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Abstract

This thesis studies the subject of system emulation through the development of a set
of software microcontrollers and the assembling of them into a complex system. The
speci ¢ system aimed to be emulated is the original Game Boy released in 1989. This
requires the developers to reproduce speci ¢ hardware behaviour through software
and therefore requires certain knowledge of the system which is to be emulated.
While the Game Boy is a proprietary product owned by Nintendo, the produced
system uses no copyrighted material.

Through the use of documentation provided by the reverse engineering of the origi-
nal hardware done by members of the community, this thesis shows that an emulator
can be created by combining a set of software microcontrollers. Moreover, it is con-
cluded that while the academic interest in the emulation of simple systems might be
limited, it could also could be used to generate interest in low-level programming.

Keywords: Emulation, Gameboy, Game Boy, C++, OpenGL, OpenAL, ImGui






Sammandrag

Denna kandidatuppsats studerar systememulation genom att utveckla ett ertal
mjukvarumikrokontroller som darefter kombineras for att tilsammans bilda ett
komplext system. Det speci ka systemet som emuleras ar den forsta Game Boy-
konsollen, slappt 1989. For att genomfora detta kravs det att utvecklarna repro-
ducerar den speci ka hardvaran i mjukvara, vilket kraver viss kunskap om det ur-
sprungliga systemet. Da Game Boy ar en licensierad produkt, 4gd av Nintendo, ar
det vart att notera att det framtagna systemet ej anvander nagot upphovsrattssky-
ddat material.

Dokumentationen som anvants for att skapa denna emulator har tagits fram genom
att demontera och undersoka originalhardvaran. Detta har gjorts av ett ertal delt-
agare i en emulatorintresserad internetgemenskap. Avslutningsvis konstateras att
det, trots det begréansade akademiska intresset for systememulering av enkla system,
nns potential for att anvanda sig av det for att skapa intresse for lagnivaprogram-
mering.

Nyckelord: Emulering, Gameboy, Game Boy, C++, OpenGL, OpenAL, ImGui
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Terminology

ROM - Read only memory. A memory which in the context of emulator
development contains the game data.

RAM - Random access memory. As opposed to ROM, RAM can both be read
from and written to. The data stored in RAM is however volatile - the memory
stores data only as long as it has power.

0x - Using the Ox pre x indicates that the following value is to be interpreted
as a hexadecimal value. For example the valu@&AOQis to be interpreted as
160.

KiB/MIB - KiB and MiB are used for Kibibyte and Mebibyte, they are of base
two and are representing 10242{°) byte and 1 048 576 2?°) byte respectively.
I/0 - Input/Output, used for describing units handling either input or output,
such as a display or keyboard.

Scanline - The process of rendering a row of pixels to the display.

CPU - Central Processing Unit

PPU - Pixel Processing Unit, responsible for producing pixel data for the
Game Boy's LCD.

APU - Audio Processing Unit, responsible for generating audio data.

MMU - Memory Management Unit, responsible for handling memory mapping
within the emulator.

Microcontroller - A small computer on a single chip.

Software microcontroller - Software imitating the function of a microcontroller.
Sprite - A 2D bitmap representing an image.

Joypad - A device that connects the user's input with the system. In the
context of the Game Boy this refers to four directional buttons and four action
buttons.
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1

Introduction

In this chapter, both the concept of an emulator and the Game Boy are introduced.
Furthermore, the purpose of this report, which is to develop an emulator of said
console is speci ed.

1.1 Emulators in general

An emulator generally refers to some kind of hardware or a piece of software which
emulates the functionality of some other computer system [2] [3]. While the main

goal of an emulator is to imitate another computer system, an emulator may also

improve upon the original system by providing additional features or by exceeding

the performance of the original system [3].

Emulators are used to bridge the gap between dierent kinds of hardware. For
example, it is possible to, within one's operating system, run other operating sys-
tems; emulate sound hardware, such as a guitar ampli er or play video games on
hardware not speci cally made for said games [4]. Within the scope of this report,
the term emulator refers to software used speci cally to make it possible to play
games on systems that are not originally intended to run these games.

1.2 An Introduction to the Game Boy

In 1989, Nintendo released the handheld video game console Game Boy, designed
by the inventor Gunpei Yokoi [5] [6]. It was the rst entry in a family of video game
systems, both 8-bit and 16-bit, the last of which being the Game Boy Advance Micro
which was discontinued as late as 2010 [6]. The 8-bit Game Boy is the predecessor
to Nintendo's more modern handheld consoles: the Nintendo Switch [7] and The
Nintendo DS (Dual Screen) [8] console family.

The 1989 Game Boy, also known as DMG-01 (Dot Matrix Game), is an 8-bit hand-
held console characterised by its green monochromatic LCD display and bulky grey
design (see Figure 1.1) [5]. The other 8-bit Game Boy models are Game Boy Pocket,
Game Boy Light and Game Boy Color. The Game Boy Pocket and Game Boy Light
are slimmer versions of the DMG-01 with upgraded LCDs while Game Boy Color
has a colour LCD and can play games not supported by the older Game Boys [6]. In
this report Game Boy refers to either of the DMG-01, Game Boy Pocket, Game Boy
Light or all of them grouped together since there are no major di erences between

1
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