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Abstract 

This thesis proposes an approach for automatic code generation from a Colored Petri net 

specification. Two tools were developed for the aforementioned purpose, a Colored Petri net 

editor to create and modify Colored Petri nets, and an automatic code generator to generate code 

from a Colored Petri net specification. Through the use of the editor four models were created, 

these models were used as input to the automatic code generator. The automatic code generator 

successfully generated code from the Colored Petri net specification, code in the form of 

component scripts for the Unity3D game engine. However, the approach used by the code 

generator had flaws such as introducing overhead in the generated code, failing to deal with 

concurrency, and restricting the types of Colored Petri nets which could be used as input. The 

aforementioned tools could be used in the future to research the benefits and disadvantages of 

modeling game systems with Colored Petri nets, and automatically generating code from 

Colored Petri nets. 

Keywords: automatic code generation, Petri net, Colored Petri net, game development, Unity3D. 

 

Abstrakt 

Arbetet presenterar ett förslag för automatisk kodgenerering från en Colored Petri net 

specifikation. För detta ändamål utvecklades två verktyg, ett redigeringsverktyg för att skapa och 

modifiera Colored Petri nets och en automatisk kodgenerator för att generera kod från Colored 

Petri nets. Föreliggande redigeringsverktyg användes för att skapa fyra Colored Petri net-

modeller. Genom att mata in en modell till kodgeneratorn kunde kod skapas i form av ett 

Component Script för spelmotorn Unity3D. Kodgeneratorn lyckades skapa kod, men metoden 

som användes hade brister då metoden introducerade overhead i den genererade koden, 

misslyckades att hantera parallella trådar, och begränsade typerna av Colored Petri net modeller 

som kunde användas vid inmatning. De föreliggande verktygen kan möjligtvis komma till 

användning i framtiden för att utforska fördelar och nackdelar med att modellera spelsystem med 

Colored Petri nets samt automatisk kodgenerering. 

Nyckelord: automatisk kodgenerering, Petri net, Colored Petri net, spelutveckling, Unity3D. 
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Glossary of terms 

  

Access specifier Access specifiers are keywords in object-oriented 

programming languages which set the accessibility of 

classes, methods and variables. By defining the 

accessibility, the programmer can encapsulate parts of the 

program.  

Boolean expression A Boolean expression is a logical statement that is either 

TRUE or FALSE. 

Callback function A Callback function is a function which is passed as a 

parameter to another function. The function is then invoked 

elsewhere in the program. 

Class A Class is an extensible template for creating objects, the 

user can define variables and methods of the class. From the 

class objects can be instantiated. 

Concurrency Concurrency refers to the ability of a part of a program, or 

algorithm to be executed in parallel without affecting the 

final outcome. 

Control flow Control flow is the order in which individual statements, 

instructions and function calls are executed or evaluated. 

Data type A data type classifies how the compiler should interpret the 

data of a variable.  

Deterministic A deterministic system is a system in which no randomness 

is involved in the computation of a future state. As such a 

system can be said to be deterministic if the system 

produces the same output from a given starting input. 

Expression and Evaluation An expression is an instruction to execute something that 

will return a value. The process of executing an expression 

is called evaluation. 

Float Float is a data type which represents real numbers. 

Function and Method Functions are sequences of instructions which perform a 

specific task. A function may take variables as parameters 

and may return a value. In Object-oriented programming a 

function may be called a method if the function is 

associated with an object. 

Functional Programming 

Language 

Functional programming is a style of building the 

structure and elements of a software. Functional 

programming treats computation as the evaluation of 

mathematical functions. The output of a function when 

using functional programming should only depend on the 



 
 

 

 

parameters which are passed to the function. 

Int Int is a data type which represents Integers. 

Namespace A Namespace is a set of symbols that are used to organize 

objects of various kinds, so that these objects may be 

referred to by name. 

Null Null is a keyword indicating that something has no value. 

Object-Oriented programming 

language 

Object-Oriented Programming is a programming 

paradigm based on the concept of objects. An object may 

correspond to things found in the real world but may also 

correspond to more abstract entities. By collecting methods, 

variables and other properties, the class of the object can 

manage everything about that object. 

Rigid body A Rigid body is a solid body in which deformation is zero 

or so small it can be neglected. In physics simulations Rigid 

body is used to approximate the physics of an object. 

State State refers to state of the application. As a computer 

program stores data in variables, which represent storage 

location in the computer’s memory, the contents of the 

memory locations is called the program’s state. 

State machine State machine in this work is short-hand for “finite-state 

machine”. It is a mathematical model of computation and is 

an abstract machine that can be in exactly one of a finite 

number of states at any given time.  

Statement A Statement expresses some action to be carried out. The 

statement may be an assertion, assignment, a loop or an if-

statement.  

String String is a data type which represents a string of characters. 

Variable  A Variable is a storage location paired with a symbolic 

name. The variable contains a quantity of information 

referred to as a value. 

Variable Initialization Variable Initialization is the assignment of an initial value 

for an object or variable. The way initialization is performed 

depends on the data type of the object or variable. 
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1 Introduction 

Early in my game design studies I was introduced to the concept of designing games through the 

use of a notation system. The first time I was exposed to the idea was during a lecture from a 

teacher about Joris Dormans’ Machinations. Machinations is a “a conceptual framework and 

diagram tool that focusses on structural qualities of game mechanics” (Dormans). During the 

lecture, one of my fellow students asked the teacher if it was possible to use Machinations as the 

engine of a game. Machinations did not and still does not yet seem to support such an idea. To 

me, the notion of building the game design through a diagram tool was astounding, the 

possibilities of such a tool seemed infinite. Not only can such tools help you test and verify your 

design throughout the creation process, but it can also be helpful when communicating game 

design, having a model to demonstrate what you are trying to convey can be very valuable. 

Prominent game designers have argued that the lack of formal notation is a problem in the 

industry (Neil, 2015) and several attempts have been made to introduce and develop notation 

systems for games (Cousins, 2004; Koster, 2005). Cousins first introduced the idea of game 

atoms, which is an idea which suggests that a game is made up of small elements. These 

elements can be simple such as “change direction of character” or “move character in direction”. 

Using the idea of game atoms as elements of gameplay, both Koster and Cook proposed notation 

systems (Cook, 2007; Koster, 2005). Other notation systems based on pre- existing modeling 

languages have also been proposed such as modeling with UML (Sicart, 2008), or modeling with 

Petri net (Araújo, Roque, 2009). Petri net is a mathematical modeling language which utilizes an 

easy to understand graphical notation. Petri net in particular may be interesting for game 

designers, as Araújo and Roque argue that Petri net may be useful to identify problems with the 

game design.  

Yet, the adoption of such tools is poor and the reason for the poor adoption rate is not well 

studied. Neil suggests that game design utilizes a craft-based design practice and as such, the 

adoption of game design tools, such as game notation, would represent “a shift towards 

conscious design” (Neil, 2015). Neil argues that as the technology supporting “a trial-and- error 

style, crafts-based design process” has improved since the calls for game notation was first 

voiced, the game design community has avoided dealing with the inefficiencies of the craft-

based game design practices, with little cost, a popular aphorism being “fail early”. Neil suggests 

that using such brute force approaches is a problem as it undermines the design mechanics of 

innovation and discovery, causing issues with creativity in game design (Neil, 2015). 

This thesis proposes a potential approach for generating a game implementation through 

automatic code generation using a formal notation. Such an approach may answer the question 

my fellow student asked, whether we can automatically create a game implementation from a 

formal notation. The formal notation chosen for the approach is an extended version of the 

mathematical modelling language Petri net.   
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2 Background 

This chapter aims to introduce concepts and terms which will reappear in later chapters and also 

attempts to provide resources for further reading. 

2.1 Petri net 

For the purposes of this thesis the graphical notation is the focus, therefore the formal 

mathematical definition will not be introduced. For further reading about the formal 

mathematical definition, see Petri Net Theory and the Modeling of Systems (Peterson, 1981). 

Petri net have mostly been used when modeling computer hardware and software, areas which 

has been the main driving force of continued Petri net development (Jensen, 1997). But Petri net 

can also be applied to other types of systems such as game systems (M. Araújo, L. Roque. 2009). 

The graphical notation of Petri nets features four elements: Places, Transitions, Tokens, and 

Arcs. Places represent the states of the system and are notated as circles. Transitions represent 

events or actions and are notated as rectangles. Tokens represent resources and are notated as 

filled circles inside a place. The arcs define the flow of tokens between various places and 

transitions and are notated as arrows (Peterson, 1981), the direction of the arrow determines the 

directionality of the arc. As arcs can only be defined between a place and a transition, the 

directionality determines if the arc is an input to or output from the transition. The state of a Petri 

net can be manipulated by “firing” a transition. In order for the firing of the transition to be 

successful: All input places must contain at least one token. If such is the case, all input places of 

the transition lose one token and all output places of the transition gain one token (Peterson, 

1981). 

The Petri net definition can be restricted to enforce a certain syntax, one such restriction is the 

state-machine restriction. By utilizing a state-machine restriction, the transitions of a Petri net 

can only have at maximum one input arc and one output arc. The intention with this restriction is 

to disallow concurrency in the Petri net (Jensen, 1997). The Petri net definition has also been 

extended. The intention of extensions is to either improve the computational power of the Petri 

net or make modelling with Petri nets more convenient (Jensen, 1997). One such extension is the 

Colored Petri net extension. 

2.2 Colored Petri net 

Colored Petri net is a fully backward-compatible Petri net extension, often abbreviated as CPN. 

The purpose of the CPN extension is to combine the strength of low-level Petri nets with the 

strength of traditional programming languages. The Petri net modeling language describes the 

control flow of the application, while a programming language is used to define data types and 

data manipulation (Jensen, 1997). To define data types, tokens are defined as having a “color”. 

The color is used to represent an arbitrarily complex data type and can be seen as the data type of 

the token. Each token can hold data based on their data type. This introduces a way to 

differentiate between tokens, as they can hold different types and values. Data manipulation in a 

CPN is done by letting arcs hold expressions. Token differentiation is done through evaluation of 

guard expressions, which define Boolean expressions. A Boolean expression evaluates to either 

true of false based on the values of the token data. The result of the evaluation is used to 

determine if a token is eligible to be used in a transition firing. Commonly, arc and guard 

expressions are defined using a functional programming language (Jensen, 1997). 
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2.3 Automatic code generation 

Automatic code generation refers to tools that automatically generate code from some sort of 

specification. Depending on how detailed the specification is, the generated code can describe 

the full implementation of an application. Although handwritten code by experienced and skilled 

developers may produce better optimized and performing machine code than that produced by an 

automatic tool, handwritten code often requires much more development time (Gomes et al., 

2010). 

2.4 Unity3D 

Unity3D is a closed-source, cross-platform game engine developed by Unity Technologies. It is 

used to develop both 2D and 3D video games for many platforms. The game engine supports 

many rendering, physics, sound, networking, input, and other game-related features. The user 

can develop games using the Unity Editor, which can be extended with various functionality, and 

by using C# as a scripting language to define game mechanics. 

Through the Unity API the user can access the features of the engine including components 

which are part of the Component-Game object pattern which the Unity3D game engine uses. A 

component is defined by inheriting from the class MonoBehaviour. A component is a class 

describing a certain functionality or behavior. The components are where the gameplay logic of 

the game is defined. The API exposes the game loop to the user through components by the 

definition of the start, update and fixed update function callbacks. In the start function, the user 

can define behavior which happens when a game object is created, while in the update and fixed 

update functions, the user can define what the game object does every time the game updates. 

The fixed update function updates at a fixed frequency and is most used for physics related 

behaviors, while the update function updates at irregular frequency and is used for general 

behavior and input. The Unity API exposes other functions related to the game loop, but for the 

purposes of this thesis, these will not be introduced. 

2.5 Visual scripting 

Visual scripting refers to programming languages which let users create programs by 

manipulating program elements graphically, often featuring a “boxes and arrows” graphical 

notation. One of the major strengths of visual scripting is the potential to make programming 

more accessible to novices and support differing levels of knowledge (Repenning, A., 2017). 

Visual scripting has recently found success in game development with popular game engine 

editors providing support for visual scripting.  

Unreal Engine 4’s BluePrint is perhaps the most well-known and well-adopted. Blueprint is a 

complete gameplay scripting system which uses a node-based interface. The system is claimed to 

be “extremely flexible and powerful” and claims to provide the ability for non-programmers to 

use the full range of tools which, generally, only a programmer has (Epic Games). Blueprint 

features four elements, Nodes, Events, Functions and Variable with wires. By connecting these 

elements, complex gameplay elements can be produced. Unity3D and CryEngine also provides 

visual scripting opportunities. With Unity providing support through third-party extensions such 

as Bolt (Ludiq) and Playmaker (Hutong games LLC), and CryEngine providing their FlowGraph 

node-based visual programming language.   
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3 Purpose 

The purpose of this thesis is to explore the possibilities of automatic code generation from a 

Colored Petri net specification in game development. Studies have shown that Petri net can 

model game systems sufficiently and that the Petri net modeling language may be beneficial as it 

allows systems to be validated and tested through simulation. Araújo and Roque (2009) argue 

that Petri net, through simulation of the model, is able to expose problems in a game system such 

as a game flow or balancing issue. 

By using automatic code generation along with the “easy to use and learn” graphical notation of 

Petri net, the barrier of entry for developing games may be reduced. Being able to tie the model 

to the implementation can reduce the problems of game documentation failing to represent the 

implementation, especially as game development proceeds into time-restricted periods. 

Additionally, exploiting the time spent modeling to create an implementation automatically can 

ensure that a workflow using modeling is not abandoned due to time constraints. The benefits 

which have been suggested may entice more developers to adopt formal notation.  

Araújo and Roque (2009) suggests that the CPN extension may be convenient as it can express 

details easier than a low-level Petri net. The CPN extension will therefore be used for the 

purposes of this thesis. The thesis attempts to provide a proof of concept for further studies and 

will propose a potential approach to automatic code generation from CPN for the game engine 

Unity3D. Due to limited time, the approach will exclusively use CPNs with the state-machine 

restriction. As the restriction prevents the user from defining concurrent behavior, the utilization 

of CPN may reduce the complexity of the code which must be generated. 
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4 Previous work 

Petri nets have previously been used to model game design (M. Araújo, L. Roque, 2009), where 

several systems were modeled using Petri net. Petri nets have also been used in developed video 

games such as in the serious game Europe 2045 (Brom et al. 2007), where a modified Petri net 

was used to model stories for the game. There have been multiple successful attempts to 

automatically generate code from both low-level Petri nets and Colored Petri nets (Gomes et al., 

2010; Campos-Rebelo et al., 2011; Espensen et al., 2009). 

Automatic code generation from CPNs can be approached in multiple ways. Espensen et al. 

(2009) list the following approaches: Simulation-based, state space-based, decentralized, and 

structure-based. A simulation-based approach directly uses the simulation logic to generate code. 

As the simulation logic is used directly, a simulation-based approach may be relatively 

straightforward to implement, and the direct application of the simulation logic ensures that the 

behavior of the generated code is the same as the observed behavior in the simulation. 

Simulation based approaches can however negatively impact the performance and the readability 

of the generated code due to implementing a simulation scheduler. State space-based approaches 

compute all possible states which the Petri net specifies. Espensen et al. (2009) argues that this 

approach is unlikely to be useful, as it can suffer from the state space explosion problem, due to 

the approach assuming that the Petri net specifies a finite and small state space. 

A decentralized approach implements all places and transitions as processes. This approach does 

well in preserving parallelism, however by doing so introduces some overhead due to locks and 

messaging. Espensen et al. (2009) introduces the structure-based approach. The structure-based 

approach attempts to identify the structure of the Petri net to define the control flow structure. As 

the approach does not need to define and implement a simulation scheduler it may lead to 

improved readability and better performance. However, due to CPNs being able to represent 

control flow structures, message passing and data access with higher abstraction than common 

programming languages, a structure-based approach can be hard to implement. 
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5 Method 

To create CPNs and implement automatic code generation of CPNs for game development, two 

tools were developed. A tool to create and modify CPNs, the Colored Petri net editor, and a tool 

to generate code from the CPNs created by the Colored Petri net editor. 

 

5.1 Colored Petri net editor 

The Colored Petri net editor tool, abbreviated as CPNE, was implemented as an extension to the 

Unity Editor, so that the user could create CPNs in the Unity Editor environment. To further 

integrate CPNE in the Unity Editor environment, CPNE uses reflection to find data types, 

methods and variables within the Unity3D API. The data types, methods and variables which 

were found can then be used by the user for various purposes, such as using a data type when 

defining a variable in a color or calling methods in an arc expression. CPNE uses three windows, 

a viewport where the CPN is created and modified, a color manager where the user can define 

their colors, and an inspector which lets the user inspect the elements defined in the CPN. 

The viewport is a white canvas where the CPN elements are displayed. Through a popup context 

menu which is invoked by a right-click, the user can fill the canvas with elements. Depending on 

the currently selected element the content in the menu changes. While no element is selected, the 

user can add a place or a transition. While a place is selected, the user can remove the element, 

make an arc from the element, or add a token to the place. While a transition is selected, the user 

can remove the element or make an arc from the element. CPNE uses the state machine 

restriction, restricting each transition to only have one output and one input arc. If the transition 

already has an arc, the context menu does not allow the user to make another arc from that 

element. 

The color manager manages the colors of the Petri net. Using the color manager, the user can 

create arbitrarily complex colors by adding variables to the color. Variables can be assigned a 

name, data type, access specifier, an initial value, and may also be tagged as an array. The array 

can be set to a size or be set to null if the variable is a public variable. Variables are required to 

have a unique name from the other variables defined in the color. The data type which a variable 

can be is determined by the data types found by through reflection. Additionally, a variable can 

have a color as a data type. The initial value of a variable may be defined by value if the type is a 

type found in the System32 namespace, such as float, int, and string, otherwise the variable may 

also be defined by a keyword, such as null or self. The self- keyword assigns the variable as a 

reference to a component which the entity has. 

The inspector displays information about the CPN, depending on the currently selected element. 

If no element is selected, the inspector gives an overview of the CPN, showing a list of the arc 

and guard expressions defined in the CPN. If a place is selected, the user can set the name of the 

place, assign the color of the place, and inspect and modify the value of the tokens. If a transition 

is selected, the user can set the name of the transition and also bind the transition to be triggered 

by a physics event. By selecting an arc, the user can define the arc or guard expression of that arc 

through the use of the programming language C#. 
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5.2 Petri net code generator 

The Petri net code generator parses the currently active Petri net defined in the Petri net editor 

for its elements. The goal of the generator is to create a component script for each color defined. 

The algorithm for generating code iterates through the component colors. The algorithm starts by 

collecting the variables of the color, along with their initial values. 

Depending on the variable type, the variable is initialized differently. As an example, if the 

variable type is a type derived from MonoBehaviour, it is initialized in the Start method for the 

component. The user can define how the initialization of a MonoBehaviour is done through the 

use of a keyword. The keyword self signifies that the variable is initialized as a reference to a 

component from the own game object, but the user could also define the initialization with the 

null keyword and set the reference using an arc expression or in the scene view of the Unity 

editor if the variable has a public access specifier. 

After all the variables have been collected, the algorithm parses through all places which are 

assigned to the color. For each place, a state object is initialized, the purpose of this object is to 

gather all the arc and guard expressions which deal with the place. The arc and guard expressions 

are sorted based on the color of the connected place and are added to the state object of that 

color. Each expression in the state object is then tagged with an identifier which represents which 

method the expression should be implemented in. The tagging process is done by evaluating the 

transitions the expression is connected to and the methods called by the expression. All 

transitions which have a trigger event bound to them are iterated over and the expressions which 

are connected to the transition are tagged with the event type. All expressions which call specific 

physics functions or modify certain variables, which rely on a fixed time step, are tagged with 

the physics update tag. Once the state objects have been filled and the expressions they contain 

have been tagged, the component script is generated using the information which the state object 

contains. 

Generating the component script is done using CodeDom, which is a language independent 

object-model that can be used to automatically generate code. The generation algorithm starts by 

determining the namespaces required for the component script. A class object is then initialized, 

the class inherits from MonoBehaviour. The variables of the color are added to the class object 

and depending on their initialization value, the variables are either initialized with their variable 

declaration or in the Start method of the component. The methods required for the component are 

then added to the class and the methods are filled with the expression depending on their tag. 

From this data, the code is then generated, and once generated the code is subject to a code 

analysis tool to format and indent the code. 
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6 Result 

Using the Petri net editor, four models were created. One model describing the movement of a 

2D character and three models describing a game which includes a merchant ship, travelling 

between harbors to buy and sell its goods while avoiding pirates and rocks. These four models 

were then used as an input to the code generator tool to generate code. 

6.1 2D character movement 

 

Figure 1 - 2D character movement model 

The 2D character movement model exhibits the movement of a character for a 2D platform 

game. The player can move horizontally and jump to move vertically. While jumping and falling 

the player cannot move horizontally. The implementation makes use of rigid body physics 

defined in the Unity API.  

The character starts in the Idle state and from the Idle state the player can manipulate the state of 

the character by either requesting to move, or by requesting to jump. By pressing the A or D 

keys, the player can request to move. If the player stops pressing the A or D keys, the character 

will be return to the idle state. By pressing space, the player can request to jump. While moving 

the character can jump and will retain the horizontal velocity during the jump, but the player can 

not manipulate the horizontal velocity while jumping. Connected to all states, except the falling 

state, are falling transitions. These are triggered whenever the character has a negative velocity in 

the y direction. Once the character has reached ground the character is returned to the Idle state.  

The full model along with the generated code can be found in Appendix A. 
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6.2 Merchant ship 

 

 

Figure 2 - Merchant ship model 

The ship model exhibits the behavior of a merchant ship. The merchant ship is player controlled, 

the player can manage sails and steer the ship. The goal of the player is to earn money by 

transporting goods between harbors. The player must also avoid pirates and rocks, failing to do 

so will result in shipwrecking. The implementation makes use of rigid body physics as defined in 

the Unity API, and an API which handles the inventory of the ship. The Merchant ship starts in 

the In Harbor state, once the player decides to leave the harbor the state of the merchant ship 

changes to Sailing. While in the Sailing state the following happens to the ship:  

A) Manage Sails: Based on the player input the Sails are either raised or lowered. 

B) Steer: By manipulating the rudder of the ship the player can steer the ship. 

C) Move: If the sails are raised, the ship automatically moves forward and rotates based on 

the direction of the rudder. 

D) Hit by Cannonball: If the merchant ship is hit by a cannonball, the ship will lose health. 

E) Hit Rock: If the merchant ship hits a rock, the ship will lose health. 

F) Out of Energy: If the merchant is out of energy it will shipwreck. 

G) Reached Harbor: If the merchant ship reaches a harbor the state of the merchant ship 

changes to In Harbor.  

The full model along with the generated code can be found in Appendix B.  
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6.3 Pirate 

 

Figure 3 - Pirate model 

The pirate model exhibits the behavior of a pirate ship hunting merchant ships for treasures. The 

pirate starts in the Patrol state. In the patrol state, the pirate patrols a certain area defined by the 

user in the scene view by defining target positions to patrol between. The pirate can spot targets 

based on range. Once a target has been spotted the pirate will chase the target. While chasing the 

target, the pirate will attempt to fire cannonballs at the target when it is close enough but must 

also manage reloading the cannons. Depending on how far away the target is and how far the 

pirate is from where it started chasing the target, it may lose the target. The pirate will then return 

to the position where it started chasing the target and restart its patrol. The implementation 

makes use of a navigation mesh agent to handle movement as defined in the Unity API.  

A full model along with the generated code can be found in Appendix C.  
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6.4 Harbor 

 

 

Figure 4 - Harbor model 

The harbor model exhibits the behavior of a small harbor town. The harbor has one hundred 

inhabitants which produce goods, the harbor then offers to sell these goods to the merchant ship 

when it comes. The harbor makes use of an API to handle inventory, such as the goods produced, 

the money the harbor has and how much space it has to store goods. Depending on the needs of 

the inhabitants, the harbor also offers to buy goods from the merchant ship. 

The full model along with the generated code can be found in Appendix D.  
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7 Discussion 

7.1 CPN and CPNE 

The utilization of the CPN extension in CPNE can be a disadvantage, in addition to the object-

oriented programming language it uses, the tool requires the user to have programming 

knowledge. Additionally, CPNE requires the user to have extensive knowledge of the Unity API 

when defining arc and guard expressions. Aforementioned requirements mean that the tool fails 

at lowering the barrier of entry for game development. As the scope of the thesis was limited, it 

was not possible to explore alternatives to the used solution, perhaps the solution to lowering the 

barrier of entry would be to use a visual scripting language to define the arc and guard 

expressions. Perhaps the programming knowledge requirements would not be as bad if the tool 

used a more conventional functional language to define arc and guard expressions. However, as 

the Unity3D game engine requires the user to make use of the Unity API, this solution was out of 

the scope of this thesis, as this would require one to build a new syntax for interacting with the 

Unity API. By integrating CPNE with the Unity API, the user can easily define the arc and guard 

expressions to make use of the features found in the Unity API. 

By comparing the Colored Petri nets to low-level Petri nets describing the same system, it can be 

observed that a low-level Petri net model is much more detailed in its graphical notation, while a 

Colored Petri net model can be at a higher level of abstraction with the details of the system in its 

arc and guard expression. Perhaps the suggestion that Colored Petri net can make modeling more 

convenient, made by Araújo and Roque (2009), depends on the modeler. 

While the Colored Petri net allows for a detailed description of a system at a high level of 

abstraction, the low-level Petri net on its own can provide a detailed graphical notation which 

can give a better overview of the system. For a modeler with programming knowledge, Colored 

Petri net may be more convenient, however for a modeler with no programming knowledge, low-

level Petri net may be easier to work with. 

The created models are forced to duplicate graphical elements in some situations, which can be 

seen by examining figure 1. The 2D character movement model defines three transition elements 

called “Falling”, which all have the same guard and arc expressions, the same can be observed 

with the transitions called “Jump Request”. To resolve this, there are a few options. One options 

is to not restrict the Petri net as a deterministic state machine, but instead model the system as a 

nondeterministic state machine with two states. In such a model, there could be one state which 

deals with jumping and falling, and another state which deals with horizontal movement. 

Another option is to define the XOR arc element extension, which lets transitions have multiple 

input arcs without requiring all input places to have tokens. 

7.2 Code generator approach 

The approach used by the generator is similar to a simulation-based approach, as the simulation 

logic and control flow is translated to the component script. However, one of the main 

differences between the approach and a simulation-based approach is the lack of a simulation 

scheduler. Instead the generated code makes use of the update loop and various callback 

functions in the Unity API. This may reduce the performance disadvantages of the generated 

code slightly. 
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The generated code implements a state machine, each place is a possible state for the component 

to be in. Depending on the state of the component, control flow of the component is changed. By 

introducing the idea that a place is a state, the approach falls into the trap of state-space based 

approaches, which may end up spending more time changing the state of a system, rather than 

performing the computations which are desired. This can be a bigger problem if the Petri net is 

less abstract, as the number of places increases, thereby increasing the number of states. 

The used approach utilized the Unity API to reduce the amount of modeling needed due to time 

restrictions. A better approach may be to not allow any external code to be called, instead only 

allowing game logic which is modeled by the CPN. However, such an approach would involve 

the modeling of large systems which could become an immense undertaking. CPNs ability to 

model large systems at a high level of abstraction is attractive, but it may be more beneficial to 

implement a hierarchical Petri net extension, which could model larger systems as subnets. The 

approach fails to handle how different systems communicate with each other, leaving such 

problems to the arc and guard expressions.  
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8 Conclusion 

I conclude that Colored Petri nets can be used to automatically generate code for game 

development. The generated code exhibited the desired runtime behavior. However, the used 

approach was lacking due to restricting the types of Petri nets it could parse, due to the overhead 

it introduced in the generated code, and due to lacking the ability to deal with concurrency. 

CPNE which was developed for the creation of CPNs in the Unity3d environment was successful 

in creating CPNs which could be used to generate code from. 

The thesis has not explored how automatic code generation and CPNs can benefit the 

development process, however by using the produced artefacts, such exploration may be a 

possibility in the future. If the tools are used to research the benefits of CPN and automatic code 

generation, the produced artefacts should be improved to increase allowed types of models and 

to remove the requirements of programming knowledge. First by not restricting the Petri net, 

second by introducing a simpler way to define arc and guard expressions, and third by lessening 

the requirements to have knowledge about a specific API, such as the Unity API. I suggest 

further exploration as to whether a low-level Petri net is preferable over a Colored Petri net, even 

for automatic code generation. Furthermore, it may be beneficial to make improvements to the 

approach so that it supports concurrency. 

 

  



 
 

15 

 

References 

M. Araújo, L. Roque. 2009. Modeling Games with Petri Nets. DiGRA Conference, 2009 – 

digra.org 

E. Bethke. 2003. Game development and production. Wordware Publishing, Inc. Plano, Texas, 

US 

C. Brom, V. Šisler, and T. Holan. 2007. Story manager in ‘Europe 2045’ uses Petri nets. 

Proceedings of the International Conference on Virtual Storytelling (ICVS '07), vol. 4871 of 

Lecture Notes in Computer Science, pp. 38–50, Strasbourg, 2007, France. 

R. Campos-Rebelo, F. Pereira, F. Moutinho, and L. Gomes. 2011. July. From IOPT Petri nets to 

C: An automatic code generator tool. Industrial Informatics (INDIN), 2011 9th IEEE 

International Conference on (pp. 390-395). IEEE. 

D. Cook. 2007. The Chemistry of Game Design, Gamastura.com, Accessed: 20 May 2018 at: 

https://web.archive.org/web/20180520062551/http://www.gamasutra.com/view/feature/12994 

8/the_chemistry_of_game_design.php?page=3 

B. Cousins. 2004. Elementary Game Design. Develop Magazine Oktober 2004, London UK, pp. 

51-54. 

J. Dormans, Machinations, Accessed: 20 May 2018 at: 

http://archive.is/http://www.jorisdormans.nl/machinations/ 

K. L. Espensen, M.K. Kjeldsen, L.M. Kristensen, M. Westergaard. 2009. Towards Automatic 

Code Generation from Process-Partitioned Coloured Petri Nets. Proc. of 10th CPN Workshop, 

pp. 41–60. Aarhus University 

L. Gomes, R. Rebelo, J. P. Barros, A. Costa and R. Pais. 2010. July. From Petri net models to C 

implementation of digital controllers. 2010 IEEE International Symposium on Industrial 

Electronics, Bari, 2010, pp. 3057-3062. 

K. Jensen. 1997. A Brief Introduction to Coloured Petri Nets Kurt Jensen. Technical report, 

presented at Tools and Algorithms for the Construction and Analysis of Systems (TACAS) 

Workshop, Enschede, The Netherlands. 

R. Koster. 2005. A Grammar of Gameplay Game Atoms: Can Games Be Diagrammed ? In Game 

Developers’ Conference 2005. 

K. Neil, 2015. Game Design Tools: Can They Improve Game Design Practice? Signal and Image 

processing. Conservatoire national des arts et metiers - CNAM, 2015. English. 

J. L. Peterson. 1981. Petri Net Theory and the Modeling of Systems. Prentice Hall PTR, Upper 

Saddle River, NJ, USA. 

A. Repenning. 2017. Moving Beyond Syntax: Lessons from 20 Years of Blocks Programing in 

AgentSheets. Journal of Visual Languages and Sentient Systems, 3(1), pp.68-91. 

M. Sicart. 2008. Defining Game Mechanics. Game Studies 8 (2): 1–18. 



 
 

16 

 

 

Software 

Playmaker. Hutong games LLC.  

Bolt. Ludiq. 

Blueprint. Epic Games. https://docs.unrealengine.com/en-us/Engine/Blueprints/GettingStarted 

 



 
 

 

 



 
 

i 

 

Appendix A – 2D character controller full model and code 
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Produced Code: 

using System; 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

 

 

public class CharacterMovement2D : MonoBehaviour 

{ 

 

    public float movementSpeed = 400; 

 

    public float jumpHeight = 400; 

 

    private UnityEngine.Rigidbody2D rb = null; 

 

    public UnityEngine.LayerMask layerMask; 

 

    public UnityEngine.BoxCollider2D groundBox = null; 

 

    public ComponentState state; 

 

    private void Start() 

    { 

        rb = GetComponent<UnityEngine.Rigidbody2D>(); 

    } 

 

    private void MovingUpdate() 

    { 

        rb.velocity = new Vector2(Input.GetAxis("Horizontal") * movementSpeed 

* Time.fixedDeltaTime, rb.velocity.y); 

        if (Input.GetAxis("Horizontal") == 0) 

        { 

 

            state = ComponentState.Idle; 

        } 

        else if (Input.GetKeyDown(KeyCode.Space)) 

        { 

            rb.AddForce(new Vector2(0, 1) * jumpHeight); 

            state = ComponentState.Jumping; 

        } 

        else if (rb.velocity.y < -0.1f) 

        { 

 

            state = ComponentState.Falling; 

        } 

 

    } 

 

    private void IdleUpdate() 

    { 

        if (Input.GetKeyDown(KeyCode.Space)) 

        { 

            rb.AddForce(new Vector2(0, 1) * jumpHeight); 

            state = ComponentState.Jumping; 
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        } 

        else if (Input.GetAxis("Horizontal") != 0) 

        { 

 

            state = ComponentState.Moving; 

        } 

        else if (rb.velocity.y < -0.1f) 

        { 

 

            state = ComponentState.Falling; 

        } 

 

    } 

 

    private void JumpingUpdate() 

    { 

        if (rb.velocity.y < 0) 

        { 

 

            state = ComponentState.Falling; 

        } 

 

    } 

 

    private void FallingUpdate() 

    { 

        if (Physics2D.OverlapBox(rb.position + 

groundBox.offset,groundBox.size, 0, layerMask) != null) 

        { 

 

            state = ComponentState.Idle; 

        } 

 

    } 

 

    private void Update() 

    { 

        if (state == ComponentState.Moving) 

            MovingUpdate(); 

        else if (state == ComponentState.Idle) 

            IdleUpdate(); 

        else if (state == ComponentState.Jumping) 

            JumpingUpdate(); 

        else if (state == ComponentState.Falling) 

            FallingUpdate(); 

    } 

 

    public enum ComponentState 

    { 

        Moving, 

        Idle, 

        Jumping, 

        Falling, 

    } 

} 
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Appendix B – Ship component full model and code 
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Produced Code: 
using System; 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class Ship : MonoBehaviour { 

 

    public enum ComponentState 

    { 

        Sailing, 

        InHarbor, 

        Shipwrecked, 

    } 

 

    public Inventory inventory = null; 

    private UnityEngine.Rigidbody rb = null; 

    public int energy = 100; 

    public bool sailsRaised = false; 

    public float steerAngle = 0F; 

    private UnityEngine.Vector2 windDirection = new UnityEngine.Vector2(0F, 

0F); 

    public ComponentState state; 

 

    private void Start() { 

        inventory = GetComponent<Inventory>(); 

        rb = GetComponent<UnityEngine.Rigidbody>(); 

    } 

 

    private void Update() 

    { 

        if (state == ComponentState.Sailing) 

            SailingUpdate(); 

        else if (state == ComponentState.InHarbor) 

            InHarborUpdate(); 

    } 

 

    private void FixedUpdate() 

    { 

        if (state == ComponentState.Sailing) 

            SailingFixedUpdate(); 

    } 

 

 

    private void SailingUpdate() { 

        if (energy <= 0) { 

            state = ComponentState.Shipwrecked; 

        } 

        else if (Input.GetKeyDown(KeyCode.Space)) { 

            sailsRaised = !sailsRaised; 

        } 

        else if (Input.GetAxis("Horizontal") != 0) { 

            steerAngle += Input.GetAxis("Horizontal") * 3; 

            steerAngle = Mathf.Clamp(steerAngle, -89, 89); 

        } 

    } 
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    private void SailingFixedUpdate() { 

        if (sailsRaised) 

        { 

            float windCatch = Vector3.Dot(windDirection, transform.forward); 

            float windAmplitude = 800; 

            if (windCatch < 0.35f) 

            { 

                windCatch = 0.35f; 

            } 

            if (rb.velocity.magnitude < 15) 

            { 

                rb.AddForce(transform.forward * windCatch * 

                rb.mass * windAmplitude * Time.fixedDeltaTime); 

            } 

        } 

 

        Vector3 x = Vector3.Cross(transform.forward, 

        Quaternion.Euler(0, steerAngle, 0) * transform.forward); 

        if (x.magnitude > 0) 

        { 

            rb.AddTorque(x * Mathf.Asin(x.magnitude) * 

            rb.velocity.magnitude * rb.mass * 100 * 

            Time.fixedDeltaTime); 

        } 

 

    } 

 

    private void InHarborUpdate() { 

        if (Input.GetKeyDown(KeyCode.Return)) { 

            state = ComponentState.Sailing; 

        } 

 

    } 

 

    private void OnCollisionEnter(UnityEngine.Collision collision) { 

        if (collision.gameObject.layer == LayerMask.NameToLayer("Rock")) 

            energy -= 10; 

        if (collision.gameObject.layer ==LayerMask.NameToLayer("Cannonball")) 

            energy -= 15; 

    } 

 

    private void OnTriggerEnter(UnityEngine.Collider collision) { 

        if (collision.gameObject.layer == LayerMask.NameToLayer("Island")) 

        { 

            state = ComponentState.InHarbor; 

        } 

    } 

}  
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Appendix C – Pirate component full model and code 
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Produced Code: 

using System; 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class Pirate : MonoBehaviour 

{ 

    private int sightRange = 25; 

    private int leashRange = 75; 

    public UnityEngine.Transform[] patrolPoints = null; 

    private UnityEngine.Vector3 positionBeforeChase; 

    private int currentPatrolPoint = 0; 

    public UnityEngine.LayerMask layerMask; 

    public Ship chasingShip; 

    private UnityEngine.AI.NavMeshAgent agent = null; 

    public UnityEngine.GameObject cannonballPrefab = null; 

    public UnityEngine.Transform cannonPosition; 

    private float cannonballCooldown = 5F; 

    private float cannonballTimer = 0F; 

    public ComponentState state = ComponentState.Patrol; 

 

    public enum ComponentState 

    { 

        Patrol, 

        Chasing, 

        Shooting, 

    } 

 

    private void Start() 

    { 

        agent = GetComponent<UnityEngine.AI.NavMeshAgent>(); 

    } 

 

    private void PatrolUpdate() 

    { 

        Collider[] colliders = Physics.OverlapSphere(transform.position,  

sightRange, layerMask); 

        if (colliders.Length > 0) 

        { 

            foreach(var c in colliders) 

            { 

                if(c.gameObject.GetComponent<Ship>() != null) 

                { 

                    agent.SetDestination(colliders[0].transform.position); 

                    chasingShip = c.gameObject.GetComponent<Ship>(); 

                    positionBeforeChase = transform.position; 

                    state = ComponentState.Chasing; 

                    break; 

                } 

            } 

             

        } 

        else if (agent.remainingDistance == 0.0f) 

        { 
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            currentPatrolPoint++; 

            if (currentPatrolPoint >= patrolPoints.Length) currentPatrolPoint 

= 0; 

            agent.SetDestination(patrolPoints[currentPatrolPoint].position); 

            state = ComponentState.Patrol; 

        } 

        agent.Move(transform.forward * agent.speed); 

    } 

 

    private void ChasingUpdate() 

    { 

        agent.Move(transform.forward * agent.speed); 

        if (agent.remainingDistance < 15) 

        { 

            state = ComponentState.Shooting; 

        } 

        else if (chasingShip.energy == 0) 

        { 

            agent.SetDestination(patrolPoints[currentPatrolPoint].position); 

            state = ComponentState.Patrol; 

        } 

        else if (Vector3.Distance(transform.position, positionBeforeChase) >  

leashRange) 

        { 

            agent.SetDestination(patrolPoints[currentPatrolPoint].position); 

            state = ComponentState.Patrol; 

        } 

    } 

 

    private void ShootingUpdate() 

    { 

        cannonballTimer += Time.deltaTime; 

        if (Vector3.Distance(chasingShip.transform.position,  

transform.position) > 20) 

        { 

            agent.SetDestination(chasingShip.transform.position); 

            state = ComponentState.Chasing; 

        } 

        else if ((cannonballPrefab != null) && cannonballCooldown <  

cannonballTimer) 

        { 

            Cannonball ball =  Instantiate(cannonballPrefab,  

cannonPosition.position, 

Quaternion.identity).GetComponent<Cannonball>(); 

            ball.Fire(chasingShip.transform); 

            cannonballTimer = 0; 

            state = ComponentState.Shooting; 

        } 

        else if (chasingShip.energy == 0) 

        { 

            agent.SetDestination(patrolPoints[currentPatrolPoint].position); 

            state = ComponentState.Patrol; 

        } 

        else if (Vector3.Distance(transform.position,  

patrolPoints[currentPatrolPoint].position) > leashRange) 

        { 

            agent.SetDestination(patrolPoints[currentPatrolPoint].position); 
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            state = ComponentState.Patrol; 

        } 

    } 

 

    private void Update() 

    { 

        if (state == ComponentState.Patrol) 

            PatrolUpdate(); 

        else if (state == ComponentState.Chasing) 

            ChasingUpdate(); 

        else if (state == ComponentState.Shooting) 

            ShootingUpdate(); 

    } 

} 

 

  



 
 

xii 

 

Appendix D – Harbor component full model and code 
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Produced Code: 

using System; 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class Harbor : MonoBehaviour { 

    public enum ComponentState 

    { 

        Harbor 

    } 

 

    private Inhabitant[] inhabitants = new Inhabitant[100]; 

    private Ship shipInHarbor = null; 

    public Inventory inventory = null; 

    private Dictionary<Item.Type, int> producingItems = new 

Dictionary<Item.Type, int>(); 

    public ComponentState state; 

 

    private void Start() 

    { 

        inventory = GetComponent<Inventory>(); 

 

        for (int i = 0; i < 100; i++) 

        { 

            inhabitants[i] = new Inhabitant(new Item((Item.Type)  

UnityEngine.Random.Range(0, (int)Item.Type.Count)), 

    new Item((Item.Type)UnityEngine.Random.Range(0,(int)Item.Type.Count))); 
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        } 

        for (int i = 0; i < 100; i++) 

        { 

            

if(!producingItems.ContainsKey(inhabitants[i].producingItem.type)) 

            { 

                producingItems.Add(inhabitants[i].producingItem.type, 0); 

            } 

        } 

    } 

 

    private void HarborUpdate() { 

 

        foreach(var item in producingItems) 

        { 

            if(item.Value > 10000) 

            { 

                inventory.Add(new Item(item.Key)); 

            } 

        } 

 

 

        if (shipInHarbor != null) 

        { 

            Dictionary<Item.Type, int> itemNeeds = new Dictionary<Item.Type, 

int>(); 

            foreach (var inhabitant in inhabitants) 

            { 

                if (!itemNeeds.ContainsKey(inhabitant.needs.type)) 

                { 

                    itemNeeds.Add(inhabitant.needs.type, 0); 

                } 

                else 

                { 

                    itemNeeds[inhabitant.needs.type]++; 

                } 

 

                if (inhabitant.producingItem != null) 

                { 

                    producingItems[inhabitant.producingItem.type]++; 

                } 

            } 

            shipInHarbor.inventory.SuggestBuy(itemNeeds, inventory); 

            shipInHarbor.inventory.SuggestSell(inventory); 

        } 

    } 

 

    private void Update() { 

        if (state == ComponentState.Harbor) 

            HarborUpdate(); 

    } 

 

    private void OnTriggerEnter(UnityEngine.Collider collision) { 

        if (collision.gameObject.layer == LayerMask.NameToLayer("Ship")) 

        { 

            shipInHarbor = collision.gameObject.GetComponent<Ship>(); 

        } 
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    } 

 

    private void OnTriggernExit(UnityEngine.Collider collision) { 

        if (collision.gameObject.layer == LayerMask.NameToLayer("Ship")) 

        { 

            shipInHarbor = null; 

        } 

    } 

} 

 

 


