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Abstract

There are 2.5 billion people worldwide playing video games, together generating
$152.1 billion in revenue for the gaming industry. Some games allow people to play
with one another through the Internet. One of the most popular games is Minecraft,
a game with over 126 million monthly players. In Minecraft, players can play together
in online Modifiable Virtual Environments (MVE) and interact with each other and
the world. Although players are able to connect and play together, when trying to
connect a large number of players, there are scalability issues for the servers these
MVEs are hosted on. In order to tackle the scalability issues that arise when trying
to connect a large amount of players, we require more testing and measuring tools.
To develop a good benchmarking tool, intensive workloads are required. Workloads
can be made by having a lot of players connect and play on the same server, which
is every expensive and hard to organise. Another way of creating a workload is by
using realistically emulated players, which is much cheaper, however, this requires a
behavioural model. This thesis will show a way to acquire a data on player behaviour,
and presents a player behaviour model based on analysis of this data suitable for
emulation in MVEs.
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1 Introduction

The video game industry is large. 2.5 billion people worldwide play video games and the
industry generated a revenue of $152.1 billion in 2019 [9]. Games have a positive impact
on society, with, for example, its uses in education [12]. One of the most popular games is
Minecraft, as show in their sales numbers and player count: Minecraft has sold over 200
million copies worldwide, and has over 126 million monthly players [13]. Minecraft is a
game that has a positive impact on society. For example, Minecraft’s Education Edition [1]
has uses for teaching, and during the COVID-19 outbreak of 2020 it allowed people to at-
tend the graduation ceremony in an online Minecraft world [5]. This is possible because of
Minecraft’s modifiable worlds and online servers allowing multiple players to play together.

There are games that are build around endless procedurally generated worlds, Minecraft
is one of these games. The term used to describe these Minecraft-like games is Modifiable
Virtual Environment (MVE). These MVEs can be played by a single player, but they can
also be played with others on online servers. When playing together MVEs are typically
self-hosted or deployed as a game as a service (GaaS). When hosted on online servers, it
allows multiple players to connect and interact with each other in the same world. These
online worlds, however, do not support large numbers of players, each server instance does
not scale past 200 to 300 players, even in favorable conditions [4]. With a player base as
large as Minecraft, limitations on the scalability of these online systems is an interesting
and large important challenge.

1.1 Problem Statement

To improve the scalability of these systems, we first need to be able to measure their
scalability. To properly measure and test the scalability of MVEs through benchmarking,
we require intensive workloads. In order to obtain a suitable workload we need large
amounts of players to simultaneously connect and play on the servers while monitoring
the server outputs. To organise having many players test is a very difficult and an expensive
task. A proposed solution to this challenge is the use of emulated players. An emulated
player is an artificial player which is able to be deployed on servers, using multiples of these
players allows us simulate a large workload. However to gain confidence in the results,
these emulated players should behave as similarly to real players, unfortunately, research
player behaviour in Minecraft-like games is limited.



1.2 Research Questions

This thesis aims to improve the state-of-the-art in benchmarking Minecraft-like games and
to generate new knowledge about player behaviour in these games. It focuses on learning
more about player behaviour in Minecraft-like games. This is done by addressing the
following research questions:

RQ1 How to effectively collect Minecraft player behaviour data?

Collecting data to create a dataset will provide a solid base for further experimentation.
To effectively collect the data, we have to observe players while they are playing the game.
It is challenging to collect data on player behaviour in a non-intrusive manner, without
any server-side modifications. As we have to observe a player up close, while they are
playing the game, without impacting their behaviour and without hosting our own server.
Furthermore, we make data collection more effective, because this simplifies deployment
and data-gathering in general, since it requires no actions from the server host.

RQ2 How to model player behaviour in Minecraft?

From our dataset we can extract important metrics. The challenge is in identifying and
selecting the right metrics. These metrics can allow us to understand what drives and
motivates players in a sandbox environment, and perhaps draw conclusions about their
intentions. Furthermore, game states or player behavioural models can be observed and
perhaps recreated. Possible observations we could look out for are: time spent by players
of the game, central positions on the server and preferred activities. Since Minecraft is an
unguided, open-world, open-ended experience, analysing player behaviour can be difficult.
Therefore, observing and imitating players can be useful.

We hypothesise that by answering these questions, it will allow us to improve the state-
of-the-art in benchmarking Minecraft-like games.

1.3 Main Contribution

The main contributions of this thesis are:

1. The design of a system for efficient data collection in MVEs. The data is collected by
observing and logging the actions of players in online servers doing various activities.

2. A Minecraft player behaviour model, based on an analysis of collected player data.






