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Introduction

Almost every video game simulates some sort of environment, whether it is a
small room with moving platforms or an expansive world with different characters
and stories. Therefore, the term "Simulated environment" could refer to anything
in the game not directly controlled by the player. In a more specific meaning,
a simulated environment in a video game refers to a system of interconnected
mechanics and autonomous behaviour of independent agents in the game’s world.
Such a simulated environment can generate emergent behaviours, where complex
or unexpected outcomes are created from even a small set of rules and game logic
and without any influence from the player. This narrower definition is what we
are going to be focusing on in this thesis.

If developed correctly, a simulated environment can make a game feel more real
and its world more believable. It can also introduce randomness into the gameplay
and give any player a sense of wonder when discovering the interconnected
mechanics of the environment. That is why, for my thesis, I chose to develop a
game with a focus on simulated environments.

In addition, I decided to combine this idea with the genre of puzzle games,
which is a group of games where the player is introduced to a problem and a
set of rules and constraints and has to use these rules as tools to reach the
solution. I chose to include this genre to create some challenge for the players,
while also encouraging them to explore and familiarize themselves with the rules
and mechanics of the environment.

The main planned features and goals for my game were:

o Design a game featuring multiple types of entities that can dynamically
interact with the world and each other.

« Limit the player’s overall agency over the world in order to support utilization
of the environment and its rules to solve problems.

o Provide a challenge mode where players have to complete tasks with con-
strained conditions.

e Include a sandbox mode where players can experiment with all of the features
and mechanics of the simulated environment without restrictions.



1 Analysis

In this section, I want to clarify some concepts and important terms, that I will
be using throughout this thesis. I will also focus on describing some background
of simulated environments in existing games and the ways it is utilized.

1.1 Relevant terms and concepts

Here, we will look at the main concepts and language that we will see in the
thesis and briefly explain them, to avoid any future confusion.

1.1.1 Agent

In the context of artificial intelligence, an agent is any entity capable of making
autonomous decisions based on some observations of the world around it. In the
context of my game, we will often see the word agent used to refer to any entity
capable of moving through the world and interacting with it and other agents
autonomously.

1.1.2 Needs-based artificial intelligence

A needs-based Al is a system, where an agent’s decisions and actions are driven
by some internal competing needs. The agent then makes decisions to satisfy their
needs according to a decision making process, as described by Robert Zubek |[1].

1.1.3 Pathfinding

Pathfinding is the means, by which an agent decides what path to take to
reach a given destination as effectively as possible, while avoiding any obstacles
and obstructions.

1.1.4 Sandbox

In video games, the term sandbox refers to a mode or environment, where the
player is not restricted by the usual constraints of the main gameplay loop and
can freely use all of the tools of the game. It can be used for experimentation and
for discovering the possibilities of different situations and scenarios.

1.1.5 Game world or environment

The virtual world, in which the game takes place. This term can stand
for a lifelike simulation of a real or imaginative world, or for a more abstract
representation of a game’s setting.



1.1.6 Game engine

An engine is a software framework or environment designed to help its users
develop games by providing many useful libraries and preconfigured systems.
These range from simulating a physics system for a game or easily importing
audio into your game, to handling graphics and rendering on-screen visuals.

1.2 Simulated environments

In its essence, a simulated environment is any system that tries to simulate
some aspects of a real or hypothetical world in a virtual setting. For this reason,
simulated environments are not unique to video games, and can be found for
example in scientific research, where such a simulation can be used to observe
the behaviour of agents in a more controlled setting and testing hypotheses or to
try and predict future outcomes by modelling and observing an existing system.
It can also be used in other fields, like training or education, urban planning,
economics and more. The concept of simulated environment and its possible uses
in education is discussed by Tan and Biswas in their work on simulation-based
games in learning environments [2].

In video games, simulated environments are heavily utilized to create a setting
and/or mechanics to use during the gameplay. In any given game, the game world
or environment is always a simulated environment, with the main distinction
between these environments being the depth and complexity to which they are
realized.

An example of a game that uses simulated environments in a more basic form
would be for example a classic game like Pac-Man, where the player character is
tasked with collecting all the dots on the map while avoiding the ghost enemies.
This game features a simulated environment of a maze with a controllable character
and enemies controlled by AI, but does not dive deeper into the features of a fully
fledged simulation, since none of the enemies can meaningfully interact with each
other or with the dots that the player needs to collect, and the design of the entire
game is focused mainly on the player and their actions.

An example of a game that utilizes a simulated environment much more
meaningfully is the game The Sims, where the player can create a virtual avatar
as the main character and is tasked with taking care of it. Their virtual avatar, or
as the game calls it, a "Sim’, lives in a world full of other characters, all controlled
by Al. However, in comparison to the ghosts in Pac-Man, these characters do not
feel like they exist in the game solely for the purpose of providing interactions
to the player and their characters. All of the other characters can interact with
each other, take care of their basic needs when needed, start friendships and
relationships with other AI characters and more. All of this contributes to the
game feeling much more realistic and immersive, and is an interesting use of a
simulated environment.

Most big modern games adopt at least some of the mechanics of a more complex,
simulated environment. Like the Far Cry games, which are mostly player-centred
games, but the player can encounter dynamic skirmishes between opposing factions
or the world’s wildlife and can even utilize these to help themselves in a limited
way. However, I would now like to present an example of a game that more closely



aligns with the goals and ideas of the game made for this thesis.

Such a game is the 2D game Rimworld. In it, the players are tasked with
building a colony on a remote planet. All of the colonists are controlled by Al
and cannot be controlled directly. The player can only issue orders to change
the behaviour of colonists. These orders consist of selecting objects, buildings,
enemies or any other entity in the game and choosing the kind of interaction they
wish the colonist to engage in (for example, fighting enemies, building structures
or helping allied colonists). The player can also issue build commands to make the
colonists build new structures and grow the colony. The way the colonists carry
out any task is then decided dynamically by each colonist based on their position,
their current status of thirst, hunger, health and energy and their unique skills or
equipment. All of the wildlife in the game is also controlled by similar AI, which
can lead to unexpected fights for the players’ colonists, but also for other events,
like the wildlife fighting among itself and yielding easy food or territory for the
colonists. This style of simulated environment is what captured my attention and
why I decided to tackle this genre for this thesis.

1.3 Puzzle games

Puzzle games are a genre of games that focus on challenging the player’s logical
thinking and pattern recognition. Puzzle games usually present the player with a
well-defined set of rules for their world, a problem with a clear goal and constraints
on what the player is able to do. The player is then tasked to figure out how to
utilize all the tools and options available to them to achieve the set goal, often in
surprising and innovative ways. The best games of the genre are characterized by
their clever utilization of their mechanics and rules, and the freedom the player
has to experiment with different interactions within the confines of the game’s
world’s rules.

An example of such a puzzle game is the highly acclaimed game Baba is You,
where the main mechanic of the game world is that the player can push around
and rearrange the rules of the world themselves, as they are physical objects the
player can interact with. This allows for many different interactions with the
world and for creative solutions to problems.

1.4 Combination of Simulated environment and
Puzzle

Video games that combine the concept of simulated environments with the
genre of puzzle games are rare. Most puzzle games are designed with strict,
deterministic and predictable logical principles, while simulations support nonde-
terminism and emergent behaviour. This makes these genres difficult to join, as
the unpredictability of a simulated environment can clash with the rigid rules of a
puzzle game’s world. Emergent systems, their possibilities and their drawbacks
are well described by Sweetser and Wiles in their work on the difference between
scripted and emergent behaviour in interactive environments [3].

There are, however, games that tackle the merge of uncertainty and randomness
and a puzzle game setting. Some well-known examples of this would be the games
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from the Poly Bridge series, where the player is tasked with designing and
building a bridge strong enough to support a vehicle crossing into the goal. These
games are mainly puzzle games but feature an intricate simulated physics system
that functions as the main tool and obstacle for the player to use or overcome.
Unlike in my game, this simulated environment doesn’t feature any decision-
making agents or random elements on its own. However, due to the complexity of
the physics system and the many variables about building a bridge, two seemingly
identical solutions to a problem can sometimes lead to different outcomes, and
there is always a level of uncertainty present.

An example of another puzzle game, this time implementing randomness as
one of its main gameplay features would be the game Mosa Lina. In this game,
the player is asked to reach a position in a 2D space with basic platformer rules
applying (e.g. gravity, moving and jumping character). The character also gets a
gun that can shoot many different projectiles. These range from spears that stick
to walls to create new platforms or balloons that rise slowly into the air and can
be stood on, to frogs jumping around the game world, creating a kind of moving
platform, or mushrooms the player can bounce on to gain height. Every time the
player retries a level, be it because of a victory or failure, they get assigned a few
random types of ammunition they can use for that try and the objective is to
figure out how to reach the goal with the random tools they were provided. This
introduces randomness into the game and the need to adapt to problems on the go.
This game is more similar to my game because of its intended implementation of
randomness, but in comparison to my game, it does not implement an interactive
simulated environment to more depth, as it does not feature any self-sustaining,
decision-making entities.
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2 Technical details

In this section, we look at the inner workings of the game and the techniques
used to implement it, along with a brief overview of the Game Engine Unity, in
which the entire game is implemented.

2.1 Unity game engine

The Unity engine, which we are using to develop the game, comes with a visual
editor that helps to visualize parts of the game during development and alleviates
the need to handle things like placing objects into the game’s world by code.

In the next subsections, we will take a closer look at how Unity works and
which of its many functions we can use to help us build the game. More details
about Unity’s basic architecture can be found in the official Unity documentation
[4].

2.2 GameObjects and the Unity object hierarchy

Unity is based on the concept of GameODbjects, which serve as the building
blocks on which the whole hierarchy stands. A GameObject represents any entity
placed into the game world. These can be visible, moving characters, solid walls
and platforms, or completely invisible objects that take care of some overall game
logic or a system that isn’t specific for a certain character or object. We can
imagine a basic GameObject as a container for components.

Components are parts that can be attached to any GameObject and each
feature or function of a given object is handled by a different component. Every
GameObject in Unity has a Transform component, which determines the position,
scale and rotation of the object in the world. The developer can then add many
other components that adjust the GameObject’s behaviour.

This component-based architecture allows the developer to create complex
entities by combining multiple components on one GameObject and utilizing their
different features to create any object used in the game. All of the components
can be assigned to one object multiple times with varying functions and properties.
We will now see examples of some of the component types Unity provides and
focus on the ones that are utilized by my game.

2.2.1 Scripting in Unity

One of the most important components in Unity is the Script component. It
allows the developer to attach a custom C# script to the GameObject. This script
can then control the object’s behaviour and all of the other components attached
to the same object. It can also handle communication with other GameObjects,
physics collisions handling and other useful functions like recognizing and reacting
to player input.

Scripts are always attached to one or more GameObjects and control their
attributes and components. Each script in Unity can have a Awake (), Start()
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and Update() method. These are private methods that Unity can invoke on
its own. If an object with an attached script is added to a scene, (a container
for multiple GameObjects, explained later in section 2.3), the script’s Awake ()
method is called before the object is fully added. After placing the object into the
scene and initializing all of its necessary components, the Start () method is called
once. Then, during the game’s runtime, the Update () method is automatically
called each frame. The Awake() and Start() methods are usually used for the
initialization of private variables and setting up the GameObject. The Update ()
method is then used at runtime to handle any movement, collisions, input handling
and many other functions.

2.2.2 Camera

The Camera component attached to an object serves as a viewport to see the
world of the game through. It can serve as the main camera and control, what
is displayed to the player on their screen when playing a game or serve as an
auxiliary camera to show different perspectives of the world, for example, when
implementing mirrors in the game world.

2.2.3 UI and EventSystem

A special type of component in Unity is the Canvas component. This compo-
nent can hold different Ul elements to be moved and resized along with it. These
can be components like Button for the player to click on or Text textboxes to
display text. A canvas can be placed into the game world to display 2D text
or images, or can be set to stick to the screen of the player, serving as a 2D Ul
overlay for the player. The term UI refers to interactive or informative elements
for the player outside of the actual game world, like, for example, menu screens,
health bars, objectives and more.

The Unity Event system serves as an additional way of communication be-
tween objects and scripts. An event is a custom data structure that can have one
or multiple functions assigned to it to be called when this event is raised. The
event system is utilized by the Ul elements like buttons that raise the predefined
onClick event when pressed. The developer can then choose the effects of the
button click by assigning methods to it. Unity also allows the definition of custom
Events.

2.2.4 Other notable components
MeshRenderer
Allows the GameObject to hold a Mesh, a custom 3D model that is visible in
the game.
Collider

Gives the object a certain shape that can, utilizing Unity’s physics system,
recognize and react to collisions with the colliders of other objects.
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2.3 Scenes

The whole game in Unity is divided into Scenes. A scene is a collection of
GameObjects with unique parameters and purposes, and different disjunct parts of
the game can be implemented using different scenes. For example, when creating
multiple levels of a game or multiple areas of a world. The developer can switch
between scenes using Scene transitions.

2.4 Coroutines

A coroutine in Unity is a special type of method returning the IEnumerator
type. In contrast to other C# methods, coroutines allow the user to execute parts
of the method over time with the option to wait a given number of seconds before
moving on to the next part of the method’s code.

2.5 Prefabs

A prefab is a GameObject with components attached and all properties set.
In contrast to other GameObjects, which are only saved in the scene they are
used in, a prefab is saved as a file by Unity and can be added to any scene or even
created at runtime using the Unity method Instantiate().

2.6 Unity NavMesh

NavMesh is a special class in Unity that implements functionality for pathfinding.
It is heavily utilized by this project to handle pathfinding in the simulated world.
In this subsection, we will focus on the most important parts used in the NavMesh
system.

2.6.1 NavMesh Components

NavMeshComponents is an additional library that implements additional func-
tionalities like dynamic NavMesh updates for runtime map changes. Its important
parts used in this project are:

NavMeshSurface

A component that holds data about all the surfaces in the game the agents
can walk on and generate paths in. It can be created using the BuildNavMesh ()
method in a script and updated with the UpdateNavMesh() method. However,
both of these methods are fairly performance-heavy and should be called only
when necessary, not each frame of the game. The NavMeshSurface is generated
based on the meshes (models) of the objects in the game world.

NavMeshModifier

This component allows the modification of how a NavMeshSurface is generated
for its parent GameObject. Using this component, the developer can modify,
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what type of NavMesh Area the object is seen as, as well as exclude it from the
NavMeshSurface generation completely.

2.6.2 NavMeshAgent

A NavMeshAgent is a GameObject capable of moving through the game world
and calculating optimal paths on the NavMeshSurface. Its path can be calculated
and set automatically using the SetDestination() method, or calculated using
the CalculatePath() method and saved into a variable of type NavMeshPath.
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3 Gameplay design

In this section, we will see how the game is played, what the goals are and
how a player can achieve them.

3.1 Game rules and objectives

This game places the player into simulated environments with animals con-
trolled by autonomous agents. The player cannot control the animals directly,
but can influence the world by spawning animals and adjusting the weather. The
game features 2 modes, Challenge mode and Sandbox mode. In challenge mode,
the player is given challenges in the form of separate levels. Each level provides
the player with a world map, some initial animals and an objective to complete.
The player can then use all the tools at their disposal and all of the simulated
environment’s mechanics to achieve the objective. In Sandbox mode, the world
map is randomly generated and can be regenerated at any point. The player has
no objective in this mode and can experiment and discover the environment as
they desire.

The game has no additional rules aside from the logic and rules of the simulated
environment itself. The way the game challenges the player is through restricting
the options of interaction with the world and forcing the player to adapt to
emergent behaviour and random events.

In each of the levels, the game provides an objective, indicating how the level
can be completed. The objective can be to achieve a certain living population
number of a species or to make an animal or a group thereof survive for a certain
period of time. The number of animals that are alive, dead, killed by other animals
or died of natural causes can be checked at any time by checking the statistics
the game gathers. In the case of timed objectives, once the prerequisite for the
objective is met, a timer will start and be shown on screen. If the precondition
lasts through the entire timer, the level ends.

3.2 Game controls and options

In this section, we will focus on the player’s options when playing the game’s
challenge mode.

3.2.1 Spawning animals

During a level, the player can spawn animals on the map. When choosing
which animal to spawn, the player is presented with a placement hologram of
the animal chosen to spawn. This hologram is an outline of the 3D shape of the
animal and moves to the point on the map the mouse is hovering above. This
hologram is blue but can turn red when the animal cannot be spawned at its
location. This can be caused by obstructions like trees or other animals, or by
placing the animal above water, where they cannot walk.

The player can spawn only a predetermined number of animals, as part of
the puzzle for that level. This number is displayed under each animal species
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when spawning. Cancelling the spawning action doesn’t decrease the number of
available animals for that species.

3.2.2 Time manipulation

The player can pause the flow of time for the game at any time, or make it
faster or slower. This can help to pinpoint precise moments to take actions or
skip forward when nothing of note is happening in the game.

When paused, the player can still move the camera and spawn animals. Pausing
the game will stop any movement on the map, the draining of the animal’s hunger
and thirst and the regrowth rate of food on berry bushes.

3.2.3 Weather control

The player can control the type of weather currently affecting the game world.
This is another tool to help the player achieve their objective, as the effects of the
weather can directly influence the animals and the map.

Some levels may prevent the player from changing the weather to avoid
trivializing the level’s objective.

3.3 Sandbox mode differences

In contrast to the challenge mode of the game and its levels, the sandbox
mode does not restrict the player’s options. It also does not provide any objective
and serves mainly as an environment, where the player can test animal interac-
tions, weather conditions and other scenarios to familiarize themselves with the
environment’s mechanics.

The sandbox mode generates a random map on start and also adds an option
to regenerate the map. Deleting the current map will delete all other entities
(animals, corpses) along with it.
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4 Game implementation

The core of the simulation in my game is inspired by the video Coding Ad-
venture: Simulating an Ecosystem from Sebastian Lague [5]. It simulates an
environment loosely based on the real world, with different agents resembling real
animals and weather conditions resembling real weather, all simplified for the
purposes of the game. It is a 3D game with no verticality. It is made up of many
different components, which we will look at in order.

4.1 Game map

The game map is composed of three different tiles with unique properties and
functions. These tiles are then placed next to each other in a grid to form the
complete map. For the sandbox mode of the game, the map is randomly generated
using Perlin noise. A method of generating random patterns in a grid of values,
where 2 values in neighbouring cells can only have up to a certain threshold of
difference between them. This method is commonly used for the generation of
terrain in video games, as it produces a coherent and natural terrain. The Perlin
noise used for generating the map is a 2D grid of values from 0 to 1. When
generating the map, the game takes a slice of the grid of the size of the desired
map and sets thresholds for the values for each type of tile to be added to the
map. The game then populates the map with the three types of tiles, based on the
values of the Perlin noise in each of the tile’s coordinates and the set thresholds.
Specifically, lower values in the Perlin noise map will result in water tiles in the
map, higher values will signify grass tiles, and a small portion of values of the
Perlin noise between water and grass tiles indicates the positions of the wetlands
tiles. Next, we will examine these three tile types in more detail:

4.1.1 Grass tile

This tile type is used as the main ground tile for animals to walk on and for
foliage to grow on. When the map of the world is randomly generated, these tiles
fill about half of the whole map.

4.1.2 Wetlands tile

This is a special type of tile that usually acts like walkable ground for the
animals. Its difference from the grass tile comes in the form of its special mechanic
of flooding. When it rains as part of the simulation, this tile slowly begins to
flood with water. When it floods completely, it turns into a water tile and cannot
be walked on any more. For this reason, no foliage grows on tiles of this type. In
randomly generated maps, this type of tile takes up only about 10 % of the map.

4.1.3 Water tiles

These tiles fill the rest of the map and can never be walked on by animals.
It separates landmasses and can be used as a source of drinkable water for any
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animal.

4.2 Animals

The animals are the core of the simulated environment. Each animal is
controlled by a needs-based Al.

In my game, all animals have exactly 3 internal needs: Hunger, thirst and
mating capacity. These are indicated by a UI element next to the animal. The
animals also implement pathfinding using Unity’s NavMeshAgent components
and pick their destination depending on their most critical resource. If an animal
has more of its hunger depleted than thirst, it will try to find a source of food;
otherwise, it will choose to go to the nearest body of water to drink. If both its
hunger and thirst are above a safe level, and the mating capacity for the animal
is filled, it will try to find a mate and create an offspring.

Each animal also has custom Eater and Eatable. The Eater component
dictates what kinds of foods the animal can eat. It also has an option for
secondary food categories that the animal is allowed to eat only after their hunger
reaches a certain critical threshold. The Eatable component then dictates the
category this animal belongs in, if a predator wanted to eat it.

Only two animals of the same species and of opposite genders can mate and
create a child. The child has a random gender and is of the same species as its
parents. After being born, the child needs time to mature to gain the ability to
mate and produce children of its own.

Hunger, thirst and mating capacity all grow over time. If an animal mates
and creates a child, its mating capacity is reset and starts slowly filling up once
again. Hunger and thirst can both be lowered by food and water. If, however, an
animal reaches maximum hunger or thirst, it will die.

It is important to mention here that while internally all three of the needs
grow in value, in the game itself, it is not so. In the animal’s UI, which shows the
current status of their 3 needs, only the mating capacity progress bar rises with
time. The hunger and thirst bar slowly deplete over time to signify the amount of
food and water the animal has left. If either of these bars is depleted, it means
the animal’s hunger or thirst has reached its maximum and the animal will die.

Each animal prioritizes its own safety, and even if it has some pressing needs,
it will run from predators when they get too close, then return to finding food
and water once it is safer.

Whenever an animal dies, it leaves behind a corpse that can serve as a source
of meat to predators even when no living prey is in sight. The corpse rots and
disappears after a set time. This time is the same for all corpses, independent of
the species of animal that created them.
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Figure 4.1 Corpse with Ul

Each species of animal has a set movement speed that increases the closer the
animal gets to death by starvation or dehydration.
The four species of animals implemented in my simulation are:

4.2.1 Rabbit

Rabbits are the smallest animal in the simulated environment. They are
moderately fast and mate often, to counteract their disadvantage of falling prey
to both the predators in the world. They are herbivores and eat only berries from
berry bushes around the map. They are scared of foxes and of wolves and will
run away from them.

Figure 4.2 Rabbit with Ul
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4.2.2 Deer

The deer are larger, a little slower than the rabbits and also mate often. They
are herbivores as well and eat only berries. Their size helps them avoid the smaller
predator on this list, the fox. They are only scared of wolves.

Figure 4.3 Deer with Ul

4.2.3 Fox

The foxes are smaller, fast predators that mainly hunt and eat rabbits or any
corpses. If a fox is close to dying, it may feed itself on berries from berry bushes
as well. Foxes do not mate as often as deer or rabbits. They are scared of wolves.

Figure 4.4 Fox with Ul
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4.2.4 Wolf

A wolf is the apex predator of my simulated environment. It is slower than a
fox but faster than any of the herbivores. It focuses on hunting deer and rabbits.
When a wolf’s hunger is high, it will also resort to the remaining sources of meat:
foxes and corpses. The wolf mates the least often and needs food more often than
any other animal. This is done to counteract the fact that the wolf has no natural
predator in this environment and could easily overpopulate the map without some
balancing drawbacks. No other animal scares them; they roam the map freely.

Figure 4.5 Wolf with Ul

4.3 Foliage

There are 3 types of foliage that can spawn on grass tiles throughout the map.
Some have more utility, and some are only decorative. These 3 types are:

4.3.1 Trees

Trees serve no purpose to the animals in the world except for being physical
objects that the animals have to navigate around. They also serve as decorations
to have trees and forests in the world.

4.3.2 Shrubbery

Several kinds of grasses or bushes can spawn on grass tiles. These have no
gameplay value and are only for decoration and to make the world feel more real
and populated. Animals can move freely through them.

4.3.3 Berry bushes

Berry bushes are the most important type of foliage. They cannot be moved
through and serve as the only source of food for the herbivores. They have a
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certain capacity of berries they provide that is exhausted by any animal currently
eating from the given bush. Berries on these bushes grow back over time. Berry
bushes spawn randomly anywhere on grass tiles without the use of Perlin noise.

Figure 4.6 Berry bush with Ul

4.4 Weather

The simulated environment also features different weather types and dynam-
ically changing weather conditions. Each weather type has some effect on the
animals or the map itself. The implemented types are:

4.4.1 Clear

When the weather is clear, no special effects or conditions apply.

4.4.2 Rain

When it rains, all wetlands tiles begin to flood slowly. The game also displays a
rain effect using a Unity Particle System. As soon as the rain stops, all wetland
tiles begin drying up and turning back into walkable land.

4.4.3 Storm

During a storm, the rain effect doubles in intensity and all wetlands tiles flood
twice as fast.

4.4.4 Snow

This weather type is indicated by snowflakes falling on the map. During this
weather condition, all animals move at a third of their normal speed due to the
cold.
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4.4.5 Drought

During a drought, the lighting in the world gets brighter to signify the sun’s
intensity increasing. All flooded wetlands tiles dry up at twice the rate of the
normal drying rate when it is not raining. The drought also causes berry bushes
to dry up and produce food at half the normal rate.
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5 Developer Documentation

5.1 Scene logic and transitions

In each scene of the game, there is at least one button to transition to a
different scene. The player starts at the Main menu scene. This scene contains
both the Main menu panel, where the player can exit the game or choose their
desired game mode, as well as the Level select panel, where the player may choose
a level of the game to play. Each level is accessed with a button from the Level
select panel and is stored in a separate scene. In each level screen, there is also a
pause menu, where the player can press a button to end the level and return back
to the Main menu scene. The player can also access the Sandbox mode scene
using a button on the Main menu panel.

5.2 Scripts

In this section, we will focus on most of the scripts that control the game
in more detail. We will not be focusing on the built-in Awake() and Start()
methods in this section, except for cases where something of note has to be done
by one of them. The same will apply for the Update () method.

5.2.1 Eatable

The Eatable script is attached to any GameObject that can be eaten by
animals. That is berries, other animals and corpses. It defines the object’s food
category and how much nutrition it provides.

GetEaten(int demand)

This method is called when the object with this script is being eaten by an
animal. The animal invokes this method, and the passed variable demand is the
query of how much nutrition the eater needs. This method returns either exactly
demand if it has enough nutrition left. If the script has less than demand nutrition
left, it returns exactly nutrition_value. This method also checks whether the
object was eaten from in the last frame, which lets the object react accordingly
from another script in the next frame. This can mean animals dying, corpses
disappearing or berries starting to regrow.

5.2.2 Eater

The Eater script is attached to animals and defines what they can eat. It
provides data to the Al about which food categories are preferred and which can
be eaten as a backup in more desperate situations.

Fields

The Eater script has no methods and serves only as a storage for the following
information:
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o priority_food — An array of food categories that represent what the animal
wants to eat.

o secondary_food — An array of food categories that can be eaten if the
animal is hungry beyond a certain threshold.

e food_switch threshold — a float declaring the threshold for the animal to
start including secondary food categories in its search for food.

5.2.3 AlController

AIController is arguably the most important script for the whole game, as it
is the script that controls every animal in the game. It contains the logic of the
animals’ Al as well as other useful methods for the animal to be able to make
decisions, choose destinations and keep itself alive. We will now look at some
important methods from this script, how they work and how their functionality
ties into the broad Al logic.

Detect AndFleeFromThreats()

This method is called at the beginning of the update method and checks
whether there are any predators in the vicinity. If there are, it combines the
directions away from all predators and chooses a position away from them to run
to. It then sets the agent’s destination to that position and skips all of the other
decision-making for this frame. The animal will thus start looking for food or
water once no predators are near.

Detect AreaForFood()

This method creates a sphere around the agent and collects all of the GameOb-
jects that collide with the sphere using their collider components. The method
then iterates through all of these objects and if they can be eaten by the agent, (the
agent’s Eater script allows consumption of the objects food category), adds them
to a private List<GameObject> priority_food or secondary_food, depending
on the priority and secondary food categories set by the entity’s Eater script.
It also collects all of the objects with the tag "Water" (water tiles and flooded
wetlands tiles) into a separate list.

In the end, the method chooses the closest sources of food and water. Their
positions are then saved into variables and used later to find a path towards them
when the animal has need of them.

This method is only called once the animal is either hungry or thirsty and only
while it doesn’t have a destination towards water or food to sate its needs, thereby
avoiding calling the method repeatedly every frame and causing performance
issues.

Detect AreaForMates()

This method applies the same logic as DetectAreaForFood () but searches for
other animals of the same species, then chooses the one that is closest, of opposite
gender and also ready to mate. Only female animals use this method and the
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GoToClosestMate () method, which finds a midpoint between the chosen mate
and the agent and directs both the agents to it. Once they arrive, they commence
mating and after an allotted time, the female invokes the CreateBaby () method,
which spawns a child between the two parents.

Wander()

If no food, water, or mating behaviour is active, the animal wanders randomly.
A new destination on the NavMesh is generated using RandomNavMeshLocation(),
and the animal’s agent’s destination is set there.

CalculateSpeed()

This method is used when the animal is in a hungry or thirsty state. It
calculates the speed of the animal based on its properties of idleSpeed and
maxSpeed by interpolating between these using the animal’s hunger and thirst.
When an animal is not hungry or thirsty, it maintains its idleSpeed. The closer
the animal gets to starvation and dehydration, the closer its speed gets to maxSpeed

Coroutines

In this script, there are three coroutines used to handle satisfying the animal’s
needs. They are the EatingCoroutine, DrinkingCoroutine and finally, the
MatingCoroutine and are used when an animal arrives at the location that can
satisfy its corresponding need. The coroutine then stops the animal from choosing
new locations to go to and resolves the action that can be taken at the current
place (eating, drinking or mating) after a few seconds, simulating the process of
eating, drinking or mating. The time needed for these interactions is customizable
through properties of the script.

ClearUnreachables()

The animal keeps two variables of type List<GameObject>: unreachable
_food and unreachable_mates. These are filled when the Detect methods return
result positions to which the Unity NavMesh functionality cannot create a path.
The contents of these lists are then ignored in future Detect calls.

When the map dries out after a flood, however, it is possible that previously
unreachable animals or berry bushes are now reachable. In that case, this method
is called, and the lists are emptied.

Die(float percentage_of nutrition)

Destroys the animal GameObject and replaces it with an instance of the corpse
prefab. The corpse inherits a fraction of the dead animal’s nutritional value given
by the argument percentage_of nutrition.

5.2.4 Corpse

The Corpse script is attached to animal corpses that are instantiated when
an animal dies. Corpses are edible by other animals and have an internal timer
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that dictates how long the corpse can last before decaying without being eaten. If
this timer expires or the corpse is fully eaten, it is destroyed.

Update()

Decrements the lifetime variable by the time since the last frame. If the
variable has reached zero or lower, the corpse is destroyed. Also checks whether
somebody ate the corpse in the last frame.

5.2.5 BerryBushController

BerryBushController is a script attached to each berry bush in the game. It
controls how fast eaten berries grow back and updates the associated Ul element.

Update()

The Update () method increases an internal timer every frame. Once the timer
exceeds the recovery_time_per_unit threshold, the bush attempts to regenerate
one unit of food if it is not already full. After generating a unit, this timer is reset,
and the cycle starts again.

5.2.6 AnimalSpawner

AnimalSpawner is a helper script that facilitates the spawning of animals
by the player during runtime. It handles the placement hologram, ensures that
animals are only spawned in valid locations, and communicates with the Ul
controller to give feedback and manage spawn limits.

Update()

Tracks the mouse position and raycasts to detect a valid ground layer. Changes
the hologram’s colour to red if the current position is not valid for spawn (Water,
trees, other animals). If the left mouse button is clicked and the area is placeable,
an animal is spawned. Right-click cancels the action.

SpawnAnimal()

Method called when the left mouse button is pressed on a valid area. It
instantiates a prefab of the animal species the player chose from the UI. Animals
spawned this way do not go through the growing period and can mate straight
away.

5.2.7 InGameUlIController

The InGameUIController manages all interactive Ul elements during the
simulation. It controls spawning animals, weather settings, map regeneration,
time control (pause and speed), and access to the statistics screen. It also handles
hiding some of these interactive features from the player for the purpose of
challenge in levels. The methods discussed in this part are all bound to certain
buttons on the Ul and their onClick event.
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OnPause()

Toggles the game between the paused and unpaused states.

SpeedUpTime() and SlowDownTime()

These methods switch between the game speed levels predetermined by the
array timeScales using an indexing variable currentTimeScalelIndex.

ShowStatistics()

Opens the statistics window by calling the ShowStatistics() method of the
attached StatisticsUIManager. Also pauses the game in case it was not paused
manually. After closing the statistics window, the game is unpaused if this method
paused it at the beginning.

RegenerateMap()

Clears the existing map and generates a new one by invoking the CreateMap ()
method of the map generator. Also resets the weather dropdown to its default
value.

SpawnAnimal(int type)

Creates the object with the script AnimalSpawner attached. Then passes the
desired species of animal to spawn to the spawner via the type variable.

5.2.8 StatisticsManager

StatisticsManager is a singleton class that handles the tracking of various
statistics during the simulation. These statistics include animal births and deaths,
food consumption, and current population numbers. Other scripts call its methods
to log relevant events during runtime.

Singleton Pattern

A singleton is a special kind of C# class that contains a static reference to an
instance of itself. This reference is commonly named instance or Instance, and
other scripts can use it to access the class even without having a reference to a
specific instance.

This class is accessed via StatisticsManager.instance, ensuring a single
shared instance exists throughout the game. This allows for centralised logging
and UI display.

Logging methods

The script contains many "Log" methods, which are methods called on the
singleton instance by any object that influences any statistic.
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ResetStatistics()

This method resets all statistics to zero. It is called when initiating a script,
but can also be used to reset the current statistics for other, purposes like level
restart.

5.2.9 randomMapGenerator

The randomMapGenerator script is responsible for generating the entire terrain
and foliage setup of the world using Perlin noise as described in 3.1. It also
handles the deletion of the current map and the generation of a new one. It is
only used in the sandbox mode of the game.

CreateMap()

Generates a new map by using the method CreateInnerMap() to generate a
2D array of a custom enum type TileType. This array then dictates what type
of tile is placed on each given space in the grid that forms the map. The method
GenerateFoliage() then generates another 2D array of a different custom enum
type FoliageType which takes the previous array and generates positions for the
different types of foliage to be placed on the grass tiles of the base of the map.

In the end, this method instantiates the tiles and the foliage and creates the
NavMesh by utilizing the script NavMeshBuilder.

SetNavMeshUpdateFlag()

Marks the map as needing a NavMesh rebuild. This is later detected in
Update() and triggers a call to UpdateNavMesh(), which updates the current
NavMesh.

This method is called when a change to the map occurs. Namely, when
wetlands tiles are flooded or dried.

DeleteOldMap

Handles the deletion of the current map and all the animals and corpses in it.
This method is used when a new random map needs to be generated.

5.2.10 WeatherController

The WeatherController script controls the object that handles the dynamic
weather system. It changes the visual effects of the weather, as well as apply-
ing any effects the current weather imposes on other objects. The script has
a boolean variable dynamicWeather that governs whether the weather should
randomly change. If the weather is dynamic, the variables weatherDurationMin
and weatherDurationMax give the bounds for randomly generating a time for the
next weather to last.

If the player sets the weather manually through the Ul, that weather lasts until
it is manually changed again or the map is regenerated. The dynamic weather
system can be restarted by choosing the "dynamic" option in the UI weather
selector.
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This script also defines the enum WeatherType that is used to distinguish
between weather types.

Weather methods

Each weather type has a Start and Stop method. For example, the methods
StartRaining() and its couterpart, the method StopRaining() for the weather
type WeatherType.Rain. These methods handle the initialization or finalization
of the effects of the current weather type. The Start methods are stored in a
Dictionary<WeatherType, Action> weatherTransitions and the Stop meth-
ods are stored in a dictionary of the same type called weatherDetransitions.

TransitionToWeather ()

This method is used when the current weather changes either manually or
dynamically. The method gets the WeatherType of the next weather condition as
a parameter and first calls the Stop method of the current weather type to finalize
any effects it might have. Then it calls the Start method of the new weather
type and sets the currentWeather variable to the new WeatherType. Access to
the Start and Stop methods is gained through the transition and detransition
dictionaries.

SetRandomWeather()

Randomly chooses a new weather condition using Unity’s random number
generation and transitions into it. Also resets the internal timer for the next
change.

SetWeather(WeatherType newWeather)

Gets a WeatherType as an argument and sets the weather to that type. Also
unchecks the dynamicWeather bool, thereby turning off the dynamic weather
mode.

5.2.11 WetlandsController

The WetlandsController script is attached to each wetlands tile on the
current map. It handles the effects of flooding and drying out for the tile.

StartFlooding()

Begins the flooding process and reduces the time needed to flood by a factor
given as an argument. This makes storms flood faster than normal rain. The tile
is marked as no longer dry and ready to flood.

StopFlooding()

If the tile is not completely dry, begins the drying process.
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FloodedEffects()

Finalises the flooding of a tile. Changes the tile’s colour to blue, updates its
tag and layer to "Water" and invokes the onFlooded Unity event to notify the
map generating system.

DryEffects()

Reverts all changes made during flooding. Restores the original colour, tag,
and layer, and makes the tile walkable again. Invokes the onDry Unity event.

5.2.12 CameraController

CameraController is responsible for the movement of the main camera. It
allows the player to navigate the map in an orthographic top-down view and
keeps the camera focused on a central point called 1ookAtPoint. The angle of
the camera to the map never changes, but the camera can be rotated, moved and
zoomed to gain line of sight to any part of the world.

Start()

The script finds where the camera view intersects the plane of walkable ground
on the map and fixes the lookAtPoint there. This point is then used to move
along with the camera, be zoomed to and from and be rotated around.

Update()

The Update() method handles all player inputs related to controlling the
camera:

e« Movement — Using the W, A, S, and D keys, the player can move the camera
forward, left, backwards, or right. The movement is relative to the camera’s
current orientation, and the lookAtPoint is updated accordingly.

e Zoom — Scrolling the mouse wheel changes the camera’s orthographic size,
zooming the view in and out. The zoom level is constrained by the variables
minZoom and maxZoom.

« Rotation — Holding Q or E rotates the camera around the lookAtPoint.

32



6 User Documentation

6.1 Installation and launch

The game does not require any installation process. The user only needs to
unpack the "zip’ folder with the game files. Once the folder is unpacked, the game
can be started by simply launching the ’exe’ file.

6.2 Main menu

Upon launching the game, the user is presented with the Main menu. This
is an entirely 2D environment with only Ul elements, where the user can use the
mouse to interact with the buttons on the screen and choose their next action.
Those actions are:

Challenge mode
Sandbox mode

Figure 6.1 Main menu screen

Challenge mode

This button takes the user to the Level select screen, where they can then
choose to enter one of the prepared levels.

Sandbox mode

This button takes the user directly into the sandbox game mode.

Exit game

This button closes the application.

6.3 Level select screen

On this screen of the menu, the user is presented with the four levels of the
game. Each level is represented by a button with the level’s number, name and
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preview picture. The user can start any level by pressing its corresponding button,
or return back to the Main menu by pressing the Main menu button.

Population Sustaining a
control simulation

Level 1 Level 2 Level 3 Level 4

Hunting season Rabbid Rabbits

Figure 6.2 Level select screen

6.4 Game and its Ul

Upon entering any level or the sandbox mode, the user is presented with the
game and the game Ul The user interacts with the game primarily by using the
mouse, but can also control the camera movement and pause the game using the
keyboard. The buttons in the game Ul are as follows:

Figure 6.3 In-game Ul

Weather

Pressing the button under the "Weather:" title reveals the weather dropdown
menu. Here, the user can change the weather by pressing the corresponding option
or set the weather to change randomly at set intervals by choosing the Dynamic
option.
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Time control

The buttons titled Slower, Faster, and Pause in the top centre of the screen
are used to change the game’s speed. The Faster and Slower buttons can be
pressed to make the simulation progress at a faster or slower rate. The Pause
button can be pressed anytime to pause the simulation entirely. In this case, the
button’s text will change to Resume and pressing it will unpause the game.

Animal spawning

On the right-hand side of the screen, under the title "Spawn animal:’, we
can find four buttons with the names of the four animal species available for the
simulation. The user can choose to spawn an animal by pressing the corresponding
button and then previewing the spawn location by moving the mouse to any desired
position on the map. The user may then press the left mouse button to spawn
the animal on any valid surface or the right mouse button to cancel the spawning
process.

Statistics

Pressing the Statistics button at the bottom middle of the screen pauses
the game and brings up the statistics overlay, where the user can see statistics
about the different animal types throughout the current simulation. While in the
statistics panel, pressing Space on the keyboard will hide the panel and resume
the game.

Rabbit:
Current population: 0
Overall spawned: 0, Died of natural causes: 0, Killed: 0

Deer:
Current population: 0
Overall spawned: 0, Died of natural causes: 0, Killed: 0

Fox:
Current population: 0
Overall spawned: 0, Died of natural causes: 2, Killed: 0

Wolf:
Current population: 1
Overall spawned: 0, Died of natural causes: 0, Killed: 0

Total berries eaten: 0, total meat eaten: 0

Press Space to close statistics

Figure 6.4 Statistics overlay

Pausing the game

By pressing Esc at any time during the game, the user can pause the game
and bring up the pause menu. Here, the simulation can be resumed by clicking
the Resume game button, the user can restart the current level in challenge mode
or reset the simulation in sandbox mode by selecting Restart or exit back to the
main menu by clicking the Back to menu button.
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Resume game

Back to menu

Figure 6.5 Screen shown when pausing the game

6.5 UI in sandbox mode

In the sandbox mode, another option appears at the bottom left of the screen.
By pressing the button Regenerate map the user can delete the current world’s
map and all currently spawned entities (animals and corpses) and generate a new
random map. Pressing this option also resets the statistics for the simulation.

6.6 Ul in challenge mode

When starting any level, the user is first met with the objective screen. This
screen shows the objective for the current level and can be closed by pressing the
Space key. Once this screen is closed, it cannot be opened again unless the user
restarts the level in the pause menu or re-enters it from the level select screen.

Ensure the elimination of all of the
foxes and have the population of
rabbits be >= 3 while the wolf remains
alive for 10 seconds

Press space to begin

Figure 6.6 Screen stating the level’s objective

A shorter summary of the objective is always available in the top left part of
the screen.
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When the objective for the level is met, the game is paused, and the end screen
is shown. Here, the player can choose to play the level again from the beginning
by pressing the Restart button or return to the menu with the Menu button.

Level Complete!

Menu

Figure 6.7 Screen shown after finishing a level

In challenge mode, the animal spawning buttons will be changed, and each
button will show a number in addition to the species name. This number indicates
how many more of that species of animal can be spawned for that level and will
decrement anytime the user spawns an animal of that type. When this number
reaches zero, pressing the corresponding button to spawn an animal will yield no
result.

Certain levels may also hide the weather dropdown menu from the user. In
that case, the weather will be set to Dynamic mode.

Reach fox population: 0, Wolf [ slower || Pause #aster
population: 1 and Rabbit D— @
population: >= 3 =

Statistics

Figure 6.8 In-game Ul with challenge mode changes
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Conclusion

The goal of this thesis was to implement a puzzle game heavily focusing on the
use of a fully developed simulated environment, merging the rigidity of a puzzle
game’s world with the dynamic and emergent events of a simulation. By creating
a simulated environment with multiple animal species with a simple but effective
needs-based Al interacting with each other and a dynamic weather system that
influences the game map and the animals themselves, the game encourages indirect
problem-solving skills and experimenting with the game’s systems.

We have seen how the game operates and how it was developed using the Unity
Game Engine, utilizing its core systems and the additional NavMesh Components
library. The game contains two distinct modes, each focusing on a different style
of play or interaction with it. The sandbox mode supports experimentation with
the game’s world and the animals, while the challenge mode tests the player’s
skills in working with the simulated environment to accomplish set goals and
adapting to emergent events under a set of constraints. The simulation’s core rules
are deliberately simple to not confuse the player and support the development
of strategy for the puzzles in the game, while not being as simple as to restrict
interactions between animals and make the game trivial.

During development and testing, several emergent behaviours could be ob-
served, such as the population of rabbits quickly outgrowing a population of
wolves of the same size when the wolves” maximum hunger was set too high.
Observations such as these highlighted the importance of the careful balancing of
the properties of animals, as well as any other adjustable parameter elsewhere in
the world, to achieve a simulated environment that is capable of sustaining itself
as best as possible. The addition of the statistics system also provides the option
of gathering feedback about the simulation for the purpose of future analysis or
giving the player feedback about their current simulation.

This thesis, while mainly focused on the aspect of the technical implementation
of this game, demonstrates how the genres of puzzle and simulated environment
can merge to create a unique gameplay system that not only challenges the player’s
critical thinking skills but also their adaptability to the events happening in the
simulation. It also demonstrates areas where the game could be improved or
expanded - for example, deepening the animals’ Al to allow for more complex
and differing interactions, expanding the game’s world and making the map itself
more varied or adding new animals with new and interesting mechanics. While
interesting, these additions could potentially make the game too complex and
could even lessen the rules of the puzzle format further. And since they were not
part of the original plan or scope of the game, and are mentioned here only as
suggestions of areas in which the game could be pushed forward.
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A Attachments

A.1 Source Code

A .zip archive containing all Unity C# scripts used in the implementation of
the game project. This includes core systems such as Al logic, weather control,
animal behaviours, and Ul management, as described in Chapter 5 (Developer
Documentation).

Filename: Attachments.zip/SourceCode/

A.2 Game Build

A standalone build of the game completed for Windows. No installation
is required beyond unpacking the .zip folder and launching the SimulatedFEn-
vironments.exe file. Further instructions about launching the game can be
found in chapter 6 (User Documentation). The whole Unity project for this
thesis can be found in my personal GitHub repository on the following link:
https://github.com/Tondastro/Simulated-Environments-bc-thesis

Filename: Attachments.zip/GameBuild/
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