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Abstract Within PROGRESS project WebES

we look at connecting embedded systems to the

Internet. Part of the project concerns issues

related to mobility and mobile communication.

We look at small footprint implementations of

Corba specifically destined for mobile terminals

and compare several different implementations

in that respect. In addition, we look at the issue

of modelling systems containing wireless connec-

tions.
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1 Introduction

Within PROGRESS project WebES1 (Web enabled
Embedded Systems) at EESI we look at connect-
ing embedded systems to networks, in particular,
to the Internet. One specific issue concerns mo-
bility. Mobility refers to the fact that devices can
easily move to different physical locations. It is not
the same as wireless although a wireless commu-
nication facilitates mobility. Examples of mobile
systems within this context are notebook comput-
ers, handhelds (PDA’s), mobile phones or just any
device equipped with a Bluetooth connection.

With respect to networking, mobility introduces
challenging issues in specification, design and re-
alization. Moving to a different location implies
that a new connection has to be established at
the new location, preferably without user interven-
∗To be published in the proceedings of the PROGRESS

workshop in October 2001
1The WebES project has been assigned funding in spring

2001 so it started officially only a few months ago. It is
sponsored through PROGRESS by STW, Philips and TNO.
The project has been running in a smaller setting for one
and a half year.

tion. For a notebook computer that gets suspended
while moving it may be acceptable to go through
the same stages as when starting it. Connections
are rebuilt at the new location. However, when
the moved system remains running (“roaming”),
requirements are much stronger: first, the existing
connections should remain intact; second, when the
systems runs a real-time application like stream-
ing audio or video, reconfiguring should be quick
enough to sustain this. A third class of problems
pops up when the system moves from one network
technology to another, e.g., from a wireless LAN
environment into the GSM network. In all three
cases it is a relevant question at which level these
issues should be dealt with.

In this paper we present current work at EESI
in relation to mobility. In the next section we dis-
cuss network middleware in general and how the
mobility issues are addressed. In section 3 we present
our analysis and comparison of several CORBA im-
plementations. In section 4 we discuss the work
we did on our implementation of the Session Ini-
tialization Protocol (SIP). Finally, we address the
work we are starting on modelling systems contain-
ing wireless connections.

2 Mobility in network middleware

Looking at networking from a software perspec-
tive, we distinguish four functional layers2: physi-
cal, transport, interoperability and application lay-
ers, see Figure 1. The first two layers together form
the communication infrastructure, supporting in-
formation transfer between network nodes. On the

2This is, of course, a simplification from the point of view
of the technical realization of networks. However, for our
discussion this separation is more clear.
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Figure 1: A simplified picture of the functional
layers in a network. The physical and transport
layer together form the communication infrastruc-
ture that admits transport of information. The in-
teroperability layer represents the way applications
use the transport layer. It provides services to the
applications.

Internet it is represented by the TCP,UDP proto-
col layer. “Middleware” comes up within the in-
teroperability layer. The term “middleware” is ac-
tually applied in two different ways. In one inter-
pretation it concerns all manipulation of network
traffic that changes the semantics of the transport
layer. Examples include firewalls, proxy services
and network address translation (NAT). For a dis-
cussion see e.g. [1]. In the second interpretation it
is the software that resides between the transport
layer and the application, see e.g. [2]. (Notice that
these two references have the same name!) We will
use the term middleware in the second interpreta-
tion: middleware implements the interoperability
layer. For an application, the interoperability layer
is the means to use the communication infrastruc-
ture; middleware provides services to applications.

In the current Internet the used middleware is
often not a layer but rather a collection of protocols
placed as ”blocks” on top of the transport layer.
The transport layer then is not hidden but remains
accessible (see Figure 2). In fact, the protocol API
is often not standardized. The used protocols are
intimately related to the Internet. A more com-
plete interoperability layer hides all details of the
transport layer. Quite a number of techniques have
been introduced for this purpose, like Remote Pro-
cedure Calls (RPC’s), Transaction and message ori-
ented middleware, distributed DBMS’s and object
oriented middleware of which the Object Request
Brokers are most dominant (see e.g., [3]). Advan-
tages of the use of middleware include the following.

Physical layer

Application layer

HTTP   SIP

Transport layer

Figure 2: Applications on the Internet often com-
municate using fixed protocols of which HTTP is an
example. The transport layer is not hidden but can
be reached directly by the application (the dashed
arrows). Instead of forming a layer, these proto-
cols form separate blocks.

• A simplification of distributed programming
is achieved by simplifying the logical struc-
ture.

• It is straightforward to use heterogeneous sys-
tems (e.g., combining different programming
environments or different hardware architec-
tures).

• Legacy software can be encapsulated.

• It gives support for separating a system into
relatively independent components thus sup-
porting the easy distribution of functionality.
The client-server approach is a succesful ex-
ample of this. Recently, the peer-to-peer ar-
chitecture has become popular as well.

• Abstraction from the transport layer is pro-
vided. In fact, no uniform transport layer is
required.

Mobility is addressed within all four layers. Mo-
bile IP, [4], aims at hiding mobility within the com-
munication infrastructure. Traffic is re-routed to
the new location of the device through agents at
the home location and the new location of the de-
vice that set up a tunnel. The next version of IP,
IPv6, has incorporated mobility even more effec-
tively.

Solving the mobility problem within the com-
munication infrastructure has as advantage that
higher layers do not need modification. However,
generic middleware like CORBA supports differ-
ent infrastructures and does not rely on a complete



transport layer. Within the wireless CORBA im-
plementation a software bridge is built around the
wireless link which could be based on a protocol
different from IP. This works across Bluetooth or
infrared connections that solve the mobility prob-
lem internally. The mechanism supports, in fact,
connecting two Object Request Brokers through an
arbitrary tunnel.

Mobility also plays a role at the application
level. A user of a network terminal may be moving
to another terminal wishing to continue his work
at the new location. A user may also wish to di-
vert network traffic destined for herself to another
place. An example is the “follow me” functionality
of a telephone connection. This aspect of mobil-
ity is addressed by the Session Initiation Protocol
(SIP, [5]).

These three cases show that on the one hand it
is advantegeous to hide the mobility aspect inside
a layer while, on the other hand, the mobility in-
formation is needed at several layers. This is true
in particular for any application that wishes to use
mobility information, for example to optimize the
use of resources or to behave differently as a result
of movements.

3 Comparison of CORBA imple-
mentations

Mobile terminals, like mobile phones and PDAs in-
teract at the interoperability level, leading to the
use of distributed middleware. Several middleware
solutions are readily available, like CORBA, DCOM,
Java RMI and XML/SOAP. However, these solu-
tions are often targeted at enterprise solutions and
not at mobile terminals with limited resources. Fur-
thermore, the middleware has to provide both mo-
bility hiding as well as mobility awareness to the ap-
plication layer, as the intention of the middleware is
to hide the architecture and provide a common in-
terface to the application. For example, for a ticket
service, the mobility of the terminal is largely irrel-
evant, while for a guided tour in a museum, the
mobility and location awareness is vitally impor-
tant.

In ITEA project “Vivian”[6], a common plat-
form for mobile terminals is being specified by No-
kia, Philips and several research institutes. The
selected Operating System platform is EPOC[7].
As a middleware solution, CORBA[8] is selected
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Figure 3: Network mobility. Mobile IP uses route
1-2-3-3-4, wireless CORBA uses route 4-3-3-4.

to handle the issues of distributed computing and
service discovery. To handle the mobility related
issues, the Telecom task force of the Object Man-
agement Group has recently defined an extension
to CORBA to handle wireless access and termi-
nal mobility[9]. This extension also describes how
events related to mobility are reported to interested
applications.

Although the CORBA specification is largely
independent of the transport protocol that is used,
in practice, it is mainly based on TCP/IP. In partic-
ular, it requires the network endpoints of the con-
nection be fixed during a CORBA session. As such,
the mobile IP solution could solve the mobility is-
sues, as it transparently routes all IP traffic to the
mobile terminal. However, there are some issues
which make mobile IP less useful. In mobile IP,
all IP traffic is routed through the home location
agent, which might be located in a remote network,
as shown in figure 3. As a result, the network route
can become very long, even though the mobile ter-
minal is within the same network. For a distributed
application based on CORBA, this can result in
unacceptable delays. Furthermore, the mobile IP
specification states that it solves the macro mobil-
ity (that is, the mobility between home and office)
and is not well suited for micro mobility with quick
handovers between devices with short ranges, like
BlueTooth.

The wireless CORBA specification provides a
different solution to the mobility issues, which is
transparent for existing CORBA implementations.
Instead of sending all IP traffic through the home
location agent, the home location agent is used to
retrieve the current access point of the mobile ter-
minal, which is then contacted directly. This re-
duces the length of the network route, but it creates
a problem when the mobile terminal changes to a



different access point while a CORBA connection
still exists. This problem is solved by requiring that
an old access point forwards the relevant traffic to
the current access point.

Although the wireless CORBA solution differs
from mobile IP and requires additional resources in
a mobile device, the solution is justifyable for the
applications in mind. The target applications are
mainly data services in the visited network, which
should also work if the mobile terminal is homeless,
like a PDA. Typical scenarios are shops with special
offers, airport terminals with up-to-date informa-
tion, ticket selling in theatres and guided tours in
musea. None of these require external network con-
nectivity and could in fact be handled over Blue-
Tooth, InfraRed or Wireless LAN. For such local
applications, the CORBA solution is preferable to
mobile IP. However, the CORBA solution is very
specific to CORBA itself, although it can be used
as an example on how such a protocol could work.
It should not be the case that every application de-
velops its own protocol for handling mobility, was
it would require too many resources in a mobile
device.

When a handover or access recovery occurs, the
standard CORBA services can be used to inform
the applications that are interested in the mobile
behavior of the terminal. Examples of such ap-
plications are the virtual tour in a museum, that
presents additional information on the pieces in the
current room, or an airport assistant that gives di-
rections to the correct gate.

The CORBA implementation depends on the
transport layer to provide sufficient information that
it can determine that such an event took place,
which could be achieved with interrupts, monitors
or polling. Due to the information hiding by the
different layers in the communication stack, the
transport layer provides no standard interface to
get such events easily.

For the Vivian project, hands-on experience with
wireless CORBA and EPOC is required, in the
light of the resource restrictions of mobile termi-
nals. Therefore, a survey of several freely avail-
able CORBA implementations is made to compare
the source code, the resource requirements, the per-
formance and the interoperability. The survey in-
cludes four Java ORBs (JacORB, ORBacus, Open-
ORB and Engine Room), four C++ ORBs (MICO,
ORBacus, omniORBA and TAO), one C ORB (OR-
Bit) and one C++ ORB that is optimized for em-

bedded systems (ORBacus/E). As expected, the
survey showed that huge differences exist between
different ORB implementations. Some of the dif-
ferences are due to the different features that are
implemented by the different ORBs. Some ORBs
don’t support portable object adapters, some don’t
support the interface repository, some don’t sup-
port interceptors. All of these features require re-
sources and additional processing time. However,
in a minimal setting, it is possible to be interopera-
ble without these features, as specified in the latest
CORBA specification. Figure 4 shows the perfor-
mance analysis of the ORBs that were tested, while
figure 5 shows the sizes of different ORBs.

Some of the preliminary results:

• The source code size for the standard ORB
varies between 17.000 and 153.000 lines of
code. The smallest ORB does not include
any features, while the largest ORB includes
real-time support.

• The library resource size varies between 562
kilobyte and 11.3 megabyte. Again, the one
that is smaller doesn’t provide any special
features.

• The performance varies between 7500 calls
per second and 260 calls per second, depend-
ing on the combination of ORBs that is used
for the client and the server.

• The fastest Java combination is considerably
slower than the fastest C++ combination.

The performance measurements were done on a
Linux system with sufficient resources. As Vivian
selected the EPOC operating system for the mobile
terminal platform, a similar performance measure-
ment under EPOC still has to be done for com-
parison, where the Java virtual machine for EPOC
helps in evaluating some of the Java ORBs, to get
an impression on the performance impact of the
limited resources and reduced processor speed. In
a later stage, a C++ ORB will be ported to EPOC
to get more accurate numbers on the possible per-
formance.

In the future, the wireless CORBA specifica-
tion will be implemented and tested in scenarios
available from the Vivian project. A demonstrator
will be build to show the possibilities of distributed
computing with mobile terminals.
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JacORB 37.4 30.0 11.8 33.2 35.7 11.1 12.7 71.7 22.2 25.7 29.2
MICO 36.6 21.5 11.4 — — 11.5 12.7 70.7 20.1 21.9 25.8
ORBit 30.4 15.9 4.4 20.1 28.0 5.0 5.9 66.7 12.3 13.0 20.2

ORBacus C++ 35.0 24.5 10.7 26.4 32.8 9.9 11.0 69.6 18.5 21.6 26.0
ORBacus Java 38.1 30.1 16.2 34.2 35.9 15.5 16.5 75.1 20.9 27.8 31.0

ORBacus/E 27.5 16.4 4.7 19.7 24.7 4.0 4.8 62.4 10.5 13.2 18.8
omniORB 28.8 17.6 5.7 20.8 25.1 4.9 5.1 64.6 11.6 14.9 19.9
OpenORB — 70.9 63.1 105.3 77.4 62.1 63.2 115.6 71.2 88.5 79.7

Engine Room 35.4 27.2 13.7 — — 13.2 14.1 — 18.5 — 20.4
TAO 39.9 29.4 15.2 34.0 39.0 15.5 16.5 75.1 23.8 23.1 31.1

Average 34.3 28.3 15.7 36.7 37.3 15.3 16.2 74.6 22.9 27.7 30.2

Figure 4: The interoperability performance test results, in number of seconds for 30.000 inter-ORB calls.

ORB language CORBA lines compressed uncompressed account appl.
version of code binary binary client server

JacORB 1.3.21 Java 2.3 50K 4034 KB 8697 KB 9 KB 10 KB
MICO 2.3.5 C++ 2.3 62K 1235 KB 4715 KB 51 KB 55 KB
ORBit 0.5.7 C 2.2 21K 175 KB 562 KB 6 KB 6 KB
ORBacus 4.0.5 C++ 2.3 89K 2188 KB 9574 KB 64 KB 81 KB
ORBacus 4.0.5 Java 2.3 58K 1704 KB 3355 KB 10 KB 10 KB
ORBacus/E 1.0.1 C++ 2.3 17K 422 KB 1735 KB 50 KB

server 593 KB 2458 KB 61 KB
omniORB 3.0.3 C++ 2.3 30K 310 KB 1003 KB 19 KB 21 KB
OpenORB 1.1.0 Java 2.4 40K 1796 KB 3713 KB 9 KB 10 KB
Engine Room 1.4-1 Java 2.2 7K 181 KB 346 KB 8 KB 9 KB
TAO 1.1 C++ 2.3 220K 2863 KB 11299 KB 37 KB 61 KB

Figure 5: The object sizes of the different ORBs, with compressed and uncompressed sizes for Java JARs
and C++ libraries.



4 The Session Initiation Protocol

SIP is defined by the IETF as an application-layer
control protocol that can establish, modify and ter-
minate multimedia sessions or Internet telephony
calls. It transparently supports name mapping and
redirection services, allowing the implementation of
ISDN and Intelligent Network telephony subscriber
services. These facilities also enable personal mo-
bility, which is defined as the ability of end users
to originate and receive calls and access subscribed
telecommunication services on any terminal in any
location, and the ability of the network to identify
end users as they move. Personal mobility comple-
ments terminal mobility.

SIP is a text based protocol, with messages sim-
ilar to HTTP. With the requests and replies, it is
possible to handle all the scenarios that are com-
mon in telephony call handling. In a normal sit-
uation, the caller send an INVITE request to the
callee with a description of the supported multime-
dia sessions. The callee either accepts the invita-
tion and send a reply with the selected multimedia
session or rejects the invitation and send a reply
with the reason. Once the session is established,
both the caller and the callee are able to change or
terminate the session.

Unlike the H.323 protocol defined by ITU, SIP
addresses users at terminals instead of just termi-
nals, which allows multiple users at the same ter-
minal. For example, a secretary might react differ-
ently depending on whether the call is private or
business.

Similar to HTTP, the terminal can reply with
the redirection to indicate that the requested user
has moved. For example, when you go to work,
you can redirect your calls to the terminal at work,
without redirecting calls for other family members.

With the REGISTER request, it is possible to
modify the redirections that the terminal will use.
This is useful if you forgot to redirect your calls
before you went to work. Depending on the ex-
act interpretation, it is also possible to redirect the
call while the terminal is ringing, thereby allowing
remote call pick-up.

Unlike HTTP, SIP supports preliminary respons-
es, which are used to indicate progress. While the
terminal is trying to contact the user, the caller has
to have some feedback on the progress, for exam-
ple whether the phone is working. It is also possi-
ble that the terminal supports queuing of incoming

calls, where the caller has to be informed of the po-
sition in the queue and possibly the expected time
to wait.

In an investigation into Internet Telephony, an
example implementation of SIP was build to get
familiar with the issues and to demonstrate the
features that are possible with it. In the demon-
strator, most of the features mentioned above were
implemented, although the actual transportation of
multimedia content was not added.

5 Modelling wireless systems

A (digital) physical system can be described as a
collection of communicating components. Such a
description is usually hierarchical. The purpose of
this system level description is to support archi-
tectural exploration and analysis. This comprises
evalution of alternatives in terms of hardware and
software realizations, choices of building blocks and
connections as well as verification of correctness
and performance criteria.

A system level design is described in some mod-
elling language with a precise mathematical seman-
tics in order to support mathematical reasoning.
Such a semantics can be in terms of CCS ([10]),
CSP ([11]) or some other process algebra. At Eind-
hoven University the language POOSL has been
developed[12]. POOSL integrates a process part
with a data part, which are both based on a for-
mal semantics. The semantics of process part is
based on real-time CCS and that of the data part
is like traditional object-oriented languages (e.g.,
Smalltalk or Java). This supports a rather straight-
forward modelling of systems of communicating com-
ponents. Some examples can be found in [13, 14].

The advantage of a formal system-level spec-
ification is that it is unambiguous and consistent.
Analysis at this level is helpful for obtaining insight
in system behavior and for finding design flaws al-
ready in an early stage. Crucial for the succes of a
method is that it equips the designer with an easy
to read and understand modelling language such
that a specification becomes clear and concise.

The current way of modelling supports the de-
scription of static systems, i.e., systems of which
interconnections are fixed. We want to extend this
in order to describe dynamic systems of which the
connectivity changes over time. The current mod-
elling language allows us to specify dynamic change



but with a rather large notational overhead which
makes the specification all but intuitive. Rather
than trying to “bend” the language we want to in-
troduce new primitives that describe dynamic con-
nections more satisfactorily. Not only the physical
location is taken into account but rather a more
general state-dependence approach admitting, for
example, to include signal strength and interfer-
ence.

The new primitives also call for an extension of
the semantics. Over the last decade several the-
ories have been proposed. Examples are the π-
calculus[10]; the ambient calculus[15] and Mobile
and Dynamic Petri-nets. These theories give math-
ematical frameworks to reason about mobile system
and have been applied, for example, to verify the
correctness of mobile agent systems. However, it is
still a challenging research issue to fill the gap be-
tween these theories and industry practices, in par-
ticular when it comes to system analysis (e.g. per-
formance questions). Current research is focussed
on additions of the π-calculus to accommodate this.

6 Conclusion

In this paper we have summarized work at EESI
with respect to mobility. Mobility appears to play a
role at several levels in the communication. On the
one hand, mobility is hidden from the higher lev-
els in order to support transparency. On the other
hand, knowledge about the current location is re-
quired for correct operation. We have been looking
at the interoperability layer and, more specifically,
at the penalty of several Corba implementations in
terms of memory requirements and performance.
At the application layer we have been looking at
the Session Initiation Protocol that allows the user
to redirect network traffic explicitly. We intend to
use both as part of a demonstrator.

Finally, for supporting the design of systems
with dynamic connections we are developing the
necessary theory and tooling support.
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