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Abstract 
A software product line is a set of software-intensive systems that share a common, managed 
set of features satisfying the specific needs of a particular market segment or demand.  

Software product lines capitalize commonality and manage variation to reduce the time, 
effort, cost and complexity when creating and maintaining products in a product line. 
Therefore reusing core assets, software product line can address problems such as cost, time-
to-market, quality, complexity of developing and maintaining variants, and need to quickly 
respond to market’s demands. 

The development of a software product line is different from conventional software 
development and in the area of education and research of product line there is a lack of a 
suitable purposefully designed and developed software product line (SPL) that can be used for 
educational or research purposes. 

In this thesis we have developed a software product line for turn-based two players 
distributed board games environment that can be used for educational and research purposes. 
The software product line supports dynamic runtime update, including games, chat, and security 
features, via OSGi framework. Furthermore, it supports remote gameplay via local area network 
and dynamic runtime activity recovery.  

We delivered a product configuration tool that is used to derive and configure products from 
the core assets based on feature selection. We have also modeled the software product line’s 
features and documented its requirements, architecture and user guides. Furthermore, we 
performed functional and integration tests of the software product line to ensure that the 
requirements are met according to the requirements specification prescribed by the stakeholders.  
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1 Introduction 
This section gives an overview of the background, problem, purpose and scope statements of 
this thesis. 

 

1.1 Background 
In the late 1960s and early 1970s it was common practice for software developers to create 
software any way they could, there were hardly any rules to practice or follow. The created 
software was often too complex, thus hard to maintain.  

In 1980s software developers could create software that was far superior in quality to what 
the software created only a few years earlier. Rules were introduced for the software developers 
to practice and follow, but it seemed like that existing rules were not enough to cover the 
problems in software development in the quest for better software that can be delivered on time. 
This implies more rules and practices were added to cover all the potential problems in sight. 
Until now we are still struggle to address problems such as cost, time-to-market and quality. 

As developing reliable and high quality software is already a difficult task, developing high 
quality reusable software is an even more difficult task. 

 

1.2 Problem 
Software development of product lines is different from conventional software development, 
and is aimed to address problems such as cost, time-to-market, quality, complexity of 
developing and maintaining variants, and need to quickly respond to marketplace demands. In 
the area of education and research of product line there is a lack of a suitable purposefully 
designed and developed software product line (SPL) that can be used for educational or research 
purposes. Students and researchers do not have access to suitable SPL (complete with source 
codes and related documents) that is design with education and research in mind. The existing 
SPL tend to be too complex to work with. 

The problem of this thesis is dual. First to study and develop a SPL that is suitable to use in 
classrooms by master level students to learn the development of SPL including 

• How to create a good SPL architecture that meets the stakeholders’ requirements, 

• Core assets development, 

• Product development, 

• Variability management, 

• Features modeling. 

Second, the SPL should be useful for researchers in the area of dynamic software adaptation 
where runtime update of software components is the key element [LNU].  

These objectives imply that we need to create an architecture that satisfies the stakeholders’ 
functional requirements and balances the requirements of extensibility, reusability, modularity 
and configurability against complexity since most of the students lack in architectural and 
system engineering skills. If the architecture becomes too complex it will not be usable for it 
purposes. 
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1.3 Concrete goal and context 
The concrete goal for this thesis is to create a SPL for turn-based two players distributed board 
games environment. We call such game environments as Distributed Game Environment 
(DGE). The DGE SPL is required to be designed and developed for educational and research 
purposes. Another requirement is that the DGE SPL shall be built on top of the Equinox 
platform and support dynamic runtime update of software components 

The DGE SPL will be used and evolved in classrooms for many years ahead, which implies 
that the requirements and stakeholders will shift frequently. 

 

1.4. Scope and limitation 
The concrete goal for this thesis is to create a product line, DGE SPL, suitable for educational 
and research purposes, which imply that the product line documentation, including product 
scope, requirements, software architecture, test and user documents, is important.  

In this thesis we will focus on the architecture itself, other information about the product line or 
its requirements will be presented in separate documents. 

 

1.5 Methods 
To fulfill the goal of this thesis the work was divided into three parts: 

• Study of software product lines and OSGi framework – we looked for research papers 
dedicated to the software product line, collection of links related to the software product 
line and OSGi framework. We also studied few books on software product line and 
OSGi framework to get the domain knowledge of these fields. 

• Process of collecting the requirements – we worked with the stakeholders to investigate 
the application domain, the services that the product line should provide, operational 
constraints and quality requirements. 

• Development of the software product line – based on the collected requirements we 
designed the product line’s architecture and presented the architecture for the 
stakeholders. When the architecture is approved we started the development, testing and 
documentation of the product line. We worked in short development cycles, and for 
each development cycle we reported the results and problems to the stakeholders and 
received their feedbacks for further improvement of the architecture. 

 

1.6 Contribution 
Software product line development brings new method for reusability as it is planned reused, 
large in scale, wide in range and profitable. Products in a product line can be made more or less 
like hardware development by selecting different features and components via configuration 
tools.  

The main problem in the area of education and research of product line is the lack of a 
purposefully designed and developed software product lines that can be used for educational or 
research purposes. We do not have access to the commercial product lines, and even if we do 
have access to these commercial product lines they are often too large and complex to be 
usable in classrooms or for research. 
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This thesis contributes a software product line suitable for use in classrooms by master level 
students to learn how to model product line’s features, design product line’s architecture, 
develop core assets, manage variability and work with the products in a product line.  

The contributed software product line is also useful for research in the area of dynamic 
software adaptation [ASPL], where key element is the dynamic runtime update of software 
features or components. Furthermore, we have also made an engineering contribution, in which 
we have 

• collected the requirements for the DGE SPL,  
• designed and documented the architecture for the DGE SPL, 
• implemented the DGE SPL, 
• implemented the DGE Configuration Manager (PCM) for derivation and configuration 

of new products based on the core asset base, 
• tested the DGE SPL against its requirements, 
• written user manuals for the DGE subsystems and PCM. 

 

1.7 Overview 
Rest of this report/study is organized as follows. In chapter 2, we give a short introduction to 
software product lines. This section starts with a description of what is a software product line 
and continues to describe the different processes involved in a development and management of 
a software product line. 

In chapter 3, we present an overview of the DGE SPL and continue to describe the DGE SPL 
functional and quality requirements. An overall architecture and design of the system will be 
presented at the end of this chapter.  

In Section 4 we discuss analysis of the DGE SPL’s architecture and development, and 
evaluate whether the goals have been met.  

Other documentations or artifacts, including product scope, requirement document, 
architecture document, class diagrams, test document, user manuals, source codes and 
deployment packages, are attached as appendix. 
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2 An introduction to software product lines 
One of the key factors for improving quality, productivity and consequently reducing costs in 
software development is the adoption of software reuse – the process of creating software 
systems from existing software rather than building them from scratch [Krueger 1992].  

 

2.1 What is a software product line? 
"A software product line is a set of software-intensive systems sharing a common, 
managed set of features that satisfy the specific needs of a particular market segment or 
mission and that are developed from a common set of core assets in a prescribed way" 
[Clements 2003]. 

Software Product Line (SPL) capitalizes commonality and manages variation to reduce the 
time, effort, cost and complexity when creating and maintaining products in a product line. 
Therefore reusing core assets, SPL can address problems such as cost, time-to-market, quality, 
complexity of developing and maintaining products in a product line [Clements 2002]. The key 
element enabling the effective resolution of above described problems is the use of product line 
architecture. Product line architecture allows an organization to identify and reuse artifacts for 
the efficient creation of products in a product line. The architecture is the base that holds the 
product line together. 

SPL has three major development parts domain engineering, application engineering and 
management [Clements 2003].  

• Domain engineering is associated with the development of core assets based on the 
commonality and variability in the population of similar products.  

• Application engineering is the development of individual products by reusing the core 
assets and adding functionality which is specific to each product. 

• Management is a set of activities performing by technical and organizational 
management, without which the product line eventually will collapse. 

Core assets development and product development from the core assets can occur in either 
order 

• new products are built from core assets,  
• core assets are extracted from existing products.  

There is a strong relationship between core assets and products in a product line. When new 
products are developed core assets are updated to reflect new demands, and the results of 
product development are fed back to the core assets development activity. Furthermore, value of 
the core assets is realized through the products that are developed from them. As a result, core 
assets artifacts are more generic because of the potential new products in sight.  

 

2.2 Software product family 
A software product family is a set of related software products. A software product family 
shares many similarities and few differences between the products since all products in a 
product family are derived from the core assets base. Similarities are the commonalties between 
products in a product line, whereas differences are variabilities in a population of similar 
products. Software product line is a proactive and planned process to obtain the maximum reuse 
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of artifacts within a product line by exploiting its commonality and managing variations in a 
strategic manner. 

 

2.3 Software product line scope 
Software product line scope is a description and scope of the products that will constitute the 
product line. More typically, this description is the characteristics that the products have all in 
common, and the ways in which they vary from one another [Clements 2002]. It is a statement, 
made by the organization, about what products will be built as part of the product line and what 
products will not. 

Furthermore, the software product line scope is varying with time and depending on 
organization’s strategies and market’s demand. A clear and distinct definition of the product 
scope is important, because a too broad scope implies the core assets will become too complex 
to be effectively reused and a too narrow scope does not justify the cost and effort of core assets 
development and maintenance. 

 

2.4 Feature modeling  
A feature is the distinct aspect, quality or characteristic of a software system. All the products in 
a product line have common features and varying product specific features. A feature model is a 
graphical representation (visualization) of all the products in a product line in terms of their 
features [Kang 1990]. Feature modeling is the process that identifies external visible properties 
of the products in the domain. The basic goal of feature modeling is to identify commonalities 
and variabilities among products in a product line [Benavides 2005]. 

The features of the products are classified and identified in terms of  

• capabilities are the visible properties that can be identified as distinctive services, 
operations and non-functional property.  

• domain technologies represent the implementation of these distinct services or 
operations.  

• implementation techniques are the general functions and techniques which are used to 
implement the services and operations.  

• operating environment is the environment in which applications are used.  

The common features among products are modeled as mandatory features whereas non-
common features are modeled as optional features. Optional features are used when selectable 
features have to model whereas alternative features are modeled when only one feature can be 
selected among different features [Lee 2002]. 

 

2.5 Core assets development 
The core assets base consists of all the artifacts which can be reused in the product line, such as 
requirements, architecture, source codes, tests and tools. The purpose of the development of 
core assets is to design a production plan for reusable assets from where the individual products 
can be constructed. The output of the core asset development is the product line scope, 
production plan and core asset base [Clements 2003].  
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Product constraints are used in the core assets development to determine the common and 
varying features in related products, and how different products behave in term of functions, 
performances and quality. Product decisions made by the organization capture the common and 
varying features for products in the product line, and are used during production to configure 
variation points based on artifacts of the core assets. 

 

2.6 Product development  
The development of each concrete product depends upon the scope of the product line, core 
assets, production plan and the product’s description which is specific to every product in a 
product line [Clements 2003]. 

• The scope of the product line determines whether it is possible to build the product from 
the core assets or not 

• Core assets are the artifacts from where the actual products are build 
• The production plan determines how the core assets are utilized to develop the actual 

products 
• Product description contains varying features which are specific to each product 

(common features are considered as part of core assets in product line) 

 

2.7 Variability management  
During core asset development, variability is introduced in all domain engineering artifacts 
(scopes, requirements, architecture, components, test cases, deployment packages, etc.). It is 
exploited during product development to derive applications tailored to the specific needs of 
different customers. 

According to Svahnberg [Svahnberg 2005], variability is defined as "the ability of a software 
system or artifact to be efficiently extended, changed, customized or configured for use in a 
particular context”. Variability is described through variation points and variants. A variation 
point is the representation of a variability subject within the core assets whereas the variant is 
the representation of the variability object within the core assets [Pohl 2005]. Designing a 
variation point can be based on different variability mechanism. 

In order to manage this variability between the products the term software product line 
variability management is used. There are two common methods to represent the variability in 
software product lines. The first method is to integrate the variability in existing models and the 
other is using a dedicated variability model in which variability is not combined with the 
existing models [Metzger 2007].  

The information which needs to document regarding variability is [Metzger 2007]: 

• Variation Point - representation of a variability subject within the core assets, enriched 
by contextual information. 

• Variant - representation of the variability object within the core assets. 
• Variability Constraints - constraints on variability decided by the product management. 
• Visibility Constraints – distinction between internal and external variability. Only 

external variability is visible to the customer. 
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3 Distributed Game Environment 
In this section we give an overview of the product line, its functional and quality requirements 
and a subset of features and architectural views. 

 

3.1 System overview 
The Distributed Game Environment (DGE) Software Product Line (SPL) for board games 
offers facilities to play turn-based two-player board games. The DGE SPL consists of an 
operator center (OC) managed by a human operator and a player environment (PE). The OC is a 
server application whereas PE is a client application (fig. 3.1). Both OC and PE are deployed in 
the same local area network (LAN). In a DGE environment there can exist several PE 
subsystems but only one installation of OC subsystem.  

Operator Player

Player

Player

Actor

Computer system

Actor interaction

LAN

Key

 
Fig. 3.1 – Infrastructural view of the DGE SPL. 

 

3.2 Requirements 
The DGE SPL requirements document [SRD] describes functional requirements for the DGE 
SPL in details. Here we describe only the core requirements which are: 

• ability to play game between distributed remote players, communicating over the LAN. 
• ability to send text messages between distributed remote players via LAN. 
• ability for the operator to keep a list of available players. 
• ability for the operator to manage available players and add new players. 
• ability for the operator to track status of the existing PE. 
• ability for the operator to track the existing activities. 
• support product derivation from the core assets base, including tools for supporting the 

product configuration process. 

Quality requirements in term of robustness, upgradability and security are: 

• ability for the operator to restore or delete failed game sessions. 
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• ability for the operator to update existing PE with new features, including games, chat 
and security  features, at runtime.  

• support for different authentication methods at client side, including authentication with 
or without password. 

Support for dynamic update of the PE subsystems at runtime implies that the subsystems 
should be modular in order to keep different parts of the subsystems independently, and 

• updates that do not affect the core services of the system should not require user  to 
perform a system restart. 

• updates that affect the graphical user interface (GUI) should be reflected immediately. 

Since the DGE SPL is intended to use in classrooms for educational purposes the 
architecture and implementation need to 

• be consistent (software component or modules shall follow the same architecture 
approach),  

• have an acceptable level of complexity that can be understandable for the stakeholders 
with focus on games, chat and security, 

• have well-defined interfaces where the stakeholders can use to extend the system with 
new features, including games, chat and security. 

Furthermore the DGE SPL will be evolved in classrooms for years ahead, requirements and 
stakeholders will be shifted frequently which demands the architecture and implementation to 
be 

• extensible – support for upgrading or adding new features to existing software products, 
including games, chat and security features, 

• reusable – support for reusing software components, including games, chat and security, 
in different products, 

• testable – support for automation testing of software components, 
• deployable –  support for automated deployment of OC and PE, 
• scalable – support for 50 running games and 100 players. 
• configurable – support for configuration of system properties including  

o graphical user interface’s labels and static text contents, 
o network communication ports for sending and receiving data via LAN, 
o server location where the OC subsystem is deployed, 
o physical path to a folder where the log file is located, 
o connection properties to the underlying physical data storage where application 

data are stored, 
o data persistency options to allow chat and/or game data to be saved in the data 

storage or not. 

The DGE SPL subsystems shall be deployed on top of Equinox framework, which is 
prescribed by the stakeholders. 

The DGE SPL is developed for educational and research purposes, which imply that the 
product line documentation is important. These listed documents below are required. 

• Scope document – the scope document will evolve with the product line. At all times it 
should provide a detailed description of the product-line’s scope, including its 
commonalities and variabilities and its features and key requirements. 
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• Requirements document – the requirements document should describe detailed 
functional and quality requirements for the DGE SPL. 

• Architecture document – the software architecture document should provide a detailed, 
view-based documentation of the DGE SPL architecture. Including patterns and 
mechanisms and their rationale for specific concerns. 

• Test documentation – the software product line should include a test suite. This suite 
and its test cases on different levels (unit, integration, and system) should be described 
in this document. Functional test and tests for quality concerns should be presented 
separately. 

• User documents – these documents should describe the procedures for an operator and a 
player. In addition, documents for developers shall be provided that explains how to 
derive new products, expand the scope etc. 

 

3.3 Equinox and OSGi framework 
Java provides some aspects of modularity in the form of object orientation, but it was never 
intended to support coarse-grained modular programming. The success of Java has resulted in 
difficulty for developers have to struggle for better modularity support. 

In an ideal world, installing a software component should simply be a matter of downloading 
a software package, dropping it in some directory and afterwards the contained features would 
automatically install and ready to use. Since support for coarse-grained modularity is limited in 
the Java language and its native application programming interface (API) we have to work with 
an alternative API or framework that support coarse-grained modularity. The support for 
dynamic runtime update is the most important feature in our DGE SPL. 

The Open Services Gateway Initiative (OSGi) is an independent corporation [OSGi] 
promoting open specifications for the delivery of managed services to networked environments, 
such as homes and automobiles. These specifications define the OSGi Service Platform, which 
consists of two parts:  

• the OSGi framework, 
• standard service definitions. 

The OSGi framework, which sits on top of a Java virtual machine (JVM), is the execution 
environment for its services. It defines means to install, uninstall, update, start and stop 
modules. Those modules are called bundles, but are, in their simplest form, actually Java jar 
files with a special Manifest. Bundles can export services or run processes, and have their 
dependencies managed. Each bundle can also have its own internal classpath, so that it can 
serve as an independent unit. Bundles can be installed, uninstalled, etc. without stopping or 
restarting the J VM. 

An OSGi framework manages the lifecycle and dependencies among the bundles in a secure 
way. A bundle needs to state which Java packages it exports and which it imports. The import 
and export statements can be annotated with version information, so that it is possible to have 
more than one version of the same package in the same JVM. 

Equinox [Eclipse] is an Eclipse project that provides a certified implementation [CERT] of 
the OSGi core framework specification [SPEC]. More generally, the goal of the Equinox project 
is to be a first class OSGi community and foster the vision of Eclipse as a landscape of bundles. 
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As part of this, it is responsible for developing and delivering the OSGi framework 
implementation used for all of Eclipse.  

 

3.4 Features 
Based on the requirements prescribed by the stakeholders of the DGE SPL we identified the 
features which will be the foundation for the development of our core assets.  

The subsystems of the DGE SPL share a set of common (commonality) respective unique 
(variability) features that will be used in the development of the product line [SAD]. For 
example, security provider, log provider, database provider and communication provider are 
features that are used in more than one subsystem. Furthermore, game and chat features are 
specific for the PE subsystem whereas player management and activity management are unique 
features that belong to the OC subsystem. The DGE SPL features are illustrated in figure 3.2. 

The DGE SPL mainly supports three different variability mechanisms, element substitution, 
optional inclusion, and parameterization, described by Clements [Clements 2003b]. 

Element substitution allows us to replace the implementation of a component in a subsystem 
with a different implementation without breaking the contract that defined by its interface. For 
example, the Log Provider provides two singleton logging components that can be used by the 
DGE SPL subsystems. This means that when constructing a subsystem, we can choose to 
include the XML Logger in one version and Text Logger in another version of the subsystem. 
This means that the Text Logger substitutes the XML Logger in another product in a product 
line. Same logic is applied to the Authentication Service and Authentication Handler.   

Optional inclusion mechanism allows us to include a component in a version of a subsystem, 
whereas omitted it in another version.  In our product line, we can choose to package a PE (a 
concrete product) with TicTacToe and Five in a row games, and another version of the PE with 
Five in a row and Draw five cards games.   

Parameterization is to allow variation in a wide range of constructs. Examples of this type of 
variability are different values for graphical user interface (GUI) labels or configurable 
properties of the database connection string or communication ports. Variation of this type can 
be configured and saved in the resource and/or configuration files that supported by the DGE 
SPL. Settings and application properties are parsed and loaded into memory at application 
startup time. These properties are immutable and will be disposed at application exit time. 

There are other variability mechanisms described by Clements [Clements 2003b], but are not 
supported by the DGE SPL, including  

• component replication - provide multiple instances of a component to provide greater 
capability in some fashion. 

• frameworks - an abstraction in which common code providing generic functionality can 
be selectively overridden or specialized by user code providing specific functionality. 

• element composition - assembling new elements by putting together existing elements. 

• templates - providing a generic body that is almost, but not quite, complete. 

• inheritance -different variations can be implemented (possibly by different vendors) by 
creating specific subclasses that inherit from a superclass. 
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generator - A generator is a software program that takes as input some specification of a desired 
program and produces as output a program that meets that specification. 
 

DGE

Communication Provider

Database Provider

XML Logger

Security Provider

Session Provider

Player Service

Secure Handler

None Secure Handler

Authentication Handler

Profile Management

Chat

Game Five In Row

Draw Five Cards

TicTacToe

Authentication Service

Secure Service

None Secure Service

Player Management

Update Management

Activity Management

PE Runtime Info
Operator Center

Player Environment

Key

Subsystem SPL Feature Mandatory Optional One of More of

Text Logger

Log Provider

 

Fig. 3.2 – Feature view of the DGE 

 

3.5 DGE SPL architecture 
This subsection specifies some of the software architectural views for the DGE SPL.  It includes 
only the most important views and diagrams that will enable the readers to sufficiently 
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understand the software architecture. As the DGE SPL evolves through future releases, it will 
undergo changes that may include changes to its architecture. Up-to-date information about the 
architecture and implementation details can be found in the Distributed Game Environment 
Software Product Line – Software Architecture Documentation [SAD] respective Distributed 
Game Environment Software Product Line – Class Diagrams[UML]. 

In this subsection we describe architecture for the core assets, product line layers, product 
layers and different software modules that are used to derive new products from the core assets. 
Also we will give a brief explanation of how the dynamic runtime update of domain 
components [SAD] works. Furthermore, we will also describe how products in our product line 
are derived, configured and deployed. 

 

3.5.1 Core assets 
A software product line has two major development parts, domain engineering and application 
engineering. Domain engineering is associated with the development of core assets which are 
common in a family of products. The development of core assets is based on the commonality 
(common features) and variability (varying features) in the products. Application engineering is 
the development of individual products by reusing the core assets and adding functionality 
which is specific to each product [Clements 2002].  

The core assets of the DGE SPL were developed based on the feature model discussed in the 
previous subsection and is comprised of different artifacts, such as product scope, requirements 
documentations, design elements, configuration files, software components, tools, source codes, 
and so on. The numbers of artifacts may grow as the DGE SPL evolves, therefore we divided 
the core assets into three different categories, tools, modules and resources, depending on the 
type of services or the contents these artifacts provide (fig. 3.3). This separation makes it easier 
for the stakeholders to manage larger core assets base with many artifacts. Furthermore, this 
separation allows the stakeholders to keep focus on the work that really give better trade-off, 
and at the same time keep the catalogue clean.  

Tools Modules

DGE Launcher DGE Core

DGE Messenger DGE Test

DGE PE DGE OC

Resources

Configuration 
Manager

Configuration 
Files

Key

Core Asset Category Module Tool Resources package

Architecture 
Documentations

User Manuals

 

Fig. 3.3 – Core assets view of the DGE 

The tools category consists of artifacts that can be used to support the creation and 
maintenance of the DGE SPL subsystems. An example of current tool artifacts is the 
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Configuration Manager (PCM) which provides an interactive interface to create new products 
from core assets’ artifacts. 

The resources category contains component configurations, DGE SPL architecture 
documentations, best practices, design decision and so on.  

• Configuration Files: contains XML configuration files and resource files that are 
required by the DGE SPL subsystems. These resource file contains data that are used to 
label GUI, store data persistency properties or information about the server and 
communication ports.  

• Architecture Documentations: captures architecture and design decisions, system and 
quality requirements and other architecture documentation.  

• User Manual: documentation that guide users how to use the subsystems. 

The modules category contains software components that are used in the DGE SPL 
subsystems. These components are divided into different modules. 

• DGE Launcher is a module that captures the OSGi runtime environment and its core 
service including functionalities for install, uninstalls, update and launch DGE domain 
components. It contains only third party components, including OSGi framework and 
Apache Felix FileInstall [AFI. 

• DGE Core module provides reusable and domain independent services that can be used 
by other modules in the DGE SPL. This DGE Core module provides a mechanism to 
decouple application logic from the infrastructure logic to ensure that components, 
modules or subsystems of the DGE SPL do not couple to the underlying technology, 
including database, communication, log and security.  

• DGE Messenger module provides an application level communication bus (not 
infrastructure level). It uses the communication channel (protocol) provided by the DGE 
Core module to send and receive data or messages between peers within the LAN. 

• DGE OC module, together with DGE Core, DGE Messenger and DGE Launcher, are 
used to construct OC subsystem. This module contains components that are specific 
designed for the OC. Functionalities that OC components provide are mapped to the 
features described in the previous subsection. 

• DGE PE module, together with DGE Core, DGE Messenger and DGE Launcher, are 
used to compose PE subsystem. This module contains components that are specific 
designed for the PE. Functionalities that PE components provide are mapped to the 
features described in the previous subsection. 

• DGE Test module contains unit test suite for the DGE Core, DGE Messenger, DGE OC 
and DGE PE to enable automation testing. 

Normally the core assets base only contains artifacts that are shared by all the products that 
belong to a product family, but in the DGE SPL we decided to put all available components in 
the core assets base and group them into modules since these components are built with new 
potential products in sight. Each of these software modules provides unique functionalities and 
some of them can be used in different product family whereas other can be used in different 
products that belong to the same product family. 
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3.5.2 DGE layers 
The development or maintenance cost of a product line depends on the degree of separation of 
concerns, reusability, scalability, extensibility and configurability the product line can provide.  

Separating the DGE SPL (fig. 3.4) implementation into different layers enabling [SAD] 
[UML] 

• Other modules or layers can reuse the functionalities exposed by one layer, i.e. DGE 
application layer can reuse functionalities provide by the DGE Messenger and DGE 
Core. 

• Business logic can be centralized, i.e. communication logic can be centralized in the 
DGE Message layer instead of spreading out to different components or modules. 

• Maintenance becomes easier because of the low coupling between layers since only 
service interfaces are exposed, i.e. DGE application layer only knows and interest about 
the interfaces the DGE Messenger or DGE Core provide to be able to use their 
functionalities. 

• Adding new functionalities to a layer, including games, chat and security is easier 
because implementation details are hided from its consumers. Changes in the 
implementation do not affect consumers of the service since the interfaces stay 
consisted. 

• Layers can be distributed over multiple physical tiers, which have a good impact on 
performance and scalability. 

• Having the logic separate into different layers we can perform isolation tests on each of 
these layers to ensure the robustness of the product. 
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Fig. 3.4 – Layered view of the DGE 
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DGE Launcher contains third party components, including OSGi components. Its main 
responsibility is to install, update and uninstall DGE domain components at runtime. More 
importantly, we do not want to have a coupled dependency between the third party 
implementations and the DGE domain implementations. By wrapping third party 
implementations in a separated layer, thus making it more maintenance friendly because 
changes in the third party implementations do not imply changes in the domain implementations 
and vice versa. With this design we are able to create a more loosely couple relation between the 
OSGi framework, Apache Felix FileInstall and our domain components. 

DGE Core contains reusable components with responsibility to provide infrastructural 
services, including data persistent, logging, communication, security and session. These services 
can be used by the DGE Messenger and DGE Application components to perform operations 
such as  

• create, read, update and delete (CRUD) against data storage, 

• send and receive data between subsystems or 

• log runtime information.  

DGE Messenger contains application level communication components for sending and 
receiving messages between OC and PE subsystems. The DGE Messenger uses communication 
infrastructure provides by the DGE Core. 

DGE Application contains OC respective PE subsystem components, such as GUI, domain, 
business and data access.  

The use of layers can sometime has impact on performance since it may take longer if the 
layering prevents the use of user interface components that directly interact with the data 
storage. Layers make the software more extensible, reusable and scalable but require also more 
time in the development phrase since it can add more overhead in the coding phrase. 

 

3.5.3 DGE Application layers 
The DGE Application layer refines the top layer of the DGE (see section 3.5.2) and it contains 
OC respective PE components for the respective subsystem.  The OC and PE subsystems are 
separated into layers where graphical user interface, business, data respective domain logic is 
localized into the user interface (UI), service, data access respective domain layer (fig. 3.5). 

UI Layer encapsulates UI logic into different UI components, including player management, 
activity management, update management and PE runtime info for the OC subsystem and player 
view, chat and games for the PE subsystem. The components of PE respective OC can only 
function in their context. PE UI components can be deployed in the OC subsystem but it will 
not be able to provide the core services and vice versa. 

Service Layer encapsulates business logic that is separated from the data layer and UI layer 
for the PE and OC subsystems. Service layer includes calculations, rules and methods for 
accessing and maintaining data. 

Data Access Layer encapsulates data access logic for CRUD operations. The data access 
layer enforces rules regarding the storage and access of information that is located in the 
underlying data storage. The PE and OC subsystems do not share the same data access logic, 
thus we have different data access components for the PE respective OC subsystems.  
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Domain Layer contains representation of domain objects, such as player or activity, for the 
PE respective OC. These objects do not contain any behaviors. 
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Domain
Layer

 

Fig. 3.5 – Application layered view of the DGE 

In the DGE layer and DGE Application layers we abstract and separate components to 
facilitate customization and replacement. The separation of interface from the implementations 
allows us to utilize dependency injection, via OSGi framework’s declarative services (DS), to 
inject and wire implementations against their interfaces making dynamic runtime update of 
components possible. This design let the consumers of the components rely just on the 
interfaces and not the internal implementation details to prevent the components being coupled 
to the underlying layer, i.e. the service layer exposed the domain service interface but hide the 
domain service implementation for its consumers. Changes in the implementations do not affect 
the consumer of the services as long as the services interfaces stay unchanged. This can add 
more overhead to the design and more codes need to be written, but gives the design higher 
extensibility, modularity, reusability and configurability which have a great impact on how we 
can manage dynamic runtime update as the most import feature of the DGE SPL. 

 

3.5.4 DGE Core module 
One important aspect of product line development is to decouple the dependency between 
application logic and infrastructure logic. Changes in the infrastructure should not imply 
changes in the applications logic. Therefore core responsibility of the DGE Core Module is to 
provide infrastructure services, such as communication channel, data access to the underlying 
data persistency or security as services without exposing the internal implementation details for 
the consumers of its services.  

The Core module exposes a number of service interfaces (fig. 3.6) from the Core component, 
including  

• Data persistency – provides data access services, domain independent CRUD 
operations, to the underlying data storage. 
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• Communication – provides communication services for sending and receiving data 
across the LAN via a communication protocol. 

• Log – provides logging services that can be used by the DGE components to store 
runtime information. 

• Security – provides services that other DGE components can be used to encrypt and 
decrypt data at runtime. 

• Session – provides session tracking services for the server to cache the client session 
data, including client id, client name, ip address and connection status. 
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Fig. 3.6 – DGE Core module’s components and their relations. 

The separation of service interfaces from their implementations makes the DGE Core 
module modular and infrastructure independent. Provider components, encapsulated within the 
DGE Core module, can be replaced with custom implementations if the service interfaces are 
honored.  DGE Core module implements dependency injection pattern, via DS, for injection of 
components, allowing implementers to control what service component implementation class is 
loaded at runtime through OSGi configuration files. This allows a service component 
implementation class to be easily substituted by a custom implementation class, or changed 
from one implementation to another. 

Furthermore, we implement Singleton pattern in cases where only one instance of the service 
is allow to exist in the application context, for example we only allow one instance of XML 
Data Provider to exist in the application context since we do not support communication with 
multiple data storage simultaneously. The use of Singleton can increase the performance of the 
application since creation of new data storage connection for each database request can take a 
lot of resources. Furthermore, the Singleton implementation gives us a better control over how 
other components can access our services. 

 

3.5.5 DGE Messenger module 
Since subsystems of the DGE SPL are using the same communication protocol and mechanism 
to communicate with each other via LAN we do not want to reproduce the same code in several 
components. We need to implement a generic communication bus at application level that can 
be used by clients and server applications. This approach allows us to centralize communication 
logic in one place, making it easier to reuse and maintain. Figure 3.7 illustrates the architecture 
of our messenger module. 
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Fig. 3.7 – DGE Messenger module’s components and their relations. 

Messenger Service defines the messenger service interfaces, including send and receive data 
message via LAN, at application level. It is independent from the infrastructure services or 
underlying technologies. This component does not contain any business implementation details 
that can be used by its consumers for messaging purposes.  

Messenger DTO defines data transfer messages that are used to send data between 
subsystems. A data transfer message is data transfer object (DTO) that shall implement Java 
Serializable interface to enable serialization and deserialization of the data packages. A DTO 
should be designed as simple as possible, as little dependency as possible, since serialization 
and deserialization of complex object graph can take a lot of memory and LAN resources. 
Complex DTO objects can decrease the application’s performance. 

Messenger Implementation provides implementation details for the messenger service 
interfaces. It uses the communication service defined by the DGE Core module, which is 
realized by TCP Communication Provider, as transport protocol. In the heart of this components 
is the implementation of the publish-subscribe design pattern. The publish-subscribe pattern is a 
messaging pattern where senders of messages, called publishers, do not program the messages 
to be sent directly to specific receivers, called subscribers. Instead, published messages are 
characterized into classes, without knowledge of what, if any, subscribers there may be. 
Similarly, subscribers express interest in one or more classes, and only receive messages that 
are of interest, without knowledge of what, if any, publishers there are. Furthermore, to increase 
the performance we implement parallelization, this means that the server creates a thread for 
each connection and threads can be executed parallel. Abnormal interruptions in a threads 
lifecycle can mean communication failure. If a communication failure occurs a message will be 
broadcast to the interested subscribers.  

Sending data through LAN can be done in many forms, but using DTO to transfer data 
instead of XML gives us some advantages. For example, if using XML data we need to serialize 
our objects into XML and at the other peer deserialize the received data. This is an error prone 
procedure that requires runtime checking which make the component harder to maintain. Using 
DTO we are able to work with typed objects, which can be checked at design time. These DTO 
must have the same implementation as both ends (sender and receiver). 

 

3.5.6 Operator Center 
We implemented the UI Launcher which acts as a starting point for the OC subsystem. Its 
responsibility is to invoke other components, such as data access service, domain service, 
domain object components, required by the OC subsystem at startup time. Furthermore it 
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provides a skeleton for the graphical user interface, including main window, menu and toolbar 
layout. This skeleton makes it possible for us to dynamically add new functionalities to the OC 
subsystem that can be accessible via GUI at runtime, since the ViewServiceManager and 
ActionServiceManager class loads components that implemented the IViewContribution and 
IActionContribution exposes by the UI Service component dynamically at runtime. Also, the UI 
Service component provides selection service which notifies the interested components if a 
selection event occurs [UML]. This implementation of the publish-subscribe pattern makes the 
graphical user interface interactive since OC subsystem can quickly response when a user input 
occurs.  
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Fig. 3.8 – Operator Center’s components and their relations. 

The UI components (fig. 3.8), including player management, activity management, update 
management and PE runtime info component, share the same architectural design. In general, 
this means that these components are implemented the interfaces exposes by the UI Service 
component as described above. These UI components are not depending on each other to 
function or provide their core services. They can be deploy or remove at runtime without side 
effect, since the service they provide is unique and encapsulated to not allow direct access to its 
implementation details. 

The Operator Center module utilized the services provides by the DGE Core and DGE 
Messenger modules, including data access, communication, logging, security and session. This 
means the OC subsystem are depended on these services to function or provide its core services. 
Configuration settings and properties are loaded by the DGE Core from the resource file at 
startup time and cache in memory until the application disposes. Changes in configuration 
settings and properties, outside its context, requires user to perform an application restart before 
these settings or properties can take effect. 

Follow the DGE Core and DGE Messenger modules architectural design we abstract and 
separate interfaces from implementations to facilitate customization and replacement. This 
allows a service component implementation class to be easily substituted by a custom 
implementation class, or changed from one implementation to another. Via the OSGi 



  

 

20 

framework and Apache Felix FileInstall the OC module’s components can be wired and 
deployed at runtime, thus making dynamic runtime update of domain components possible. 

 

3.5.7 Player Environment 
The Player Environment module (fig.3.9) follows the same architectural design as the Operator 
Center module discussed in subsection 3.5.6. This means that the UI Launcher component acts 
as a starting point for the PE subsystem. Its responsibility is to invoke other components 
required by the PE subsystem at startup time and provides a skeleton for the graphical user 
interface. Via ViewServiceManager and ActionServiceManager class UI components are loaded 
dynamically at runtime since they implement IViewContribution and IActionContribution 
interfaces. The implementation of each component may vary in details but the main 
architectural design is shared with the Operator Center module. 
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Fig. 3.9 – Player Environment’s components and their relations.  

Since game sessions can generate a lot of internet traffic, in term of data packages that need 
to be sent between subsystems, the best solution is not to route game data via our generic 
messenger service. Therefore we implement peer-to-peer mechanism for gameplay, thus 
improving performance of the OC. Games are allowed to implement their own communication 
logic since PE subsystems are communicated directly with each other during a game session in 
a peer-to-peer fashion. This design makes the DGE more scalable since games can be installed, 
hosted and played locally at client side without the need to take resources from the OC 
subsystem. Only activity data during a game session are sent to the OC subsystem to enable 
status surveillance.    
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Chat data on other hand is routed via our generic messenger service since users have ability 
to chat with several players simultaneously. Routing chat data via the server do not require 
client software to setup a chat server before the user can send and receive messages. This makes 
the implementation less complex and makes chat-feature more interactive. Furthermore, this 
design gives us possibility to reuse implemented communication logic and the operator better 
possibility to monitor chat sessions when needed. 

 

3.5.8 Dynamic runtime update 
Dynamic runtime update is one of the most important requirements outlined by the 
stakeholders. Basically, this means that the operator has the ability to push out updates, 
including game, chat and security updates, to the clients dynamically at runtime without the 
need of restarting the client subsystems.  
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Fig. 3.10 – Dynamic update view of the DGE 

The update process (fig. 3.10) starts when the operator chooses to push out update packages 
from the server. The OC subsystem first caches the update package in it repository and then 
check which clients are connected to the server. It then pushes out the binary package to its 
client via an update message that triggers the clients to receive the package, notify the player, 
install and invoke the update. Client applications that are not connected to the OC at the time 
the update was pushed out will receive the update as soon as they connect to the OC subsystem 
or they can pull the update from OC manually. When an update is pushed to all the clients then 
the Update Management component will remove the update package from the queue and notify 
the operator about its status.   

The update management component can only handle OSGi qualified component, no 
fragment is allowed, in an update operation. The operator will be notified if an invalid 
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component is chosen as update package. During an update operation, when a new component 
replaces an old one, the OSGi framework must release any dependency that the old component 
has to other components in the subsystem before it can be removed from the context. After 
removal of the old component, the new component can then be installed, wired and available for 
other components to use. If the component that will be replaced is accessed by other component 
at the time update occurs, the OSGi framework will keep both versions available until it can 
dispose the component to be removed.   

Updates that do not affect the core services, including data provider, communication 
provider, log provider, session provider and security provider services will not require end users 
to perform an application restart. Updates that affect the graphical user interface will reflect the 
changes immediately. 

 

3.5.9 Product derivation 
During application engineering individual products within a product line are constructed with 
the help of the Configuration Manager (PCM) tool to facilitate the selection, composition and 
configuration of core assets and their respective variabilities. The process of creating these 
individual products using the shared artifacts is known as the product derivation process. To 
ensure the benefit of using shared artifacts across the products within a product line requires 
extensive product derivation description [Deelstra 2005]. 
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Fig. 3.11 – Product derivation view for the Player Environment. 

The OC respective PE subsystems are derived and constructed using artifacts from the DGE 
Launcher module, DGE Core module, DGE Messenger module, DGE OC module respective 
DGE PE module, and resource files located in the core assets base (fig. 3.11). The first three 
software modules mentioned above are shared by all subsystems in the DGE SPL, whereas the 
OC respective PC module contains components specific for respective subsystem, these 
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components can be deployed in other DGE subsystems but they will not deliver the 
functionalities they are programmed to do.  

Artifacts of the core assets are constructed to act like Lego pieces where they can be utilized 
by the PCM. This tool is used in the product configuration procedure to provide support for the 
notion of feature-based interactive configuration. This procedure allows the product 
configuration manager to make configuration and derivation decision over a feature mode. After 
decisions are made by the manager the configuration engine automatically propagates those 
decisions to enforce the consistency. Subsystems derived from the core assets base by the PCM 
are ready to run within minutes, since rules and constraints are enforced by the PCM at runtime. 

 

3.5.10. Product configuration 
The product configuration procedure we implemented supports the notion of feature-based 
interactive configuration. This process allows product configuration manager to make 
configuration decisions over a feature model whereas the configuration engine automatically 
propagates those decisions to enforce their consistency. 

The Configuration Manager (PCM) is a configuration tool that is used to derive and 
configure new products from the core assets base (fig. 3.12).  
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Fig. 3.12 – Product configuration of the DGE 

It can generate subsystems, which are constructed from the software modules and resource 
artifacts located in the core assets base, ready to run within minutes [UGM]. The tool itself 
holds a database with information about the artifacts and their metadata, including  

• name,  
• symbolic name,  
• filename,  
• Java runtime environment information,  
• description,  
• if the artifact is mandatory or optional,  
• if a component is a singleton or not.  
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If new artifacts are added to the core assets the product configuration manager should update 
this database with metadata from these newly added artifacts to reflect the changes in core 
assets base.  

The PCM provides an easy to use with interactive graphical user interface. Selectable 
features are loaded from the metadata database and together with input fields for subsystem 
descriptions it provides a certain customization when constructing and configuring new 
subsystems. This tool makes it easier for the product configuration manager to create new 
subsystems from the core assets.  

 

3.5.11. Product deployment 
A product deployment process involves the deployment of an application or its components to 
production, ready to be used by end users. Product deployments are a critical business process 
which must be protected by the organization. Special considerations should be made depending 
on the complexities of the process and production environment. Solid communication is vital, as 
is the establishment of a reliable, standardized and documented deployment procedure that can 
be used for different stakeholders to deploy the subsystems. 

As described in section 3.2, the DGE SPL is a turn-based two players distributed game 
environment that enables users to plays game remotely via LAN. The DGE SPL is consisted of 
an Operator Center and several Player Environment subsystems (fig. 3.13). 
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Fig. 3.13 – Product deployment view. 

The OC subsystem is an application that runs on a server and is mandatory in a DGE SPL 
context. On the other side, there can be more than one PE subsystems in the same context. The 
DGE SPL subsystems require access to the local area network (LAN) to function and the PE 
subsystems are required to connect to the application server, OC, before the end users can 
access the functionalities the DGE SPL provides. Both OC and PE subsystems can be deployed 
on the same machine or on different machines within a LAN. More information about how to 
deploy and use the subsystems can be found in the Distributed Game Environment – User 
Manual. 

Furthermore, we assume that the context in which the subsystems are operated in is 100% 
reliable, equipped with high performed LAN infrastructure.  
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4 Conclusion 
In this section we discuss the key architectural decisions that shape the software product line 
(SPL) and evaluate if the goals have been met. We will also discuss the lessons learned and 
future works. 

 

4.1 Key architectural decisions 
The architecture for Distributed Game Environment (DGE) was designed with coarse- and fine-
grained customizability in mind [SAD]. The logical separation of service interfaces and 
implementations is implemented uniformly across the DGE SPL. The architecture is modular, 
abstracting and separating components, to facilitate customization and replacement. However, 
any component can be replaced with custom implementations if the service interfaces are 
honored. DGE SPL utilizes OSGi declarative service (DS) for injection of components, 
allowing implementers to control what service component implementation class is loaded at 
runtime through OSGi configuration files.  This allows a service component implementation 
class to be easily substituted by a custom implementation class, or changed from one 
implementation to another. 

Using DS we can gain 

• Loose coupling of producer/consumer implementation. 

• Hot swappable service providers, this enable dynamic runtime update of components or 
features. 

• Cleaner application architecture and code, since OSGi specific class or code not need to 
be referred in the domain components.  

When using DS we do not control how services are loaded and in which order at design time, 
instead we let the OSGi framework takes responsible, as it should be, for loading and wiring the 
services we need at runtime. This implies that domain components shall be modular and 
independent so that they can load and unload at runtime independent on the load or unload 
order. 

Furthermore, the use of third party API can imply unwanted dependencies in DGE SPL 
architecture and implementation. Instead we capture these components a separate module, 
internal changes in the third party API should not affect the domain implementation. 

The DGE SPL implements the Singleton pattern to wrap the domain service where only one 
instance of the service is allowed, this gives us ability to control how other components can 
access these services, and thus improving the security and performance. To further increase the 
performance and reliability of the DGE SPL we implemented Peer-to-Peer communication for 
gameplay because game can generate a lot of data traffic, which can put a lot of stress on the 
Operator Center (OC) subsystem. When game data are routed from one Player Environment 
(PE) to another without passing the OC, we decrease the impact on the OC thus increase the 
overall performance of the DGE SPL. 

Publish-Subscribe pattern is utilized in the DGE SPL to send messages or events between 
subsystems and within subsystem. For example, when a PE connects to the OC, it can subscribe 
subjects or events that it is interested in, and when changes occurred the OC will send 
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notification to the interested subscribers. Implementation of this pattern promotes loosely 
coupling (or decoupling as it’s also referred as) and makes the architecture more flexible. 

Since the software context or environment can be changed over time we added support for 
configuration of important software properties, such as connection to the underlying data 
storage or communication ports. This adds adaptability to the software to operate in different 
context or environment.  

Overall we have provided an architecture for the DGE SPL that is modular, extensible, 
reusable and configurable for its purposes [SRD] [SAD]. During the development we had made 
decisions that had impact on the architecture as a whole to keep the complexity at an acceptable 
level. For example, no third party API was introduced, excluding the OSGi framework and 
FileInstall component, because introducing a new API will introduce a higher level of 
complexity even if it can make the DGE SPL more configurable and reusable. Another example 
was that we did not implement the heartbeat pattern to keep track of the clients (PE) status since 
the server (OC) needs to synchronize these heartbeat signals to determine in which state the 
clients are. The clients must also implement a timer function/background job to send the 
heartbeat signals to the server at predefined time within an interval. Out of sync will introduce 
errors and incorrect status information. 

 

4.2 Result 
The main problem in the area of education and research of product line is the lack of suitable 
software product line that can be used for educational or research purposes. We do not have 
access to the commercial product lines, and even if we do have access these commercial 
product lines they are often too large and complex to be usable in classrooms or for 
research. 

The concrete goal of this thesis is to develop a distributed board-game two players software 
product line, DGE SPL, which can be used for educational and research purposes. These 
constraints imply that the architecture and implementation must be consisted and easy to 
understand. Therefore no third-party API was used in the development of the DGE SPL and 
many architectural ideas were not implemented to keep the complexity at an acceptable level. 

The concrete result of this thesis is the creation of 

• a product scope document, 

• a requirement document, 

• an architecture document including views and class diagrams, 

• a test document, 

• a software product line, 

• a configuration tool, 

• user manuals. 

The first version of the software product line, including a product configuration manager 
tool, was released and tested by the author [STD] to verify that all the requirements [SRD] are 
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fulfilled, and the core assets base, includes DGE SPL subsystems and its deployment packages, 
was approved and delivered to our stakeholders. 

Beyond the concrete result, the DGE SPL is suitable to use in classrooms by master level 
students to learn how to model product line’s features, design product line’s architecture, 
develop core assets, manage variability and work with the products in a product line. 
Furthermore, the DGE SPL is useful for research in the area of dynamic software adaptation, 
where key element is the dynamic runtime update of software features or components.  

Since the concrete result of this thesis will be evolved in classrooms for years ahead, the 
architecture and implementations will change over time. 

 

4.3 Lessons learned 
We started to work with requirements and architecture design with our stakeholders to 
determine the business requirements and architecture.  We thought we have a quite clear picture 
of what the stakeholders wanted and designed the architecture without their involvement. The 
result of the architecture was much more complex than what our stakeholders were aimed for. It 
was the lack of communication that leaded to overambitious design and architecture. This was a 
valuable lesson for us to learn, to create an architecture that we thought was good does not 
imply it meets the requirements that our stakeholders were aimed for. 

We changed our development process from the waterfall model to agile process, which 
means that we worked closely to our stakeholders in short development cycles. Feedbacks from 
our stakeholders were a great help to keep the work within the boundary that our stakeholders 
were aimed for.  

Another lesson we learned was the over optimistic product scope and requirements, since 
some of the features were not implemented because their complexity. Furthermore, the 
timeframe for the project was too narrow in relation to the quality requirements. We did not 
have enough time to conduct a study on how the DGE SPL can be used in classroom as 
educational materials or perform performance tests.       

 

4.4 Future works 
The limited timeframe forced us to remove some of the origin requirements and focused on the 
core requirements. There were some features or functions that were not implemented or partially 
implemented. Some of the potential improvements are listed below. 

• Allow users to sign up for user account. Currently, the operator performs this kind of 
registration. 

• Add functions to check the graphical user interface constraints to handle invalid user 
inputs, 

• Since the DGE SPL support dynamic runtime update and uninstall of software 
components we need to add functions that check whether a new component has higher 
version number than the installed component. Furthermore, there should be a function 
that checks if the same update package was pushed out several times, since for each 
time the package was pushed out to the subsystems, these subsystems will try to install 
the package even if is the same package as  previously. This can be done by checking 
the packages checksum. 
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• Game components implement their own peer-to-peer communication mechanism which 
implies that same communication codes are reproduced in these game components. It 
would be wise to create a generic peer-to-peer communication bus that game 
components can use for communication. 

• The narrowed timeframe did allow us to write the unit tests that we wanted to ensure the 
quality of the DGE SPL. A full-scale test suite should be implemented in the future. 

• Currently, adding core assets’ artifacts’ metadata to the configuration database can only 
be done by editing the xml file (data storage). In future releases, we should implement 
features that allow product configuration manager to manage the configuration database 
via a graphical user interface. 
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