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ABSTRACT

Complexity is an ever increasing and inherent characteristic of software development. A major
source of complexity in software development is technology, which produces a variety of
implementation platforms that exist at the time of development and that arrive as future
inventions. Changing existing software developed due to the growing variation of implementation
platforms is becoming almost impossible. Hence a new development methodology called MDA
(Model Driven Architecture) has been recently introduced with a strategy of separating the
specification of the software system from the specification of its implementation on platforms as
two different concerns of development. The two concerns are described as Platform Independent
Model (PIM) and Platform Specific Model (PSM). MDA is now being successfully practiced as a

promising solution at enterprise level software systems.

Recent technological advances are making possible the embedding of both processing and
communication functions in highly integrated, low-cost objects such as PDA’s and cell phones.
This is promoting the use of a distributed approach in many application fields including embedded
systems, which is now leading to the current and future realm of pervasive computing. The MDA
success at the enterprise level has made it a viable choice for other domains that face a similar or
even worse level of complexity such as the domain of embedded systems. However, recent efforts
focused on extending the modeling capability of the core standards of MDA, particularly UML,
towards the concepts in embedded systems such as Resource and Quality of Service (QoS). In
addition, unlike the enterprise level platforms, there is no abstraction or middleware layer that can
encapsulate all the variation in this domain that makes the variety of the platforms to appear as
different choices. Therefore, adapting the MDA towards this domain requires a new approach that
recognizes such peculiarities. Focusing on the communications subsystem, this work introduces
an MDA based approach for the development of embeddable applications on communicating
objects. A QoS aware and resource oriented approach, which exhibits the runtime interaction
between applications and platforms, is proposed. The reservation based (typically connection
oriented) networks are considered in this work. The applicability of the approach is also presented
for Bluetooth and IrDA that shows the separation of application level reservation request from the
actual network level reservation provided. We believe that this way the concerns of application
level modeling and implementation could be separated from the platform level service

specification and implementation as two different concerns of development in this domain.

vi



cHAPTER 1. Introduction

The complexity in software development is beyond that encountered in other engineering fields.
There is a constantly changing requirement, and a variety of implementation platforms. The field
is very dynamic in that new technological inventions are inherent and very frequent that cause
existing systems to suffer from small to large scale modifications. In some cases the change might
go up to total system redesign. Heterogeneity of implementation platforms is currently

acknowledged as unavoidable in the software engineering field.

Other fields of engineering are successful in managing product complexity through modeling for
exploring the overall behavior of a product in its entire life cycle. Modeling enables to state clear

definitions, well understood properties and the principles to the construction of products [1].

After the concept of modeling has been introduced to the software engineering field, it has opened
a very important door for the handling of the growing complexity in software development.
Although it is very difficult to model and predict all aspects and behaviors of a system in software
development, an advantage of software engineering is that the modeled features can be
standardized and can lead to automated construction of the products and the bridges/connectors
between different implementations based on the defining models as well as automated

regeneration for newly invented platforms [2].

1.1 Motivation

The OMG has recently introduced the Model Driven Architecture (MDA), which enables
software to be developed beyond specific platforms. The MDA aims at increasing the reuse of
existing designs, reducing the time of new developments, and supporting current and future
developments. To achieve these goals, the MDA approach promotes a clear separation of the
fundamental logic of the specification from the particular technologies that implement it through

the key role of Modeling. It has been promoted in the enterprise information system development

[2].

With the dynamics of the computer technology, new technological inventions arrive at a very fast
pace. Most new technologies aim at making information availability to users as convenient as

possible.



During the last two decades, technological advances in hardware made possible the embedding of
both processing and communication functions in highly integrated, low-cost components,
fostering the use of a distributed approach in many application fields including embedded
systems. This fact led to the dissemination of so-called Distributed Embedded Systems (DES),
which became the core of intelligent equipment with a high degree of autonomy, from robots to
machine tools, from cars to trains and planes. Another class of DES appeared from the
interconnection of consumer equipment, most notably computer peripherals and portable devices,
such as laptops, mobile phones, PDAs and digital cameras, as well as within intelligent home

systems, either for access control, location aware services, security and distributed multimedia [3].

Pervasive computing, ad-hoc networks, mobile computing, and sensor networks exhibit the
current importance of networking within embedded systems. The networks makeup the most

important platform service for DES and pervasive systems.

Generally, the embedded platform elements are classified in to three basic subsystem components,
i.e., the OS, the Communication subsystem, and the I/O Device Driver subsystem three different

but integrated system resources [16, 10].

Today, a large variety of networks are currently available to build distributed embedded systems.
This makes the platform variability significant in the domain of small devices and embedded
systems. All the three subsystems exist in many different variations. There are many operating
system and network choices. Most of them are competing in the same domain of application. For
example, CAN and TTP in automotive systems, IEEE 1394 (FireWire) and USB for multimedia
devices and peripherals interconnection, Ethernet and Wireless LAN for office automation and
now for industrial automation and also for multimedia devices and peripherals interconnection,
Bluetooth, based on radio, and IrDA, based on infrared light, to interconnect peripherals and
portable devices. Future requirements of pervasive systems will demand the interaction of

applications deployed on all objects that may use any of the above and other networks [48].

In this work, we used the term Embeddable Applications On Communicating Objects to describe
an environment, which enables applications to communicate using the available network. This
could be possible if their design and also implementation on platforms is not dependent on a
specific network. As long as there is an appropriate intermediary between the applications and the
target network, applications that may have some information to share with each other, can easily
communicate even though they are developed for different purposes. This is one future vision of

pervasive systems development.



MDA is not a modeling language or standard by itself. But it is a methodology (reference model)
that integrates a set of modeling tools and standards for a new development approach. Although it
has been introduced and promoted in the enterprise systems, its concepts, goals and benefits make
it very interesting to be adapted to other domains of system development that face similar or even
worse levels of complexity such as the domain of embedded systems and more importantly the
domain of pervasive systems since it makes extensive use of embeddable communicable devices

and applications.

1.2 Statement of The Problem

As stated above, MDA has been used at the enterprise level as the future’s successful software
development methodology. At this level, many of the platform artifacts such as the used
programming language, operating system, network and other resources are abstracted by the
middleware technologies so that the approach considers only the middleware architecture

variability.

However, this is different in embedded systems, where most platform elements are openly
available either at the API level or directly at the hardware level. The network, being one
subsystem in the embedded system platform, is presented to its users through a corresponding
API. Since there are several networks that can be possibly used by embedded systems such as

Bluetooth, IrDA, HomeRF, HyperLAN, Ethernet, WLAN, CAN, I2C etc., a number of APIs exist.

The other essential aspect is Quality of Service. The limited resources at this level make the
systems to be QoS sensitive for using the available resources effectively. Almost all networks
used at this level are QoS aware. But, the services provided by each interface, the QoS provisions

and parameters used to define them are different. This creates network level variability.

As future applications are becoming pervasive and embedded in small communicable devices, this
network level variability must be handled in a formal development methodology. To make
embedded application design easier and more portable so that they can target different available
networks, the development of the applications should start from a point, which is independent of a

specific network.

As described in [16,17], modern embedded systems have certain characteristics that demand new
approaches to their specification, design and implementation. They are being developed as a

composition of subsystems and functional units that carryout responsibilities of computation and



communication using possibly a heterogeneous set of subsystems. The traditional monolithic
design and implementation is being transformed to a new paradigm. The emphasis is given on two
aspects: early modeling of the systems and methods to delay the commitments to particular

components or implementations [17].

So far, there is no work that has addressed this network level variability with an MDA approach.
Most of the works so far focus in extending the MDA key standards such as UML towards
addressing the modeling concepts in the embedded domain. This work proposes a platform based
MDA approach for the network subsystem of embedded platforms, which includes a generic
network interface model and a mapping methodology towards a specific network model. By
platform based, we mean that the approach will focus on platform abstraction towards

applications instead of application design and refinement towards platforms.

1.3 Research Objective

The general nature of embedded applications is their QoS requirement, which results from the
need to effectively utilize the limited capabilities of the target platforms. In this aspect, most
target devices and specifically the network platforms for embedded applications share the same
limitation. This work will propose an MDA approach that can support model based QoS enabled
development of future embedded applications on communicating devices that can target many

different networks.

The main objective of this research is to propose a possible adaptation of MDA to the
development of communicable embedded applications focusing on services of the
communications subsystem of the platforms. The approach is based on the platform based

development initiative proposed in [16,17].

The Quality of Service issue is primarily considered and an appropriate modeling and
transformation approach is proposed. There are a number of QoS characteristics and categories
related to embedded systems and networks in general. The major categories are Performance,
Dependability, Coherence, Throughput, Latency, Efficiency, Demand, Reliability, Availability
and Security as stated listed in [9,10].

Performance is a key issue in embedded systems. In this work we will be dealing with the

performance category, which incorporates Throughput and Latency.

The specific objectives of the research work are:



e An approach for modeling the services and the QoS provisions of specific network
platforms. In this approach, what elements the model should include will be proposed.

This is called the Platform Model (PM) in MDA.

e An approach for modeling the platform independent services and QoS specifications of
a generic network interface for embedded communication. This will be a means for

applications to specify their required services and QoS requests to an abstract platform.

e An approach for mapping the platform independent model with a specific platform
model. This includes both services and specially the QoS mapping. Since the PIM is
interacted by applications, it is considered as a specification of the required QoS. On
the other hand, the Platform Model (PM) describes the characteristics of a specific
network, and it is considered as a specification of the provided QoS. The mapping
layer has a responsibility of verifying the provided and the required QoS and
transforming the description in the PIM to an appropriate description to the PM target
thereby creating the Platform Specific Model (PSM).

PSM
Figure 1-1: The general MDA process

1.4 Scope and Limitations of The Research

As detailed in chapter 2, it has been realized that the embedded networks can be classified in to
two broad categories based on their QoS mechanisms: Reservation based and Priority based. The
work will focus on the Reservation based category where typically connection oriented service is
provided and controlled medium access mechanism is employed. The Priority based category,
where typically a connectionless service is provided and an uncontrolled medium access

mechanism is employed, is not covered by this work.

The approach tries to consider both the Design Time (analysis) and Run Time (verification and
mapping) aspects of the PIM versus PM mapping mechanism between the platform independent

and the target platform model.



Implementation aspects and code generation are not covered in this work.

1.5 Methods and Procedure

The first activity has been background study and review of related works in which a number of

works have been studied and analyzed. Some of them have provided the basis for this work.

Below is the procedure, which shows the intended methodology of the major works and the flow
of activities. The course of action starts from the study and analysis of concrete networks and
continues modeling the abstract level (PIM) and finally completes by devising a mapping strategy

that links the two levels.

Platform Independent

Model definition
Platform Model Modeling the Mapping
Definition Approach
Platform Characterization Applicability case study
- Survey (Bluetooth and IrDA)
- Analysis

Figure 1-2: The basic activities and procedure

Analysis of the embedded networks

The major service and QoS provision characteristics of the networks have been defined with this
activity. Performance QoS category is the major issue addressed in this work (throughput and
latency). The major factors and parameters that describe these performance elements are

1dentified.

Model development

After the modeling elements are determined, the static and dynamic aspects of the networks are
described according to the UML concepts. The modeling elements for Platform Models are
defined that can characterize all network platforms in the selected domain. Next, the
corresponding PIM that can appropriately abstract the services and QoS aspects of the platforms is

defined. We have tried to set up reasonable gap between the two models (i.e., the PIM and the



PM). After this, the appropriate mapping strategy that can map both the structural and the QoS
models of the PIM and the PM to produce the PSM is modeled.

Applicability Test Cases
Finally, the complete approach will be evaluated and verified with a case study of two specific

networks namely Bluetooth and IrDA.

1.6 Thesis Outline

The rest of the thesis is organized as follows:

Chapter 2 will introduce the basic concepts that are fundamental for understanding the rest of the
document and the work done. First, it will discuss about MDA and the concepts and its building
blocks as well as it impact and success in software development. It will also discuss about basic
characteristics and challenges in embedded systems and application development in this domain
in relation to the future visions of pervasive computing. It then gives an overview of some
example networks and a comparison between them. Finally, it discusses the QoS and the UML

profiles that are used as a basis for defining the modeling artifacts in this work.

In Chapter 3, related works are discussed and reviewed. It lists some works done relevant to this

work which have contributed concepts and frameworks that are used as basis in this work.

In Chapter 4, the main work of the thesis is presented. It starts by an overview and justification on
the proposed approach. It then continues with the detailed analysis and modeling of the platforms
focusing on QoS. The proposed PIM and mapping approach are also incorporated. Finally, the
proposed model that indicates the conceptual and logical relationship between the three levels

(PIM, PM, and Mapping) is presented.

In Chapter 5, the applicability of the approach by an application to the two typical reservation

based networks, namely Bluetooth and IrDA is presented.

In Chapter 6, a general summary, conclusion and possible future works are presented.



cHAPTER 2. Background

2.1 Model Driven Architecture (MDA)

In 1997, the OMG has adopted the UML as a standard modeling language to be used as a
modeling tool for object oriented software systems. Since then UML has gained popularity and
support from the industry and the tool vendors. UML has contributed a lot to software engineering
in a number of ways. It is programming language independent so that a design model in UML can
be automatically transformed to code for a number of programming languages using a modeling
tool. More importantly, UML has reduced the problem in the interaction between the stakeholders
of a system. Use cases and interaction diagrams have helped users to understand the analysis

models prepared by system modelers.

As the scope and diversity of software systems grows, a number of systems appear to be deployed
on different platforms (such as OS’s, Communication protocols, and programming languages) so
that integration between them becomes a problem. This problem has been solved by the
emergence of middleware platforms. A middleware has abstracted away a number of
heterogeneous specificities through standard interfaces and high-level communication protocols.
Because of this, system design models in UML focus on more abstract system specifications at the
middleware level. In the traditional Object Oriented Software methodology the design phase
reflects platform artifacts [58].

The recent challenge has been the existence of different middleware platforms. Systems with
worldwide scope could be developed (designed and implemented) using any of the available or
the appropriate middleware platform at hand. But, this created platform heterogeneity at the
middleware level. From the recent developments, it has been observed that the middleware level
heterogeneity and evolution will be unavoidable. Hence, what is envisaged by the OMG is a new
development paradigm that can accommodate the heterogeneity at middleware level. This gives
birth to the MDA methodology where platform independence is expressed by modeling systems

free of the specific artifacts and concepts used in any of the middleware platforms.

The Model-Driven Architecture (MDA) is a design approach that creates a separation of concerns
between the specification of a system and the implementation of this specification on a particular

platform [18].



2.1.1 MDA Vision and Standards

The vision of MDA is a development environment in which efficient and nearly seamless
interoperability between diverse applications, tools and databases is achieved through the
interchange of shared models. Components participating in this environment leverage standard
services provided by implementations of MDA standards that enable them to expose and
interchange their metadata as instances of well-defined models. The platform services have
standard definitions that are expressed via standard programming models (APIs), which are

automatically generated from Platform Independent Models [3].

With the currently working MDA specification, it is possible to have an architecture that will be
language, vendor and middleware neutral. Platform independent applications built using MDA,
may range from transportation to health care industry and can be deployed on a range of open and

proprietary platforms, such as CORBA, J2EE, .NET. [2,3.4].

As an example, let us consider a formal definition of an operation that transfers funds from a
checking account to a savings account. The fundamental functionality of this operation is that a
specified amount is subtracted from a designated checking account and added to a designated
savings account, with a constraint that the two accounts must belong to the same customer. This
functionality remains invariant regardless of whether the operation is performed by a CORBA, an

Enterprise Java Beans, or a DCOM object.

Thus, a Platform Independent Model (PIM) is a formal specification of the structure and function
of a system that abstracts away technical details. Hence, a DCOM specification of the funds
transfer operation would be platform-specific, where the platform is DCOM. A specification that
depends on interfaces and artifacts of CORBA would be another example of a Platform Specific

Model.

There is also another model used in MDA, the model that defines a specific platform, which is
used to transform the PIM to a PSM. This model is called a platform model (PM). An example is
a Platform Model that describes the CORBA platform. When a platform specific model of a
software system is generated, it would modify the PIM according to how it has to be realized on

the target PM.
The key standards that make up the MDA include:

Unified Modeling Language (UML): which provides a graphical language for model
specifications. It is used for designing models in both PIM and PSM. The UML standard is

exclusively used in software systems modeling.



Meta Object Facility (MOF): which provides an extensible model driven integration
framework for defining metadata and data in a platform independent manner. It provides the
core definitions of the MDA and is placed as a root for the other related standards and

modeling languages including UML.

XML Metadata Interchange (XMI): which provides rules by which transmissible schemas

are generated to be exchanged between different tools and teams.

Common Warehouse Metamodel (CWM): this is an example for a domain based MOF for
data warehousing systems which is set of standard interfaces that can be used to enable easy
interchange of warehouse and business intelligence metadata between warehouse tools and

repositories.

Flnance

Figure 2-1: The Model Driven Architecture standards, visions and application areas

2.1.2 The MDA Process

According to [25], the process of MDA revolves around three major steps:

1. First, a model a system with higher level of abstraction is built. This model is independent of

any implementation technology as Platform Independent Model (PIM).

2. Next, this PIM is transformed into one or more Platform Specific Models (PSMs). These PSMs
are the constructs of PIMs into more detailed, platform dependent and technology oriented

models for a particular platform such as .Net (DCOM) or Enterprise Java Beans (EJB).

10



3. Finally, the PSM is transformed into the code according to the programming languages
supported by the platform. The PSM already carries all the necessary details, which are

required for the coding.

PIM
first first
transformation transformation
PSM PSM
second second
transformation transformation
Code Code

Figure 2-2: The MDA usage pattern

The above procedure is currently used in the development of general software systems.

2.1.3 Abstractions and Viewpoints

The major concept behind the objective of MDA is Abstraction [18]. In the development process
of a software system, there is a need to consider many aspects such as the hardware the system
will run on, the other systems it should be able to interact with, and so on. Incorporating all these
aspects into a single model results in a complex model, even though it may be useful. A better
choice is to identify models in terms of the abstraction criteria that are used to extract what is
included in the model at a higher level. A model created based on specific abstraction criteria is

often referred to as a model from that viewpoint, or in short as a view of the system.

Another common use of abstraction is to omit details from a model. In contrast, creating the lower
level details from a higher-level abstraction is often called refinement. Each element of a higher-

level model may be mapped to one or more elements of a lower level refinement.

PIMs and PSMs can be taken as views of a system at different abstraction levels.

2.1.4 Models and Metamodels

A model is virtually any collection of expressions produced using a language that has well-formed
notation (syntax) and meaning (semantics). A more precise definition of a model, as used in the

Model Driven Architecture [18], is:
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“A representation of a part or the complete functionality, structure and/or behavior of a
system, as seen from a particular viewpoint, described in a language which is well-formed

in syntax and semantics”

Examples of models are architectural blueprints of a house, C++ source code, UML diagrams, and

XML document type definitions.

Besides the concept of models, the Model-Driven Architecture uses the concept of Metamodels.
The formalism of a modeling language is defined in a metamodel. Metamodels specify the syntax
and semantics of models. In the same way, metametamodels can be used to represent the syntax
and semantics of metamodels. In this specific application of metamodelling, a model can be seen
as an instance of a metamodel, while a metamodel can be seen as an instance of a
metametamodel. This ‘instance-of” relationship can be applied as often as necessary, creating as
much metalevels as needed. However, MDA defines only four layers that are organized in such a
meta relationship among them [24][19], creating the hierarchy shown in figure 2-3. The OMG has
adopted for the Model-Driven Architecture as a metamodelling layered structure in which the
highest level (the metametamodel) is described and defined using the Meta-Object Facility
(MOF). The Meta-Object Facility is reflective in that it is defined using itself, applying a small set
of core constructs. The models at metamodel (M2) level define an abstract language that is used to
create models at (M1) level. The number of constructs increases from level M3 to level M1. As

shown in figure 2-3, there are more UML (M2) elements than MOF (M3) elements.

12



M3

MOF Class
(Metametamodel)
<<Instan¢e of>>
M2 . .
UML Attribute Class Instance
(Metamodel)
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M1 Video _
<<Snanshot>> Video
napsho
User Model +Title: string :
+Title: “xyz”

Figure 2-3: An example of the four layer Metamodel hierarchy in MDA

For defining models at metamodel level, there are two options. One choice is to define a
completely new metamodel based on the MOF constructs as it is done for CWM in contrast to
UML, or extending an existing metamodel to provide the desired modelling capabilities. The
UML profiles are examples of the of UML extensions defined for different application domains

such as real-time and embedded systems and Quality of service.

2.1.5 Transformations

One of the fundamental ideas of the Model-Driven Architecture is to provide the ability to support
software throughout its entire lifetime. For example, whenever new platforms emerge, one has to
decide whether or not to adopt this new platform and deploy existing software on it. In addition,
not adopting this new platform may lead to considerable loss of investment or income in case the
old platform becomes obsolete. Ultimately, developers want to obtain a condition in which the
costs of porting current software to a new platform is considerably lower if the new platform is to
be adopted as a potential target. This scenario is one example of the key problems that the Model-
Driven Architecture is addressing, platform variability and evolution. The use of model
transformations would reduce the investments and time required to port the software to new

platforms.

Model transformation refers to the process of transforming (relating and mapping) elements of

one model into corresponding elements of another model. Model transformations are usually
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defined at metamodel level (M2) and applied at model level (M1). Sometimes they are also
applied at the metamodel level (M2). The definition of model transformations requires knowledge
of the metametamodel level (M3) and, potentially, other information required during the

transformation.

[3, 18] propose the usage of OMG core technologies to express model transformations, model
markings and annotations. However there is no standard mechanism for defining model
transformations and model markings. The OMG has issued an RFP (Request for proposal) for the
design of the Query/View/Transformation specification [20]. This specification is expected to
provide a standard mechanism for obtaining information on models and defining transformations

using the Meta-Object Facility. Figure 2-4 shows the metamodel for MDA [26].

«Maps to»
PIM mapping [~~~ """ --—-e e o Yi.n
technigue BIM
UML basdd with»
[ Sa8d OnNx .
«independent of=
1
/ 1.n '
MOF _ «gxprassed with» | metamodel platform
h maps to «maps to
_ [ ] 1
«@ Sed with= :
other(s) «basqd on=- nds one
PSM
PSM mapping
technigue )
- ottt o hi.n
«Maps to»

Figure 2-4: The Model-Driven Architecture metamodel.

2.1.6 MDA Success

With this strategic approach, MDA 1is gaining wide range acceptance and usage in the software
development community in which the OMG is playing the central role in standardizing the MDA
modeling definitions and specifications. Many generic and domain based modeling specifications
have been released. Some software development companies and business organizations are using

the MDA technology as a new and successful approach and in their system development process
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and they are witnessing its advantages. This can be seen as a sign that the MDA will be the

future’s dominant development technology in the field of software engineering [27].

2.2 Development of Embeddable Communicable Applications

In the past, the term embedded had been used to describe specific, hardware related systems
plugged in many computing and non-computing devices that range from small hand held to large
complex electronic instruments [6]. This hardware dependence requires developers to spend much
time in studying and resolving hardware/technology problems instead of focusing on application
requirements and design. Even in some cases the development process is done through the use
the co-design scheme for both the hardware and software at the same time. This has been a major

source of complexity and luck of portability in this domain.

Another typically faced problem in the design of embedded systems is the lack of unified
engineering approach [14]. So far, there is no agreed or standardized development model for
embedded systems. The close link between the embedded software and the host hardware has

influenced the combination to be termed as an embedded system [6].

However, in recent years, the capability of the hardware devices is enhanced to provide extensive
interfaces and the possibility of hosting applications of deferent types. And this has introduced
new development mechanisms for embedded applications in that the stringent hardware
dependent constraints can be relaxed and specified with some acceptable range and hence this
opens the possibility of designing the applications independent of a specific target platform.
Programmable interfaces and software abstraction layers are becoming possible to support

flexible system developments.

This evolutionary enhancement of embedded systems from their specific purpose functionality to
a more general, multipurpose and more intelligent capability is making the devices not only
capable of hosting embedded applications but also communicate with each other to share
resources and to transfer information [7]. In pervasive systems development, embedded systems
and applications play a vital role [34]. If a formal methodology can be defined for the application
development in this area, the future vision of pervasive computing in deploying communicable

applications on all communicating objects could be attained.

Pervasive systems development can be seen from two perspectives from the global (wide area)
perspective and local area perspective. On the wide area perspective, large-scale networks
including the Internet will be used as the communication medium between the interacting

applications. In contrast, on the local area and small-scale perspective, the communication
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networks are usually the short range, low level networks stated in chapter 1. Often, the local area
systems are interconnected with the external wide area systems through standard gateways such as

OSGI (Open Systems Gateway Initiative) and UPnP (Universal Plug and Play).

Finally, there is a general fact that the capability of resources in the embedded domain is much
smaller than that of desktop systems. The platform architecture determines functionality and the
capacity determines the quality of service provided for applications. Therefore the functionality
and the quality of service achieved by applications are highly dependent on the embedded system

platforms.

2.2.1 The Embedded system platforms
The term platform is in general defined by OMG [2, 26] as:

“Technological and engineering details that are irrelevant to the fundamental

functionality of a software component.”

In [15], a more precise definition for an embedded platform is presented as a “family of Micro-
architectures possibly oriented towards a particular class of problems”. As embedded
development is very complex, the platform based approach proposed in [16] and further improved
in [15] has significant impact in order to formalize the development process and simplify the
complexity. Using Platform Based Design approach, the platforms for embedded systems are
modeled at different abstraction levels so that developers could choose the appropriate abstraction
level that can avoid their concern about the details of the platforms. A typical architecture of an

embedded platform is shown below (Figure 2-5) [15].

Application Domain specific Services ASP

(Functions, User Interfaces) platform
Network
API
RTOS Communication | Device Driver
platform
Subsystem
Microprocessor _ ARC
Interconnection HW, 1/O

and Memory platform

Figure 2-5: Platforms at different levels
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As shown in the figure, there are three abstraction levels: architecture (ARC), application
programming interface (API), and application specific programmable (ASP) Platforms. The ARC
Layer includes a specific family of micro-architectures (physical hardware). The API Layer is a
software abstraction layer wrapping ARC implementation details. API presents what kinds of
logical services are provided and how they are grouped together and represented as interfaces. For
example, it may show that data transmission is supported by a communications subsystem, but not
how this service is implemented with in the hardware. For such purpose, RTOS, device-driver and

network communication subsystem are treated as three components of the entire platform [15].

ASP is a platform, which provides a group of application domain-specific services directly
available to users. In addition to calling these existing services, users sometimes also need to

modify or combine them, or even develop new services to meet certain requirements.

2.2.2 The communication subsystem of embedded system platforms

According to the ISO/OSI strategy, a network is organized in to 7 different layers each assigned

with different functions and services.

Generally, there are two major types of networks depending on size, namely LAN and WAN
although there are some other types which are special cases of these categories. For example PAN
(Personal Area network) and SAN (System Area Network) are special cases of LAN. The
required layers for transferring information through the network depend on the size of the
network. Accordingly, LAN networks require the bottom two layers of the network. On the other

hand, WAN network require the upper layers for routing between different networks.

Every layer has a definition in terms of the services it provides to its clients (upper layer protocol
entities or applications). A layer provides its services through service primitives. Upper layers
must have access to these service primitives in order to deliver and receive their data (to send and
receive information from peer entities with which they communicate). Such a set of primitives
that provide the services of a layer is called an interface of the layer or a Service Access Point
(SAP). For higher layers (i.e., users of a given layer) this is an abstraction of all the underlying

(lower) layers of the network.
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When we look at the fundamental definitions of the layers, the transport and the data link MAC
layer specifications of the OSI have relatively similar objectives. The major objective of the MAC
layer is providing a reliable data transfer between peer nodes because the data traverses the
physical medium between the two nodes that could be unreliable. On the other hand, the transport
layer provides a reliable communication between two application/process end points whose
communication may traverse several networks using the relatively unreliable network layer

routing services [1].

(M) Service Usar (MY Sendce User

Service Access

F / Point (primitives)
M S4AP AP

F

(M Protocol Entity g (M) Protocol Entity
M POL

M-1 50U M-1 SDLIj

r

(M-1) Service Provider

(M) Service Provider

Figure 2-6: A layer (layer N) and its Service User (Upper layer / Application)

When we consider embedded networks, they are typically LAN networks. Some are very small
range described as Personal Area Networks. Their specifications basically emphasizes on the Link
Layer Services. The upper layer services are specified as optional and they are implementation
dependent. Some embedded networks such as CAN have only the Link layer specification and
leaves the upper layers open for any kind of implementation. Other networks such as [rDA have
two categories in their specification. It specifies the Required category, which includes all link
layer protocols and services, and the Optional category, which includes all the rest of the protocol

layers.

From the above facts, it can be observed that in LAN, and typically in embedded networks, the
use of the upper layer protocol can be avoided and applications can directly communicate with the
link layer services so that an unnecessary protocol overhead is avoided. This is important because
routing services of the network layer and the additional services of the transport layer are not
needed. This eventually will improve the performance requirements of the network, which is

essential in embedded system development.
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The network/application interfacing mechanism could be possible with a design methodology that
enables an application (or higher level system) to request, negotiate, and make a contract with the
underling network. To realize this, a scenario where direct interaction between applications and
the underlying network infrastructure is definitely needed particularly in the case of embedded
communication. Hence, the need arises to define programming interfaces suitable for QoS-aware
applications deployment on target short-range networks. According to these models, applications
can request communication services with preferred bounds on communication throughput or end-

to-end latency [58].

Considering that there are several target networks with unique interfaces for the applications, an
MDA approach will provide an enabling methodology in making the application development
process network neutral. This enhances the chances of retargeting capability of the applications
towards different networks. Using models to define functional interfaces and related QoS, both a
generic (PIM) and concrete (PM) models can be strategically produced to address the variety of

communication platform elements.

For our purpose, we take the mandatory (required) layers of the embedded networks to define the
platforms. As described above the mandatory layers of the networks are the link layer protocol

layers.

Therefore, we will define the link layer functional and QoS interfaces of the networks as platform
models (PMs). Based on this, a generic interface that can be taken as a PIM is modeled and then a

mapping model that can transform the generic interface to a specific interface is defined.

19



2.2.3 Example Networks

A. Bluetooth

Bluetooth is a short-range radio link initially intended to replace the cable(s) connecting
portable and/or fixed electronic devices. It utilizes a slotted channel applied with a nominal
slot length of 625 ps, which divides every second into 1600 slots. For full duplex
transmission, a Time-Division Duplex (TDD) scheme is used. On the channel, information is
exchanged through packets. Each packet is transmitted on a different hop frequency. A packet

nominally covers a single slot, but can be extended to cover up to five consecutive slots [28].

In Bluetooth, the used link type makes the basic QoS differentiation. There are two link types
SCO (Synchronous Connection Oriented) and ACL(Asynchronous Connectionless Link). The
SCO link provides a synchronous data link connection for time-bounded voice only data,
while ACL provides connectionless transfer. The ACL can be parameterized with different

QoS parameters for varying levels of QoS.

For ACL, the Bluetooth user QoS is defined at the L2CAP (Logical Link and Adaptation
Layer). This layer also monitors the utilized resources (on interacting devices) and ensures
that QoS contracts are honored. The L2CAP allows QoS negotiation between Bluetooth

terminals by using a QoS flow specification.

Since the lower baseband layer creates a single ACL link, the L2ZCAP performs multiplexing

of several flows where each flow can have a separate QoS configuration.

A master of a Bluetooth piconet (the smallest group of a bluetooth interconnection composed
of up to 8 stations) always starts transmissions at even numbered timeslots. A slave (one of the
hosts other than the master) is able to respond to the master using an odd numbered slot if it

has been addressed in the preceding even numbered slot.

The master of a piconet, schedules the transmission opportunities. For SCO links, the
timeslots are reserved. In this case, a slave is able to transmit on the reserved slot regardless of
whether it has successfully received a master transmission during the previous slot. But only

up to 3 SCO links that support 64 Kbps are supported appropriate for voice traffic.

For controlling the transfer of different L2ZCAP flows, only a single ACL link is available at
the lower baseband layer between a master and a slave terminal. The QoS of the ACL link for

data transfer is defined by parameter called poll interval. The poll interval defines the
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maximum duration between subsequent transmissions from the master to a slave on the ACL

link.

In summary, there are two major link layer protocols in Bluetooth, namely the Baseband and
the L2CAP. While Baseband provides reliable data transfer using retransmission and error

detection, L2ZCAP is responsible for providing the link layer services to upper layers.

B. IrDA

IrDA 1is a short-range infrared data communication standard. IrDA stands of Infrared Data
Association, which is an industry-based group of over 160 companies that have developed
communication standards especially suited for low-cost, short-range, point-to-point

communications at a wide range of speeds [29,30].

The IrDA usage model is for short-range directed communication link that supports ad-hoc
point-and shoot type of communications. The nominal operating range is a Im cone with 15

degree half-angles.

IrDA provides half duplex transmission mechanism by which the two communicating devices
will take turns to send data to each other. Each device has to wait 10 — 500 ms for the other

part to finish its turn.

One characteristics of IrDA is that the effective data rate is the negotiated rate between the
communicating devices at link setup time. Furthermore, there can only be two devices
communicating in a single session where one device is called primary and the other device is

called secondary.

In a typical situation, one device is sending data to another. The sending device must allow the
receiving device to briefly own the link between each burst of data. This process is called link

turn around.

The important link layer protocols in IrDA are the Link Access Protocol (IrLAP) and the Link
Management Protocol (IrLMP). Both are required IrDA protocols corresponding to OSI layer
2 (data link layer). While IrLAP provides reliable data transfer using Retransmission and Error

detection, Ir'LMP is responsible for providing the link layer services to upper layers.

C. CAN

CAN is a serial bus system especially suited for networking devices such as sensors and
actuators within a system. CAN is a serial bus system with multi-master capabilities, that is,

all CAN nodes are able to transmit data and several CAN nodes can request the bus
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simultaneously. CAN protocols cover the lowest two layers of the OSI reference model. It is
widely used in automotive and industrial technologies. Higher-level protocols are utilized by
applications and operating systems that can properly interface the MAC layer CAN network
[31].

In CAN networks, there is no addressing of nodes or stations. Instead, prioritized messages are
transmitted. Every message has unique identifier throughout the network that is maintained at
the network design time. The identifiers also tell the priorities of the messages from each node
that cannot be changed dynamically. The identifier with the lowest binary number always has

the highest priority.

A transmitter sends a message to all CAN nodes by broadcasting. Each node decides on the
basis of the identifier received whether it should process the message or not. The identifier
also determines the priority that the message enjoys in competition for bus access. Competing
nodes arbitrate through the message identifier using bit-wise arbitration. Unlike CDMA/CD

this arbitration is loss less.
D. 12C

12C is a network initially developed for interconnecting Micro controllers and Integrated
Circuits. 12C stands for Inter IC Communication. In this network there may be one or more
Master nodes that control the network usage. A master is a node (device) which has the
capability of initiating a data transfer on the bus and generates the clock signals to control and
synchronize the transfer. At that time, any device addressed is considered as a slave. All the
rest of the nodes are also called slaves that can only wait for signals from a master and
respond. The master node is responsible for starting a data transmission, controlling the
transmission, and finally terminating it. Typical I2C served devices are devices with Micro
Controllers, LCD drivers and Memory Interfaces. Depending on its capability a device can be

either a master, a slave or can act as both [32].

A master selects or polls a target slave with which it wants to communicate by sending a poll
frame. The polled slave responds and the communication begins between the master and this
slave node. Masters themselves can be slaves if they are polled by another one. Only two
nodes can communicate at a time even though there may be many devices connected to the

12C bus.

The 12C bus can also support multiple masters. If there are more master nodes in the network,

they may contend for the channel when they start transmission simultaneously. The winning
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master takes control of the channel through bit-wise arbitration similar to that of CAN.
Although there are no predefined massage priorities in 12C, the arbitration takes place on all
message frame bits until one random master eventually wins. There is no limit on the data size
in 12C but following every byte of information, an acknowledgment bit is returned to the

sender. Every message starts by a Start Condition and terminates by a Stop Condition.

A summary of the relative architectural alignment of the protocol layers of the above
networks is summarized in Table 1 and a comparison is between them is presented in

table 2-2. 12C and CAN define only the lower two layers of the OSI model.

OSI Layer BlueTooth IrDA CAN 12C
File Transfer Profile Point and  Shoot
(FTP) Profile (PnS)

7 — Application (user
services) Generic Object

Exchange Profile
(GOEP)

6 — Presentation
(data format, Object Exchange Protocol (OBEX)

encryption)

5 — Session (session
management)

Tiny TP
4 — Transport (error | RFCOMM .
recovery, flow control) ' . Information Access
Service Discovery Service (IAS)

Protocol (SDP)

3 — Network
(switching, routing,
addressing)
Logical Link Control and | Link Management | Message filtering | Arbitration
Adaptation Protocol Protocol (IrLMP)
2 — Data Link (L2CAP) Link Access Protocol | Acknowledge- Acknowledge-
(encoding/decoding, | Link Management (I'LAP) ment A

media access control) | protocol

Baseband

23



OSI Layer BlueTooth IrDA CAN 12C
Radio Hardware Infrared Controller, | Signal level Bit | Signal level Bit
Transceiver representation representation
1 — Physical (signal)
Table 2-1 The OSI layer and the relative alignment of the embedded networks
The shaded area shows, the relevant layer for embedded systems development.
Property IrDA Bluetooth CAN I’C
Ver.1: 115.2 kbps 1 Mbps 1 Mbps Standard:
Ver.2: 1.152 Mbps 100Kbps
Bandwidth Ver.3: 4 Mbps Fast: 400 Kbps
Ver.4: 16 Mbps High speed:
3.4 Mbps
NDM: Listen for TDMA: Polling CDMA/CD with | Similar to CAN
500ms (Contention) | scheme — negotiable | message bit-wise
for QoS; Master/ priority. arbitration  on
RM: M 1 .
Access N aster/Slave Slave based. Master (Uncontrolled) Frame bits (No
Primary station
Mechanism polls Slaves predefined
passed token for 500 message
ms (Controlled) (Controlled) .
priority.
(Uncontrolled)
. 160-2048 Byt 2-342 Byt 8 Byt Not  Limited,
Maximum ytes ytes ytes 0 imite
) (within 500ms) But each byte
Data size per
must be
Message
g acknowledged
Built-in QoS o
- Negotiation, Negotiation,
Provision and .
Reservation Reservation Priority Priority
management
Unicast, point to Unicast, Multicast
Transmission - throueh mast
poin rough master B B
Method roadcast, roadcast,
(SOOI (SOOI Connectionless | Connectionless

Table 2-2: A comparison between the networks
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2.3 Quality of Service

In this section we deal with general QoS concepts. The term Quality of Service has originated
from the domains of Distributed Systems, Networks and Embedded systems. Quality of Service is

defined in [9] as:

“ A set of perceivable characteristics in user friendly language with quantifiable parameters
that may be subjective or objective.”
Subjective qualities are usually observable and objective qualities are usually measurable. Quality
of Service generally covers system performance, as opposed to system functionality. QoS
requirements specify not what the system does, but how the system satisfies its clients while doing

what it does [42].

The characteristics of Quality and their parameters are expressed in user-friendly language on two

types of concerns.

User (client) Satisfaction: this is based on the stated user requirements
Resource Consumption: for the provider of the required service to mange and control the

consumed resources.

The QoS relationship between the requester and the provider can be viewed from two

aspects:

* From Client/Server (horizontal relationship) in which case a client specifies the required
QoS and the server specifies the offered QoS and then they agree with a negotiated QoS

contract.

®* From an Abstraction/Realization relationship (vertical relationship) in which case the
relationship is seen in a layered architecture. Top level (abstract) QoS specification is taken
as required QoS specified at the higher level and the specific supporting (Offered QoS) of a
certain implementation platform or a specific resource on the platform that the serves the
request it taken as the realization. The MDA approach that we are working with resembles

this second aspect.
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Figure 2-7: Layered architecture of QoS relationship

As discussed above, the notion of QoS (i.e Specification, Mechanism, and Monitoring) is

integrated in some networks at the data link level protocols [28,29,31,32].

The two major categories of QoS mechanisms in Link Layer networks are Reservation and
Priority. In reservation, network resources are allocated based on signaled requests originating
from applications. Several parameters are used to define the reservation requirement and
provision. Signaling messages are used to exchange such parameters. In prioritization, exchanged
packets or frames are usually associated with a priority value that defines the handling in relation
to other priorities. Sometimes nodes or entire messages can be assigned a permanent priority

value that is defined at the setup time of the network.

Several mechanisms for providing QoS exist in both categories. For example Bluetooth and IrDA

use the different reservation mechanisms.

2.4 Extensibility of MDA

The MDA key standards (UML, MOF, and XML/XMI) are extensible so that they can be
improved (extended) to fulfill the special nature of the embedded world and be implemented in
the process of the development of real time and embedded applications. Moreover, the relaxation
of the strict constraints in the future embedded applications can lead to an approach that links

MDA and embedded system development.

Most extensions are made to the UML that serves as a modeling tool in the MDA.
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2.4.1 The UML Profiles

UML is an object-oriented modeling language standardized by the Object Management Group
(OMG) mainly for software systems development. It consists of a set of basic building blocks and
rules that dictate the use and composition of these building blocks, and common mechanisms that

enhance the quality of the UML models [15].

Its rich notation has made UML a popular modeling language in multiple application domains for
system documentation and specification, for capturing user requirements and defining initial

software architecture.

To make the system specification phase easier and more flexible, UML provides multiple
diagrams to model a system from several perspectives or at multiple level of abstraction. Its
extensibility feature through standard extension mechanisms: Stereotypes, Constraints, and
Tagged Values are making UML a good modeling tool for other system development domains
[16]. The major extension mechanism is stereotype. A stereotype is a kind of model element that
extends another model element (its base) and makes the meaning and the usage different than the
base. For example modelers in business modeling area distinguish business objects and business
processes as special kinds of modeling elements whose usage is distinct in a given development
process. These special modeling elements are considered as special kinds of classes having their
own attributes and operations. The stereotypes listed in Table 2-3 are example stereotypes with

their base model elements in UML.

The extensions to the original UML specification are documented as UML profiles. A number of
profiles have been proposed for specializing the original UML towards specific domains. Some

examples are:

e The UML Profile for EDOC (Enterprise Distributed Object Computing) is used to build
PIMs of enterprise applications. It defines representations for entities, events, process,
relationships, patterns, and Enterprise Collaboration Architecture. As a PIM profile, it needs

mappings to platform-specific profiles.

e The UML Profile for CORBA: which defines the mapping from a PIM to a CORBA-specific
PSM.

e The UML Profile for EJB: which defines the mapping from a PIM to Enterprise Java Beans
specific PSM.
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Real time and embedded systems is one of such domains that is benefiting from such extensions.
The general QoS and Fault tolerance specification profile [9] and Schedulability, Performance and

Time (SPT) Specification profile [10] have been released by OMG.

2.4.2 The UML Profile for Quality of Service and Fault Tolerance

The QoS profile provides an enabling mechanism to specify and quantifiably define QoS

characteristics such as Latency, throughput, response time and availability, in a flexible manner.

The central element of expressing QoS concerns is the notion of QoS Characteristics. A QoS
characteristic is a quantifiable property of a model element. It is specified independent of the
element it quantifies. It is serving as the constructor of non-functional aspects such as latency,

throughput, etc.

QoS characteristics are quantified using QoS Dimensions. Different QoS characteristics may be
quantified using different dimensions. For example, Availability is quantified either using the
“Time To Repair” or the “Time To Failure” dimension. Throughput is usually quantified by a
“rate” dimension. Finally, maximum, minimum or average dimensions quantify Delay or

Latency.

A Direction is a term used as an attribute of QoS characteristics that indicates whether large
values or small values are better. For example, the direction increasing indicates that large values
are better where as decreasing indicates that small values are better. Considering throughput,

increasing is its direction attribute value so that larger throughput values are preferred.

Unit is an attribute of a QoS Characteristics (or Dimension) in which the values are expressed.

For example the unit of the dimension Rate can be bps, Bps, etc.

Often QoSCharacteristics may need to be grouped in a QoS Category. For example Performance

is a category that includes Throughput, delay, efficiency, and demand [9].

According to [9], the expression that describes the QoS specification is called QoSConstraint. It
is an expression built to describe limits of one or more QoS Characteristics incorporated in the
constraint expression or more formally a Quality of Service expression. There are three types of
QoS Constraints. QoS Required, QoS Offered and QoS Contract (QoS Effective). The QoS
Contract is usually set after the required and the offered QoS are negotiated between a provider

and a requester of a service.
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Figure 2-8: The QoS Constraint Diagram [9]

2.4.3 The UML Profile for Schedulabiliy, Performance, and Time

The SPT profile provides a quantifiable notion of Time, Resources and Performance that enables
system specifications to include such nonfunctional parameters using scientifically and
mathematically derived results. The central element of this profile is the notion of Resource

modeling. It introduces a framework named General Resource Modeling framework (GRM).

According to this profile, a Resource is an entity on an execution platform (software or hardware)
that offers one or more services with which a measure of effectiveness or Quality of Service is
attached. It classifies resources of an execution platform in to three types namely, processor
resource (CPU, Memory), Communication resources (Protocols, Mediums), and Devices

(Input/Output).

2.4.4 The Integrated Resource and QoS Profile

For the purpose of our work, we will use the integrated profile of QoS and SPT metamodels
discussed above. Their integration will provide the framework for modeling platform elements
such as the communications sub-system with formal expressions that can describe both the
functional services and the Quality of Service provisions. The artifacts and the constructs defined
in the two metamodels will serve as a base for our approach. Both the proposed PIM, PM and the

mapping will be defined based on this integrated profile shown in Figure 2-9.
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A summary of the extensions (stereotypes) introduced within these profiles that we intend to use

]

|
|

QoS
Metamodel

UML —\—
Metamodel
~ - Resource
| Metamodel

Figure 2-9: The integrated QoS and Resource profile.

in this thesis are listed in Table 2-3:

Base class

Stereotype (UML Core) Comments

GRMResource ﬁgi’lg:;s;gfr’ Represents a resource

QoSCharactersitic Class. Classifier Represents a quantifiable characteristics of
’ QoS associated with a resource

QoSDimension Feature Represents a means of quantification

. A general constraint expression involving

QoSConstraint ModelElement one or more QoSCharacteristics

QoSOffered ModelElement Extends the QoSConstraint

QoSRequired ModelElement Extends the QoSConstraint

QoSCategory Package Used to group related QoScharacterisics

QoSValue InstanceSpecification Represents a value associated to an instance

of'a QoS characteristics

Table 2-3: The QoS and Resource profile extensions
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2.5 Summary and Conclusions

This chapter has summarized the basic concepts and frameworks that will build the basis of the
rest of the chapters and lay the ground to understand the rest of the contents of this document. As
discussed, MDA has no firm ground in the domain of pervasive systems and particularly in real-

time and embedded systems.

The objective of MDA is separating concerns between generic system models and from specific
models and implementations. It is intended in this work to address one of the sources of
variability of the system platforms i.e., the communications subsystem that has a very large

number of implementation choices.

The focus of this work will be the reservation-based networks whose typical examples are [rDA
and Bluetooth, which employ a connection oriented communication link for QoS aware

applications.

In chapter 4, detailed analysis of these networks is presented.
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cHAPTER 3. Related Works

3.1 MDA for SOC

An MDA approach for System on Chip Design methodology of embedded systems development
has been addressed by the work in [35]. This work introduced an MDA design methodology
called the “Y” design, which employs co-design architecture for hardware and the corresponding
software. This methodology starts by creating a PIM for both the software and the hardware
models and then continues by creating an association PIM that is the result of the matching
(fusion) of the model elements of the two PIMs. The methodology then continues by transforming
the association PIM to a deployment PSM that targets specific programming and execution

environments.

This approach requires that both the hardware and software functionalities must be identified for
some specific purpose in that there must be a matching between the two model elements. It is
more appropriate for systems dedicated to specific tasks such as signal processing so that the
functionality can be modeled for both the hardware and the software with the co-design

methodology.

However, it does not specify how the QoS issues are dealt with and how the mapping is made.
Moreover, it does not consider interconnection between remote entities and how communication
protocols and their variability are handled. It takes the hardware architecture as only the machine

elements such as buses and chips and not the API level abstractions.

3.2 The Notion Of Abstract Platform for PIM Definition

This work in [36] introduces the notion of abstract platform that can reflect the characteristics of
different platforms at a higher abstraction level. An abstract platform represents an ideal
abstraction model of infrastructure characteristics. It can represent platform services and other
characteristics such as QoS at a higher level relevant for applications. According to this work,
platform independence can only be defined after the capabilities of potential target platforms are
established. Another observation presented is that different application characteristics or different
sets of target platforms generally lead to different types of intermediate models, design structures

or patterns, and model transformations.
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There are two major requirements of the abstract platform model. First it has to support models at
the PIM level, i.e., it presents modeling artifacts that can be used in platform independent models
by software developers. Second it has to be mappable towards a set of concrete platforms that are
possible targets of the development process. Therefore, a thorough analysis of possible target
platform characteristics must be made to define the abstract platform so that there is a balanced

gap between the abstract platform and concrete platforms. This will be the modeler’s decision.

The main domain used to verify the approach of this work is general systems at the enterprise
level. The platforms considered are the component-based platforms such as CORBA and EJB.
The modeling elements considered are components and interfaces at the enterprise middleware

level.

The critical idea that we have taken from this research is that resolving the two conflicting
objectives is very important (i) Platform Independence in simplifying the effort of application
designers through abstract platform artifacts and (ii) Mapping simplicity towards concrete
platform models. This is a very important concept that should be also applicable in the current and
future design approach for embedded systems development. Platform based design is dominant in
this domain [16,17]. The gap between the PIM where abstract platform models are used and PSM
where concrete platform models are used should be carefully determined so that the two
conflicting objectives described above could be balanced. Our defined approach is based on this
critical concept, i.e., studying a family of platforms and defining a platform independent (abstract)
model with a formal mapping methodology to each target (concrete) platform based on the MDA
philosophy. We have tried to define a reasonable gap between the Platform Independent Model
and the Concrete Platform Models.

3.3 Network Protocol Modeling with UML

There are two major works done in this aspect that demonstrated approaches for modeling
network protocols and their services using the UML language. A first attempt has been made by
Sekaran [37] for modeling a data link layer protocol specifically the L2ZCAP layer of Bluetooth. It
describes the steps involved in the conceptualization, analysis and design of the L2ZCAP (Logical
Link Control and Adaptation Protocol) of the Bluetooth architecture. It used UML as the formal
modeling language. This work has shown how the static, dynamic and operational aspects of the
layer are captured using various UML diagrams. However, the major drawback of this work is

that it does not consider the QoS provided at the link layer. It has only considered the functional
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services of the layer. Moreover, with the MDA standards it can only be considered as platform

modeling (PM) approach for the link layer.

Another similar work is that made by Thramboulidis and Mikiroyannidis [38] for modeling the
TCP. It has shown an object-oriented implementation for the TCP layer named OOTCP. The
implementation has shown slight difference in performance as compared to the traditional
implementation, which is open for improvements. The major contribution is that it has shown an
object oriented approach for the analysis, design and implementation of a communication protocol
and described the major modeling concepts and model elements that should be used in a UML
diagram to describe TCP and its services. It also introduced some extensions to the standard UML
intended to define facts and circumstances in protocols such as concurrency and synchronization.

However, the QoS issues have not been included in the model.

These two works have shown that object oriented modeling and implementation of
communication protocols has a key advantage. Although there is slight performance degradation
is expected, the modeling possibility makes the networking and protocols domain to welcome
advantages of object-oriented modeling where extensibility, reuse and interoperability could be

practiced.

In our approach, we have taken the basic modeling elements identified in these works (such as
Connection, Message, and Event) and extended them with the associated quality of service
provisions of the networks. The QoS modeling concepts defined in UML Resource and QoS
profiles are used to propose a formal modeling framework for the domain of the networks

considered in this work.

3.4 The Platform Modeling Approach

[15] Presents an approach to model network platforms by introducing UML extensions. It
describes that the basic elements of a network platform that should be modeled are the Protocol
(stack), the Physical medium and their services, the Ports and the Nodes. It has shown that the
different protocol layers can be taken as different abstraction levels of the communications
platform. It also introduced a modeling approach called UML Platform that can be used to
describe embedded system platforms including the communication subsystem at different
abstraction levels. This approach has suggested several extensions to the standard UML in
addition to those introduced in the UML profile for Shedulability, Perfomance, and Time [10]. It
has shown a demonstration of the approach using the intercom voice communication system case

study, a single cell in which a group of users can make voice communications with different QoS
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requirements. It has shown how that the UML extensions can be used to represent platform

concepts in a real problem in the test case.

However, it does not include how the actual mapping is made between the services of different
abstraction levels, such as mapping requirements of upper layer or application requests with

provisions of lower layers specially the QoS aspects.

3.5 Quality of Service modeling approaches

Modeling Quality of Service, a general term that is used to describe non-functional aspects of
systems, is among the important issues addressed by different research works recently. Several
approaches for modeling QoS have been proposed. Many of these researches consider the general
descriptions for QoS. And most of them are component based targeting at extending the modeling
languages used to describe general software systems at the enterprise level such as UML or
introduce a specific QoS modeling language [39,40,41]. They do not address specific domains

that are closely associated with QoS such as networks and embedded systems.

Weis Torben [41] has shown how QoS issues can be incorporated at the component based
enterprise middleware technologies such as CORBA, .NET, and Web Services. It also introduced
a QoS enabled MDA approach that includes PIM, PSM and transformation technique called
Kafka. However, it considers the contract between a client component and a server component in
a distributed system, which is horizontal relationship between them. It takes system components
at the same abstraction level as service client and provider. It has not considered the effects of the

communication networks and the underlying infrastructure between them.

In [42], Aagedal presents the concept of orthogonal separation between the QoS specification and
the functionality specification of a system. The major reasons for separately dealing with QoS

1ssues are:

i. The QoS of a QoS component instance is dependent on its environment, a QoS
component can be a software or hardware element (resource) that gives one or more

services and can support certain QoS constraints.
ii. There may be multiple QoS specifications for the component, and

iii. The functional specifications of the component are independent of the particular QoS

specification that will be enforced at any point in time.

Furthermore, it has shown how to link QoS aspect models with functional elements of models

called computational elements such as Actor, Component, Interface, Node, Object, Subsystem,
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Use case, and Use case instance. But it does not use the MDA concepts such as Platform

Independent Modeling, Platform Specific Modeling and Transformations.

3.6 Summary and Conclusions

The above works have shown different aspects of modeling functional and nonfunctional (QoS)
aspects of systems at different levels and domains. As MDA is an evolving methodology, only
few works have been done so far along its track. There are no generally accepted approaches that
have incorporated both functional and QoS aspects in the MDA modeling levels (PIM and PSM)
and transformations. Most works are concentrating on either PIM modeling or PSM modeling
alone without showing the actual mapping or transformation strategy. Moreover, most of the
approaches that include transformations and mappings consider mainly the functional and
structural aspects of models. Mapping QoS aspects at different abstraction levels is the least
considered area, which is a crucial aspect for the adaptation of MDA towards the embedded

systems domain.

Embedded systems are complex and different from other software development domains because
they are closer to architectural rather than abstract application models. Most of the embedded
platform services are difficult to model at an abstract level specially the QoS aspects. Therefore
many of the recent works largely concentrate on extending the modeling languages typically the

UML towards the domain of embedded systems and QoS.

The works lack a complete MDA approach that can enhance systems and application development
in this resource and QoS aware domain. Further works that present PIM, PM, and the mapping
approaches are required. No work has been done that has considered the variability of the
networks used by embedded systems in terms of functional and non-functional properties with the

MDA concepts and standards.

However, we have observed that the works discussed in this and the previous chapter lay the
ground for the complete MDA approach. From the works we have learned that networks are part
of platform resources, which provide interconnection services with quantifiable properties. A
modeling framework and metamodel standard is presented in the UML QoS and Resource
modeling profiles. The possibility of Object Oriented modeling and implementation of
communication protocols (services) has been proved promising by some works. Platform
abstraction is introduced as key methodology to address extensibility. The SoC domain also has

shown a proof of the applicability of model driven methods in the embedded systems domain.
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Using these works as a background support, we propose a formal MDA approach for the
development of embeddable communicable applications. Focusing on the network subsystem of
embedded platforms, we introduce a QoS aware model driven approach that will help the
development of such applications to be network independent with strategic mapping towards a
specific network. The approach can be used to model the communication interface at network

independent level (PIM), network level (PM) and the mapping between the two.
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cHAPTER 4. The Proposed MDA
Approach

4.1 Overview of The Approach

In enterprise systems, a design of an application or software system will have two distinct design
models namely the PIM and PSM. The PSM is a new production of a mapping or transformation
performed on the PIM. Here, the Platform Specific Model is a new model produced to reflect the
characteristics of the software system with platform specific artifacts. It is this PSM that is will be

implemented in that specific platform.

The PIM level of this domain only shows components, packages and classes with their structural
and functional characteristics, which is independent of technology artifacts used with CORBA,
EJB, or DCOM, which are possible implementation platforms. The transformation creates a
model (PSM) of the initial PIM according to its structural and functional elements and their
characteristics for either of those possible target platforms. A generic Interface element in the
PIM will be modeled as a Stub and Skeleton objects in CORBA and EJB, and as proxy and Stub
objects in DCOM. Moreover, the way interfaces and objects are associated differs in each of these
platforms. Hence, the same PIM model will be first transformed to either PSM, which is yet a
design model of the system. The PSM will then be ready for implementation possibly through
code generation support from MDA enabled tools.

Such an MDA process is not generally suitable in the current and future embeddable
communicable applications. The existence of the QoS issue makes most of the system models to
focus on the runtime application behavior and environment characteristics, which is generally
difficult to determine at design time [21]. Most of the applications must first identify their
environment specially concerning QoS, which can be identified only at run time. Because of this
nature, the application model of embedded systems in general includes the model of the platform

on which they are going to execute.

This general scenario indicates that the application model and the platform model are closely
related so that platform models in the embedded system development methodology greatly

influence application models. The major concern is how to model the applications in order to use
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specific environments efficiently. Hence the model of the applications usually follows the model
of the execution environment or is made along with the design of that specific environment (Co-

design).

All these facts confirm that it is the platform, which has a major part in the embedded application
design instead of the intended application since the entire functionality of the application will be
limited by the supporting capability of the platform [46]. In particular, the QoS required by the
application must be supported by the target platform, which influences the extensibility,
reusability and portability (platform retargeting capability) of the application by focusing only on

the currently intended target platform and its resources.

Hence, unlike enterprise systems, the MDA approach for embedded systems in general should be
based on the platforms and their abstraction instead of application models and their refinement.
The notion of “Abstract platform™ [36] tailored with the MDA methodology will leverage the
current challenges and visions in the embeddable communicable applications development. If
target platform models can be represented abstractly and standard mappings and transformations
are defined towards lower layer refinements and implementations, the design of embedded

systems will be simplified and the implementation dimension of applications will be widened.

Therefore, what we propose is a model driven platform based (resource oriented) approach for
embeddable communicable applications that use different platforms composed of the three
standard classified elements, namely OS (RTOS), Communication, and Device Driver
subsystems. As described earlier, we focus on the local (short-range) view of pervasive systems
that employ small devices and short-range networks where many choices exist. The variety is

incomparable with the verity that exists in enterprise and desktop system platforms.

We propose that the best way of adapting the MDA approach towards embeddable communicable
application development is introducing the MDA concepts on the platforms instead of the
application models. This way, the PIM of the platforms will be an abstract model that can be used
within the model of the applications. Upon implementation the abstract platform will be mapped

with a specific platform through a mapping layer.

The goal is that applications will be implemented with the abstract platform specification on the
devices. For a specific target platform, an appropriate mapping layer towards that target will be
implemented on the same device. The applications model is still independent of the target
network. Whenever a new platform is targeted, only the mapping layer is modified so that the

application still interacts with the mapping layer, which links it with the new target platform.
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In this case, there is no distinct instance of a PSM. The PSM in our case is the combination of the
Platform Model instance and the Mapping Layer model instance targeting it. This is because the

mapping layer is modified for the specific platform it is targeting.

o Applications N
(Design time/Run-time)

Generic Interface (PIM)

Mapping
(Veritfy/Map)

Specific Network Description
(PM)

Figure 4-1: A conceptual model of the proposed approach

4.1.1 Assumptions

e We will be dealing with only the communication part of the systems (applications).

e The overhead imposed by the Operating System and Device Driver subsystems of the

platforms that are not directly related to the communication subsystem are not considered.

4.1.2 The Used Metamodel (The UML Profile)

As discussed in chapter 2, we use the integrated UML profile of Resource and QoS metamodels
as a basis for modeling both the PIM and PM and Mapping of the networks introduced in section

2.4.4. The framework is shown below:
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Figure 4-2: The QoS and Resource profile to be used as a framework for in this thesis

As shown in the diagram, there will be only one model and instance of the PIM where as there
will be a number of Platform Model instances and an equivalent number of the mapping layers

targeting each of them.

4.2 Analysis and Modeling of the platforms

Previously, we categorized and gave an overview of the networks in the embedded domain. This
section will present a detailed analysis of the relevant layers and services of the reservation based
category networks and their services. Two typical examples of the networks that employ the
connection oriented and reservation based QoS mechanism namely Bluetooth and IrDA will be

investigated.

4.2.1 Bluetooth

According the Bluetooth specification [29], the Logical Link and Adaptation Protocol (L2CAP)
provides (represents) the Bluetooth link layer services. All application level services are specified
as profiles that must use the services of the L2CAP layer. Example profiles are LAN access

profile and Object exchange profile.
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Figure 4-3: The architectural alignment of L2ZCAP in the Bluetooth protocol layers

The SDP(Service Discovery Protocol) is used by the applications to discover which services are
available and to find the characteristics of those available services. Clients use it to search for the
needed services based on specific attributes of those services. The function of Telephony Control
Service (TCS) is to provide call control using signaling for the establishment and release of
speech and data calls between two Bluetooth devices. RFCOMM emulates serial communication

for some legacy applications using the RS232 serial port [29,51].

How the L2CAP works

L2CAP works with the concept of channels. It is the sole user of the ACL physical link created by
the Baseband layer. There can be only one ACL link between two Bluetooth devices. For each
application or client service of the L2ZCAP layer a different L2ZCAP channel is created on top of
this link.

After device discovery, the Bluetooth Baseband layer creates a single ACL link between the two
devices. The other type of Baseband link, SCO, is created on demand when there is as need for
voice communication and is not related with L2CAP. L2CAP is the sole user of the ACL link. It is

non-transparent to upper layers that use the ACL link.
The general functional requirements of this layer are:

e Segmentation and Reassembly: Since the connection channel between two devices
will be configured for a negotiated size (Maximum Transmission Unit) between the

peer ends, segmentation and reassembly of large sizes are performed by this layer.

¢ Protocol Multiplexing: many applications residing on a device may create their own
channels on the L2CAP layer. Since all should use a single ACL link between the

two nodes, multiplexing is the task of this layer.

¢ Quality of Service: Every channel is created with QoS negotiation between the two

peer entities of L2ZCAP. Non-QoS aware applications may choose to use the defaults
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concerning QoS. The channel is configured for a flow specification in both directions
(since Bluetooth supports full duplex channels) with different levels of service

guarantees.
Interaction of L2ZCAP with layers (Its clients and Lower layers)

The L2CAP layer interacts with higher layer protocols through several service primitives.
The non-data messages are called signaling commands. Messages that come from the
remote devices to L2ZCAP layer are passed through lower layers as events. Such messages
are referred as Confirmations and Indications. On the other hand messages that come from
upper layer to lower layers are referred as Requests and Responses. Each of the message

exchanges has defined primitives.

[ Higher Laysr }
F4 &
Request Confirm Response Indization
Wt v

[ L2CAP Layer J

£ £
Raquest Confirm Resporse Indizatian

bVl Sl

[ Lowrar Layer }

Figure 4-4 Interaction between Bluetooth layers.

4.2.1.1 General Procedure for channel creation and configuration

The general procedure that describes the steps needed to create an L2CAP channel is stated

below:
e The initiator end requests for a channel to be created between the devices

- If the channel is created it will have two end points called channel end points (CIDs)
on the pear entities. The initiator will receive a positive confirmation message (event).
e The initiator again requests for the configuration of the created channel by specifying its
preferences (the parameters may be requested by an upper layer the client)
- Since Bluetooth supports full duplex channels, the configuration is made for both directions.
e The data transmission begins based on the negotiated settings.
¢ Finally a disconnection procedure will be initiated in the same manner.

The LMP is responsible to control the transmission process according to the negotiated settings.
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The general interaction between layers around L2CAP is depicted below in Figure 2
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Figure 4-5: The general operational sequence diagram of L2CAP

The state chart showing the states that an L2CAP channel undergoes is shown below. There are
three basic states that a channel undergoes from start to termination of the communication

process.

CannReq

Di

Figure 4-6: The states of an L2ZCAP Channel
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4.2.1.2 Channel configuration parameters in L2ZCAP

Every channel created at the L2CAP layer is configured for QoS using a channel configuration

primitive. The channel configuration parameters are listed below:

Maximum Transmission Unit (MTU)

This parameter specifies the maximum size of a packet that the initiator is capable of accepting.

Its minimum value is 48 Bytes and the default value is 672 Bytes.

Flush Time out (FlushTO)

This option specifies the amount of time the originator of a packet attempts to successfully

transmit it before flushing it. It is specified in milliseconds.

Quality of Service

This is a flow specification (OutFlow) that incorporates several sub parameters described below.

It is a token bucket based specification.

Parameter Values Description
Service Type No traffic Defines service level
Best effort
Guaranteed
Token Rate Rate in bps A Bluetooth user may send data at this continuous rate
Token Bucket Size | Size in Bytes Defines the burst size
Peak bandwidth In bps Maximum data rate for a Bluetooth user
Latency Latency in us Maximum delay for a bit through a Bluetooth terminal.
The delay ending is when the bit is first time transmitted
by the radio.

Table 4-1: The Bluetooth L2ZCAP layer flow specification parameters

The values of the Token Rate, Token Bucket, and Latency depend on the service type. If Best
Effort, the request may not be enforced. If Guaranteed, then a maximum possible value at the time

of request will be enforced and contracted. The details are discussed in Annex A.

4.2.1.3 The Bluetooth Link Layer Platform Model (PM)

The following diagram shows a general model of the Bluetooth of the Bluetooth platform as
abstracted at the L2CAP layer. The platform model of Bluetooth consists of the Interface,
Functional elements, and Non functional QoS elements. These elements are used to describe the
basic functional or operational characteristics of the Bluetooth L2ZCAP layer. They are identified

and listed below:
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The functional services are:
Connection Setup
Connection Configuration/Reconfiguration
Connection Termination
Message Transmission
Data (Send, Receive)
Event Signaling
The objects (entities) identified are:
Channel/Connection: this refers to the channel identified with two endpoints on
peers.
Event: every message exchange is produced as an event, which invokes a
corresponding operation
QoS _Spec: this represents the QoS constraint (Offered QoS) of the Bluetooth
L2CAP layer.
Service interface: this represents the L2ZCAP service entity through which clients
interact with the layer.
Classes will be used to represent these four entities. Using the terminology defined the UML
profiles, Channel/Connection is considered as a Resource and QoS Spec is a QoSConstranit. The

other elements are modeled using the standard UML concepts.

46



<<Interface>>
L2CAPService

®EstablishConnection()
FTerminateConnection()
#ConfigureConnection()

Wsend()
FReceive()

QoS_Spec

BSFLushTO
ESMTU
EfTokenRate
B¥BucketSize
BZPeakBandwidth

8L atency
B5ServiceType : ServiceLevels

N

<<Enumeration>>
ServicelLevels
B&None =1
EfBestEffort = 2
BE5Guaranteed = 3

L2CAPChannel

&icb

[8%qos : QoS_Spec

Req

Response

Confirmation

Figure 4-7: An L2CAP platform model Static model using UML

According to the terminology defined in [9], the parameters used to define the QoSSpec for

Bluetooth are each QoSCharacteristics having their own quantifying dimension and values. They

Indication

are: MTU, FlushTO, TokenBuketRate, TokenBucketSize, PeakRate, and Latency.

4.2.2 ItDA

The lowest non-transparent layer of IrDA is the IrDA Link Management Protocol (IrLMP). This

layer presents the link layer services of the IrDA network for higher layer users of the network

[56][57].

The actual channel or link will be created at the IrLAP layer but this layer is totally abstracted by
the [rLMP layer. The major purpose of IrLMP is to provide a multiplexed service over the single
link created by the IrLAP layer. IrLAP resembles the Basband layer and IrLMP resembles the

L2CAP layer of Bluetooth respectively.

47




4.2.2.1 Link layer Services

There are two major services provided by the LMP layer of IrDA [57]. A brief summary of them

is given below.
Information Access Service (LM-IAS)

This entity stores an information base of services provided by applications on a device to be
discovered by other devices upon request. A number of objects store this information, which can
be viewed as an external conceptual view of the services through the object attributes and

operations.
Link Management Multiplexer Service

This service interface provides both the link management and the LSAPs (Link Service Access
Points). After discovery by LM-AS the LSAP points will be created at the LM-MUX interface to

enable the peer applications to interact with each other.

The creation of the LSAPs follows the creation of a corresponding IrLAP link and the discovery
of the required application service by the IAS. LSAP creates several link end points for many

applications to get a multiplexed access over a single IrLAP link.

Applications

IAS Transport Services
(Information Access (Tiny TP)
Service)

Link Management Multiplexer (LM-MUX)

IrDA Link Access Protocol (IrLAP)

Physical (Infrared)

Figure 4-8: The IrDA architecture

The channel creation and configuration process is similar but slightly different from Bluetooth
L2CAP. The IrLMP Multiplexer (LM-MUX) creates channels with endpoints grouped at an
interface element (LSAP). The connection and configuration process is made at the same time
using a single primitive (LM_Connect). The primitive initiation and transmission events are

similar to that of L2CAP.
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Figure 4-9: General relationship between the IrLAP links and LSAPs or LM-MUX [57]

The primary purpose of the LM-MUX is to provide connection-orientated data transfer services

between multiple LM-MUX clients (e.g., transport entities or directly bound attached

applications). Peer LM-MUX clients are connected by an LSAP-Connection.

Figure 4-9 illustrates the relationships between Stations', LSAPs, LSAP-Connections, LSAP

Connection Endpoints, IrLAP-Connections and IrLAP-Connection Endpoints. LM-MUX provides

connection-orientated data transfer services between multiple LM-MUX clients (e.g., transport

entities or directly bound attached applications), Peer LM-MUX clients are connected by an
LSAP-Connection.

4.2.2.2 General Procedure for channel creation and configuration

The common procedure that describes the steps needed to create an IrDA link is stated below:

An application requests for a communication with a peer entity on an other device
The LMP requests the [rLAP layer for connection

The IrLAP creates and configures the connection

The IrLAP returns a confirmation for the requesting [rLMP entity (requesting end)
The IrLMP layer sends a connection with a peer LSAP application end point

! Three stations are used to show the general scenario. Currently only two stations can be linked by IrLAP [57].
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o The peer application will be instantiated and responds
o The response will be propagated back to the initiator

o Communication then begins

All the QoS parameters are incorporated with the I'lLMP and IrLAP interactions while setting up
the link.

4.2.2.3 The connection creation and configuration primitive

The IrLMP layer provides a single primitive that is invoked to create and configure a channel to
be used for information exchange by its clients. The primitive is called LM_Connect with four

versions that represent the signaling steps between the peer entities.

The LM_Connect primitive

Once the LSAP for a client entity on a remote device has been identified, the LSAP for the local
application (transport) entity and the remote entity must be bound (linked) for data to be sent.
There can be at most one LSAP-connection between any given pair of LSAP entities linked using
the following four massage sequences. The request, response, confirms, and indication

primitives have the same semantics and purpose as those in the Bluetooth L2CAP.

LM_Connect.Request(Called LSAP, Requested QoS, Client Data)
LM_Connect.Indication(Calling LSAP, Resultant QoS, Client Data)
LM_Connect.Response(Calling LSAP, Client Data)
LM_Connect.Confirm(Called LSAP, Resultant QoS, Client Data)

Parameters:
LSAP: A reference to an LSAP (typically an LSAP-ID of a remote end point)
QoS: Quality of Service parameters. The parameters that can be changed by a request
from the IrLMP layer are listed below.

e Baud Rate
e Max. Turn Around Time
o Data Size
e Window Size
e Disconnect Threshold
e Minimum Turn Around Time

- Details of the QoS parameters are discussed in Annex B.
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Client Data: optional client information sent with the request.

The sole service provider at the Link layer of IrDA, IrLMP by itself is subject to the
negotiated parameters at the IrLAP layer even if it can initiate the connection setup

procedure following application or higher layer requests.

A LSAP service user may request a Quality of Service (QoS) for the IrLAP link. Then an attempt
to provide the requested QoS will be made. The connection will not be rejected simply because
the QoS could not be met. If the connection succeeds, the actual QoS parameters will be returned.

If the actual QoS is not sufficient, it is up to the LSAP Service User to disconnect.

The diagram below shows the general LSAP connection states

Figure 4-10: State chart showing the states of an LSAP link

4.2.2.4 The IrDA link layer platform model (PM)

The following diagram shows a general model of the IrDA platform as abstracted at the
LM _MUX layer. Similar to the Bluetooth L2CAP platform model, this platform model of IrDA
consists of the Interface, Functional elements, and Non functional QoS elements. These elements
are used to describe the basic functional or operational characteristics of the LM_MUX layer.

They are identified and listed below:
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The functional services are:
Connection Setup
Connection Configuration/Reset
Connection Termination
Message Transmission
Data Send and Receive
Event Signaling
The objects (entities) identified are:
Channel/Connection: this refers to the LSAP with endpoints at peer LM_MUX
layers.
Event: represents the means of message interaction between objects in the system.
Every message is produced as an event to invoke a corresponding
operation.
QoS _Spec: Represents the QoS Constraint (Offered QoS) of a IrDA Link layer.
Service Interface (LMService): this is the interface with the Link layer interacts
with its clients
Similar to Blutetooth, classes will be used to represent these four entities. Using the terminology
defined the UML profiles, Channel/Connection is considered as a Resource and QoS Spec is a

QoSConstranit. The other elements are modeled using the standard UML concepts.

52



<<Interface>>
LMSeniice

E stablishConnection()
¥ Terminate Connection()

®ConfigureConnection()
¥Send()
PReceive()
QoS_Spec
B¥DataSize LSAPChannel
E5MaxTurnArroundTime EHLSAPID
E2BoudRate _ Bname Event
BEWindowSize 1 1/8q0s : QoS_Spec |1 1.n
E&MinTurnArroundTime N
E&LinkThreshold T
|
|

Request

Response

Confirmation Indication

Figure 4-11: The IrLMP Platform Model

Additionally, all the QoS Spec parameters have enumerated values. All of them will have an

enumerated data type definition given in Annex B. No other values should be used.

According to the terminology defined in [9], the parameters used to define the QoS Spec in [rDA
are each QoSCharacteristics having their own quantifying dimension and values. They are:
Maximum Turn Around Time, Link Threshold Time, Baud Rate, Data Size, Window Size,

Minimum Turn Around Time.

In summary, we can see that the model elements of both [rDA and Bluetooth link layer services
are closely similar. They both have the Connection, Event, and Servicelnterface and QoS_Spec
objects. The major difference between the two models is the difference in the definition of the

QoS _Spec model element.

A general modeling framework for reservation based and connection oriented platforms modeling
can include the following concepts as Metamodel elements, which will have their own definition

for each network in the considered reservation based domain.
The major platform metamodel framework can be assumed to include:
e Channel

e FEvent
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e QoS Spec

e QoSCharacteristics
e QoSDimension

e QoSValue

e ServicelLevel

e Servicelnterface

All network specific platform models will be specific instances of this metamodel framework.

<<QoSOffered>>
QoSSpec L
Senicelnterface <> | QoSCharacteristics
/ “ |
|
|
<<GRMResource>> ‘ |
Channel ‘ 1.n
\ |
0.1V QoSDimension
Level

Event

QoSValue

Figure 4-12: The Platform Framework Metamodel

4.3 The Platform Independent Model (PIM)

As described in section 4.1, the main objective of the PIM is to represent the services of the
domain of networks in a generic manner so that application design and implementation can be
independent of the underling network. Although it is an implementation decision, the model can
be incorporated with in application design and implementation or can be implemented as an
abstract layer on the devices. A more precise name for this model could be Network Independent

Model (NIM).

At this level specific network level artifacts should be abstracted out so that the following two

requirements of a PIM should be fairly satisfied.
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¢ Independence of platform artifacts

e Easy mappablity towards specific platform model

With the MDA standard, the PIM should be semantically similar to the platform models. Hence, it

has to reflect the connection oriented and the reservation based nature of the networks. The

applications implemented in this network domain are aware of the reservation based and

connection oriented nature of the networks. But their design and implementation will be

independent of a specific network interface. The applications are implemented on the devices and

objects with the knowledge of the platform independent service interface. It will be the duty of the

mapping layer to transform (map) this interface and QoS specification to the underlying network.

Thus, producing a separation of concerns between the applications and the platforms. Therefore

the PIM concepts are based on the platform specific characteristics.

The essential model elements that the PIM must include in an abstract manner are:

Serivicelnterface: this is an abstract entity that represents the service interface
where clients interact with the network. This specifically abstracts the interface of
the networks. It serves as a generic, abstract, and high-level Service Interface for

application modelers.

Channel: is the channel with which the QoS request is associated. It is an abstract
representation of the connection concept used in each network. The properties are

based on abstract definitions.

Flow_Spec: this is the specification of the QoS as a generic reservation request
specification similar to the flow specification proposed in [45], which has been
enhanced in [21] and further by IETF for use in Internet reservation services [49]. It
is believed in this work that it can be mapped or transformed to a number of
connection oriented and reservation based networks. The specification does not
explicitly define latency. Therefore, we have added a latency parameter in the flow

specification.

Event: represents all messages used as notifications for negotiation, and message
sending and receiving. This is also an abstract representation of the event model

element in the platform models.

For the QoS specification at the PIM level, the flow-based approach is selected for a number of

reasons discussed below.
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First, it is a closer approach to networks and in particular it is more appropriate for the connection
oriented and reservation based networks considered in this work. Initially it was proposed for the
Internet community. It is also a widely used model to quantitatively specify application

requirements on a network [52].

Second, it is more declarative than showing more technical details, which makes it appropriate for

a PIM level specification according to the MDA standard [2,3].

Third, its specification does not target a specific network protocol and reservation mechanism

[33,45]. This opens the possibility of mapping to many different specific implementations.

Fourth, we believe that it is the most appropriate specification that can satisfy both requirements
of a PIM stated above. We argue that this type of PIM specification can be transformed to

Bluetooth, IrDA and other reservation based networks.

[45] presented an abstract network element service specification framework especially for flow-

based networks which is summarized below:

The definition of a service states what is required from any network element (a router, switch,
subnet, or the network subsystem of a host or operating system). The service definition also
specifies parameters used to invoke the service, the relationship between those parameters
and the service delivered. Each service definition also specifies the interface between that
service and the environment. This includes the parameters needed to invoke the service,
informational parameters which the service must make available for use by setup and
management mechanisms, and information, which should be carried between end-nodes and

network elements by those mechanisms in order to achieve the desired end-to-end behavior.

However, a service definition does not describe the specific protocols or mechanisms used to

establish the required state in the network elements for flows that use the described service.

Other specifications that can be used for reservation-based network for example INSIGNIA [55]
and FQMM [54] are initially based on this generic flow specification adapted towards mobile ad-
hoc networks. Moreover, they focus on the routing service on multi-node wireless networks with

specific implementation.

4.3.1 Data Structure of Flow Specification

Flow Specification has the following parameters [33,45,49]:
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Maximum Transmission Unit (MTU)
Specifies the maximum number of bytes in the largest possible packet to be transmitted

over the flow can have.

Token Bucket Rate

The token bucket rate is one of three fields used to define how traffic will be injected into
the network by the sending application. The token rate is the rate at which tokens (credits)
are placed into an imaginary token bucket. For each flow, a separate bucket is maintained.
To send a packet over the flow, an application must remove a number of credits equal to
the size of the packet from the token bucket. If there are not enough credits, the application

must wait until enough credits accumulate in the bucket.

Token Bucket Size

The token bucket size controls the maximum amount of data that the flow can send at the
peak rate. More formally, if the token bucket size is B, and the token bucket rate is r, over
any arbitrarily chosen interval T in the life of the flow, the amount of data that the flow

sends cannot have exceeded B + r *T units.

The token bucket is filled at the token bucket rate. The bucket size limits how many
credits the flow may store. When the bucket is full, new credits are discarded. It must be

greater than or equal to the MTU size.

Maximum Transmission Rate (Peak Rate)

This parameter limits the maximum transmission rate limits how fast packets may be sent
from the host in cases of bursty traffic produced by the sending application. It limits the
transmission rate bounds by defining how fast successive packets may be placed on the

network.

Therefore, if the maximum transmission unit is M, and the maximum transmission rate is
p, over any arbitrarily chosen interval T in the life of the flow, the amount of data that the

flow sends cannot have exceeded M + p *T units.

Service Level (Guarantee Level)
This parameter has 3 values that indicate the level of guarantee associated with the flow
specification. Reservation depends also on this value. The possible values are Guaranteed,

Controlled, and Best Effort.

In addition, the flow specification will have the following additional specifications for delay

(latency).
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Latency
The time it takes for a packet from its delivery to the link layer at the sender side to its

delivery from the link layer of the receiver.

4.3.2 The Platform Independent Model Diagram

The platform Independent Model is given in Figure 4-12.

<<Interface>>
Servicelnterface

<<QoSRequired>>
FlowS pec
BEMTU
B5TokenBucketSize(B) <<GRMResource>>
B TokenRate (r) S — Channel
B PeakRate (p)

EXDelay

BESeniceLevel : SLevel

Event

<<Enumaration>>
SlLevel
E5BestE ffort = 1
B Guraranteed = 2
E5Controlled = 3

Figure 4-13: The proposed PIM representing the flow based connection oriented networks

In a similar manner, following the terminology defined in [9], the parameters used in the
definition of the QoSConstraint expression called FlowSpec are each QoSCharacteristics that
have their own quantifying dimensions and associated values. Since there is only one platform

independent model, no metamodel framework is needed for the PIM.

4.4 Mapping strategy

The mapping layer appears between the PIM generic layer and PM specific layer. This layer is
refined/modified for each specific network model it is targeting. The mapping will have both

design time and runtime aspects. Comparing the model elements of the PIM and the PMs
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specially IrDA and Bluetooth defined above, most of the model elements except the QoS related
elements exist in both the PIM and the PMs. For such elements, the mapping is straightforward.

Therefore, the major mapping required is a QoS specification mapping. The parameters used in
the PIM must be transformed to the parameters used in the PMs. Moreover, since the PIM model
specifies a requirement specification and the PM specifies a provision specification (commonly a
run time situation), verification between the required QoS and the provided QoS should be made
even before the actual contract confirmations. Therefore, this approach also provides a mechanism

for model analysis (at design time) and admission testing (at runtime).
The strategy divides the mapping into two basic parts:

I) The Functional Service Elements: It does a correspondence mapping between the PIM
elements and PM elements, which match with each other. As described earlier, this is a
relatively straightforward mapping. This includes all functional interfaces associated with

message interchange.

II) The QoS: this does the mapping between the quality of service specifications. Since
Throughput and Latency requirements are explicitly specified at the flow specification (PIM),
the mapping is made separately for parameters related to these two QoS Categories. The
parameters determining the two QoS characteristics should be identified from both the PIM

and specially from the PMs.
It has two basic procedures:

Transform (adapt): which is responsible for actually converting the PIM parameters to PM
parameters. This is used to initiate a reservation process depending on application request. The

mapping layer mediates the application request and the platform provision.

Verify: which is responsible for verifying requests with provisions. Since the applications are
basically soft real-time applications, this operation can be invoked at both design time (by
using maximum and minimum possible provision values against a possible flow request) and
runtime (by using the actual requests and provisions). Appropriate interaction interface
functions must be defined to reflect the verification results. The application must be notified if

the verification is successful or not.
A) Service Type mapping

The PIM specifies three types for this parameter namely, Guaranteed, Controlled Load,
Best Effort. For this case, the support from the PM will be checked and accordingly, the
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B)

Throughput and Latency mappings will be made. Each network will have its own support. For
example, there is no explicit representation for service types in IrDA, and Bluetooth supports
Guaranteed, Best Effort, and None. Hence, appropriate interpretation of the PIM specification

towards the PM specification is required.
Throughput related mapping

This mapping module transforms the parameters in the PIM that determine the throughput
characteristics against the parameters that determine the throughput in the PM QoS
specification. Here, we will use the concept of Maximum Transmission Boundary (MTB)
that can be easily obtained from reservation-based specifications. MTB is the maximum
amount of data that can be transmitted in a certain time interval T throughout the flow’s

lifetime.

The Maximum Transmission Boundary of a flow specification whose parameters are Token

Rate (1), Bucket Size (B), MTU (M), and Peak Rate (p) is given by [12]:

MTB <= Min (B + T, M+pT)

The parameters from the Platforms will be appropriately obtained and the corresponding MTB
for the PM will be evaluated and it will be verified with the MTB of the PIM. Using
maximum and minimum possible limits, it will be possible to make design time analysis and

admission testing. The effective action will depend on the service level requested.

C) Latency related Mapping

The latency also can be mapped with appropriate boundary values, the maximum and
minimum delay between packets will be explicitly specified in the PIM. The corresponding
boundaries are computed from the platform level parameters and depending on the Service
Level the necessary actions will be performed. In a similar manner to throughput related

mapping, both design time and runtime aspects will be considered.

The problem with latency mapping is that in different networks the meaning of latency differs.
For example in Bluetooth Latency is defined as “The time from the delivery of a frame (bit) to
the baseband layer until it is sent through the Radio”. The time is determined by the polling
interval currently enforced at the Baseband layer. According to the Bluetooth specification,
the L2CAP layer can identify this value of latency as a maximum value. For IrDA delay is not

explicitly specified but it can be estimated from the other parameters [52].
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Delay has two parts: Fixed delay (Transmission Delay, etc) and Queuing delay. This is the
interpretation given for Internet based flows. In our case, the fixed delay is composed of
Transmission Delay over the physical medium (the radio or over the infrared link). The
variable Queuing delay is the Access Delay whose factors are different in different networks.
We will use this common interpretation for delay. Since the networks are short range, the
transmission delay can be taken as some very small constant, which can possibly be ignored.

For example in IrDA, the air transmission delay is 1/c, where c is the speed of light.

4.5 The Mapping Model

The negotiation between the application and the target network is made through the intermediate

mapping layer, which is defined for that specific network forming a PSM.

Our idea is that the mapping layer will have both a design time and runtime version targeting a
single network for mapping platform independent model and implementation with specific target
platform model and implementation respectively. This will meet the objective of MDA in that
communicable embedded applications can be designed and implemented without the concern of

the peculiar characteristics of a used network.

This is possible as long as the appropriate mapping has been defined from the generic PIM level
specification to that specific network service specification. Defining the mapping between the

PIM and the PM is will not be basically a concern of the application developers.

PIM

Mapping

PM

Figure 4-14: Conceptual Model of the Mapping
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For modeling the mapping with UML, the two concepts, i.e., the Functional Service and the QoS
are separated in to two groups (packages).
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Figure 4-15: The actual proposed mapping model including the PIM and the PM in UML
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The mapping layer will have the following elements:

ServiceMap: this is responsible for mapping the functional service interface from the PIM to
the PM the operations defined in the PIM will be mapped with the operations with the PM.
The abstract channel definition will be mapped to specific channel created by a specific
network. Since there are several events generated, the mapping interface must be able to

interpret the events appropriately in both directions.

QoSMap: The major mapping element is the QoS mapping which is responsible for Verifying the
Required QoS ( FlowSpec and Level) with the Offered QoS(QoS Spec and Level) and
transforming the parameters as described above. The main class QoSMap will have two
subtypes related to Throughput related mappings (Th_Map) and delay related mappings
(De_Map). This will create a flexible layer that links the generic flow based specification

with different reservation based network platforms.

4.6 Conclusion and remarks

This chapter presented the main MDA based approach for embedded network services, which
includes both functional and QoS characteristics. The QoS characteristics are based on
performance factors namely throughput and delay (latency). Both a PIM and PM modeling
techniques and a possible mapping strategy has been proposed. The major focus of the mapping is

the Quality of service aspect.

Since there is no parameter for link error rate in both the Bluetooth and IrDA QoS specifications,
it is not included in the model. The assumption is that a loss less or a minimal loss rate link is
used. The link threshold time (link timeout time) used here is the maximum amount of time that
forces an abnormal teardown of the link in case of permanent break of communication. But, this

does not include packet loss rate and error correction tolerance.

It should be understood that the mapping layer does not represent an additional protocol layer.
Instead it should be considered as a service layer that links an abstract network interface and a
specific network interface. Its purpose may be related to that of a middleware. But the usage here
is much different from the standard purpose of middleware. At the top it will have a generic
interface and at the bottom, it will appear as a user of a specific network. This way, it separates

the two concerns of development in this domain as Application and Network.
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cuapTer 5. Applicability of The
Approach

5.1 Overview

In this chapter, the proposed approach will be verified with a mapping procedure to the logical
models of Bluetooth and IrDA networks. Since the functional interfaces are relatively similar, the

major focus of the mapping is the Quality of Service specifications.

As discussed in the proposed approach in the previous chapter, the QoS is modeled and
implemented in the systems with two separate layers: the application level (PIM) layer and
network level PM layer. The mapping layer exists between the two as a linking and mediating

layer specially transforming the PIM level QoS request to the PM level QoS provision.

The application may incorporate the PIM in its communications subsystem, which will be
implemented as a client for the mapping layer, which in turn is a client for the target network
layer. The negotiation between the two peer application ends will be made through this level of
three layers that work in coordination. After the QoS mapping, both the PIM and PM level QoS
settings will be updated to reflect the negotiated parameters so that both the underlying network

and the application will honor these QoS settings respectively.

The general procedure is described below:
The application initiates a communication and reservation request for a flow from one end to
the mapping layer. The mapping layer computes (estimates) the major QoS requirement from
this requirement and then computes the parameter values required from the underlying
network. Then, it passes this request to the target network layer using appropriate target
network parameters. The network will perform its typical negotiation process and notifies the
mapping layer the actual reservation results. The mapping layer then verifies whether the
provided reservation information agrees with the requested parameters for both throughput
related and latency related requests. Then notifies the application the positive or negative
results. The application is expected to interpret all interface events from the mapping layer

and perform actions as appropriate to its objectives.

The mapping layer computes the necessary QoS limits to transform and verify the appropriate

parameters from the PIM (Flow) to the PM (Network specific).
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5.2 Mapping to Bluetooth

In this section, how the mapping model can be defined for Bluetooth is presented. Fortunately,
there is a similarity on the conceptual and operational QoS specification between Bluetooth and

the PIM.

According to MDA, this is the best situation where some platform models resemble with the
platform independent model so that the transformation process is very minimal. The mapping task
is relatively straightforward. The only task that might be necessary is verifying whether the
requested and the provided flow specifications match with each other. We will see how all the
procedures are accomplished if Bluetooth is the target network. The mapping layer is customized

to Bluetooth.

5.2.1 Mapping The Service Interface

The PIM interface and the PM interface have relatively similar architecture and elements and so
the mapping can be simplified. The mapping layer simply links as a transparent layer between the
two. Some improvement mechanism may be made to directly link the application with the

platform level interface in such cases.

5.2.2 Mapping QoS

a. Service level

Below is a service level mapping from the PIM to the PM. How each service level is mapped

as shown is further explained in the subsequent sections.

PIM Guaranteed Controlled Load | Best Effort

Bluetooth (PM) | Guaranteed Best Effort Best Effort

b. Throughput Related Mapping

At this point, the computation can be made with the same expression for both the PIM and
PM. The Maximum Transmission Boundary (MTB) expression must hold for both of them
where MTBpiv <= MTBpMmBiuetootn). Before computing the requested and the provided MTB.
The PIM parameters will be assigned to the PM (Bluetooth) parameters. Then the negotiation

is initiated. After the response is received, the appropriate action can be performed depending
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C.

on the required Service Level. In this case, the following parameter interpretation must be

made:

The Guaranteed service level in the PIM enforces that at least the requested token
rate to be assured. The platform must assure a token rate greater or equal to the
requested token rate. More over it has to obey the MTB rule: MTBppy <= MTBpp.

Otherwise the link cannot be made.

If Controlled Load and BestEffort the two are taken as Best effort in Bletooth since
there is no other level in Bluetooth. According to the flow specification [33], the two
levels will be dealt with equivalently (i.e., as Best Effort) in many conditions such as
the case in which the network is lightly loaded. In Buetooth, the Best Effort level
requires as much reservation as possible that can be maintained at both ends. This

characteristic is equivalent to the flow specification’s Best Effort level.

The ‘None’ setting in Bluetooth means No Traffic at all which doesn’t have any
equivalent at the PIM level. Since all flow specifications require at least the Best

Effort level, this level will not have a value.

Latency Related Mapping

Since the delay is specified explicitly in both the PIM and the Bluetooth specification, a

mapping can be easily made after estimating the transmission delay and link layer processing

delay by the Bluetooth Link layer interfaces. The delay in the Bluetooth specification is the

access delay on the sender’s side, which does not include the transmission delay and the

processing delay at the remote side.

By estimating these values (transmission delay and receiver’s processing delay), the end-to-

end delay can be computed. Then the verification and mapping can be made easily.

Strict verification is necessary if the service level is Guaranteed, for the other levels, it can be

ignored to follow the working specification of a flow.
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5.3 Mapping To IrDA

5.3.1 Mapping the Service Interface

Similar to the Bluetooth case, the PIM interface and the PM interface have relatively similar
architecture and elements and so the mapping can be simplified. The mapping layer simply links
as transparent layers between the two. Some optimization mechanism can be made to minimize

the overhead imposed by the mapping layer.

5.3.2 Mapping QoS

a. Service Level

In the IrDA specification, there is no distinct expression for service levels. The most common
scenario is that for the communication to begin between to application ends, both must agree
upon the exchanged QoS parameters. The negotiation values are distinct enumerated values,
which do not accept any other values. Furthermore, the two ends must honor the agreed upon
values throughout the lifetime of the link. Hence, the best match for IrDA link layer service
level for the PIM service level is the Guaranteed level. However, the application level
specification still takes the three service levels. Therefore, the most appropriate

accommodation in the link layer would be as follows.

If Guaranteed is requested, then strict parameters must be calculated and negotiated with the
target IrDA link. The mapping layer then verifies the two values and decides on the success or

failure.

If Best Effort or Controlled then the mapping layer will accept negotiated parameters whether
they satisfy the requested values or not and notifies the resulting reservation values to the

application. Then it will be up to the application to accept or reject the resulting values.
PIM QoS Specification is composed of:

Token rate (1)

Token Bucket Size (B )

Peak Rate (p)

Max Transmission Unit (MTU)

Delay
This should be mapped to the IrDA (PM) based QoS parameters which is composed
of:
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Baud Rate (Br)

Maximum Turn Around Time (MTt)
Data Size (DS)

Window Size (WS)

Link Threshold Time

Minimum Turn Around Time (mtt)

b. Throughput Related Mapping

Since the QoS negotiation parameters of the Flow Specification (PIM) and those of IrDA are

different, the mapping requires an indirect but semantically similar mapping procedure.

The throughput based mapping can be made using the same concept of Maximum
Transmission Boundary (MTB) using two parameters or IrLMP. According the IrDA
specification [56,57], the Data rate (br) and Max. Turn around Time (MTt ) have the highest
priority in that the agreement on them influences the other parameters such as the Data Size

and the Window Size which are major factors for throughput in IrDA.

Based on the IrDA QoS specification, the maximum amount of Data that can be transmitted in

a single MTt is limited by the following expression.

MTBpa <= Br * MTt 1)
This is the absolute maximum (i.e. not the actual maximum), the actual transmission in IrDA

is calculated from the product of window size and the Data Size which agrees with (1).

The mapping mechanism can continue, after getting the flow characterization parameters. It

can collect the available capacity of the device from the two key parameters: MTt and Br.
Based on this scenario, what the mapping layer can do is described below:

Since MTBpv <= MTBpy should always be true, then the following inequality must hold
(taking MTBppy = B + MTt * r and MTBy;py = MTt * Br):

= B+ MTt* r<=MTt * Br

— Br>=(B+MTt*r)/ MTt )

If the second case is taken, i.e., if MTBppy= M + p*MTt, then
Br >= (M+ p*MTt)/MTt
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Among all IrDA parameters, the MTt has the highest priority, and it can be taken from the
maximum setting that the PM can support, and the baud rate (Br) can be negotiated to satisfy the

request.

If a Guaranteed request is received, then the minimum Br such that equation (2) holds true should

be negotiated. If not, the mapping layer can notify the failure of the request.

For the other two types of negotiations, since relaxation is possible, the resultant negotiation will
be taken and the application will be notified whether the request has got its target or less. The
flow’s rate can be calculated from the negotiated results with a simple reverse calculation. The

application, according to its internal policy, will make its own decisions on the results.

For example, let’s assume that new negotiated values appear to be MTt, Br at the platform level

that could not satisfy the request. Then, for the PIM level, r or p can be calculated. Hence, we get:
r <= (B - MTt*Br)/MTt or

p <= (M - MTt*Br)/MTt , But in this case p must remain above r otherwise , the two

parameters must be exchanged.
c. Latency Related Mapping

Delay is not explicitly described in the IrDA specification. However, from the work done in
[52], the major delay factors for a frame at the link layer are: Minimum Turn Around Time
(mtt), Queuing delay (p) at the source and the transmission delay (Tt), Acknowledgment
delay (tk), and packet processing delay at the receivers side (p).

p=4*10° /v, where v is the processor speed.
Tk = 2mtt +2p)/WS, acknowledgement is done for a window.

Tt = B—;+l, where ¢ is the speed of light and 1 is the average distance between the
c

devices (1 meter).

Therefore, the maximum delay that can be experienced by a frame, which is guaranteed by the
negotiation parameters, on an IrDA link is given by:
D=Tt+ Tk

D= ﬂ+l+m

3
DS ¢ WS )

Computing this value, the mapping layer can compare the requested delay for a packet with

the maximum delay for a packet from the IrDA link. Then it reports the variation to the
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application. It will be up to the application to decide continue the flow or cancel the
connection. Taking a range of processor speeds, the value of packet delay can be estimated as

bounded range of values.

5.4 Summary and Conclusion

This chapter has shown how the mapping can be made from the PIM to specific PSMs which is
QoS enabled. Several other factors are not considered here, the OS efficiency, over all system
capacity and other factors have not been included in this work. From the embedded system
development experience, these factors are generally taken as bounded with in some values.
Specially, the queuing (access) delay and data throughput are affected also by other factors. The
mapping layer is also a process, which takes its own processing time, which will affect the overall
throughput and generally the performance of the communication between the applications.
Considering its task, i.e., mapping of the QoS parameters that is done before the flow begins it can

be assumed that its effect on the actual flow will be insignificant.
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cHarTER 6. Conclusion and Future
Works

6.1 Discussion

In essence, MDA is not a modeling language or standard by itself. But it is a methodology that
integrates a set of modeling tools and standards for a new development approach. Although it has
been introduced and tested in the enterprise systems, its concepts, goals and benefits make it very
interesting to be adapted to other domains of system development that face similar or even worse
levels of complexity such as the domain of embedded systems and more importantly the domain

of pervasive systems since it makes extensive use of embedded devices and applications.

Platform independence from the enterprise point of view indicates that a model of system can be
produced in such a way that it only describes its objective and structure with no implementation
concepts. It does not include any information about what the model requires form an
implementation platform. This case will be considered after a target platform has been identified

and transformations are made.

The terms platform and abstraction are relative depending on how and where they are defined and
used. A model at some abstraction (platform) level may be considered as platform independent for
the abstraction levels below it. The common fact is that as we go down an abstraction hierarchy

the following characteristics are observed:
e The models will include more details often referred as refinements.

e The number of choices (instances) of lower layer models that an upper layer abstraction

model maps to will increase.
o Lower layer abstractions bring the models more close to actual implementations.

Therefore, the higher we go in the abstraction hierarchy, the more freedom we have for

implementation choices and the lower we go, the easier we get the models for implementation.

The standard models incorporated in MDA specially the UML are extensible to address the
peculiar modeling problems of embedded systems. The basic artifacts have been defined at the
metamodel level using the UML profiles. What the profiles lack is that they don’t show how to

apply the concepts in an actual MDA based development process.
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Embedded systems have been following a very different approach than enterprise systems. The
case in embedded and real-time systems is different in that the systems are naturally close to
platforms. There is no embedded system design without a platform artifact in it whether it is
specific or general. Their design is highly influenced by a set of target platform models and
capabilities. Hence, platform independence in embedded systems is that the system model targets
a certain abstract platform that can support the required execution environment for the system.
The “Abstract Platform” represents a set of services provided by a family of embedded platform

architectures.

Resource constraints are major issues in this domain so that Quality of Service model that can
resolve the question of efficient utilization of the platform capabilities for the required level of

satisfaction required by the intended applications.

This thesis has introduced an adaptation of the MDA towards the development of embedded
applications. It focused on the development of embeddable applications on communicating
objects that make use of short-range networks for local area interaction. It used the recent
proposals on Platform Based Development in combination with the MDA concepts. It also
applied the UML profiles for defining the Resource and QoS artifacts in both the PM and the
PIM.

We have proposed an approach based on the MDA vision of separating concerns of application
systems specification and platform specification, as it should work for embeddable communicable
applications of our time. This work argues that Platform Service Abstraction is a basis for
adapting MDA in this domain so that applications are modeled and possibly implemented with a
platform independent interface that will interact with a mapping layer, which takes the

responsibility of linking the application with a specific model.

Generally, the Platform Specific Model is the combination of the Platform Model (PM) and the

specific mapping layer targeting it.

The mapping layer is made to map (target) a single network at a time because what we are
intending is a link between two specifications and not a full-fledged middleware layer. The
devices are resource constrained in that a full-fledged middleware cannot be deployed on them.
Each device must have both the mapping layer and the application implementations. Hence, the

overhead imposed by the mapping layer must be reduced.
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6.2 Thesis Contributions

Below is a list of basic contributions made by this work:

1.

We believe that we have introduced an MDA based development strategy for embeddable
communicable applications, which is useful beyond the concept of distributed embedded
systems. Here, applications designed and deployed with this methodology for any purpose
by different developers and possibly at different times can communicate. If they appear to
come together (closer to each other) so that their mapping layers support the current
underlying network between them, then they can communicate easily. This can be taken as
one contribution towards the objective of future pervasive systems, i.e., deploying

applications on all communicating objects.

The usage of reservation based specification for the communication subsystem of the
application based on the token bucket based QoS requirement formulation is easy for
applications. The mapping layer’s model works with the predictable nature of both
required and the provided QoS. It can neutrally verify and transform the requirement and
the events generated both from the network and the application are mediated appropriately
so that the separation of concerns is extended up to the runtime execution environment in

addition to the design time analysis and testing possibility.

This approach can be taken as a sample on how to use the UML profiles in actual
modeling instances such as this. We have applied the concepts of the in the QoS profile
and the Resource profile to model both specific platforms and the PIM abstraction

including the mapping model.

6.3 Future Works

In the future we have planned the following works

1.

Because of time limitation and lack of tool support, the approach has not been
implemented and tested with the actual networks. The evaluation presented in chapter 5,
has shown the possibilities of mapping the QoS parameters between the application and a
specific target network. But, it does not show the overhead imposed by the mapping layer.
These issues are mostly experimental. It is our conviction that the approach will need to be
extended and more refined to include all attributes, methods and operations for the
modeling elements when tested with appropriate tools. This is one aspect that is left to be

dealt with in the future.
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2. Defining a similar approach for the other wing of networks is another aspect of future
works. The other category of networks that employ priority based QoS provision and
typically a connectionless service require a similar investigation for an MDA adaptation.

This is also left as a future work.

3. There is a possibility that the mapping layer may be implemented for a family of networks,
such as reservation-based networks as a whole, instead of each individual network as
proposed in this model. Although this is related to device capacity, the mapping layer can
incorporate libraries that can map the application request to a number of networks with
little modification on the approach proposed in this work. This is one aspect that could be

considered in the future.

4. Lastly, designing an integrated methodology that can incorporate both categories in an

MDA standard is also another future aspect.
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ANNEX A

Bluetooth configuration primitive and its parameters

The Configuration Primitives
The service primitives of the Bluetooth channel configuration process are used for the purpose of

reserving resources on the end devices before an intended send / receive activity are given below:

L2CA_ConfigReq (/NPUT: CID, InMTU, OutFlow, OutFlushTO, LinkTO,
OUTPUT: Result, InMTU, OutFlow, OutFlushTO)
The use of this primitive requests the initial configuration (or reconfiguration) a channel to
a new set of channel parameters. Input parameters are the local CID endpoint, new
incoming receivable MTU (InMTU), new outgoing flow specification, and flush and link
timeouts. Output parameters composing the L2CA ConfigCfm(Neg) message are the
Result, accepted incoming MTU(InMTU), the remote side’s flow requests, and flush and
link timeouts.
Input parameters:
CID: Local channel endpoint ID
InMTU: the MTU the initiator can receive
OutFlow: the QoS flow specification supported by the initiator
OutFlushTO: Sent packet Time out
LinkTO: Link Timeout
Output parameters:
Result: Success or Failure
InMTU: the MTU the initiator can receive
OutFlow: the QoS flow specification supported by the initiator
OutFlushTO: Sent packet Time out
LinkTO: Link Time out
These parameters are corresponding response parameters that will be received with a positive or

negative response from the other End.
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L2CA_ConfigRsp(/NPUT: CID, outMTU, InFlow,
OUTPUT: Result)

The use of this primitive issues a response to a configuration request event indication.
Input parameters include the local CID of the endpoint being configured, outgoing
transmit MTU (which may be equal or less to the OutMTU parameter in the
L2CA Configind event) and the accepted Flowspec for incoming traffic. The output

parameter is the Result value.

Input parameters

CID: Local channel endpoint ID

outMTU: the inMTU the initiator must expect

OutFlow: the QoS flow specification supported by the responder
Output parameters:

Result: the result indicates whether the configuration has been accepted or not.

These parameters are corresponding response parameters that will be received with a positive or

negative response from the other End.

L2CAP QUALITY OF SERVICE (QOS) OPTION

This option specifies a flow specification (flowSpec) similar to RFC 1363 with some
modifications. The out InFlow and InFlow parameters in the configuration primitive are defined
using this QoS option. If no QoS configuration parameter is negotiated the link should assume the
default parameters discussed below. When included in a Configuration Request, this option
describes the outgoing traffic flow from the device sending the request to the device receiving it.
When included in a positive Configuration Response, this option describes the incoming traffic
flow agreement as seen from the device sending the response. When included in a negative
Configuration Response, this option describes the preferred incoming traffic flow from the
perspective of the device sending the response.

Best Effort does not require any guarantees. If no QoS option is placed in the request, Best Effort
must be assumed. If any QoS guarantees are required then a QoS configuration request must be
sent. The remote device places information that depends on the value of the result field, its
Configuration Response. If the request was for Guaranteed Service, the response shall include
specific values for any wild card parameters (see Token Rate and Token Bucket Size descriptions)

contained in the request. If the result is “Failure — unacceptable parameters”, the response may
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include a list of outgoing flowspec parameters and parameter values that would make a new
Connection Request from the local device acceptable by the remote device. Both explicitly
referenced in a Configuration Request or implied configuration parameters can be included in a
Configuration Response.

Service type (Guranteed, BestEffort, None)

Token Rate (Bytes/Second)

Token Bucket Size (bytes)

Peak Bandwidth (bytes/second)

Latency (microseconds)

Delay Variation (microseconds)
Service Type:
This field indicates the level of service required. If ‘None’ ‘No traffic’ is selected, the remainder
of the fields may be ignored because there is no data being sent across the channel in the outgoing
direction.
If ’Best effort’, the default value, is selected, the remaining fields should be treated as hints by the
remote device. The remote device may choose to ignore the fields, try to satisfy the hint but
provide no response (QoS option omitted in the Response message), or respond with the settings it
will try to meet.
Token Rate
The value of this field represents the rate at which traffic credits are granted in bytes per
second. An application may send data at this rate continuously. Burst data may be sent up
to the token bucket size (see below). Until that data burst has been drained, an application
must limit itself to the token rate. The value 0x00000000 indicates no token rate is
specified. This is the default value and implies indifference to token rate. The value
OxFFFFFFFF represents a wild card matching the maximum token rate available. The
meaning of this value depends on the semantics associated with the service type. For best
effort, the value is a hint that the application wants as much bandwidth as possible. For
Guaranteed service the value represents the maximum bandwidth available at the time of

the request.

Token Bucket Size
The value of this field represents the size of the token bucket in bytes. If the bucket is full, then

applications must either wait or discard data. The value of 0x00000000 represents no token bucket
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is needed; this is the default value. The value OXFFFFFFFF represents a wild card matching the
maximum token bucket available. The meaning of this value depends on the semantics associated
with the service type. For best effort, the value indicates the application wants a bucket as big as
possible. For Guaranteed service the value represents the maximum buffer space available at the
time of the request.

Peak Bandwidth:

The value of this field, expressed in bytes per second, limits how fast packets may be sent
back-to-back from applications. Some intermediate systems can take advantage of this
information, resulting in more efficient resource allocation. The value of 0x00000000

states that the maximum bandwidth is unknown, which is the default value.

Latency

The value of this field represents the maximum acceptable delay between transmissions of a bit by
the sender and its initial transmission over the air, expressed in microseconds. The precise
interpretation of this number depends on the level of guarantee specified in the Class of Service.
The value OxFFFFFFFF represents a do not care and is the default value.

Delay Variation

The value of this field is the difference, in microseconds, between the maximum and minimum
possible delay that a packet will experience. This value is used by applications to determine the
amount of buffer space needed at the receiving side in order to restore the original data

transmission pattern. The value OxFFFFFFFF represents a do not care and is the default value.
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ANNEX B

The IrDA QoS Negotiation parameters

There are six major QoS negotiation parameters specified in the QoS specification used at
connection setup. The negotiation parameter specification for parameters is a three-filed
format containing the Parameter Identifier (PI), the Parameter Length (PL — in bytes), and
the parameter value (PV) respectively. All parameters have distinct negotiable values that
should be specified in the PV field as a bit pattern representing each supported value for
the parameter by the device. Non-supported values will be presented as 0 and supported
values are presented as 1. Generally, the parameters are devied in to two types Type0 and
Typel. Type0O parameters must be negotiated to the same value by both devices and Typel

parameters may be negotiated independently for each device.

PI PL PV (bit pattern)

Baud Rate (Type0)

This parameter defines the data rate that should be used to send information by both
devices. This parameter has 9 alternatives: 9600, 19200, 38400, 57600, 115200, 576000,
1152000, 4000000, and 16000000. It has to be negotiated to the same value by both ends.
It has the highest priority next to the maximum turn around time. It is specified in Bits per

Second.

Maximum Turn Around Time (Typel)

This parameter specifies for how long a station can hold the link sending data before
handing over the link to the other device. Together with the Baud Rate, it determines the
maximum amount bytes a station can send with in a Turn Around period. This parameter
has four different alternatives. Specified in milliseconds. The Options are 500, 250, 100,
50 represented by bit0 to bit4 respectively in the PV field. It has higher priority than Data

Size.

Data Size (Typel)

This parameter determines the maximum size of data bytes that can be received in a frame

for the duration of the connection. This is the amount of the relevant data field in the
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information (I) frames. It does not include protocol bytes. It has six alternatives: 64, 128,
256, 512, 1024, and 2040 represented by bits 0 to 6 respectively. Its value is adjusted to

accommodate the Baud Rate and Maximum Turn Around Time.

Disconnect/ Threshold Time (Type0)

This parameter is used to control the time a station will wait without receiving valid
frames before it disconnects the link. It had eight alternative values expressed in Seconds:

3,8, 12, 16,20, 25, 30, 40.

Window Size (Typel)

This represents the amount of Buffer size that can prepare to receive information frames
before acknowledgement. It is expressed by the number of Frames and has 7 alternative
values: 1 to 7. The value of this parameter is determined by the values of Max. T. A. time,
Baud Rate and the Data Size. It is not an essential parameter at [rLMP layer since it is
calculated by the IrLAP layer mechanism. Although this value cannot be changed by a
request from an IrLMP layer, application can request its initial value in the negotiation

process.

Minimum Turn Around Time (Typel)

This parameter deals with the time needed for a receiver node to recover following saturation by
transmission from the same device after receiving the last byte. It is also called Turn Around
Latency. It has 8 alternatives expressed in milliseconds: 10, 5, 1, 0.5, 0.1, 0.05, 0.01, 0. This is
also used by the IrLAP layer and is not a relevant parameter for the I'LMP layer.
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