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Abstract 

First Person Shooter (FPS) games are one of the most popular game genres and have a history of 

over 2 decades. While there has been extensive research on such games, the focus has been 

limited to their analysis at an individual level. In this thesis, we present a comparative analysis of 

three first person shooter games - Doom, Quake3 and Cube from an architectural point of view. 

All of these games have come at different times in the history of first person shooter games, and 

thus possess different and unique features.  We describe the process followed in deriving their 

architecture at various levels of abstraction – the file level, the subsystem level, the library/non-

library level and the individual subsystem level for a given part of code. We conclude with a 

comparative analysis of the similarities and differences in the structure and architecture of the 

three gaming systems.  
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Chapter 1 

Introduction 

The gaming Industry is a multi-billion dollar industry. It all started in 1971, when the 

arcade game - Computer Space was brought into its being [23]. Some of the famous gaming 

companies, which have delivered an exciting range of video games and continue to do so are – 

Electronic Arts (EA) games, Bungie, Nintendo, id Software Ltd., Ubisoft etc.  There are several 

genres associated with games, such as Shooter games (first and third person), Survival games, 

Action adventure games, Role-playing games, Simulation games and Strategy games. Out of the 

many genres, First Person Shooter (FPS) is one of the most popular. First Person Shooters are 

three-dimensional combat styled games where the player acts as the protagonist, who is holding a 

an assault weapon and intends to kill its opponents during the play.  

In this Chapter, we discuss the motivation behind the research and the thesis, and the 

contribution we will make towards the field of design recovery of first person shooter games. 

 

1.1 Motivation 

All the first person shooter games share common combat styled approach, the preview of 

the game from the player’s perspective and a motive, which is to assassinate the enemy with all 

the resources available at hand.  Despite the similarities that these games have in terms of their 

behavior and usage, what distinguishes them from one another at the architectural level? We 

notice, that there exist some significant differences between their architectures. The intended 
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analysis is driven by the want to know more about the architecture of the first person shooter 

gaming systems and the underlying differences they encompass. We shall be looking at the file 

level architecture, subsystem level architecture, individual subsystem architecture and then 

making comparisons between the architectures of the three systems as a whole.  

 

1.2  Contribution  

This thesis contributes towards the architectural analysis of first person shooter games at 

an individual and on a comparative basis amongst the three gaming systems.  We present an 

analysis of the architecture of the three different first person shooter gaming systems – Doom, 

Quake3, and Cube. The Chapters 5, 6 and 7 of the thesis give a detailed view of the architecture 

of the systems. The Chapter 8 highlights our observations and presents similarities and 

differences that distinguish these three gaming systems from one another. 

 

1.3 Chapter Overview 

In chapter 2, we present the background knowledge about the gaming systems – Doom, 

Cube and Quake3 , the tools used for fact extraction and fact manipulation, and the approach 

followed for analysis. Chapter 3 gives a more detailed overview of our approach, and a brief 

outlook of the chapters that follow. Chapter 4 discusses the file level view of the architecture for 

each of the systems, and also presents a conclusion marking the observed differences. The 

information available at the file level is huge and difficult to interpret, therefore, we decide to 

move towards lifting the architecture to subsystem level. This analysis about the subsystem level 
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view is presented in Chapter 5. Chapter 6 presents the study when we divide the extracted 

subsystems into library and non- library sub-graphs and observe their behavior in the respective 

architectures. In Chapter 7, we narrow down the focus of our study to the study of an individual 

subsystem – Renderer, which is a common and necessary subsystem across FPS. Later, we 

conduct a comparison between the renderer architecture of the three systems. We conclude with 

Chapter 8, where we present the comparison amongst the architecture of the three gaming 

systems, deduce an analysis about the differences we found out and try to move towards a 

conclusion that may satisfy the initial question that motivated the entire thesis. Finally, Chapter 9 

gives the conclusion and the future work for the research.  

 

1.4 Summary  

This chapter gave an introduction to our research on first person shooter games and 

outlined our motivation for the same. In the next chapter, we shall discuss about the history and 

background of the first person shooter games, the tools we used for software design recovery and 

graph generation. 
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Chapter 2 

Background 

First Person Shooter (FPS) games are combat styled games, where the screen is seen through the 

eyes of the main player (or the first person) who is holding some sort of assault weapon, like a 

gun or a sword etc. The player, who acts as the protagonist, can walk around, run, shoot and 

perform various other game specific activities. 

 

2.1 First Person Shooter Games 

First Person Shooters games first originated in the 1970s, the first of such games was 

Maze War [13], an on-foot combat styled game, which was developed at the University of Illinois 

in 1974. Wolfenstein 3D created by id Software in 1992, gained huge popularity and appreciation 

at the international level. The success of Wolfenstein was followed by Doom [17], another FPS, 

which was released in 1993. Doom offered multiplayer combat (peer to peer) and competitive 

game plays between the players termed as ‘deathmatches’. Apart from this, the technology 

introduced by Doom such as that used for AI and Rendering made it distinct from the other 

existing games. Later in 1996, id Software released another game called Quake [18], which was 

eventually succeeded by Quake 2 and Quake3 [19] arena. Few other popular FPS games are 

Cube, Marathon, Halo-1,2, Kill zone etc. Both Doom and Quake3 use binary space partitioning, 

which by definition, is a method for recursively subdividing a space into convex sets by hyper-

planes, which gives rise to a tree data structure known as a BSP Tree [20]”. The BSP tree 
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contains nodes with each having a front leaf and a back leaf, for each of these leaves a Potentially 

Visible Set (PVS) is generated. The engine map already has the camera positioning data. Thus 

while traversing through the BSP tree recursively, the leaves are marked and subsequently added 

to the rendering list. This is how rendering is performed using BSP traversal. 

 

 

2.2 Doom 

Doom [17] is a first person shooter game, which was first released on December 10, 

1993. Development of Doom began in late 1992, John Carmack wrote the code after being 

inspired from the movies - Aliens, Evil Dead and the Dungeons and Dragons. The Way Doom 

has been made, it can be seen that all these levels are represented on a two dimensional plane 

with height differences that makes it appear as a three dimensional view. Doom does not support 

room above room structure. Doom introduced several new and improved features that 

distinguished it from the famous FPS Wolfenstein. Some of these features are – Full texture 

mapping, varying levels of lighting and stereo sound system.  

Doom [17] has the story that revolves around the life of a marine, who was incarcerated 

on Mars for unwarranted firing on the civilians. He is working for Union Aerospace Corporation, 

a multi planetary conglomerate and military contractor performing secret experiments on inter 

dimensional travel.  Suddenly, the experiment goes wrong and creatures from hell swarm out of 

the teleportation gates. The player is transferred to the site of incident, and is then seen fighting 

the monsters. 
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The objective for the player is to search for the exit on each level.  During the play, the 

player comes across several obstacles such as, monsters, pits of radioactive waste, locked doors 

for which he has to find a key.  Doom allows multiplayer game over a network.  

 

2.3 Quake3 

Quake3 [19] is a multiplayer first person shooter video game, developed by id Software 

and music by Sonic Mayhem and Front Line Assembly. Quake3 is third in the series of the Quake 

games, and exhibits features such as multiplayer action, player settings such as field view, texture 

detail, enemy model and advanced movement features etc. 

Quake3 was released on December 2, 1999. The plot of the game is simple, player acts as 

the protagonist and Vadrigar – the powerful bot, plays the villain. The player progresses through 

different maps, killing different bots, which are computer operated players, towards killing the 

villain – Vadrigar.  

Quake3 is extensively written in C, and some parts of the renderer code involve the use 

of OpenGL.  Quake3 introduced a new shader system, according to which surfaces can be 

defined in text files referred to as “shader scripts”. The engine for Quake3, called idTech 3, uses 

virtual machine for effect generation and prediction on the client and user interface. Quake3 has 

an advanced AI, with each bot possessing its own individual personality and sometimes, 

humorous responses to players actions. 

Quake3 is considered as an evolution to the pre-existing versions of Quake 1 and Quake 

2. In the Quake3 arena version, the single player mode has been sacrificed to focus on multi-

player.  
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2.4 Cube 

Cube is a first person shooter video game named after its engine, and was first released in 

2001 in single player mode and later modified for multiplayer use. It was developed by, Wouter 

Van Oortmerssen. 	  

Cube shares a lot of similarities with its predecessors - Doom and Quake, like the pseudo 

3D effect managed by varying the heights in Doom. For similar reasons, Cube doesn’t support 

room above rooms as Doom. Unlike Doom, there is no need for map pre-compilation, and hence 

no need for Binary Space Partitioning (BSP) data [20, 21].  

Cube allows in engine editing of maps, dynamic lighting and shadowing while on the fly. 

The quad tree world structure in Cube performs collision detection & physics, does slopes, slants 

and water. Cube offers single player maps as well death match maps similar to Doom and Quake. 

The code is written in C++, and the renderer code uses OpenGL and SDL (Simple Direct media 

Layer). 

2.5 Tools  

Fact Extraction refers to the extraction of basic design information from source code, for 

e.g. the uses relationship, the define-relationship, functions, files, reference relationship, call 

relationships (as described by R.C. Holt in [5]). The facts extracted are in the form of binary 

relations, collectively called a fact base.  
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Fact Manipulation refers to the selective changes made to the extracted fact base in order 

for it to produce a set of relations. These relations are further passed through a graph generator in 

order to arrive at a visualization of the expected architecture.   

In the design recovery process, we used CPPX [4] for fact extraction, GROK[22] for fact 

manipulation and Graphviz [10] for graph generation.  

2.5.1 CPPX 

  The CPPX project [4], was started by Richard C. Holt, Thomas Dean and Andrew 

Malton. CPPX extracts facts from a given piece of code. Facts are referred to as a list of items 

such as – defines, uses, relies on, contains etc. So, formally CPPX can be defined, “as a free, open 

source, parser and fact extractor which instead of producing the execute code, produces a fact 

base.” 

CPPX is based on the GCC open source C++ compiler. The source program is 

transformed into an Abstract Semantic Graph (ASG), and further converted into another form of 

ASG satisfying the Datrix schema [14], which is now called a factbase. The CPPX processes a 

C/C++ program into a fact base, which is used as input to software engineering tools for source 

code visualization, object recovery, restructuring, refactoring, re-modularization etc.  

The fact base derived is in TA format. TA stands for Tuple Attribute language [3], where 

facts are represented in a binary format. TA contains terms like Instances, cRef, cFunctions, 

Labels etc. CPPX works in a three step process, first, extracting *.ta files from the source code, 

second, producing *.o.ta from the extracted facts, and at last, linking all the facts together into a 

linked factbase file  out.ln.ta. CPPX extracts facts down to the level of the variables in the source 

code. Hence, CPPX was the most obvious choice for our analysis.  
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2.5.2 Grok 

Fact base extracted using CPPX is a linked fact base, which is a set of binary relations, all 

describing different dependency relationships in the system. Out of this large set of information, 

we have to look for those binary relations, which will contribute towards the architecture of the 

system. Grok [22] performs manipulation of these relations.  

Grok is a programming language, which was created by Richard C. Holt in 1995 for 

manipulating binary relations. Grok uses relational algebra operators such as union, intersection, 

transitive closure to operate upon relational databases. The operators used are applied across 

entire relations and not across entities.  Grok can be used interactively through a script, or can be 

written in a file comprising of different commands to be executed at once.  

2.5.3 Graph Generation 

The output derived from using Grok on the given set of data is another set of binary 

relations. To obtain a graph from the given set of data, we use Graphviz [10]. Graphviz, is an 

open-source graph visualization software, which takes simple text input in dot format and 

presents a layout of the graph. Graphviz has a lot of other features, such as changing the font 

color, font size, tabular node etc. Graphviz was an appropriate choice, because of it simplicity to 

accept input in the form of simple text. 

2.6 Summary  

 In this Chapter, we learned about the background, development and game play for the 

three gaming systems – Doom, Quake3 and Cube. We also learned about the various tools that we 

used for fact extraction, fact manipulation and graph generation. In the next chapter, we will 
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present a brief overview of the chapters in the thesis, along with brief description of the concepts 

used and the process followed.  
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Chapter 3 

Overview 

First person shooter games are one of the most profitable and popular business sectors of 

the video game industry and, are bought and played all over the world.  This thesis is about the 

exploration of three first person shooter games- Doom, Quake3, and Cube. All of three games are 

first person shooters and so share various commonalities, yet there are some major factors that 

distinguish them from one another at the architectural level. What are those commonalities and 

distinguishing factors? In order to answer these questions, we have derived independent 

architectures for each of these games using various design recovery techniques (as also discussed 

in section 2.5) and have attempted comparisons at different stages of the analysis. Figure 3.1 

shows the workflow of the thesis.  

 

 

 

 

 

 

 

Figure 3.1 - Work Flow of Thesis. 
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3.1 File Level Call Graph 

Facts are extracted from the source code and then transformed into a graphical view, 

which represents the calls made at the file level. The graph presented in Figure 3.2 shows the 

control flow process for Quake3. For better interpretation and considering the largeness of the 

system, we have grouped the files into sub-graphs on the basis of their naming conventions. 

 

Figure 3.2 - File Level Call Graph Quake3. 

 

3.2 Subsystem Level  

The diagram of the file level call graph (briefly discussed in the previous section) shows 

the large number of calls being made between different files. Thus, it can be maintained that it is 

difficult to arrive at a substantial analysis from the graphs that we have obtained for the file level 

call graphs. So, we perform a lift transformation [1] (See Section 5.1 for detail) to the subsystem 

level. Figure 3.3 shows the subsystem level call graph for Quake3. The subsystem level call graph 

shows very clearly marked interactions between different subsystems. Now we can make queries 
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about the system behavior, variation in subsystem-to-subsystem interactions, both at a local level 

and between the different games. Chapter 5 gives an in-detail discussion of the subsystem level 

graph. 

 

Figure 3.3 - Subsystem Level Call Graph Quake3. 

 

3.3 Library and Non-Library Subsystem level Graph 

A software library by definition means a piece of code that can be used and reused by a 

set of programs that might or might not have any connection to each other. As a refinement to the 

previous graphs, we introduced a split between libraries and non-libraries. We have used 

cardinality ratio as a standard metric to identify between library and non-library subsystems. We 

use cardinality ratio as a way to identify library systems by looking for the subsystems which are 

being called by other subsystems but do not get called as much, thus resulting in a higher 

indegree. The motivation behind the split is to identify the library and the non-library subsystems 

in all the three different games and compare the non-library subsystems amongst the three games. 

In Chapter 6, we discuss the division in detail.  
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Figure 3.4 - Library/Non-Library Division Quake3. 

 

3.4 Individual Subsystem Graph- Renderer Graph  

Here, we analyze an individual sub-system, we chose the renderer subsystem because it is 

found in all the first person shooter games and is integral to their existence. The rationale behind 

the choice is also instigated by the fact that we want to make a comparison of the behavior of 

renderer subsystem amongst the three games by observing the file level interactions inside the 

subsystem. Figure 3.5 shows the file level call graph of the ‘renderer’ subsystem in Quake3.  
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Figure 3.5 - Renderer Call Graph Quake3. 

 

3.5 Comparison  

The previous sections discussed about the various graphs, which we derived at the 

different stages of our analysis. In this thesis, we make comparisons between these different 

graphs and work towards achieving our goal, which is to find commonalities and distinguishing 

factors amongst the three games. We make comparisons between the three systems at the file 

level, subsystem level, library/non-library split and at the individual subsystem level. We make 

comparisons at the file level to find out that how the control flow varies amongst the three games, 

at the subsystem level to interpret the behavioral differences of the interactions between the 

different subsystems and similarly at the library/non-library split level and the individual 

subsystem level. Chapter 8 of the thesis explains more about the comparisons thus made. 
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3.6 Summary  

In this Chapter, we presented a brief overview of the subsequent chapters. We shall be 

discussing the concepts discussed above in greater length in the chapters to come. Meanwhile, the 

next chapter gives a detailed discussion on the file level architecture analysis for the three gaming 

systems.  
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Chapter 4 

File Level Analysis 

In this Chapter, we analyze the source code of each of the three gaming systems extracted 

to the file level, and indulge into a detailed discussion for each of them respectively. We look at 

the process flow for each of these systems. The information derived at this stage will be 

instrumental in defining relationships when we lift the source code to one higher level - the 

subsystem level (To be discussed in Chapter 5). 

 

4.1 Tools 

The source code contains a lot of information, but in a scattered form. In order to conduct 

an analysis, this information must be collected and arranged in a format suitable for 

comprehension. For such arrangement, TA (Tuple-Attribute language)[3] comes in as a handy 

option. The information in a TA file can be interpreted to be a special kind of database where the 

relations are all binary. The tuples in a TA file can be referred to as ‘facts’ and the entire set as a 

‘factbase’. The following diagram (Figure 4.1) is a snapshot of a TA file - 
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Figure 4.1 - Snapshot of TA file. 

The tuples in the above diagram represent the basic information in a TA factbase. TA is 

also referred to as “data interchange” language, as it can be used for exchanging information 

amongst a set of tools, such as in our analysis, we exchange information between CPPX and 

GROK.  

CPPX [4] is a fact extraction tool often used during software design recovery and 

engineering practices to extract facts from a source code. It is a free, open source, general purpose 

parser and fact extractor for C and C++ programs, which relies on the preprocessing, parsing, and 

semantic analysis of GNU/g++, and produces a ‘factbase’ instead of an executable code. CPPX 

works in a three step process – it creates individual *.ta files for each of the C/C++ files in the 

source code, produces *.o.ta files from the extracted TA fact-bases, and links all the *.o.ta files 

ito form a linked-factbase - out.ln.ta file.  The resultant (linked) TA file contains all the facts in 

the form of binary relations. The linked fact-base derived from CPPX, is now in a 
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comprehensible format and so can be manipulated for further analysis. For this manipulation, we 

use the fact manipulation language – GROK.  

GROK [5][22], a programming language written in Turing language, uses ‘Binary 

relational algebra’ to solve and manipulate binary relations from the factbase. Binary relational 

algebra is an algebraic approach to binary relations that uses Tarski’s [6] definition of operators 

such as relational composition, relational union, identity relation and so on. Grok offers 

operations such as transitive closure, and features such as file management, loops and if 

statements. These operators are generally applied across the entire relations, and not just to single 

entities. In Grok, a query to find all the functions in a factbase will look like:  

functions := $INSTANCE . {“$_cFunction”} 

The ‘.’ Is a relational operator dot and $_ indicates that ‘cFunction’ is part of the schema. 

Similarly, for fact manipulation we use operators, such that we are left with a calls relation, which 

can be converted to graph with the help of a graph visualization tool. In the following section, we 

will explain how we performed the extraction, manipulation and graph generation and 

visualization using the tools just mentioned. 

 

4.2 Extraction and Manipulation 

The games in discussion are all open source software systems written in C and C++. An 

initial look at the documentary structure and file organization of the Quake3 source code 

revealed, Quake3 had all of its source code files arranged into folders, clustered according to their 



 

 

 

 

 

20 

naming convention. Whereas, in other systems the source code was ‘flat’, as in, a bunch of files 

all put together. However, we found something consistent amongst the documentary structure of 

the three systems, the emphasis on naming convention. Files for all the three systems were clearly 

labeled, for e.g. - all the files with r_ as their prefix are all rendering files, s_ were all sound etc.  

CPPX[4] as mentioned earlier, extracts facts from the source code down to the lowest 

level of individual statements and expressions. CPPX produces a linked fact file which contains 

extracted facts such as function names, calls between different functions, file names, calls made 

between different files and so on. This linked factbase or TA database (out.ln.ta) is loaded into 

the Grok using the command ‘getta out.ln.ta’ and then queried using binary relational algebra. 

Grok also allows for writing scripts. The current database contains information to the level of 

functions. To extract the calls made between files the TA factbase has to be lifted [See lift 

transformations [1]).   

The procedure through which, the dependency relations in a database are transformed to 

arrive at a more abstract view can be termed as a lift transformation. This can be further explained 

by this text from [1], where Holt says, “..If module x uses module y, and x is a descendant of PX 

and y is a descendant of PY, then we lift the edge (x,y) to (PX,PY) only if PX and PY are distinct 

nodes and PX is not a descendant or ancestor of PY. The resultant edges are formed between 

subsystem nodes. In other words, we have abstracted the module-module relations to subsystem-

subsystem relations. “  This is called lifting transformation. 

Using Grok operators, the binary relations in the linked TA file (out.ln.ta) are lifted to the 

file level call relations. These new binary relations are passed through ‘Graphviz’ [10], a graph 
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visualization tool, and a file level call visualization of the graph is generated. To reduce the 

vagueness, we have introduced subgraphs, which represent files belonging to a particular 

subsystem (clustered on the basis of their naming convention). 

The following sections will discuss the process defined above for each of the games. 

 

4.3 Doom 

 

Figure 4.2 - File level Call Graph Doom. 

The file level call graph for Doom shows the calls being made between different files in 

the game. The grey boxes denote the subsystems in which the files have been clustered according 

to their naming convention and the circles in those grey boxes are the files. For example, as 

shown in the figure 4.2, all the files with the prefix ‘r_*’ contain the renderer code and are 

clustered under the subsystem named ‘renderer’. The edges represent the calls being made 

between different files.  

 

4.4 Quake3 

Following the process as discussed above, we acquire the following graph for Quake3. 
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Figure 4.3 - File Level Call Graph Quake3. 

The graph shows a lot of calls being made between different files. The entry point into 

the system is the unix_main file in the unix subgraph, which invokes the com_frame function in 

the common subsystem, which further invokes the client and the server frames. 

 

4.5 Cube  

 

 
Figure 4.4 - File Level Call Graph Cube. 



 

 

 

 

 

23 

 

As we see in the graph above, the entry point to the game is in ‘Main’ subgraph. The 

main file initializes the system and has to code for quit, creating render background, render 

progress, screen resolution, set full screen, set up screen, keys input processing functions and 

‘getfps’ functions. 

The graphs above showed process flow for the three games. The enormity of the 

information being exposed (as seen in Figures 4.2, 4.3, 4.4) makes the comparative study of the 

three systems at this stage difficult. Another lift to a more abstract view, i.e. to the subsystem 

level will lead us towards our goal of a comparative study of the architectures of the three 

systems.  

 

4.6 Summary  

This chapter introduced us to the concept of file level analysis for the gaming systems 

under consideration and we learned about the control flow of the three gaming systems. In the 

final section of the Chapter, we were able to conclude that given the complexity of detail at the 

file level it is difficult to arrive at a comparative analysis. In the next chapter we shall discuss one 

level-higher view of the three gaming systems. 
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Chapter 5 

Subsystem Level Analysis 

In the previous Chapter, we discussed the file level call graph for the three systems. It 

was seen that due to large number of calls being made it was difficult to draw any comparisons 

from amongst their architectures. Now, in this chapter we will have a look at one level higher 

view of the system, i.e. the subsystem level view. We will be analyzing the calls between the 

different subsystems for each of the three games.  

 

5.1 Clustering of Files 

The files are divided into the subsystems based on their naming conventions. For 

example, in Doom the files with their names starting with the prefix ‘r_’ are the files, which 

contain source code for the renderer subsystem, an important part responsible for drawing objects 

in games. Similarly ‘s_’ files represent the sound code and so can be contained in the subsystem 

‘sound’ and so on.  This process of putting the files together based on the basis of their naming 

convention is called ‘clustering’.  

Once the files have been clustered, the next step is to lift the relations to the call relations 

between two subsystems. This is achieved by performing software transformations [1] on the 

given TA fact base by using Grok [22], which we discuss in the following sections. 



 

 

 

 

 

25 

5.2 Software Architecture Transformations 

In large software systems, which are developed over a large period of time, maintenance 

becomes a difficult job. To repair such systems, it is important to have architectural 

understanding, which is gained by performing modifications in terms of architectural views and 

analysis of the same.  Software architecture transformations are thus those modifications, which 

are performed to analyze different architecture views of a system (as discussed by R.C.Holt and 

Fahmy [1] ).  

Lift transformations: Transformations performed on the architecture to present a higher-level 

view. The dependency relations are lifted such that the file level calls are now aggregated into a 

single uni or bi-directional arrows between two nodes representing sub-systems. In the current 

analysis, we have used lift transformations to present a subsystem level view.  

 

5.3 Manipulation and Graph Generation.  

In the given scenario, having clustered the files according to their naming conventions, 

we move towards performing lift transformation so that we can observe the nature of calls 

between the systems at a subsystem level.  In Grok, as discussed earlier, queries are formatted in 

the form of relational algebra. The following is a query from amongst the sequence of queries, 

which produces the lifted relationships to the module or subsystem level, callm represents the call 

relationship between the subsystems.  

lifttomodule := callm o lifttofile o (inv callm) 
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Graphviz is used to convert these subsystem-subsystem binary relations into the call graphs. This 

transformation lifts the previous file-file call relationship to a module-module call relationship.  

 

  

Figure 5.1 - Lift Transformation Output. 

On the left is a snapshot from the Doom file-file call relationship for the subsystems- 

Initialization Code and Main Game Loop Control, and on the right is the lifted subsystem-

subsystem level call graph for the same two subsystems. In the next sections we delve further into 

details for each of these systems.  
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5.4 Subsystem Level Graph for Doom 

The following diagram explains the subsystem level call graph for Doom – 

 

Figure 5.2 -  Subsystem Level Call Graph Doom. 

The nodes in the graph represent the subsystems and the edges represent the calls. 

Automap is the map code made available to the user upon pressing the appropriate key. The map 

shows walls, stairs, doors and ceilings all in a color-coded format.  

Initialization Code contains the code required fro initializing the game. It contains system 

independent main function and setup code, system independent networking code and a table, 

which controls weapon animations.  

Finale controls the finale screen code that comes into play when the user quits the games. It 

shows screen melt effect, the function ‘screen melt’ is stored in this subsystem. 
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MainGameLoopControl contains the code for transitions between game states, level exits, main 

game event responder, setting up new games and so on. 

HeadsUpDisplay contains code for status bar text in the upper left corner of the screen and a 

message that might get displayed while the game is being played. This display does not obstruct 

the game play or the view.  

SystemSpecificCode contains the system dependent networking code, error handling code, time 

and system dependent video and sound code.  

GameLogic/Behaviour contains the code for the artificial intelligence in the game. For example 

– the code for the movement of the doors, floors, collision detection, object movement 

teleportation and detecting the injury etc. 

Miscellaneous contains the code for menu and miscellaneous code for text rendering, 

configuration file loading and writing screenshots.  

Renderer contains the rendering the code for Doom, for e.g. rendering of planes, walls and sky 

etc. 

Intermission screen contains the code for the screen displayed between levels during the game. 

It will have data like – number of items collected during the level, time taken to finish the level, 

percentage of kills made in the level and name of the level. 
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5.5 Subsystem Level Graph for Quake3 

 

Figure 5.3 - Subsystem Level Call Graph Quake3. 

Figure 5.3 is a directed graph representing the subsystem level of the Quake3 game.  

The BSPC subsystem creates Area Awareness System (AAS) files from Binary Space 

Partitioning (BSP) files. An AAS file is a file with areas used by the Quake3 bots in order to 

navigate and understand a map. The Quake3 maps are stored in BSP files. 

Renderer generates an image from models. The term rendering refers to the calculations 

performed by a render engine to translate the scene from a mathematical approximation to a 

finalized 2D image. During the process, the entire scene’s spatial, textural, and lighting 

information are combined to determine the color value of each pixel in the flattened image. 

Client  subsystem maintains the network channel responsible for communication with the server, 

client system interaction with the ‘CGame’ subsystem, video and cinematic playback. It also 

contains the system specific audio code.  
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Server –The server side maintains and saves the state of the game, communicates over messages 

with the client and determines what is needed and responds to the clients using the messaging 

procedure.  

QCommon contains the common piece of code used by both client and the server, such as the 

messages and network channel code required for communication between the client and server. 

Unix subsystem contains the system specific code necessary to run the game and acts as an entry 

point into the system. The main file in the Unix subsystem is responsible for invoking the 

necessary client and server frames.  

CGame contains the client side of the game logic responsible for running the game. The files in 

this subsystem are responsible for – providing general information while the games is being 

loaded, drawing graphical elements during active game play, handling player state transitions and 

generating renderer commands for drawing effects for events like lighting, explosion etc. 

Game contains the game code for server side of the game, it stores the game states, holds the 

messaging and networking code for establishing contact with the client side.  

Sound contains the audio code for the system. 

BotLib contains the bot or Artificial Intelligence (AI) code for the game. Bots are system 

controller artificial characters, which play human roles in the absence of a real player like in a 

first person shooter game – they can be monsters who may try to kill you etc.  

Splines, is a polynomial function defined to represent the smoothly curved surfaces. There are 

two types of splines – Hermite and Bezier.  Quake3 uses quadratic Bezier splines. [2]  

Q3UI – It contains the UI code for Quake3.  
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5.6 Subsystem Graph for Cube 

Cube source code when clustered, contains fifteen subsystems.  

 

Figure 5.4 - Subsystem Level Call Graph Cube. 

Physics contains the code that performs simulation of physical systems such as Collision 

detection.  

Monsters contains the code which defines the behavior of these bots like jumping over obstacles, 

angry expressions etc.  

Weapon subsystem represents the code responsible for shooting and after shooting effects. For 

eg- creating random spread of rays for the shotgun etc. 

Console manages display and command line control. The major part of the console subsystem is 

a console buffer, which stores images to be displayed on to the console. In gaming systems like 
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Cube which need constant refereshing to avoid flickering of the screen a buffer is used to store 

the image.  

World contains code for maps and map management. 

Editing – Cube offers in-engine editing of geometry in full 3d. The player can fly around the map 

and can drop and select items to modify it.  

Client contains the network related code and core game logic related code.  

Renderer – It contains the rendering code for Cube.  

 

 

5.7 Summary  

In this Chapter, we discussed the subsystem level architecture for all the three gaming 

systems. We observed the differences introduced by the abstraction to one higher level of 

architecture. Looking at the derived architectures, we are able to discern few valuable facts about 

the different architectures, the details of which will be discussed in Chapter 8 of the document. In 

the next chapter, we discuss the division of the source code into library and non-library and 

further elucidate on the differences thus observed.  
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Chapter 6 

Library/Non-Library Division 

In the previous chapters, we derived a file level architecture and a subsystem level 

architecture, both of which, showcased views at a different levels of abstraction for Doom, Cube 

and Quake3. In this Chapter, we label subsystems as library and non-library and then understand 

their architecture from a different view. To identify libraries, we cluster the subsystems as 

‘library’ and ‘non-library’ on the basis of their indegree and outdegree. In a given piece of 

software code, how can one identify a library, or in other words, what qualities in a subsystem are 

essential to make it a ‘library’?  

6.1 Identification 

A library is a collection of pieces of code that performs common or lower level tasks that 

are widely used by other parts of the system and can be reused. Because library routines are 

widely used across the system and do not generally participate in the higher-level functions of the 

system, they can be distracting when trying to understand a system's architecture.  Thus Fahmy 

and Holt [1] have suggested that the library routines should be factored out when analyzing the 

higher level architecture of a system. One way to recognize the library code is to look at the 

indegree and outdegree of the corresponding nodes in the call graph of the system. If a node or a 

subsystem is widely called by other nodes but calls very few or none itself, then it is likely to 

represent library code.  We have used this indicator to define the criteria along with applications 

contained in the subsystems for splitting subsystems into library and non-library subsystems. 
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The graph visualization tool that we are using – Graphviz outputs a digraph or a directed 

graph. A directed graph is one, where the connecting edges have a direction associated with 

them. Indegree refers to the number of edges coming towards the node and outdegree, the 

number of edges pointing out. In our analysis, we defined that if the highest indegree is X, the 

number of subsystems is Y, and if X>Y, then at least this subsystem must be a library. Also, we 

looked at the functions being performed by subsystems. Thus considering both, the 

indegree/outdegree measure and looking at the functioning of the subsystem as a whole, we 

conducted the split. 

 

6.2 Doom 

 

Figure 6.1 - Library/Non-Library Division Doom. 
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The subsystems - StatusBar, EOL Screen, HeadsUpDisplay, FinaleScreen, Sound and 

Miscellaneous are considered as libraries. These subsystems contian the code which is not 

essential to the core logic of the game and can be used or reused for other similar systems. There 

is a ‘i_sound’ file in the library subgraph, this is the system dependent sound code and contains 

library like properties.  The other subgraph which contains – Automap, Video, System 

SpecificCode, MainGameLoopControl etc., is the non-library subgraph. These subsystems 

contain the core system content which is specific to Doom. 
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6.3 Quake3 

 

 

Figure 6.2 - Library/Non-Library Division Quake3. 

The Quake3 subsystem graph when split, shows that Sound, BotLib, Splines, UI, Q3UI, 

JPEG and Null can be termed as libraries.  
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6.4 Cube 

 

Figure 6.3 - Library/Non-Library Division Cube. 

In Cube, we find out that the subsystems - physics, sound, console, tools and menus can 

be termed as libraries.  
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6.5 Other Methods  

We also discovered, that higher the indegree of a node (on a comparative basis with the 

highest indegree value of the graph), the greater are the chances of that subsystem being a library. 

For the subsystem level graphs in all the three systems, we calculated a subtraction value i.e. 

indegree – outdegree and for each of the nodes. We arranged these values in an ascending order 

and found out their arithmetic mean. The nodes having in-out degree greater than this mean value 

were considered as a library, and otherwise, non-library.  

On similar lines as above, we calculated the ratio of indegree to outdegree. The values 

thus derived for each of the node are arranged in an ascending format and an arithmetic mean is 

calculated. The nodes having the ratio greater than this mean are classified as libraries.  

However, the graphs obtained with the above criteria did not seem to be fitting the  So, we 

decided to go with content and behavior based split.  

 

6.6 Non-Library Subsystems 

In this section, we compare the three non-library structures for the three games. The 

Figures 6.4, 6.5 and 6.6 represent the non-library subsystems of Doom, Quake3 and Cube. To 

improve consistency in understanding the nuances of the three games from the non-library 

subsystem structure point of view, we have labeled them under the labels - World, Renderer , 

Communication, GameLogic and AI.  

World, in all of these subsystems, represent the maps and map related functioning 

subsystems. For example, the subgraph labeled as world in Doom contains the Automap, in 
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Quake3 contains the BSPC and so in Cube contains subsystems like Editingmap. In all the three 

graphs, renderer contains the rendering subsystem. The GameLogic contains the subsystems, 

which have the initialization code and ‘main’ functions for the systems. For e.g. in Doom, in 

Figure 6.4, the subsystems containing the initialization code and the Main function are under the 

label GameLogic. All the subsystems labeled under Communication are the ones, which contain 

the networking functions.  AI has the subsystems all representing the bots and bot-behavior.  

 
Figure 6.4 - Non-Library Doom 
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Figure 6.5 – Non-Library Quake3 

 

 
Figure 6.6 – Non-Library Cube 
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6.7 Summary 

In this Chapter, we discussed an approach for splitting a source code into libraries and 

non-libraries. We observed that subsystems like Sound, UI, Botlib can be used as libraries in the 

three gaming systems and, code contained in client, server, renderer, game logic (..etc. as shown 

in the Figures 6.1,6.2,6.3) subsystems is system specific.   

Splitting the subsystems into library and non-library code will be helpful in determining the 

differences amongst the three systems.  In the next chapter, Chapter 7 we shall be discussing and 

comparing the renderer level architecture for three gaming systems. 
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Chapter 7 

Individual Subsystem- Renderer 

7.1 Introduction 

In the previous chapters, we established an understanding about the three games by 

observing the calls made at the file level and at the subsystem level. In the current Chapter, we 

shall be looking into one of these subsystems closely. This subsystem is the renderer, as it is a 

common subsystem amongst the three games and integral to their existence.  

Rendering, is the process of generating images of different objects and producing effects 

like texture, lighting, shadowing etc. In systems like Doom, Binary Space Partitioning (BSP) [20] 

and rendering are contained in the same subsystem, but in Quake3 BSP comprises a separate 

subsystem. In Quake3, BSP divides each level into a binary tree, each location in the tree is a 

node which represents area of each level. The rendering is performed while traversing through 

these nodes. 
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7.2 Doom 

 

Figure 7.1 – The Doom Renderer Subsystem. 

Doom contains both BSP and Renderer code in a single subsystem, which is the renderer 

subsystem. R_main is the entry point into the rendering code. R_bsp performs binary space 

partitioning. R_draw contains the drawing functions for drawing span for floors and ceilings. 

R_sky and R_plane, renders the planes for floors, ceilings and sky while R_ segs renders the 

walls and R_things renders the sprites. 
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7.3 Quake3 

 

Figure 7.2 – The Quake3 Renderer Subsystem.  

The client side in Quake3 is responsible for predicting about the location of entities and 

to render the view. The renderer files in Quake3 are recognized with their prefix ‘tr_’, and contain 

all of the rendering code.  

Before rendering occurs, the maps are sliced using the binary space partitioning 

component, through which a Potentially Visible Set (PVS) for each of the leaves is generated. 

Once rendering occurs, the system compresses the PVS and determines what is actually visible. 

Quake3 supports a multicore architecture for the renderer subsystem, and comprises of a Main 

thread, Renderer Thread and GPU thread all being processed in a circle.   
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In the Quake3 rendering system, shaders are built on top of open-GL fixed pipeline. 

Shaders are the features, contained in short scripts, which define the texture of a surface, and 

provide shadowing effects. Tr_shaders hold the code for the parsing and definition of shaders. 

Tr_main file acts like the master file, which also determines the control flow for each of frames 

being rendererd per second. In particular, the main file receives the information about what is to 

be made visible to the next frame and passes it on to the respective frames.  Tr_animation, 

contains the code for surface animation. Tr_ Backend contains the code for binding multi-texture, 

supporting the frontend/backend consumer design for the multicore architecture. Tr_bsp contains 

the code for loading and preparing the map file for scene rendering. Tr_cmd contains the code for 

the performance counters, command buffers (initial/shutdown) etc. 

 

7.4 Cube 

 

 

Figure 7.3 – The Cube Renderer Subsystem. 
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In Cube, worldrender.cpp contains the core game rendering stuff. Cube follows a Quad 

Tree fashion and does not contain any binary space partitioning component with it. The 

Worldrenderer.cpp, contains the code that goes through all the nodes of this quad tree in a top-

down fashion, and determines what has to be rendered and how, then calls functions in the 

rendering module, particularly in renderCubes.cpp. RenderCubes.cpp contains the code for filling 

the array for different Cube surfaces and then passes them on to the Rendergl.cpp. Rendergl.cpp 

contains all the open-GL game stuff, such as- functions as purging and resetting texture, setting 

up the world etc. Renderextras.cpp contains the miscellaneous open-GL code and the heads up 

display code. Rendermd2.cpp has the code for loading the maps. Cube allows in engine editing of 

the maps and does not require any pre-compilation. 

 

7.5 Comparison 

The renderer architecture as discussed above varies substantially for the three systems. 

Doom, out of the three games in discussion, is the oldest. Doom was succeeded by Quake3, 

which had more features, better UI and more elaborate scenic depictions.  

Quake3 contains a separate BSP component, which acquires a major portion of rendering 

module. The tr_bsp file in the renderer module is responsible for loading the maps into the system 

for further processing. Rest of the work- like slicing the map into convex subsectors and the 

functions following the partitioning of map, is performed by the BSP module. The presence of 

area awareness files and similar functions in the rendering and BSP module makes quake3 more 

complicated and more advanced than Doom. 
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 Doom on the other hand, has much smaller renderer code, with most of the functionality 

divided into 4-5 files. BSP code is contained in r_bsp, which contains the simplest of the binary 

space portioning. Apart from this, Quake3 overtakes Doom at several other points such as the 

shaders (discussed in section 7.2), dlight , a separate font for in-game usage etc.  

Cube, is different from both Quake3 and Doom in a quite stark manner. Cube has a quad-

tree world structure that creates slopes and slants, water. Cube, does not contain a binary space 

partitioning (BSP) component. Unlike Doom and Quake3, Cube allows in-engine editing of the 

maps. Cube does not possess Quake3 like shaders or dlight features, and exhibits the very basic 

rendering functionalities.  

7.6 Summary 

In this Chapter, we observed the differences between the renderer modules for Doom, 

Quake3 and Cube. In the next chapter, we shall be comparing the architectures of the three 

systems in detail. 
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Chapter 8 

Comparison 

8.1 File Level Comparison  

  Throughout our discussion in Chapter 4, we discussed about the file level architectures of 

Doom, Quake3 and Cube, which were recovered using design recovery methods (as discussed in 

section 4.1 and 4.2). By looking at their file level architectures, we discovered the control flow of 

the systems. The graphs (see Fig 4.1, 4.2, 4.3) showed a very large number of interactions taking 

place between different files, which made the comprehension rather difficult. So, it was 

concluded that to derive a comparison amongst the three systems at this stage was unattainable. 

Hence, we decided to perform a lift transformation [1] to a subsystem level view of the 

architecture.  

 

         

Figure 8.1 -  File Level Call Graph for Doom. Qauke3 and Cube.  
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8.2 Subsystem Level Comparison 

       

Figure 8.2 – Subsystem Level Graph for Doom, Quake3 and Cube. 

In Chapter 5, we showed the subsystem level call graph for the three systems. The 

subsystems were made by clustering the files together on the basis of their naming conventions 

(see Section 5.1).  In our discussion, we looked at the functions performed by different 

subsystems in the three systems. On comparing the three architectures, we came across various 

differences and similarities.  

Both Quake3 and Cube have client-server architecture, where as Doom does not. Doom 

supports peer-peer networking architecture. In Doom, the ‘Main Game Loop Control’ subsystem 

contains the main function and the entry point into the system, and manages process flow of the 

game. Where as, in Quake3 there is no central subsystem, the functionality is divided amongst 

various subsystems mainly QCommon, Client, Server and Unix. As seen in Figure 5.2, the Unix 

subsystem contains the initialization code; QCommon has the common piece of code that is 

necessary for Client and Server to communicate over the network; Client subsystem maintains the 

interaction of server and other modules with the core game logic stuff which is stored in CGame 

subsystem; Server subsystem stores the game states. Similarly, Cube has the game initialization 
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code in Main and, networking and Client subsystem and game states are stored in Savegamedemo 

subsystem. Quake3 has a separate UI subsystem and so does Doom, but Cube has Console which 

manages display and command line control.  

AI in Doom is contained in the GameLogicBehavior subsystem. It contains code for 

movement of monster’s behavior, doors, floors, collision detection, object movement 

teleportation and detecting the injury etc. In Quake3, the subsystem Botlib contains the bot and 

AI code.  Where as in Cube, a separate subsystem, Monsters has the AI. No other systems except 

Cube contains something like World and Editing subsystems.  

 

8.3 Library/Non-Library Comparison 

      

 

Figure 8.3 – Library/Non-Library Division for Doom, Quake3 and Cube. 
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Figure 8.4 - Non-Library Graph for Doom, Quake3 and Cube. 

 

In Chapter 6, we discussed the division of subsystems into libraries and non-libraries. We 

observed that in Doom, subsystems like Sound, StatusBar, Miscellaneous, FinalScreen and 

EOLScreen (see Figure 6.1) have library like properties. In Quake3, subsystems such as Sound, 

Botlib, Splines, UI and JPEG (see Figure 6.2), and in Cube, Sound, Physics, Tools, Console, 

Menus (see Figure 6.3) are libraries. Out of these library subsystems, we observe that subsystems 

such as Sound, Menus, Physics, UI exist amongst all of them.  

All the other subsystems which, fall into the non-library category, can be termed as the 

system specific code. For example, in Doom the subsystems such as – (Automap, Renderer, 

InitializationCode, SystemSpecificCode etc.), in Quake3 subsystems such as - (QCommon, 

Client, Server, Cgame, Game, BSPC, Renderer etc.) and, in Cube, subsystems like Weapon, 

Monster, Entities, Server, Client etc. All of these subsystems perform tasks, which are specific to 

their systems and hence can be considered non-libraries.  

To show the benefits of lifting to the file and subsystem levels, we can look at the graphs 

produced and show how architectural changes become visible. 
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One significant change in the development of Doom and Quake3 is the use of a new 

client-server architecture.  This change is documented online [12], and was motivated by the 

desire to store the game states on the server side and presentation on the client side.  For example, 

bot management, represented by the AI label in the graphs, is handled exclusively by the server 

subsystem. By looking at the Doom and Quake3 graphs, we can see this change immediately.  In 

the Doom graph, there are no links between the AI and Communication subsystems.  AI links to 

each of the other subsystems, leading to potential questions about why the AI would need to call 

the Renderer, and so on.  In the Quake3 subsystem graph, the BOTLIB module representing the 

AI subsystem calls the World subsystem and the GameLogic subsystem, and is only called by the 

World subsystem and the SERVER module of the Communication subsystem.  The architectural 

change documented earlier is visible as the introduction and elimination of edges in the 

subsystem level graph. 

By comparing the library and non-library split across all three systems, we observed five 

core types of components that are common, and may indicate the five most important subsystems 

to consider when building a first person shooter game.  These include the GameLogic subsystem 

responsible for initialization and main loop control, the AI subsystem, the World subsystem and 

data structure used to store details of the game environment, the Communication subsystem 

primarily used for networking (although used as a core architectural design in Quake3), and the 

Renderer subsystem that renders the world to the screen. The graphs produced after eliminating 

the library components show how these five components communicate with one another, and 

show the architecture of the system. 
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8.4 Renderer Comparison  

We conducted a detailed research on the renderer subsystem of all the three subsystems. 

Chapter 7 shows a thorough discussion on all the three rendering subsystems. On comparison of 

the three graphs as shown in Figures 8.1,8.2,8.3, we found out various differences.  

 

        

Figure 8.5 – Renderer Graph for Doom 

The most important difference was the presence of a separate BSPC [20] subsystem in 

Quake3.  Cube does not contain a BSP subsystem at all and Doom has just one file in the renderer 

module, which performs binary partitioning for the system. We also found out that Quake3 

overtakes Doom at several other points such as the shaders (discussed in section 7.2) and dlight , 

a separate font for in-game usage. Cube has a quad-tree world structure that creates slopes and 

slants, water. Cube, does not contain a binary space partitioning (BSP) component. Unlike Doom 

and Quake3, Cube allows in-engine editing of the maps. Cube does not possess Quake3 like 

shaders or dlight features, and exhibits the very basic rendering functionalities. 
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8.5 Summary 

In this Chapter, we showed the comparisons observed amongst the three gaming systems 

at file level, subsystem level, library/non-library level and in the renderer subsystems. We were 

able to find out that, even though the file level analysis depicted the process flow of the systems, 

it was difficult to conduct a comparison at this stage. At the subsystem level analysis, we 

observed the differences in the functioning of different subsystems of the three systems. 

Similarly, in the library and non-library division on comparing the libraries of the three systems, 

we found out some common library subsystem amongst the three games, which are sound, 

display, menus and UI. In the last section of this Chapter, we compared the results of renderer 

subsystems of the three systems. We observed that Cube has a different rendering structure than 

that of Quake3 and Doom. In the next chapter, we will discuss the conclusions and future work 

that we have derived from this thesis.  
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Chapter 9 

Conclusion and Future Work 

9.1 Summary  

Many first person shooter games exist in the market today, each is different and unique 

from another. In this thesis, we have worked towards achieving a generic set of differences and 

similarities, which may exist amongst first person shooter games and, the facts, which may make 

them distinguishable from one another. The three games under discussion – Doom, Quake3 and 

Cube are open source software projects.  

The extraction process uses tools like CPPX and Grok, which results in *.TA files, which 

are further, manipulated and passed through graph generation tool – Graphviz. The final result is 

the architecture for the source code for Doom, Quake3 and Cube. Following this process, we 

derive architecture at various other levels of abstraction – File level, Subsystem level and 

Library/Non-Library and individual subsystem level.  

We have observed that at the file level analysis the graphs that are derived contain huge 

amounts of information. This makes comparison of the different architecture difficult. When 

lifted to the subsystem level, we observe that conducting a comparative analysis for such software 

at an abstract level can be much easier and productive.  Other differences and similarities are 

observed on division of these subsystems into library and non-library. The division is made using 

the indegree and outdegree as observed in the call graphs obtained during architecture extraction. 

We have found that subsystems denoting features of display, sound, bots, physics etc. fall under 

libraries where as subsystems containing the code for server, client and other system specific 
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code fall under the non-library division. We were able to arrive at five major non-library core 

parts that comprise an FPS, which are GameLogic, Communication, Renderer, World and AI. 

In Chapter 7, we observed the role of an individual subsystem such as renderer. We have 

found that unlike Doom and Quake3, Cube does not require a Binary Space Partitioning 

component, has a quad tree structure and allows in-engine editing of the maps. Finally, in Chapter 

8, we enlisted the differences that we observed in the architectures of the three systems at 

different levels of abstraction.  

 

9.2 Future Work  

The gaming industry is a booming business and will continue to flourish for the coming 

years. There are so many ways that this research can be used for the purposes of game 

development. The most logical advancement would be to use the library and non-library 

subsystems that we have come up with and work towards formulating a reference architecture, 

which would provide some kind of blue print for the future game developers.  This would require 

conducting a comparative analysis to a larger array of games. A blue print or reference 

architecture would ensure a set of rules that one might want to follow while developing a first 

person shooter game. It would reduce the time and money spent by companies and individuals 

while brain storming the passages of construction of such game. 
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