
 

 

 

 

 

 

 

 

 

 

Evaluation of Procedural Content Generators for Two-

Dimensional Top-Down Dungeon Levels 
 

 

 

 

 

 

 

Faculty of Arts 

Department of Game Design 

Authors: David Naußed, Ruta Sapokaite 

Bachelor Thesis in Game Design, 15 hp 

Program: Game Design 

Supervisor: Masaki Hayashi 

Examiner: Richard A. Bartle 

May, 2021 



 

 

 

Abstract 

This research evaluates two-dimensional top-down dungeon generated levels regarding 

fundamental and micro dungeon design patterns. Additionally, it investigates the 

meaningfulness of the evaluation results in terms of accessibility to level designers and similar. 

The research method concentrates on two dungeon-generation techniques – Cellular Automata 

and Drunkard Walk. Each generated level gets evaluated based on three evaluation stages that 

build on top of each other: the passability of each tile; categorization of each collection of tiles 

with the same attributes; and player-centric gameplay data. The results show key differences 

between Cellular Automata and Drunkard Walk as the risk of using Cellular Automata to 

generate up to 90% unreachable space, while drunkard walk always has a playable relative 

space size of 100%. The evaluation also shows results that depend on the requirements of a 

game or constraints of a level designer. Cellular Automata generates more rooms, while 

Drunkard Walk provides more decisions per room. In conclusion, the evaluation results show 

differences between the two algorithms, presented using a vocabulary that is familiar to a level 

designer. 

 

Keywords: Procedural content generation, dungeons, game design, level design, level 

evaluation 
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1 Introduction  

Procedural content generation is widely used in the game industry and is gaining more and more 

importance. It is very attractive because it provides an opportunity to create games with high 

replayability value, which is often desired, primarily because games tend to lose their appeal 

after the first playthrough (Brewer, 2017). It is broadly used in many different virtual world 

creation fields such as textures, stories, quests, levels, game rules, behaviours, etc. (Freiknecht, 

& Effelsberg, 2017). The most important functions of procedural content generation in the game 

industry are to take the workload of human artists and designers, reduce production costs and 

making adaptive games (Shaker, Togelius, & Nelson, 2016). Procedural generation is showing 

a lot of promise to improve not only gameplay but also the development of games; for example, 

it could allow to make large games without the resources of big companies and create content-

rich games within short periods (Shaker et al., 2016).  

One of the technical advantages of procedural content generations is the reduction of file sizes 

and memory usage (Humphries, 2021). One of the more common procedural content generation 

fields is dungeon level generation which is frequently used in roguelike, role-playing and 

adventure games, one of the earliest examples being Rogue (A.I. Design, 1980).  

Even though procedural dungeon generation is very appealing it still tends to be complex and 

inaccessible to designers. The majority of papers tend to provide information on how to deal 

with the technical side (implementations, performance and optimization) of the methods and 

there is limited information on how they can impact gameplay aspects. Moreover, there is no 

overview of what input and algorithm result in what range of outcomes considering typical 

metrics of dungeons like passable space, room count and corridors. There are many approaches 

to dungeon generation, and all of them have their strengths and weaknesses (Smith, & Bryson, 

2014). One that commonly stands out is how uncontrollable and limited the generators can be. 

Figure 1. Procedurally generated dungeon level from game Rogue (A.I. Design. 1980) 
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Due to the unpredictable nature of procedural content generation, developers refrain from using 

procedural content generation, therefore, it is less used than it could be (Van Der Linden, Lopes, 

& Bidarra, 2013). One set of definitions to approach the evaluation of dungeon levels and 

capture a more predictable way of looking at generated levels is illustrated by Dahlskog, Bjork, 

and Togelius (2015). Their research outlines different patterns categorised by their contextual 

value. The patterns on the lower level presented in their research are fundamental patterns that 

describe components, like tiles and levels. Additionally, the micro design patterns describe tiles 

and portions of a level in their contextual environment, like corridors or rooms. 

Consequently, this research is concerned with the following question: Can an evaluator for two-

dimensional top-down dungeon levels identify the effects of changing dungeon generation input 

parameters? 

In order to answer this question, this research requires the implementation of a program capable 

of evaluating two-dimensional top-down dungeon levels. Said program evaluates different 

dungeon generation techniques with different ranges of inputs. The evaluation is based on 

metrics influenced by design patterns proposed by Dahlskog et al. (2015) with adjustments from 

definitions by Ching (2014), and a metric considering the player’s perspective based on the 

definition by the MDA framework of a dynamic, the interaction of mechanics (Hunicke, R., 

LeBlanc, & Zubek, 2004). The design of the evaluation process is generic and can get applied 

to any other dungeon generator that shares the same basic components. 

The results are expected to show topological differences in most measured elements and provide 

hints in terms of required optimisations to minimize the potential risks of a level generator. The 

paper provides data that can simplify the outcomes and give information on what an algorithm 

is capable of and what are its limitations. Moreover, this research also provides an overview of 

different generation methods, that is understandable to level designers. The overview is from a 

design patterns perspective which may bring clarity into the field. The purpose of this paper is 

also the creation of a method that evaluates any generated, or even manually created, dungeon 

by metrics that help to understand what results can be expected from the generator and can be 

further developed to achieve a successful evaluation of additional metrics. 

To provide a more concrete overview the research is limited to two-dimensional top-down 

dungeon generators that are usually used in role-playing games (RPG) and adventure games. 

Only movement and collision systems are being considered in this context. This allows the 

evaluation of data for level creation and not apply it to any game. The tiles get distinguished 

between passable and impassable, while the metrics that imply other mechanics are left 

untouched. 

All the needed background knowledge is provided in chapter two, which includes descriptions 

of algorithms, dungeon patterns and traversability. The methods used get explained in chapter 

three. This chapter includes the implementations of the generators and the process of evaluation 

of each group of metrics. Further follows all the results in chapter four where all the data 

gathered gets introduced. Chapter five is for discussion and lastly the conclusion in chapter six. 

The references and ludography can be found at the end of the paper alongside the appendix.  
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2 Background 

This chapter reviews some definitions for the used terms and other necessary knowledge. It also 

includes the metrics that are considered fitting and important to provide enough relevant data. 

2.1 Dungeons 

The original term for a dungeon refers to a labyrinth of prison cells which is usually cold and 

dark (Shaker et al., 2016). In most adventure and RPG games, a dungeon describes a labyrinthic 

environment that consists mostly of several different gameplay elements and most notably, 

space to offer highly structured gameplay progressions throughout the play as described by Van 

Der Linden et al. (2013). This concept of dungeons probably originated from the board game 

Dungeons & Dragons (Tactical Studies Rules, Inc. 1974) and is a key feature in almost every 

RPG game (Shaker et al., 2016). What separates dungeons from other types of levels is that 

dungeon levels are free to explore, but they are closely connected to the player progression, 

unlike open-world levels and platform levels. In a dungeon, the player chooses a path and 

encounters challenges that are their current skill level (Van Der Linden et al., 2013).  

2.2 Dungeon Generators 

Procedural content generation is common practice in game development, which refers to 

algorithmically generated game content on its own or with designers or players. According to 

Shaker (2016), this term is arbitrary and can 

vary in other sources. Some of those variations 

are specified by Freiknecht and Effelsberg 

(2017). They provide definitions that describe 

procedural content generation as content that is 

automatically created in many different kinds of 

media and simulations such as games and 

modelling software. The creation is based on 

algorithms and patterns that do not require a lot 

of user input. All of the definitions focus on the 

same aspects of automatic content generation 

and minimal user input. Video games tend to use 

procedurally generated content to increase 

replayability and reusability. One of the most 

basic approaches is to use procedurally 

generated levels to create a large amount of 

content that seems infinite from the perspective 

of a player. In many of those games, there is a 

reoccurrence of dungeon-like environments that 

consist of rooms connected with corridors. Very 

frequently, such levels are found in the 

roguelike genre games. Some other games that 

also use procedurally generated dungeon levels 

are Dwarf Fortress (Bay 12 Games, 2006) (See 

Figure 2) and Diablo (Blizzard Entertainment, 1997) (See Figure 3). Procedural level generators 

Figure 2. Dwarf Fortress (Bay 12 Games 

2006) world map. From Wikipedia 
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create huge amounts of levels that provide varying content and challenges. Each generator is 

different in the way it works and the results it provides but all of them have the same purpose 

of generating a large number of levels for the game (Shaker et al., 2016). Shaker et al. (2016) 

provide a non-exhaustive list of methods to generate dungeon levels: 

• Search-based 

• Space partitioning 

• Agent-based dungeon growing 

• Cellular Automata 

• Grammar-based dungeon generation 

The following sub-sections provide further explanations of cellular automata and, the agent-

based dungeon growing algorithm, Drunkard Walk. The cave-like nature of cellular automata 

and agent-based dungeon growing to provide more cave-like level structures compared to the 

space-partitioning and grammar-based dungeon generation approaches. Therefore, successfully 

identifying rooms and corridors in the cave-like levels can cause a more robust dungeon 

evaluation technique. 

2.2.1 Cellular Automata 

Von Neuman et al. (1966) and Stanislaw Ulam (Sellers, 1985) were the first to introduce 

Cellular Automata with the most known Cellular Automata being J. Conway’s Game of Life 

(Gardener, 1970). It is using Conway’s Game of Life algorithm, which sets cells into two 

possible states of dead or live. The state of each cell is determined by the number of living cells 

in its neighbourhood. If there are too few or too many living neighbouring cells, the initial cell 

dies. The initial state of Cellular Automata consists of a grid randomly filled with walls and 

ground tiles. Figure 4 first image on the left illustrates an initial state of the generator. In the 

next step, the Game of Life algorithm gets applied to each tile in the map resulting in the level 

seen in Figure 4 second image. Further follows another generation. The map after two 

generations is in Figure 4 third image, and the last sixth generation is in the fourth image. To 

Figure 3. The automap for a generated Cathedral level in Diablo (Blizzard Entertainment 

1997). Image from Boris The Brave (2019). 
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sum up, each generation smooths the map. Smoothing describes the removal of stray tiles, see 

Figure 4 how each generation removes small gatherings clusters of wall tiles in-ground or vice 

versa. Smaller rooms either blend in the big ones or disappear from the map, the walls become 

curvier, and the majority of the sharp corners and dead ends ease out. 

The Cellular Automata algorithm is a common approach to generate infinite cave-like levels 

(Viana, & dos Santos, 2019). Using this algorithm it is possible to create a huge amount of 

combinations over multiple generations (Johnson, Yannakakis, & Togelius, 2010).  

There are some downsides to Cellar Automata documented by Van Der Linden, Lopes, and 

Bidarra (2013). It is hard to grasp the impact that one parameter has over the generation since 

it affects multiple aspects of generated maps. It does not have parameters that allow creating a 

specific amount of rooms with connectivity. Finding parameters to generate sufficient levels 

comes from trial and error, which makes this generator less accessible and hard to control.  

2.2.2 Drunkard Walk 

The Drunkard Walk or Random Walk Cave Generator is the most basic dungeon generator that 

generates cave-like levels. It uses random walking to create patterns. The algorithm picks a 

random starting point in a grid with all tiles set to walls and sets that point to be empty. An 

initial state is displayed in the first image of Figure 5. Then, the algorithm chooses a random 

direction and moves one step towards that direction. It marks it as an empty tile if it was not 

empty already. The steps repeat until the desired amount of the grid is filled with empty tiles. 

In Figure 5, the second image shows the level after 101 steps, the third one after 2001 steps and 

the last image shows the final level after 4001 steps. 

Figure 5. Drunkard Walk level initial state, level after 101 steps, level after 2001 steps and the 

final state of 4001 steps 

Figure 4. Cellular automata initial level state, first generation, second generation and the last, 

sixth, generation 
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This algorithm is less common in the real world due to its low performance in practical 

problems; consequentially it’s also less commonly used for dungeon generation since it does 

not consider changes or information regarding the nature of the practical problem to solve, in 

this case generating a dungeon (Saghiri, Khomami & Meybodi, 2019). It is possible to adjust 

the algorithm to provide different patterns by giving the bias for the chosen random direction. 

2.3 Dungeon Patterns 

To evaluate dungeons the classification of what dungeon is and what it consists of is required. 

Dashskog et al. (2015) has surveyed a large number of dungeons to identify reoccurring patterns 

of dungeon game space and mechanics. The survey proposes a set of fundamental components 

that are used in describing the patterns. The two fundamental components significant to the 

evaluation of two-dimensional top-down dungeon levels are traversability and tiles, which 

branch into ground tiles and wall tiles. The tile represents one unit in a level and is used as a 

measurement. Moreover, the wall tile counts as not passable and therefore interrupts 

traversability, while the ground tile counts as passable and continues traversability. Also, a tile 

holds significant properties, or even mechanics, creating gameplay dynamics. Traversability 

describes the grammatical context of a tile. The ability to move from one tile to another tile 

successfully is defined as traversing (Dashskog et al., 2015).  

A dungeon level, a rectangle filled with tiles, contains different tiles shaping different spaces 

and the pattern of a set of tiles within a space describes what they mean in the given context. 

Combining those components in different ways create micro-patterns. Meaningful dungeon 

micro-patterns in the context of this research are from a spatial nature and restricted to 

movement mechanics, hence micro-patterns that are implying other kinds of mechanics, i.e. 

opening a door or picking up an item, are excluded. The significant micro-patterns to evaluate 

are space, room and corridors. The survey of Dashskog et al. (2015) describes those patterns in 

the following way: 

• Space is described as all passable tiles that share the same attributes and are connected 

• A room consists of several ground tiles but is wider than a corridor 

• A corridor is a space that consists of a series of vertical and horizontal ground tiles and 

can connect to other spaces 

Ching (2014) provides more real-world definitions of those patterns and extends the micro-

patterns with the following: 

• Space has a relative position and a direction with a purpose 

• A room is a portion of space separated by walls 

• Corridors connect one space to another space as a gallery or narrow passageway and 

several rooms open into one corridor 

Ching's (2014) definitions of those patterns describe a more grammatical value on top of the 

existing definitions by Dashskog et al. (2015) that are based on measurements. A combination 

of Ching’s (2014) and Dashskog et al. (2015) definitions provide the necessary grammatical 

and measurable values for the evaluation of two-dimensional top-down dungeon levels. To 

accommodate Ching’s (2014) definition of a room being separated by walls, diagonally adjacent 



 

7 

 

wall tiles are considered to be connected. They separate space and block diagonal traversability, 

therefore, passable space tiles are only connected orthogonally. 

Space is therefore a description of a collection of tiles with the same attributes. On a higher 

level, space describes a collection of room tiles, corridor tiles or wall tiles, and on a lower level, 

it describes a collection of passable tiles or impassible tiles. To identify space a check for 

traversability is required. Traversability describes the process of moving from A to B. 

Moreover, traversability can be accompanied by additional rules. These rule-bound 

traversability checks are capable of identifying more contextual spaces, such as rooms or 

corridors. 

2.4 Evaluation of Traversability 

The closest research to the evaluation of generators is by Lövlie & Plähn (2020). Their methods 

evaluate generated cave maps with the difference that they evaluate the traversability of Cellular 

Automata and Wave Function Collapse on roughness, slope, discontinuities and room count. 

The significance of this paper crystalises itself by its approach and provides a strong reference 

list. Most notably, the research of Lövlie & Plähn follows the structure of implementation, 

evaluation and plotting. Their implementation step is broken down into smaller stages based on 

their desired metrics, and the plotting builds on top of that. Additionally, their research shows 

differences in terms of traversability what motivates further research in this direction.  
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3 Methodology 

The main focus of this research is the identification of the effects of changed input parameters 

by comparing the results of generators with different inputs. The identification of said effects 

requires a successful dungeon evaluation.  Enabling a sufficient dungeon evaluation process 

requires the preparation of a testing environment with different algorithms. This method uses 

two procedural content generation techniques for top-down dungeon levels. The first one is a 

cell-based technique, Cellular Automata, and the second one is an agent-based dungeon 

growing technique namely Drunkard Walk. Implementing multiple different generators was not 

in the concern of this research since the implementation of multiple dungeon generation 

techniques is not required to illustrate the success of identifying the effects of changing the 

input parameters of dungeon generators. This research merely implements the extremes of two 

different generation technique, namely, agent-based generation and Cellular Automata. These 

two algorithms were chosen because they are unoptimized, non-hybrid and the most basic 

dungeon generators that are capable of producing cave-like dungeon structures. The usage of 

two generation techniques and a variety of different input parameters appear sufficient to 

measure the success of identifying the effects of changing dungeon input parameters. Each 

generator gets evaluated with different parameters. A generator in combination with given 

parameters gets described as a set. This research provides eight different sets, four for each 

generation technique. 

The metrics for the evaluation are based on dungeon patterns proposed by Dashskog et al. 

(2015) and Ching (2014). The patterns provided by Dashskog et al. (2015) have a metrical 

nature and the definitions of the spatial fundamental and micro patterns are not considering a 

contextual value. Ching (2014) provides a contextual addition to the metrical spatial patterns, 

most notably a corridor is connecting other spaces, i.e. after a room follows a corridor and 

afterwards follows another room. The used patterns were game space-specific, such as passable 

and unpassable spaces, categories consisting of groups of tiles, rooms and corridors, and the 

metrics considering the player’s perspective, amount of choice and playable space. Aspects like 

progression, enemies and puzzles are not put into consideration. The following metrics are the 

data that get measured throughout the evaluation of dungeon levels: 

• Passable space and impassable space 

• Playable space size and unreachable space size 

• Relative playable space size 

• Unreachable space, room and corridor counts 

• Average room  and corridor sizes 

• Biggest room and corridor sizes 

• Smallest room and corridor sizes 

• Average decisions per room 

The used hardware was an MSI laptop from 2018 with an Intel Core i7-8750H, 16GB RAM 

and an Nvidia GeForce GTX1060. The generators and evaluator were written in C# using the 

Unity Game Engine. The presentation of the results is written in Python using Plotly. 
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3.1 Evaluation of Dungeon Levels 

The evaluation of a single dungeon level in the scope of this research includes the following 

steps: 

1. The generation of the dungeon  

2. Identifying the passable spaces by evaluating the passability of each tile 

3. Categorizing each portion of space as a room or corridor 

4. The evaluation of gameplay-relevant data 

3.1.1 Generating the Dungeons 

A generated level is 100 tiles wide and 100 tiles high grid. The grid includes a one tile thick 

border barrier surrounding the perimeter to create a complete and finite level. Each tile in a grid 

can be either a wall or an empty tile. The two generators used in this research, Cellular Automata 

and Drunkard Walk, have different initial values. The sets differ in their usage of input 

parameters and the chosen algorithm. Either dungeon generation technique gets tested with four 

different input parameters to allow a comparison of different generation techniques and to 

enable a comparison of a generator’s parameter adjustments. The input parameters for this 

research were intuitively chosen by setting the percentages to a median value between 0% and 

100% resulting in 50%. Afterward, the percentage values were increased/decreased by 10% for 

Drunkard Walk and  5% for Cellular Automata to create different input parameters. The 

parameter regarding the probability of spawning a wall tile on initialisation of Cellular 

Automaton implementation had a stronger impact compared to the fill rate parameter of 

Drunkard Walk which led to the different adjustments of the input values. This difference 

crystalised itself through observation and the subjective opinion of the authors. Moreover, the 

parameter, in control of the number of Cellular Automata’s generations, got decided based on 

observation and the subjective opinion of the authors. 

The first implemented algorithm was Cellular Automata using the method by Lague (2016). It 

uses the Moore Neighbourhood (Moore, 1962), which considers eight neighbours for each tile 

to base the tile states in the next step. A very simple ruleset determines that a tile dies if it has 

fewer than four neighbours and lives if it has four or more neighbours. The user input which 

controls the generation to some extent is as follows: 

• Fill percentage parameter that sets the amount of the map that gets filled with empty 

tiles. The empty tiles are set randomly on the initial state.  

• The iterations parameter sets how many generations the input state goes through. The 

more generations get applied, the fewer stray tiles will exist in the level. Stray tiles 

describe single impassable tiles within passable tiles and vice versa.  

In the case of this Cellular Automaton implementation, the amount of generations and the 

probability of spawning a wall tile in the initialisation state is getting adjusted. Therefore, in 

this research it uses the following inputs: 

1. 50% probability to spawn a wall tile on initialisation and 3 generations 

2. 50% probability to spawn a wall tile on initialisation and 6 generations 

3. 45% probability to spawn a wall tile on initialisation and 3 generations 
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4. 55% probability to spawn a wall tile on initialisation and 6 generations 

The other algorithm was the Drunkard Walk. It is an algorithm provided by RogueBasin (2014) 

and described by Saghiri et al. (2019) and Alonet et al. (2011). The parameter list of this 

algorithm only includes the desired fill percentage. It indicates how much of the map will have 

empty tiles. This implementation of Drunkard Walk only gives the fill percentage parameter as 

control, hence it’s the only parameter that receives adjustments in this research. Drunkard Walk 

uses the following inputs: 

1. 30% fill percentage 

2. 40% fill percentage 

3. 50% fill percentage 

4. 60% fill percentage 

Next follows the conversion of the generator outputs to data that can be 

used for the evaluation. Each of the generators outputs 0 for passable 

floor space and 1 for impassable wall space, see the last step in Figure 

4 and Figure 5, the same spaces that can get referenced back to the 

definitions of Dashskog et al. (2015). Every tile in the matrix 

representation of the level gets put into either one of two lists, an array 

implementation like the generic List in C# or the Vector from the 

standard library of C++. The first list contains all the passable tiles, and 

the other list contains all the wall tiles. This optimization solves a 

bottleneck, a section of a program that causes a decrease in speed since 

the future evaluation steps do not visit wall tiles. For example, if half of 

the level consists of wall tiles (5000 out of 10 000),  without this 

optimization, the processing time would be doubled since the 

evaluation would visit every tile instead of just checking only the 

passable tiles. 

3.1.2 Evaluating Passability of Each Tile 

After the data gets forwarded to this step, the evaluation of each 

passable tile’s relation to other tiles regarding Dashskog et al. (2015) 

definitions of space follows. The usage of breadth-first search or flood-

filling, in the context of this research those terms are interchangeable, 

enables identifying each existing space in the level. Another choice to 

recursively iterate through all tiles is depth-first search. Breadth-first 

search and depth-first search have no differences in terms of time-

complexity when visiting each tile, their key difference is breadth-first 

search is using a stack and depth-first search is using a queue to keep 

track of what tiles to explore next (Kozen, 1992). The algorithm iterates 

through all passable tiles that are connected and categorises all the 

separate connecting spaces. It starts going through the grid until it finds 

a passable tile. This tile is the starting point and is illustrated as a red 

star as seen in the illustration Figure 6, created with an educational tool 

Figure 6. Breadth-

first search process 

step-by-step from top 

to bottom 
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by Patel (2020) that illustrates breadth-first search step-by-step. Next, from this point on, it 

checks all its neighbours and the neighbours check all their neighbours, and so on, a checked 

neighbour that happens to be a passable tile counts as a part of the current passable space. 

Neighbouring tiles that happen to be wall tile or neighbours that already got checked previously 

are getting skipped and therefore, their neighbours are not getting evaluated. In Figure 6, the 

darkest tiles are walls (Impassable) and the brightest ones are ground (Passable). The tile that 

is currently checked is illustrated by being fully blue, passable neighbours of the current tile are 

illustrated by a green-dotted outline and tiles with a blue outline are tiles whose neighbours yet 

have to get checked. Lastly, the tiles that are part of the passable space are illustrated as a darker 

tile than the ground tile but brighter than the wall tile. To explains the illustration further, tiles 

that are part of the passable space are illustrated by arrows that point back to the tile that checked 

them. In this evaluation step, the tiles that identified this way as a part of the space are getting 

attached to space and the evaluation algorithm moves on to the next space that contains passable 

tiles that have not been visited yet, as illustrated by the tiles that are still bright in the last step 

of  Figure 6.  

The biggest identified space is considered to be the playable space. Furthermore, the playable 

space gets divided by the passable space to receive the relative size of the playable to passable 

space. Every other space not traversable to the play area is considered an unreachable space. 

Each space holds references to its related tiles. In Figure 7 the wall tiles are coloured grey, and 

the other colours represent all identified spaces in a generated map by each algorithm. 

3.1.3 Categorising Each Tile 

The passability evaluation forwards the identified spaces and an updated matrix containing 

references to the spaces that a tile is a part of. This step concentrates on identifying rooms and 

corridors defined by Dashskog et al. (2015) with the adjustments based on Ching (2014). 

The first step of evaluating the type of each of a space’s tile is counting the length of the line it 

is part of diagonally, vertically, and horizontally. This evaluation step only measures sub-spaces 

in already passable space, therefore, this section also considers diagonal tiles since passability 

Figure 7. Non-connecting spaces of Cellular Automata (left) and Drunkard Walk (right) 
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within this space is ensured. If even one of the line lengths is below a certain threshold, in this 

case, lower than four, the space tile is considered a corridor tile; otherwise, it is a room tile. 

Identifying the length is not enough because not all generators provide clean, identifiable 

corridors and rooms. Sometimes part of the room or a dead end is considered a corridor. Such 

inaccuracies can be seen in Figure 8 on the left. The following rules got implemented to 

optimize those issues: 

• All room tiles only surrounded by corridor tiles and vice versa become the tile type of 

their neighbours, as displayed by the change of single black tiles from before and after 

rule applications in Figure 8 

• The rooms that consist of fewer than six tiles become corridors, see the collection of 

three black tiles in Figure 8 

• Lastly, dead-end corridors are getting removed following the rule that a corridor 

connects a room with another room (Ching 2014), see Figure 8 

Combining these rules in a certain order cleans up the evaluated rooms and corridors. First, 

clean up the single tiles, after cleaning up the rooms that are considered too small, and lastly, 

remove the dead-ends. The outcome of the cleaned-up evaluation can be seen in Figure 9 on the 

right. Each previously evaluated space is using breadth-first search or flood-filling once more 

with the consideration of rooms and corridors. Therefore, if the starting point is a room tile, the 

algorithm ignores corridor tiles and only checks and keeps going if the neighbouring tile is a 

room tile. If the starting point is a corridor tile, it only keeps checking the neighbours that are 

also corridor tiles, otherwise, it skips. This adjustment identifies rooms and corridors, see Figure 

9. Wall tiles are grey, and the yellow tiles represent the tiles considered to be part of corridors 

and blue tiles are rooms.  

Figure 8. Before and after the clean-up. The before state shows an implementation only 

considering the definitions provided by Dashskog et al. (2015) and the after state shows the 

outcome of adding Ching’s (2014) definitions to the implementation. 



 

13 

 

3.1.4 Evaluating Gameplay-Relevant Data 

This stage provides gameplay-relevant data that are not based on pre-defined level patterns per 

se but encapsulates the general idea of gameplay. The level with the movement mechanic 

creates a fundamental dynamic – choices, or “Where do I go next?”. Inspired by Dashskog et 

al. (2015) and based on the dynamic (Hunicke et al., 2004) that is created by combining a 

movement mechanic and a collision mechanic, dungeon levels with rooms and corridors 

provide the player with the decision of where to traverse next, therefore, the number of choices 

became a valuable metric to measure since it considers the player’s perspective.  

This stage iterates through each room and then picks the first tile of the room. Next, the breadth-

first search algorithm iterates through the other tiles until it gets to the edge of the room. If the 

edge is next to a wall or out of bounds of the level, this step is getting ignored; otherwise, the 

edge tile puts the reference of the neighbouring non-ground tile in a list of unique values. This 

step continues until all neighbouring corridor tiles got visited. The size of the resulting list is 

the number of choices a player has from this room. Or in other words, if two corridors are 

neighbours of room A, the player has two choices. 

3.2 Evaluation of Multiple Dungeons 

The full scope of this research includes the display of big sets of data with Cellular Automata 

and Drunkard Walk, plus different input sets for either technique. 1 000 000 levels of each 

dungeon generation technique with the same input parameters get generated. Then the resulting 

boxplots of 1 000 000 levels and a smaller sample of 100 000 levels get compared to decide if 

evaluating 100 000 dungeons provides enough precision. If the evaluation of 100 000 dungeon 

level concludes as unprecise, the required amount to receive enough precision is getting 

calibrated until a satisfying amount of required dungeon levels to evaluate is met. After a 

satisfying amount of dungeons to evaluate is estimated, the generation of said amount of 

dungeons gets applied to the generation of further dungeon evaluations with different 

algorithms and input parameters. 

Figure 9. Separated rooms and corridors of Cellular Automata (left) and Drunkard Walk (right) 
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3.3 Processing the Data 

All steps for each set are getting considered for the final evaluation and their storage to a CSV 

file. The CSV file gets passed to a Python script which saves each column in a list. The list is 

getting sorted, and the data are presented in a boxplot. To illustrate the data and provide all the 

desired values a boxplot with whiskers and adding the outliers to the whiskers. It provides a 

maximum value, a minimum value, a lower quartile, a median, and an upper quartile, which are 

illustrated in Figure 10 for clarity. Boxplots give a very good visual of how all of the data are 

distributed and provides information on the consistency of the data. In addition, similar data 

were grouped to have a better presentation of differences and possible correlations. 

  

Figure 10. Boxplot with 

whiskers 
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4 Results 

Usual dungeon generator evaluations and surveys rarely consider gameplay relevant metrics 

and often focus on optimization, performance, and representation. The goal of this research is 

to display data that gives an overview of different measurements and illustrates the effects of 

changing the input parameters of a dungeon generator. The results are separated into two 

sections according to the number of tests. The results were gathered by using 1 000 000 

evaluations first, though this number of evaluations proved itself as impracticable due to the 

long duration it required to generate and evaluate that many dungeon levels; therefore, the 

number of evaluations was adjusted to 100 000 and the comparison concluded a negligible 

difference between 100 000 and 1 000 000 results while the required duration got decreased 

heavily. This comparison justified the usage of 100 000 evaluations. Table 1 illustrates the 

difference between 100 000 and 1 000 000 evaluated levels by listing the means of independent 

metrics. 

Table 1. Comparison of the mean values of 100 000 and 1 000 000 evaluation results. The used 

data sets are Cellular Automata: 50% probability to become a wall-tile on initialisation and 6 

generations; Drunkard Walk: 40% fill percentage. 

 

4.1 Evaluation of 1 000 000 Levels 

To get accurate results this research includes the generation and evaluation of 2 000 000 levels, 

half of them being Cellular Automata and the other half Drunkard Walk. Each category has its 

own set of boxplots to represent data visually and show the differences between algorithms. 

The following tables and figures display results for Cellular Automata and Drunkard Walk 

using 1 000 000 evaluations each. The Cellular Automata technique in the evaluation of 1 000 

000 levels used a probability of spawning a wall tile on initialization of 50% and the number of 

generations was 6. The Drunkard Walk used a fill percentage of 40%. These input parameters 

are the same as the second set of either algorithm in the evaluation of 100 000 levels. 

  

 Cellular 

Automata  

100 000 

Cellular 

Automata  

1 000 000 

Drunkard 

Walk 

100 000 

Drunkard 

Walk 

1 000 000 

Passable Space Size 4040.13 4041.58 - - 

Playable Space Size 2470.9 2470.93 - - 

Relative Playable Space 0.59 0.6 - - 

Unreachable Space count 9.77 9.76 - - 

Room Count 19.63 19.63 12.89 12.87 

Corridor Count 9.15 9.16 11.75 11.73 

Average Decisions per Room 0.96 0.96 2.3 2.3 

Average Room Size 204.24 204.50 310.87 312.21 

Average Corridor Size 34.75 34.72 91.57 91.56 
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4.1.1 Traversability Results 

Table 2. Passable and impassable space sizes. 

 Passable space size Impassable space size 

Cellular 

Automata 
Drunkard walk 

Cellular 

Automata 
Drunkard walk 

Median 4040 4001 5960 5999 

Mean 4041.58 4001 5958.42 5999 

Maximum 6401 4001 8094 5999 

Minimum 1906 4001 3599 5999 

Upper quartile 4364 4001 6283 5999 

Lower quartile 3717 4001 5636 5999 

Table 3. Playable and unreachable space sizes. 

 Playable space size Unreachable space size 

Cellular 

Automata 
Drunkard walk 

Cellular 

Automata 
Drunkard walk 

Median 2338 4001 1648 0 

Mean 2470.93 4001 1570.65 0 

Maximum 6106 4001 3813 0 

Minimum 232 4001 0 0 

Upper quartile 3201 4001 2164 0 

Lower quartile 1674 4001 974 0 

 

  

Figure 11. Passable and impassable space sizes 
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Table 4. Relative playable space sizes. 

 Relative playable space size 

Cellular 

Automata 
Drunkard walk 

Median 0.58 1 

Mean 0.6 1 

Maximum 1 1 

Minimum 0.1 1 

Upper quartile 0.76 1 

Lower quartile 0.44 1 

4.1.2 Categorisation Results 

Table 5. Room and corridor count. 

 Room count Corridor count 

Cellular 

Automata 
Drunkard walk 

Cellular 

Automata 
Drunkard walk 

Median 20  13 9 11 

Mean 19.63 12.87 9.16 11.73 

Maximum 42 39 28 37 

Minimum 2 1 0 0 

Upper quartile 22 16 11 15 

Lower quartile 17 9 7 8 

 

  

Figure 12. Playable and unreachable space sizes (left) and relative playable space (right) 
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Table 6. Unreachable space count. 

 Unreachable space count 

Cellular 

Automata 
Drunkard walk 

Median 10 0 

Mean 9.76 0 

Maximum 30 0 

Minimum 0 0 

Upper quartile 12 0 

Lower quartile 7 0 

 Table 7. Average, biggest and smallest room sizes. 

 Average room sizes Biggest room sizes Smallest room sizes 

Cellular 

Automata 

Drunkard 

walk 

Cellular 

Automata 

Drunkard 

walk 

Cellular 

Automata 

Drunkard 

walk 

Median 189.26  240.31 1192 1807 6 6 

Mean 204.50 312.21 1351.23 1906.14 8.55 14.2 

Maximum 2540.5  4001 5716 4001 459 4001 

Minimum 52.90 40.71   150 159 1 6 

Upper quartile 237.65 361.11 1690 2541 12 7 

Lower quartile 153.42 169.75 853 1224 6 6 

 

  

Figure 13 Room and corridor count (left) and unreachable space count (right) 
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Table 8. Average, biggest and smallest corridor sizes 

 Average corridor sizes Biggest corridor sizes Smallest corridor sizes 

Cellular 

Automata 

Drunkard 

walk 

Cellular 

Automata 

Drunkard 

walk 

Cellular 

Automata 

Drunkard 

walk 

Median 33.44 83.22 76 297 8 5 

Mean 34.72 91.56 80.98 332.26 10.2 9.73 

Maximum 240  1477 506 2084 240 1477 

Minimum 0 0  0 0 0 0 

Upper quartile 40 108 98 412 13 8 

Lower quartile 28 64.8 58 213 8 3 

Figure 14 Average, biggest and smallest room sizes 

Figure 15 Average, biggest and smallest corridor sizes 
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4.1.3 Gameplay-Relevant Results  

Table 9. Decisions per room. 

 Decisions per room 

Cellular 

Automata 
Drunkard walk 

Median 0.94 2.25 

Mean 0.96 2.3 

Maximum 3.33 8.5 

Minimum 0 0 

Upper quartile 1.16 2.58 

Lower quartile 0.74 2 

4.2 Evaluation of 100 000 Levels 

Additionally, to receive results for all the defined sets in a practicable time, the second run of 

the evaluation generated and checked 100 000 levels instead of 1 000 000. The following 

sections display the results of 100 000 levels for each of the four different input parameter sets 

of Cellular Automata and the four different input parameter sets of Drunkard Walk. The total 

evaluated levels sum up to a value of 800 000. Any constant results are excluded. The sets are 

defined as follows: 

• Cellular Automata 1: 50% probability of spawning a wall tile, 3 generations 

• Cellular Automata 2: 50% probability of spawning a wall tile, 6 generations 

• Cellular Automata 3: 45% probability of spawning a wall tile, 3 generations 

• Cellular Automata 4: 55% probability of spawning a wall tile, 6 generations 

• Drunkard Walk 1: fill percentage of 30% 

• Drunkard Walk 2: fill percentage of 40% 

• Drunkard Walk 3: fill percentage of 50% 

• Drunkard Walk 4: fill percentage of 60% 

Figure 16 Decisions per room 



 

21 

 

4.2.1 Traversability Results 

Table 10. Cellular Automata passable space sizes. 

 Cellular 

Automata 1 

Cellular 

Automata 2 

Cellular 

Automata 3 

Cellular 

Automata 4 

Median 4077 4038 6960 1323 

Mean 4076.82 4040.13 6948.34 1338.83 

Maximum 6285 5980 8145 2973 

Minimum 2181 2115 5389 353 

Upper quartile 4385 4362 7183 1533 

Lower quartile 3767 3715 6727 1128 

 

Table 11. Cellular Automata impassable space sizes. 

 Cellular 

Automata 1 

Cellular 

Automata 2 

Cellular 

Automata 3 

Cellular 

Automata 4 

Median 5923 5962 3040 8677 

Mean 5923.175 5959.88 3051.66 8661.17 

Maximum 7819 7885 4611 9647 

Minimum 3715 4020 1855 7027 

Upper quartile 6233 6285 3273 8872 

Lower quartile 5615 5638 2817 8467 

 

  

Figure 17. Cellular Automata passable and impassable space size 
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Table 12. Cellular Automata playable space sizes. 

 Cellular 

Automata 1 

Cellular 

Automata 2 

Cellular 

Automata 3 

Cellular 

Automata 4 

Median 2329 2337 6900 300 

Mean 2459.33 2470.9 6865.96 336.83 

Maximum 6155 5821 8145 1930 

Minimum 297 303 1368 54 

Upper quartile 3185 3199 7144 411 

Lower quartile 1668 1670 6638 222 

 

Table 13. Cellular Automata unreachable space sizes. 

 Cellular 

Automata 1 

Cellular 

Automata 2 

Cellular 

Automata 3 

Cellular 

Automata 4 

Median 1702 1647 34 991 

Mean 1617.496 1570.03 82.38 1001.99 

Maximum 3729 3625 4023 2285 

Minimum 0 0 0 223 

Upper quartile 2214 2163 91 1153 

Lower quartile 1023 975 7 840 

 

 

Figure 18.Cellular Automata playable and unreachable space size 
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Table 14. Cellular Automata relative playable space sizes. 

 Cellular 

Automata 1 

Cellular 

Automata 2 

Cellular 

Automata 3 

Cellular 

Automata 4 

Median 0.57 0.58 0.99 0.23 

Mean 0.59 0.59 0.98 0.25 

Maximum 1 1 1 0.79 

Minimum 0.11 0.12 0.25 0.07 

Upper quartile 0.76 0.76 0.99 0.29 

Lower quartile 0.43 0.43 0.98 0.18 

4.2.2 Categorisation Results 

Table 15. Cellular Automata room count. 

 Cellular 

Automata 1 

Cellular 

Automata 2 

Cellular 

Automata 3 

Cellular 

Automata 4 

Median 24 20 6 21 

Mean 24.36 19.63 6.13 20.68 

Maximum 45 38 23 38 

Minimum 5 3 1 7 

Upper quartile 28 22 8 23 

Lower quartile 21 17 4 18 

 

  

Figure 19. Cellular Automata relative playable space 
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Table 16. Cellular Automata corridor count. 

 Cellular 

Automata 1 

Cellular 

Automata 2 

Cellular 

Automata 3 

Cellular 

Automata 4 

Median 11 9 4 2 

Mean 10.94 9.15 4.52 2.19 

Maximum 31 26 0 13 

Minimum 0 0 25 0 

Upper quartile 13 11 6 3 

Lower quartile 8 7 2 1 

Table 17. Drunkard Walk room count. 

 Drunkard  

Walk 1 

Drunkard  

Walk 2 

Drunkard  

Walk 3 

Drunkard  

Walk 4 

Median 11 13 13 11 

Mean 11.67 12.89 12.95 11.84 

Maximum 31 36 39 37 

Minimum 1 1 1 1 

Upper quartile 15 16 16 15 

Lower quartile 8 9 9 8 

 

 

Figure 20. Cellular Automata room and corridor count 
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Table 18. Drunkard Walk corridor count. 

 Drunkard  

Walk 1 

Drunkard  

Walk 2 

Drunkard  

Walk 3 

Drunkard  

Walk 4 

Median 10 12 13 12 

Mean 9.78 11.75 12.85 12.76 

Maximum 31 35 41 42 

Minimum 0 0 0 0 

Upper quartile 12 8 16 16 

Lower quartile 7 15 9 9 

Table 19. Cellular Automata unreachable space count. 

 Cellular 

Automata 1 

Cellular 

Automata 2 

Cellular 

Automata 3 

Cellular 

Automata 4 

Median 13 10 2 17 

Mean 12.85 9.77 1.89 17.35 

Maximum 34 27 12 32 

Minimum 0 0 0 5 

Upper quartile 16 12 3 19 

Lower quartile 10 7 1 15 

Figure 21. Drunkard Walk room and corridor count 
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Table 20. Cellular Automata average room sizes. 

 Cellular 

Automata 1 

Cellular 

Automata 2 

Cellular 

Automata 3 

Cellular 

Automata 4 

Median 151.54 189 1161.25 59.65 

Mean 161.45 204.24 1450.69 61.1 

Maximum 1029 1696.67 1732.5 221.57 

Minimum 50.17 61.43 240.05 21.35 

Upper quartile 186.66 237.82 1732.5 69.37 

Lower quartile 124.47 153.71 851.88 50.65 

 

Table 21. Cellular Automata biggest room sizes. 

 Cellular 

Automata 1 

Cellular 

Automata 2 

Cellular 

Automata 3 

Cellular 

Automata 4 

Median 1071 1191 6506.5 224 

Mean 1213.49 1348.02 6288.78 248.35 

Maximum 5094 5264 8145 1370 

Minimum 184 192 1082 47 

Upper quartile 1504 1679 6900 298 

Lower quartile 773 855 5953 171 

 

  

Figure 22. Cellular Automata unreachable space count 
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Table 22. Cellular Automata smallest room sizes. 

 Cellular 

Automata 1 

Cellular 

Automata 2 

Cellular 

Automata 3 

Cellular 

Automata 4 

Median 1 6 6 7 

Mean 3.03 8.54 120.04 7.85 

Maximum 50 180 8145 54 

Minimum 1 1 1 1 

Upper quartile 5 12 14 12 

Lower quartile 1 1 4 5 

Table 23. Drunkard Walk average room sizes. 

 Drunkard  

Walk 1 

Drunkard  

Walk 2 

Drunkard  

Walk 3 

Drunkard  

Walk 4 

Median 184.82 239.67 318.33 447.5 

Mean 244.43 310.87 409.35 568.03 

Maximum 3001 4001 5001 6001 

Minimum 29.08 44.94 56.97 96.03 

Upper quartile 280.63 359.22 473.11 660.13 

Lower quartile 129 169.31 227.69 321.4 

 

  

Figure 23. Cellular Automata average, biggest and smallest room sizes 
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Table 24. Drunkard Walk biggest room sizes. 

 Drunkard  

Walk 1 

Drunkard  

Walk 2 

Drunkard  

Walk 3 

Drunkard  

Walk 4 

Median 1170 1801 2714 4024 

Mean 1273.61 1902.64 2737.89 3861.86 

Maximum 3001 4001 5001 6001 

Minimum 100 191 270 580 

Upper quartile 1707 2533 3581 4815 

Lower quartile 769 1223 1896 2966 

 

Table 25. Drunkard Walk smallest room sizes. 

 Drunkard  

Walk 1 

Drunkard  

Walk 2 

Drunkard  

Walk 3 

Drunkard  

Walk 4 

Median 6 6 6 6 

Mean 15.19 13.74 15.88 21.37 

Maximum 3001 4001 5001 6001 

Minimum 6 6 6 6 

Upper quartile 7 7 7 7 

Lower quartile 6 6 6 6 

 

  

Figure 24.Drunkard Walk average, biggest and smallest room sizes 
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Table 26. Cellular Automata average corridor sizes. 

 Cellular 

Automata 1 

Cellular 

Automata 2 

Cellular 

Automata 3 

Cellular 

Automata 4 

Median 33.75 33.5 25.85 36.4 

Mean 34.98 34.75 26.98 38.37 

Maximum 277 147 222 302 

Minimum 0 0 19.25 0 

Upper quartile 40.1 40 33.6 52.67 

Lower quartile 28.5 28 19.25 20.59 

 

Table 27. Cellular Automata biggest corridor sizes. 

 Cellular 

Automata 1 

Cellular 

Automata 2 

Cellular 

Automata 3 

Cellular 

Automata 4 

Median 83 76 45 8 

Mean 88.56 81.03 47.87 8.9 

Maximum 363 371 307 353 

Minimum 0 0 0 0 

Upper quartile 106 98 63 79 

Lower quartile 64 76 30 25 

 

Table 28. Cellular Automata smallest corridor sizes. 

 Cellular 

Automata 1 

Cellular 

Automata 2 

Cellular 

Automata 3 

Cellular 

Automata 4 

Median 8 8 9 17 

Mean 8.9 10.21 17.91 25.12 

Maximum 277 147 222 30 

Minimum 0 0 0 0 

Upper quartile 11 13 16 34 

Lower quartile 6 8 7 8 
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Table 29. Drunkard Walk average corridor sizes. 

 Drunkard  

Walk 1 

Drunkard  

Walk 2 

Drunkard  

Walk 3 

Drunkard  

Walk 4 

Median 88.69 83.33 77.91 72.71 

Mean 99.20 91.57 85.19 79.86 

Maximum 1494 838 1095 1064 

Minimum 0 0 0 0 

Upper quartile 117.89 108 99.92 93.26 

Lower quartile 67.6 64.94 61.43 57.53 

 

Table 30. Drunkard Walk biggest corridor sizes. 

 Drunkard  

Walk 1 

Drunkard  

Walk 2 

Drunkard  

Walk 3 

Drunkard  

Walk 4 

Median 294 297 287 264 

Mean 329.61 332.67 320.60 293.73 

Maximum 1658 2109 1828 1626 

Minimum 0 0 0 0 

Upper quartile 411 412 397 362 

Lower quartile 209 214 207 191 

Figure 25. Cellular Automata average, biggest and smallest corridor sizes 
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Table 31. Cellular Automata smallest corridor sizes. 

 Drunkard  

Walk 1 

Drunkard  

Walk 2 

Drunkard  

Walk 3 

Drunkard  

Walk 4 

Median 5 5 4 4 

Mean 12.35 9.74 8.73 9.07 

Maximum 1494 838 1095 1064 

Minimum 0 0 0 0 

Upper quartile 10 8 7 7 

Lower quartile 4 3 3 3 

4.2.3 Gameplay-Relevant Results  

Table 32. Cellular Automata  decisions per room. 

 Cellular 

Automata 1 

Cellular 

Automata 2 

Cellular 

Automata 3 

Cellular 

Automata 4 

Median 0.91 0.94 1.33 0.19 

Mean 0.93 0.96 1.38 0.21 

Maximum 2.82 3.25 7 1.16 

Minimum 0 0 0 0 

Upper quartile 1.13 1.6 1.86 0.3 

Lower quartile 0.72 0.74 0.88 0.1 

 

  

Figure 26. Drunkard Walk average, biggest and smallest corridor sizes 
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Table 33. Drunkard Walk dsecisions per room. 

 Drunkard  

Walk 1 

Drunkard  

Walk 2 

Drunkard  

Walk 3 

Drunkard  

Walk 4 

Median 2.1 2.25 2.4 2.5 

Mean 2.15 2.3 2.5 2.55 

Maximum 7 6.5 8.3 4 

Minimum 0 0 0 0 

Upper quartile 4.43 2.58 2.75 2.9 

Lower quartile 1.83 2 2.09 2.17 

 

 

  

Figure 27. Cellular Automata and Drunkard Walk decisions per room 
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5 Discussion 

The results show tendencies that can help to make decisions about what generator with what 

input parameters to choose. If the designer or the game demands a more consistent size of 

playable space, Drunkard’s Walk proves itself to satisfy this demand since Cellular Automata 

lacks this consistency strongly since its relative playable space sizes range from 7% to 100%. 

This range of playable space sizes shows that the generator provides a large variety of levels. It 

also implies the requirement of optimization to solve problematic levels. In comparison, 

Drunkard’s relative playable space size is constantly 100% as expected due to the nature of this 

generation technique. 

Increasing the probability to spawn a wall tile in the Cellular Automata generator decreases the 

amount of playable space and the amount of passable space. Furthermore, it also decreases the 

number of corridors. The average decisions per room metric of the set using 55% probability 

show a mean of 0.21 and an upper quartile of 0.3 what displays that a player has less than one 

choice on average for each room. This lack of choices causes the usage of 55% probability for 

this Cellular Automata implementation to be unplayable since it does not provide the player 

with the option to choose between paths (Van Der Linden et al., 2013).  

For the same technique increasing the parameter that decides the number of generations causes 

the algorithm to remove single tiles and smaller clusters of tiles due to the nature of this 

implementation of Cellular Automata. Therefore, only changing the number of generations 

keeps the passable and impassable space in a margin of 1% difference, which can be considered 

the same. Changing said parameter also causes a reduction in room and corridor counts, likely 

due to the removal of single tiles and smaller clusters of tiles; consequently, corridors and rooms 

are more likely to merge and create bigger rooms. The mean values of the average corridor sizes 

can be considered the same, with a margin of less than 1% difference, which implies that an 

increase of generations causes corridors to become part of rooms. When the counts of rooms 

and corridors get decreased, the corridor sizes stay the same, but the room sizes increase. 

Applying more generations has no significant change on average decisions per room. 

Drunkard Walk only received adjustments for its fill percentage parameter. The change of fill 

percentage affects the passable and playable space naturally. One assumption was that an 

increase in passable space would increase the number of rooms and corridors, but in reality, 

room counts and corridor counts only change slightly. Moreover, an increase in space caused 

an increase in the means of average room sizes. The mean value of average corridor sizes 

decreases slightly the more the fill percentage increases. Additionally, the results display a 

slight increase in the mean value of average decisions per room caused by increased fill 

percentage. 

The metrics regarding rooms and corridors depend on the desires of the level designer. 

However, an unlikely but possible problem can be the generation of only one gigantic room 

and, therefore, no corridors. If it is part of the design, it could get ignored, but such levels can 

also get skipped and regenerated. If the designer desires a larger number of rooms, she might 

choose Cellular Automata with the suggested parameters but if she desires bigger rooms on 

average, she might choose Drunkard Walk instead.  
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One possible application of this evaluator is accompanying it with the level generator and check 

whether a generated level is out of the required bounds suggested by a level designer. This adds 

control to the production of levels, instead of the generators themselves. The method of this 

research does not only provide analytic value but can also act as an active tool for level 

designers. This kind of application would require a software engineer to implement it, but the 

requirements can be discussed with an appropriate vocabulary based on the fundamental 

patterns and micro-patterns by Dashskog et al. (2015). Moreover, the user-facing interface, i.e., 

Unity or Unreal, can make use of this vocabulary to let the level designer set certain 

requirements for a generated level by herself.  

The evaluator itself lacks precision and efficiency. The implementation in this research is rigid 

due to the hard-coded values. The smallest room sizes of Drunkard Walk show a constant value 

of 6, while Cellular Automata shows different smaller values. 6 is the constant hard-coded value 

to flag a possible corridor tile. The reason why the smallest room for Drunkard Walk is 6 and 

different smaller values for Cellular Automata is caused by not considering corridors in passable 

spaces smaller than 6. That causes unreachable spaces within unpassable space to become 

rooms, while drunkard never generates unreachable spaces and, therefore, never forces small 

space to become a room. Also, some areas that look like corridors are not getting recognized as 

corridors due to measurement issues. The requirements for micro-patterns by Dashskog et al. 

(2015) are based on size and do not consider grammatical properties; therefore, the application 

of real-world room and corridor definition (Ching, 2014) was required to ensure identifying 

corridor looking spaces. Combining both definitions as rules for the evaluator increased the 

success of the evaluator, but there is still an open margin for improvement. The identification 

of corridors requires further work to adjust it to consider dynamical sizes. Furthermore, the 

evaluation process in this research does not consider the shape of a space. Enabling the 

evaluation of space shapes would add a topological property and enhance the identification of 

corridors. 

It is important to acknowledge that Ching’s (2014) definitions added more value to the method 

than the definitions of Dashskog et al. (2015). The fundamental patterns include the definition 

of a tile. Though, a tile can be considered as an arbitrary and replaceable metric for 

measurement. It could get replaced by nodes or pixels. Ching’s (2014) definition of “a portion 

of space separated by walls” accommodated the method better than defining a room as a 

collection of ground tiles and being wider than a corridor of Dashskog et al. (2015). Since this 

research considered unconnected corridors as rooms, a corridor can be wider than a room.  The 

definition of a corridor by Dashskog et al. (2015) is rigid and fragile. Ching’s (2014) definition 

of a corridor adds an important grammatical value; without this grammatical consideration, 

certain corners of rooms would get considered as a corridor (see Figure 8). 

Even though the gathered results show differences, the results still suffer from inflation. The 

method considers unreachable spaces and evaluates them; even though they are meaningless in 

terms of gameplay we left them in for completeness, but the unreachable spaces should get 

optimised in practice. There is no shown correlation between how many rooms and corridors 

are part of unreachable and playable space, which inflates the resulting data. The results only 
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show how the input parameters affect the generators. Moreover, the relative playable space size 

only applies to Cellular Automata since Drunkard Walk guarantees 100% relative playable size. 

A significant shortcoming in this research is the lack of other dungeon generation techniques 

listed by Shaker et al. (2016) namely space partitioning, grammar-based and search-based 

dungeon generation. Search-based dungeon generation generates levels in the fashion 

of Rogue (A.I. Design, 1980) and not including this technique removes the opportunity of 

applying the method to a more common approach than Drunkard Walk.  
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6 Conclusion 

The implementation of a two-dimensional top-down dungeon evaluator can identify the effects 

of changing dungeon generation input parameters. Increasing the probability of spawning a wall 

tile on initialisation for this Cellular Automaton implementation causes a decrease in the values 

of passable space size and relative playable space size. Furthermore, increasing the number of 

generations reduces the values of the room count and corridor count. Additionally, the corridor 

sizes stay about the same, while the room sizes increase. In terms of Drunkard Walk, an increase 

of fill rate increases the amount of passable and playable space as expected due to the nature of 

this algorithm. Moreover, increasing the fill rate causes an increase in room sizes while the 

corridor sizes, room count and corridor count stay about the same.  

One of the significant aspects of this research is the performance of the method itself. The 

results show that the method was capable to evaluating and displaying differences between the 

two generators and their inputs. The results provide a range of possible values and in some cases 

illustrate risks to hint at required optimizations, most notably Cellular Automata’s tendency of 

generating unreachable space. The results also display the strengths of a generator, like a 

Drunkard Walk’s consistency since it always generates the same amount of space. Additionally, 

this research shows it is possible to apply a design-related vocabulary to make the results and 

customisations of a procedural content generator more accessible to level designers, though this 

claim of accessibility should get researched further since this research is missing real-world 

application. Overall, the method indicates useability regarding dungeon evaluation due to a 

successful identification of the effects of changed input parameters.  

Dashskog et al. (2015) provide a design-centric vocabulary, though their proposed definition 

and rules are not enough to get applied in a dedicated dungeon evaluator. One argument could 

be Dashskog et al. (2015) focus on games like Rogue (A.I. Design, 1980) and other games that 

follow a search-based dungeon generation, and their definitions are consequentially not 

applicable to other generation techniques outside of classic rectangle rooms and thin corridor 

levels. On the other hand, Ching’s (2014) definitions proved themselves as very useable due to 

their flexibility and objectivity. This research combines the subjective dungeon design patterns 

by Dashskog et al. (2015) with the objective definitions by Ching (2014); therefore, this 

research provides an objective solution for the definitions of rooms, corridors and space. 

The game designer’s choice can get affected by results, such as reliability, consistency, variety, 

etc. This thesis does not analyse the data, but it could analyse the results in future research. As 

a starting point for future discussion or analysis: reliability, consistency and high variety can 

get interpreted by having short whiskers, while still having a satisfying range of values within 

the “box”. Plotting the data can also include showing outliers, and if the outliers are reasonably 

close to the boxplot, the risks of having anomalies are rather low. There are many ways to utilize 

the generated data in better ways. Testing all of them is out of the scope of this research and 

therefore is suggested for future research. 

This research only provides two metrics that attempt to consider correlations and causations – 

decisions per room and relative playable space. For the future, it is advised to develop additional 

layers to this method to provide more game dependent results or even consider more mechanics, 
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like doors, items, etc. It is also advised to explore other dungeon generation techniques, like 

space partitioning, grammar-based or search-based dungeon generation since this research does 

not include evaluating implementations of those techniques. However, the two-dimensional 

top-down dungeon level evaluator from this research is expected to be capable of identifying 

the effects of changing the input parameters of other dungeon generation techniques not used 

in this research.   

Another area to research should consider the importance of a common vocabulary between 

designer and developer. One open question is whether the application of dungeon design 

patterns adds a benefit to the workflow and communication of designers and developers. 

Lastly, future research should consider adjusting the rules based on the needs of a type of 

generator. The bounds of corridor and room are hard-coded values and implementing them more 

flexible could prove itself very successfully. The same idea applies to other hard-coded rules. 
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