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II. Abstract
This paper introduces the concept of procedural generation and that of interactive evolution to explore how
the two principles can be used in unison, which henceforth will be referred to as IEPG. In this report a simple
game has been developed accordingly to these principles; this application can gauge the responses of users in
order to determine the most apposite outcome. A literature review of relevant concepts and documents
explores further the two mentioned principles.
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Chapter 1

Introduction

This report is provided to the tutor of The University of Waikato's COMP315 Directed Study course as a
formal conclusion of the Research and Development Project, as is required for the completion of the
Bachelors in Computer Science with Specialisation in Applied computing. This report is created in
accordance with the course's specifications and requirements, and as such reflects at most the needs of this
paper.

1.1

Topic

Two paradigms of computing are have been the focus for the duration of this investigation; as inferred in the
title of this report these topics are Interactive Evolution and Procedural Generation.
Interactive Evolution is a form of system design that focuses on the real-time interpretation of the actions or
responses that are given by users of the system in question, and an analysis of these responses in order to
determine how the system should "evolve" for the user.
Procedural Content Generation (PCG) can be contrasted with random content generation, in which items are
selected at random from a predefined set; PCG is the analysis of pre-existing data that has been generated
created, and the creation of new data that is considered related according to a predefined set of rules. This
data may be anything from simple numbers to more complex algorithms to be used in the creation of a
realistic game world.
The amalgamation of Interactive Evolution and Procedural Generation is a field with great potential
throughout the games industry and beyond. This concept refers to the ability to proactively select and
generate data according to an ever-changing set of rules in an algorithm, as a user passively chooses
selections based on, for example, their own aesthetic preferences. The combination has been referred to in
this report as IEPG, an acronym standing for the initials of the two paradigms.
A TileMap is a two-dimensional image, or "map", with which the player of a game will be interacting with.
The decision to explore TileMaps as the extension of this topic is due to the wide availability of material
regarding the incorporation of the paradigm into real-world systems. The simplicity of creating such a
system was also a major factor, as is the relative flexibility that TileMaps allow in regards to gauging a user's
aesthetic preferences.
Inspiration from games such as of the genre RogueLike lead one to the belief that with a small number of
photographic ("texture") assets, there would be much room for variation in the type of map that can be
generated; this is to say that when different cells (a small section of the TileMap) are placed next to each
other, the product will be a unique aesthetic style within each Tile.
The combination of the three paradigms of Interactive Evolution, Procedural Generation and TileMaps will
results in a dynamically generating map which can change according to how a player interacts with it.

1.2

Goals

One primary objective of this report is to demonstrate the ability to generate information in response to a
user's previous input selections; with the intention being an attempt at discerning any aesthetic preferences.
An application demonstrating a map's ability to progress according to a player's interactions has been
developed specifically for this investigation.
This application, referred to henceforth as VIPGOAT (Visual Interactive Procedural Generation of a
TileMap), generates map information in a grid, square-by-square (rather, tile-by-tile).
Tiles adjacent to the user's position dynamically generate, as the user navigates into neighbouring tile that
has not yet been explored; this navigation is treated as if the player has shown a preference for the features
present in the selected tile.
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VIPGOAT has been tested on several participants in order to gauge how well this application does in regards
to determining aesthetic preference, and whether any noticeable change has been identified.
Further information from these interviewees pertaining to the concepts of IEPG was also discussed and is
presented here.
This report includes a discussion and literature review on Procedural Generation and Interactive evolution.
This literature review explores the history of these two paradigms, the ways in which they have been
incorporated into VIPGOAT and other real-world systems, and finally investigates the future potential of
how these two paradigms can be used in unison throughout the computing industry.
Two reports and investigations into topics similar to this have been discussed and evaluated in order to
determine the value of the findings and results of those investigations.

1.3

Scope

This report focuses primarily on Procedural Generation and Interactive Evolution, and the impact of these
paradigms on the computing industry; and further the discussion of how IEPG elements can be used to the
benefit of computer systems.
The third paradigm that has been referenced, that of the TileMap, is not a primary focus of this investigation
and as such is not considered within the scope of this report; a TileMap has been used in order to visualise
the progress of the algorithms that have been created for VIPGOAT.

1.4

Constraints and Limitations

Time limitations in regards to the deadline of this report have resulted in a restriction of the amount of work
that has been invested into developing VIPGOAT. As a result of this there has been a reduction in the
algorithms associated with the aesthetic styling of this application; there is less variation possible than would
otherwise be preferable, and a reduction in the number of algorithmic elements which pertain to Procedural
Generation.
Furthermore there is a very strict limit on the number of tiles that can be generated; once up to a certain point
on the map, a player will be unable to interact with the application further and hence the conclusion of the
session will be reached.
Values pertaining to a player's aesthetic preferences will be determined by the player's navigation over three
consecutive tiles that share a feature. Due to the limited amount of feedback this application can garner from
users, navigation onto a new tile will be the only implemented way of registering preference or interest. The
selection of three features in a row will alter the constraints in the generation algorithm in order to increase
the likelihood of that feature being present in the next set of generated tiles. The selection of five features in
a row will increase the likely hood of new tiles having these same features.
As the conductor of the investigation Glen Askey is personally responsible for the creation of all of the assets
required of this application, consequently the complexity, expanse, and graphic styling of the final product
will be restricted to his skills in those associated areas. The programs used to create VIPGOAT will be free
or open source due the limited budget for this investigation. Due to a limited experience with some of the
programs at the beginning of this investigation; there was to a certain extent a need to both learn how these
programs work and to use them to create the VIPGOAT application in parallel.
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1.5

Contributions

It is expected that this investigation will outline methods for the implementation and creation of similar
applications that incorporate IEPG elements into a computer system; as such readers will have an
understanding of both the applications of this principal, and how one might go about building this into a
system.
This report contributes an academic discussion of the practical uses of both Procedural Generation and
Interactive Evolution; and a discussion of how the two principles can be, and have been, used together
through the analysis of third-party reports.

1.6

Outline

Chapter Two is a summary of several of the associated and relatable topics and investigations that pertain to
the topics of Procedural Generation and Interactive Evolution, this is provided to give a broad background of
the chosen topics and in order to provide extensive insight into the applications of those paradigms.
Chapter Three is a description of relevant and related methodologies and techniques that have been applied
in regards to the development of this investigation and report.
Chapter four briefly outlines the results of the conducted interviews in regards to the VIPGOAT program and
any associated questions.
Chapter Five is an in-depth analysis of these results and the trends or relations that can be drawn from the
information that has been collected during the procession of this investigation.
The results of interviews are further discussed in Chapter Six in which the analysed is broken apart into
several distinct conclusions regarding the impact or usefulness of the paradigms of Procedural Generation
and Interactive Evolution when the two are implemented in unison.
Foundation conclusions about the topic are revised in Chapter Seven which summarises findings and
potential areas of exploration for the topics at hand.
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Chapter 2

Literature Review

This literature review focuses on the two topics of Procedural Generation and Interactive Evolution in order
to explore methods of how these two paradigms can implemented. Further is the investigation of how IEPG
elements can be used, through the analysis and evaluation of related academic material. These third-party
reports are discussed in order to provide an extensive insight into how IEPG can be incorporated throughout
the computing industry and beyond.

2.1

Interactive Evolution

Interactive Evolution, also known as "Interactive Evolutionary Computation" (IEC) and "Aesthetic
Selection" is field of evolutionary computation, that is primarily concerned with determining a user's
aesthetic preferences, through the user's input.
The principals of Interactive Evolution stem from the field of evolutionary computation, described by Di
Chio, C of the EvoApplication Conference as "based on the essential operators of natural evolution, i.e.,
reproduction, variation and selection" (Di Chio et al, 2011, p. 3). Interactive Evolution is primarily
concerned with aesthetics and a user's preferences, however the concept of evolutionary computation has
applications in a far wider variety of fields such as computational genetics and software optimisation
(Ashlock, 2006, p. 3) wherein the algorithms that have been used generally derive from evolutionary models
or concepts.

2.1.1 History
Primary uses for evolutionary computation derive from a desire to simplify complex computing processes
through automated computation, as a result of ongoing research, Interactive Evolution was developed as a
novel approach to recording a user's input and data in order to determine what really does look "natural"
(Thomas, 2003). However, the concept of collecting a user's input to determine their preferences has also
been recorded by Mornington-West in the 2002 article Interactive Evolution for Cable & Satellite Europe.
In this article Mornington-West is quoted as saying
If we consider interactivity to mean anything other than linearly presented programming, we should
include the EPG and PPV programme purchases through interactive data relating to programmes,
taking part in real time enhancement such as quiz shows and the use of the STB and the TV screen as
a presentation device for games or web browsing. Even humble Teletext offered interactivity with a
scope almost as wide, but to appreciate the potential for growth in digital television interactivity we
need to develop a view about the various forms of interactivity and how the digital STB market may
evolve.
(Mornington-West, 2002)
The context of Mornington-West's article is the focus on the incorporation of simple Interactive Evolution
elements to determine what advertising the user, or video watcher in this case, should be presented with.
Putnam, J. wrote in 1994 of a method of using an early model of Interactive Evolution to generate audible
sounds. Putnam noted in this document that after testing with users these sounds ‘‘produced little more than
irritating noise and evolved (if at all) very slowly’’ (as cited by Kaliakatsos-Papakostas, M. A., Epitropakis,
M. G., floros, A., Vrahatis, M. N., 2012, p. 1998).
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2.1.2 Present Implementations
Interactive Evolution remains a period of intense research, while the most optimal areas for the principle are
explored. The need for a constant user input in order for the algorithms to evolve is one of the hurdles that is
required to overcome in order for such a system to reach a full potential (Reynolds, 2011, p. 132).
As such interactive evolution has seen implementations in areas in which only constant user input can be
analysed, these are not necessarily new areas, but already existing areas where such an implementation
would be deemed beneficial to an overall service. Examples of this may as such be in the aforementioned
algorithm that Google uses to determine the types of advertising a user may see based up a user's search
history, or in social networks where by suggestions for a user may be determined through the analysis of the
user's profile and any associated data with them (Google, 2013).
Interactive evolution may have found a foothold as interactive showcases for art projects and for so-called
"edutainment" systems. Thomas, D described one way in which such a system could be used to create
"Morphogenic art forms" (Thomas, 2003, p. 144), which is to say a three-dimensional shape.

2.1.3 Future developments
The report by Bezertzis, B., Lewis, M., Christeson, C. (2007) of Interactive evolution for Industrial Design
lends just one of the ideas in which the principle of determining preference via a user's input can be used to
determine the value that may best suit a user. In this report the researchers stated
In contrast to these previous works, this paper describes efforts to allow non-programmers to develop
such systems. The study provides detailed steps and basic techniques for designers to prepare
parametric models that can be used to generate a space of solutions. Furthermore, the advantages for
designers that use IED as a creative tool to design spaces of possible solutions rather than making
design decisions toward a single solution will be highlighted.
(Bezertis et al, 2007, p. 184)
This constitutes a unique viewpoint of generational algorithms being implemented not as devices to reach a
desired location or to determine a preference but rather as tools to provide a designer, in this case an
industrial designer of personal vehicles, with design solutions beyond the scope of what they may personally
have come up with prior to using the software.
In this way Interactive evolution can be used to provide alternate solutions to the user without the user
explicitly requiring to ask for such information.
Research into visual developments of interactive evolution continue as presented in the report by Reynolds,
C. of "Interactive Evolution of camouflage" which outlines preliminary methods for analysing methods
through which an image can be hidden, in order to reflect the accurate patterns of a background image
(Reynolds, 2011).
This report by Reynolds, C. also describes one of the primary concerns with interactive evolution, in that it is
not always possible to get a user to provide the valuable feedback that is requisite. Solutions to such inertia
by to "entice people to participate voluntarily" over the internet, as opposed to hiring participants, and
"installing a kiosk in a public place" (Reynolds, 2011, pp. 133-134).
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2.2

Procedural Generation

Procedural generation refers to the method of dynamically producing content according to a set of
algorithms, as was phrased by Adam Saltsman, "Procedurally generated content is anything that exists in a
game that wasn't strictly scripted that way by a designer " (Saltsman, 2009) .
Procedural content generation is the dynamic production of a specifically coded type of data that follows
patterns and the structure of any associated algorithms; this creation of data can be contrasted to that of
random data generation. The method of using essentially true randomness to select items from a finite set can
yield the same quantity of data as per procedural generation, though this data may have limited uses in that
there is no true design or decipherable intention or patterns to this data.
In this way random data has fewer valid applications in the production of visual assets that a user may need
to decipher or contrast with any real world object.

2.2.1 History
Experimentation into the applications of procedural generation began in early 1980 (Perlin, 1985) when
independent designers and programmers devised ways to develop games and resources that would be more
complex than the computing requirements had room for.
In this sense procedural generation found a foothold (Togelius, 2011, p. 15) in early PC games where
traditional methods of programming a static, same-sized world were limited to the amount of computing
power that was available. Through dynamically generating content it would be possible for the game
designer to create a vast, large world for which a player may be able to explore that as a whole would be too
large for the computer to store at once (Hendrikx, M., Meijer, S., Van Der Velden, J., Iosup, A., 2013, p. 3),
the science fiction exploration-themed game Elite is an example of this (Barton, 2009).

2.2.2 Present Implementations
Procedural content generation has found primary uses in the computing industry through computer and video
games; recently released popular games such as Dungeons of Dredmor (Jacobson, 2010), Minecraft
(Persson, 2011) and Diablo III (Blizzard, 2010) all have core content that is primarily generated through
such methods.
Procedural content generation methods have continued to evolve in order to model more complex scenarios
and simulations. The paper by Genevaux, J. et al (2013) of Terrain Generation Using Procedural Models
Based on Hydrology details a complex system in which a 3-dimensional terrain can be created using
foremost the movements of water to shape the land that is generated (Genevaux, et al, 2013, p. 1).
Constructed Procedural Generation is an extension of the technique that has recently seen widespread
implementations, in this principle the content in question is generated according to a "seed" (Saltsman, 2010)
which will allow the program to always generate in the same order; this is to say that the same result can now
be achieved twice, such as is possible in the game Minecraft (Bergensten, 2011).
Procedural generation has also been extended through the gaming industry to involve not just the generation
of a "map" that the player may see, but also in animating the effects of particles (Unity3D, 2012) that may be
ambient to the game as a whole.

COMP390 Directed Study

Glen Askey

ID# 1146041

Page 12 of 48

Interactive Evolution in Procedural Generation

2.2.3 Future developments
Procedural Generation has yet to see real world applications of its use in extend fields beyond that of
computer science (and more specifically video games (Togelius, 2011, p. 15), one proposition of such new
developments comes in the form of using procedural generation in a gaming environment not for fun, but for
medical rehabilitation (Dimovska et al, 2010).
Dimovska et al discussed the applications of using the Nintendo Wii game console for achieving an increase
in rehabilitation achievements in physically and mentally disadvantaged medical patients, the decision
behind using procedurally generated content for the resulting application lay behind the desire for a
customised experience that would suit individuals with different skill sets and different advantages or
disadvantages (Dimovska, et al, 2010, p. 1).
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2.3

Analysis of Similar Investigations

The report Controllable Procedural Map Generation via Multiobjective Evolution (Preuss et al, 2013)
focuses on the incorporation of IEPG elements for the generation of playable maps for video games of the
genre Real-time Strategy (RTS). The report outlines the two main differentiations between games of this
genre, which is that of games that are designed around more flat areas of ground, and those games which also
incorporate height levels into the design. Preuss et al attempt to explain the applications for IEPG algorithms
in each of these situations and provide preliminary examples for how, in each scenario, the player would find
themselves interacting with the map-making algorithms.
Preuss et al derive a method for using multiobjective evolution by which the map's appropriacy to the player
in question will be determined; this is to say that a series of objective functions (as opposed to a single
metric) are used and combined. A Fitness Function determines how each of the metrics of "playability,
fairness, skill differentiation, interestingness" (Preuss et al, 2013, p. 13) are weighted against one another in
order to determine which is the most important for the player in question during the evolutionary process of
the program.
Maps that are determined to be fit enough for the player by Preuss et al are done so through the use of
Search-based Procedural Content Generation (SBPCG); this method involves creating several maps at once
according to the same algorithm, and comparing them with the fitness function in order to determine which
are the most appropriate for the player.
Similarly to Preuss et al, Cardamome et al (2011) of the report Interactive Evolution for the Procedural
Generation of Tracks in a High-End Racing Game rely on SBPCG and the generation of multiple maps
simultaneously to determine the most appropriate fitting for the user or player in question. In this case
Cardamome et al have the to create for the player an interesting or unique racetrack through which the player
will be driving a car (Cardamome et al, 2011, p. 1).
Cardamome et al rely on specific user feedback after the player has analysed or used a generated map. This
feedback comes in the form of a five-star rating system; the higher the score the more likely that elements of
the map in question will be incorporated into the next evolution of the map. In this way the generation
system is dependent on this single response by the user.
The conceived interface for the application envisioned by Cardamome et al involves a web-based system in
which many users interact with the game, and provide feedback which is sent to a large database backend
that is then used to calculate the appropriate features that the user may have suggested an interest in; in order
to determine how a map should be chosen going forward.
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2.4

Evaluation of Prior Investigations

The decision by Preuss et al to use a Multiobjective Evolution algorithm by which to determine the validity
of any one map according to a player's preferences means that there is a greater number of metrics that can
be valued in order to ascertain or prioritise the player's desired preferences. This complex system provided
the application with a lot of valuable data, however this data may potentially be constrained by the
complexity of the associated Fitness Function that the team uses to weight the calculated values. Preuss et al
recognise the potential issues with such a system in that it may not always be possible to determine the value
of one of the metrics (Preuss et al, 2013, p. 7).
Preuss et al note that "it is very hard to formulate a single-dimensional algorithmic measure for how fun a
game is" (Preuss et al, 2013, p. 8); an accurate measure of "funness" remains a primary metric which may
hold back wider adoption of evolutionary algorithms into games, however Pruess et al provide a solution in
the form of a specific Multiobjective Evolutionary Algorithm (MOEA).
The approach used by Preuss et al should be contrasted with the single-dimensional metric incorporated by
Cardomome et al whereby the incorporation of a subjective, relatively broad, rating system remains the sole
feedback which is the determining factor for the evolution of the program at a later stage. In this way it
should be expected that the results and feedback attained through Cardamome et al's solution will be less
precise, and more generalised.
Cardamome et al and Preuss et al both choose to use features of SBCG to determine an appropriate fit or
map for the player in question. This process means that there may be many maps that are created, and then
rejected, through the process of determining a map that would suit the user. SBCG does not guarantee a
perfect result and relies on the same continuous procedural algorithms to generate and locate a map that fits
the bill of the Fitness Function (if required); this process may have negative impacts on the performance of
the machine on which the program runs, and may require more time than would otherwise be required which
the user may be required to wait out.
Preuss et al validate their findings and propositions with detailed records from experiments with over 100
people, this data that Preuss et al collect provides an in-depth look into the real world interactions and
opinions of people; when taken as a whole this data is able of producing a conclusive objective opinion
regarding the research. Cardamome et al on the other hand provide interviews with only five people; in
contrast there is a huge gulf of difference in the volume of data that is collected through the two reports,
though it should be noted that the Cardomome, et al, do spend more time in discussion with users in order to
evaluate their responses.
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Chapter 3
3.1

Methodology

Theoretical Foundations

A number of terms in this report are used to describe approaches and methodology that is in kin with that of
interactive evolution, procedural generation, and tile maps. All of the terms have underpinnings that are at
the foremost philosophies that correlate to computing, programming, algorithms, or computer science. These
include Aesthetic selection (), evolutionary computation (), random generation (), Tile Engines (), RogueLike
(), and.

3.2

Description of Methodologies

3.2.1 VIPGOAT Application
During the planning phase of this investigation it was determined that in order to gain a valuable insight into
how IEPG elements can be used in the real-world, opinions from third-parties would be needed. Due to the
relative complexity of the principle it was deemed that that explaining the concept to interviewees would be
cumbersome without something tangible for the interviewee to use. The decision to build the VIPGOAT
application is also rectified with all of the additional first-hand data that could hence be collected especially
for this investigation.
Furthermore there is no parallel application similar to VIPGOAT that can perform in the ways that would be
required for the successful completion of this investigation.
It is suspected that a majority of hours of this investigation went into creating the VIPGOAT application; this
was in order to build it to the standard that is required.

3.2.2 Interviews
The interviews that have been conducted for this report have been done so in all of the same way; the length
of an interview is under ten minutes, and averages at around six minutes. The interviewee uses the
VIPGOAT application on a notebook computer and has been asked for their time out of the blue and at
random, this is to say that participants for these interviews have not been asked for specifically.
As such these interviews have been conducted in a wide range of environments, this ranges from a home
setting, to a cafeteria, and in a library.
The first half of these interviews are conducted as blinded experiments, which is to say that the interviewee
has not been told of the purpose of this application and they are merely asked to use the VIPGOAT
application for at least one minute.
During the session the user is in, the conductor of the interview will provide hints or extra information that
may be necessary, but will not allude to the true purpose of the VIPGOAT application.
At the conclusion of the interview the user will be handed a short, five-question survey that relates to the
session they were just in, and is asked to fill it out as best they can.
The completion of this survey signifies the conclusion of the interview.

3.2.3 Quantitative data
VIPGOAT records and saves every bit of information that is analysed from the session that the user is in. In
this way there is a foolproof report of what the user has done and what the user has selected that can be
contrasted and compared with the qualitative data collected in the user survey.
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The length of the session that the user was playing is recorded, in addition to the number of different tiles
they have selected, the tiles that VIPGOAT identified to be set as a constraint, and the number of times they
repeatedly selected a recorded constraint. Further, a unique code is generated at the end of the session which
is specific to the play session and allows accurate retrieval of this information, this code is also written on the
survey sheet.

3.2.4 Survey
After the interviewee has finished using the VIPGOAT application they are handed the survey sheet that can
be seen in Appendix V, in this survey the interviewee is firstly asked to identify what they may think the goal
of the application may be, keep in mind that at this point the interview is still being conducted blinded.
After this question has been answered the interviewee are told that VIPGOAT changes according to their
aesthetic preferences and what they have selected before, at this point they are asked whether this changes
their opinion or not; at this point the map is zoomed out at full in order to allow the user to see everything
that has been chosen in that session.
The user is asked to think of any problems or issues they can see with the process of changing the nature of
an application according to what the user may have selected in the past.
The survey next asks the user to identify any scenarios or use cases in which this system of dynamically
changing according to a user's preferences could be used, this open question asks them to simply think
outside of the box in order to determine the potential expanse of such a system.
The final question asks the user to select one of the potential areas of use they noted in question four and
expand on how this may be either beneficial or detrimental to the end user.

3.3

Description of Techniques and Tools

3.3.1 Blind Interviews
The decision to use a blind interview to determine the effectiveness of the VIPGOAT application stems from
the desire to know the objective response of interviewees to see if they can correctly determine the patterns
that are present in this application. Asking an interviewee to decipher the intention of VIPGOAT in this way
gives valuable insight into how obvious or how well the algorithms that have been designed have worked for
them personally.
Further, later informing the interviewee of the real purpose of the application and asking whether this
changes their opinion provides insight into how obvious the effects are, in this way if the VIPGOAT
application records several constraints, but the user does not register them until after they have been told of
this effect, this may translate to the user becoming blind to the changes but benefiting from these as they get
to see more of what they want.

3.3.2 Random Interviewees
Interviewees have been selected at random in order to get a wide range of users and demographics to try this
application, in this way there is a much wider variation of results and opinions that can be collected through
the survey and save file.
Random interviewees are beneficial to the case of blind interviews as there is no chance of the interviewees
having prior knowledge or understanding of the intention of the VIPGAOT application and how it may work.
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3.3.3 Brief Surveys
The brevity of a five-question survey is a decision primarily made in order to show that there is an
understanding of the interviewee and a respect for their time. As these interviewees have been asked for their
out of the blue it is only logical to keep the amount of time I ask of them to an absolute minimum in order to
get the most accurate data and the most honest responses. It is expected that were the interviews much longer
than ten minutes the interviewee would try to rush through it in order to finish the interview, so in this way
the most reliable responses can be attained.

3.3.4 Save File
The data that is collected in the session a user is in is crucial information to determine the effectiveness and
impact of the application on the user, the data collected here provides accurate statistics and quantitative data
on how the user interacts with the VIPGAOT application which can be compared with the information
collected in the user survey.
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Chapter 4
4.1

Results

Results

These results were collected through short interviews, under ten minutes in length, from people who
volunteered free time to this study out of goodwill.
The interviews that were conducted consisted of three primary parts; during the first of which the
interviewee was introduced to the research (though not told of any specifics that may give away the purpose
of the VIPGOAT application), and told the fundamentals of using the VIPGOAT application. The
interviewer then asks the user whether they could identify any pattern in the VIPGOAT application, and
discusses the experience the user had with the application.
Finally, the user is asked to fill out the remainder of the user survey sheet; the interviewer will interject only
when necessary to provide hints or additional information.
The interviewee used this application for at least one minute, and stopped either once they asked to, or when
it was noticed by the interviewer that the VIPGOAT application had reached the maximum capability.
During this session the VIPGOAT application was automatically recording the time that the interviewee
spent in the application, the different constraints that were set, the total number of tiles that were selected by
the user (note that these are the tiles that trigger generation of new tiles), in addition to recording the
frequency that a constraint occurred.
The interview is conducted as a blind experiment up until the point that the user reaches question two of the
user survey sheet, out of a total of five questions. Question one asks the user to try to identify a pattern in the
VIPGOAT application; the following four questions expand upon the concept of IEPG to identify the
interviewee's opinions.
Table 1 and Table 2 represent data that has been collected from the VIPGOAT save file that is provided
automatically whilst VIPGOAT is in use. This data has in some cases been reformatted for a better numerical
representation of the important information that is collected.
Table 3 represents a summary of the information that has been collected through the user surveys; in some
places the data here has been reformatted and paraphrased in order to make the results more brief and
concise; further, some of this information may have been moved from one question to another, if the user
expanded on information that was better suited to a later, or earlier, question.
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4.1.1 VIPGOAT Log file:

Table 1: Numerical VIPGOAT results
User

Play Length (Seconds)

Number of Constraints

No. of Tiles Selected

1

339

5

15

2

213

3

8

3

203

2

9

4

201

1

10

5

165

2

9

6

140

1

8

7

235

0

6

Table 2: VIPGOAT constraint description results
User

Recorded Selections

1

Pond, grassLight, waterLight, Pond, grassLight, waterLight, Pond, grassLight,
waterLight, Pond, grassLight, waterLight, thickForest, Swamp

2

Forest, singleTree, grassDark, Forest, singleTree, grassDark, Forest, singleTree,
grassDark, Forest, singleTree, grassDark, Forest, singleTree, grassDark

3

thickForest, thickForest, forest

4

thickForest

5

Forest, Forest, Waterlillies

6

waterGreen, waterGreen

7
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4.1.2 Survey Results:
Note that these results have been paraphrased for brevity and clarification.

Table 3: VIPGOAT survey responses
User

Q1

Q2

Q3

Q4

Q5
AI could help make
games more
interesting

1

No

Yes

Accidental
constraint set

Ordering
systems,
Advertising,
Games

2

The user picks a
favourite pattern

Yes

Too few options
to choose from

Games, Design
sites, kids games

Could pick a better
result

GUI design,
Gaming

FPS games,
Strategy game
functions

3

Yes

4

There was some kind of
pattern

5

Determine what I like to
get other options

6

Pattern recognition, A
new tile is generated
based on my selection

7

Select a common theme
of colours

COMP390 Directed Study

Yes

No

Yes

Limited number
of options
displayed at any
one time

Businesses
selling products,
Design stores

Predict selections
from customers

Unsure

No

Predicting future
insurance claims
based on past.
Facebook; find
pages

Predict future
actions

Yes

Different moods
yield different
selections

Marketing demand

Ascertain
consumer thinking
patterns
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4.1.3 VIPGOAT Screenshots:
Presented here are four screenshots taken from some of the interviewees who identified that they had seen
VIPGOAT reach its goal in some manner. The white line that can be seen drawn through the centre of these
results represents the path of tiles that the interviewee selected. The white circle designates the interviewees
first selection.

Figure 1: VIPGOAT Screen shots
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Chapter 5
5.1

Results Analysis

Results

The data collected through user experiments and presented in Table 1 through to Table 3 in Chapter 4 is
presented here as homogenised data.

Figure 2: Pie Chart One
The data represented in Figure 2 originates from an analysis of the information collected in question one of
the user survey. This data can be seen represented in the column "Q1" in Table 3. The graphic in Figure 2
represents that the majority of users, very nearly three-quarters, did not correctly guess the goal of the
application, to which the user was later informed as "to determine preference and present relevant options
based on those predictions".
During question one of the user survey, the interviewees were not informed of the purpose of using the
VIPGOAT application, however 29 percent of user who were interviewed for the test were able to correctly
identify, or recognise, the goal of the application; if not verbatim, then loosely at the least.
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Users Who Reached Goal
Did not
Reach Goal
0%
Unsure
14%

Reached
Goal
86%

Figure 3: Pie Chart Two
Figure 3 represents the percentage of interviewees who later identified in the survey sheet whether or not the
VIPGOAT application reached the goal of "determining preference" during the time that they used the
application. This was a closed question in which the only options were "yes", "no", and "unsure"; this
question was asked after the interviewee had been informed of the real intention of the VIPGOAT
application.
It should be noted that no user record explicitly that the application did not reach its goal to some extent
during their session with the application; as a result there is record of 0 percent of users who did not identify
that the application reached the goal. The overwhelming majority of users, 86-percent in fact, recorded that
the VIPGOAT application did succeed in identifying their preferences to some extent.
The interviewers noted that some participants were particularly eager to select "yes", whereas the
interviewer, whilst observing the session, did not themselves notice the VIPGOAT application reach any
significant conclusion.
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Users Who Reached Goal
Without Noticing

Did Not
Reach Goal
14%

Reached
Goal,
Recognised
Goal
14%

Reached
Goal, Did
Not
Recognise
Goal
72%

Figure 4: Pie Chart Three
Figure 4 is a pie chart that is in some respects an amalgamation of the data represented in figures 2 and 3.
The data for Figure 4 originates from an analysis of question one and question two, the data collected
through those two questions is contrasted in order to determine the number of user who may have been able
to identify the goal of the VIPGOAT application, and subsequently use this knowledge to affect the
generation of new tiles.
The majority, 72%, of interviewees who conducted the interview did not correctly identify the goal of the
application in question one; before they were formally informed of it by the interviewer. However these
users did record afterwards that upon reflection of the map that was generated, and still on display, and their
own experience, the VIPGOAT application was in fact successful in reaching the goal of identifying
preference.
14% of interviewees correctly identified the goal of the application, in addition to reaching the noting that
the goal was reached also; this information comes from an analysis of the data in question one, in which the
response gained from the interviewee is interpreted as best as possible in order to identify whether or not
they were correct or not. This was done with some loose interpretations as this was an open question, and a
variety of responses were gained.
14% of users identified that the application did not reach the goal, or that they were unsure if the application
had reached the goal.
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Number of Times Reported

Problems Identified by Users
3

2

1

0
Limited Options

Accidental Constraint Set

Moods

Problem

Figure 5: Bar Chart One
Figure 5 represents information that was summarised from the interviewee responses to the open question of
question three1. These results have been grouped together as best they could in order to provide a concise
overview of the generalised issues that may have been perceived by users, were the concept of IEPG
elements to be used in real-world scenarios.

Number of Times Reported

Uses Identified by Users
4
3
2
1
0
Games

Design

GUI Design Marketing Insurance

Social
Media

Use

Figure 6: Bar Chart Two
Figure 6 represent data collected from question four of the user survey1. As this was an open question in
which interviewees were free to write whatever came to mind, these answers have been homogenised for
clarification and grouped into appropriate charts.
1.

It should be noted that interviewees were free to write as many or as few options as they liked.
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Number of Constraints Set
Number of Users

3

2

1

0
0

1

2

3

4

5

Number of Constraints

Figure 7: Bar Chart Three
Figure 7 shows a graphical representation of information recorded in the VIPGOAT save file regarding how
many constraints were set during the interviewee's session.

5.2

Trends

The results showed that the mean number of active tile selections by users was nine (rounded down), over a
mean play time of 214 seconds (rounded down). during that time the mean number of constraints that were
set was two.
Figure 5 shows that the most common problem identified by users was a fear of limited options being
available, or that there specifically would not be a good enough way to represent all of the options that were
present in such an application.
In Figure 6 interviewees identified that video games and marketing were strong contenders for applications
of IEPG elements, as these options had an equal number of selections by interviewees. Design-related uses
were second to these two uses.
The data presented in Figure 7 suggests that there is more of a trend for users to set a lower number of
constraints, as opposed to a higher number, this may be backed up by the fact that the median results for this
set of data shows that one and two constraints were the most often set.
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Chapter 6
6.1

Results Discussion

Discussion of Investigation Regarding Results

Figure 5 shows that the most common problem identified by users was a fear of limited options being
available, or that there specifically would not be a good enough way to represent all of the options that were
present in such an application.

6.2

Evaluation of Investigation Regarding Results

Figure 5 shows that the most common problem identified by users was a fear of limited options being
available, or that there specifically would not be a good enough way to represent all of the options that were
present in such an application.

6.3

Discussion of Investigation Regarding Theoretical References

Figure 5 shows that the most common problem identified by users was a fear of limited options being
available, or that there specifically would not be a good enough way to represent all of the options that were
present in such an application.

6.4

Recommendations and Suggestions

Figure 5 shows that the most common problem identified by users was a fear of limited options being
available, or that there specifically would not be a good enough way to represent all of the options that were
present in such an application.
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Chapter 7

Conclusion

The topic of this investigation of the exploration of IEPG elements and potential use cases for interactive
evolution and procedural generation was derived from results obtained through a blind experiment in which
users were asked to evaluate an application specifically designed fr this investigation to showcase how these
principles can be used in an applications.
The responses received from interviewees suggested that there are a wide range of opportunities for IEPG
elements throughout many businesses, and that although reactive and dynamic changes may not be
immediately obvious to users, upon reflection users will recognise that there was an element that actively
changed accordingly to their interactions.
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Appendix I. Glossary
Interactive Evolution:
Also known as "Interactive Evolutionary Computation" (IEC) and "Aesthetic Selection"
This is a field of evolutionary computation, described by Di Chio, C of the EvoApplication conference
as "based on the essential operators of natural evolution, i.e., reproduction, variation and selection".
This paradigm is primarily concerned with aesthetics and a user's preferences.
Procedural Generation:
Procedural generation refers to the method of dynamically producing content according to a set of
algorithms
PCG:
Procedural Content Generation, the same as Procedural Generation.
IEPG:
Interactive Evolution in Procedural Generation. When the two principles are being used together.
TileMap:
An image that may be a collection of smaller image assets that have been placed next to one-another
through a two-dimensional square grid-based system.
Tile Engine:
The system or game engine that builds the TileMap and any other associated game objects or game
assets.
Pixel:
A single colour that is part of a larger collection of colours that form an image.
Cell:
A square image that is a collection of 32 by 32 pixels.
Tile:
A square image that is a collection of 10 by 10 cells.
Map:
A large image that plays as the background of a game. In this report a map consists of up to 200 by
200 tiles.
Texture:
A photograph or image that is used or created by a computer system.
Algorithm:
A set of rules that is followed by a computer program, usually for problem solving purposes.
Generation:
The creation or addition of new elements into a computer program, by the program itself.
RogueLike:
A genre of video game that predominantly features a 2D graphics style, procedurally and randomly
generated levels, and a high difficulty.
Asset:
Any two-dimensional or three-dimensional object that is incorporated into a computing system that
may eventually be seen by the user.
VIPGOAT:
Visualised Interactive Procedural Generation of a TileMap. The application developed specifically for
this report.
Player:
The user of an application that interacts with it in a meaningful way.
Session:
Any one period of time during which an application is started, used, and concluded.
Program:
A third-party application.
MOEA:
Multiobjective Evolutionary Algorithm. Several different metrics are used to determine the direction
or focus of the program's evolution; these are often weighted together to produce one metric that is
more, or less, important.
Fitness Function:
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A function or algorithm that produces a value by which to determine the features that should remain
present during the evolution of a program.
Search-based Procedural Content generation:
AKA SBPCG, procedural generation which uses evolutionary algorithms to "search" and evaluate
(game) content to find the most appropriate fit. (defined through a Fitness Function)
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Appendix II. Application Preliminaries
Preliminary Generation Outline
This is provided to outline an example of how a map may be generated as a player is interacting with it and
choosing tiles that have specific features. This is not intended to be treated as final.

1. Player starts on a forest map tile. (Tree, Trees, River)
a. Player moves into a forest tile, (Tree, Lake)
2. Adjacent blank tiles are generated, one must have one of what was in the previous tile
a. Player moves into a forest tile (Shrubs, Tree, River)
3. Adjacent blank tiles are generated, must have one of Tree (selected thrice) each and as a
consequence no dead trees.
a. Player moves into a beach tile (Tree, Palm, River)
4. Adjacent tiles are generated, must have one of Tree each and as a consequence no dead
trees.
a. Player moves into a beach tile (Tree, Palm, River)
5. Adjacent tiles are generated, must have one of River (selected thrice) and one of Tree each,
and as a consequence no dead trees.

Preliminary List of Application Requirements.








3D Models
Algorithms
Map combinations
 Beach/Ocean
o Magenta, Light Blue
 Forest
o Green, Purple
 Swamp
o Dark Blue, Red
 Lava
o Red, purple
Images/Assets
 Grass
 Tree
 Multiple trees
 Palms
 Water
 Swamp Water
 Lava
 Dead Trees
 Shrubs(coloured)
 Volcano
Restricted size
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Appendix III.

Software

The Gimp

Price:

Free, Open Source

Experience:

High

Description:
Advanced 2D graphics editor.

Blender 3D

Price:

Free, Open Source

Experience:

Medium

Description:
Advanced 3D modeling and rendering software.

Unity

Price:

Free, Optional 30 day Pro trial

Experience:

Low

Description:
Advanced 3D game development engine.

Sketchbook Pro

Price:

Already owned

Experience:

High

Description:
2D graphics and image editor.
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Appendix IV.

Participant Survey Sheet

VIPGOAT Survey
Name:

Date:

Course/position:
Complete After Test:
Q1) Can you think of what the goal of this application may be?

Q2) Now that you have been told the purpose of this application, would you
say that it reached its goal?
Yes
No
Unsure
Q3) Can you think of any problems that may arise with such a system?

Q4) List any areas you can think of where such a system might be used.

Q5) In one of the areas you listed in Q4, briefly describe why this system
might be beneficial.
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Appendix V.

Participant Consent forms

Participant Information Sheet

Project Title
Interactive Evolution for the Procedural Generation of Tile Maps
Purpose
This interview is conducted as partial requirement of a student project for COMP390: Self Directed Study, a third year
Computer Science paper at The University of Waikato.
What is this research project about?
The COMP325 project requires the student researcher to conduct an interview / observation as part of an ongoing
investigation into a problem in the computing industry. This interview / observation will help the student to collect valuable
data on the opinions of the stated topic to complete the necessary requirements for the completion of this paper .
What will you have to do and how long will it take?
The interview about your opinions on the stated topic and your interactions with the supplied application. This interview
should take no longer than 10 minutes. The interview may be recorded, and screenshots may be taken of the application
you have interacted with. You will be asked to give consent prior to the interview, and may be asked to also give consent
at a later stage.
What will happen to the information collected?
The information collected will be used by the student researcher to write a report for the credit of a specific paper
(COMP390). It is possible that articles and presentations may be the outcome of the research. Only the student
researcher will be privy to the personal details recorded during the interview. The student researcher and COMP390
lecturers / tutors will be privy to the COMP390 report. The student researcher and the COMP325 coordinator will each
keep a copy of the COMP390 report but will treat them with the strictest confidentiality. No participants will be named in
the publications.
Declaration to participants
If you take part in the study, you have the right to:


Refuse to answer any particular question, and to withdraw from the study before December 30 2013, when
analysis is expected to begin on the interview / observation.

Ask any further questions about the study that occurs to you during your participation.

Be given access to a summary of findings from the study when it is concluded (for this, contact the COMP390
coordinator).
Who’s responsible?
If you have any questions or concerns about the project, either now or in the future, please feel free to contact either:
Researcher’s Name and contact information:
Glen Askey

Email: askey.glen@gmail.com

COMP390 coordinator:
Lecturer Ray Scott
Department of Computer Science
Bay of Plenty Polytechnic
Tauranga, New Zealand
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Participant Information Sheet

I have read the Participant Information Sheet for this study and have had the details of the study explained to me. My
questions about the study have been answered to my satisfaction, and I understand that I may ask further questions at
any time.
I also understand that I am free to withdraw from the study before December 30 2013 or to decline to answer any
particular questions in the study. I understand I can withdraw any information I have provided up until the researcher has
commenced analysis on my data. I agree to provide information to the researchers under the conditions of confidentiality
set out on the Participant Information Sheet.
I agree to participate in this study under the conditions set out in the Participant Information Sheet.

Signed:

_____________________________________________

Name:

_____________________________________________

Date:

_____________________________________________

Researcher’s Name and contact information:
Glen Askey

Email: askey.glen@gmail.com

COMP390 coordinator:
Lecturer Ray Scott
Department of Computer Science
Bay of Plenty Polytechnic
Tauranga, New Zealand

COMP390 Directed Study

Email: ray.scott@boppoly.ac.nz

Glen Askey

ID# 1146041

Page 38 of 48

Interactive Evolution in Procedural Generation

Appendix VI.

Development Log

5/08/13 created the beggnings of the tile engine
presently VIPGOAT can:
generate tiles randomly; grass is more likely to be picked, followed by water
fly over tiles and highlight the centre of a group of ten
limited to a static map of 10*10 tiles (though each contain ten..)
6/08/13 Tile Engine more or less complete. creates an instantiation of a “TileInfo” class which can store
unlimited info about a tile. This info can be recalled whenever and altered provided the row number and
column number are on hand. Using two lists as opposed to 2D array; not sure why exactly.
7/08/13 started first of the algorithms. Basic; can create a plane of grass, occasionally bits of stone; rarely,
and max-of, two stone next to each other. Also (as proof) can reset the tile before any two bits of stone to
water. grass, stone, stone will become water, stone, stone. Useful in post. Will need to see effect of
transparent PNG on this.
10/08/13 can now combine two “color” arrays accordingly to how high/;low the alpha level is and
procedurally merge two bitmap images in order to create the one tilemap that will be used in the engine. this
is to say, after a lot of effort, I can now layer an image with transparency in it onto another whole image.
From now work should begin solely on procedural generation algorithms; expected time frame for this is
four weeks. 8 weeks 6 days left until deadline.
W1 paper prototypes/technical analysis
W2 Review project scope & feasibility
W3 (this week) Tile engine made, bits of code required for procedural generation decided on
(assumed) W4-W7 Procedural generation algorithms/make assets for
(assumed) W8-W9 implement interactive evolution constraints(if not in already, hmm) Finalise code/polish
app
(assumed) W10 Testing/interviewing & report
(assumed) W11 work on report
(assumed) W12 edit report
11/08/13 Created basic (square) lakes for the map; they presently are placed in a random location on the map
and extend to a random size. Also did a lot of other work in figuring out how to make other things; more or
less know how I could make a river. Reworked the method for using the spritesheet (which is now 256*512,
with
a
tile
32px)
to
make
it
more
efficient.
Maybe.
Simpler
at
least.
11/08/13 Created three different types of lakes , plus-shaped lakes, “messy” lakes (a bunch of squares of
random sizes built in close proximity) and clean round-ish lakes. Realised that I am not restricted to using
32*32 px graphics for the texture; will be able to use any size provided I increment the method that deals
with
it
accordingly.
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12/08/13 Made the spritesheet bigger, to 256*1024. will need to update the code later. Began building more
graphics for the app (presently I have been using the same 4 ground graphics, plus a tree, to texture the map)
have
28 33 assets to be used (variations in colour for tiles - Purple grass!)

17/08/13 Haven't made much physical progress over the last few days, but have worked on a lot of the
theory. Spent the morning making a process for the character controller to intelligently rotate & zoom the
camera & change the movement speed, in order for the player to better see what is in the map. Not huge
importance for this, but helps during my debugging and could be useful in future; mainly just something
“fun” before I dive into the next big part: having the map generate only the tiles that are adjacent to the
user’s position. Should note that rough estimates give the time for the creation of 5 tiles(that is the max at
once) for between 0.04 and ~0.15 seconds(depending on computer speed based on my powerful desktop and
older macbook). Forgot to knead my bread for an hour because of this work. Will consider exporting the
Unity file as a web app for chrome as opposed to desktop; more universal this way and just as easy, though
performance takes a hit. Will have to see.
17/08/13 Fixed some buggy code in the [above]; Works much smoother now, though took a lot longer than
would have been preferable.
Making the adjacent tile generation will start tomorrow instead; I instead spent this time working on how
each class I make (I will need to restructure everything I have so that it is moderately coherent) will operate.
Furthermore I spent a lot of time updating my raycast system (allows me to see the tile (& info about) the
camera/player is directly above) to physics.raycast from collider.raycast after I realised that I could not add
this script to the camera object and still detect other renderers. Then had to offset the raycast height so it
wouldn’t intersect with the characterController object and give me bung data; took a while. Using bilinear
not point pixel processing now.
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Finally this means that as the player is navigating over the map; I can record the name of the object they are
over. If this object is the “Grid” used for differentiation then I won’t update the selected tile; vice versa for
the
“Ground”.
(The
grid
is
invisible
ATM
because
it
looks
too
ugly)

(the grid is visible when you draw the physical raycast; below the gaps show where the method is stopped
from running after hitting the grid)

18/08/13 made a static class GlobalVariables to easily store the tile that the MouseOver script indicates as
the selected one. Began recreating all of my scripts and classes(7 classes, 6 scripts right now) and
restructuring the code behind them, found some bugs and made some tweaks. Should note that my hierarchy
is as follows: pixel(1*1)cell(32*32)tile(10 cells*10 cells)map(200 tiles*200 tiles).
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Implemented the action to generate a new tile if the requirements are met. Decided that, upon The user
choosing out of the first four randomly generated tiles, ground will be divided into randomly chosen
rectangles, for variation? Maybe. Need to decide on this, would make my job easier but could cause
problems. The centre would remain as is chosen though. Worked on a lot of logic behind this, generate.tile
will be passed the cell coordinates of the beginning of a tiles, will decrement& increment in order to find the
10 in this cell via for loops, more or less know what to do with the d'état I have from there. Need to compare
the edges of this tile with the outside cells for consistency, unless I think of something more cohesive.

19/08/13 a lot of work today, thugh few tangible results. Updated generate.cs with a few more methods,
firstly making sure that i can set the values in all ten cells in a tile to the same ground type and variation,
which is chosen according to a set of constraints & compared with any UserConstraints. A lot of time was
spent reworking the lake and river engines, not sorted yet, main hurdle is trying to identify what cells are part
of this tile. Could use another vector2 in tile info to hold the mouse overs perceived tile block though. Any
way I also made a method to check all of the surrounding cells in case there is something that should be here
also(a variation of this is used for the above) as it turns out making a river cell by cell is not easy when these
cells are generated in different orders. As such I'm now assigning & comparing cell values twice in a row,
the first is to give cells a river or lake if need be, the second is to give lower level features such as trees.
Hierarchy below
Grass, rock, sand, water - entire tile/map - step one
River, lake, swamp, meteor, - several specific cells in a tile - step two
Trees, dead trees, purple trees, rocks, - individual cells, tile independent(unless user chosen..) - step three
ALSO, decided it would be best to use the same 256*512 sprite sheet; due to laziness and memory concerns
about storing heaps of full alpha pixels( couldn't find documentation on this, so chose what was safest and
easiest) flying blind with this development and using a separate editor than Unity, will put it together at the
end of the week when it is more complete. This is because it would be too distracting trying to build it in a
way that would allow me to see my changes, taking a risk here though. Looking forward to getting this done
so I can look forward to finishing the tile-by-title generation so I can finally get onto the map algorithms.
Tricky keeping track of all the parts I need to put in place and produce. Four weeks to have this and the algs
finished,
heaps
of
time?
20/08/13 Reworked all of the physical assets in Unity because I wanted to use a custom Plane (20*20
squares) asset that I had made as opposed to the (10*10 square) prefab i had been using. The idea behind was
to make the code easier to read by having better coordinates and to prevent any possible bugs with having
those prior cell coordinates. this means that cell 123, 80 is 120 cells high, 80 across (not -42, 80 it was before
for some reason). Script does not work correctly on this new Plane; no idea why but will ignore it and hope
the new algorithms can avoid this defect.
Finished the algorithm for creating a river; had to rewrite all of the previous code; also simplified some
things in it; should work now, we’ll find out later. Touched up TileInfo and gave it some parameters to set
upon creation for the tile a cell is in.
21/08/13 Touched-up the river algorithm to hopefully avoid some bugs. Built the swamp generation
algorithm (Though I realised I need a good way to know whether this tile has a swamp or not..) for use in
Step Two along with rivers. Decided to use standard tetromino-shaped ponds (randomly chosen 9 - 12 times
in a tile, from a random cell also; two different orientations of each [L & J / I & _ ]) because I couldn’t think
of an easy method to procedurally generate differently sized & shaped ones. Tetris themed swamps anyone?
want to work on lakes next, but am unsure how to go about that; they cannot be created tile by-tile as easily
as they span multiple tiles at once to create something cohesive. Unsure if I can use the previous method or if
it may cause problems.
Should note that I am convinced several algorithms have the row/column/x/y/vector.y/vector.x values
messed up horridly; no way to check them now really so I will fix it when it comes to.
Need one more class to store the features that were present in the last active tile(for generation for the
adjacent in addition to the GlobalVariables that the player chooses)
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23/08/13 I believe I have finished the majority of what i wanted to by the end of this week, I have a way to
find the adjacent tiles and to compare their states to find what needs to be generated, I have a way to record
the features/information in a tile, I have a system to record which features should be treated as
userConstraints. Only thing I have not yet done is try to run all of this code, putting that part off a bit I think,
though I do still need to review everything I have done to see if it makes sense. 1750 collective lines of code
at the moment, and 7 classes/5scripts

25/08/13 today was spent drilling in the blanks fo the things that i had forgotten to add and things that I had
forgotten that I might need. The code was brushed up a bit in places, and some things tweaked.
26/08/13 today I finally put all of the new code into Unity to see if it worked, after a while it did. It took me a
long time to figure out the reason for the texture tearing that I touched on last week when I made the new
assets that I wanted to use, turns out I had not exported the UV maps correctly so things were being put it
completely the wrong places. Realised there were a lot more things I needed to add before it would work, but
in the end I had it at a state where it was more or less doing what I want, though I have some references to
textures that need fixing, which is why the screenshot below is so horrendous.

27/08/13 fixed up the textures so that they look normal, now have a reasonable looking map being generated,
though there is some weird offset with the camera which puts the tiles on the other side of the map. Looks
reasonably decent now. Also made a system to prevent the tiles that rave previously been generated from
generating those around them(if those are inert, that check is already in place) so. Now tiles are inert by
default, active when first generated, inactive when one active has been selected. Also brushed up the code for
generating the first four tiles that the user chooses from. Need mainly to work on algorithms for features
now.(again)
28/08/13 rotated the map 180degrees. Tiles in correct place now.
Fixed up some code in the state change algorithm I made yesterday, still a issue in it that I can't resolve, I'll
hope the user doesn't decide to backtrack in that one specific way though. Finally get to see my tiles all being
generated correctly as the user moves, and only those adjacent tiles. But this takes over 3 seconds per
selection, 3 seconds longer than I wanted, not at all good and I don't know what the problem is.
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30/08/13 attempted some optimisation, didn't work. Researched ways to optimise, nothing applies. Decide
the easiest [SIC] was to rework my entire engine to use terrain instead of a large texture on a mesh, haven't
done that yet, not sure if I will. This would mean procedurally generating small textures and stitching them
together on the terrain after generation.i have algorithm,s I can use for this, not sure I have the time(to save
time!)
9/09 lots of miscellaneous work today, started by adding an algorithm for ponds(may as well call them lakes)
then decided to remove the river generation code for now, due a lack of stability/cohesiveness/function. Later
I stumbled across the reason for the generation lag, turns out texture.apply was being called at the end of
every tile, which means that my huge (around 40MP ) texture was being reapplied an unnecessary amount of
times. Restructured my code so that it is only called after all the identified tiles are generated. Starting the
app now takes about 2 seconds, with a 1 second wait after each gen. This was more or less the same on my
MacBook and desktop, which was surprising, I would guess it is more of a ram issue than a GPU one, which
is very good, kind of.
I repurposed the swamp code to make a forest, then cleaned up all of the files in unity. Also added a 3d effect
for when you can see over the borders of the map, looks more purposeful though is slightly dizzying. Fixed
up the plains generation code, and restructured step two and three. Step two doesn't really exist at this point.
Found a bug in trying to overlay the transparent texture onto the ground texture; it will not leave, not sure
from whence it has come or how it shall be satiated.

*
In theory and in practice. Don’t ask why there
is a lake on water
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12/09 Spent a lot of the time locating the bug with transparent textures. Turns out it has been there all along
and I just never noticed it. Unfortunately the only way to get around it was to chop up the tiles of the texture
again every time that a tile is generated, and store that new texture in the method that calls it. This seems to
be a problem with Unity, I don't see how combining two textures permanently when they are just being
referenced
could
be
intentional.

14/09 Found an ingenius way to incorporate the saving and recording of information of
tiles/variations/features that have been selected, so now I can accurately record what the user has chosen.
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II have an array of ints of length 128 stored in my static GlobalVariables class, this length corresponds to
how many images are in my texture and after they have been chopped up. I created a method in generate.cs
called tally which is called at the beginning at the set of a tile generation; a for loop runs through all of the
elements in the array to check if this element is equal to the variation that was selected in the last tile (this is
found by going into the tileinfo of the tile coords that were passed -- previousTile). When there is a match,
and this match isn’t 0 (the default) a local variable collects the value in the array at this element, and is
incremented by one. If this element is 3 or above; we pass the element to a method that will find the
associated boolean.
As I have already set up these boolean checks when I was coding, all it needs is for a true values to stop
randomly selecting a variation to use. ie variation 97 (white sand) is equal to 2; this is incremented so it is
three; now we find the sandWhite boolean and set it to true; now we only get white sand when we need sand.
Not everything is set up yet, I just need to put in some extra work to get it going though. (tedium)
15/09 I fixed up all of the code I wrote yesterday, and solved some problems I was having. I also made the
rest of the boolean checks for all 33 variations I currently have. unfortunately these can not be set up as an
array and need to remain separate, so this is just a very long set of if/if else statements.
I launched all of this code and it seemed to work perfectly; thus i now have implemented all three elements
required, tilemaps, procedural generation, and evolutionary computation. Though in their infancy the former
paradigms are here. There are a lot of bugs here, but nothing I cant fix. I also am just setting the ground
variation.
I also need to go into tile() and set all of the variation checks to include new checks for NotNull values. these
values mean if an associated variation has been selected, but not selected three times, and this should be
mirrored. these checks only happen when we are generating the first tile in a series, or the fifth.
16/09 I set up all of the rest of the NotNull checks (though not convinced they are working how I want), and
also made the rest of the boolean checks in Tally(). Everything is in place apart from the Feature check,
which will be simple enough to do.
i also included some very basic serialisation so I can save the names of the if they are true; this is stored in a
text file i made in the game folder, along with the date of test and the length of the test. Things are saved
when a new “reset” button I added to the top-right is hit; this also resets the application and all the values (I
think, may need to re-check this).
Also cleaned up the launch window and the settings that are on it, just to make it look cleaner. Added a logo
also.
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In the screenshot below I started near the centre of the map, selected dark grey rock and moved up, moved
right to select green grass, and continued downward. then I went north-east until I hit sand, and selected
white sand. Somewhere in there dark green trees & normal blue water were set also.
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