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Abstract: 

 

 This report studies the development of the conceptual architecture of the game Doom3. 

The key points touched upon in this paper about the architecture includes a description, the 

requirements, the evolution, the components and the concurrency needs. A series of diagrams, a 

description of the external interfaces, and use-cases are used to solidify the findings. The system 

used is an IDTech 4 engine, which is synonymous with the Doom3 engine. The components 

chosen are grouped based on purpose and common dependencies to create a clear and concise 

architecture. The Doom3 engine is responsible for managing the rendering capabilities through 

the Front End, Visual Effects, Culling Optimizations, and Low-Lever Renderer components. It 

also is able to manage Game Assets, Core Systems, and 3rd Party SDKs by grouping them into 

the Libraries layer. There is also what is called the Platform Abstraction Layer which contains 

the Platform Independence component, the OS component, and the Drivers component. Finally, 

there are components that aren't grouped such as the Skeletal Animation, Collision and Physics, 

Gameplay Foundation and the Game-Specific Subsystems. Through the study of this architecture 

the conclusion found was that this is a Object Oriented & Layered Architecture.  

  

Introduction and Overview:  

 

 The purpose of this report is to illustrate the development of a conceptual architecture for 

the game Doom3. The major components of the architecture are carefully deconstructed to be 

examined based on purpose, implementation and dependencies. After creating the visual 

representation of the conceptual architecture the interactions between the users and components 

become very clear. The more abstract elements of system architecture such as understanding 

bugs and glitches become easier to extract and easier to avoid or edit in the course of evolution. 

The process of developing the conceptual architecture was tedious and complex but became 

simpler with practice and after numerous rewrites. All the components in the architecture interact 

with one another to fulfil the user’s desired actions. In other words, there is a transformation and 

travel of data from component to component for each action to come to fruition.  We have come 

to certain salient conclusions after studying the architecture such as: the architecture is an object 

oriented layered style. The game Doom3 implemented new techniques in it’s evolution regarding 

the use of multi-threading, snd applied a new approach to lighting called dynamic lighting. This 

specific report will go through the architecture by studying the description, goals and 

requirements, evolution and testability, the concurrency and finally the components of the game 

engine. The components describe the elements we thought were most important and the 

interactions between them as far as dependencies to reach goals. Thereafter, the diagrams and 

use cases act as a visual aid to explain the real use of the program and finally the data dictionary, 

naming conventions, conclusion and lessons learned help the reader with understanding the study 

itself.  
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Architecture: 

 

 Description  

 In our design for the conceptual architecture of the Doom 3 engine, we evaluated the 

reference architecture of the Quake engine and the components which are required for the basic 

functionality of the game. This allowed us to understand the function of each individual 

component and the interactions between them. Our initial understanding of the architecture for 

the Doom 3 engine was a type of layered architecture, meaning that all function calls were 

derived from a top level entity which acts as the brain and controls all the limbs. However, this 

architecture led to high coupling between the components and introduced an overhead which 

would result in lower performance due to increased inter-module dependency.  This focus on 

reduction of coupling meant the need for a revision of the architecture, in-order to reduce the 

coupling in the system we deduced that the components act as objects. Having objects allows us 

to create wrappers for multiple objects and reduce the interconnections between the components. 

This made our system evolve into an object-oriented layered architecture. This structure permits 

greater flexibility with the components and allows them to act as grouped objects. These objects 

can be grouped based on their functionality; For example, we combine the numerous graphical 

components into one large component which would function as a black box and provide all the 

functionality of the individual components without the need for explicit instruction calls. The 

final design of the conceptual architecture is displayed below and it provides an overview of the 

architecture and the relations between components. 
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 Goals/requirement 

 The goal of the final architecture was to ensure that all the functionality of the game 

Doom 3 was preserved in the conceptual architecture. This required us to evaluate the basic 

functions which allow for gameplay such as graphic handlers, data handlers, network 

management, memory manager, core system, game specific logic, AI controllers, and sound 

handler. These components provide the basic functions which offer an enjoyable experience for 

players of Doom 3. An additional requirement of the architecture is to ensure the game’s 

performance is maintained and prevents undesired outcomes, bugs or glitches, which can be 

introduced via interference from components. In order to design an architecture which allows for 

stable performance and limits the possibility of bugs, it was necessary to design an architecture 

which limits overhead in terms of data transfer and processing. Additionally, a need for hierarchy 

is also present as control flow between components needs to be evident and ensure no processing 

bottlenecks and deadlocks occur. 
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 Evolution/Testability 

 

 As the conceptual architecture is classified as an object oriented layered style, it leads to 

the discussion of evolvability in future iterations of the architecture. In object oriented layered 

architecture the aspect of evolving is limited by the relations between each component. However, 

if an interface (i.e a wrapper) is introduced to encapsulate these components, it becomes a trivial 

matter of updating the internal components and passing function calls via an interface. This 

allows the system to evolve as outdated components are updated to latest versions but 

introducing interfaces does create processing and parsing overhead. The decision to have 

components which evolve has to be addressed early into the architecture design because 

removing interfaces in a later revision of the system can lead to heavy refactoring costs. 

Furthermore, the evolution should be quantifiable, meaning that the system should have testing 

criterions. The base method for identifying a quantifiable aspect of evolvability in a system is to 

perform timing analysis and justify the modifications. This however does not take into the 

consideration non-functional requirements as doing certain optimization operations might reduce 

manageability or maintainability. The non-functional requirements can be considered by 

evaluating the requirements of the user and what experience the game is supposed to provide. 

 

 Concurrency 

 

 Before the arrival of multi-core central processing units, systems were all programmed 

sequentially, meaning that tasks would run one at a time after each other. This occurred in the 

original release of Doom 3 paired with the idTech 4 engine. There was multi-threading present 

but there was no hardware support for multi-core processing. When Doom 3:BFG was released 

in late 2012, it took advantage of parallel programming (concurrent processes). The BFG version 

uses the idTech4 Prime engine which is an updated version incorporating idTech5's job 

processing system which allows for multi core processing. It begins with three main threads 

which then act and call upon two worker threads as needed.  

 The three main threads of Doom3:BFG are as follows: the thread for the back end 

renderer, which sends draw commands to the GPU, the thread for game logic and front end 

renderer, this generates the draw commands, and the thread dedicated for user joystick input 

which allows for quick detection and reduces the chance of missing important user inputs to the 

game. The two worker threads are created to manage processing tasks called jobs. These threads 

remain idle waiting for a signal from the job manager which then builds queues of jobs to be 

processed by the worker threads. These job lists can be categorized into three main sections: 

Renderer front end, renderer back end and utilities. An example which shows benefit to the user 

and not only with rendering speeds is the addition of a flashlight in DOOM3:BFG. In DOOM3 It 

was not feasible to have a flashlight used simultaneously with weapons on the PC as it had too 

much of an impact on the frame-rate. Secondly, it became more of a gameplay mechanic, adding 



  6 

 

tension to the overall atmosphere since you could either be holding a gun, ready to shoot 

something in the darkness, or holding a flashlight to cut through the darkness, leaving yourself 

unarmed.  

 

 

Components 

 

Platform Abstraction Layer: 

  

 The Platform Extraction Layer handles the abstraction between the system and the 

hardware it's running on. It uses a Platform Independence component to act as a liaison between 

the system and the OS. When done in this way, it is extremely easy to port the game to other 

platforms because there is only a limited amount of the architecture that is actually required to 

change.  

 

Libraries:  

 This component contains the game's ‘3rd Party SDKs’, ‘Core System’ and ‘Game 

Assets’. The ‘Library’ layer depends on the ‘Platform Independence’ layer because the ‘3rd 

Party SDK’s’ component needs to be able to access the hardware on the given platform. Whether 

this is for rendering graphics to the screen or accepting input from the user, this is a very core 

component of any video game. ‘Core Systems’ also needs to be able to talk to the ‘Platform 

Abstraction’ layer because it contains the libraries needed for other various operations in the 

system. This includes but is not limited to things like math libraries, memory management and so 

on. ‘Game Assets’ is a simple component because it simply contains the raw materials that the 

game engine uses to make meaningful game objects. This includes texture maps, 3d models, 

physics parameters and anything else that is made on the creative side of the game's 

development.  

 

Skeletal Animation:  

 

 The ‘Skeletal Animation’ component deals with the rigging of character models to a 

corresponding skeleton that is then manipulated to create the correct animations in the game 

world. It depends on the ‘Libraries’ layer so that it can retrieve the game assets required for a job 

such as 3D character modelling. It also has a dependency on the ‘Collision and Physics’ 

subsystem because it uses the physics and collision information of the game world to drive the 

skeletal animation. For example, if you try to walk through a wall, the character should not be 

running in place against a wall, but rather stop animating and wait for a new input.  
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Collision & Physics:  

 

 The ‘Collision and Physics’ subsystem is about keeping the game world realistic as an 

emulation of the world around us. These two concepts are grouped together because they are one 

and the same. Whether or not someone is colliding with an object in the game world is 

completely dependent on the physics of that world. Furthermore, when you are actually colliding 

with something, the physics of the game world must react and we are left with a highly cohesive 

subsystem. The only subsystem that this component depends on is the Libraries layer. This is 

simply to retrieve some physics related materials from the game's assets folder as well as various 

library operations in core systems.  

 

Rendering Engine:  

 

 The Rendering Engine handles all of the high-level drawing to the screen operations. It 

retrieves the required materials from the assets in the ‘Libraries’ layer and puts it in a form where 

the system can start rendering it to the screen. It also needs the 3rd Party Libraries for elements 

such as lighting and core systems for memory management. The low-level renderer is what 

handles the transmissions between the Rendering Engine and the Library layer, and then it passes 

everything to where it can fully be processed.  

Gameplay Foundations and Game-Specific Subsystems:  

 The ‘Gameplay Foundations’ has the job of conglomerating all of the data that was 

processed and making it accessible to the ‘Game-Specific Subsystems’. It accesses the 

‘Rendering Engine’ to link the rendering to specific actions carried out in the game as well as the 

‘Libraries’ layer for game world assets and general core systems libraries. They also talk to the 

‘Collision & Physics’ component as well as the ‘Skeletal Animation’ component in order to link 

the various animations and acting forces to the game world and its objects. 
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 Above is the sequence diagram of a player, at the start menu screen, creating a new game 

to begin playing. Both sequence diagrams presented have been modified from the presentation 

on October 20th to be cohesive with the updated conceptual architecture. First, the player selects 

new world and chooses a difficulty. This information gets sent from the front end component to 

the gameplay foundations components which holds the data for static world elements and world 

loading. This module talks to libraries to load required assets and then tells the render engine to 

begin rendering said components into the game world. Finally, the render engine accesses 3rd 

party SDKs within the library component, specifically OpenGL, to render the dynamic lighting 

when the user enters the game world. This is all sent back to the front end to be displayed on the 

user's screen. 

 

 Below is the sequence diagram of a player interacting with his input device, be it a 

keyboard, joystick or game controller (Xbox 360 or PlayStation 3), to move forward in the game 

world. Firstly, a key is pressed, in this example the w key on the keyboard; typically the WASD 

configuration is used for PC gaming. A call to the game specific subsystems is then made to 

parse the input into an instruction more easily understood by the engine. It then checks for 

collision with static elements such as walls or doors (within gameplay foundations) as well as 

with rigid bodies (within collision & physics), which would be enemies or friendly non-playable 

characters (NPC) moving around the map in close proximity to the current location of the user's 

character. Once these collision checks return information to the gameplay specific subsystems, 

the move command is sent to both the physics and animation component. This is because any 

movement in the game must adhere to the physics laws decided by the developers. It must also 

be animated properly so that the user can properly view the character's new location in the world 

as well as where the active hit-boxes would be while walking forward. All of this is then 
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rendered to the screen by the render engine. The renderer uses OpenGL from within 3rd party 

SDKs to create dynamic lighting as the character model moves across the screen. It renders the 

lighting on the fly, using dynamic lighting rather than static lighting maps for each level. This 

allows for more realistic shadows and a more immersive gameplay experience. 

 

External Interfaces: 

 

 Information transmission is received and sent from two places unique locations. The first 

of the two is the Human Interface Devices (HID) these are the tangible objects the user interacts 

with such as a keyboard and mouse. Any action coming from the user through the HID sends 

information which is then converted into an 'event_t' object. After being converted it is sent to 

the client as well as the server. Within the server, the information passes through the UDP OUT, 

a network protocol for packet transportation, and is routed to the external server. This server has 

a ‘master’ game state as well as thirty-two ‘previous’ game states for each client that is currently 

connected. 

 When it comes to rendering, there is output which is transmitted from the system to the 

user’s screen. This happens on the client side of the game engine; the required 'event_t' objects 

are passed through the game's virtual machines to the renderer library and finally, to the user's 

screen where they see the result of their input action. This also works in tandem with the server 

to implement latency compensation as well as to receive information about elements to render to 

the screen. 

 Although certain debugging tools are removed from video games before they are finally 

released, they are still a crucial part of the system. There are various profiling and debugging 

tools that write and store files with information about what data was transmitted as well as where 

and when they were transmitted. This way, when there are errors during the debugging phase 
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designers are not required to recreate too many portions of the system, in other words, the 

recreation of the bug is automated. This helps them determine what was wrong and what needs 

to be changed in a timely fashion. 

 

Use Cases: 

 

The use case diagram below illustrates the use case of the idTech4 Doom 3 renderer. 

1. When the user inputs a command, the action is passed to game state. 

2. The game state component analyzes the world database and determines what contributes to the 

current view. 

3. The current view is stored in an intermediate representation, which issues a command to the 

back end openGL. 

4. OpenGL describes an abstract API for drawing the 3D image of the current state. 

5. Finally, openGL interacts with the GPU to complete the rendering. 

        Figure 1: Use case: Renderer  
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The use case diagram below illustrates the role of Game Logic in the conceptual architecture.  

 

1. When the user inputs a command the action is passed to the Game State.  

2. The Game State is verified using the physics and collisions component.  

3. Physics and collisions handles player collisions, gravity and other forces to keep objects 

accurate to the real world.  

4. The Skeletal Animation component creates character models based on the data from collisions 

and physics.  

5. The physically accurate skeleton is passed back to the Game state, and proceeds to the 

renderer. 

        Figure 2: Use Case: Game Logic   
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Data Dictionary: 

 

Back-end: Interacts with front end and other required resources.  

Black box: Method of software testing without any knowledge of how the software is   

 implemented.  

Collision and Physics component: A component that keeps the game world accurate to real- 

 world physics.  

Conceptual architecture: Decomposition of a system’s architecture without focusing on details 

 or concrete implementations.  

Coupling: Interdependences between software modules   

Doom 3 BFG: A remastered version of Doom 3 with enhanced functionality.  

Encapsulate: Combining different elements into a new single unit.  

Evolution: The capacity for a system to be modified over time to meet expectations.  

Front end: Front end application interact with users.  

Game Assets: Things that are used in the game (textures, models, sounds, etc..)  

Gameplay foundations component: A component that conglomerates all of the data being  

 processed and makes it accessible to game-specific subsystems.  

GPU: Graphics Processing Unit  

Human interface devices: Tangible objects that the user interacts with such as keyboard or  

 mouse.  

Interface: A location where two systems can communicate with one another.  

Multi-core processing units: Core that contains multiple CPU processors.  

Multi-threading: Code being separated into several processes and computed separately.  

OpenGL: Application programming interface (API) that renders vector graphics.  

OS: Operating System  

Overhead: Excess resources needed to achieve a particular objective.  

Platform Abstraction Layer: A component that handles the abstraction between the system and 

 the hardware it’s running on.  

Reference architecture: An architecture template solution to be used as reference for a   

 particular domain.  

Render engine: Handles all high-level drawing to screen operations.  

SDK: Software development kit.  

Skeletal Animation component: A component that deals with the rigging of character models 

to  a corresponding skeleton.  

UDP: User Datagram Protocol  

WASD: Common keys used for game movement  

Wrapper: A data structure that contains other software, and makes it accessible to different  

 systems.  
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Naming Conventions: 

 In describing our conceptual architecture, a primary objective is that all descriptions of 

data are as clear and coherent as possible, while maintaining technicality. In doing so, certain 

naming conventions were used to ensure that the report remains comprehensible:  

   

1.       Keeping names short  

 Ø  A long technical name can make information difficult to process at a glance  

 Ø  Certain names, particularly names with multiple words, were abbreviated  

 Ø  All abbreviations and technical names are described in more detail in the glossary  

    

2.       Grouping several elements under one component name  

 Ø  In a detailed architecture, a layer component can involve several elements  

  §  Ex. Core Systems contains Math Library, Object Handlers, …  

 Ø  To keep the architecture simple, broad layer names are used to represent elements of a  

 layer  

 

 

 

Conclusions:  

 In conclusion, this report has defined and illustrated the conceptual architecture of the 

game Doom3. We have found that it is an object oriented and layered architecture because of the 

visible dependencies when properly organized. The system originally was created without the 

multi-core processing capabilities and therefore it had concurrency. This was changed when the 

system was evolved to the Doom3:BFG by including elements of the IDTech5 engine to master 

multi-threading. In this type of architecture the aspect of evolving is limited by the relations 

between each component, and therefore there was potential for evolution. Finally, the system 

created a AAA game which later evolved to the Doom3:BFG and sparked interest in game 

architecture .  
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Lessons Learned: 

 We learned that dividing the seemingly large task of creating a conceptual architecture 

was more difficult than imagined and that the majority of the work had to be done as a group. 

Each of us had to have a complete understanding of the conceptual architecture and the 

interaction between components. We ended up getting together as a group to piece together 

perspectives and produced multiple renditions of a conceptual architecture for DOOM3. After 

receiving feedback from our presentation, further changes were applied, grouping together 

components to reduce coupling of subsystems and provide a more intuitive view of Doom 3's 

conceptual view. In order to develop a functional architecture it is necessary to iterate & 

implement changes. We learned that the reference architecture was essential to the creation of 

the architecture. Finally, with all the changes and rewrites we had to create, we realized that 

simplicity can sometimes much better, especially in this case.  
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