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Introduction
Who am I 
Who are you 
What was General Computer (GCC) 
When did it happen 
Why it matters



MIT 1978

Doug Macrae 
Kevin Curran



Pinball and video games  
 at MIT dorms

Pioneer 
Playboy 
Paragon 
Fire One 

Star Castle 
Rip Off 
Battlezone 
Missile Command 
and more…



Speedup 
Kits



Asteroids
Atari, 1979 
Vector display 
Interrupt driven at 250Hz







Galaxian
Namco/Midway, 1979 
Character display 
Tables in ROM



Pac-Man
Namco/Midway, 1980 
Character display 
Maze tables in ROM 
Separate graphics ROMs



Missile Command
Atari, 1980 
Sophisticated programming 
Bitmap display 256 x 231 
Pixel addressable 
2 or 3 bits per pixel



March 1981 

General Computer Corp.



Super Missile Attack 

enhancement kit for 
Atari Missile Command







Design flow at GCC
GenRad 6502 microprocessor emulator 
● Disassembler (single screen only) 
● Memory display/modify 
● Interactive edit/assemble/run 
● Breakpoints 

TRS-80 to capture Missile Command code









Intellectual property
Avoid copyright infringement 
● require existing Atari ROMs 
● provide new GCC code as overlay 

Keep Atari copyright/phonogram notice © ℗  
Add GCC copyright notice © 
Avoid trademark infringement (new name) 
Protect our code with anti-copy hardware







12k bytes MC code 

4k bytes SMA code



PAL markings removed 
and replaced with:

GCC74S673AN 
43P

Oops.





Scheduling



Units sold ~1,000 

Profit ~$250,000



Developers of Super Missile Attack

Doug Macrae 

John Tylko 

Larry Dennison 

Kevin Curran 

Chris Rode 

Steve Golson



Atari takes notice







Boston Globe, July 31, 1981



Boston Globe, August 14, 1981



The Wayland-Weston Town Crier 
August 20, 1981





Development agreement with Atari 

Signed October 8, 1981



The Atari Settlement
Atari drops its suit against GCC with prejudice 
GCC discontinues sales of Super Missile Attack 
GCC will not market enhancement kits  
 without permission from the manufacturer 
Atari pays $50,000 per month to GCC  
 to develop video games for Atari  
 (2 year term)



Meanwhile…



What game to enhance next?
Desire a large installed base 
● SMA sold ~1k out of 30k MC cabinets 
● so perhaps will sell into 3–5% of market? 

Consider availability of development systems 
Think of obvious new features 

• or write a whole new game 
but using the existing cabinet controls



What game to enhance next?
Asteroids 
● uses 6502 processor 
● perhaps write an original game? 

Pac-Man 
● “hot new game” peaking in popularity 
● predictability allows pattern play 
● development work begins June 1981…



Tektronix 8550
● Z-80 emulator 
● 8” floppy disks 
● supports line printer!



8” floppies 

1 megabyte!



Reverse 
engineering: 
Manuals



Reverse 
engineering: 
Schematics
● Address map 
● Graphics  

hardware



Pac-Man hardware
16k code ROM, 8k graphics ROM 
3k RAM 
Fixed character playfield 224x288 pixels 
● 36x28 characters, 8x8 pixels each, 4 colors 

6 moving characters (sprites, stamps) 
● 16x16 pixels each, 4 colors 

32 palettes of 4 colors each





Reverse 
engineering: 
Graphics 
ROMs



Reverse 
engineering: 

Disassembled 
Code! 

16k bytes



Reverse engineering using 8550
● Breakpoints 
● Return statements 
● External memory access 
● Line printer slo-mo 
● Maze hacks



Slow motion 
● can see Pac “skid” 

around corners 
● can see monsters 

look ahead





New gameplay features
● Four new mazes 
● Randomized monster algorithm 
● Fruit bonus moves through maze 
● Random fruits at higher racks 
● No eye return



New non-gameplay features
● Colors 
● Sounds & Music 
● Character designs 
● Animations/Cartoons 
● Attract mode 
● Main character name



Fruit bonus
● Move it around the maze! 
● Use explosion character?………………… 
● Bonus value overwrites maze, 

so create new 16x16 bonus values………… 
● Bounce sound 
● Random path



Maze 
design



Four New Mazes



;**************************************************************
; THE INFORMATION CONTAINED HEREIN IS THE SOLE PROPERTY
; OF GENERAL COMPUTER CORPORATION.  USE OF THIS DOCUMENT
; IS RESERVED EXCLUSIVELY FOR GENERAL COMPUTER CUSTOMERS
; AND PERSONNEL.  REPRODUCTION OF THIS MATTER IN WHOLE 
; OR IN PART IS FORBIDDEN WITHOUT THE EXPRESS WRITTEN
; CONSENT OF GENERAL COMPUTER CORPORATION.
;**************************************************************

TITLE "SONATA FOR UNACCOMPANIED VIDEO GAME"

GLOBAL MELODIES,HARMONIES,AUXILIARY

SECTION MUSIC

MELODY EQU 0
HARMONY EQU 1

MACRO TUNE

IF '1' = 0 & '2' = MELODY
BYTE 0F1H,00H,0F2H,02H,0F3H,0AH,0F4H,00H
BYTE 41H,43H,45H
BYTE 86H,8AH,88H,8BH
BYTE 6AH,6BH,71H,6AH,88H,8BH
BYTE 6AH,6BH,71H,6AH,6BH,71H,73H,75H
BYTE 96H,95H,96H,0FFH

ENDIF



Crazy Otto 

Attract Mode



Crazy Otto 

Attract Mode 
Fake-o Game



Detail of 
Otto movement



Crazy Otto 
Animation #1



Crazy Otto 
Animation #2



Crazy Otto 
Animation #3



Character Design



Character design workflow
● Sketch on graph paper 
● Manually encode into graphics ROM format 
● Type in graphics ROM code 
● Transfer file to EPROM programmer 
● Burn EPROM 
● Plug into PCB 
● Power on game



GCC Character Development System









Bonus Fruit

Pac-Man 

Crazy Otto



Intellectual property
Avoid copyright infringement 
● require existing Midway ROMs 
● provide new GCC code as overlay 

Avoid trademark infringement 
● change all major characters 
● change name 

Protect our code with anti-copy hardware



Source code



 TITLE "FRUIT DRIVER"
;THIS CODE IS TO MAKE THE FRUIT BONCE ACROSS THE SCREEN.
;THE FRUIT ENTERS AT P0 AND GOES COUNT0 SPACES BEFORE GOING POOF!!
;IN A SMALL EXPLOSION.  THE PATH IS TABLE DRIVEN.
;EACH MAZE HAS AN ASSOCIATED P0,COUNT0,PATH.

;SOME RAM LOCATIONS:
;THE FRUIT POSITION
FRUITP EQU 4DD2H
;THE VALUE OF THE CURRENT FRUIT (0=NO FRUIT)
FVALUE EQU 4DD4H
;THE CURRENT PLACE IN THE PATH
COUNT EQU 4C40H
;FLAG TO INDICATE THAT THE FIRST FRUIT HAS BEEN RELEASED
FIRSTF EQU 4E0CH
;FLAG TO INDICATE THAT THE SECOND FRUIT HAS BEEN EATEN
SECONDF EQU 4E0DH



 TITLE "CODE PATCHES (PATCHES)"

;PATCH TO MAKE RED MONSTER GO AFTER OTTO TO AVOID PARKING
 ORG 0E5CH
 XOR A
 NOP

;PATCH FOR NEW ATTRACT MODE
 ORG 0413H
 JP ATTRACT

;PATCH TO THE PRIMARY FRUIT ROUTINE, THIS ROUTINE IS CALLED ONCE PER
;GAME STEP (THE MINIMUM TIME IT TAKES A MONSTER TO MOVE A PIXEL)
 ORG 0EADH
 JP DOFRUIT



;PATCH TO MAKE THE ENERGIZERS FLASH IN NEW AND EXCITING COLORS
 ORG 0C21H
 JP FLASHEN

;PATCH TO MAKE THE MONSTERS MOVE RANDOMLY
 ORG 274BH
 CALL RCORNER
 ORG 2781H
 CALL RCORNER
 ORG 27BBH
 CALL R1CORNER
 ORG 2803H
 CALL R2CORNER



ST5 BYTE SETN, 5AH,PAUSE

BYTE SETPOS, 0FFH,34H
BYTE SETCHAR
WORD RIGHT_OTTO

 BYTE SETN, 7FH,PAUSE
 BYTE SETN, 24H,PAUSE

BYTE SETN, 68H,LOOP,0D8H,00,09
 BYTE SETN, 7FH,PAUSE

BYTE SETN, 18H,PAUSE
BYTE SETPOS, 00H,094H
BYTE SETCHAR
WORD      LEFT_ANNA
BYTE SETN, 68H,LOOP,028H,00,09

 BYTE SETN, 7FH,PAUSE
BYTE SETPOS, 0FCH,7FH
BYTE SETCHAR
WORD RIGHT_OTTO
BYTE SETN, 18H,PAUSE



The Atari Settlement
Atari drops its suit against GCC with prejudice 
GCC discontinues sales of Super Missile Attack 
GCC will not market enhancement kits  
 without permission from the manufacturer 
Atari pays $50,000 per month to GCC  
 to develop video games for Atari  
 (2 year term)



Kevin Curran 
calls 

Dave Marofske of Midway



Visit to Midway 

October 9, 1981



October 29, 1981
Signed Crazy Otto contract with Midway 
Three Crazy Otto prototype boards 
● 2 delivered to Midway 
● 1 at Fun and Games, Framingham, Mass. 

ROM dumps







Stan Jarocki 
calls 
GCC



Crazy Otto 

Super Pac-Man 
Miss Pac-Man 
Pac-Woman 
Ms Pac-Man

Name and character changes



November 24, 1981

Stan Jarocki of Midway sends a letter 
to Masaya Nakamura of Namco: 

Enclosed find a videotape of Midway’s Pac-Man game 
using the Ms. Pac-Man enhancement program…





Hardware design
16k Pac-Man ROM on main PCB 
10k Otto ROM on AUX PCB 
● 6k in new address space 
● 4k replaces Pac-Man D ROM 

40 8-byte patch code overlay 
ROM “encryption” using bitswizzle 
Anti-copying hardware



Ms. Pac-Man 

AUX board





Ms. Pac-Man 
AUX board 
installation





Hidden Messages



Namco 
Easter Egg



Ms. Pac-Man 

fixed character 
ROM



00009770: 71ff f102 f203 f30a f402 6590 6870 6867  q.........e.hphg
00009780: 6665 9061 7061 6568 6690 6390 8690 8590  fe.apaehf.c.....
00009790: 8570 8668 65ff ff3a 004f fe00 280b 1102  .p.he..:.O..(...
000097a0: 4c21 504f 010c 00ed b03a 094e 2172 4ea6  L!PO.....:.N!rN.
000097b0: 280c 3a0a 4cfe 3f20 053e ff32 0a4c 2185  (.:.L.? .>.2.L!.
000097c0: 96c3 c42c ffff ffff ffff ffff ffff ffff  ...,............
000097d0: 4745 4e45 5241 4c20 434f 4d50 5554 4552  GENERAL COMPUTER
000097e0: 2020 434f 5250 4f52 4154 494f 4e20 2020    CORPORATION   
000097f0: 4865 6c6c 6f2c 204e 616b 616d 7572 6121  Hello, Nakamura!

Ms. Pac-Man



Bugs
● Parking bug (fixed) 
● Table bug (fixed) 
● Collision bug 
● Level 255 bug



January 1982







Developers of Crazy Otto / Ms. Pac-Man

Doug Macrae 

John Tylko 

Chris Rode 

Phil Kaaret 

Kevin Curran 

Mike Horowitz 

Steve Golson



General Computer coin-op games
● Super Missile Attack enhancement kit  

for Atari Missile Command 
● Midway Ms. Pac-Man 
● Atari Food Fight 
● Atari Quantum 
● Midway Jr. Pac-Man 
● Atari Nightmare (never produced)



Products designed by GCC for 
Atari 2600, 5200, 7800 Game Systems  

and Atari 400/800 Computers
Asteroids, Atari Video Cube, Ballblazer, Battlezone, 

Berzerk, Centipede, Combat II, Desert Falcon, 
Dig Dug, Food Fight, Galaga, Galaxian, Joust, 
Jr. Pac-Man, Jungle Hunt, Kangaroo, Millipede, 

Moon Patrol, Ms. Pac-Man, Phoenix, Pole Position, 
Pole Position II, Qix, RealSports Tennis, 

Rescue on Fractalus, Robotron 2084, Track & Field, 
Vanguard, Xevious



Atari 7800 ProSystem
GCC did the entire design for Atari 
● Maria custom graphics processor 
● 14 game cartridges for launch (May 1984) 
● Encryption/authentication scheme 
● High Score cartridge 
● Home computer keyboard and peripherals 
● Videodisc interface



General 
Computer 

1984



GCC Technologies
HyperDrive 
● first internal hard disk for Apple Macintosh 

Many other Mac peripherals 
Laser printers for Mac and PC 
VideoGuide 
● early set-top box with on-screen channel guide



exGCCers founded/managed:
Yahoo, Adobe, 38 Studios, Ebay, Cayman Systems, Shiva, 

American Internet, New Oak, Atlas Venture, Venrock, 
Digital Lumens, Jisto, VideoGuide, TV Guide Consumer 

Electronics, AdKnowledge, Covia, Aveo, Endymion, Sonic 
Solutions, Gracenote/Sony, Creative Data, NameMedia, 
Dynasil, NewRiver, Broadridge Financial, Avici Systems, 
Soapstone Networks, NVIDIA, Aurora Flight Sciences, 
Senté, Sequence Design, InfoScape, Basis Technology, 

Lotus, Affectiva, Avidyne…  
also various professors, authors, engineers, musicians



Twenty years later…



June 2002 
 
Kevin sees a game 
that looks familiar…



Contracts and lawsuits
July 1981: GCC v Atari; Atari v GCC et al 
October 8, 1981: GCC + Atari/Warner 
October 29, 1981: GCC + Midway 
July 30, 1982: GCC + Atari 
1983: GCC v Midway 
October 5, 1983: GCC + Midway 
October 14, 1983: GCC + Namco 
November 14, 1985: GCC + Atari



2002: Kevin contacts Namco 

2002–2006: negotiations 

2006: Demand for Arbitration



Language matters!
What is 
different 
about these 
machines?



Language matters!
What is 
different 
about these 
machines?

“coin-operated game” ➔



Language matters!
 “The term “electronic distribution” shall mean any 
use in which the images, sounds and characters of the Ms. 
Pac-Man … game[] are broadcast or in any other way 
transmitted and are intended to be received using devices 
connected to home television sets or other receiving 
devices. Such methods of transmission include, but are not 
limited to, cable television, television broadcast, satellite 
broadcast, including direct broadcast satellite and any other 
means of use of the games where the game images, sounds 
and characters are transmitted from a source remote 
from the receiving device.”



Reverse engineering to show 
usage of original code
● Remember “Hello, Nakamura!” message? 
● searched for in PlayStation, GameCube, 

PlayStation Portable, Game Boy Advance, 
Jakks Pacific, Xbox, etc.



Doug
Macrae

Kevin
Curran

Steve
Golson

Mike
Horowitz

Chris
Rode

John
Tylko



Thank you!
● Namco 
● Masaya Nakamura 
● Toru Iwatani 
● Midway
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Classic Game Postpartum 
Ms. Pac-Man 
 
Steve Golson  
Trilobyte Systems



Q & A


