This policy aims to save time but does not forget the memofye RMIC++ Plug-in seeing that there is no JVM installed on
allowed; this means that when there are no objects which uke
a plug-in, this is unloaded.

TABLE I
THE OBTAINED PERFORMANCE IN TERMS OF INVOCATION TIME

VI. CONCLUSIONS

V. A SCENARIO . .
In this paper we have described our approach to solve

To describe the potentiality of Plugin-Orb we present e important problem of heterogeneous communication in
possible heterogeneous scenario, where the main actomégvasive computing. Our solution is Plugin-Orb, a dynamic
a tourist interacting with a current application-data spadgiddleware which adapts its behaviour to the communication
through a Discovery Application with a mobile device. Thigrotocol adopted.
application is a mobile client application that aims to browse Plugin-Orb allows the programmer to build a mobile client
images through an Images Service and then to print collect@gplication hiding the communication protocol (CORBA,
images using a Print Service. RMI, SOAP...) adopted by the services it interacts with. The

The user, once arrives at the tourist office, through his/h@rgets of this middleware are mobile and embedded devices
mobile device browses images of a museum using a CORBh poor resource; for this reason we have adopted a plug-
Images Service and he/she prints the map, which illustraigs technology which aims to manage efficiently the resource,
the route to the museum, using a JAVA Maps Print Serviclgading and unloading the plug-ins at runtime. Moreover,
then he/she collects the copy at the local Print Service Shéflugin-Orb, when possible and through a wrapper plug-in,
Using the map, the tourist arrives at the museum and he/siges the different communication platform present on the host
visits it; at the end, through his/her mobile device, he/she loolevice, so that hardware and software resources are used
for the images of his/her favorite pictures provided by thefficiently.

JAVA Images Service and he prints them off as souvenir usingln future work we have to improve our middleware by inte-

a CORBA Picture Print Service; then he/she collects printgplating other middleware platforms, programming languages,
images at the Museum Shop. devices and operating systems. In particular we are developing
The test environment included: two kinds of client devicetfie java version of Plugin-Orb and the wrapper plug-in which
with Plugin-Orb installed, HP iPAQ H4100 PocketPC wittuses the Java RMI package or the Java CORBA package of
Microsoft PocketPC 2003 and a laptop with Microsoft Winthe Sun’s JVM present in the host device. Another direction
dows XP; two kinds of services executed on desktop machin&y, future work is to develop a SOAP plug-in, thus covering

CORBA services upon JacORB and JAVA RMI services upainother significant conventional middleware platform.
Sun’s JVM; the communication network adopted is 802.11b Finally, we need to test our middleware in different perva-
WLAN. sive scenarios to improve both costs and performances.
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