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Way Beyond the Expected
- Composers and programmers breaking hardware limits
- 3 examples of games from the 1980s
- Modern sample-playing sound cards did not exist yet
- 3 very different approaches to sound
- Not chronological





Game Music of the Early 80s
BurgerTime (1982)
Mr. Do's Castle (1983)
Star Wars (1983)



Marble Madness Gameplay



The Sound of Marble Madness

What defines the unique sound?

- Frequency Modulation Synthesis



sin( c*t + sin( m*t ) )

Frequency Modulation (FM) Synthesis



- John Chowning, 1967
- Patented by Stanford University in 1975
- Licensed to Yamaha

FM Synthesis



1983: FM Synthesis
Yamaha DX7



1984: FM In The Arcades
Atari arcade games 
- Yamaha chip YM2151



1984: Marble Madness
- First Atari arcade game with FM 

sound



Mark Cerny
- Game design by Mark Cerny
- Joined Atari when he was 17



Marble Madness Development
Ambitious project!
Raytracer generated tilemap
- 16 x antialiasing
- shadows

- 1-2 months to make a level
- 12 levels were made
- 6 were scrapped



Marble Madness Music and SFX
- Brad Fuller and Hal Canon



PRACTICE Race
- Ticking clock
- “Hand-played” chords

- simulating a human
musician



Anticipatory Sound Effects
- Goal sound effect anticipates 

BEGINNER Race music



BEGINNER Race



INTERMEDIATE Race
- Clock chime
- Tempo varies
- Syncopation
- Orchestral instrumentation
- Stereo panning

Annoying sound anticipates annoying traps in the AIR 
RACE



Next Game





Chronos Gameplay



- Most popular in Europe
- Rival: Commodore 64
- No custom chips

1982



ZX Spectrum Sound
Z80 processor, 3.5 Mhz (a bit faster than the C64)

Built-in speaker
- beep at given frequency
- fixed volume



ZX Spectrum Music
Chuckie Egg (1983)
Knight Lore (1984)
Renegade (1987)



1-bit Music
Beeper is either on or off
What can you do with only 1 bit?



1 Bit Graphics



1 Bit Graphics



What can you do with 1 bit?
Everything!
- If you have enough of them



Tim Follin
15 years old



Chronos
- Tim Follin, 1987
- Code turns ZX Spectrum beeper on and off fast
- Clicks



What We Hear
- Multiple sound channels!
- Different instrument types!
- Complex structure!
- Also: Noisy as hell



Next Game





Galaxian (1979)
Asteroids (1979)

Game Sound Before Defender



Defender Gameplay
 



Defender
1980 Williams Electronics

Audio implementation:
- Eugene Jarvis
- Sam Dicker



GWave
Eugene Jarvis
- created for 'Laser Ball' pinball (1979)

Basic synth code:
- wave tables
- frequency tables
- white noise

Effects:
- echo, distortion, LFOs



Warning!
Nerdy stuff ahead



Defender Sound Board



Defender Sound Board
MC6802 Processor

CPU



Defender Sound Board
OUTMC6802 Processor

MC1408 8-bit D/A converter

CPU

DAC



Defender Sound Board

PIA

OUTMC6802 Processor
MC1408 8-bit D/A converter
MC6821 Peripheral Interface Adapter

DAC

CPU



Defender Sound Board

PIA

OUT

ROM

MC6802 Processor
MC1408 8-bit D/A converter
MC6821 Peripheral Interface Adapter
Harris 7641 PROM: 2048 bytes

DAC

CPU



Defender Sound ROM
2048 bytes for all Defender audio



Defender Sound ROM, 2048 bytes



Defender Sound ROM Map



Defender Boot Sound
Recording is 48 KHz, 16 bit mono
255,014 bytes



Defender Boot Sound, 98 bytes



Defender Boot Sound 

^ MC6802 Machine Code



Boot Sound, Disassembled



Boot Sound Loop



Defender Boot Sound Output

- Alternates
between
0 and 255
- PWM



What We Hear



Jarvis About GWave

I was stunned to find out that the most brilliant sounds 
were often created by typing in random numbers for the 
parameters. [...] The crudeness and lack of bounds 
checking of the program allowed for mathematical 
wraparound and error accumulation that sounded 
ethereal.



Summary

- Limited hardware
- Unlimited creativity
- Beautiful instruments with FM synthesis
- 1 bit is enough
- Experimentation with parameters yields surprising 

results



Modern Audio Synthesis

- Defender audio hardware similar to modern sound 
cards

- Individual samples are output to a DAC
- Pretty easy to do with modern engines
- Can emulate any other synthesis method
- Why not?



Audio Synthesis in Unity



Music Synthesis in Unity



Me:
- game140.com
- jakob     schmid.dk
- slides:

schmid.dk/spilbar

Marble Madness:
- Talk: “The making of 1984's 

Marble Madness”
- Retro Gamer Magazine 53

Defender:
- mamedev.org
- firepowerpinball.com 

Eugene Jarvis interview

1 bit sound:
- shiru.untergrund.net/1bit/

@



No more 
slides





Extra Slides



ULTIMATE Race
Dynamics
Panning
Tension building

Anticipates game complete music



Disassemble!



1985-89: FM In Your Home

NEC PC-88 
(Japan only) SEGA Mega Drive / 

Genesis

The Sound Blaster



Atari Music Tools
Marble Madness was composed using
RPM “Rusty’s Pokey Music”
- by “Rusty” Dawe and Dennis Harper.
- Cross platform (arcade/console)
- Music-V Language, a simple macro language
- Notes was entered in text like “C#8”





Akira Yamaoka

Among favourite bands:
Depeche Mode, Vangelis, Hardfloor, Korn, Metallica



Akira Yamaoka
Konami-dude
Collaborative soundtracks:
Sparkster SNES, 1994
Contra: Hard Corps SEGA Mega Drive/Genesis 1994
(‘Probotector’ in Europe for some reason)



Silent Hill
Inspired by Angelo Badalamenti

Music is prebaked as audio tracks

Sampler-based
according to silenthillforum.com,
he uses a lot of sample CDs



defend.snd
2048 bytes



2048 bytes
...and here 
they are:



defend.snd



1985: FM In Your Home (in Japan)
1985 NEC PC-8801mkII
- YM2203 (also Yamaha chip)



1988: SEGA has FM, Nintendon’t
SEGA MegaDrive/Genesis 
- YM2612 (yet another Yamaha chip)
- 1 channel can play 8-bit samples



1989: FM In Your PC
The Sound Blaster
- YM3812 (Yep, still Yamaha)



SNATCHER
Director: Hideo Kojima
Cyberpunk adventure, 1988 Konami
Japan: PC-88, MSX2, PSX, PCE, SAT
West: Only Mega-CD

Metal Gear Mk. II



Marble Madness Development
Design Time vs. Game Time:

Can be completed in 3 minutes (if you’re really, really good)


