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Abstract

The middleware is a software layer located on top of the operating system that
uses its facilities, integrates with it, and extends its functionality in order to support the
development of effective and reliable distributed systems; however, the architectures of
most of the conventional middleware solutions, e.g. Java RMI, do not either offer the
predictability required to support the real-time behaviour in these systems, or the
reconfigurablity required for these middleware solutions to be applicable in a wide

range of distributed systems.

Java has a great support for building distributed systems; however, due to its
unpredictability, Java does not support building distributed real-time systems and
middleware solutions. Hence, this thesis argues that the RTSJ can be used to build
reusable and reconfigurable software components and design patterns that have high
levels of predictability and reliability. These proposed real-time components and design
patterns can be used for building real-time middleware solutions in Java. Therefore, the
RTSJ has to be used as a base for modifying the existing reconfigurable and reusable
software patterns and components for distribution models. It could also be used to
create a new set of these patterns and components, in order to support the real-time
behaviour and the predictability in the real-time middleware.

The key contributions in this thesis include the presentation of a component
framework design model for building RTSJ-based middleware and distributed systems;
this framework focuses mainly on the memory model, the communication model of
building the components and it also provides the management mechanism of these
components, which uses a set of design patterns that integrates with these models. This
includes a memory model for the RTSJ components associated with a set of reusability
and life-management sub-components that support building real-time components in
the RTSJ. Also, we provided a design of a real-time reconfigurable communication
component based on the RTSJ that can be used to support predictable low level remote
communications in distributed real-time Java applications and we showed how this
component could be integrated within the component model as a sub-component, to
provide communication services within the component model. Also, we presented our
own model of integrating both the framework and the component model within the
RMI architecture to provide a reconfigurable real-time Java RMI middleware based on
the RTSJ.
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Chapter 1
Introduction

The need for distributed applications is of major concern, and this need is
increasing rapidly nowadays and will continue to increase in the next generations. In a
wide range of these distributed applications there is an increasing demand for real-time
support. At the moment, over 99% of all the microprocessors are used within
networked embedded systems (Burns and Wellings 2001) that control, in real time;
physical, chemical, biological, or defense processes and devices. This has resulted in a
new set of distributed applications known as distributed real time embedded systems
(DRE) that need strong support of real-time behavior. Examples of such systems
include (Krishna, Schmidt et al. 2003).

Telecommunications networks (e.g. wireless phone services)
Telemedicine (e.g. robotic surgery)
Process automation (e.g. hot rolling mills)

1.

2

3

4. Multimedia streaming (e.g. web broadcasting)

5. Auvionic systems (e.g. flight guidance and control systems)
6

Defense applications (e.g. total ship computing environments)

The complexity of distributed systems complicates their development and
testing, as many of the current languages and tools used for building such systems have
low levels of abstraction. Also, the use of highly specialized technologies can make it
hard to adapt the software to meet new functional or QoS requirements,

hardware/software technology innovation, or emerging market opportunity.

One of the most successful strategies used to simplify and speedup distributed
software development is the use of middleware solutions. However, the process of
building and designing middleware solutions itself is not an easy task, as different
distributed systems have different requirements. Hence, it is difficult to build a single
middleware that can be used in all distributed systems. So, in order to ease the building

of reliable and efficient middleware solutions and distributed systems, there is a need
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for defining and constructing tested and generalized reconfigurable software constructs

that can be used in building such systems.

The development of efficient middleware architectures that ease, enhance, and
speed up the building of distributed systems in general and in particular for developing
distributed real time systems is a common challenge. Reusable software patterns and
components technologies are two main technologies that integrate together in order to
provide reusable software constructs for building software systems. Therefore, these
technologies have been widely used for developing many conventional middleware

solutions.

However, the conventional middleware solutions have been found not to be
suitable to build most of the distributed real-time and embedded systems. One of the
main reasons of this, is that the conventional technologies of software design patterns,
and components off the shelf (COTS) used in building such middleware solutions have

been found unsuitable for use in DRE systems due to either being (Schmidt 2002):

- Flexible and Standard; but incapable of guaranteeing stringent QoS demands,
which restricts assurability.
- Partially QoS-Enabled; but inflexible and non-standard, which restricts

adaptability and affordability.

An additional important challenge that faces the development of middleware
solutions is the complexity of building reliable communication mechanisms and
paradigms over the networks. Hence, many programming languages provide integrated
communication and networking mechanisms to ease the development of distributed

software systems (for example, Java and Ada).

The Java language is one of the best programming languages in providing
integrated communication and networking mechanisms. There are many distribution
middleware solutions built using Java. RMI is the basic middleware provided in the
Java language, and many other distribution middleware solutions have been
implemented over it. However, in addition to the unpredictability of the Java language
and the lack of support of QoS guarantees or the end-to-end timeliness, the Java
middleware solutions have not been widely used to build distributed real-time systems.
So there is a high demand for enhancing the Java middleware technologies, particularly
RMI, to push it for use in distributed real-time systems. We aim in this research to see
how the use of the Real-Time Specification of Java can help to build real-time

reconfigurable middleware in Java.



Chapter 1

1.1 Overview of Distributed Real-Time Systems

The revolution in the communications and software technologies caused
distributed real time systems to grow in size and complexity. The development of
distributed embedded real-time systems faces key technical challenges. One of these
major challenges is satisfying multiple QoS requirements in real-time. Examples of
QoS requirements include (Wang, Schmidt et al. 2003):

- Real-time requirements; that guarantee the end-to-end timeliness, low latency and
bounded jitter.

- High availability requirements; such as fault propagation/recovery and load
balancing across distribution boundaries.

- Physical requirements; such as limited weight, power consumption, and memory

foot print.

To ensure that the DRE systems can achieve their QoS requirements, various
types of QoS provisioning must be performed to allocate and manage system
computing and communication resources end-to-end. This can be performed in the

following ways (Wang, Parameswaran et al. 2001):

- Statically; by ensuring that adequate resources required to support a particular
degree of QoS is pre-configured into an application. Examples of this are task
prioritization and communication bandwidth reservation.

- Dynamically; where the resources required are determined and adjusted at run time.
Examples of dynamic QoS provisioning include; run time reallocation and re-

prioritization to handle burst CPU load, and competing network traffic demands.

Due their characteristics, reliability is of a major concern in real-time system.
Reliability of a system is a measure of success of how the behaviour of this system
meets its required specification; hence, system specification should be complete,
consistent, comprehensible, and unambiguous; otherwise, the behavior of the system
deviates from that which is specified for it, this deviation is called a failure. Failures
result from unexpected problems internal to the system, which eventually manifest
themselves in the system’s external behavior. These problems are called errors, and
their mechanical or algorithmic causes are called faults. In general, any system is
usually composed of components, each of these components may be considered itself
as a smaller system; hence, a failure in any of those smaller systems may lead to a fault
in another, which results in an error and potential failure of that system. This in turn

introduces a fault into any surrounding system and so on. (Burns and Wellings 2001).
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Real-time middleware is categorized as a subset of distributed real-time
systems. This means real-time middleware has all the characteristics of both real-time
systems and distributed systems with additional properties that specializes it. In this
section we aim to discuss the basic definitions and properties of both real time systems
and distributed real time systems in order understand the characteristics of real-time
middleware, then we will show some middleware definitions that identify its specific
properties.

1.1.1 Definitions of Real-Time Systems

There are several definitions of real time systems amongst different groups,
such as vendors, software developers, practitioners, academics, researchers and so

forth. Some of these definitions are given below.
The Oxford dictionary of computing offers the definition as:

"It is a system in which the time at which the output is
produced is significant. This is usually because the input corresponds
to some movement in the physical world, and the output has to relate to
that same movement. The lag (delay) from the input time to output time
must be sufficiently small for acceptable timeliness".

The above definition covers different types of systems, from workstations
running under UNIX operating systems, where the user expects to receive a response
within a few seconds, to aircraft engine control systems which must respond within a
specified time. Failure to do so could cause the loss of control and possibility loss of
passengers lives (Palue 2002).

A second definition was presented in the Journal of Systems and Control

Engineering, and it defines real-time systems as follows (Cooling 1991):

"Real-Time Systems are those which must produce correct
responses within a definite time limit. Should computer responses
exceed these time bounds then performance degradation and/or

malfunctions results."

From a software developer point of view, the following is an alternative

definition to the above, presented in (Palue 2002):

"Real-Time Systems read inputs from the plant (a physical

system to be computer controlled, e.g. robot, supermarket automated
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entrance sliding door, factory automation process, digital camera and
so forth) and sends control signals to the plant at times determined by
plant operational considerations - not at times limited by the

capabilities of the computer systems".

From all the above, we can see that all the definitions of real-time systems are
referring to the systems that have execution time constraints, which have to be satisfied
otherwise the system performance would degrade and it might fail to provide its

predicted functionality required from it.

1.1.2 Classification of Real-Time Systems

As concluded from their definition, real time systems are systems in which
time plays a critical role in its functionality. A distinction can be made among those
systems which will suffer a critical failure if time constraints are violated (hard or
immediate real-time), and those which will not (soft real-time). It is important to note
that hard versus soft real-time does not necessarily relate to the length of time available
(Laplante 2004). A machine may overheat if a processor does not turn on cooling
within 15 minutes (hard real-time). On the other hand, a network interface card may
lose buffered data if it is not read within a fraction of a second, but the data can be
resent over the network if needed, without affecting a critical operation, perhaps
without a delay noticeable to the user. According to this, the following definitions were

presented for the different types of the real-time systems:
- Soft Real time System: This type of systems was defined in (Laplante 2004) as;

"A soft real-time system is one in which performance is
degraded but not destroyed by failure to meet response-time

constraints"

This definition means that missing even many deadlines will not lead to
catastrophic failure, only degraded performance. Hence, a soft deadline will often have
a few characteristics, which describe the deadline (Newcombe and Seraj 2002)
including the deadline itself, the upper bound on the probability of missing the

deadline, and an upper bound on the lateness of the delivery.

- Hard Real-Time System: This type of the real-time systems has a high level of

timing constraints as seen in the following definitions (Laplante 2004);

"A hard real-time system is one in which failure to meet a

single deadline may lead to complete and catastrophic system failure"
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For instance, missing the deadline to launch the missile within a specified time
after pressing the button can cause the target to be missed, which will result in

catastrophe.

- Firm Real time System: Several definitions of firm real-time systems exist. In
(Laplante 2004) it is defined as;

"A firm real-time system is one in which a few missed
deadlines will not lead to total failure, but missing more than a few
may lead to complete and catastrophic system failure”. For instance
missing critical navigation deadlines causes the robot to veer

hopelessly out of control and damage crops"

A slightly different definition is found in (Burns and Wellings 2001), where it
is defined as:

"A deadline that can be missed occasionally, but in which
there is no benefit from late delivery, is called firm."

A third definition is found in (Newcombe and Seraj 2002), defines it as:

"The firm real time is a variation of soft real time system. The
firm real time system will recover from a missed deadline but once the
deadline is missed, the activity is stopped. It is important to note that
the obvious objective is to meet these deadlines but failure to do so is

not catastrophic"

In conclusion, according to the above definitions of real-time systems types, we
can represent the real time systems as shown in the diagram in Figure 1-1, which shows

the relation between the correctness-value of the system against the number of

deadlines.
A A
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> >
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| N
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T - Time 1 T No. of DeadLines
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Figure 1-1 Types of Real-time Systems
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1.1.3 Definition of Distributed Real-Time Systems

Distributed real time systems are a special category of real time systems that
apply the real-time constraints defined for real time systems to distributed systems. So,
a definition for distributed system is needed first before providing a definition of such
systems. As it was in the case for the real-time systems, there are many definitions of
the distributed systems that say similar things; some of these definitions are given

below:
In (Burns and Wellings 2001) a distributed system is defined to be:

"It is a system of multiple autonomous processing elements

cooperating in a common purpose or to achieve a common goal."

This definition is a wide definition of a distributed system, without descending

to details of physical dispersion, means of communication and so on.
Another definition of distributed systems is found in (FOLDOC 1994) as:

"It is a collection of (probably heterogeneous) automata
whose distribution is transparent to the user so that the system appears
as one local machine. This is in contrast to a network, where the user
is aware that there are several machines, and their location, storage
replication, load balancing and functionality is not transparent.
Distributed systems usually use some kind of client-server

organization"

A third detailed definition of distributed systems is found in (Microsoft 2002),
and defines the distributed systems as:

"A non-centralized network consisting of numerous computers
that can communicate with one another and that appear to users as
parts of a single, large, accessible ‘general storehouse’ of shared
hardware, software, and data. A distributed system is conceptually the
opposite of a centralized, or monolithic, system in which clients

connect to a single central computer, such as a mainframe."

As they are concerning distributed systems in general, the above definitions do
not say anything related to real time. However, we can consider distributed real-time

systems as a system that has a combined definition of both real-time systems and
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distributed systems. For example, one of the more explanatory and specific definition

co-related to real-time systems defines distributed real time system as(Urbano 2002):

"A distributed real-time system is an integrated system
composed of a set of dedicated hardware that monitors real-world
processes; acts and reacts on events respecting time requirements. The
elements of such system are inherently concurrent, and the need of
synchronization arises when co-operation is required. The co-
ordination of action between the elements is achieved using a shared
resource such as a communication channel in which the elements

exchange data and messages. "

1.2 Overview of Real-time Middleware

As stated before, middleware technology has a set of characteristics and
properties that are specific to it and make it different from other types of distributed
systems; here we have discussed these characteristics, then we will consider how the

different types of the middleware can be classified from different points of views.

1.2.1 Definition of Middleware

Many interesting definitions of middleware exist, all centered on sets of tools
and data that help applications use networked resources and services. This breadth of
meaning is reflected in the following working definition provided by :

"Middleware is the intersection of the stuff that network
engineers don't want to do with the stuff that application developers

don't want to do"

In (The Computing dictionary 2010) middleware is defined from a functional

point of view as:

"It is software that functions as a conversion or translation

layer. It is also a consolidator and integrator”

Gartner Group (commercial software provider) (Gartner Inc 2001) defines middleware

as:

"It is run time system software that directly enables
application level interactions among programs in a distributed

computing environment™
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In (Schantz and Schmidt 2001) it as defined as follows:

"Middleware is reusable software that resides between
applications and the underlying operating system, network protocol

stacks, and hardware"

1.2.2 Middleware Characteristics

The purpose of using middleware is to isolate the application from the platform
specific differences, both hardware and software, and provide facilities to hide the
undesirable aspects of distribution. These are often referred to as distribution
transparency mechanisms that can be classified into the following different aspects
(Macmillan 1995):

- Location Transparency: masking the physical locations from services.
- Access Transparency: masking differences in representation and operation of the

invocation mechanisms.

Concurrency Transparency: masking overlapped execution.

Replication Transparency: masking redundancy of the resources.

Failure Transparency: masking recovery of services after failure.

Resource Transparency: masking changes in the representation of a service and
resources used to support it.

- Migration Transparency: masking movement of service from one application to
another.

- Federation Transparency: masking administrative and technology boundaries.

Properly developed and deployed middleware can reduce the task of
developing distributed applications and systems by helping to (Wang, Schmidt et al.
2003):

1- Provide a set of capabilities closer to the application design level abstractions to
simplify the development of distributed applications.

2- Manage system resources by using higher-levels of abstractions.

3- Awvoid the use of the low level, tedious and error-prone platform details.

4- Reduce system-lifecycle costs by building trusted reusable software patterns.

5- Provide a wide array of the ready to use services for developers.

6- Ease the integration and interoperability of software over diverse heterogeneous
and separated environments.

7- Provides industry-wide standards for the higher levels abstraction of portable

software.
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1.2.3 Middleware Classifications

Several standardization efforts are ongoing in several areas of middleware.
These efforts have resulted in different classifications of middleware. Some of these

classifications are discussed below.

A- Architectural-Based Classification
A classical classification of middleware solutions classifies them according to
their design and architectural elements used to build them as follows (Duran-Limon,
Blair et al. 2004):

- Remote Procedure Calls Middleware (RPCM): By allowing procedures in
heterogeneous distributed platform to be called as if they were local. For example many
operating systems support the Open Group’s DCE Standard.

- Transaction-oriented Middleware (TOM): Aims to interconnect heterogeneous
database systems, offering high performance, availability and ensure data integrity
database systems.

- Message-Oriented Middleware (MOM): Provides asynchronous rather than
synchronous interactions.

- Object-Oriented Middleware (OOM): Supports the remote invocation of object
methods. CORBA, Java RMI, DOCM, and .NET are important OOM platforms.

- Component Oriented Middleware (COM): Enables reusable services to be
composed, configured and installed to create distributed applications rapidly and
robustly. Examples of these technologies include the CORBA component model
(CCM) and the Enterprise Java Beans (EJB).

B- Heterogeneity-Based Classification
A broader approach for classifying middleware was defined in (Medvidovic

2003) according to the type of heterogeneity as follows:

- Platform heterogeneity. Middleware can allow communication among components
running on different platforms. For example, many CORBA ORBs have compatible
implementations on various flavors of UNIX, Windows, etc. Java based middleware
like RMI (Pl1asil and Stal 1998) also allow this, but depends on the portability of the
underlying virtual machine.

- Language heterogeneity. Middleware can allow communication among
components written in different programming languages. Microsoft’s COM, for

example, allows communication among components written in Visual Basic, C++, and
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other Microsoft languages. In contrast, RMI middleware allows communication among
components written in Java only.

- Connectivity_heterogeneity. Middleware can allow the ability to store-and-forward
information. This middleware is useful for connecting components with unreliable
network connectivity to other components or components that are nomadic. For
instance, QoS-enabled middleware for media delivery can download sample
multimedia stream that is viewable by someone with 56kbit connection.

C- Classification According to the Non-functional Requirements

A middleware taxonomy with respect to non-functional requirements can be
found in (FP6IPRUNES 2005); it depends on the fact that middleware itself is a
distributed system that needs to meet the requirements of any type of distributed
system. So any middleware can be evaluated and classified according to whether, and
in what degree, it can meet each individual requirement. These requirements are
(Huston and Schmidt 2001; FP6IPRUNES 2005):

- Heterogeneity; The capability of working in different programming languages,
running on different operating systems and executing on different hardware platforms.

- Openness; The capability to extend and modify the functionality of the middleware.

- Scalability; The ability of the system to accommodate a higher load at some time in
the future.

- Failure handling; the ability to recover from faults without halting the system.

- Security; Mechanisms such as authentication, authorization, and accounting
functions may be an important part of the middleware in order to intelligently control to
system resources, enforcing policies, etc.

- Performance; It can constitute a requirement of the middleware in various
situations as in QoS and real-time systems.

- Adaptability. The presence of adaption mechanisms within middleware may be
needed to cope with changes in the applications’ and users’ requirements.

- Feasibility. Constraints of available resources may limit the feasibility of

performing certain tasks or offering certain services in a given environment.

D- Layered-Based Classification

Just as a networking protocol stack can be decomposed into multiple layers, a
specific classification that is specific to the Object Oriented Middleware was presented
in (Schmidt 2002), and decomposes middleware into multiple layers, shown in

Figure 1-2.
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Applications

Domain Services

‘ Common Services
‘ Distribution

Middlewe Layers

Host Infrastructure

OS & Protocols

HW Devices

Figure 1-2 Middleware layers

According to this classification, the common hierarchy of object-oriented
middleware includes the layers described below:

- Host Infrastructure Middleware; encapsulates and enhances native OS
communication and concurrency mechanisms to create portable and reusable network
programming components, such as monitor objects and active objects. These
components help eliminate many tedious, error-prone and non-portable aspects of
developing and maintaining networked applications; via low level OS programming
(e.g. Java virtual machines).

- Distribution Middleware; defines higher-level distributed programming models
whose reusable APIs and mechanisms automate and extend the native OS network
programming capabilities encapsulated by host infrastructure middleware. It enables
developers to program distributed applications much like standalone applications, i.e.;
by enabling the invocation of operations from target objects regardless of location, OS
platform and communication protocols (e.g. CORBA and Java RMI).

- Common Middleware Services; extends distribution middleware by defining
higher level domain-independent reusable components that allow application
developers to concentrate on programming application logic, without the need to write
the plumbing code needed to develop distributed applications by using lower level
middleware features directly. It focuses on allocating, scheduling, and coordinating
various end-to-end resources throughout the distributed system using a component
programming and scripting model (e.g. CORBA Services, CORBA component Model).

- Domain Specific Middleware Services; these services are tailored to the
requirements of a particular DRE system domains, such as avionics mission computing,
telecommunications, e-commerce, health care, etc. Boeing Bold Stroke architecture for
mission computing avionics capabilities is an example of such middleware services
(Sharp 1998).
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1.3 Motivations and Research Scope

The Java programming language is one of those languages that support the
mapping of operating systems facilities for communication and networking facilities,
e.g. sockets, into very efficient and highly abstracted libraries, which are easy to use by
developers. This support, along with Java’s strong semantics and object-oriented
programming model, and its support for building reusable components, has resulted in
Java being one of the first choices for distributed software designers and developers

when building highly efficient non-real-time middleware for distributed systems.

Java not only provides packages that abstract the low level communication
operations offered by operating systems, but also, it comes with a remote
communication middleware solution, the Java RMI. Java RMI is a middleware that
enable the invocation of methods defined in remote objects that exist on remote nodes,
as if they are invocations to local methods, i.e.; it hides the complexity of using the low
level operations such as the initiation of the connection, the transfer of objects into
bytes to be sent over the network, the locating of the remote method, the passing of
arguments to it, executing it, and the return of the result from the server object to the
client as bytes over the network, and then it rebuilds the returned object and delivers it
to the client.

The importance of Java RMI is not just because it has the basic middleware
that is presented in Java, but also because it represents the base layer of other advanced
middleware solutions that have higher level of abstractions such as Jini. So, developing
real-time RMI is a key element for building advanced real-time middleware solutions

in Java.

However, the conventional Java RMI middleware implementation is lacking a
lot of the important features required for real-time systems. The most essential reasons

for this are:

1- Java RMI is built using the Java language, so it inherits the unpredictability of the
Java language, which was the reason that Java has not found the same success in
building real-time systems; this unpredictability is due to the lack of support of
predictable memory and scheduling models.

2- The software patterns used for the implementation of the Java RMI both at the
server side and the client side use only a single model of communication, blocking

communication, which is not suitable for many distributed real-time systems.
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3- Java RMI has no built-in mechanism to guarantee the required end-to-end timelines

of the remote call execution.

Much of research has been attempted to overcome the unpredictability of the
Java language. This research has resulted in the release of the Real-Time Specification
for Java (RTSJ) (G. Bollella, B. Brosgol et al. 2006), that has been proposed to provide
the required extensions necessary to be integrated with the Java platform to provide

more predictability.

The RTSJ is an extension to Java that aims to solve the unpredictability
problems of Java and to support the real-time concepts and requirements directly in the
language itself. The RTSJ provides a predictable memory model that uses scoped
memory areas to avoid the unpredictability due to the garbage collector. Also, RTSJ
defines a scheduling model that provides an integrated real-time scheduler and

predictable schedulable objects.

However, the RTSJ has not targeted distributed systems, as it focused only on
centralized systems. Hence, using it to build real-time RMI middleware faces additional
challenges to the above challenges, not only due to the real-time constraints, but also

due to its new memory model and scheduling model. This is because:

1- The currently used patterns and components in the current Java-based middleware
solutions require modifications to the existing architectural patterns and models used to
build them, or even the invention of new ones, in order to be able to provide the
patterns necessary to build reusable software components.

2- Building reusable software components in RTSJ for real-time systems using the
current component-based systems strategies is a complicated task, and it is not easy to
enforce the use of the RTSJ rules into them, especially when components integrate
together.

3- Most of current communication and networking technologies have been designed
and built without, or with a limited, consideration of supporting real-time behavior.
However, RTSJ is silent on providing communication mechanisms suitable for
distributed real-time systems.

4- The diversity of the types, platforms and requirements of distributed real-time
systems, requires flexible and reconfigurable architectures of both the middleware and
the software components that can be easily configured by the developer in order to be

used according to the requirements of the target distributed system.
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Therefore, in order to integrate Java RMI with the RTSJ, researchers in (A.
Wellings April 2002) proposed three levels of integration (the three levels are discussed
in chapter 3). Also, in (Clark, Jensen et al. 2002) the users proposed an extension of the
Java RMI model that adopts the distributed thread model as a base for the distributed
real-time specification of Java, DRTSJ. There is still much work needed to cover all the

aspects needed to support a complete model for the real-time RMI.

1.4 Thesis Goals, Hypothesis and Contribution

The Java-based middleware technologies, particularly Java RMI, have been
shown to be appropriate for building distributed systems. However, due to both the
unpredictability of the Java language and the unpredictability of the software patterns
used in building them, they are not suitable for building distributed real-time systems.
In addition to the unpredictability, many of the software patterns used for building Java
middleware solutions are not flexible enough to be used in the wide range of distributed
real-time systems that have different architectures, requirements and functionalities. So,
building distributed real-time systems in Java requires not just a real-time support from
the language itself, but it needs a set of reusable and reconfigurable software models
and constructs for distribution. These software models must have high degree of
predictability in order to ease the development of these real-time systems.

The presentation of the RTSJ is a promising step toward taking the Java
language to the area of developing real-time systems, since it provides predictable
scheduling and memory management models that are integrated within the language
itself. So, our first goal in this thesis is to determine the extent to which new memory
and scheduling models in the RTSJ can be used to build an RTSJ-based real-time
middleware with high levels of abstraction, and how the RTSJ features and the real-

time requirements of the middleware can affect the design phases of building it.

Since the RTSJ memory and scheduling models have a set of constraints and
rules, the current design patterns and component models cannot be directly used within
the RTSJ-based real-time middleware solutions. Hence, our second goal is to provide
reusable software design patterns and simplified component models that support
building reusable components models that are compatible with the RTSJ memory

models and hides its complexity.

Also, as the communication mechanisms of distributed systems can affect
greatly the predictability of the system, one of our goals is to see how the RTSJ can be

integrated with efficient communication software patterns to build a reusable and

-15-



Chapter 1

predictable communication software facility that offers different mechanisms of
communications, that enable the developer either to use it directly within a distributed
real-time system or to use it as the communication layer of a real-time middleware

solution of higher abstraction.

Finally, Java RMI is not just the main distribution middleware in Java, but also,
it has been used as an underlying layer in many Java-based distribution middleware
solutions that have higher levels of abstractions, e.g. Jini. Hence, one of our main goals
is to investigate its architecture to find out the sources of the unpredictability in it, and
then provide a proposal for the changes and enhancements required of the software
patterns used for building it; both at the server side and the client side parts of it, in

order to provide a real-time model of it.
In relation to above goals, the thesis is stated in the following:

"The Java platform does not provide sufficient support for
building real-time middleware for distributed real-time applications in
general, and particularly the middleware solutions. However, it is
possible to enhance the Java platform’s ability to build such real-time
middleware solutions, by building a component framework that
supports building real-time components, where these components are
built using predictable RTSJ-based design patterns. This framework
can support the building of simplified and flexible reusable
components, which hide the complexity of the RTSJ memory and
scheduling models, in addition to supporting configurable and flexible
low-level communication services that can integrate with the
component model, to implement higher middleware models such as

RMI, in order to support building distributed real-time applications”

In order to support this hypothesis, the thesis provides the following

contributions:

In order to support the RTSJ based component-oriented real-time applications, we
propose a component framework model that integrates the real-time requirements into
the component model, and abstracts the complexity of the RTSJ using carefully
selected design patterns. In this framework, we propose a memory model for the
internal design of the RTSJ-based components and we associate with it a set of design
patterns that integrate with the memory model; including a novel set of patterns for

managing the life-time of the memory model, including the ForkThread, Dual
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ForkThread, Pinnable Scoped Memory, the Runnable Stack pattern and patterns for
easy memory sharing within the component.

Then, we present a model for a configurable real-time communication component
based on the RTSJ, the Real-Time Communicator, which can be used either as a
separate component or as a sub-component within other components. The design of this
component adopts the non-blocking mechanisms of communication as its basic model
for supporting communication; which is more efficient for real-time systems. The
flexible structure of the component enables configuring the component to use it for
other models of communications; e.g. blocking synchronous by emulating these models
within the component’s internal elements. The component supports two modes, a server
mode to accept connections and a client mode to initiate connections, while, the
handling of the communications events is done internally using a pool of RTSJ
schedulable objects to limit the concurrency, and to ensure the predictability.

We provide a new architecture of the Java RMI that evaluates the real-time
communication model and the component model by using it at both the server side and
the client side. This proposed Java RMI architecture inherits the efficiency and the
predictability of the communicator component and can work in several configurations
both at the server side for handling the calls, and at the client side for invoking calls.
The model supports using the FUTURE objects design pattern to enable the use of the
POLL object invocation pattern for making non-blocking calls where the RTSJ model
of this invocation pattern is integrated within the stub of the remote object at the client
side.

We propose an architecture in which the same communication component can be used
by several stubs at the same time.

We provide an evaluation of the use of our forked memory model and its associated
lifetime management models, e.g. ForkThread, Dual ForkThread, Pinnable Scoped
Memory, etc. within the stub to specify the constraints of using them.

1.5 Thesis Structure

In order to prove the above thesis hypothesis, the thesis is set out as follows: In
chapter 2 and chapter 3 the general and specific approaches for presenting middleware
for real time systems are presented. In chapter 2, a hierarchy of middleware paradigms
is presented, this hierarchy categorizes the general paradigms of middleware into layers
presented from the lowest level to the highest level of abstraction, where for each layer
of abstraction we provide the main structural patterns of the middleware technologies
lying in this layer associated with the efforts made, within our knowledge, to support

the real-time behaviour within these middleware technologies. Then, in chapter 3, we
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investigate why Java is an efficient language for building distributed systems but not
real-time distributed systems; then we provide a brief overview of the architectures of
the distributed object paradigm in Java; e.g. Java RMI and CORBA, as they are the
most widely used and efficient paradigm for remote communication. Then we
investigate in details the reasons that make these middleware technologies not
predictable, where our investigation will focus mainly on the problems and
requirements in the Java RMI, resulting from the Java and JVM limitations, the RTSJ
support, the RMI tools, the RMI programming model and the RMI implementation
model. Then, we review the literature of the present research made toward supporting
predictability and real-time behaviour in the RMI and RT-CORBA using the RTSJ
including the three levels of integrating the Java RMI and RTSJ.

In the first part of chapter 4, we revisit the RTSJ to provide a deeper overview
of its new memory and scheduling models in order identify the constraints of using
these models and how these constraints have to be considered when designing RTSJ-
based systems. Then in the second part of this chapter we introduce both the software
design patterns and the components software engineering technologies that enable
reusability. The idea of introducing these technologies is that they have proved to be
efficient technologies for building guaranteed and reliable middleware solutions. After
introducing each of these technologies, we discuss their applicability for use in real-
time systems and the research efforts made to provide standardized RTSJ-based design
patterns and component models, especially to overcome the constraints provided in the

beginning of the chapter.

As the use of the new scoped memory areas for predictable memory
management in the RTSJ has a set of constraints, existing software design patterns
cannot be mapped directly to the RTSJ, due to the complexity of the internal
communication mechanisms. Hence, in chapter 5, we try to hide the complexity of the
RTSJ memory model by providing a general component framework that integrates a set
of design patterns that enable building RTSJ components, as well as providing
pluggable real-time supporting facilities such as thread pooling and remote

communication into the component hierarchy.

After building our component framework in chapter 5, we move in chapter 6 to
survey the remote communication mechanisms, and their pros and cons for building
distributed real-time systems, and from this survey we provide our own novel design
and implementation of a reconfigurable low level communication component that

adopts the non-blocking mechanisms for processing the networking mechanisms,
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where the internal design of this component can be reconfigured through a set of
configurable properties in order to use it either in a server or a client mode, and to
reconfigure it to emulate other communication mechanisms that are usable in a wide
range of distributed real-time systems. The handling of the networking communication
events is done in this component using a pool of the RTSJ’s schedulable objects that
can have a limited size to limit the concurrency level within the component, to ensure
the predictability. The model is presented in a design that enables using it either as a
sub-component within the hierarchy of other components, or as a separate component
that integrates with other components.

In chapter 7 we show an analytical evaluation of our communicator
component, where we show that the real-time communicator component provides
predictable low level of networking communication, which can be used as the
communication networking layer of many real-time Java middleware solutions. Also,
the proposed memory model of the component and/or its associated design patterns can
be used in the building of the Java’s real-time middleware solutions. We start the
chapter by first analysing the general design patterns used in the general remote
middleware, then we show how these design patterns are mapped into the architecture
of the RMI-HRT, which is an open source of the Java RMI that support real-time
features. We analyse the structure of this middleware, to find the defects that exist in it
and then, we propose our own modifications to this middleware which we consider
important to avoid the blocking in the original model. Where our main modification is
the integration of the communicator component at both the server side and the client
side to investigate how it can handle the networking I/O operations. Also, we specify
other changes that are required on the RMI protocol to support the use of this
component. We then evaluate how the embedding of the communicator component can
provide different configurable models of making and handling the remote calls on both
the server side and the client side. Then, we discuss the possibility of integrating the
component among several stubs concurrently. Finally, we made an overview of the
serialization within the model and how we could extend it to support the propagation of

the client’s temporal parameters.

In chapter 8, we provide additional evaluations that include evaluation of the
patterns and subcomponents used in developing our proposed component model, we
then evaluate the use of the life control memory management patterns in processing
future calls on the client side. Then, we evaluate the support given by the component
model to solve the unbounded memory usage of the Java NIO as the basic library used

for developing the communicator component.
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Finally, in chapter 9, we provide our conclusion of the work done on the thesis,

and discuss the possible future work that can extend the work presented in this thesis.

1.6 Summary

In this chapter, we introduced to our research in the real-time middleware,
where we provided an overview of the real-time middleware, its characteristics,
categories, and the challenges of building it. Then we presented the scope of work of
developing real-time middleware in Java using the RTSJ, We presented our hypothesis
and the thesis plan to proof the hypothesis. In the next chapter, we provide the structure
and paradigms used for building middleware in general and examples of applying them

in the real-time domain.
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Structural
Paradigms and Technologies
for

Real-time Middleware

The emergence of distributed computing as a dominant computing paradigm is
well acknowledged. Along with the increased demand for such applications came the
need for tools to facilitate their development. Middleware is a common solution for the
development of such applications. In this chapter, a review of distributed systems and
middleware paradigms is presented and examples of using these paradigms in

developing distributed real time systems, if they exist, are discussed.

Many architectural paradigms and models are commonly used in the
development of distributed systems, here we provide a classification of ten of these
paradigms and models that are used to build middleware systems and classify them
according to their level of abstraction; this classification is an extension of the
classification that was presented in (Liu 2001) to classify some of these paradigms, see
Figure 2-1. We will present ten different patterns starting from the lowest level of
abstraction to the highest, where we will present each paradigm with its architectural

pattern(s) and discuss the efforts that have been made to apply it in building real-time

middleware.
1. The Message Passing Paradigm
2. The Client Server Paradigm
3. The Peer-To-Peer Paradigm
4. The Message System Paradigm

a- The Point-To-Point Message Model.
b- The Publish/Subscribe Message Model.

5. The Remote Procedure Call
6. The Distributed Object Paradigm

a- Remote Method Invocation.
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b- Network Service.
c- Object Request Broker (ORB).
d- The Object Space Paradigm.

7. The Application Server Paradigm
8. The Tuple Space Paradigm
9. The Collaborative Application (Groupware) Paradigm

I
-

»a
>

Object Space, Collaborative Applications, Tuple Space, Mobile agent

Network Services, Object Request Broker, Mobile Code (REV, MO, COD)

Remote Procedure Call, Remote Method Invocation

Client-Server, Peer-To-Peer, Message Systems Paradigms (Point-To-Point, Publish-Subscribe)

Level of Abstraction

Message Passing

-

ow

Figure 2-1 Distributed Computing Paradigms and their Levels of Abstraction (BASED ON (Liu
2001))

2.1 Message Passing Paradigm

Message passing is the basic approach for inter-process communication, where
data messages are exchanged between two processes, a sender and a receiver.
Figure 2-2 illustrates the message passing paradigm where in (a) the process A sends a
request message to process B. The message is delivered to process B, which processes
the request, and sends a reply message (b) back to process A. In turn, the reply may
trigger a further request (c), which leads to a subsequent reply, and so forth. A direct

application of this approach is the socket application-programming interface.

Process A Process B

a
“

Figure 2-2 Message Passing Paradigm

As the message passing paradigm is at the bottom level of distributed systems
paradigms, designers of real-time middleware (based on this paradigm) are usually
overly involved with their immediate target platform to make reasonable use of its
communication features in order to get the most valuable quality of service for this
platform. This makes this middleware non-portable to other platforms (2002; Skjellum,
Kanevsky et al. 2004).
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To achieve the portability in real-time applications and communication
middleware implemented based on the message passing paradigm; researchers at
Mississippi State University published The Real-Time Message Passing Interface
(MPI/RT-1.1) Standard in 2002 (MPI-RT 2002). The design of MPI/RT was based on
MPI specification (Message-Passing-Interface-Forum 1994), the widely used standard
of message-passing, but provides an application programmer interface that enable plan
in advance, reserve resources, admit sets of channels with timing guarantees. The
standard has been designed using object-oriented design principal and defines bindings
for C and C++. However, it does not preclude implementations for other languages.

In MPI/RT, the real time parallel programming world is classified into three
categories according to their requirements for QoS as follows (Kanevsky, Skjellum et
al. 1997):

- The Time Driven, Real Time Paradigm; specifies timing intervals during which
messages transfers over channels should take place.

- The Combined Event-Driven-With Priority Real Time Paradigm; specifies
priority as the real time requirement and events for the start and completion for a
channel message transfer, handler execution, or event delivery from a trigger to a
receptor. Where transferred messages inherit the channel priority that is specified as the
channel QoS. Moreover, any application that requires multiple priority levels can
construct multiple “parallel” channels with different priorities to achieve this
requirement.

- Time-Driven-With Priority Real Time Paradigm. This paradigm specifies either a
priority as the real-time requirement, a timeout as the completion event, or a deadline

as both the real-time requirement and the completion event.

The design of MPI/RT adopts the concept of deferred early binding, in which
the application is required to set up the communication architecture and its parameters
but the actual resource allocation is performed when the application enters its real-time
phase. In order to emphasize the deferred early binding approach, MPI/RT defines four
phases for the real time application as follows (MPI-RT 2002):

- Initialization Phase; initializing both the MPI/RT library and the various processes
that will participate in the real time communication.

- Non-Real-Time Phase; starts once the initialization phase succeeds in order to
create all the required MPI/RT objects with their requested QoS, without allocating

system resources for these objects.
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- Real-Time Phase; starts by allocating system resources and performing global
admission testing within the MPI/RT implementation to guarantee the predictability of
communication and other MPI/RT operations. The admission test matches the
resources requested by the application to available system resources. If any of the
requested objects cannot be honoured, the entire test fails. Once the system passes the
admission test it goes into a real time mode (by calling a committing operation with a
set of the required set of MPI/RT objects) in which the application uses system
resources (e.g. network bandwidth and memory) in a controlled and predictable manner
so that the communication operations complete within the QoS requirements and if a
violation should occur, any user specified handlers defined for the events for these
conditions will fire. Theses handlers may correct the system behaviour.

It is possible for the system to transit to another real-time mode within the
same real-time phase by calling a committing operation with a different set of user-
requested objects, so that only one real time mode is active at a time.

- Finalization Phase. The application enters this phase only from the Non-Real-Time

Phase and after destroying all the created MPI/RT objects.

As seen above, the design of MPI/RT is based on a set of objects called
Committable Objects that participate in the admission test performed in the committing
function. Each of these objects has both object descriptors and attributes but does not
have an object body, which should consist of implied system communication resources,
until they are committed. Committable classes designed for those objects include the
following (Kanevsky, Skjellum et al. 1997; 2002):

- Containers; a set of classes to create objects capable of storing references to
selected MPI/RT objects and the operations for manipulating them.

- Buffers; the concept of buffers and their management emphasize that, in MPI/RT,
all needed system resources are allocated outside of the application’s real-time modes
to reduce the dynamic memory allocation and the associated unpredictability during
communication operations.

- Buffer Iterators; provides a mechanism for managing the order in which buffers
are accessed. The standard specifies LIFO, FIFO, Sorted and Unsorted user selectable
policies, in addition to other policies if the container is a vector container.

- Instrumentation; to measure the metrics that has to be measured automatically by
the MPI/RT, e.g. the number of messages transmitted over a channel, MPI/RT provides
probing objects that can be attached to the metrics in order to measure the change of the

metric over time.
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- Channels; channels are unidirectional, logical conduits through which data travels

from one process to another with a particular QoS. An instance of the class of the

channel represents a point-to-point channel end point and has two buffer iterators, for

input and output that can be shared among several channels to form a collective

channel in order to support collective operations such as broadcasting, besides the

point-to-point channel.

For point-to-point and collective channels, MPI/RT supports three models:

1.

Two-Sided (Send-Receive) Communication. The application issues data transfer
for two sides of the data exchange. Under this configuration, all channel end points
must call the starting operation for the message transfer to occur.

One-Sided (Push/Pull) Communication. Only one side of the application issues
data transfer operations. Under this configuration, all but one channel end points
must call the activation operation, while the remaining channel endpoint call the
starting operation for the message transfer to occur.

Zero-Sided Communication. It is characterized by the absence of any data
transfer operations, at the user thread level, by all sides participating of the data
exchange. There is no rendezvous with processes at the communication end points.
In (Neelamegam 2002), it is stated that:

"It is the responsibility of the underlying middleware to
schedule data transfer depending on the application’s QoS, which
translates to data transfer calls to/from pre-specified application
memories at pre-specified times. Zero-sided communication
necessitates early binding and hence eliminates the delay caused by

handshaking, synchronization, and system calls".

Under the Zero-Sided configuration, messages are automatically
transferred either at fixed time intervals for the time driven paradigm,

or by event occurrences for the event driven paradigm.

- Event Triggers, Receptors and Handlers. During application real-time mode,
MPI/RT supports both:

1.

Implicit events: MPI/RT generated events, such as QoS error or a buffer iterator
overflow. The user can receive these events by creating receptors with MPI/RT
identifying names of those events.

Explicit events: by calling a raising function of the event trigger object and

deliver it to a user created receptor object.
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The trigger object has a QoS parameter describing the frequency by which the
event is raised, while the receptor object’s QoS parameter describes the requirements

for the event delivery from a trigger to the receptor once an event is raised.

The handler objects specify the application-defined functions that are executed
in response to receiving event notification by receptors; they can be invoked
synchronously or asynchronously with respect to the receptor to which they are
attached. The asynchronous handlers are scheduled by the receptor according to the
handlers’ QoS outside the context of the receptor thread, prior to processing the
synchronous handler. Also, MPI/RT offers controlled event synchronization by

providing a wait operation on a synchronous event.

2.2 The Client Server Paradigm

The client-server paradigm is the most common paradigm for distributed
applications, and many other paradigms are built upon it. In this paradigm, shown in
Figure 2-3, asymmetric roles are assigned to two collaborating processes. One process,
the server, acts as a service provider, which waits passively for the arrival of requests
from clients. The other, the client, issues specific requests to the server and awaits its
response. This paradigm is the principal paradigm for the Internet as many Internet
services are client-server applications. These services are often known by the protocol
that the application implements, such as HTTP, FTP, and DNS (Liu 2001).

Server Host Client Host

)

@ /,

>

@ Client Host
D

Figure 2-3 The Client Server Paradigm

Also, the middleware for database management systems; DBMS, and
transaction processing, are built using the client-server paradigm and there has been
much research to support real time and quality of service concepts within these
middleware approaches; e.g. Beehive (Stankovic, Son et al. 1997). Although several
commercial real time DBMS exists (e.g. Eaglespeed, TimeTen and PolyHedra), these
systems have not yet solved all the problems of real time database systems (Son and

Kang 2002). In such real-time middleware, many issues must be considered other than
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those considered in traditional ones; these issues include (Ramamritham, Son et al.
2004):

- Data, Transaction and System Characteristics; a transaction can be soft, firm or
hard deadline transaction and can be periodic, e.g. periodic sensor measurements, or
aperiodic one. Also, it can be static or dynamic. Consequently, the middleware must be
able to satisfy the transaction’s timing constraints, e.g. deadlines, earliest start times
and latest start times, as well as data temporal consistency, i.e. how old a data item can
be and still be considered valid.

- Quality of Services and Quality of Data; sometimes there is a need for making a
trade off in the quality of data and accept a lower level of service in order to meet
specified time constraints.

- Scheduling and Transaction Processing; the consideration of the tradeoff between
the qualities of data vs. timeliness of processing is inherited in the scheduling of real
time transactions. For hard deadline transactions, table-driven or rate monotonic
priority assignment can be used but with many restrictions to keep the characteristics
known a priori. In soft deadline transactions, the priorities are assigned according to the
transaction time constraints rather than whether the transaction is CPU bound or 1/O
bound. Possible policies for scheduling of software transactions include:

- Earliest deadline first.
- Highest value first.
- Highest value per unit computation time first.

- Longest executed transaction first.

- Distribution; in many distributed applications, the real-time databases are not
located on a single computer. Rather, they are distributed. This requires facilities for
data replication, replication consistency, distributed transaction processing and

distributed concurrency control.

2.3 The Peer-to-Peer Paradigm

In the peer-to-peer paradigm, the participating processes play equal roles, with
equivalent capabilities and responsibilities. In this paradigm, shown in Figure 2-4, each
participant, e.g. process A and process B, may issue a request to another participant and
receive a response. This is different from the client server paradigm in that the client
server paradigm makes no provision to allow a server process to initiate

communication (Liu 2001).
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Figure 2-4 The Peer To Peer Paradigm

The main concept of the peer-to-peer computing is that each peer is acting as
both client and server at the same time. Each peer is responsible for releasing and

allocating the following (Loeser, Altenbernd et al. 2002):

- The Processing Power; the distributed computation is performed by a group of
peers.

- The Data Storage; data is not owned by a particular member or server, but is
passed around, flowing freely towards the end subscribers.

- The Control; each peer can offer the possibility of being controlled or illustrate

monitored data.

Several peer-to-peer middleware technologies currently exist such as Gnutella,
Jabber, FreeNet, and JXTA. Among those technologies, JXTA is the most significant
because it was initiated to standardize a common set of protocols for building P2P
applications. Also, Boeing adopted JXTA for the U.S. Army Future Combat System
(Sun.com 2005). JXTA was introduced as an open source project by Sun
Microsystems, the name JXTA was chosen as an abbreviation of the word “juxtapose,
because to juxtapose is to put things next to each other, which is really what peer-to-

peer is all about.

JXTA is a set of open protocols and implementations that allows any connected
devices on the network ranging from cell phones and sensors to PCs and servers to
communicate and collaborate in a direct P2P manner, where any peer can interact with
other peers and resources directly, even when some of the peers and resources are
behind firewalls. The JXTA reference implementation was in Java but other
implementations are now available in other languages like C++ and C#. The main
features of JXTA are (Sun Micro Systems Inc 2004):

- Interoperability; it can be used across different peer-to-peer systems and

communities.
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- Platform Independence; it can be used and implemented in multiple/diverse
languages, systems, and networks.
- Ubiquity; it can be used on a range of digital devices such as PC’s, PDAs, routers

and servers.

The architecture of JXTA, shown on Figure 2-5, is divided into a three layered

software stack as follows:

- JXTA Core; It is at the bottom of the stack, and it deals with the creation of peers
and peer groups, ensures security within the network and manages the communication
and routing between peers.

- JXTA Services; Provides services such as indexing, searching and file sharing.

- JXTA Applications; The actual applications that are built to make use of the JXTA

P2P services such as messaging or document management systems.

‘ JXTA Applications ‘ JXTA Applications

‘ JXTA Services ‘ JXTA Services

JXTA Core JXTA Core

Peer
Peer groups| |Peer Pipes | | Monitori

‘ Security ‘

Peer

Peer groups| |Peer Pipes Monitoring

‘ Security

— — -PIPE- — —

Figure 2-5 JXTA Architecture

Communication between peers in JXTA makes use of peers’ advertisements.
Once a peer connects to JXTA network, it publishes an advertisement that represent a
summary of the peer (name, location, etc.) and what services it can offer. JXTA
provides a discovery service that is used to locate an advert. Once obtained, a pipe
connection can be established between the two peers. The pipe itself is a virtual
communication channel that can be used for sending and receiving unidirectional
messages asynchronously and does not belong to any one peer(Sun Micro Systems Inc
2004).

A broadcaster and listener form of communication among peers is supported in
JXTA by using the Resolver. The Resolver is simply a query and response protocol,
where the client sends an XML message targeted with a name and payload. The target
peers look for the name of the message, process the payload, and return an answer if

one is required. There is also another mode of operation for the Resolver called
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propagation; it is different from broadcasting, in that each computer may forward the
message to others, rather than everyone listening to the same message all at once (Sun

Microsystems Inc 2004).

The challenges of building real time applications on peer to peer networks and
enhancing the current structure of JXTA to support such systems needs much research
effort to support additional properties such as reliability, security and quality of service.

This is due to the fact that peer-to-peer systems are (Chen, Repantis et al. 2005):

1. Inherently heterogeneous in terms of processor capacity, transmission loss rate,
network inbound/outbound bandwidth, displays resolution as well as decoding
software.

2. Peers are more dynamic than dedicated servers; they may fail or leave the

system unexpectedly.

There have been some current effort to enhance the real time features of the
JXTA peer-to-peer middleware; for example, in (Parker, Collins et al. 2004), the
researchers analyzed the JXTA architecture for near real-time applications
developments. They identified and tested the XML protocol handling and the Resolver
service. The results from the Resolver service tests indicate that this component is
suitable for near real-time applications, as it presented no unacceptable delays into the
system performance. But on the other side, the results of the XML protocol handling
tests indicated that it is not suitable for near-real time applications, as it introduces

delays that are not within acceptable time limits.

2.4 The Message System Paradigm

This paradigm is an elaboration of the basic message-passing paradigm. In this
paradigm, shown in Figure 2-6, a message system serves as an intermediary among
separate, independent processes. The message system acts as a switch through which
processes exchange messages asynchronously in a decoupled manner. A sender
deposits a message with the message system, which forwards it to a message queue
associated with each receiver. Once the message is sent, the sender is free to move on

to other tasks. This paradigm can be classified into two subtypes as follows (Liu 2001):

I-The Point-to-Point Message Model

The point-to-point message model handles messages intended for a single
receiver. Within a point-to-point message system, the messaging provider establishes

queues to help ensure that a message is delivered to only one receiver only once.
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I1-The Publish-and-Subscribe Messaging Model
Publish-and-subscribe systems handle messages intended for multiple
receivers. Publish-and-subscribe systems support the sending of messages to a
destination by defining it as a topic or event. Applications interested in the occurrence
of a specific event may subscribe to messages for that event. When that waited event
occurs, the process publishes a message, announcing the event or topic. The