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WHAT I> THE TLMBOY'?

[J README  &[2 Apache-2.0 license https://github.com/not-chciken/TLMBoy

() Build and Test Cl 'passing| %X coverage - £ code quality .

TLMBoy

A Game Boy Simulator written in C++/SystemC TLM-2.0.

Building

Use the following commands to build the TLMBoy:

cd TLMBoy
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TET AMOTHER GHME
BO0Y EMUJLATORY

https://github.com/gabrielrcouto/php—terminal-gameboy—-emulator

root@2a7@8e75221a: /app# php boot.php drmario.ro




TET AMOTHER GHME
BO0Y EMUJLATORY

https://www.youtube.com/watch?v=VcMLIUZFfGE
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https://github.com/KatrinaJdames/vba-gb
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Start
Controls

Up/Down/Left/Right = Arrow keys
Start = Enter

Select = Space

A = Ctrl

B = Alt
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= g Q  # r/EmuDev @ "systemc”

Posts Comments Media

Relevance Vv All time Vv

Show results from all of Reddit =

..a® HmM... we couldn’t find any results for

? “systemc”

Double-check your spelling or try different keywords to
adjust your search

Developing Emulators
Community of people building
emulators. Discord:
https://discord.gg/dkmJAes

23K p.
Members ® Online
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HOW TO THRT?

L Screen?

Graphics Card?
e_/ CPU?
/ Buttons?

,? Sound?




HOW TO THRT?

[ README & Code of conduct &% License  https://github.com/gbdev/awesome-gbdev ¢ =

=
Awesome Game Boy Development

Join us on Discord | chat [SEHoRINS]

A curated list of awesome Game Boy (Color) Development resources, tools, docs, related projects and
open-source ROMSs. Inspired by the awesome list thing.

You can find a (way cooler) web version of this list here.

‘ ‘ Contents

o Disambiguation
e Community
e Documentation

o Misc

o Opcodes

o Game Boy Color
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Source: https://www.youtube.com/watch?v=HyzD8pNIpwI
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BUJUILDIMNG BLOCK S

1.Screen (160x144, no backlight)




BUJUILDIMNG BLOCK S

1.Screen (160x144, no backlight)
2.D-pad + buttons




BUJUILDIMNG BLOCK S

1.Screen (160x144, no backlight)
2.D-pad + buttons




BUJUILDIMNG BLOCK S

1.Screen (160x144, no backlight)
2.D-pad + buttons
3.RAM (8 kiB)




BUJUILDIMNG BLOCK S

1.Screen (160x144, no backlight)
2.D-pad + buttons

3.RAM (8 kiB)

4.VRAM (8 kiB)




BUJUILDIMNG BLOCK S

1.Screen (160x144, no backlight)
2.D-pad + buttons

3.RAM (8 kiB)

4.VRAM (8 kiB)

5.CPU (8-bit Z80 @ UMHz)




BUJUILDIMNG BLOCK S

1.Screen (160x144, no backlight)
2.D-pad + buttons

3.RAM (8 kiB)

4.VRAM (8 kiB)

5.CPU (8-bit Z80 @ 4UMHz)

6.PPU (Pixel Processing Unit)




BUJUILDIMNG BLOCK S

.Screen (160x144d, no backlight)
.D-pad + buttons

.RAM (8 KkiB)

.VRAM (8 kiB)

.CPU (8-bit 7860 @ 4MHz)

.PPU (Pixel Processing Unit)
.APU (Audio Processing Unit)
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BJILDINMG BLOCK >

.Screen (160x144, no backlight)
.D-pad + buttons

.RAM (8 KkiB)

.VRAM (8 kiB)

.CPU (8-bit 7860 @ 4MHz)

.PPU (Pixel Processing Unit)
.APU (Audio Processing Unit)
.Boot ROM

oo EWNPRE



BUJUILDIMNG BLOCK S

.Screen (160x144d, no backlight)
.D-pad + buttons

.RAM (8 KkiB)

.VRAM (8 kiB)

.CPU (8-bit 7860 @ 4MHz)

.PPU (Pixel Processing Unit)
.APU (Audio Processing Unit)
.Boot ROM
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BUJUILDIMNG BLOCK S

.Screen (160x144d, no backlight)
.D-pad + buttons

.RAM (8 KkiB)

.VRAM (8 kiB)

.CPU (8-bit 7860 @ 4MHz)

.PPU (Pixel Processing Unit)
.APU (Audio Processing Unit)
.Boot ROM

.Cartridge
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BUJUILDIMNG BLOCK S

.Screen (160x144d, no backlight)
.D-pad + buttons

.RAM (8 KkiB)

.VRAM (8 kiB)

.CPU (8-bit 7860 @ 4MHz)

.PPU (Pixel Processing Unit)
.APU (Audio Processing Unit)
.Boot ROM

.Cartridge
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BUJUILDIMNG BLOCK S

.Screen (160x144d, no backlight)
.D-pad + buttons

.RAM (8 KkiB)

.VRAM (8 kiB)

.CPU (8-bit 7860 @ 4MHz)

.PPU (Pixel Processing Unit)
.APU (Audio Processing Unit)
.Boot ROM
.Cartridge
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MEMOEY MAP

Description Start End

Cartridge fixed bank 0000 3fff
Cartridge switchable bank 4000 T f
8 kiB VRAM 8000 oOfff
8 kiB external RAM a000 bfff
8 kiB internal RAM c000 dfff
Echo RAM e000 fdff
Object Attribute Memory (OAM) |fe00 feof
Don‘t use feald feff
I/0 registers 00 f£7f
High RAM (HRAM) ££80 fffe
Interrupt Enable (IE) register |ffff ffff




TLMBEOY 3TRULCTURE

VRAM| |[RAM| [WRAM | |HRAM Cartridge

CPU| |APU| |PPU| |OAM| |IO Registers
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HOWd TO BOOT

Click!




HOWd TO BOOT

Bm




TD BOOT

Memory

+— PC=0x0000
16 kiB Cartridge

16 kiB Cartridge Bank N

BATTERY

MNintendo®
8 kiB VRAM




TD BOOT

Memor
- Y <«— PC=0x0000

16 kiB Cartridge

16 kiB Cartridge Bank N

BATTERY

MNintendo®
8 kiB VRAM




TD BOOT

Memory

<«— PC=0x00FE
[Oxff50] = 1

16 kiB Cartridge

16 kiB Cartridge Bank N

BATTERY

MNintendo®
8 kiB VRAM




TD BOOT

Memory

<«— PC=0x0100
[Oxff50] = 1

16 kiB Cartridge

16 kiB Cartridge Bank N

BATTERY

MNintendo®
8 kiB VRAM




HOWd TO BOOT

Memorvy

L"?T'T"'TTT""'J

16 kiB Cartridge Bank N

BATTERY

MNintendo®
8 kiB VRAM
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MAKED RPOM

a0l

al

a2

a3

d7

dé

dS5

du
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dl

do



MAKED RPOM
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ad = Ox01
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ithub.com/travisgoodspeed/maskromtool

. maskromtool Public @ Watch 13 = % Fork 21 W Starred 345

P master - F 1Branch © 12 Tags Q Go tofile Add file = | <> Code = | About

A CAD tool for extracting bits from Mask

. travisgoodspeed typo eB6fd37 - last week {D 382 Commits ROM photc:graphs.

github/workflows Disabling macOS5 in CI/CD builds as we can't sign them. 6 months ago reverse-engineering rom maskrom

Deployment Version bump. 5 months ago Readme

View license
gatotests Disassembler now supports Radare2 and GoodASM. Some ar... 7 months ago

Activity
icons.iconset First postl 3 years ago 344 stars
screenshots Updated instructions, solver screenshat. 7 months ago 13 watching

21 forks

tests Better tests. 3 years ago .
y ¢ Report repository

.gitignore Ignore .asm files from the GatoROM tests. 6 months ago

Releases 12
CMakelists.txt RomAlignerTilting implementing a rotation matrix. #120 5 months ago

% v2024-08-18 | Latest


https://github.com/travisgoodspeed/maskromtool
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https://github.com/travisgoodspeed/gbrom-tutorial



https://github.com/travisgoodspeed/gbrom-tutorial
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https://github.com/travisgoodspeed/gbrom-tutorial
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‘ Bl unidasm/Ir35902 Disassembly

00: 31 fe £ff 1d sp, 5FFFE

- 03: af Xor a

. 04: 21 £f 9f 1d hl,$9FFF
07: 32 1d {hl-),a

08: ¢b 7c  bit 7,h
JOCINDCIRNY o 20 3 nzsooor ﬂ“l“mlﬂmlﬂl“““

g( g =5 1mumumlmmmmmml

11: 3e B8O 1d a, 580

[ R

13: 32 1d (hl-},&

=il i, 2o e

l6: 3e £3 1d &,%F3

'%s ﬂlﬂlﬂ[ﬂ[ﬂ(ﬂﬂlﬂl[ﬂﬂ wnom me il[illlllilltlil(ﬁlll[ﬂlﬂlﬂlﬂl

a: 3e 77 1d a,577

H =

: 77 1d (hl),=a
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1: 11 04 01 14 de,%0104

z:; TOm L |l[tl(ll(tlltlil[llltl[tlllllilllll

28: cd 95 00 call %0085

P o il[ﬂ(ﬂ(ill!!}l(ﬁ(ﬂ(illﬂlﬂlﬁl

30: fe 34 cp %34

ii: o oo da o ume lll!l[ﬂ[‘llmllillﬂllllll[ﬂlﬁl

37: 06 08 1d b, 508
39: 1a 14 a, (de) mummulmummmm
3a:r 13 inc de
3b: 22 1d {hl+),a
3c: 23 inc hl
3d: 05 dec b

é ‘ 3e: 20 £9 jr nz, 50039

) | 40: 3e 13 1d a,%1l%

: 42: ea 10 99 1d {$9910) ,a

5 45: 21 2f 9% 14 hl,$8%2F
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001 ROM OUVERUJIEWM

= Setup stack pointer
[_] Setup Video

’1 Setup Audio

IE) Load the Nintendo logo



LOGD CHECK

(E) Load the Nintendo logo

Mintendo®

= @m— =

Boot ROM

Cartridge



LOGD CHECK

(E) Load the Nintendo logo

= @m— =

~  Mintendo® .

MNintendo®

Boot ROM

Cartridge



LOGD CHECK

Bl Load the Nintendo logo

v/

= @m— =

| HNintendo® .

Cartridge

MNintendo®

Boot ROM




LOGD CHECK

Bl Load the Nintendo logo

= @m— =

MNintendo®

Boot ROM

Cartridge



LOGD CHECK

(E) Load the Nintendo logo

- SystemlC®
= —

MNintendo®

Boot ROM

Cartridge



LOGD CHECK

Bl Load the Nintendo logo

X

MNintendo®

BATTERY

SystemlC®

Boot ROM

Cartridge



LOGD CHECK

WHYF



LOGD CHECK

1. Connection check



LOGD CHECK

1. Connection check
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LOGD CHECK

1. Connection check

L

p
-

e




LOGD CHECK

1. Connection check

2. Prevention of unauthorized games



H BIT OF HI>TORY

US Home Video Game Revenuex*

1983 1985
3.2 billion $ 0.1 billion $

xhttps://en.wikipedia.orqg/wiki/Video_game_crash_of_1983



H BIT OF HI>TORY

1 "Atari collapsed because they gave too
much freedom to third-party developers
and the market was swamped with rubbish

games"

Hiroshi Yamauchi, Nintendo President,
1986

xhttps://nintendo.fandom.com/wiki/Hiroshi_Yamauchi



NIMTEMDOD 'S IDEA

MNintendo®
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2T 33TEML
FEERFORMAMLCE

Performance goal

CPU -> ~1 million instructions per second
PPU -> ~1 million pixels per second



2T 33TEML
FEERFORMAMLCE

Performance goal

CPU -> ~1 million instructions per second
PPU -> ~1 million pixels per second

4
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IrOCCSSECS

1 (2.7%)

perform update
355 (3.4%)
of 1302 (12.5%)

sc_core
sc_signal
update
110 (1.1%)

25

110 4835
sc_core
sc_signal
do update

602 (5.8%)
of 835 (8.0%)

08

sc_core
sc_signal channel

do update
208 (2.0%)

semantics

1241 (1
of 2068 (1

1.9%)
9.9%)

glAreTexturesResidentEXT

1(0.0%)
of 113 (1.1%)

glLabelObjectEXT

1 (0.0%) D2 0

of 106 (1.0%)

117 706
sc_core
o sc_ppq_base
sc_event timed — —t
allocate inser
117 (1.1%) 498 (4.8%)
of 706 (6.8%)
2538
sc_core —
sc_notify time_ combare ondcetionn
208 (2:)%) of 450 (4.3%)
1AA 17Q

Ppu
WindowWindow
DrawToScreen

26 (0.2%)
of 166 (1.6%)

98

40 (0.4%) |
of 1691 (16.2%)

rigger
1781 (17.1%)

of 1782 (17.1%)

_PP\i_UaD\/
heapify
207 (2.0%)

1637

y

sc_core
sc_ thread cor_fn
(0.0%)

of 1637 (15 7%)

/|

1162

Cpu
DoMachineCycle

43 (0.4%)
of 1162 (11.2%)

/\\
[\

SDL_DYNAPI entry
30 (0.3%)
of 266 (2.6%)

Ppu
GameWindow Cpu
DrawToScreen 343 InStiL((zfsul/{o)
25 (0.2%) of 443 (4.3%)
of 178 (1.7%)
141 68
Cpu
FetchNextInstrByte
348 (inline) 373
4 (0.0%)
of 518 (5.0%)

46

1512

sc_core

wait

70 (0.7%)
of 117 (1.1%)




2T 33TEML
FEERFORMAMLCE

SystemC 1s the bottleneckK!



2T 33TEML
ESALJATION

A beginner’s view!




2T 33TEML
FROS

+ SystemC coroutine - clean code
+ Timekeeping

+ Ports, Signals



2T 33TEML
LOMN>

- A lot of leaky magic in the background

— Tons of macros

“You're not really going to define a macro, are you?”

Google C++ Style Guide



2T 33TEML
LOMN>

A lot of leaky magic in the background
Tons of macros
Fuzzy errors

No checkpointing
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