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Abstract: In respect of the current variety of embedded development environment, such as multiple processors, peripheral equip-

ments, etc, traditional Embedded Software Development Platform (ESDP) has been unable to meet the demands. A number of devel-
opment environments, and a variety of development tools had to be adopted to satisfy different needs. That is why to build a unified
platform framework for embedded software development becomes an urgent and practical issue. Service Oriented Architecture ( SOA)
concept provides the possible. Based on the SOA’s Service Software Bus (SSB), ESDP framework can integrate a variety of develop-

ment tools into a unified framework and also possesses a good scalability, and it will be applied to an embedded applications IDE ( Inte-

grated Development Environment) for information appliances—the GDIXEAIDE cases.
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1 Introduction

In order to adapt to the development needs in dif-
ferent embedded environment, due to specific applica-
tion of different embedded systems and varied hardware
(there is a variety of embedded microprocessors, exter-
nal storage devices, peripherals, embedded compo-

,1'"% many applica-

nents in specialized areas, etc. )
tion-specific embedded development tools are popular
(cross-compiler, debugger, on-line simulator, periph-
erals communication module) ™). Traditional embedded
IDE has been very difficult to meet the changing de-
mands of the development. The introduction of platform
development model to embedded software developmenf
is irresistible.

ESDP provides an ‘integrated ‘support environment
for the users to develop (including phases of needs a-
nalysis, specification, design, coding, testing, product
distribution and maintenance, etc. ) embedded appli-
cations; which includes field-oriented application
frameworks, reusable component libraries, reference
designs, application examples, the development tool
sets, RTOS, related documentations, and other techni-
cal facility entities for platform management and config-
uration, etc.. Its main function is to integrate tools in a
unified user interface, provide users with the support of

embedded software development .

« UFSEHA: 2007 -06 -26

Article ID: 0529-6579 (2008) 02-0037-05

Currently, the popular ESDPs on the market are:
Metrowerks’s CodeWarrior, WindRiver's Tornado, ISD's
pRISM.+ , Microtec’s Spectra, Microsoft’s Windows
eMbedded Visual C + + and Windows CE Platform
Builder, etc.. ESDPs developed by domestic manufac-
turers mainly are: Beijing CoreTek Systems Incorporat-
ed’s LambdaTool, and Northeastern University Software
Development Center's NEST20001* %1

To analyze the current mainstream of ESDP, it is
obvious to find that they have the following characteris-
tics: openness, integration, dedication, distributivity,
heterogeneity, etc. , and can be regarded as a complex
distributed application. On one hand, the process of
embedded software development becomes increasingly
dependent on the support of the development platform
on the other hand, users who are in the use of these de-
velopment platforms can only use tools which provided
by the single vendor, and non-standard mechanisms
used by most tools integration constrain the diversity of
tools and the the integration the platform.

The key to construct of a new type of ESDP to
meet the command of integration, openness, applicabil-
ity, flexibility, etc., lies in its software architecture.
This paper presents a design of service-oriented ESDP.
This development platform is based on the SOA’s SSB
structure,, and functions of tools will be integrated into

a unified environment in the form of service, which can
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adapt to the development needs in a variety of operating
system, and embedded microprocessors, and have rich
development, debugging, testing and other functions.
Users can construct IDEs in accordance with their
needs. Platforms no longer face to a certain specific ar-
eas and systems, but an extensible service-oriented sys-
tem.

The rest part of this paper will introduce the re-
search status, architecture, main technology programs
of the service-oriented ESDP, and its application and

realization in the information appliance development

2 Related Work

Currently, there are a lot of studies in the archi-
tecture design of the ESDP. Using object-oriented,
model-driven design methods has been associated with
the study. References [6 —8] discussed the usage of
the object-oriented methodologies and design patterns in
the realization and application of the ESDP. As ESDP
tends to be more complex, distributed and heterogene-
ous, object-oriented development technology and mod-
el-driven architecture bring a great deal of restraint to
the flexibility and scalability of the development plat-
form.

Service-Oriented, soft-bus architecture-based ES-
DP design has became a hot topic. Reference [9]
brings forward a service-oriented software model based
on the embedded operating system Elastos. References
[4] and [5] established a componental tool bus mod-
el, and respectively used CORBA and COM technology
as the tool bus to construct ESDP. But these discus-
sions either only concentrate on the application of SOA
in the embedded development environment and do not
relate to constructing the specific IDE or their programs
apply only to the specific hardware and software envi-
ronment.

Meanwhile, the idea of using plug-in architecture
to extend and transform the existing open-source devel-
opment tools reflects the thinking of SOA and SSB
structure at certain degrees, which can also make fully
use of the existing open-source tools, save cost and
speed up the development process, somehow makes it a
good choice for constructing the ESDP. References
[10] and [11] adopt plug-in architecture, and extend
the open source tools—JEdit and KDevelop respectively
to construct a visual embedded software development
environment. Reference [12] and [13] discuss the
design and implementation of the design and develop-
ment environment of the embedded software based on
the Eclipse in detail. Although absorbing only a certain
service-oriented thinking in the design, and all gearing

to specific hardware equipment, they still provide a
useful insight.

This paper will present a service-oriented ESDP
based on the SOA’s SSB architecture. It can meet the
cmomand of a variety of hardware and software develop-
ment environments with ability to be extended and cus-

tomized.

3 SOA and Embedded Software
Development

SOA is a new method for software engineering de-
velopment, and a common method for framework de-
sign. SOA is a new architecture based on extending the
object-oriented architecture. It supports multiple stand-
ards, has a flexible application, and is the development
trend of the software engineering. The purpose of con-
structing a service-oriented ESDP is to provide a multi-
functional IDE with higher scalability for embedded ap-
plication development. Therefore, the platform’s’ soft-
ware architecture should have some flexibility, in order
to facilitate the expansion of new functions, the integra-
tion of new tools and the reduction of development cost.

With the development of embedded development
model, SOA gradually absorbs many of 'the software en-
gineering’s ideas, and breaks through the traditional
embedded software development models. Process-orien-
ted, object-oriented, component-oriented software engi-
neering ideas are widely applied in the area of embed-
ded. So, how to combine the currently ascendant SOA
theory with the embedded development environment,
and solve the- above mentioned problems in the face of
the embedded development is a practical and promising
research topic.

SOA is a component model. Different functional
units ( called services) of the application will be linked
through well defined interfaces and protocols. Inter-
faces are defined in a neutral manner, and are inde-
pendent from the specific platform realization, system
and language, commonly in the format of XML. It
makes that all services of SOA can interactive in a uni-
fied and common way and cause a lower coupling be-
tween the services so that the overall architecture of the
application will not change along with the individual

041 Services call each other

service’s internal structure
through service description which is an agreed model
used to describe what services are, how to call services
and what kinds of data are needed for successful service
calls.

With the concept of SOA’s SSB, we can conduct a
design of a service-oriented, extensible application

IDE. SSB is a software bus. Essentially, bus architec-
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ture means that all the functional components are con-
nected to an intercommunicating public structural com-
ponent. Available solutions models of SSB are: basic
adaptor, service gateway, web service-compliant bro-

[15) " This paper adopts the basic adaptor mod-

ker, etc
el, to finish the conceptual design. The .overall struc-
ture of the entire service-oriented ESDP is shown in fig-

ure 1.
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Fig. 1 Overall structure of the service-oriented ESDP

Each development tool of the embedded software
platform is wrapped to be service entity, which is con-
nected with the SSB through adaptors. Tools provide
development or management functions needed during
the development process, and communicate with each
other in the way of request-response through the SSB.
SSB manages interoperate of the tools. Adaptors are in
charge of the information conversion and communication

protocol adjustment between service entities and the

SSB.

4 Embedded Software IDE Frame-
work Base on SOA

The main problem of designing the embedded soft-
ware IDE is the design and implement of the software
bus. After observing the current popular software devel-
opment platforms, the author found that Eclipse ’ s
framework is more in line with the embedded develop-
ment needs.

Eclipse is a complete and open basic development
platform for tools integration, and released in the way of
open source, which provide a series of development
tools, and essential functions needed by the IDE for the
developer, such as resource management, user inter-
face, team support, help system and so on. lIts archi-
tecture is shown in figure 2.

Eclipse is a software framework which is designed
following the OSGi (Open Service Gateway Initiative )
standard, and Eclipse platform is constructed according
to the extension point conception. Platform runtime is
the core of the entire Eclipse framework, and all the

Eaipse project

Fig. 2 Eclipse platform framework'"®’

other functional parts are implemented in the form of
plug-ins to add functions to the platform. The greatest
value of Eclipse lies in that it provides a good frame-
work for conmstructing software development platform.
Basing on the plug-in model, we can integrate any es-
sential functions to the Eclipse platform in the form of
plug-ins through interface standards defined by Eclipse
to extend the function of the platform.

Meanwhile, as an open-source project, Eclipse
save the cost of developing an ESDP. The powerful tool
integration capability and good cross-platform character-
istic makes it raise the level of consistency in different

~ embedded software environments. Developers use dif-

ferent functions provided by the platform in different
processors and operating systems, but it can maintain
the consistency of the operations and user inter-
faces!'®!. ,

Using of the Eclipse plug-in mechanism and the
Eclipse framework, we can facilitate our design of the

platform. As shown in figure 3, we use Eclipse frame-

work to implement the SSB. All the functional parts are

wrapped and transformed using basic adaptors. They
are implemented in the form of Eclipse plug-ins by ex-
tending the extension points defined by Eclipse. Plug-
ins also make functional extensions with each other
through user-defined extension points, to provide a
more powerful service. ( Adaptors are not paint in the

figure )
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Fig.3 Design of ESDP
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The communication protocols and interface specifi-
cations between plug-ins and the Eclipse framework,
and between plug-ins themselves are defined by simple
XML documents. When using the platform, developers
send service requests to the Eclipse framework through
graphic user interface. Eclipse framework then loops up
the service registry, activates corresponding services
and responds to- the developers. Eclipse framework
manages the interoperability of the service entities. Ap-
plication modules are well designed, having a very low
coupling with each other and the Eclipse framework.

According to the needs of the actual development
process, developers can add or delete application mod-
ules in the SSB at any time to customize an ESDP

which meets the actual command.

5 An Example: GDIXEAIDE
5.1 The component of GDIXEAIDE

Based on the above SOA design, we achieve an

information appliance-oriented embedded application
IDE—GDIXEAIDE. Figure 4 shows the location of the
ESDP in the overall IDE.

0002904

. Embedied Software Development Platform

l Clompiler E l Debuger H Performance analyzer }
l Development Libraries ‘Component Librarles
GDIX Kernel

Fig. 4 ~ Structure of GDIX embedded software development

environment

At the bottom of the embedded software develop-
ment environment,  there is the operation system GDIX
which is. compacted by us, and above which, we pro-
vide development libraries and component libraries,
and integrate tools such as cross compiler, remote de-
bugger, performance analyzer, etc. into it. According
to the uniform interfaces, we integrated a number of ap-
plication service in the form of plug-ins, such as com-
ponent management system, kernel configure tools,
linkage script editor, C/C + + visual development
tools, cooperating development and version control,
etc.

Practice proved that embedded software develop-
ment environment which adopts the SSB structure can
facilitate the addition or deletion of the service mod-

ules, without affecting the other function services. We

only need to uniformly implement the interfaces accord-
ing to the standards of the SSB. interfaces and using the
adaptor mode, which has a convenient achievement.
With the support of Eclipse PDE, service development
becomes much easier.
5.2 Addition of the privilege management service
module

GDIXEAIDE can satisfy the needs of collaborative

development in disiributed environment. To achieve

this goal, privilege management service is essential.

-Based on the SSB structure, the author implements the

privilege management module in an actual project.
Theoretical foundation of the implementation is just that
all the application modules are services on the plat-
form, thus privilege management system can communi-
cate with the platform, and manage these services by
the interfaces provided by the SSB, making that differ-
ent users have different privileges of services.

After users login on -the . platform, certification
module of the privilege management proceeds to a legit-
imacy certification, and then it will query the IDs of all

the service the user can access, and compare them with

IDs of all the registered services queried from SSB. It
sends a request to the SSB, and enables the services
that the user has the privilege to access.

Addition and deletion of the privilege management
services do not need any modification to the existing
service: If we want to add new application service to
the develépment environment, we just need to modify
the privilege management system itself, adding the ID
of the new service to the setting of the user privilege.
From the example, the benefit of SOA is obvious. Cou-
pling between the services and the development envi-
ronment, and between the services themselves is very
low. Users can construct ESDPs suitable for some spe-

cific application just as easy as building blocks.

6 Conclusions and Further Study

ESDP using SOA can well meet the needs in dif-
ferent embedded environment. As long as it follows u-
niform standards of SSB, a number of services and 3rd-
part tools can be integrated into the application IDE
conveniently.

This paper presents a framework of the ESDP
based on the SOA’s SSB structure, which have a pow-
erful tool integration ability and good scalability. This
paper also described an information appliance-oriented
embedded application IDE—GDIXEAIDE example,
and shows the advantage of the SOA-based ESDP by
the example of the addition of the privilege management
system. In practical implementation, we use Eclipse
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framework as the SSB standard. Users can customize a [8] XIAO Fangxiong, XIONG Guangze, LU Dongxin. Design
fully personalized embedded software platform accord- and realization of an object-oriented embedded software

ing to the needs of themselves. development platform [ J]. Computer Applications, 2003,
23:341 -343.

LU Yi, GU Weinan. On the service-oriented software mod-

SOA technology is still in development. How to
further play to the superiority of SOA architecture, per- [9]

fect the design of the ESDP, further improve the level els based on the elastos operating system [J]. Computer

Engineering & Science ,2005,27(3) .83 -85,92
[10] YAP N,CHIONG H C,GRUNDY J,et al. Supporting dy-

namic software tool integration via web service-based

and flexibility of tools integration, enhance capabilities
of distribution collaborative development, reduce the

difficulties of development and so on, are the directions
components [ C ]. Software Engineering Conference,

2005 , Proceedings Australian 2005 ;160 - 169.
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