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Abstract 

The following report describes the team's conceptual architecture for the open-source game, 
SuperTuxKart.  

 
The conceptual architecture style decided upon is a combination of Object-Oriented and Client-
Server. The Game Logic component is the main object of the system, depending on the 
Physics, AI, Network Interface, Game State, Audio, Graphics and Input objects. These 
components describe the Object-Oriented style of the client, while the Network Interface object 
communicates with the Network and Server, representing the Client-Server aspect of the 
architecture. 

 
This style was derived in a four step process. Initially, the team members played the game and 
deciphered the developer documentation. After identifying low-level elements and consolidating 
them based on challenges thought to be faced by the design team, the initial conceptual 
architecture was presented in the A1 presentation. Based on feedback and problems with the 
initial design that were identified, the conceptual architecture was revised to its current design. 
 
Following the description of this architecture are state and sequence diagrams to better 
describe the flow of information and relationships between the components. The state diagram 
shows the actions associated with the different Game States of the game. Sequence diagrams 
show player actions of firing a bowling ball and colliding with an AI player. They are meant to 
further explain the relationship between the objects of the client and other systems of the 
architecture, as they demonstrate the calls between these components based on the actor’s 
action. 

 
The progress of this report was not completed without understanding the difficulties and 
limitations associated. The team acknowledges that the division of research was ineffective to 
fully capture the developer documentation, inhibiting initial architecture derivations. 
Furthermore, there was difficulty accepting that the architecture may not fit within one single 
style. Most importantly, when illustrating a conceptual architecture, there was confusion 
between dependency of components and flow of information. Each of these obstacles is fully 
described and reflected upon. 
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Derivation Process 

The derivation process for the conceptual architecture of SuperTuxKart was divided into four 

main steps. Each step involved a source of information and a design approach built on previous 

steps. 

Step 1: Low-Level Design 

The goal of step 1 was to build an initial knowledge base to structure future analysis. Every 

team member was required to play the game to understand a user experience. After individual 

research, the team met and looked at the developer documentation [1] to link their own 

gameplay experience to specific functions and components that the developers have used. 

 

A preliminary conceptual architecture was created where the goal was to focus on 

encompassing all functionality required for SuperTuxKart. The game documentation was 

extremely detailed, and as a result many functions were too low-level for a conceptual 

architecture. Furthermore, high-level architecture styles were not consulted when creating the 

initial model. The objective was to ensure no aspect of the game's functionality was omitted. 

(See Appendix for conceptual architecture at conclusion of step 1) 

Step 2: Consolidation 

The objective of step 2 was to collect like-functions into single components and minimize the 

number of redundant sections in the conceptual architecture. The team also focused on 

researching conceptual architectures of other games [2] in order to incorporate best practices 

into the current version of the architecture. For example, the components: ‘Karts’ and ‘items’ in 

Step 1, were combined into the component ‘Entities’ during step 2. Dedicated Audio and 

Graphics components were also created. (See Appendix for conceptual architecture at 

conclusion of step 2) 

Step 3: High-Level Design 

The objective of step 3 was to redesign the existing conceptual architecture to consider the 

high-level benefits of various architecture styles and game specific challenges that could be 

faced by the design team. There were two main challenges identified, and the corresponding 

architecture styles worked into the conceptual architecture are as follows (See Appendix for 

conceptual architecture at conclusion of step 3): 

Challenge 1: Online and Multiplayer functionality (Client-Server style) 

The initial design of SuperTuxKart did not include multiplayer functionality. As the game 

continued to be developed multiplayer functionality was included in addition to online profiles 

and downloadable content. These features suggested that SuperTuxKart would be increasing 

the amount of online functionality. Since it was unknown how much load the servers are 
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currently under, and how much the load might increase based upon additional online features to 

be implemented, the client-server style was included into the conceptual architecture. This 

architecture style was used because it enables the game to scale based on a higher number of 

clients playing the game. 

Challenge 2: Open-Source Code (Layered Architecture) 

SuperTuxKart is an open source project which includes a large community of developers which 

can be working on the game at any time. Furthermore, because open-source projects often 

include developers who are unpaid, it is common for development teams to switch often. As a 

result, the layout of the code must be structured in a way that is easy to understand and easy to 

divide workload across. In response to this challenge, the team decided to incorporate a layered 

architecture into the working conceptual architecture. Components from step 2, with similar 

relations were collected under layers. 

Step 4: Revision (Final Conceptual Architecture) 

Upon presenting the conceptual architecture for review, it was concluded that there were two 

areas for improvement in the conceptual architecture. The first was that in an attempt to 

establish dependencies in a linear fashion for a layered architecture, the system was not being 

accurately represented. The second was that the hardware and hardware abstraction layers 

were involved in more functions than initially shown on the conceptual diagram (i.e. the 

hardware abstraction layer would be involved with I/O, which was not indicated). 

To incorporate this feedback, the functions within each layer have been separated into 

individual components to analyze their dependencies on an individual basis rather than as 

groups of layers. By centralizing the components around a game logic component, the 

conceptual architecture could remain organized and would more accurately represent the 

system. 

The primary result from these revisions was the switch from a layered architecture to an object-

oriented architecture. The object oriented architecture demonstrated in the final conceptual 

architecture remains organized with clear dependencies around the Game Logic component. 

This ensures that coupling is minimized, allowing multiple developers to work on the game 

concurrently (therefore still meeting the challenge of Open-Source Game Design identified in 

Step 3). 

It was decided to also keep client-server architecture style in the final conceptual architecture. 

This decision was made because client-server was determined to be the best style to enable the 

system to scale for multiple clients and additional online features (a challenge identified in step 

3). 

 

The final conceptual architecture is displayed in the figure below: 
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Figure 1 Final Conceptual Architecture 
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Conceptual Architecture Subsystems 

Game Logic 

Dependencies: AI, Physics, Game State, Input, Audio, Graphics, Network Interface 

 

Role: Game logic is the major governing system which decides how the game will play out 

based on user inputs, AI, the current state of the game and physics. After deciding how this data 

affects the game, game logic calls upon the graphics and audio systems to update the output for 

the user. The game logic is run in a continuous game loop, calling relevant components to 

update the game state for every frame, render and display it.  

AI 

Dependencies: None 

 

Role: Artificial intelligence is responsible for deciding how the computer-controlled players 

behave. The game logic calls the AI component to determine what actions AI should take based 

on the game state. Artificial intelligence behavior is essential to provide a competitive gameplay 

experience during single player gameplay. 

Physics 

Dependencies: None 

 

Role: The physics subsystem computes the actual physics of the race. This involves speed of 

karts, obstacle collision and kart collision. The physics in the game are used to make the game 

realistic and the game logic depends on the physics to know how to handle the interactions 

between various entities. Any necessary engines and libraries needed to compute the physics 

of the objects are included in the physics subsystem. 

Game State 

Dependencies: None 

 

Role: The game state holds the current state of the game. This includes things such as the 

player, character, kart, track and objects available to the user. The game logic depends on this 

information to determine the next course of action, and to validate player inputs. For example, if 

the player tries to use an object, the game logic will reference the game state to determine if the 

player has the object available, and how using it affects the game. Thus, the game state must 

be continuously updated and accurate.  
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Input 

Dependencies: None 

 

Role: Input registers and validates all physical commands entered by the user via the mouse or 

keyboard. The game logic will constantly be polling for input, as it affects all aspects of the 

game, from logging in to the direction of the user’s kart and the world they are playing in.   

Audio 

Dependencies: None 

 

Role: Audio is called by the game logic to determine which sound file corresponds to the current 

point in the game and to ultimately to play it. Within the Audio subsystem would be the 

necessary libraries and sound engines required to operate on various hardware and call the 

relevant sound files.  

Graphics 

Dependencies: None 

 

Role: Graphics is a component responsible for rendering and displaying scenes in the game for 

a display device. The necessary libraries and graphics engines, such as openGL and Irrlicht, 

would be contained in this subsystem.  

Network Interface 

Dependencies: Network/Servers 

 

Role: The network interface is required by the game logic to communicate with the network. 

This is used for retrieving online player data, high score statistics and other necessary data. The 

network interface is also responsible for updating online servers with player information that is 

stored online. As additional features with online functionality are added, the network interface 

component may be expanded upon. 
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Architecture Behavior 

State Diagram 

The state diagram below illustrates the system behavior during a single player race. Each state 

represents a screen or activity in the game (main menu, play state, etc.). The application stays 

in the current state until it is triggered by a certain set of actions (both by user or game logic), 

which results in a transition to a subsequent state. The user-input received at any given state 

contributes to a change or update in the game state (note: game state is not to be confused with 

the type of states in this diagram; game state is synonymous to game data). For example, in the 

Game Configuration state, choosing the level of difficulty, or selecting the racetrack configures 

the game settings with that data. Then in the following state, Play, the application uses those 

same settings in the game logic. 

 

 
Figure 2 State Diagram 
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Sequence Diagram 

 

Please note that many of the usually processes, especially those in Game Logic, are not 

included in the sequence diagrams for the sake of space and to focus on processes directly 

linked to the action being sequenced. For instance, Game Logic always checks for collisions 

even if the action is not specifically outlined.  

Sequence 1: Firing a Bowling Ball 

 

 

Figure 3 Sequence Diagram: Firing a bowling bowl 

The sequence begins with the user pressing the space bar. This keyboard action is processed 

by Input and fed into Game Logic as a “fire” command. Game Logic, which is a continuous loop, 

will poll for inputs and realize that the user has issued a “fire” command. It will check with Game 

State to see which item, if any, the player can fire. In this case, Game State tells Game Logic 

the user has a single bowling ball. Now, like Game Logic does every iteration, it will request the 

current game state. The game state includes information about the map, race, characters and 

their associated positions, velocities, active items, inactive items etc. In this particular case 

Game Logic will update the current game state by indicating the creation of a bowling ball object 

at the user’s current location along with removing the item from the player’s inventory. These 

changes will then be updated in the Game State subsystem. Game logic will finish its iteration 

by telling the Audio engine that the user has fired a bowling ball so it may add the appropriate 

sound effect to its current output. Finally, the updated game state will be sent to the Graphics 

subsystem for rendering.  
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Sequence 2: Collision between Player and AI Character 

 

 

Figure 4 Sequence Diagram: Collision between Player and AI Character 

This sequence begins with the user pressing on the right arrow key. The keyboard input is 

processed by Input and fed into Game Logic as a “right turn” command. As aforementioned, 

Game Logic is a continuous loop and when polling for user inputs will see the user has 

commanded a right turn. Game Logic will the request the current game state and will factor the 

right turn into the users’ velocity. This modified game state will then be sent to AI where the next 

move and action of all AI characters will be calculated. In this case, when Game Logic checks 

for collisions it will find that the players right turn and the movement of another AI character has 

caused their hit boxes to overlap (a collision). As a result, the  players’ velocity data and other 

necessary information is sent to Physics to determine the effects of the collision. The updated 

information is returned by Physics to Game Logic for the game state to be updated a final time. 

The Audio Engine is then told the details of the collision so an appropriate sound can be played. 

The game state, which includes the collision data, is finally sent to the Graphics Engine to be 

rendered. 
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Lessons Learned 

Deriving a conceptual architecture proved to be a more complicated task than previously 

anticipated. Deciding on this derived architecture proved an even more difficult task. Over the 

duration of this project stage our team learned several important lessons; Our division of tasks 

was not effective for sufficient analysis; There is no single perfect architecture style for large 

projects; Finally, distinguishing between dependencies and the flow of information can be 

difficult. 

 

Early in the research stage of the SuperTuxKart architecture, all team members were doing 

general research about the architecture. The research phase would have been more effectively 

completed if specific research topics were assigned to each group member. The SuperTuxKart 

code base is too large and complex to be analyzed as a single entity. In the future, analysis of 

individual components will be necessary. 

 

A significant amount of our time in this phase was spent attempting to force our architecture into 

a particular style. After further research it was discovered that it is uncommon that large projects 

adhere to one single architectural style. Our team spent more time attempting to fit architectural 

styles as opposed to deriving an architecture that made sense for the software. Software 

architectures can be a single style, multiple styles or even a custom style that suits the project. 

 

A conceptual architecture diagram is meant to show the various high level components of a 

system and the dependencies between these components. During the derivation of the 

architecture our team unknowingly used arrows to show the flow of information between 

components instead of dependencies. Upon realizing our mistake, we found it difficult to convert 

these arrows to show dependencies. In cases when the flow of information is bidirectional it is 

often unintuitive which component depends on the other. Although this is a seemingly small 

issue the results can detrimental to the understanding of the architecture. Using incorrect arrow 

directions could lead to misinterpretation of the architecture. 
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Appendix A: Process Derivation 

  
Figure 5 Conceptual Architecture: Step 1 

 

 

 

 
 

 

      Figure 6 Conceptual Architecture: Step 2 

 

 
Figure 7 Conceptual Architecture: Step 3 
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Appendix B: Sequence Diagrams 

 

 
Figure 8 Sequence Diagram 1: Firing Bowling Ball 
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Figure 9 Sequence Diagram 2: Collision between AI and Player Character 

 

 


