How do you write an emulator
anyway ?



Whoami

* Anisse Astier

» (M @Aissen@treehouse.systems

* https://anisse.astier.eu

* Writing gears, a Game Gear emulator
* Not an emulation expert

 Presented Z80 : the last secrets in 2022 and
WASM101 yesterday
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https://social.treehouse.systems/@Aissen
https://anisse.astier.eu/

Why this presentation

 Will:
- Give pointers

— Help you start
* Not:

- Exhaustive
- Why

* Focus on simpler (8bits) platforms
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What Is an emulator ?

* A software program
* To run software from another computer
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What Is an emulator ?

Legend of Zelda, The - Link's A...

2 BT O

0O o a

E=a E=a

707516

FOSDEM 2024 Anisse Astier do you write an emulator anyway ?

5/39



What Is an emulator ?

e Spectrum of emulation and accuracy
- One software
- All software
- Clock accurate
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£x Settings

FOSDEM 2024

Motion

& Fite »

Costumes

& Edit =

A crazy example

* Addons @ Advanced Linux on Scratch rv32 emu| L3 See Project Page rboWarp Feedback Save to your computer
NI o |m| =

FizzBuzz
EiR

~H
~ # coremark
2 performance rur coremark.
CoreMark Size
Total ticks
Total time (secs)
Iterations/Sec
Iterations
f ima -mabizilp32 -fPIE -pie -0s -s -static -Tcoremark-1.81 -DPERFORMANCE_RUN=1 -Icoremark

#Linux

ory location se put data memory location here
ode Ln fl n heap etc)
areIts

[@lcrclist i axeTld
[8]crematrix + axlfdi
[8]lcrostate : @xBeda
[alcrefinal 1 axaldre
Correct operation validated. S xt tor run and reporting rules.
CoreMark 1.9 @ 4.527618 / GCC12.2. = zima -mabi=ilp3z -fPIE -pie -0z -s -static -Icoremark-1.91 -DPERFORMANCE
_RUN=1 -Icoremark-1.@1slinux
~ & cat readme.txt
Welcome to Linux on Scratchi

his o 1 & pretty bare-hones Lin installation, but there's a few cool things installed you can check out.
You can use the 'ed' text editor to edit files.

fou can use 'duktape’ to run Javascript files, try out ‘duktape fizzbuzz.js'!

There also a chmarking utility installed led 'coremark' which can be used to the speed of the RISC-V emul

~ % echo hello
hellg fosdem
T |

Sprite  RISCV

(<] Direction

Backerope
| L] 1

Terminal Run button

Backpack
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Where to start ?

* Pick a target

* Pick a host platform

* Make sure you have time
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Where to start ?

e Start simple: one CPU Instruction

- Debug code, minimal disassembler : can you
recognize the instruction ?

— Execution : run it, model CPU state and change it
- Test : verify state change

* Learn CPU concepts as you go
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Interesting CPU concepts

e State: registers

* Instruction
- Assembly
- Encoding

* |Interrupts
* Memory access

FOSDEM 2024 Anisse Astier How do you write an emulator anyway ?
11/39



W
i
)

>AME SEGA

GEAR

POWER




Emulator structure

 Examples of 8-bit consoles
- NES, SMS, GB, Atari 2600, Game Gear

. Sega Card Expansion Video Display Processor Chip§
* Various parts : — Slot - ~
as H '
ROM : !
] Texas Instruments E
- CPU J T SN76489 PSG
- Zilog Z80 : . Video
. rtridge CPU : : | Encoder
- Display ame e > . TR |
Mask : Video Display | |
ROM Processor )
-~ Sound ' 8 KB BKB | | |
Paging | | | | eema | | | pamg | =mmmm o
| 16 KB Video RAM
. Battery 1o
- RAM
ROM mapping A Controller
A
_ I t Battery
npu
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Structure: tricks

* Devices : simple code boundary

 CPU : you are allowed to optimize a bit in
advance (no allocation, jump tables)

 Vertical slice : common advice
- Do what works for you
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Structure: tricks

File Mavigate Run View Expressions Tools Help

£ w2 x| B = | < > T B P B F F 1|8 % e -
[outline [ Variables) 18 24 ] —_——

; Data from 7FDC to 7TFDF (4 bytes)
.db $00 $60 $00 $00

 You will need a

| :LABEL:?llO:
b € _LABEL_725E_ _LABEL_7FEOQ_: 3 Sggg; ég :
D _DATA_T2A4_ 0 © 3E 03 LD A, 502 (v

L] LD (_RAM_D238_), A SP DFDF VA 01E2

debugger L

)
c
)]
)]
b c
)]
)]
L] L ]
»c |
— y c 25!
P
¢ -
p Tile Index:
» ¢ 0(50) @ VRAM 0000
[ Pixel Source:
[ 34 Memory Tracer is disabled
— N '; Arrangement:
b C O =xs 8x16 —
< Palette:
[ .
- - [ Auto v )
P c Base Address: Aute v h
’E [ AutoRefresh | Refresh 5 AutoPalette )
c = Display / Mode:  on /M4 E
i
4 Horiz. / Vert. scroll: $00 /$00[0 /0
C
:— Index: 0($0) @ VRAM 3800 | row: 0 | column: O
Tile Index: 235 ($EB) @ VRAM 1D60 | Source: Memory Tracer is disabled
4 g Transparency: () Mo Color Color 0 Pink Attributes: $10 (hflip: false | vilip: false | palette: O | priority: true) | Source: Memory Tracer is disabled
[ & Auto Refresh Refresh
» c| Index: 0 (50) @ VRAM 3F00
[
]
P C|l[Eile Edit View Navigate
D
|| cPU/ ROM RAM VRAM | Palettes VDP|PSG
P c|lvvrilay 51 8 iU EE EB EB Fr UL 13 4l 81 5L 4b 43 44 n N
D ||00:11BO EB EB EB EB EB FF @C 13 6F 1E 1F DE O9F S5E 7F
» c|lee:11ce 4F EB EB EB FF OC 13 AE 2E 9F 1E 8F EB 1F 9F
» c|lee:11pe s 7F EB FF oc 13 [E 6E DE EB 1F 1E AE 3E EB 3
p|lee:11Ee  EB EB FF 3A 1A Dz E6 BF 32 1A D2 FD CB 00 86 er is disabled o
p|lee:11Fe  EF 02 F3 21 31 2A 11 ©0 00 3E @9 CD CE 03 21 c
p|lee:12ee 6F o1 2B ©0 11 00 38 AF 32 OF D2 3E 65 CD CA Refresh
p cllee:121e  AF 32 4B D2 32 4C D2 21 OF 19 22 2C D2 FB 06
¢ |e@:122e  3A 1A D2 F6 40 32 1A D2 FD CB 9@ 86 CD EF 02 " -
p |©0:1230 EF 3A TE D2 A7 20 19 ©1 B4 00 C5 FD CB 00 86 Breakpoint: LD ‘
FOSDEM 2024 p |0@:1240 EF €2 C1 OB 78 Bl C8 FD CB 03 GE C2 3A 12 A7 ‘
p c |ee:1250 FS @6 10 FD CB 0@ 86 CD EF 02 21 4C D2 34 18
p |00:1260 F1 21 €8 12 ©E 1@ CD 19 46 21 De 12 CD ED @5
p |[00:1276 DD 12 €D ED ©5 3E @9 32 17 D2 @6 3C C5 FD CB
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& i QB8 gbdev.io

= gbdev.io

Game Boy
Development

community

W fc

Joinus on

FOSDEM 2024

Finding documentation
 Game boy : ghdev.io, Gekkio’'s CTR

e original gray brick from

Game Boy: Complete Technical Reference
gekkio
https://gekkio. fi
January 7, 2024

Revision 135
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Finding documentation

e SMS
al I l e e ar b : HaLiRy Development only
Login 4% Report an error  Print

Documents

+Contents
General System Documentation
Z80 Processor
Video
Memory System
Sound
Tapes/disks
Pinouts

« Books
Documents in bold are those generally known as most up to date or accurate.

Mote that wiki pages are generally more completefaccurate.

General System Documentation
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Finding documentation

Hardware Reference Manual
for the
SEGA Game Gear Console

BIXYS

Z80 Microprocessors

Z80 CPU

User Manual

UMO008011-0816

FOSDEM 2024 Anisse Astier

The Undocumented Z&0 Documented

Sean Young

Version 0.91, 18th September, 2005
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Finding documentation

* Do web searches with technical terms. Ex : search for <sound chip
name> (SN76498/PSG) instead of <console sound>

Google game gear sound X | s Q game gear PSG SN76498

Videos Shop Images Download Sound board Places sites News Books Finance | z @ Videos News Books

out 144,

[ Videos

= Game Gear, the PSG

People also ask
How does the SN76489 work?

What Is the cloc d of SN764897?
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Device |I/O

e Used to be almost . e
as simple as = . B IK_L
writing to a o | .
memory address  * ‘ — | b

D7-DO { In }

e Dedicated war 1 _ _ [ __ 1S L ___J1____

Instructions o | a o
pr-bo —— out 3

Figure 7. Input or Output Cycles
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Displaying something and making
sound
* Understand your host platform first

* Hello world of video
- Display a pixel buffer, change it 60 times a second

* Hello world of sound
- Play a sine or square wave

* Nothing emulator specific
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Graphics emulation

TOP BORDER

* Needs hardware
understanding e s oo i) 3

<fcells— | LCD display area <bcells—
{ 20 cells (horizontal)

[ VDP example x 18 cells (vertical))
- VRAM/Regs I/O 50 e or sor)

- Two planes : BG and s
sprites '

-

— o = | =

b
Bottom border L
Equivalent to 24 lines

. 4
- BG is on torus, scrollable [ ;

Equivalent to 19 lines

!
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Graphics emulation

* VDP example (cont)
— Sprites are limited
— Color encoding
- Sprite pixel encoding

e Sync strategy: line

r] J-JJ_.I" JJ‘*’H »

?JJ ';j';;;;f;;%ull

_I._1._1:‘._|._1:
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* Needs hardware understanding

Sound emulation

e PSG example

Regs I/O
Channels

Tones

e Counter

Noise
e Random/LFSR

 Periodic

FOSDEM 2024

[ .
I I I I

F|1|D|D|D|D|n|n|n|n|n|n|n|n|n|ﬂ|n|—>0utput

0
0\ _tg
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Sound emulation

Start simple

- Square wave

Example : counter, not frequency

- s

Example : playing samples

Sync strategy: cycles
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Emulator testing: CPU

* Unit test components using existing test suites.

Spe =

File 280 View Recording Monitor Options Tools Help

* Examples for Z80 e

132 LD A, ( [BC,CE]1) (m] .8
133 LC ([BC,CEI1 A Ok
—_— 2 exall 154 LLC H, (KM OF.
135S LD (RKM)Y A (] .8
135 LC RR,HH Ok,
1537 LD =%, kKM Ok
135 LD HL, (KM Ok
139 LLC =%, (MHKD Ok,
— teSt 14@ LC RR, (MM} oK.
141 LI (KK ,HL (] 8
142 LC (RHHY =Y OF.
1435 LE (MK ,RE (] .8
. 144 LE SP,HL Ok,
_ 145 LLC =P, ¥ Ok,
use test suite 52 8 o
147 L R.,H O
145 LD A, I QK
149 LD AR (] 28
1568 EI+CI Ok
151 IM W Ok

Result: all tests passed.

B Ok, 2a:1
FOSDEM 2024 Anisse Astier How do you write an emulator anyway ?

29/39



Emulator testing: audio

e Sound:

- Listen to music, needs a good ear
- FFTs
— Can you hear samples (SEGA sound)

FOSDEM 2024 Anisse Astier How do you write an emulator anyway ?
30/39



Emulator testing: roms and display
* GG test suite, SMS test suite, inspired by 240p

GG Test Suite &
vB.13 [by svers) y

SMS Test Suite

[by zvers] g

+ Uideo Tests ]
Audio Tests ]
Pad Tests y

EE
Sustem Infog ™ ' s
= .'-"I. g ‘E'"l b

a5
es
ts

[

Region: EXPORT
I05: absent
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Emulator testing: roms and display

 Game boy examples: ——
- dmg-acid2 ppu test ® @
- Blargg’s gb tests ¢
- Mooneye test suite " —"

dmg-acid2 by Matt Currie
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Emulator testing: frame generation

* Integration testing: automate frame generation
- Everything Is deterministic
 Compare with other (good) emulators

 Use real hardware
— Tip: use flash carts

* Try lots of software/games/roms
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Emulator testing: frame generation

Pokemon - Versione Blu (1) [S][1] kemon - Versi Pokeman - Versione Gialla (1) []0]

| v : " - = ;E. 4 i Tum-

wERsionE BLU

@wasioen

ATA
Cropap
GLADIATORS
N R

ButtonTest.19.png  ButtonTest.19-B-D-  ButtonTest.19-S-A-
R-1.png

e} .

GLEBal ©1epaL SL9AL ! ES1epAL FHEH
GLADIAIORS GLADIAIORS sLAp) GLADIATIORS "
| | , | -

= .
s o e

s 10 o e e ER s 10 o s e

s s o o v d o |l s o oo
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g 100000
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USA, Eu...1-r-3.png
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26.png
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Summary

* Pick platforms

e Start small

* Read lots of documentation
* Test

* Write and talk about it
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Thank you ! Questions ?
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Links

* My emulator, gears: https://github.com/anisse/gears
* gears in the browser: https://anisse.github.io/gears

* Romhack to generate level screens:
https://gist.github.com/anisse/c6e4101236708890381414f48804201b

* Linux on scratch: https://turbowarp.org/892602496/
* https://github.com/gbdev/awesome-gbdev#emulator-development
* SMS test suite https://github.com/sverx/SMSTestSuite

* GG test suite https://github.com/sverx/GGTestSuite/
* Game boy test roms compilation: hitps://github.com/c-sp/gameboy-test-roms
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https://github.com/anisse/gears
https://anisse.github.io/gears
https://gist.github.com/anisse/c6e4101236708890381414f48804201b
https://turbowarp.org/892602496/
https://github.com/gbdev/awesome-gbdev#emulator-development
https://github.com/sverx/SMSTestSuite
https://github.com/sverx/GGTestSuite/
https://github.com/c-sp/gameboy-test-roms

Sources

 Game gear by Evan-Amos - Own work, Public Domain,

gtArtps://commons.wikimedia.org/w/index.php’?curid:133171

* Screenshots from Sameboy https://sameboy.github.io/
 BGB: https://bgb.bircd.org/shots.html
 dmg-acid2 image: https://github.com/mattcurrie/dmg-acid?2

e Z80test result on specemu:

hg)tps%vszw.spectrumcomputing.co.uk/forums/viewtopic.ph
1=

FOSDEM 2024 Anisse Astier How do you write an emulator anyway ?
39/39


https://commons.wikimedia.org/w/index.php?curid=13317134
https://commons.wikimedia.org/w/index.php?curid=13317134
https://sameboy.github.io/
https://bgb.bircd.org/shots.html
https://github.com/mattcurrie/dmg-acid2
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