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From Code Lines to Creative Leaps: The
Evolution of Game Development
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PROJECT

Nishikado worked on all parts of the game:
code, hardware, sound, etc.

It took about 1 year to create through his
own iterations.

Deployable on ROM, which means patching is
done directly on hardware.

Shipped through physical arcades.

Tomohiro Nishikado, creator of Space Invaders




SAMPLE ROUTINE DESIGN

AT AANNNNN0000000000666066484 8088

RR RS0 R R R R A A A A

Tomohire Nishikado's sample subroutine flow diagram




MITS ALTAHIR 8804A

MITS Altair 8800

as-8080 88-disk adm3A-terminal

COMPILER DEVICE DEVICE

standard-mem 8080-cpu 88-sio
MEMORY DEVICE

qutem architecture of the Altair 8800

Personal computers were more
powerful than consoles.

Specifications:
Processor: Intel 8080 @2MHz
RAM: from 256 bytes to 64 kB
Storage (optional): paper tapes,
cassette tapes, floppy disks
Video memory: none
Resolution: 256x224




ARCHITECTURE

40 Intel 8080 Architecture I DO-D7 bidirectional
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GAME LOOP

;3 GAME LOOP
3
@81F: CD 18 PlrFireOrDemo ; Initiate player shot if button pressed
: D PlyrShotAndBump ; Collision detect player's shot and rack-bump
: €D F3 CountAliens ; Count aliens (count to 2082)
: CD 88 AdjustScore ; Adjust score (and print) if there is an adjustment
3A A, (numAliens) ; Number of live aliens
: A7 A ; All aliens gone?
: CA Z,$09EF ; Yes ... end of turn
: D AShotReloadRate ; Update alien-shot-rate based on player's score
: @ $0935 ; Check (and handle) extra ship award
: D SpeedShots ; Adjust alien shot speed
2 ED ShotSound ; Shot sound on or off with 2025
D $0A59 ; Check if player is hit
CA Z,$0849 ; No hit ... jump handler
: 96 B,%04 ; Player hit sound
SoundBits30n ; Make explosion sound
(a))] FleetDelayExShip ; Extra-ship sound timer, set fleet-delay, play fleet movement sound
D3 (WATCHDOG) ,A ; Feed the watchdog
: D CtrlSaucerSound ; Control saucer sound
a3 $081F ; Continue game loop

Zilog Z80 assembly language




ART

DrawSprite:

; Draw sprite at [DE] to screen at pixel position in HL

; The hardware shift register is used in converting pixel positions

; to screen coordinates.

15D3: (D 74 14 CALL CnvtPixNumber ; Convert pixel number to screen/shift
15D6: E5 PUSH HL ; Preserve screen coordinate
15D7: C5 PUSH BC ; Hold for a second

15D8: ES PUSH HL ; Hold for a second

15D9: 1A LD A, (DE) ; From sprite data

15DA: D3 ouT (SHFT_DATA) ,A ; Write data to shift register
15DC: DB IN A, (SHFT_IN) ; Read back shifted amount
1SDE: 77 LD (HL),A ; Shifted sprite to screen
15DF: 23 HL ; Adjacent cell

15E0: 13 INC DE ; Next in sprite data

15E1: AF XOR A ; 9

15E2: D3 (SHFT_DATA) ,A ; Write @ to shift register
15E4: DB IN A, (SHFT_IN) ; Read back remainder of previous
15E6: 77 LD (HL),A ; Write remainder to adjacent
15E7: E1 POP HL ; 01d screen coordinate

15E8: 01 LD BC, $0020 ; Offset screen

15EB: @9 HL,BC 5 ... to next row

15eC: 1 POP BC ; Restore count

15ED: @5 DEC ; All done?

15EE: C2 P NZ,$15D7 ; No ... do all

15F1: E1 POP HL ; Restore HL

15F2: C9 RET 5 Done

Space Invaders pixel drawing

DrawSprite function in assembly




PROGRAMMING

Making an Emulator: Space Invaders on the Intel 8080

hitps://8080.cakers.io
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http://www.youtube.com/watch?v=7kf70nhor24&t=1675

ATARI 26080

Atari 2600

But games had to be ported for at
home play.

Specifications:
e Processor: MOS 6507 @1.19MHz
RAM: 128 B
Storage: 4 KB on ROM
Video memory: none
Atari 2600 System Architecture Resolution: 160 x 192

13



={=1 =Ty =] g[={=15

Computer Archeology - Space Invaders

Space Invaders - 30th Anniversary Developer Interview

MITS Altair8800 - User documentation for emuStudio

Atari 2600 field service manual by Bridal Association of America - Issuu
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https://www.computerarcheology.com/Arcade/SpaceInvaders/
https://shmuplations.com/spaceinvaders/
https://www.emustudio.net/documentation/user/altair8800/
https://issuu.com/bridal_association/docs/2600_field_service_manual
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Nintendo Entertainment System (NES)

>

NES

Game Cartridge Lockout

j 2 KB Video RAM
Lockout }e
N

Picture

Processin,
Character <__,—’ o= g

ROM/RAM

Processing Unit |

——> 2 KB Work RAM ‘

-

NES System Architecture

More subsystems are being added to the
architecture.

Specifications:
e (PU: Ricoh2A03 @179 MHz

o+ Audio PU
o+ Picture PU

RAM: 2 KB

ROM: 50 KB (Program, Graphics)
o  (Can be used for WRAM

Video memory: 2 KB

Resolution: 256x240




Mario Sprite

Mario Sprite Sheet

The sprite sheet can only have 8
sprites per scanline.

Each sprite is used by the PPU to
fill @ 8x8 pixel map called a tile.

RENDERING

Game Cartridge

Character Memory
PPU

256 B OAM 2x Pattern table

. W 4x Nametable

Ricoh 2A03 (optional)
CPU Palette

Control

Registers )
2 KB Video RAM (VRAM)

2x Nametable

Graphics subsystem

Object Altribute Memory (OAM) specifies which tiles to
put sprites in.

CPU and PPU work in unison to render the map and
sprite frames to the Cathode Ray Tube gun.

18



COLLABORATION

Work was divided amongst others like Koji K. being the
Composer, and Toshihiko N. and others as programmers.

It took about 1.5 years to create through his own iterations
and extensive testing.
Miyamoto brought the side-scrolling engine from Excitebike

Designers of Super Mario Bros. to Super Mario Bros.
Shigeru Miyamoto and Takashi Tezuka

Nakago That's how we made Excitebike. Then after that, we began to work on Super Mario and The Legend
of Zelda*@ at the same time.

Right, those two titles were both developed at the same time. It's surprising how many game fans
aren't aware of this, but the first Super Mario and Zelda titles were made simultaneously, with the
same staff. It's something that seems completely unthinkable now! (laughs)

Toshihiko Nakago interviewed about the reality of game development

19



LEVEL DESIGN

BG PLANNING SHEET
MEMO:

nNT DNintendo'Co.Lid

Designing the level pixel usage in Super Mario Bros.




IMPLEMENTING LEVEL DESIGNS
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YouTube link

The Story of Super Mario Bros. 3
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http://www.youtube.com/watch?v=MxT6IwUtLSU&t=653

GAME DESIGN

ulling up the gras
When you press the B button wh

standing on the grass you find growing here and 4 A bomb can be
there, you will pull it out and lift it up. On the > dropped at the
surface of the desert, you can also dig in the soft | z player's feet by
sand |

When you stand on a mushroom block
and press the B button, you can ift it up
vegetable.

y Other items can be
thrown much farther by thrown a shorter
Y

distance away by /

Book instructions on the pick up mechanic

Building on an installment makes it easy to explore new
ways to altract new players.

EFEHRLEFEZOLES

mE 000000 Specially when competition is near...

Game Design of the jump

22



GRAPHICS

43N BEHIND,

NES Scraolling?

| feat. Super Mario Bros.|

NES Scrolling Basics featuring Super Mario Bros. - Behind the Code

23


http://www.youtube.com/watch?v=3uzcN9PHZZs&t=61

={=1 =Ty =] g[={=15

Nintendo Entertasinment System (NES) Architecture | A Practical Analysis
lwata Asks - New Super Mario Bros: Volume 2 - Page 1
lwata Asks - Volume 5 : Original Super Mario Developers - Page 4
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https://www.copetti.org/writings/consoles/nes/
https://iwataasks.nintendo.com/interviews/wii/nsmb/1/0/
https://iwataasks.nintendo.com/interviews/wii/mario25th/4/3/
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PlayStation

1994

18908s

19386

Nintendo 64

Dreamcast

1998
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Doom cover for PC

DOOM

Developed by id Software and released in 1993
for DOS.

Co-founders John Carmack (lead programmer)
and John Romero (designer/programmer), and
Tom Hall (game designer) and Adrian Carmack

(artist).

Doom was developed in 15 months with most
of the team from Wolfenstein 3D and a first
example of 3D graphics (or 2.5D with 2D
enemies).

27



1BM PS/2 running Doom

PC (19S3)

It was published for DOS first.

Requirements:
e Typically a IBM PS/2 Series
o (PU
o Intel 80386 (386) @25 MHz
o Intel 80486 (486) @33 MHz
RAM: 4 MB-8MB
Graphics: VGA adapted card
Ex: XGA-2 with 1MB VRAM:
o 1024x768 pixels with 256 colors
Storage: 25 MB to install, 10 MB to run
Sound: Sound Blaster

28



GRAME ENGINES (19399)

Kingpin: Life of Crime

Counter-Strike Online

Source - Multiplayer
1

Day of Defeat

Part of the engine reusability tree

Doom’s engine went to be
reused as Quake engine
which when released under
GNU General Public License,
inspired many engines still
used Today.

At this point, independent
Game Engines became a
thing.
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Fuse Points_|
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List of Specials
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Doom Editor

Tay
0 Tag LINE search

Get Tag | Tag SECTOR search |

ere flat will go
Ceiling C Floor

Find flat |[FLOORo_1

Objective-C was used to
program the Doom engine.

Wolfenstein 3D used Grids
with ray casting to
determine what to render.

Doom went for BSP Trees to
represent partitions of what
to render and its order.
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DOOM ENGINE

Player location determines what to
render:

void R RenderPlayerView (player_t* player)
il
R _RenderBSPNode (numnodes-1);
R DrawPlanes ();:
R DrawMasked ():

Sample code to render player view

BSP rendering sequence Full article
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https://docs.google.com/file/d/1boMJeXqMPRnJzg-jbYxYr5PDTaWdTqgD/preview

RELERASING THE CODE

Here it is, at long last. The DOOM source code is released for your
non-profit use. You still need real DOOM data to work with this code.
If you don't actually own a real copy of one of the DOOMs, you should
still be able to find them at software stores.

Many thanks to Bernd Kreimeier for taking the time to clean up the
project and make sure that it actually works. Projects tends to rot if
you leave it alone for a few years, and it takes effort for someone to
deal with it again.

The bad news: this code only compiles and runs on linux. We couldn't
release the dos code because of a copyrighted sound library we used
(wow, was that a mistake -- I write my own sound code now), and I
honestly don't even know what happened to the port that microsoft did
to windows.

Still, the code is quite portable, and it should be straightforward to
bring it up on just about any platform.

John Carmack note on releasing the code

GitHub source code
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PlayStation PORT (1995)

Specifications:

Geometry System

Eesoees ol (ferid b B CPU: Sony CXD8530BQ @33.87 MHz
- DFIIAMComr. J v lotion ony Aud|0 subsustem
Video:

o GPU+1MB VRAM
e i ) RAM: 2 MB

] (N B]OS
S Resolution: 256x240

a1

o
Sub-CPU ———
I

copetti.org © Rodrigo Copetti

PlayStation System Architecture




IMPLEMENTING LEVEL DESIGNS

T ARPE TN RTINS “’ﬁ‘}

.1

YouTube link

PC vs PlayStation port
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http://www.youtube.com/watch?v=cWLGOU_AZ9I&t=60

GAME EDITORS

) Uraealt d
Fle Eck Sorpt Bush Coamera Qptiore Window Help

This is Tom Sweeney's
[Founder of Unreal) editor for
Unreal Engine. It was written in
Visual Basic.

The editor can do Real Time
BSP and continue editing maps.
There is the possibility for
volumetric lighting.

| GowNae [Tee

o N aew. Out
Top.Base

) e[ | oo

Delas
New..  Export | Expotad
Lood  Seve | Delate

First Unreal Editor




GENERAL GAME ENGINES

\1{| Class Engine.Brush

File Tools

UnrealScript was also created to
interact with the Engine in order to
build games.

The Unreal Editor would call these
classes for simplicity.

class Brush extends Actor

native;

) enum ECsgOper

UnrealEd widgets facilitating game dev
Ready.

Sample UnrealScript - Today replaced with C++
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The XGA Graphics Chip | 0S/2 Museum
Original Doom system requirements (from my 25 year old retail box] : r/gaming

Development of Doom - The Doom Wiki at DoomWikL.org
Monsters from the 1d: The Making of Doom

PlayStation Architecture | A Practical Analysis

Kakum bbin nepebit Unreal Editor

37


https://www.os2museum.com/wp/the-xga-graphics-chip/
https://www.reddit.com/r/gaming/comments/a4yi5t/original_doom_system_requirements_from_my_25_year/#lightbox
https://doomwiki.org/wiki/Development_of_Doom#:~:text=The%20development%20of%20Doom%20was,shareware%20on%20December%2010%2C%201993
https://www.gamedeveloper.com/business/monsters-from-the-id-the-making-of-i-doom-i-#close-modal
https://www.copetti.org/writings/consoles/playstation/
https://habr.com/ru/articles/409969/
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PS2

¢
/4

20080s-Today

2012

Wi U

XBOX 360

280085

.

Nintedo Switch

201
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30 GRAPHICS LIBRARIES

Wulkan. @ever

Molten \ :
VI\ - Graphics APIs — -

/
| AN
<SANVIDIA.
N

Some Graphics Libraries
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COMMERCIAL GAME ENGINES

& unity @ @ covor

UNREAL

ENGINE

@

CRY=NGINZ

e GameMaker”

Some Game Engines




VISUAL SCRIPTING

Relations Values Dim Carry v Overview Full Screen

e :
I
Start < Set Variable
Event

..»_’—_’-0 -

® [sSpinning ¥ @

- ©
Boolean
® .

Graph v

® o

W c + g Transtorm
T @ % Rotate
- p——> = Tue™ p—Pp =
® False = O M self (0]
: /‘ O @ XAngle 90
<2 Get Variable O @ YAngle 0

/
Graph « /
P / O @ ZAngle 0

/
® |sSpinning ¥ @ o/

Visual Scripting in Unity

pinning : MonoBehaviour

ivate bool IsSpinning;

id start()

IsSpinning = true;

ivate void Update()

if (IsSpinning)

{

transform.Rotate(90,0,0);
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30 GRAPHICS TOOLS

MAYA
Autodesk Max

Autodesk v

LightWave Wings 3D

3d Graphics

Software

Blender

o

Cinema 4D educha.com

Some Graphics Tools




RAUDIO MIDDLEWARE

fod M ol @

Wuwise CRIWARE

Some Audio Middleware
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Graphics API's Explained : r/GraphicsProgramming

VANAS | Top 5 Video Game Engines
hitps://learn.unity.com/tutorial/about-unity-visual-scripting

3d Graphics Software | Learn the Top Software of 8 3d Graphics

Audio Middleware: Why would 1 want it in my game?

45


https://www.reddit.com/r/GraphicsProgramming/comments/1adqf95/graphics_apis_explained/
https://www.vanas.ca/en/blog/top-5-video-game-engines
https://learn.unity.com/tutorial/about-unity-visual-scripting
https://www.educba.com/3d-graphics-software/
https://www.gamedeveloper.com/audio/audio-middleware-why-would-i-want-it-in-my-game-

GAMING STUDIOS ‘

An industry perspective

e —
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INDIE vs AR vs AAA

Characteristics

Indie

AAA

AAA

Budget

~1K to $1M

Several millions

Over $50 million

Team Size

1-5 people

Below 50 people

Large teams, in the
100s

Dedicated
Publisher

Often lacks a
dedicated publisher

Backed by a
publisher with more
creative freedom

Typically published
by established
companies

Production
Values

Smaller scale,
emphasis on
mechanics

Good production
values, less famous
actors

High production
values, famous voice
actors

Threshold for
Success

Low, due to lower
development
budgets

Between AAA and
Indie games

High, often selling
over 2 million copies

Video Game type comparison




REALITY OF GAMES

Bistriblition O Ste i Games
Based on Publisher Type

AA or AAA
M Indie

53%
® Small indie *
43%

# of games Units sold split Revenue split Daily player mix

1 - Indie games with <300 units sold

Distribution table

49



Engineering

Gameplay programmers
Engine programmers

Design

Game Design
Level Design
Creative/Game Direction

Technical Art

Visual Effects Artist
Technical Artist (ex: Rigging)

INDUSTRY ROLES

Production

Producers
Coordinators

Art

Concept Art
Environment Art
Character Art

RAudio

Composer
Sound Designer

afA

Testers
Test Engineers

Narrative

Storyboard
Dialogue

Animation

Animator
Technical Animator

50
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A Comparison Indie, AA vs AAA Games
Indie, AA, and AAA Games: The Ultimate Guide
Indie games make up 40% of all units sold on Steam
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https://kevurugames.com/blog/indie-aa-vs-aaa-game-unraveling-the-differences/
https://www.hitberrygames.com/post/indie-aa-and-aaa-games-the-ultimate-guide
https://vginsights.com/insights/article/indie-games-make-up-40-of-all-units-sold-on-steam

FULL CIRCLE

Cuphead
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HUMAN CREARATIVITY

Cuphead trailer
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http://www.youtube.com/watch?v=NN-9SQXoi50

HAND DRAWN ANIMATIONS

54


http://www.youtube.com/watch?v=wRRV7TIQTX0&t=127

LIVE MUSIC

55


http://www.youtube.com/watch?v=wRRV7TIQTX0&t=556

UNITY PROJECT

Demo of the Unity Cuphead project

GitHub source code
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https://docs.google.com/file/d/1btuJGqZHR1V1AZa3eKi950_GMxoHdT5z/preview

MAKING GAMES

THE MAKING OF

. CUPHEAD

Making of Cuphead

YouTube link

57


http://www.youtube.com/watch?v=ujkFlNkXMu4&t=65

CONCLUSION ‘

What to take away?
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HAVE FUN!

Making games is now more accessible
than ever.

Start simple, iterate a lot, find your
creativity, and don't give up!

Be part of the adventure.
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