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Abstract 
In this paper we propose an assessment of Java as a game 
programming language. The review shows that java is a 
very apt language for game development. We introduce the 
design of the Homura, engine and a supporting /DE, 
which allows for the development of java-based (and web-
based) 3D games. The game engine and /DE supports an 
extensible jME-based middleware which can further be 
developed and added to. We have produced game 
prototypes and examples to showcase the use of Homura 
Engine and Homura /DE. The salient points of Homura, is 
to provide an integrated /DE solution for java based 3D 
web-based games, offering, editors (text and graphics), 
compiler, and a virtual machine, as well as an extended 
eclipse based /DE interface. The /DE features a game 
spatial editor, positional editor, and a series of wizard 
facilitating the development of the game logic, and the 
management of the game assets (camera, models, texture, 
terrain, etc ... ). Two games are being developed and will 
be integrated in the. Homura /DE, and run with the engine 
to experiments with the several components of the /DE. 

Keywords 
Java Game Development, Game Engine, IDE, Spatial 
Editor, Tools. 

1. Introduction 
The Java programming language was developed by Sun 
Microsystems [9], using C++ as its basis. Released in 1995 
and originally intended to program set-top boxes. Twelve 
years on, Java has flourished and is in widespread use 
within the IT industry; continuingly improving to the 
current (i.e. 2007) JDK 6 version. 
Primary uses of Java are web-development using Java 
Servlets, Distributed Applications, Enterprise Systems, 
cross-platform Desktop Applications and Applets. 
The reasons attributed to Java's growing popularity are 
numerous; Java is easy to learn, platform independent, 
produces safe and robust code. Productivity is greatly 
improved and maintenance becomes easier. As Java is an 
Object-Oriented language, developers get all the benefits 
of the Object-Oriented Programming (OOP) paradigm, 
such as encapsulation, usability, extensibility, abstraction 
and information hiding. 
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In the games industry however, the de-facto standard for 
language choice is C/C++, and has been for over ten years. 
Despite its rapid growth in the aforementioned areas of IT, 
Java has not seen the same success within the games 
industry. 
The aims of this paper are to determine what role Java has 
to play in Game Development, whether and where it is 
used in the games industry today, the perceived technical 
shortcomings of the language in tackling the specific 
developmental challenges of game programming, whether 
there are solutions to overcome these problems and finally 
proposing an IDE and an Engine for facilitating the use 
and the teaching [26] of Java as a game development 
programming language. 
The paper is structured as follows, in section 2 we present 
an evaluation of java as a potential language for game 
development and we discuss the features of Java [26], jME 
[12] and LWJGL[15)[16], in section 3 we introduce the 
Homura game engine and IDE, in section 4 we present the 
supporting technologies we have used in the development 
of the IDE and the engine, in section 5 we discuss the 
requirement of the IDE and the tooling; in section 6 we 
present some examples of games we have developed with 
Homura, and in section 7 we conclude summarising the 
main features of the project .and discussing the future work. 

2. Evaluation of Java as a Game 
Programming Language 
In this section we evaluate Java as a game programme 
language. We will discuss what role Java has to play in 
Game Development, where it is used in the games industry 
today, the perceived technical shortcomings of the 
language in tackling the specific developmental challenges 
of game development, and whether there are solutions to 
overcome these problems 

2.1 Technical Appraisal 

2.1.1 Common ChaUenges in Game Programming 
Modem PC and console games applications are extremely 
complex computer programs. They are data-intensive, 
processing-intensive, predominately real-time 3D graphics 
applications incorporating networking, audio, physics 
simulation, AI, rendering and animating a vast numbers of 
polygons complete with hardware-accelerated texturing 
and lighting. All these actions have to be performed 
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within the game-loop and are expected to execute at least 
30 frames per second or more (commonly 60 FPS in 
modern games). 
Consequently, this introduces various developmental 
challenges. Being data intensive, modern games require 
large amounts of storage capacity both on persistent media 
(hard-disk, DVD, Blu-Ray etc ... ) and in RAM. 
Subsequently, good memory management and rapid I/O 
access are vital. The variety of tasks alludes to the fact 
that games are extremely processor-intensive applications. 
Large number of operations have to be executed per-
second in order to run smoothly, so performance of the 
code is of equal importance. 
In many cases, games cannot be patched to solve issues 
(e.g. as the game master is pressed to disc). Robust, stable 
code which does not act or terminate unexpectedly is of 
paramount importance. 
The ultimate control over memory management and the 
performance provided by C++ and its compilers satisfies 
these demands and justifies its widespread use. 
·Other factors to consider when selecting the language for 
games development are: 

• Development Environment - A good environment 
rapidly increases developer productivity 
providing source code management, syntax 
highlighting, device specific configurations, 
intelligent code reflection (e.g. Visual Studio's 
Intellisense), and even debugging and profiling. 

• 3D Graphics Framework- Existing 3D Graphics 
Frameworks greatly enhance productivity, C++ 
has bindings to both Microsoft's DirectX and 
SGI's OpenGL. 

• 3D Game Engines- As well as using the above 
frameworks and API to produce the game engine, 
a development team may wish to utilise an 
existing 3D game engine. There are engines for 
graphics, physics, AI which have C++ bindings; 
commercial examples include the Havok Physics 
Engine, the Unreal3 Engine from Epic, ID Tech 5 
from ID and CryEngine 2.0 from Crytek. Non-
commercial examples include Allegro, OGRE 
and PANDA. 

Therefore, in order to become a viable alternative to C++, 
Java must offer comparative functionality and support. 
This section will determine whether this is the case, and 
detail the Java components that provide this functionality. 

2.1.2 Key differences between Java and C++ 
As C++ is the most popular language for game 
development, how does Java differ? The Java Whitepaper 
[9] details the origins of the language. Java (originally 
named Oak) evolved from Sun Developer James Gosling's 
evolution of C++, which he coined C++ ++ --, originally a 
set of extension to the CIC++ compilers. This soon 
became cumbersome, so the creation of entirely new 
language was initiated. "Even though C++ was rejected 
as an implementation language, keeping the Java 
programming language looking like C++ as far as 
possible results in it being a familiar language, while 
removing the unnecessary complexities of C++. Having 
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the Java programming language retaining many of the 
object-oriented features and the 'look and feel' of C++ 
means that programmers can migrate easily to the Java 
platform and be productive quickly" [9]. 

Therefore the key differences between Java and C++ are: 

• Java follows the OOP Paradigm whereas C++ 
inherits the imperative-programming paradigm of 
C, extending it with OOP functionality. 

• Java has no equivalents for struct, union, and 
pointer data-types, Pointers have been replaced 
by references and a distinction between core data-
types (int, float, double, etc ... ) value and object 
data-types (Classes). 

• Java does not support typedef or #define and has 
no Pre-Processor, eliminating header files, as 
found in C I C++, but removes conditional 
compilation. 

• Java has a large collection of utility classes built-
in, providing functionality such as Strings, 10, 
Networking, UI (A WT I Swing), Abstract Data-
Types (Vector, Array Lists, etc ... ), C++ has 
additional functionality provided by external 
libraries such as the Standard-Template-Library 
(STL). 

• Java does not provide support for multiple 
inheritance, instead opting for Single Inheritance 
and Multiple interface classes using the extends 
and implements keywords. 

• Java has an autonomous allocation I de-allocation 
of memory (Garbage Collection). C++ requires 
that the programmer destroys all dynamically 
allocated data. 

• C++ is compiled directly into machine instruction 
or assembly code (dependent on compiler). Java 
is compiled to an intermediate step called Byte-
Code - this is part of what make it platform 
independent. 

These differences mean that C++ gives the programmer 
the most control, by allowing low-level access to the 
computer hardware. Combined with an optimised 
compiler, C++ has very impressive performance. 

Java is easier to learn and increases developer productivity 
as plethora of libraries available in the JDK mean that a 
large quantity of existing functionality is available to 
incorporate into applications. Java applications are 
executed in a protected environment, the Java Virtual 
Machine (JVM), abstracting the programmer from the 
hardware. By using references instead of pointers and a 
garbage collector instead of explicit de-allocation, Java 
destroys the pointer-related errors that can occur when 
using C++, such as illegal memory access, access outside 
of array bounds, memory leaks and attempts to access 
memory that has already been de-allocated. 
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2.1.3 Existing Uses in Game Development . . 
In order to assess Java's future, we must first constder tts 
current applicability. For the purposes of this paper, game 
development will be divided into three platforms types: 
Desktop (PC based), Console (Xbox, Playstation, Wii), 
and Mobile (Mobile Phones, PDA, XDA). Each of these 
has different challenges. PC games need to cope with 
varying hardware and therefore device i n d e p e n d e n c e .  
Console games need to be developed to maxmuse the 
abilities of their particular machine. Mobile games are 
required to run across a large number of different devices, 
so platform independence is a key issue. Memory and 
processing power is also limited on mobile devices, so 2D 
games are prevalent in this area. 

2.1.3.1 Desktop Game Development 
Java has been used for many freeware PC games, typically 
distributed using Applets or Java Web-Start technologies, 
this paper will be focused towards commercial games. T.he 
PC gaming platform has a 20% market share, wtth 
computers running windows accounting for 95% of that 
share [4]. In [4] and [5], Dr Andrew Davidson surveyed 
Java's use in commercial PC games development and 
found more than 20 instances of its use. Key titles built 
using Java include [4]: 

• Who wants to be a Millionaire (2000)- Java used 
for the game logic. 

• Vampire- the Masquerade: Redemption (2000)-
Java used as scripting language. 

• Politika (1997) was developed entirely using 
Java. 

• Puzzle Pirates: Multiplayer Online Game. - client 
and server are written in Java. 

• Runeseape - Clients can use a Java applet to play, 
or download a Windows-based client application. 

• Star Wars Galaxies- Game logic coded in Java. 
• /L-2 Sturmovik- Combined Java and C++. 

These games have been developed by prominent gaming 
developers including Ubisoft, Lucasarts, EA, and Jagex. 
In fact Jagex's 3D MMORPG Runescape [11] has become 
an overwhelming success, with six million users inhabiting 
the game world at least once a month. 

2.1.3.2 Mobile Game Development 
One area where Java is prevalent in the games industry is 
mobile development. Java has many SDK aimed 
specifically at mobile development. 
One of them, Java ME (Java Platform, Micro Edition) is an 
extremely powerful toolkit for creating cross-platform 
mobile games. The central core of the application extends 
the MIDlet class, similar to how Applets work. The 
Connected Limited Device Configuration (CLDC) is 
utilized to combine the large variety of mobile devices into 
a fixed configuration providing a set of standardised class 
libraries, including GUI, IO, etc. and a limited version of 
the Java VM. Profiles are then used to tune applications, 
adding enhancements specific to a subset of devices. 
This standardization, combined with flexible configuration 
means that virtually every mobile device currently on the 
market provides Java support [23], and thus, Java is likely 
to remain the premier technology for mobile development. 
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Each release continues to improve the API, with additional 
features such as the Wireless Toolkit and Mobile 
development plug-ins for the major Java IDEs. 

2.1.3.3 Console Development 
Using Java for console games development is problematic. 
The now-defunct Sega Dreamcast remains the only 
dedicated game console that the standard VM is available 
for. Two mainstream Dreamcast games utilized Java 
during their development - Skies of Areadia and Daytona 
USA. 
Virtual machines are currently not available for Xbox360, 
PS2, PS3 or Wii consoles [23]. However, it is possible to 
run Java Application using the gee compiler front-end gcj 
[5] at the sacrifice of optimized code (see section 2.2.4). It 
is also possible to run Java applications on the PS3 Linux. 

2.1.3.4 Summary 
There are three different methods that have been employed 
to develop PC games using Java: 

• Using Java for Game Logic and C++ for low-
level computation (e.g. Graphics and Audio). 

• Using 100% Pure Java. 
• Using Java as a Scripting Language. 

The first approach is the most widely used, C++ providing 
performance critical sections, e.g. the 3D engine. 
The area of concern for future of Java game development 
is the current lack of support on the next generation 
consoles. 
If a developer wants to create a cross-platform title, then 
using Java would not be a feasible option, especially as 
cross-platform engines such as EA's. Renderwaie system 
and the aforementioned Unreal3 Engine, would 
significantly reduce portability issues encountered when 
using C++. 

2.2 Other Contender to Java 
When deciding whether Java has a future in game 
development, an analysis of the competing languages must 
also be taken into account. Java's main competitor is 
Microsoft's ISO standardized C# language. This is a 
language which used Java as its basis, and has extremely 
similar syntax to Java. The language is constantly 
evolving, and is closely tied to Microsoft's .NET 
framework, providing similar functionality to the Java 
SDK classes. 

C# 3.0 is to be released December 2007, along with .NET 
Framework 3.5 and Visual Studio 2008. Its incorporation 
with Visual Studio means that there is already exposure to 
a wide number of C++ developers. C# has similarities with 
Java, as it uses a Virtual Machine structure (The Common 
Language Runtime or CLR) C# code is compiled into an 
intermediate format called MSIL which is then interpreted 
bytheCLR. 

C# has bindings to DirectX, OpenGL, and a Microsoft API 
called XNA, which allows C# games applications to be 
release on both PC and XBOX 360. It can also 
interoperate with Managed C++, without no cost as the 
operation as done at CLR level. C# game engines are 
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available, in particular a port of the popular Open-Source 
C++ Engine OGRE called Axiom. Whilst evaluating C#'s 
future in game development is outside the scope of this 
paper, it shares many of the same productivity benefits as 
Java. Cut-down versions of Visual Studio for C# and XNA 
are also available free from the Microsoft Website. 

2.3 Java Game Programming Details, 
Issues and Solutions 

2.3.1 Java Performance Issues 
Dr Andrew Davidson [4] [5] highlights common 
knowledge as a factor to Java's diminutive standing in 
game's industry. In [6] he defines a set of myths related to 
Java's technical limitations: 

• Java is too slow for games programming; 
• Java has memory leaks; 
• Java is too high-level; 

The first point is usually made in comparison to C++. 
When Java was officially released in 1996, version 1.0 was 
pitted against C++ benchmarking common programming 
operations, reported to have a slowdown factor of around 
20-40 times that of C++ [ 17]. 
A study conducted in [17] determined that JDK 1.4.2 "is 
20%- 50% slower than C++". [17] states that Java version 
1.5 is 1.1 times slower than C++, marking a significant and 
impressive performance increase over the last ten years. 
One of the key performance increases has come from the 
use of the Java Hotspot Compiler (discussed in section 
2.3.2). 
Since the publication of both these papers, version 6 of the 
JDK has been released and has seen further performance 
related improvements [24]. One of the main areas of 
improvement has been the tweaking of tuning flags within 
the runtime, which are used to select the garbage collection 
method, heap size and runtime complier settings. The 
results of these benchmarks shown in Figure 1 taken from 
IO performance tests by Sun [24] illustrate the 
improvements made between JDK Version 5 and Version 
6. 
Improvements have also been made to key methods within 
the JDK such as the Array Copy method 
System.ArrayCopy( ). Improvements have also been made 
on the latest version of the hotspot compiler (section 
2.3.3.) 
The second myth surfaced because the programmer does 
not destroy the objects they create (a class has a 
constructor, but no destructor in Java), this is a fallacy, as 
Java utilizes garbage collection to clear up memory from 
de-referenced objects, whereas C++ forces the developer 
into manual de-allocation. The Java garbage collection 
mechanism actually performs better than C++ [17]. 
A previous issue with garbage collection is its ability to 
interrupt key processing tasks (e.g. during an animation 
frame) to free memory from de-referenced objects. Since 
JDK 1.4.2, multiple methods of garbage collection have 
been added to the JVM [18]. The programmer can set an 
execution flag, defining when the garbage collector should 
be invoked, eradicating this issue. 
The third argument against Java is that it is too high-level. 
This is analogous to the arguments when C++ was 
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compared to C, and when C was compared to Assembler. 
There is little truth to any to these statements. The 
machine independence offered by Java, is perceived to 
slow 1/0 functions relating to video/system RAM. Figure 
1 illustrates that Java SE 6 has made significant 
performance boosts relating to I/O. 

1/0 Benchmark Comparison 

----
Figure 1 - I O Benchmark Tests between JDK 5 

and JDK 6 [24] 

2.3.2 Java Hotspot Compiler 
The Java Hotspot Compiler [25] is technology behind the 
Virtual Machine found in the latest ·JDK, and was 
introduced in version 1.3.1. 
In previous versions of Java, performance boosts were 
attempted using a process called Just-In-Time (JIT) 
compilation. Upon execution, Java Byte-Code (i.e. class 
file) is compiled into native machine instructions on the fly. 
The performance increase was limited due to a number of 
factors: 

• The code is compiled on the end-user's machine 
during execution, introducing a perceived delay 
during startup. 

• Java dynamically allocates objects on the heap 
during runtime whereas C++ predominately 
allocates memory on the Stack. Therefore, Java 
typically has higher object allocation rate during 
code execution, something which cannot be 
optimized by compilation. 

The Hotspot Compiler enhances this process by redefining 
the compilation architecture, into two layers as seen in 
Figure 2. 

Figure 2 - Hotspot VM Compiler Architecture 
[25]. 

The compiler layer allows adaptive compilation options 
when a Java program is executed. A program can be 
specified as either Client or Server, each using the same 
VM, but applying different optimization strategies. The 
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Client Compiler is tuned to reduce memory footprint a n d
reduce application startup time. The S e r v e r  C o m p i l e r  
incorporates an adaptive compiler that appbes t e c h n i q u e s  
used by C++ optimized compilers, and a d d i t i o n a l  
techniques such as the aggressive i n - l i n i n g  of V i r t u a l  
methods, something which cannot be achieved by a static 
compiler such as C++'s. 

2.3.3 Hotspot's Key Optimisations . 
The bottom architectural layer, the Hotspot VM, provides 
the key optimization procedures. In previous versions of 
the VM, indirect memory handles were used to represent 
object references, making garbage collection easier. The 
Hotspot VM has removed these handles, replacing them 
with direct memory pointers. This means that access to 
instance variables is now equivalent to that in C/C++, 
markedly improving Java's performance. 
Garbage collection in Java has improved, outperforming 
C++'s manual de-allocation of memory. This is because 
the Hotspot VM provides four algorithmic strategies for 
garbage collection. 

• Fully-Accurate Garbage Collection - Garbage 
Collection can be conservative, partially accurate 
or fully-accurate. Conservative collectors are not 
certain on the location of all object references, 
making them prone to memory leaks and 
corruption. These errors are difficult to debug as 
they are not guaranteed to occur. at particular 
times during execution. Conservative· collectors 
must either use handles to objects to ensure these 
mistakes do not happen, or avoid re-allocation of 
object in memory leading to memory 
fragmentation, each decreasing performance. 
Fully Accurate Collections allows object 
reallocation and all inaccessible object memory is 
reclaimed. This avoids memory fragments and 
reduces the memory footprint, boosting 
performance. 

• Generational Copy Collection - 95o/o+ of all 
objects in a typical application are short-lived 
(e.g. temporary data structures). By isolating 
newly created objects into an "object nursery" 
allocation is faster, as only a single memory 
pointer is incremented as more objects are added 
to the nursery. It also reduces the frequency of 
garbage collection, as the nursery can be flushed 
periodically, rather than removing each object as 
it is de-referenced. 

• Mark-Compact Collection - Objects with a longer 
lifespan may require collection due to memory 
constraints. The Mark-Compact algorithm 
traverses the tree of live objects and compacts the 
memory left by ·de-referenced objects. This 
compaction eliminates fragmentation in the Heap, 
and streamlines the recollection of old object 
memory. 

• Incremental "Pauseless" Garbage Collector- This 
is the key method in eliminating pauses that can 
occur during key processes - such as the main 
game loop - reducing impact on frame rates. 
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User-perceived pauses occur when long-living 
objects in the application require garbage 
collection. Theses pauses are proportional to the 
amount of object data, so in real-time data 
intensive applications, such as games, this 
becomes a significant flaw. The pauses are 
eliminated by using the "Train Algorithm" [25]. 
This divides the long pauses into a collection of 
tiny pauses (less than 10 milliseconds) and 
spreads them out, eliminating the long pauses. 

The other key performance optimization provided by the 
Hotspot compiler is the Hotspot detection functionality 
solving the aforementioned problems of JIT compilation. 
The Hotspot detection system applies adaptive 
optimization techniques, exploiting a common property 
that nearly all applications have: spending the majority of 
their time executing a small proportion of their code 
structure. Unlike JIT, where the code is compiled method 
by method, the Hotspot VM runs the program using the 
interpreter and detects these key portions or "Hot Spots". 
The global native code optimizer is then executed on the 
hot spots. Instead of compiling infrequently executed 
methods, more attention is given to these performance-
critical sections, without increasing compilation time. 
This is continued dynamically as the program executes, 
and more intelligent optimizations can be made. This also 
reduces the rnemory footprint of the application. 
Infomiation such as method-call relationships for virtual 
methods determined, meaning method in-lining can be 
performed in these c r i t i c a l  areas. This produces large 
blocks of code for the optimizer to work on, increasing the 
effectiveness of traditional compiler based optimization 
strategies. New optimization strategies are likely to be 
f o u n d ,  so the performance of the compiler can be 
improved as each generation of Java JDK is released. 
The latest version of Java has also added the Background 
compilation of methods to the Hotspot compiler. As a 
consequence, Hyper threaded or Multi-processing systems 
can now take advantage of spare CPU cycles to optimize 
Java code execution speed. 

2.3.4 3D Graphics Integration using Java 
Another important aspect when determining the use of the 
language for games development is the integration of 
existing 3D graphics functionality. C++ has bindings to 
the two main frameworks, Microsoft's DirectX and SGI's 
OpenGL. These sections will analyze the bindings 
available to Java. 

2.3.4.1 Java 3D 
Java3D [7] is a Java library written using JNI (Java Native 
Interface), a process which allows the execution of native 
code methods, such as C++ code and DLLs. This is used 
to access OpenGL or DirectX implementations provided 
by the application's host operating system. 
Java3D is a scene graph API. Programmers organize the 
3D scene in a hierarchical fashion, and use the 
aforementioned rendering libraries to carry out the 
rendering. The majority of commercial applications utilize 
the scene graph methodology, so Java 3D does not 
introduce a significant performance overhead with its 
adoption of this technique. Java 3D can significantly 
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reduce development costs as it has contains a vast 
collection of algorithms commonly used during 3D 
graphics development. 
[6] Proclaims Java 3D is significantly slower than 
optimized OpenGL and DirectX code, observing a 2.5x 
increase in execution time. 
However, like the Java language, Java 3D's performance is 
significantly improving, and the current release- Version 
1.5 has been vastly improved by using the JOGL (see 
below 2.2.5.2) binding to OpenGL which provides 
optimized JNI binding, reducing the penalty cost of 
invoking native methods [ 4]. 

2.3.4.2 JOGL 
Initiated by Sun in 2003 as an open source technology 
initiative, JOGL provides full access to the Open GL 2.0 
Specification APis, and is fully interoperable with A WT 
and Swing (Java's UI packages). It also provides 
advanced features such as support for custom shader 
languages (e.g. GLSL). It has become the official method 
for binding OpenGL to Java. (JSR-231 specification). 

2.3.4.3 LW JGL 
The LightWeight Java Games Library (LWJGL), is a set of 
wrappers which similarly to JOGL, uses JNI to provide 
low-level access to the OpenGL 2.0 Libraries for 3D 
graphics support. As well as OpenGL support, L WJGL 
also provides audio functionality, utilising the Open AL 
and FMOD cross-platform audio libraries. Input device 
control is provided through Jlnput. These libraries are 
both used in a large amount of commercial games, making 
L WJGL a good choice for game-development. However it 
does not currently intemperate with A WT or Swing. 
The optimized JNI wrappers used to communicate with the 
native libraries reduce performance cost for invoking 
native method. 

i 

Figure 3: UML-diagram of L WJGL in jME 

As aforementioned the L WJGL accesses OpenGL to create 
applications or games in a professional and amateur way. 
OpenAL is also provided. Access to Gamepads, Steering 
wheels Joysticks, and other controllers is supported. 
LWJGL is a relatively easy to use library. This means that 
some methods are removed which are not efficient in Java. 
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In addition a better overview and more possibilities are 
provided. Only methods are used which cannot be 
executed directly in Java. Error checking is done in Java 
code instead of a separate Dynamic Link Library (DLL). 
In order to make it a bit more clear how L WJGL is used 
and how it works figure 3 demonstrates where L WJGL 
applies. 

2.3.5 3D Game Engines for Java 
Another important aspect when determining the use of the 
language for games development is the availability of 
game engines and tools for supporting game development. 
There are some engines and tools available such as 
AgentFX [9], jMonkeyEngine [12] and MonkeyWorld3D 
[20]. 

2.3.5.1 AgentFX 
Agency 9 [1] has developed a Java-based 3D Games 
Engine named AgentFX (Version 2.4, October 2007). 
This is a scene graph based engine, similar to Java 3D, and 
provides features such as: 

• Octree spatial sub-partitioning for sub-scene 
management 

• Key frame Animation and Skeleton based 
Animation system 

• Dynamic Lighting 
• Vertex shaders and Pixel shaders 
• Mip-mapping, Bump map support along with 

basic and multi-texturing 
• Polygon-based Collision detection 
• Support for major 3D modelling tools such as 

Maya, 3D Studio Max using Sony's COLLADA 
Format for Modelling. 

Applications are developed by using the inheritance 
features of Java to extend the AgentFX Window 
Application class. This provides an extremely powerful 
process as the application is inheriting a large amount of 
information and functionality from this base class with the 
developer, at the most basic level, merely having to 
override the display() method in order to get an application 
up and running. 

2.3.5.2 jMonkeyEngine 
jMonkeyEngine GME) [12], is a powerful open-source 
BSD-licensed Java scene-graph engine, which is geared 
towards game development. It uses LWJGL[15] 
(Lightweight Java Game Library) at its core, which relies 
on OpenGL and OpenAL using JNI (Java Native Interface) 
for C to Java API linkage[15][16]. 

The reasons for using jME based on the high level 
language Java are extensive: 

• First of all jME is free. It is important for the 
development of the project, because no licence 
(some are very expensive) has to be bought, 
which are applied in professional games. 
Examples for such expensive engines are the 
Doom3-Engine by id-Software or the CryEngine 
by Crytek. The BSD-licence of jME is even 
available for commercial purposes. 
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• In order to support the latest real time rendering 
technologies like Direct3D and OpenGL a 
hardware accelerated engine is required. jME 
fully uses OpenGL with the LightWeight Java 
Game Library (LWJGL). 

• This shows another positive criterion of Java and 
jME. OpenGL is, unlike Direct3D, platform 
independent. This means that the project can also 
be used on operating systems like Linux or 
MacOS and not only on Windows. 

• There are tools developed with jME which 
supports game development in form of spatial 
editor. Such a product is MonkeyWorld3D [20]. 

• Another very important fact which was exposed 
during the development of the project is the good 
documentation in the World Wide Web. 

jME supports some similar features as Java 3D and 
AgentFX, but not all. Some examples of effects are iisted 
below [12]: 

• GLSL Shader Support 
• Vertex and Fragment Program Support (ARB 

Shaders) 
• High Quality Water with configurable reflection, 

refraction, wave generation, etc. 
• Bloom 
• Extensible Particle System 
• Lens Flare 
• Cloth Simulation 
• Screen tinting 
• Texture based dot3 bump-mapping 

2.3.6 Development Tools 
Development tools such as the development environment 
(IDE) for the language, which can rapidly ·increase 
production time, must be considered during technology 
selection. C++ has a variety of IDE's including Dev-C++ 
and primarily, Microsoft's Visual Studio. These are 
extremely powerful tools. 
Java also has two very powerful IDE tools at its disposal, 
with the advantage that both are free to use: Netbeans and 
Eclipse. Netbeans is provided with the JDK on Sun's Java 
Site and Eclipse is the open source implementation of 
IBM's Websphere studio interface. 
Both are extremely powerful, providing the functionality 
described in section 2.1, including Syntax Highlighting, 
intelligent code reflection, as well as UI designer tools, 
pluggable toolkits for Mobile, Web and Games 
Development (The Agency 9 Game Engine has plug-ins 
for Eclipse [1]), and the added bonus of advanced 
debugging, using the configuration flags of the Hotspot 
Compiler [25]. These development tools are as good as, if 
not arguably better than, the one's available for C++. 
Other considerations are: 

• Existing methods for interfacing with input 
devices, such as mouse, keyboard and game 
controllers. 
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• Existing methods for interfacing with sound, 
providing advanced features such as 3D Surround 
Sound Support. 

The most recent releases of Java have provided this set of 
functionality with the release of Jlnput 
(http://iinput.dev.java.net/) for input and JOAL, Java's 
binding to OpenAL (http://joal.dev.java.net), both open 
source releases from Sun Microsystems [23]. 
Java is continuingly improving at JDK level, and also 
benefiting from community projects. 
The first point is exemplified by the additional gaming-
related features added to the language since Java Version 
1.4.2 [4]: 

• A Nanosecond timer 
• Full Screen Mode, which bypass the window 

manager for direct hardware access (Immediate 
Mode) 

• Support for non-blocking Socket Connections for 
networkable multi-player games 

• Support for Generics (C++ Templates) 
• Support for Enumerations (C++ Enums). 

The Project Darkstar [22] is a great example of the 
community based releases. The Project Darkstar 
MMORPG codebase developed by Sun Microsystems is 
now available as open-source at the official project website. 

2.4 Discussion 

2.4.1 Evaluation 
From a technical perspective, Java is a good choice as a 
language for game development, as it has satisfied all the 
criteria in section 2.1. Its performance has vastly 
improved in the last 10 years, with the enhancements 
added to the JDK; the Hotspot VM Compiler, and 
optimization of garbage collection providing good real-
time performance, and exceptional memory management 
capabilities, so performance cannot be seen as the barrier it 
once was. 
The overall productivity increases provided by using Java 
make it a great choice for PC games development, as it has 
very good development environments to develop, test and 
debug code. The open-source, GPL style licenses 
available for many of the tools and libraries documented 
mean that cost-effectiveness of Java development is 
markedly greater than C++'s. 
Java can continue to dominate in the Mobile Gaming 
Market, with the ME edition of the JDK having the same 
performance benefits as the standard JDK and with an 
already established user base and virtually every mobile 
device supporting Java, its ubiquity means that it has very 
few challengers in this arena. 
With the proliferation of libraries such as JOGL, JOAL, 
L WJGL, Jinput; the increasing improvements being made 
to Java 3D and the advent of jME or the AgentFX Game 
Engines, Java can now provide low-level graphical and 
audio functionality through to high-level scene-graph 
related development and complete Game Engine solutions, 
covering the wide spectrum of developmental choices. 
The major downfall to Java games development is the lack 
of support on the next-generation consoles. With many 
developers releasing cross-platform titles, the lack of an 
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established, Hotspot quality VM means that C++ and the 
cross platform engines at its disposal will continue to 
dominate the console development industry. This is 
perhaps ironic, as one of Java's key strengths for enterprise 
development is its portability across platforms, and its 
web-based execution methods. 
However, if this is addressed, then Java must be seen as a 
serious competitor to C++. 

2.4.2 Technical Solution for Homura 
For the development of Homura we use jME [12], LWJGL 
and MonkeyWorld3D [20] as Java game API solutions. 
The initial architecture [8] of Homura as a whole is to have 
a core engine, which uses jME and LWJGL. The user is 
able to create Homura projects which will run totally 
independently of the IDE and can be exported to a wide 
range of platforms [10]. MonkeyWorld3D has been 
integrated, extended with a positional editor and is used for 
the development of the spatial editor of the IDE. Other 
libraries have been implemented to extend the 3D engine, 
the interfaces, and the editors (e.g. positional editor). 

3. Homura Game Engine and IDE 
In the following we introduce the engine Homura, and the 
supporting IDE which allow for easy creation of java-
based (web-based) 3D games [19]. 
We decided that our components would be based on 
existing software, and to extend libraries as required by 
our applications and games [ 4]. We decided to make the 
game prototypes, engine, and IDE at the same time. With 
the IDE and engine, we are targeting intermediate game 
developers. 
We decided to create the examples using jME [12], and 
investigated the use and extension of related design tools 
such as MonkeyWorld3D [20] at the same time. These 
open-source tools have been eventually integrated into the 
Homura IDE along with the Homura extended game 
libraries. This has the advantage of getting all the game 
logic and advanced graphical code available, while 
developing the IDE, and once the IDE is implemented 
enable us to create the engine by developing it in a stable 
environment. The games themselves are eventually ported 
to the new IDE and engine to show how the Homura 
engine and tooling can be used to speed up general game 
development. 

3.1 Homura Engine 
The Homura engine is based on jME and extended with 
libraries written with LWJGL. We have branchedjME into 
Homura in order to improve and optimise the internals of 
jME (i.e. for closer integration with Homura data 
structures and classes). Using standard game functions that 
will be utilised by all Homura games, we can parse over 
the various XML files created by Homura IDE to achieve 
different goals, for example loading models, managing a 
scene graph, applying textures, or special effects. 

3.1.1 3D Engine 
Using the 3D engine jME, the models in a game can be 
displayed on the screen. The task of the 3D engine is to 
manage all 3D objects and scenes. In addition the engine 
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interprets what is displayed on the screen and how it is 
drawn. There is a high and lower level for the respective 
decision. The higher level is assumed by the application 
itself with the help of the scene graph, and occurs at 
software level. The lower level is assumed by the renderer 
and occurs at hardware level, especially on graphics 
accelerators. 
To put a two-dimensional picture on the screen from 
the information of a three-dimensional objects, a virtual 
camera, textures and lights, is the purpose of the rendering 
pipeline. The 3D engine is a wrapper with the given 3D 
interface OpenGL and abstracts the so-called rendering 
pipeline. The rendering pipeline itself today is 
implemented on the hardware, the 3D graphics 
accelerators. These are graphics cards which are included 
in almost every computer. So we do not need to worry 
about the low level issues. The 3D engine will manage it. 

The pipeline is filled with 3D data which are changed 
while running through the pipeline. The result at the end 
of the pipeline is a complete picture on the screen. 

Figure 4: 3D API & 3D Driver 

The major part of the work will be done on the hardware. 
In earlier days graphics cards provided only rasterizing 
(drawing several pixels on the screen). Today even 
transformation and illumination of 3D objects is calculated 
by the graphics cards. In order to get rid of programming 
directly on the 3D hardware the 3D interfaces OpenGL are 
used which execute the desired operations on the hardware. 
The exact interface between the 3D API and the hardware 
is the 3D driver which is updated by the graphics cards 
developers very often. Figure 4 clarifies that point. 

3.1.2 Scene Graph 
As aforementioned the main task of a 3D engine is to 
maintain and display 3D objects. 
An easy but at the same time very poor solution is to put 
the objects in an interlinked list to display all of them 
one by one on the screen. Due to the high amount of 
3D objects in a game it is not possible to get a quick 
screen layout of the whole scene. Even objects which 
will not be seen would be processed. But the graphics 
accelerator does not know which objects can be seen and 
which cannot. That is the reason why it is called low level. 
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A game with all its 3D objects is called a scene. To relate 
all these objects a so called scene graph is used. In jME 
and Homura this scene graph corresponds to a tree with a 
root and miscellaneous elements. Every element can have 
multiple child elements but only one father element. With 
,rootNode' jME already provides the root of the scene 
graph. 

Figure 5: Hierarchy of a House 

The hierarchy which is created by the tree offers many 
advantages [12]: 

• For example a house has several rooms. To 
achieve better performance it is essential that an 
included light only illuminates the volitional room. 
With the help of the scene graph it is possible to 
attach the light to that special room. In 
consequence of that all child objects of the room 
can also be illuminated. 

• A scene graph can easily describe local groups. 
Large object groups can be eliminated when they 
are not seen on the screen. If Room2 is displayed, 
as illustrated in figure 5, the renderer can exclude 
the tree of Rooml from every processing. This 
concept is called Frustum Culling. 

• Many objects, for instance living characters, are 
already structured like a tree. The movement of a 
hand of a character is dependent on the location 
of the forearm, which is dependent on the upper 
arm position, and so on, for example when the 
position of the upper arm changes, the lower arm 
and the hand do also change their position. 

• Scene graphs can easily be expressed in other 
tools or formats, for example XML. This offers 
facility to create or change the scene graph in 
external editor tools. Subsequently it can be 
loaded into the engine. 

InjME [12] three classes exist, which can be elements of a 
scene graph. These classes are Spatial, Geometry and 
Node. The Spatial class is the upper class, which cannot be 
instantiated. It is an abstract class. Location and rotation 
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are stored in here. That means that every object of the 
scene graph has its own position, relative to the parent 
element. 

Figure 6: UML-diagram of scene graph elements 

Setting RenderStates is also possible, in order to describe 
lights and textures. Geometry class and its subclasses 
consist of triangles, 3D objects consist of triangles. Every 
object visible on the screen is a geometry object. But these 
objects are just ending elements of the scene graph tree. 
All nodes are managed by the class Node. Any child nodes 
and child geometry nodes can be added to this class. The 
scene graph is the backbone of jME. Design and 
implementation of jME are very complex. Figure 6 
illustrates a Unified Modelling Language (UML) diagram 
with the scene graph elements. 

The scene-graph aspect of jME [12] allows a large level to 
be created, without needing to take it all into account at 
once. Only the regions that are being observed are of direct 
interest, while scenes that are further away have a reduced 
amount of observable detail in areas such as meshes and 
textures. This general concept is commonly known as 
spatial subdivision, with the graphical aspect being known 
as level-of-detail (LOD) management. The trade-off for 
this reduction in processing is more memory usage, and 
more code required for these aspects of the engine. 

3.2 Homura IDE 
Homura IDE is a powerful IDE based on the Eclipse 
Platform, and uses Eclipse plugins and technology. One 
particularly important plugin the IDE uses is the JDT (Java 
development Tools) Eclipse plugin, which provides the 
user with a rich Java editing environment for creating their 
game logic in. Figures 7, 8, 9 show the interface and some 
game examples developed with the IDE and Homura 
extended jME. 
Various parts of Homura are declaratively specified in 
XML files in the root of a Homura project, and this 
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provides a link between the classes and concepts in a 
Homura project. These XML files comes in useful when 
considering exporting to a website, as the website can 
parse these files in a standard way, and act upon the data 
contained within them. The IDE can also act upon, and 
manipulate these files to change various parts of a Homura 
project. This is similar to how Eclipse works with the 
plugin.xml that sits in the root of each RCP project, 
allowing concepts to be linked to classes, and functionality 
exposed to other plugins. 

The IDE itself hooks into the running Homura engine 
while a Homura application or game is running to provide 
various introspection and debugging facilities. For 
example, the user is able to see details about the concepts 
which are in operation within the application, as well as 
the current frame-rate through a statistics view in. One 
feature that is particularly important for the user to inspect 
is the scene graph, as this allows them to find out why 
their graph is not correct and help them find the area of 
code which is manipulating it incorrectly. They are also 
able to view the various properties of the scene elements 
they can select, for example, the world and local 
translation of a node. 
In order to provide the necessary hooks into the running 
engine, some parts of jME have been modified, as 
modifying Homura alone may not be enough, or too 
inefficient at certain levels. For instance, it may be 
difficult to tell when a scene graph has changed if it is 
being modified programmatically through the user's own 
code. Other parts of the engine must be probed at intervals 
to check their status. 
Parts of Homura IDE use Homura and jME, not just the 
games and applications that the user creates. However, if 
Homura is providing a game interface where parts of the 
API are accessed in a game-like context, the method of 
integrating parts of this engine into the IDE will be less 
than ideal. At the moment, jME [12] has a game-specific 
context. The idea is to unravel this into a hierarchy of non-
game specific classes and interfaces, with the game-
specific Homura classes and interfaces at the top of this, 
with the notion of being able to run an 'application' and a 
'game'. Then, only the game-specific classes will have 
access to game-specific concepts. Therefore, it will be 
necessary to keep the game-specific details separate from 
the application-specific ones. 

4. Supporting Technologies 

4.1 Integrated use of Java and IDE 
We are not using any other language than Java [17]. It is 
being used throughout the project as a virtual machine, 
upon which the engine, the tools and the IDE run. Using 
the same implementation language and runtime for all the 
game development systems (i.e. Engine, IDE and games) 
we improve the amount of compatibility and 
interoperability between the various sub-components we 
are developing. For instance, by having the engine and 
IDE both developed in Java, we allow the engine to run 
inside the IDE and allow the user to introspect upon 
various parts of the engine, and debug the games during 
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execution. This is much easier than having the engine and 
IDE in completely different languages such as Java and 
C++, and then using something like Java Native Interface 
(JNI) to link the two together. This is also for 
multi platform executions. 

4.2 The Eclipse Platform 
The Eclipse Platform is being used as the basis for our 
integrated development environment (IDE), which has 
proven itself to be a very mature platform for tools 
development in many different areas of computing. Using 
this platform, we can integrate various existing Eclipse 
plugins into our product, and then use them in different 
ways, modifying their functionalities using their extension 
points. For instance, we are using the Java editor plugin 
from Eclipse IDE to provide the user with a rich Java 
development environment, which is highly suitable for 
advanced games programming, providing that we have a 
rich Java API for game development. 

The development platform target is web-based 3D games. 
The games will be eventually run as application, applets 
and webstar applications for a variety of platforms such as 
windows, linux, and linux on PS3 (i.e. a limited option, to 
run a Java application on a PS3 console, is to run it on a 
PS3 with Linux installed, such as YDL or Fedora Core 5). 

5. The IDE and General Tooling 

5.1 Project Setup 
The project setup wizard in Homura IDE allows the user to 
set up a Homura project quickly and easily, by including 
all the necessary Java libraries and setting up the files 
system hierarchy. We have also included the jME 
documentation when setting up the libraries, as well as 
taken care of the native library setup, which are different 
on platforms other than Windows. 

During setup, the initial XML files are created, describing 
the static aspects of the game, and linking elements of the 
engine into the IDE. These XML files will become more 
important in the future when we want to link Homura to a 
wider intern et community, allowing users to export their 
game creations to a website using the various export 
wizards in Homura IDE, and facilitating user generated 
content. The server-side software will be able to extract 
these XML files from the exported Java archive, and then 
obtain the various details of the game which can be 
described on the game page. We have carried out many 
interesting experiences with these features and presented 
them in [27][28][29][30]. 

5.2 The Java Editor 
The Java editor is an important element of the IDE, 
allowing the user to actually develop the core game logic 
in Java. This is important for the engine to be highly 
dynamic, and not restrict the user in what they can do. We 
look into bolting on features that aim to accelerate Java 
game development, such as the creation of standard 
templates for pieces of boilerplate code that are used all 
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the time when making LWJGL games. For instance, we 
have a template which allows the user to easily wrap a 
certain number in a specific period after incrementing or 
decrementing, and another template for row and column 
manipulation. We also provide Homura-specific templates 
such as loading in spatials and sounds. Using the cheat 
sheets feature, it is also possible to create step-by-step 
examples for creating games using Homura, and we also 
provide documentation using the standard Eclipse help 
facility. 

Figure 7: Homura IDE Interface 

5.3 The Spatial Editor 
The spatial editor, shown in Figure 7, allows the user to 
have discrete control over how the node hierarchies of 
individual objects in the world are constructed, allowing 
the user to manipulate the objects, materials, textures, and 
lighting of each individual spatial hierarchy. To get a 
spatial editor into Homura IDE, we use functionalities 
extended from MonkeyWorld3D instead of creating one 
completely from scratch. The idea is to integrate this editor 
completely into Homura IDE, extending it along the way 
and removing any outstanding issues. This way, we can 
have a synergy between the spatial editor development and 
the other components of Homura IDE, such as the Java 
editor and assets browser. Using the spatial editor you are 
able .to drag-and-drop game elements between different 
editors and views in the IDE to speed up game 
development. 

5.4 The Positional Editor 
The positional editor is based on the spatial editor, and 
allows the user to place objects in the world using an 
object transformation storage system. The underlying 
implementation of this is a hash map system where the 
user puts an object ID in, and gets positional and 
transformational information out about the object in 
question. In the future, the spatial editor and positional 
editor might be fused together into a single editor, but 
having them separate speeds up development time in the 
long run, and allows us to provide more features for each 
editor. It also allows the user to have some control over 
how they use the positional information, rather than some 
automated system which uses it for them. 
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6. Java Game Design and Development 
We have created some example of games to explore the 
potential that 3D Java games created with an extended 
jME, LWJGL, and Homura IDE, would exhibit. These 
games utilise advanced features such as height map based 
terrain pages with procedural multi-texturing and 
detail/bump mapping. Other features include shadow 
render passes, dynamic sky domes, camera animation, 
collision detection and 3d model loading in several 
different formats (including .3ds and Collada). We also 
demonstrate multiple light sources, and scene graph based 
nodal representation with frustum and back-face culling. 
For our collisions, we use an oriented bounding box/sphere 
collision detection system, with the ability to upgrade to a 
ray traced triangle pick method for more precise 
intersections. Common graphics features developed and 
used in Homura are comparable to those found Java 3D 
and in the commercial Java engine Agency 9's [1] 
AgentFX, and are as follows: 

• Octree spatial sub-partitioning for sub-scene 
management 

• Key frame Animation and Skeleton based 
Animation system 

• Dynamic Lighting 
• Vertex shaders and Pixel shaders 
• Mip-mapping, Bump map support along with 

basic and multi-texturing 
• Polygon-based Collision detection 
• Support for major 3D modelling tools such as 

Maya, 3D Studio Max using Sony's COLLADA 
Format for Modelling. 

Figure 8: Cart Game Screenshot 

6.1 Mine Cart Game 
The mine cart game is a design mock-up for a larger game 
called "The Islands of Dr Bubbles", which features 
multiple islands, each containing a mini-game based 
around one of the main characters and their abilities. The 
mine cart game uses full 3D graphics, but the camera is 
fixed at a side-on view and the main character is hand 
drawn and pasted onto a billboard quad to give a cartoon 
2.5D effect. The idea of the game is for the character to 
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travel along an incomplete mine cart track where he must 
jump across gaps, and also switch between parallel tracks 
to avoid danger. He will also exit the mine cart at certain 
points in the game, where the game will become a regular 
platformer. Figure 8 shows a screenshot of the game. 

6.2 Biplane Game 
In the biplane game [5], users get to fly a biplane over a 
landscape whilst shooting at moving targets. There are also 
rings in the area which the player must fly through, similar 
to Pilotwings on the SNES and N64. Figure 9 shows a 
screenshot of the game. 

Figure 9: Biplane Game Screenshot 

The terrain [13] was created using a tiled height map to 
create the various peaks and troughs. This mesh was then 
coloured using a procedural texture map that smoothly 
blends together three images, each fixed to either low, 
medium or high ground. A black and white bump map 
image was also used to add extra detail such as soil/rock 
grain and cracks over the whole terrain mesh. The world is 
surrounded by a sky dome, created using dynamic 
skylights based on [21], other features such as particles, 
water effect and reflection are also implemented. 

6.3 Artwork and Graphics 
The games feature some 3D models that were created 
using Autodesk's 3D Studio Max 7 and textured with 
images created in Adobe Photoshop CS. Cuneyt Ozdas' 
Textporter plug-in for 3D Studio Max was used to export 
the flattened and unwrapped meshes as a bitmap image to 
use as a guide in Photoshop while overlaying the 
appropriate texture detail. 
The 2D artwork style used in Homura games is original, 
and will be designed for character animations and static 
scenery. These pieces of artwork will then be integrated 
into our 3D game examples using billboarding technology, 
where the normal of a 3D quad with a spritesheet-mapped 
texture is opposite that of the camera 'look at' vector. In 
any 2D game examples, the process would be simplified 
due to the single Z plane and use of orthographic 
projection, and we could use the same sprite animation 
technology. Figure 10 shows a screenshot of the artwork 
style. 
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The engine however also supports 3D models, and some of 
the games will be designed as 3D models-based games. 

Figure 10: 2D Artwork Style used in Homura Games 

7. Conclusion and Future Work 
In this paper we have proposed an evaluation of java as a 
game development programming language. We have also 
presented an overview of Homura Engine and IDE. The 
IDE eriables the development of web-based 3D games for 
a variety of platforms, and the engine, based on an 
extended jME, include all the libraries required to render 
and execute 3D games. The salient points of Homura, is to 
provide an integrated solution for java based 3D web-
based games, offering, java editors, compiler, and virtual 
machines, as well as an extended eclipse based IDE 
interface. The IDE features a game spatial editor, 
positional editor, and a series of wizards facilitating the 
development of the game logic, and the management of the 
game assets. Two games are being developed and will be 
integrated in the Homura IDE, and run with the engine to 
experiments with the several components of the IDE, 
including the on-fly debugging. 
There are still some work to do in the IDE and the engine, 
including, extending the libraries to provide more support 
for game development [14] functionalities, for physics, AI, 
(e.g. pathfinding), and networking support. Other works 
involving the connection of different virtual world 
[27][28], the migration of game objects from one virtual 
world to another [28][29], and controlling real-world 
devices via a virtual world [30] are being experimented 
with and will be implemented as functionalities in Homura. 
These will constitute the future work. 
However the analysis carried so far, the development of 
the game engine, IDE, and games prototypes have clearly 
shown that Java can be a very apt platform for game 
development. 
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