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1.0  INTRODUCTION  

1.1 WHAT IS COMPONENT-BASED DEVELOPMENT? 

Component-based development (CBD) is a process in which predefined components are 
assembled into an application in order to get satisfactory functionality [17]. Software 
applications are assembled from components which come from many sources; the 
components themselves may be written in several different programming languages and 
run on several different platforms. Some of the main advantages of CBD are reusability, 
higher abstraction level and separation of the system development process from the 
component development process.  
 
However, there are still few CBDs for safety critical embedded real-time (RT) systems 
[17]. CBD seems to be a promising approach in the design of these systems, with many 
advantages but there are several difficulties of this approach due to specific requirements 
of system properties such as real-time, reliability and safety, restricted resource 
consumption (e.g., memory and CPU), including safety vs. cost and time-to-market. 
Therefore, the general purpose component models cannot be used. 

1.2 WHAT IS SAVE? 

Motivated by solving the problem above, the SAVE project was launched. The main goal 
of the SAVE project is to establish an engineering discipline for systematic development 
of component-based software for safety-critical embedded systems. The project focuses 
on a single application area (vehicular systems), to reduce the overall project complexity 
to a manageable level [3]. To solve these kinds of problem, SaveComp component model 
(SaveCCM) and SaveComp component-technology (SaveCCT) are developed. 
 
As already mentioned, SaveCCM is designed for embedded control applications in 
vehicular systems. SaveCCM is a simple model in which flexibility is limited to facilitate 
the analysis of real-time and dependability. The architectural elements, which will be 
discussed later, are components, switches, and assemblies. The component model has 
been designed for common functionality in vehicular systems. Some specific examples of 
key functionality are: feedback control, system mode changes, and static configuration 
for product line architectures [1]. The component model is limited to simplify future 
analysis of different properties, e.g., real-time, reliability, and safety properties.  
 
As the result of SAVE project, SaveCCT is designed as a component technology for 
component based software development. SaveCCT implements the SaveCCM for 
development of software for vehicular systems and provides compile time mappings to a 
set of operating systems [6]. The component technology is intended to provide three 
main benefits for developers of embedded systems: efficient development, predictable 
behavior, and run-time efficiency.  
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1.3 WHAT IS SAVE-IDE? 

The SaveCCT Integrated Development Environment (in short SAVE-IDE) will provide 
full operational support for architectural and component-based design of embedded 
systems during different phases of component development - design time, compile time 
and runtime and will facilitate and automate manual design, synthesis and execution 
through these phases. SAVE-IDE includes a tool chain for analysis, verification and code 
generation, with focus on safety and real-time system [21]. 
 
The currently developed SAVE-IDE lacks of the reusability for component development. 
Users cannot reuse some existing works from the others people or even themselves. It 
raises a problem to investigate and find out the solution that involves distributed storage 
management for the development work. A Repository service, which is a software system 
for providing remote access to the component library via the network, may be well fitted 
in solving this problem. A Repository service is basically a file server that implements a 
set of operations. An application can retrieve data from a file server by calling these 
operations.  

1.4 THE AIM OF THE THESIS 

The goal of this Master thesis is to research how to provide the reusability feature for the 
SAVE-IDE and implement an interface to the component storage. This thesis presents the 
design, implementation and validation of Repository service, a browser to the component 
library for SAVE-IDE. The approach to this was first to do some research on how Eclipse 
plug-in work, what kind of method it supports, how to implement plug-in, etc. We also 
have to learn about how SAVE-IDE works and define the development process for user 
in using the repository service. After that, the Repository service was implemented as 
plug-in and integrated with the existing IDE. When the plug-in was available for the 
SAVE-IDE, the validation was executed.  
 
The rest of the report is organized as follows. Section 2 offers an overview of background 
knowledge concerning SAVECCM, Eclipse plug-in development and SAVE-IDE (which 
includes the Repository Service) and presents the problem that this thesis proposes. These 
backgrounds are essential to understand this project. It is followed by section 3 in which 
discussed the general architecture of the developed system, which gives a high level view 
of how the system works and the suggested solutions. Then the detail implementation of 
the Repository is explained in details in section 4. At the end, section 5 will summarize 
the report with conclusions and some future work ideas. 
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2.0  BACKGROUND 

2.1 SAVECCM 

In this part, we will shortly provide an overview of SAVECCM, a component model for 
safety-critical real-time systems. SaveCCM is a component model used to develop 
software for vehicular systems.  

2.1.1 The SAVEComp Model 

Elements 
 
Below are four main elements of SAVECCM: 
 

Components 

 
Components, the primary elements, are consisted of many behaviours that execute 
according to the execution model. 
 
A component contains a set of interfaces which are port-based, attributes, and an internal 
behaviour. The attributes are used to describe extra-functional properties of components 
such as analysis, model extraction and synthesis. A behaviour, which is a collection of 
models that describe a component or a connection, is used to attach models to a 
component, for use in different tools. A model, which can be an external file, or 
embedded as text within the element [2], has a type attribute, describing what type of 
model it is.  The concrete functionality of a component is typically provided by a single 
entry function implemented in C, a clock/delay component, or a composition [4]. 
 
Composite 

 
Composites are special case of a component, which can contain a set of components, 
composites, assemblies, and switches. The main difference between component and 
composite is that a composite is a container and acts like a component. Composite’s 
behaviour will be determined by its internal composition. 
 
Switches 

 

Switches, which are specified as special types of components without actions and 
attributes [4], provide the means to change the component interconnection structure 
dynamically (at runtime), statically (at configuration time). 
 
A switch contains a connection specification, which specifies a set of connection patterns, 
each defining a specific way of connecting the input and output ports of the switch. A 
pattern is used for only some ports not every port. There are some conditions specifying 
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how the ports of switch are internally connected. Depending on the switch condition 
value input and output ports are connected or disconnected. 
 
Assemblies 

 
Assemblies, which provide ways to gather elements, are containers of component, switch, 
and composite and their interconnection. The internal elements are hidden from the 
external environment, and can be accessed only by the ports of the assembly. An 
assembly specification includes a set of components and switches and is quite similar 
with component. However, assembly does not have behaviour part but attributes. 
 
Functional interface  
 
SAVECCM elements communicate with the external environment by ports. There are 
two kinds of port input and output port, which depend on how information transfers: the 
data port where data can travel through and the trigger port where the trigger is executed. 
Within SaveCCM, each kind of port is divided into three types of ports which are 
distinguished by their data type: data-only, triggering-only, and data-triggering ports. 
Trigger and data signals go to external element through its output ports; and come into an 
element through its input ports. We can build systems from components by connecting 
input ports to output ports. We can not connect two ports with different type. In other 
word, ports can only be connected if their types match [3]. 
 
Data-only ports acts like buffers which can be read and written. Whenever write action is 
called, the old value will be replaced by the new value. Output and input ports are 
separated so the data can not be automatically transferred from one port to another port 
connected with it.  
 
Component activation is managed by one or several trigger-only port. The component is 
triggered when all input trigger ports are activated [1]. Several output trigger ports may 
be connected to a single input triggering port and the input port is triggered if at least one 
of its connected output ports is activated [1]. The activation time of the trigger input port 
is from the time of triggering to the start of the component execution. 
 
Data-triggering ports are formed by combining data-only and triggering-only ports. 
 
Beside the connection, we also have delegation which is a special case of connection. A 
delegation is a connection from an assembly input port to an input port of an internal 
element, or from an internal output port to an assembly output port. 
 
Execution model 

 
There are two states that a component may have: waiting to be activated (triggered) or 
executing. A component is initially inactive. It remains in this state until all input trigger 
ports have been activated, at which point it switches to the executing state [1].  
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There are three periods in each component execution time. In the first period, the 
component reads data from all of its input port. In the second one, the component 
computes the inputs read with its internal data. In the last period, the component writes 
data to its output ports, after which it returns to the idle state and waits for a new 
triggering. 

2.1.2 Textual and Graphical Specification 

Textual language 

 
We describe the XML syntax of SaveCCM by using the element definitions from the 
DTD (Document Type Definition). 
 
A COMPONENTDESC element contains a set of ports, attributes, and an internal 
behaviour. The element is differentiated by its unique id attribute, and contains INPORT 
elements, OUTPORT elements, ATTRIBUTE elements, a BEHAVIOUR element, and a 
REALISATION element. The realisation specifies the component as either a C function 
(ENTRYFUNC), a clock/delay component, or as a composition. 
 
<ELEMENT COMPONENTDESC (INPORT*, OUTPORT*, ATTRIBUTE*, 
BEHAVIOUR, REALISATION)> 
<ATTLIST COMPONENTDESC id ID #REQUIRED> 
<ELEMENT REALISATION (ENTRYFUNC | CLOCK | DELAY | 
(COMPONENTLIST, CONNECTIONLIST))> 
<ELEMENT CLOCK #PCDATA> 
<ATTLIST CLOCK period CDATA #REQUIRED jitter CDATA #IMPLIED> 
<ELEMENT DELAY #PCDATA> 
<ATTLIST DELAY delay CDATA #REQUIRED precision CDATA #IMPLIED> 
 
A SWITCHDESC element contains a set of ports and a set of switching conditions. The 
element is differentiated by its unique id attribute, and contains INPORT elements, 
OUTPORT elements and SWITCHCONDITION elements. 
 
The SWITCHCONDITION element describes under what conditions the ports of the 
switch are internally connected. The FROM and TO elements are references to connected 
ports. CONDITION is an empty element, with a setport and a value attribute signifying 
the condition that the setport has this value. 
 
<ELEMENT SWITCHDESC (INPORT*, OUTPORT*, SWITCHCONDITION*)> 
<ATTLIST SWITCHDESC id ID #REQUIRED> 
<ELEMENT SWITCHCONDITION (FROM, TO*, CONDITION* )> 
<ELEMENT CONDITION EMPTY> 
<ATTLIST CONDITION setport IDREF #REQUIRED value CDATA #REQUIRED> 
 
An ASSEMBLYDESC element contains a set of ports and a composition of components 
and connections. The element is differentiated by its unique id attribute, and contains 
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INPORT elements, OUTPORT elements, a COMPONENTLIST element and a 
CONNECTIONLIST element. 
 

<ELEMENT ASSEMBLYDESC (INPORT*, OUTPORT*, COMPONENTLIST, 
CONNECTIONLIST)> 
<ATTLIST ASSEMBLYDESC id ID #REQUIRED> 
 

Graphical Language 

 
Below is the table which contains the graphical representation of each element in SAVE 
and the detail description as well. 
 

            
 
Figure1: Graphical representation of SAVECCM element. [3] 
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2.2 ECLIPSE PLUG-IN ARCHITECTURE 

Eclipse is an open source platform-independent framework for delivering "rich-client 
applications" which is a stand-alone executable with a graphical interface composed of 
several controls for the user. The Eclipse Platform is designed for building integrated 
development environments (IDEs) that can be used to create not only applications but 
also web sites, embedded Java programs, C++ programs, and Enterprise JavaBeans [21].  
 
Although the Eclipse Platform has a lot of built-in functionality, most of them is very 
general. Additional tools extend the Platform to work with new content types, to do new 
things with existing content types, and to focus on something specific.  
 
The Eclipse Platform is built on a mechanism for discovering, integrating, and running 
modules called plug-ins. A tool provider writes a tool as a separate plug-in that operates 
on files in the workspace and surfaces its tool-specific UI in the workbench [16]. When 
the Platform is launched, the user is presented with an IDE composed of the set of 
available plug-ins. The Eclipse Platform provides the core frameworks and services upon 
which all plug-in extensions are created. It also provides the runtime in which plug-ins 
are loaded, integrated, and executed.  
 
Eclipse can deal with any type of resource (Java files, C files, Word files, HTML files, 
JSP files, etc) in a generic manner but does not know how to do anything that is specific 
to a particular file type [22]. The specific functionalities come from tool plug-ins for 
eclipse that uses the platform to work with these different kinds of resources. This 
pluggable architecture allows a seamless experience for the end user when moving 
between different tools. 
 
In addition, the Eclipse platform defines a workbench user interface and a set of common 
domain-independent user interaction paradigms that tool builders plug into to add new 
capabilities. The platform comes with a set of standard views which can be extended by 
tool builders. Tool builders can both add new views, and plug new domain-specific 
capability into existing views. 
 
A plug-in in Eclipse is a component that provides a certain type of service within the 
context of the Eclipse workbench.  Each plug-in may rely on services provided by 
another plug-in, and each may in turn provide services for other plug-ins [16]. For 
example, as presented in figure 2, plug-in “Plug-in” may depend on functions of plug-in 
“jdtcore” and this plug-in in turn may depend on function of plug-in “resources” and so 
on… 
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Figure 2: Eclipse plug-in structure. 

 
The behavior of plug-in including the dependencies and services are declared in the 
MANIFEST.MF and plugin.xml files (see figure 3). This structure provides lazy-loading, 
also known as dynamic function loading, which is a mode that allows the developer to 
specify what components of a program should be not loaded when the program is started. 
This feature makes the plug-in only loaded when need thus reducing the startup time and 
the consuming memory of Eclipse. 
 

 
 
Figure 3: Example of declaring a new extension. 
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On startup, the plug-in loader reads the MANIFEST.MF and plugin.xml files for each 
plug-in and then constructs a structure containing this information. This structure takes 
some memory, but allows the loader to find a plug-in much more quickly, and it takes 
much less space than loading all the code from all the plug-ins all the time [16]. 
 
The sample plug-in directory contains: a folder contaning *.jar or compiled binary files, 
images or other static resource used by the plug-in, and the plug-in manifest. 
 

• bin — *.jar files containing the Java classes composing the plug-in are placed 
in this directory.  

• icons— Image files are placed in an icons or images subdirectory and 
referenced in the plugin.xml and by several plug-in's various classes. Static 
resource files that are parts of the plug-in can be also accessed using methods 
in the plug-in class. 

• META-INF/MANIFEST.MF— A file describing the runtime specification of 
the plug-in such as identifier, version, and plug-in dependencies. 

• plugin.xml— a XML file describing extensions and extension points. 
 

The plug-in directory must have an unambiguous name and be placed inside a directory 
named “plugins” and located under the Eclipse installation directory. The directory name 
should be composed by the plug-in identifier, an underscore, and the plug-in version in 
dot-separated form, as in: com.sample_1.0.0. 
 
MANIFEST.MF and plugin.xml—is used to define different high-level aspects so that 
the plug-in does not have to load until you need its functionality.  
 
Within each bundle manifest, there are entries for name, identifier, version, plug-in class, 
and provider. 
 
Bundle-Name: sample Plug-in 
Bundle-SymbolicName: com.sample; singleton:=true 
Bundle-Version: 1.0.0 
Bundle-Activator: com.sample.sample 
Bundle-Vendor: sample 
 
Strings in the plug-in manifest, such as the plug-in name, can be moved into a separate 
plugin.properties file. 
 
The plug-in identifier (Bundle-SymbolicName) is designed to uniquely identify the plug-
in and is typically used Java package naming conventions (e.g., com. <companyName>. 
<productName>: com.sample) 
 
The Bundle-ClassPath declaration in the MANIFEST.MF file is a comma-separated list 
describing which libraries (*.jar files) contain the plug-in code. The Export-Package 
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declaration is a comma-separated list indicating which packages within those libraries are 
accessible to other plug-ins. 
 
In the Eclipse model, a plug-in may be related to another plug-in by one of two 
relationships [16]:  
 

• Dependency: The roles in this relationship are dependent plug-in and 
prerequisite plug-in. A prerequisite plug-in supports the functions of a 
dependent plug-in.  

 
• Extension: The roles in this relationship are host plug-in (which provides 

functions for other plug-in to extend) and extender plug-in. An extender plug-
in extends the functions of a host plug-in. 

 
Dependency as defined in the plug-in manifest file is both a runtime and a compile-time 
directive [22]. At runtime, Eclipse has to make sure that a prerequisite plug-in can be 
made available to a dependent plug-in when the dependent plug-in is activated. At 
compile time, Eclipse can be directed to the classpath for compiling a dependent plug-in 
by the jar files of all of its prerequisite plug-ins. 
 
The plug-in loader instantiates a separate class loader for each loaded plug-in, and uses 
the RequireBundle declaration of the manifest to determine which other plug-ins—thus 
which classes—will be visible to that plug-in during execution. 
 
If a plug-in has been successfully compiled and built but, during execution, throws a 
NoClassDefFoundError, it may indicate that the plug-in classpath is out of sync with the 
RequireBundle declaration in the MANIFEST.MF file. It is important to keep the 
classpath and the RequireBundle declaration in sync [16]. 

When the plug-in loader starts loading a plug-in, it reads the RequireBundle of a 
dependent plug-in and locates all the required plug-ins. If a required plug-in is not 
available, the loader throws an exception and does not load the dependent plug-in. 

If a plug-in can successfully execute without a required plug-in, then that required plug-in 
should be optional in the plug-in manifest. To do so, open the plug-in manifest editor and 
then switch to the Dependencies tab. Select the required plug-in, click the Properties 
button and then check the Optional checkbox in the Properties dialog. 

Finally, check the Reexport this dependency checkbox to specify that the dependent 
plug-in classes are made visible to users of this plug-in. By default, dependent classes are 
not available. 



 
 11 

 

Figure 4: The plug-in properties dialog. 

An extension point provides the means so that other plug-ins can extend the functionality 
of the original plug-in [16]. This mechanism provides a separation characteristic so that 
the original plug-in does not need to know about the existence of the extending plug-ins 
when you design the original plug-in. Plug-ins declare extension points as part of their 
plug-in manifest, as in the views extension point declared in the org.eclipse.ui plug-
in. 
 
Other plug-ins declare extensions to the original plug-in's functionality similar to the 
sample plug-in's view extension. In this case, the sample plug-in declares a new category 
of views with the name sample and the class, com.sample.views.sampleView, as a new 
type of view as follows: 
 
<extension point="org.eclipse.ui.views"> 
   <category 
         name="sampleViews" 
         id="com.sample.views"> 
   </category> 
   <view 
         name="sampleView" 
         icon="icons/sample.gif" 
         category="com.sample.views" 
         class="com.sample.views.sampleView" 
         id="com.sample.views.sampleView"> 
   </view> 
</extension> 

Each type of extension point may require different attributes to define the extension [22]. 
Typically, ID attributes is similar to the plug-in identifier. The category ID helps the 
sample plugin view to uniquely identify the category that contains it. The name attribute 
of both the category and view is human-readable text, while the icon attribute specifies a 
relative path from the plug-in directory to the image file. 
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This approach allows Eclipse to load information about the extensions declared in various 
plug-ins without loading the plug-ins themselves, thus reducing the amount of time and 
memory required for an operation. For sample plugin, selecting the Windows > Show 
View > Other... menu opens a dialog showing all the views provided by all the plug-ins 
known to Eclipse. Because each type of view is declared in its plug-in's manifest, the 
Eclipse runtime can present a list of views to the user without actually loading each plug-
in that contains the view. 

2.3 OVER VIEW OF SAVE-IDE 

Integrated Development Environments (IDEs) provide a programming environment as a 
single application i.e. a set of programs run from a single user interface. IDEs typically 
bundle a compiler, debugger, and GUI builder together. For example, programming 
languages often include a text editor, compiler and debugger, which are all activated and 
function from a common menu [23]. 
 
SAVE-IDE will be a fully standards-based Model-Driven Development Object Oriented 
environment that will address all phases of real-time embedded systems and software 
applications, from requirements specification through deployment. It will allow project 
teams to specify, design, build, test, document and deploy. 
 
Modeling  

 
SAVE-IDE will support the UML 2.0 specification, which describes a visual language by 
which maps or models of a project can be defined.  
 
Advanced graphics support with domain specific modeling 

 
SAVE-IDE will also support the component notation defined by SaveCCM for creating 
component based embedded vehicular systems. Thus it will extend the modeling 
environment with domain specific capabilities. This means systems engineers and 
software developers will be able to create their own unique diagrams and diagram 
elements which are relevant to the component based embedded systems design domain, 
but outside the UML [21]. IDE will provide the tools to create a customizable 
environment, to meet the exact design requirements. 
 

Code engineering  

 
The IDE will support code generation, reverse engineering of source code and 
synchronization between the source code and model. Based on the model it will generate 
skeleton code in C/C++ and Java.  
 

Dynamic Model Code Associativity  

 
The usage of XML/XMI specification as a middleware between models and code will 
bring the flexibility to work in either the model or code view. Code that is generated from 
the model is just another view of the model, which allows the developer to make changes 
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at the model or source level and have automatic synchonization.  This dynamic 
model/code associativity will give a flexibility to design at any level of granularity, and 
will ensure that model and specification is consistent with the code [21]. 
 

Saving, retrieving and changing information through Repository  

 
Another core functionality of the IDE will be the Repository mechanism that will allow 
storing and retrieving models, specifications and code. This will facilitate reusability of 
code or models. Repository will be also used for change management and version 
tracking support.  
 
Small and large team collaboration  

 

SAVE-IDE will provide mechanisms for change management and version control that 
will allow and facilitate team work and collaboration [20]. It will support concurreny in 
design collaboration, including model-based differencing and merging, as well as code 
and specification change management. 
 

Below is the use case diagram which illustrates how the user (system architect, 
component developer, expert) interacts with the SAVE-IDE 
 

Save

Design the system

(IDE)

Analyse the system

from the model (Analysis)

Produce the

executable-code from the model

(Synthesis)

Execute the system

(Platform and Simulink)

System Architect

Component Developer

Expert

Collaborate

«extends»

 
Figure 5:  SAVE overview use case [20] 
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As presented in figure 5, there are 3 main actors (system architect, component developer, 
and expert) and 4 use cases: 
 

• Design the system (IDE): SAVE-IDE provides user graphical tools to specify 
the component interconnection logic, and express high level constraints on the 
resulting application. 

• Analyze the system from the model (analysis): During the development 
process, a developer can utilize analysis tools with automated connections to 
the design tool to do some analysis on the system. 

• Produce the executable-code form the model (synthesis): The synthesis 
activity generates all low level code (i.e., hardware and operating system 
interaction), so that components are free from dependency on the underlying 
platform. 

• Execute the system (Platform and Simulink): the developers generate the code 
for the real target system. 

 
In the scope of this thesis, we only focus in how to design the system, or more precisely 
how to reuse existing elements from library. 

2.3.1 Design the system 

As presented in figure 6, there are two types of actor involves with the design of the 
system: system architect and the component developer. Both of them will sometimes 
manipulate the repository which is a component library.  
 

 
 
Figure 6: Use case diagram in designing the system within IDE [20] 

 
There are two different kinds of system design: component development and system 
development. Component development is the process of creating components that can be 
used and reused in many applications. System development with components is the 
assembly of components to form an aggregate for a particular application. Component 
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development and system development are independent activities that can be parallel or 
performed by different groups. 

2.3.2 Repositories services 

 

 
 
Figure 7: Use case diagram for repository services [20] 

 
As figure 7 presented, there are 7 use cases which are shared between two actors 
(component developer and system architect) 
 

• Connect to the repository: users can connect to the remote repository through 
their network. Users also need to provide username and password for 
authentication. 

• Disconnect to a repository: users can finish their working session on the 
repository by saving all their work and choose to disconnect from the remote 
repositoy. 
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• Browse a repository: each element (component, switch, assembly, and 
composite) on the repository will be assigned an access control list (ACLs). 
Depend on the user’s right, the repository will decide whether user can or 
cannot read the element information. 

• Import a component: depend on the access right on the element users can or 
cannot import the element to their design. 

• Edit the component metadata: users can open a model description of an 
element and directly change its metadata. 

• Export a component:  depend on the access right on the element users can or 
cannot export their design as new element to the repository. 

• Delete a component: depend on the access right on the element users can or 
cannot remove an element from the repository.  

2.4 PROBLEM DEFINITION 

A check-out process means to create a local working copy from the repository. Either a 
specific revision is specified, or the latest is obtained. A commit (check-in) occurs when a 
copy of the changes made to the working copy is written or merged into the repository. 
 
Using SAVE-IDE, users now can develop a system from scratch but they cannot use 
another system which is already built in their design. They even cannot copy the existed 
system to their system.  This raises a reusability issue for SAVE-IDE. 
 
Reusability is very important within the context of SAVE-IDE since it helps to reduce the 
development cost, increase the reliability of a system. Reusability also makes the system 
easy to extend and maintain. The problem that this thesis tried to solve will be how to 
provide users a practical means to reuse any elements which are developed through the 
SAVE-IDE.  
 
Moreover, this problem involves defining a library structure for storing SAVECCM 
element (such as component, composite, assembly, switch…). To reuse an element from 
the library, this brings a need for remote servers containing all existing elements. 
Whenever an element has been already done and the owners would like to share it, it can 
be checked-in to the remote one so that any one can view and reuse it by commiting to 
their work. 
 
For element which is being designed and not yet finished, it can be located on the local 
repository (usually is the machine of the owner). Whenever users would like to check if 
there is any element useful for their work they can go to the remote repository and 
commit some elements to their local storage and customize them as their needs. 
 
This thesis also has to define a process on how to reuse an element in the design phase, 
and how to manipulate the library. The implementation of this solution should be a 
completed library and the tool for user to access the library. The connection between 
local and remote one should be secured (data should be encrypted or using virtual private 
network…) 
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3.0  GENERAL ARCHITECTURE 

3.1 SAVE-IDE ARCHITECTURE 

The SAVE-IDE includes four main parts (see figure 8):  
 

• Reports Viewer provides the analysis information based on the designed 
model. 

• Architecture editor: a design-view for the system. From here user can design a 
system using graphical tool. 

• Code generator uses the template to generate skeleton code for the 
implementation phase. 

• Repository services: provides the way to browse the repository and reuse 
elements. 

 
  

      
 

Figure 8: General architecture of SAVE-IDE [20] 
 
So far, the developed SAVE-IDE facilitates users a graphical design view including some 
tools which support graphical notation of the SAVECCM element. The users design the 
system by drawing the diagram representing the model of the system. This design process 
will produce 2 metadata files for the system: one model file that contains the model of the 
system and one diagram file that contains the graphical information of the system. 
 
Below is a simple sample of an assembly model specification in XML file which was 
generated from the design view in SAVE-IDE: 
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<se.mdh.mrtc:Assembly xmi:version="2.0" xmlns:xmi="http://www.omg.org/XMI"  
   xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"  
   xmlns:se.mdh.mrtc="http://www.mdh.se/saveccm" id="#Auto"> 
  <compose xsi:type="se.mdh.mrtc:Assembly" name="Tien" id="#Auto"> 
    <offer xsi:type="se.mdh.mrtc:TriggerOut" name="tik_tak" id="#Auto"/> 
    <offer xsi:type="se.mdh.mrtc:CombinedOut" name="hik_hik" id="#Auto"/> 
    <connects xsi:type="se.mdh.mrtc:Connection" source="//@compose.0/@offer.0"  
       destination="//@compose.1/@offer.1"/> 
    <connects xsi:type="se.mdh.mrtc:Connection"  
       source="//@compose.0/@compose.0/@offer.0"   
       destination="//@compose.0/@compose.1/@offer.0"/> 
    <compose xsi:type="se.mdh.mrtc:Switch" name="khong_minh" id="#Auto"> 
      <offer xsi:type="se.mdh.mrtc:TriggerOut" name="tao_nhan" id="#Auto"/> 
    </compose> 
    <compose xsi:type="se.mdh.mrtc:Component" name="ha_phi" id="#Auto"> 
      <offer xsi:type="se.mdh.mrtc:TriggerIn" name="ha_hau_don" id="#Auto"/> 
      <specifie name="luong_thao" id="#Auto" type="float" value="100"   
         credibility=""/> 
    </compose> 
  </compose> 
  <compose xsi:type="se.mdh.mrtc:Component" name="hoang_phi_hong" 
     id="#Auto"> 
    <offer xsi:type="se.mdh.mrtc:TriggerOut" name="luu_bi" id="#Auto"/> 
    <offer xsi:type="se.mdh.mrtc:TriggerIn" name="nguy_dien" id="#Auto"/> 
    <specifie name="host.sta" id="#Auto" type="truong_phi"/> 
    <behaviour type="quan_vu" filename=""/> 
    <has argument="ma_sieu"/> 
  </compose> 
</se.mdh.mrtc:Assembly> 
 
A sample component model specification in XML generated file 
 
<compose xsi:type="se.mdh.mrtc:Component" name="lo_tuc" id="#Auto"> 
    <offer xsi:type="se.mdh.mrtc:TriggerIn" name="inport_" id="#Auto"/> 
    <offer xsi:type="se.mdh.mrtc:DataOut" name="out_port" id="#Auto"   
       type="nope"  value="charset"/> 
    <specifie name="home" id="#Auto" type="char" value="100"     
      credibility=""/> 
    <behaviour type="chau_thoi" filename="honest.sta"/> 
    <has argument="arg[0]"/> 
</compose> 
 
A sample switch model specification in XML generated file 
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<se.mdh.mrtc:Switch xmi:version="2.0" xmlns:xmi = "http://www.omg.org/XMI"    
   xmlns:xsi =  "http://www.w3.org/2001/XMLSchema-instance"  
   xmlns:se.mdh.mrtc = "http://www.mdh.se/saveccm" id="#Auto"> 
  <offer xsi:type="se.mdh.mrtc:TriggerIn" name="coi_thu" id="#Auto"/> 
  <offer xsi:type="se.mdh.mrtc:CombinedIn" name="alo_moto" id="#Auto"  
     type="float"     value="15"/> 
  <offer xsi:type="se.mdh.mrtc:DataOut" name="tra_sua_tran_chau" id="#Auto"        
     value="55"/> 
  <offer xsi:type="se.mdh.mrtc:CombinedOut" name="lau_thai" id="#Auto"     
     type="float"   value="20"/> 
  <contains source="//@offer.1" destination="//@offer.3"/> 
</se.mdh.mrtc:Switch> 
 

3.2 REPOSITORY ARCHITECTURE 

As the repository concerns with remote and local storage which requires distributed data 
accessing, it would be a good idea to divide the repository architecture to some separated 
parts. Following this idea, the Model-View-Controller (MVC) pattern will be an 
approriate solution. 
 
MVC is an architectural pattern, which is also a Multitier architecture, used in software 
engineering. In complex computer applications that present a large amount of data to the 
user, there is often a need to separate data (model) and user interface (view) so that the 
changes to the user interface will not affect data handling, and that the data can be 
reorganized without changing the user interface. The MVC pattern solves this problem by 
separating data access and business logic from data presentation and user interaction, by 
introducing an intermediate component: the controller which is responsible for mapping 
end-user action to application response. 
 
The repository plug-in is implemented in three separated layers:  
 

• The presentation layer which is relied on the plug-in mechanism illustrates the 
repository structure. 

• The application layer provides the wrapper for the presentation layer to 
communicate with the data layer. 

• The data layer actually is a file-system. 
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Figure 9: General architecture of repository services [20] 

 
Below is the diagram illustrating the functionality of the repository services. 
 

 
 

Figure 10: Functionality of the repository service. 

3.3 FUNCTIONAL REQUIREMENTS 

3.3.1 Add a component 

(a) Description and Priority 

User wants to add an existing component from local repository to his/her design.  
Priority: Highest 

(b) Stimulus/Response Sequences 

User selects “Add component” 
The Repository Browser window will be displayed 
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User chooses the component to add 
The component will be added to the design window and the local repository 

(c) Functional Requirements 

REQ-1: The component should be located exactly to the design window from which the 
user launched the repository browser.  
REQ-2: The component also should be added to the component directory on the local 
repository. 

3.3.2 Create a new component 

(a) Description and Priority 

User wants to create a new component from scratch. 
Priority: Highest 

(b) Stimulus/Response Sequences 

User opens the design window 
User creates the component 
The repository stores the component in the local repository 

(c) Functional Requirements 

REQ-1: The browser should save the component correctly and completely. 

3.3.3 Import component to repository 

(a) Description and Priority 

User wants to import an existing component from local repository to remote repository. 
Priority: Highest 

(b) Stimulus/Response Sequences 

User opens the “Repository Browser”  
User chooses the component on the local repository 
The repository reads information about the component and stores it in the remote 
repository 

(c) Functional Requirements 

REQ-1:  The component should be saved correctly and completely 
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3.3.4 Remove component from repository 

(a) Description and Priority 

User wants to remove a component from a repository 
Priority: High 

(b) Stimulus/Response Sequences 

User opens the “Repository Browser” window 
User selects a component to delete 
The repository removes the component from the repository 

(c) Functional Requirements 

REQ-1: The component selected should be removed completely. 
 

3.4 SUGGESTED SOLUTIONS 

Versioning Problem 

 

As a development project moves from the first prototype to delivery phase, it goes 
through many cycles in which developers explore new features, bugs, and then stabilize 
what they have accomplished. This evolution does not stop when you first deliver the 
product. Most of the evolution will need to be maintained and enhanced, and will be 
released several times.  
 
The most important problem probably is reversion. If there is a change which has bugs, 
how can we revert to a code version that works well? If reversion mechanism is not 
implemented, it is very difficult for making changes at all. 
 
Almost as important is change tracking. This problem root comes from the fact that users 
know that their code has been changed but they do not know why. It is easy to forget the 
reasons for changes and step on them later. This is especially important in collaboration 
environment, users should know what the others have changed while they were not 
working on that part, and who was responsible for the change. 
 
Another issue is bug tracking. It is quite common to get new bug reports for a particular 
version after the code has been changed away from it considerably. Sometimes 
developers can recognize the bug immediately, but often they cannot. Suppose it does not 
reproduce under the latest version. If bug tracking mechanism is not implemented, it is 
very difficult to get back to the state of the old version in order to reproduce and 
understand the bug. 
 
The versioning problem, which is consisted by all of these problems above, requires 
procedures for keeping a history of the project, and annotation with comments that 
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explain the history; it also needs mechanisms for making sure developers do not 
overwrite each others' versions. 
 
Proposed Solution 

 
There are two solutions so far for the element storage: the database approach and the file-
system approach. However, the database approach exposes some shortcomings with the 
domain specific. As an element, besides its metadata, may have more detail descriptions 
such as the test files, the source files, the documentation files, the model files etc… and 
its description is continuously grown up and these kinds of file must be stored separately 
as an instance of the file-system, the database approach is not a good solution for this 
kind of problem. Moreover, it is quite difficult for the database system to solve the 
problem versioning. The database approach is also not suitable with the semantic of the 
element storage requirements. 
 
The file-system now will be used as a container for element storage. Each element will be 
stored in a separated directory. Whenever there is a commit/check-out request, the 
selected element will be copied to remote/local repository regardless its existence in the 
repository. 
 
As this is the first version of the repository, and the implementation of the versioning 
problem is very costly requiring much more effort and could be a thesis on its own, we 
only proposed the solution which uses the direct copy mechanism. 
 
The main idea of the copy mechanism for commit/check-out process is simple: the whole 
directory of the selected element will be copied to the local/remote repository.  For the 
modification of the element model, we manipulate the model file and this work will be 
done outside the SAVE-IDE. To modify the model file and execute the directory copy, it 
is important to know the element that users selected from the design view. Using this 
information, we can know where to insert the code of the imported element into the 
model file and where to copy the imported element’s directory. 
 
The repository will be a plug-in based which can be easily integrated into the SAVE-IDE. 
The connection between the local and remote repository will be encrypted by using the 
Secure File Transfer Protocol (SFTP). 
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4.0  IMPLEMENTATION 

The repository structure will be based on a file-system structure. Each element will be 
stored in a directory with the same name. This directory will follow this structure: 
 

• <elementName>.saveccm: a xml file contains the information for the model of 
this element.  

• <elementName>.<elementType>_diagrm: a xml file describes the graphical 
information of this element. 

• /doc directory: contains the documentation for this element such as detail 
description, development design… 

• /test directory (only applied for switch, component and composite as the 
assembly can not be tested, it is only a container which does not have any 
behaviour) contains information related to test phase such as test case, test 
result, test data… 

• /src directory (only applied for switch, component and composite, there is no 
need for assembly to have the src directory since the assembly itself does not 
have any implementation): contains all the code generation. The developer 
will be responsible for providing customized code here. 

• /model directory (only applied for component and composite since the 
assembly and switch do not have the model attribute): contains the model files 
which are specified in this element. 

 
Under each sub-directory of the element (such as doc, test, src, model…) users may have 
more sub-directory for easier management but root directory (of the repository) should 
not be changed manually without using the repository service. 
 
Since the SAVE-IDE now cannot create the directory structure as described above when 
user chooses to design new SAVECCM element, we have to make this process 
automatically by modifying SaveccmCreationWizardPage and SaveccmCreationWizard 
class for each element (component, composite, assembly, switch…) 
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4.1 CLASS ITERACTION DIAGRAM 

ParseElement LoadDiagramElementModel FileFtpUtilityElementUtility

ImportElement

FileSystemModel

ExportElementMainFrame

FTPDialog ImportExport Repository

Repository

 
 

Figure 11: Class Diagram of the repository. 
 
Convention: 

Original element, which users currently working on, was selected from the design view. 
 
Imported element, which can be selected from the repository, is the element that users 
would like to add to their design.  
 
Exported element, which can be selected from the design view, is the element that users 
would like to share after finished their design. 
 
The repository as showed in figure 11 is presented for the file-system structure which 
contains the repository not the repository service. 
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Class Description 

 

Class Name Functionality Description 
Export Show popup menu based on the selected element 

Prepare data (type of element,name of element,…) to export 

Import Show popup menu based on the selected element 
Prepare data (type of element, place,…) to import 

FTPDialog Display the Remote repository configuration 
Repository Browsing button to the repository 
MainFrame The graphical representation of the repository browser 

Display the information relavant with the chosen element 
Distribute the work to each module and return back the result for 
user 

ExportElement Export the element 
ImportElement Import the element 
ElementModel Construct the structure model for element to render the element 

directory to an element. 
ParseElement Read data from element 
LoadDiagram Responsible for displaying graphical representation of element 
FileSystemModel Construct the structure for the repository 
ElementUtility Manipulate on element it self 

Prepare data for the import and export function 
FileFtpUtility Execute the moving of the whole element through the secure FTP 
 

Class Iteraction Details 

 
There are 2 ways to access to the repository from the design view: whether launch the 
repository button from the toolbar or trigger the pop up menu from the design area.  
 
Export and Import class are responsible to display the pop up menu when user right 
clicks on the design element. Both classes have to translate user’s request such as where 
was the mouse’s position, which element was selected from the design view, etc… and 
transfer these information to the MainFrame class. 
 
The Repository class is responsible to display the button on the toolbar of the SAVE-
IDE. It will open the repository browser for users whenever users click on the button. 
However, users cannot have the import and export functionality when using the 
repository button. They can only browse the repository, view the element information and 
remove element from the repository (by utilizing the ElementUtility class). 
 
The purpose of MainFrame class is to display the main window of the repository 
browser. Acts like the controller in the MVC model, when received a request from user it 
will distribute the work to each other classes and return back the result to user. 
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When users browse the repository and choose to view the model properties aspect, 
MainFrame class will retrieve the model information from the ElementModel class and 
transfer the model information to the ParseElement class. ParseElement class is utilized 
to parse the model and return back the relevant properties of the model such as ports, 
attributes, models, etc…to the MainFrame class. And finally the MainFrame class 
displays these properties to the user. 
 
The goal of the LoadDiagram class is to render the diagram content in diagram file (that 
comes from the MainFrame class) to the image that MainFrame class will show to users 
when they decide to view the diagram aspect of the selected element. 
 
When user browse the repository and choose to view the detail aspect of an element, 
MainFrame class will retrieve the model from the FileSystemModel class and display the 
file-system structure inside the element directory. From here users can edit the internal 
structure of the selected element manually. 
 
FtpDialog class is used for saving the sftp connection that user would like to establish to 
a remote repository. The connection description will be saved to a session file containing 
the username, password, host address for later connection. 
 
ExportElement class will be executed when users finished choosing what (the exported 
element) users would like to export and where this element will be exported. 
ExportElement class applies some functions from the ElementUtility class to create the 
metadata files and the directory structure for the exported element. It then passes the 
exported element directory path to the FileFtpUtility class for doing the directory copy. 
 
ImportElement class will be executed when users finished choosing where the imported 
element will be inserted and what (the imported element) users would like to import. 
ImportElement class uses some functions from the ElementUtility class to prepare the 
place in the metadata and the directory structure of the original element. It then inserts the 
model of the imported element to the original element and passes the imported element 
directory path to the FileFtpUtility class for doing the directory copy part. 
 
FileFtpUtility class is used to download/ upload the directory from/ to the repository 
through the secure ftp connection. 
 

4.2 FUNCTION REFERENCE 

 
public void Export() 

Class ExportElement 
Details � Create two new xml files (graphical and model file) for exported 

element. 
� Create directory structure based on the type of original element 

(component or assembly, switch…). 
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� Build the new model file for the exported element from the model 
file of original element. 

� Build the new diagram file for the exported element from the 
diagram file of original element. 

� Copy the directory of the exported element to a new place. 
Result � An exported element (description files, directory structure …) has 

been created (as a sub-directory structure of original element) and 
then copied to a new place. 

� Throws a DocumentException or IOException when errors happen. 
 
 

public File Import() 

Class ImportElement 
Details � Copy the directory of the imported element to a new place. 

� Clone the model description of imported element to a temporary 
element. 

� Change the root description of temporary element based on the type 
of imported element. 

� Change the internal connection of temporary element based on 
where the imported element will be inserted. 

� Insert temporary element code to original element model file 
Result � The original model file has been inserted by the model of imported 

element. 
� An imported element (description files, directory structure …) has 

been copied to a new place. 
� Throws a DocumentException or IOException when errors happen. 

 
 

public String parseToDirectory(String str) 

Class ImportElement 
Details � Split the XPATH string input (indicate where the imported element 

should be inserted to) into an array of XPATH string. 
� Go through the array of XPATH string and retrieve the name of each 

child element from the model file of the original element. 
� Concat the name of each child to form the directory path for the 

copying of the imported element. 
Result � Return the directory path to where the imported elementis copied. 

� Throws a DocumentException when errors happen. 
 
 

public void changeConnection(Element element,Element add) 

Class ImportElement 
Details � If imported element is not a switch: go through the “connections” tag 

of  the imported element’s  model file and insert the XPATH string 
(indicate where the imported element should come to) at the 
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beginning of each destination and source string 
� If imported element is not a switch: go through the “contains” tag of  

the imported element’s  model file and insert the XPATH string 
(indicate where the imported element should come to) at the 
beginning of each destination and source string 

Result The connection of imported elementwas changed according to where 
imported elementwill be inserted. 

 
 

public Element changeConnection(Element element) 

Class ExportElement 
Details � If exported element is not a switch: go through the “connections” tag 

of  the exported element’s  model file and remove the XPATH string 
(indicate where the exported element should come to) at the 
beginning of each destination and source string 

� If exported elementis not a switch: go through the “contains” tag of  
the exported element’s  model file and remove the XPATH string 
(indicate where the exported element should come to) at the 
beginning of each destination and source string 

Result The connection of exported element was changed according to where 
exported element will be inserted. 

 
 

public void parse(File file) 

Class ParseElement 
Details � Parse the model file of original element 

� Get the information about ports, attribute, models of original element 
� Reformat the information (only display relevant data) 

Result � Get the properties in nice format from element file such as ports, 
attributes, models… 

� Throws an DocumentException or IOException when errors happen 
 
 

public Image convertDiagramToImage() 

Class LoadDiagram 
Details � Convert the File instance of the diagram file to IFILE instance 

� Load the ResourceSet from the IFILE instance 
� Get the Diagram instance from the ResourceSet 
� Render the diagram instance to the Image instance 

Result � Return the Image instance of the diagram 
� Throws an CoreException or IOException when errors happen 
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4.3  USAGE EXAMPLE 

Component Design view 

 
User starts from the design view in SAVE-IDE to design an element from scratch. User 
can select a repository browser button from the toolbar to browse the component library. 
User can also trigger the context menu which leads to export/import function. 
 

 
 

 
Figure 12: SAVE-IDE design view 

 
Main window view of repository  

 
The main window of the repository is consisted from two panels. One is an explorer-like 
panel and the other contains three tabs with different view of the selected element. 
 
The properties view 

 

Whenever an element is selected from the tree view panel, the basic information from 
this element will be parsed from the file and display on the right panel. 
 
The port of the selected element will be displayed in two fields which are input port and 
output port. All ports of the selected element including the port from its sub-element will 
be displayed.  
 
The properties field is responsisble for displaying the attributes and models description. 
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Figure 13:  Properties view of an element in the repository. 

 
The diagram view 

 
The diagram view includes the graphical representation of selected element. It only 
displays the diagram of the root element but it cannot display the diagram from the sub-
elements. 
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Figure 14: Graphical view of the element in the repositoy. 
 
The detail view 

 
The detail view displays the file-system tree structure under the element directory. User 
can browse the file inside just by double-click on it. 
 
  

 
 
Figure 15: Detail view of the element in the repositoy 
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There are two kinds of remote repository that user can browse to: a repository which is 
located in the same network of the client or the ftp server.  
 
 

 
 

Figure 16:  Selecting the remote repository. 
 
 

 
 

Figure 17: Configuring remote repository. 
 
In order to import/ export element from/to repository, the user need to select where to 
import/ export and what to import/ export. In the design views, where user triggers the 
pop up menu will be considered as the place to import/ export. What the user selects from 
tree view in the repository window will be the element that user would like to import/ 
export. 
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Figure 18: Importing the element from repository. 

 
 
 
 

 
 
Figure 19: Exporting element to the repository. 
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5.0  CONCLUSSION AND FUTURE WORKS 

We have sucessfully implemented the Repository Service for the SAVE-IDE. With help 
of it now it is possible to establish connections to the remote storage and begin sharing 
the developed works. This repository allows all basic usual management features: 
- Commit function  
- Check out function 
- Getting information about element. 
 
The core function that the repository provides for user is a browser interface with the 
reusability feature. It is a very interesting function in the SAVE component development 
process as it allows the delopers to share their works for others. We also defined the 
unified process for reusing existing elements in a collaboration environment. 
 
Future work could be to investigate how to fully display the name of each element on the 
diagram. This can be done by some further reading with the GMF API. Ftp connection 
should also be an issue deserving consideration.  
 
Another problem that should be improved in the next release of the repository service is 
to provide the mechanism for versioning elements. Being applied current solution, the 
repository may experience the risk of data duplication. It is very important to implement 
the version control system for the repository since versioning not only reduces the 
duplication of data but also helps to track changes in the repository which will be updated 
very often. Each element should have several versions and the resource for each element 
should be only one per element instead of several copies located in the repository 
structure. There is a draft solution for this problem by trying to allocate resource one time 
only and the later allocation should be marked as a link to the location of the real 
resource.  
 
For the versioning problem there are two solutions involved with the revision control 
system: file locking and version merging. In file locking model: whenever someone 
check-out the file, others can read the file but no one else is allowed to change that file 
until the owner, who did the check-out on this file, check-in the updated version ( or 
cancel the check-out). On the other hand, version merging allows multi people to edit the 
same file at the same time: the system provides facilities to merge changes into the 
central repository, so the changes from the first developer are preserved when the other 
developers check-in. 
 
In our opinion the version merging should be well fitted within this context since the 
repository is so-called component library which will be accessed quite a lot with some 
specific component. If file locking solution is used, it may be a nightmare for users to 
wait for their turn to change the component. 
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