FEZTechnicaPostMortem
By Renaudedard ProgrammerRolytron)



A Started messing with 3D programming in VB6 &
Truevision3D around 2001

A Started working with Phil Fish on FEZ in April 2007
A FEZ gets 2 nominations and 1 award (Visual Ari§E08
A Bacc in Computer Science at UQAM in late 2008

A Worked fulltime since then aPolytronto make the game
A FEZ is first commercial title and ftithe @ A Y R dza { NEB £
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A 2D/3D Exploration PuzzRiatformer
O rystroidvani& v

A Pixel art where the pixels are 3fixels

A Platformingin 2D, but across all 4 orthographic
views

A Built in XNA/C# from the start
I Spanned 5 XNA versions, from 1.0 to 3.1!






A Art and level productiofwise, easier to work
with tiles

A Plain old 2Dilemap doesn't work : we need
3D tiles

T ..triles?

A 16x16x1@rixelschosen as an arbitrary fixed
trile size
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A Petrtrixel coloring?

I Implles good palntlng tools modeler
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A Cubemaps(freeblood 7] & N7 o
I Trilesneed to be convex
I Cubemapsre 16x16x6 32bpp = 6Kb uncompressed!




Moty THISSE

A Firsttrile concepts madén GoogleSketchup




Moty THISSE

A Trixelsculpting
I Pushtrixel facesin, pull faces out
I Adaptativegeometriccomplexity




A And things can get pretty complex




A Extrapolatecontiguoussurfacedrom trixels

A Foreachsurface,
I Enumeratebiggestrectangles irthat surface
I Eachrectanglebecomesaplane
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eshave amaverageof 136polygons

nicalscene: 50,000polygonson-screen

I Goesfrom anywherefrom 5000 to 250,000



TrileSet  Trile Strings  Scripting
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A Orthographic views
I Peel thefrontmost layer
I Keep offset and sethroughtriles

A During rotation transitions
I Peel the two visible faces

A Always use frustum culling
ihyté OdzaZft UUKS RAFFSNBYOS
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A Lots of instances of the sand@e in a level

A Few things specific to a single instance
I XYZ Position, Y Rotationfldats

A vfetch Instancing oXbox 360
F SM 3.0 Hardware Instancing on PC

A Max. 226 instances of same per draw call



A Instance data passed as VS constants

#define InstancesPerBatch 226
float4 InstancePositionPhiArray [ InstancesPerBatch ] : register(c30);

A Reconstruct transformation matrix in VS

float sinPhi , cosPhi;

sincos ( InstancePositionPhi.w , sinPhi , cosPhi);

float4x4 instanceMatrix =

{
cosPhi , 0, -sinPhi 0,
0, 1, 0, 0,
sinPhi 0, cosPhi , 0,
InstancePositionPhi.xyz, 1



A Wheresculpting doesn'tnatter, or sprite animations
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A For small overlapping details, or unique bigger landmarks
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A Trilesarethe collision map

A
I

A Four types
I Immaterial (e.g. blades of grass) .
i No collision (background elements) 5 -
I Top-collide (most platforms) m
I All-collide (blocking boundaries)
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A Art objects are filled with invisible collisidriles




A Level is a large structure tflesindexableby (x, y, z)
I Actually a Dictionary<Int3yrile>

A You collide with what you see
I Getclosest (x, y) or (z, y) row wiles
I Traverse to nearestollideabletrile and use itgproperties

A Gets tricky with offsetriles

I Look up 4 closesteighbourrows andtest

A After that, normal AABB to line collision resolution
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A Movement is in 2D according to the current viewpoint

Depth correction

A Gomez should stay visible at all times
A Gomez should never walk in rradr

A Whenthe camera rotates, movement (and time) is
suspended.
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A If Gomez is behind geometry after a rotation,
don't panid

I Silhouette rendering
I Lowpass music
I Limited actions
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A Perface direct/diffuse light

A Ambient light based on sky background color
I Also tints transparent cloud layers

A Shadows and additional lights added in screpace

A All done in a lighting pepass (rendeto-texture)
I Blended in Modulate2X mode so that it can light up and shadow
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A Now Gomez can :
I Grab/push/pull objects
I Rotate parts of the world independently
i Make blocks crumble under his weight
i Grab ledges all around platforms
I Interact with oneoff puzzle objects
|
|

- Swim in water & drown in toxic liquids
" AND MUCHANUCHMORE!

A 56 different action classes control his behaviour



A All player action
Classes denve from E ?rotected virtual
base abstract class

A NOt a” mUtua”y {protected virtual
exclusive }

] (’] Cl tf f ¢ A a protected  virtual
IS evaluated as long ¢ §
UKSNBQa 3N

. . rotected virtual

A Tied to sprite oo

anlmatlons’ player \ return false;

controllabllity, etc.

void

void

void

bool

TestConditions ()

Begin()

End()

Act ( TimeSpan elapsed )

L;\



A Spinning blocks, interactive structures, etc.

A Hardcoded behaviours with flags or parameters set
In the editor

A Tradeofffor not having proper scripting support

FourBitDoor
Tembstone
SplitUpCube
Valve

Rurmbler
Reset Scale

Remove This Object
Clone This Object

+ | ConnectiveRail
BoltHandle
BoltMutBottom

Rebuild Surfaces BolthutTop

Save Art Object CodeMachine

Actor Type 3 MumberCube
« | Mo Silhouette? LetterCube
¢ T E Triskull
Toeme
LesserGate

P g



A Designeifriendly Ul (no code!)
A Eventbased (no continuous evaluation)
A Extensible and backwarg®mpatible

g5 Scripts Browser

Trigger

Level.Start
Volume[5].Enter
Volume[3].Enter
EBitDoor[z8].0pen
Level.5tart
Level.5tart

Level Start
GomezJumped
Gomez LookedAround
Camera.Rotated
Volume[7].Enter
Yolume[3].Enter
Gomez.EnteredDoor
Gaomez. ClimbedVine

Condition

Game.GetlevelState = JUMP, Game.GetlevelState != LOOK, ...

Level.FirstVisit = False

Level FirstVisit = True
Game,GetlevelState = JURMP
Game.GetlevelState = LOOK
Game.GetlevelState = ROTATE

Action

Dot.Spiral&round(True, False), Dot Say(DOT_TRLIAL A True, False), Dot.Say([DOT_TRIAL B, T
Game.ShowScroll[TUTO_VIME, 5, True, True]
Level.ChangelevelToVolume(MEMORY_CORE, O, True, True]

Yolume[3].5etEnabled(True, False]

Camera.SetPixelsPerTrixel(3), Volume[3].5etEnabled(False, False)

Sound.Changebdusic]

Sound.ChangehMusic(Clear Skies)

Game, ClosescrollTUTO_JUMP), Game,ShowScroll[TUTO_LOOKEARCUMD, 5, True, False], Gi
Game. Wait(l), Game.Close5croll[TUTO_LOOKAROUND], Game.Show5croll[ROTATE_IMSTRL
Game Wait(l), Game.CloseScroll(ROTATE_IMSTRUCTIONS), Game,SetlevelState()
Game.ShowScroll[TUTO_GRAEB_LEDGE, O, True, True)

Game. ShowScroll[TUTO_EMTER_DOOR, Q, True, True)
Game.CloseScroll[TUTO_ENTER_DOOR])

Game. Wait(l), Game.Close5croll[TUTO_VINE]
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Triggers (WHEN) Conditions (IF, optional) Actions (WHAT)
Trigger [ Remove ][ Clone ][ Add ] Condition [ Remove ][ Clone ][ Add ] Action [ Remove ][ Clone ][ Add ]
Gomez.LookedAround Game,GetlevelState = LOOK Game. Wait(1)

Game,CloseScrollTUTO_LOOKAR..,
Game.ShowScroll[ROTATE_INSTRLU...
Game.SetlevelState(ROTATE)

Entity Type : [Gomez v] Entity Type : [Game v] Entity Type : [Game "]
Identifier: [global) Identifier: [global) Identifier: [global)
Event: [LookedAround v Property: | GetLevelState - Operation: | Wait -
Operator: [ 7] [ Kill-switch [¥] Stop-and-Wait Before
MOTHER OF ﬁ WValue: LOOK Arguments
Param. Mame Value
Script Properties seconds 1
One-Time
Mame: Untitled D
) . : Value :
EnECUES Ry 8] || seconds [7] pisabled
F Browse Resource..
[7] use Timeout [ Triggeriess

[7] 1gnare End-Triggers
|:| Completion Condition

Save And Exit ][ Cancel l




A Scripts are objects, serialized
text inside the level file

A Tweakabléby hand

I If you are careful with braces

At NRol of &

better formatter like :

script key=0 {
Al A Aeva.Start =>
Camera.SetPixelsPerTrixel

a K2 dz

sfse

script key=0 {

}

name "Untitled"
triggers {
trigger {
event "Start"
object {
type "Level"
}
}
}

actions {
action {
operation "  SetPixelsPerTrixel
arguments "2"
object {
type "Camera"
}
}
}



A Reflected by the editor to fill dropdowns

[ Entity (Static = true )]
public interface ILevelService . IScriptingBase

{

Il Events

[Description(*  Whenthe level starts ")]

event Action Start;

void OnStart (); // Called bythe engine to trigger the event

I/l Properties
bool FirstVisit { get;}

/I Operations
[Description("  Smoothly changes to a new water height "]
LongRunningAction SetWaterHeight (float height );



A Written ontop of XACT

A Allows dynamic trackased songs
A Works with time of day

A Horribly intricate and complicated,
as requested bpisasterpeace
I ...but allows for kickassongmaking

-

Song Editor

= [ |

Song Mame  Cycle

Overlay Loops

Cycle ~ Aeolian_Antecedent_ -
Cycle ~ Aeolian_Bass_4Bars
Cycle ~ Aeolian_Consequent,
Cycle ~ Aealian_Counterirp

Cyele ~ Aeolian_Mighttime_1Z
Cycle ~ Aeolian_Triplets_9Bar
Cycle ~ Dorian_Antecedent_3
Cycle ~ Dorian_Bass_4bars

Cycle ~ Dorian_Consequent_
Cycle ~ Dorian_Counterirp_g
Cycle » Dorian_MainArp_8ba
Cycle ~ Dorian_Ostinato_2ba
Cycle » Dorian_Triplets_Sbars
Cycle ~ Locrian_Antecedent_:
Cycle ~ Locrian_Bass_4bars

Cycle ~ Locrian_Consequent_
Cycle ~ Locrian_CounterArp_{
Cycle ~ Locrian_MainArp_8ba
Cycle ~ Locrian_Ostinato_4bz
Cycle » Locrian_Triplets_9bar

|E||;|| Add || Remove

EBase Properties

Selected Loop Properties

Loop Filename
Cycle ~ Aeolian_Mainarp_SE | |

Trigger between after every...

0 = and [1& bars...

Fractional time
..and loop between...

1 = and 1 times.

The loop is...

8 * bars long. | Detedt

Delay first trigger by...
3 > bars.

One-at-a-time

Day Might

| Dusk

Dawn

Random One-at-a-Time Ordering

Tempo Time Signature Custom Ordering [comma-separated)
10 =] & 2] a4
Priiew
Assemble Chord |F__maj v| |L|
Shard Motes
D2 v|e2 ~|az ~w|B2 ~|p3 ~|B |3 ~|B3 ~|

| Accept Cancel |




A XNA on the Xbox 360 = .NET Compact Framework

I Garbage collection every 1Mb allocated, unpredictable,
blocking

I Draw calls are expensive : batching is essential, instantiate
ALL THE THINGS

I Defer as many draw calculations as possible to vertex
shaderanstead of CPU

I Otherwise, multithread; 5 (slow) cores at your disposal

A Lots of content on the Web about this
I ...especially since XBLIG games have the same issues
I Rules of thumb : avoid LINQ, dynamic allocations



Tools : CLR Profiler

A Excellent, free memory profiler
A Allocations graphs, memory usage by object
A Good for identifying reafime garbage & why loatimes stall



