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Abstract 
The following report describes the team’s concrete architecture for the open source game, 
SuperTuxKart.  
 
The concrete architecture style was determined to be Object Oriented. This style was derived in three 
steps using the Understand software tool. First the team sorted the code into initial directories, which 
the tool used to determine the connections between them. This sorting was based upon the team’s 
conceptual architecture. Step two involved call and code investigation, during which the team looked at  
the connections made by the program and assessed their necessity and validity. Step three was 
redistribution of the code into directories that better fit their uses, in an attempt to reduce the number 
of connections. Steps two and three were repeated until the team was satisfied with the concrete 
architecture.  
 
This derivation process had limitations including the accuracy of the team’s conceptual architecture, and 
the degree to which the team could understand the code. As outsiders reviewing the code and  
attempting to connect the pieces, the team did not have enough in-depth knowledge to fully analyze the 
code. There were also several unusual dependencies, which could not all be investigated thoroughly.  
 
While the game logic component is still the main object of the system, the concrete architecture 
contains many more dependencies than the conceptual architecture. Additionally, there is a new file 
manager component which shares xml and data between components. The rest of the components 
include: physics, AI, game state, input, network interface, graphics, audio and libraries. It was found 
through analysis that many of the connections were unnecessary, but existed due to deprecated code. 
This code, while commented out, still included the header files and were likely the result of hotfixes, 
work-arounds or a lazy programmer.  
 
While each component in the system is described in detail, the file manager is described in depth , as it 
will be involved with the proposed enhancement in the next phase of the project. Following this, 
sequence diagrams are presented for two use cases: accelerating the kart and firing a bowling ball 
object. These diagrams are used to better understand how the system behaves and the components 
interact, as they demonstrate the calls and relationships between objects.  
 
Research was also conducted on the dynamics of the development team. It was found that the original 
version of the game was abandoned when the first team ran into disagreements. The game was picked 
up by a new team, headed by Joerge Henrichs, and brought to life in 2006. Multiple development teams 
and contributions from the open source community may have affected the architecture and account for 
some of the discrepancies mentioned.  
 
The team learned that working together to become familiar with Understand was most effective, as it 
allowed the team to collectively analyze the architecture and make decisions. The team also recognizes 
that the concrete architecture has a higher degree of coupling, which could be due to choices made in 
the conceptual architecture or the actual game development process. The team also learned that 
deprecated code can have a large impact on the architecture and for those trying to understand and 
follow the code in the future.  
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Analytical Process & Limitations of Analysis 

The Understand software tool [1] was used to analyze the source code from SuperTuxKart. The software 
requires that users specify what directories certain classes and sub-directories of classes belong to, and 
creates the concrete architecture based upon the calls made by the functions inside the se classes. Thus, 
the team was required to define the initial directories and determine the associated classes. A 
consequence of this form of analysis is that the Understand architecture could be inaccurate if classes 
are incorrectly sorted. Therefore, the team decided upon a three step, iterative process to derive the 
concrete architecture. 

Step 1: Initial Structure 

The initial structure of the concrete architecture was determined using the earlier derived conceptual 
architecture, Figure 1, as a starting point. The conceptual architecture contained 8 key directories on the 
client: AI, Physics, Game, Game Logic, Network, Audio, Input and Graphics. These were the initial 
directories created in Understand. The team then sorted through available classes and attached them to 
the specified directories as deemed relevant. For example, the physics class was placed in the Physics 
directory. This approach resulted in some classes remaining unassigned, and some directories remaining 
empty. These errors would be addressed in later steps. 

Step 2: Call and Code Investigation 

The current working version of the concrete architecture was analyzed first from a top-level view. 
Dependencies created by Understand were investigated for two key points of interest: dependencies 
that were unexpected, or dependencies with extremely low call counts (Less than 10 calls was 
considered suspicious, as most dependencies had over 1000 calls). If applicable, classes that had yet to 
be assigned to directories, and directories that had no classes were also investigated. 

Investigation consisted of building an understanding of the function of a particular class. This involved 
looking at the specific code as a group to understand what functions the code was fulfilling. During these 
investigations, it was often found that low call count dependencies were the result of deprecated code, 
with unnecessary headers left in the code, or a single function being implemented in a class that didn't 
make sense. The team hypothesized that this is due to work-arounds, hotfixes or a lazy programmer. 

Once investigation was complete, the team would compile a document specifying the purpose of each 
class, and cause of each suspicious dependency. This information was used in step 3 of the analysis.  

Step 3: Class Redistribution 

Based on the investigation of classes from step 2, the team would remove, modify and add directories as 
required. For example, early on it was determined that the libraries classes did not belong in any of the 
original three directories. Thus, a new libraries directory was created. Similarly, a controller class was 
moved from the Game State to the AI directory, to make it clear which classes were responsible for AI 
behaviour. Another key change was that a new directory, File Manager, was added to the concrete 
architecture. Additional information on the File Manager can be found in the Component Analysis 
section of the report. Upon completion of Step 3, the team would repeat step 2 and 3 in an iterative 
cycle until satisfied that all classes were correctly sorted into their relevant directories. 
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Limitations of Derivation Process 

There were three key limitations of the derivation process: 
1. Step 1 of the analysis was dependent on the team's conceptual architecture . An extremely 

unrepresentative architecture would require several more iterations of steps 2 and 3 would be 
required to find an ideal representation of the concrete architecture.  

2. To analyze unusual function calls and dependencies required in-depth analysis of the 
SuperTuxKart source code. The team was unfamiliar with the source code , which limited how 
much could be analyzed, and there is the possibility that sections of the code were 
misunderstood by team members during analysis. 

3. There were a very large number of low-call dependencies and unusual dependencies. As a 
result, not every instance could be investigated. Despite this limitation, the team could analyze a 
significant number of unusual dependencies and concluded that most are likely the result of 
improper coding practices including hotfixes, work-arounds and deprecated code that still 
imports functions from another directory (resulting in a dependency). 

Comparing Conceptual and Concrete Architectures 

As shown in Figure 1, there are significant differences between the conceptual and concrete 
architectures. The new concrete architecture transitioned from client-server and object oriented to a 
solely object oriented architecture style [2]. This better reflects the nature of the code, as the client-
server aspect of the conceptual architecture is not actually implemented in the SuperTuxKart code . It is 
unneeded as mass multiplayer gameplay is not currently a feature, although it could be added one day. 
 
Additionally, the concrete architecture has a new file manager component, responsible for acquiring xml 
and other local data required by multiple components. The team decided to segment all related 
functions and classes into one component to reduce dependencies. The file manager also calls game 
logic, graphics and game state when it needs information to build new resources.  
 
There are also bidirectional calls between Game Logic and surrounding components, suggesting that 
there was significantly more coupling than the team anticipated in the conceptual architecture. 
Preliminary investigation of some of these calls verified this hypothesis.  The AI component is connected 
to other components instead of solely to Game Logic. This is because the key class in AI, 'controller', is 
also responsible for controlling the player character. Therefore, there could not be perfect segmentation 
of AI functionality, which explains the high coupling with the Input component and light coupling with 
other components. Contrary to the conceptual diagram, there was a significant reliance on the network 
component. This is because some systems require updates, or data that cannot be stored locally. 
Investigation revealed one example of this, where physics relied on the network to track a time variable. 
Audio is also called by many components. This is because it was likely easier to program direct calls to 
audio rather than going through a specific, centralized component. 
 
There were many dependencies between components that appear counter-intuitive. Investigation 
found that the call count was extremely low (<10) for these. Not all of these instances could be 
investigated, but the common cause of these dependencies was either deprecated code which, while 
commented out, still included a header file, or functions that were out of place and were likely hotfixes, 
work-arounds or the result of a lazy programmer. These extra dependencies, responsible for very little 
of the game's functionality, significantly complicated the final concrete architecture. 
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(A)  
 

 (B)  
Figure 1 Comparing the (A) conceptual and (B) concrete SuperTuxKart architectures.
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Component analysis 
Input 

 
Figure 2 Input Component and its Dependencies 

Input is made up of several classes responsible for retrieving and interpreting input from the user. This 
can come from several different peripherals such as a keyboard, gamepad and wiimote. Most of the 
low-level hardware communication is handled by libraries which the Input component depends on. 
When examining the Understand output, the team found an unexpected dependency on the physics 
component. Diving into the code a deprecated function call; the developer commented out a function 
call but did not remove or comment out the include f ile. 

AI 

  

Figure 3 AI Component and its Dependencies 

AI contains classes to control all non-user karts during a race. “Controller" is found under the “karts” 
folder in the file structure. The team removed it from Game State to make it clearer what was AI. 
Unexpected dependencies on Physics and the File Manager were found. Further examination revealed 
that the AI loads its properties from an XML file, hence the need for File Manager. The dependency on 
Physics is due to the use of an AI class in the physics class. The team found this confusing and that it 
exhibits low cohesion which is generally undesirable.  
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Physics 

  

Figure 4 Physics Component and its Dependencies 

The team originally thought physics was a collection of functions that would be used to calculate 
physical properties during gameplay. After examining the Understand file, it was found to be more of a 
central class containing other classes such as the AI. As the game progressed the Physics class wou ld 
update the AI and user karts physical properties. This explained the unexpected dependency of physics 
on the AI. Another unexpected dependency was on the File Manager. As with AI, Physics imported some 
of its properties from an XML, explaining the dependency.  

Graphics 

 

 Figure 5 Graphics Component and its Dependencies 
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Graphics is responsible for all “in race” and “in menu” visuals of the game. It relies heavily on third party 
libraries found in the Libraries component to render the complex visuals. Graphics also depends on all 
other components of the architecture. Although this is undesirable due to high coupling it is not 
uncommon in game architectures. Graphics needs a large amount of information from many 
components, and developers will often introduce unwanted dependencies to get this information to the 
Graphics component faster. Speed is crucial as this directly affects a user's experience playing the game. 

Game Logic 

  

Figure 6 Came Logic Component and its Dependencies 

Game Logic is responsible for a large chunk of the functionality in this game. It initializes several of the 
major components of the architecture. This also holds the main game loop which runs for the entire 
duration of gameplay. Game Logic is dependent on all other components, as the team anticipated in the 
conceptual architecture.  
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Game State 

  

Figure 7 Game State Component and its Dependencies 

Game State holds information about the current state in the game. This includes user, character 
selection, kart selection, race track, game type, and other items and AI in the game. As such, it makes 
calls to all components that contain this information. These connections were not anticipated because 
the team did not expect direct communication from specific objects such as the karts or kart physics to 
game state. It was instead theorized that this information be called by game logic before being sent to 
the game state. 
 

Network Interface 

  

Figure 8 Network Interface Component and its Dependencies 

The two components of the Network Interface object deal with the protocol and information sent 
during online gameplay. It depends on Game Logic as expected, but also depends on Game State to 
retrieve and send online game information, AI to deal with computer players in online scenarios, 
Graphics for associated graphics, and Physics for local time. The dependencies between Network 
Interface and Input deal with initiating the user’s controller. 
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New Component - Libraries 

Everything undefined by the other objects lies within Libraries. As such, this component is a resource for 

most of the other components and does not depend on other objects. 

 
Figure 9 Libraries Component and its Dependencies 

Audio 

The Audio component contains all sound actions for the game. 

 
Figure 10 Audio Component and its Dependencies 

New Component – File Manager 

 
Figure 11 File Manager Component and its Dependencies 
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Overview 

File manager contains generic utility classes for file i/o with a focus on the handling of XML files. The 
various asset types that SuperTuxKart might request include GFX, GrandPrix, Libraries, Models, Music, 
replays, Scripts, SFX, Shaders, Skins, Textures and TrueType Fonts.  

Dependencies 

Dependent Subsystems: Physics, Game Logic, Game State, Input, Network Interface, Graphics, Audio, AI . 
While all subsystems are dependent upon file manager there is a heavy interaction between Audio and 
Graphics with File Manager. This is because Graphics holds all the Models, Shaders, Skins Textures, SFX, 
and TrueType Fonts that the file manager retrieves while Audio requires file manager to pull audio files. 
File Manager has a heavy dependency on external libraries to perform functions such as creating/ 
deleting directories and modifying XML tress which is the games primary files storage format. 

Involvement in Enhancement Proposal 

Our enhancement proposal involves allowing users to alter game attributes (retrieved textures, physics 
properties etc.) by entering commands into a console while in game. This means that File Manager will 
gain the responsibility of parsing user input and modifying asset retrieval as well as the XML trees which 
dictate the gameplay rules (gravity, max speed etc.).  

Included Files 

file_manager.cpp, file_manager.hpp - class handling files and paths 
utf_writer.cpp, utf_writer.hpp - utility class used to write wide (UTF-16 or UTF-32, depending of size of 
wchar_t) CML files 
xml_node.cpp, xml_node.hpp - utility class used to parse XML files 

Sequence Diagrams 

Acceleration of Kart 

 

 

Figure 12 Acceleration Sequence Diagram 
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Acceleration of a kart begins with a user pressing the up key on their keyboard. Game Loop, in Game 
Logic, will call Input Manager to poll for user input. In this case, Input Manager will detect the user's key 
press. Dispatch Input in Input Manager will identify that the keypress corresponds to the action “speed 
up” and as a result will call the player's kart controller with the action  and value of action to be 
performed. Kart controller will increase the player kart properties to now have an acceleration equal to 
a normalized value between 0 and 1. As Game Logic continues its loop and calls Game State to perform 
its general updates, it will update the players kart properties based on the adjusted acceleration. 
Irr_driver->update (located in graphics) is then called to render the scene from the user camera angle. 
SFXMananager is also called to update the current game audio. It should be noted that input manager is 
called from GUIEngine::render() when irr_driver->update is called but instead the sequence diagram 
shows Game Logic making the call. This was simply an attempt to simplify the sequence since Game 
Logic does start the sequence which ends in Input Manager updating.  

Firing a Bowling Ball 

 
Figure 13 Firing a Bowling Ball Sequence Diagram 

 
Firing a bowling ball involves similar initial and final steps to acceleration. However, Dispatch Input will 
call “setFire” in the user's kart controller instead of “setAccel”. The “setFire” function will simply set a 
boolean “fire” value to 1 which will cause the users bowling ball to be fired during Game Loops general 
update procedures. As Game Logic continues its loop and calls Game State to perform its general 
updates, it will recognize that the player's kart has “fire” activated. This will prompt Item Manager in 
Game State to create a bowling ball item based on the character’s kart attributes such as location and 
normal (up direction). The bowling ball's initial physics will be calculated by the game's bullet engine and 
a corresponding fire sound will be added to SFX Managers audio buffer. Finally, after Game Loop has 
computed all User/AI actions and physics, irr_driver and SFX manager updates are called to render the 
next frame and update the game's audio. 
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Team Dynamics 

In the early days of “SuperTuxKart”, back when it was called “TuxKart”, the team dynamics were 
relatively weak. In fact, the project collapsed in 2004 due to disagreements within the team. The game 
source code was left under a fork called “SuperTuxKart”. During this time, the game was not playable. In 
2006, a developer by the name of Joerg Henrichs picked up the fork and re-launched the game. The 

game was maintained by a small team of 2-3 developers including Joerge Henrichs. 

Although the main team working on the project is still quite small, there are many ways that the open-
source community can help. There is a list of bug-fixes and enhancements that are available to the open-
source community to explore and fix. Furthermore, new features can be added by developers or 
students in events such as the GsoC (Google Summer of Code). In 2013 and 2014, SuperTuxKart 
participated in GSoC to mentor developers or students on contributing to SuperTuxKart and game 

development in general. [3] 

Lessons Learned 

Our team learned three main lessons while working on this assignment.  Firstly, we realized that it was 
more productive to work as a team in order to get familiar the Understand software tool. This allowed 
us to retrieve the architecture diagrams and analyze them much more efficiently than if we were to try 
to do it in isolation. Once we determined the concrete architecture with the help of Understand, we 
realized that there is a much higher degree of coupling in the concrete architecture than the conceptual 
architecture. This could be due to poor design choices, or could have happened over time as a result of 
open-source contribution. Some of the coupling shown may be a result of deprecated code, which 
brings us to the next point. It was quickly realized that deprecated code can have an impact on the 
concrete architecture. There were many instances in the code-base where function/method calls were 
commented out, however, their corresponding header files were still included. This would result in 

unnecessary dependencies in the corresponding architecture diagram. 

References 
[1] “UnderstandTM Static Code Analysis Tool,” Scitools. [Online]. Available: 

https://scitools.com/?gclid=Cj0KEQiA9ZXBBRC29cPdu7yuvrQBEiQAhyQZ9BCLEa_rHQrlXW0OLKdQ4
qNsYJrSc8Dwen_YExtE4-EaAvcb8P8HAQ. [Accessed: 11-Nov-2016]. 

[2] “Chapter 3: Architectural Patterns and Styles.” [Online]. Available: https://msdn.microsoft.com/en-
ca/library/ee658117.aspx. [Accessed: 11-Nov-2016]. 

[3] “SuperTuxKart,” Wikipedia. 03-Nov-2016. 
 


