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e Started 3D programming in VB6 & Truevision3D ~ 2001
o Started working with Phil Fish on FEZ in April 2007

e FEZ gets 2 noms and 1 win (Visual Arts) at IGF'08

e Bacc. in Computer Science at UQAM in late 2008

e Worked full-time since then at Polytron

e FEZ is first commercial title and full-time “industry” “job”
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HOoUT FEZ

e 2D/3D Exploration Puzzle Platformer (“mystroidvania”)
e Pixel art where the pixels are 3D trixels
e Platforming in 2D, but across all 4 orthographic views

e Builtin XNA/C# from the start
e Spanned 5 XNA versions, from 1.0 to 3.1!
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LSKld STrucCTura

e Big branching mess, 157 areas total
e Eachis anisolated level

e Butlevel transitions are made “seamless”
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Howl ara lauals "Cut |.IFI"?

o Art- and level-production wise, tiles are easier

e Plain old 2D tilemap doesn’t work : we need 3D tiles
o ..triles?

e 16x16x16 voxels (trixels) chosen as an arbitrary fixed size
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"Matura" TFrila 5-:1' [EI:IE trilz=]
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o Per-trixel coloring?
e Implies good integrated painting tools

e Cubemaps! (freebloods) 71 E [N D

e Triles need to be convex
e Cubemaps are 16x16x6 32bpp = 6kb uncompressed!



Modzlhing Triles

o First trile concepts made in Google Sketchup (2007)
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Trilz Sculpting
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Elochky BEut Daetalad

e Average of 136 polygons per trile

e Typical scene : 50,000 polygons
e But anywhere from ~5000 to ~250,000
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Mazh =imphfiCaTion

e Extrapolate contiguous surfaces from trixels

e For each surface,
e Enumerate biggest rectangles in that surface
e Each rectangle becomes a plane
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Eulding Leuzls n "Fezzar"

File View Level TrileSet Trle Stings  Scripting
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e Google Docs all the way!

e Sprints planned 1 week to 1 month ahead

Do basic feature first, revisit & polish later

DESCRIPTION

Scriptable moving platforms

Vines actor support

Wrap around corners movement for vines
Improved selection tool in editor

One-click trile rotation randomizer

Store surfaces in art object intermediate files
Variable trile collision size (width + depth)
Variable trile collision size (height)}

Moving triles by the trixel in editor
Remove/optimize LINQ queries for pickup objects
Save/load trile groups in the editor

Focus on selection on keypress in editor

Store surfaces in trile set intermediate files
Cleanup of stale code from last summer
Redesign/simplification of event system
Animated planes support

Basic content pipeline & editor support for NPCs
Vertically scrolling textures on triles & art objects
Music areas in levels

Level state persistence in a savefile

Heads-up display implementation
2D/generalized scriptable particle engine

"Test hooks"”

t p point system

Locked doors in editor

Allow sculpting of rotated triles

Callision problems for stacked crates

Elastic callisions

Three-laver hackarnund orohlems

+

B c
PROGRESS START

5/21/2009
4/29/2009
4/30/2009
4/28/2009
4/27/2009
4/24/2009
5/4/2009

5/11/2009
512/2009
5/8/2009

5/19/2009
5/6/2009

April 2009 to July 2009
Late June 2009
5/27/2009

6/4/2009

July 2009
July 2009

July 2009
August 2009
5/7/2009
5/8/2009
5/11/2009

END
5/27/2009
413012009

5/1/2009
4/29/2009
4282009
4/25/2009
5/11/2009
5/16/2009
5/14/2009

5/8/2009
5/20/2009

5/7/2009

6/3/2009
6/10/2009

5/8/2009
5/11/2009
5/18/2009

NOTES
A group that moves along a path with speed/acceleration on a script &

For faster loading in editor & compilation
Including dynamic entities like crates (pickup/throw support. stacking)
Including dynamic entities too

Only remaining garbage is caused by dictionary keyivalue iterators
-grp.sd files, act like selected triles but grouped (manipulated with the
Like the trile isolation mode, but just plays with camera (press Enter ir
For faster loading in editor & compilation

Composite trile instances (done), wierd switch support, probably other
Especially the interface

Source is an animated GIF, behaves like a planar art object
Properties dialog is still missing. but more pressing things await. ..

Multiple music tracks in a level depending on “slice”

Rotated art objects are still problematic

Triles on top move faster than their grounds. passing through walls. etc
Applied ta some kinds of particles and non-collidable abjects

fthere are three trile layers and you are between two of them, the
hackaraundffrenrmundiallhinsing anes herzark

TECHNOLOGY ~

I

11

&

13
14

15

17
18
189
0
El

Bz]
24
25

7

29

30
a1

A ]

S o:sic tileset
I <.pport beams
I /oocen wall
I, rine cart
I i< akable blocks
I ol

I :t:/zgmites
I giant bomb
I i roaction biock

Design

level design

Animations. dripping water
crumbling rock
big explosion
falling stalagtite

Sound effects’" dripping water
big explosion
echo

Music mine theme

[TECHRIEEINNNN cars on rails

I giart bombs

I tnt block

IR motor blocks

[, crates

I

+ o

based on moving platforms. maybe specific changes?
mare dangerous than a standard bomb
basically a block that acts like a bomb
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4/1/2009
12/6/2008
12/6/2008
5/20/2009
12/4/2008
12/4/2008
4/20/2009
4/20/2009
4/20/2009

12/6/2008

12/4/2008
12/4/2008
4/20/2009
4/20/2009
4/20/2009

WWW.GDCONF.COM

® F G
basic world geometry set
wooden support beams
wooden support walls
motor block variation
mine level variant
glowing crystals
falling stalagatites
really big bomb
block that can cause chain reactions when exploded

phil
phil
phil
phil
phil
phil
phil
phil
phil

phil

annabelle
annabelle
annabelle
annabelle

jason
jason
jason

jason
renaud

renaud
renaud
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Daesignar us, FrogramnnzF Dynanms

e Phil dictated design, but | implemented

e Asthe programmer, YOU know what’s possible
e Time-wise, performance-wise, and in regards to your abilities

e You can always say no, but it’s a discussion
e FEZis a “game d’auteur”, designer associates with it deeply
o It’s all about mutual respect
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H nota on Yarson Control

e Holy shit you guys, use version control.
e Used local NAS with batch file madness for whole 2009

e Lost content, overwritten files, flaky backups

e “I’'mjust one guy” and “I have infinite undo levels” are not good
reasons

e Remote SVN/Git/Hg servers are cheap, and they WILL save your ass

Thanks Nathan @ Capy for convincing us to make the jump!
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Howo do voe dras all That STUrrr

faon P

e Lots of tiny blocks

o Geometry gets pretty dense

e Potentially lots of overdraw in 2D views
e Ideally 60 FPS on Xbox 360

= By culling and batching efficiently
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F:III'IIﬂIII"iFIg THil2% : I3|.I||iI'IIE|

e Orthographic views, usually looking into an axis
e Peel the frontmost layer(s)
e At most two layers if mid-rotation

e Cull within view frustum

e When moving, only invalidate triles
for the screen’s moving border

(don’t recull everything unless necessary)

WWW.GDCONF.COM
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Hioow |3|.I||iI'IIE| Lo rkEs

e Cell content is cached B
o
e For each screen cell
— Start at camera depth e ' =
— Mark trile to be drawn = — : - __,__wﬁ

— Walkinto screen

— Stop at solid, "
non-seethrough &
non-offset trile —




GAME DEVELOPERS CONFERENCE" 2012 MARCH 5-9, 2012 WWW.GDCONF.COM

Zulhing Dhxablazd
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Zulhing Enabled [(~=x less triles)
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e Draw calls are expensive
o All triles are independent (so indie)
e Can’tjust throw everything at the GPU

= Batching is a must

e But dynamic culling means dynamic batching...
e Is there a simple way?



Rendering TFil2E :eecng INETancing

e Lots of instances of a single trile type in a level
e Few things specific to an instance

e XYZ Position, Y rotation : 4 single-precision floats

e vfetch instancing on Xbox 360
= Shader Model 3.0 Hardware Instancing on PC

e Max. 256 instances of the same trile per draw call
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How=to @ GFU Instancing [Xbox)

e A static vertex buffer
e Vertex data of the template trile (lightweight)

e A dynamic index buffer
e One set of indices for each instance
e Offsetindices as if you’d have as many clones in vertex buffer

e An instance data buffer
o Actually a 4D vector or 4x4 matrix array in vertex shader constants
e Contains the instance-specific data
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e nTuk s ||'I51":I|'I':irll5| Ligrtax =hadar

asm

{

1

{

1

vfetch position,
vfetch normal,

int vertexIndex = mod(IN.Index, VertexCount);
int instanceIndex = IN.Index / VertexCount;

vertexIndex, position®
vertexIndex, normal@

vfetch textureCoordinate, vertexIndex, texcoorde

float sinPhi, cosPhi;
sincos(InstanceData.w, sinPhi, cosPhi);
floatd4x4 instanceMatrix =

cosPhi, o,
e.’ 1.’
sinPhi, o,

InstanceData.xyz,

float4 InstanceData = InstanceDataArray[instanceIndex];

-sinPhi,
0,
cosPhi,

// Index is an automagic vertex input semantic
// VertexCount is uniform parameter fed by app

// vfetch magic gets appropriate vertex data

// W component contains Y-axis rotation angle
// Recompute instance transformation matrix

-

-

P ®O ®O 0
-




Dthar =Turr @ Flanesz - "Dacals

e Where sclupting doesn’t matter, or sprite animations




2Thar =Tufr : AFT ObeCcTs

e For small overlapping details, or unique bigger landmarks
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DOT tThe TaFEaracT

e 4D hypercube fairy

e Continually rotates about the X-W plane
e Done in C# (on the CPU)
e 4x4 matrix works for rotation

e Faux 4D to 3D projection

e Further out in W axis = smaller in 3D

e Rendered in orthographic projection
like everything else

e 96 vertices, 144 triangles

(no intersection in 4D space)
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GAME DEVELOPERS CONFERENCE" 2012

=olhiFion H-::n-::g-:rn-:n'l'

o Triles are the collision map

e Each trile has a type
e Can be per-face too!

e Four types
e Immaterial (blades of grass)
e No collision (background elements)
e Top-collide (most platforms)
e All-collide (blocking boundaries; rare)
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Inuziblze Colhizmon Triles

o Art objects need to collide too

e But they’re not made of triles!

e Filled with invisible triles
e No collision, or
e Top-only collision
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=olhiFion Ll:":ll-'il.IFl

. : omez’s aabb
e Similar as the culling process :

e Collide with what you see! E

o Peel back from view =
— ]

o Keep peeling back if hitting

e Immaterial triles (i.e. grass strands)

e Non-grid-aligned triles

Otherwise, point-to-line with first L
solid trile edge found (three points),
one axis at a time.
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HMon=-arid-Alignaedr

e Triles can be moved arbitrarily
F_

e Stored in cell that contains its center

1 Looks up

—neighbour cell
if no hit

e Collision tests look up neighbours

e Only one, away from cell’s center

e Onlyif no hitin current cell

e Once found, point-to-line
(using appropriate size & offset of the trile)
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Tasts... :
e Scaling can also be DN\
arbitrary N\
e Aslong as triles are
no smaller than half
of Gomez’s size [ ‘

(limitation of using
point collision)




How GoRn@E mnouds: ground

e Movement is along on the view plane :E:'

e Depth correction rules
Gomez should stay visible, always

Gomez should never walk in mid-air

e Otherwise, don’t touch his depth

e During view rotations, movement & time are suspended



GAME DEVELOPERS CONFERENCE" 2012 MARCH 5-9, 2012 WWW.GDCONF.COM

E:IZII:l-'igI"l:ll.ll'ld FModa

e If Gomez is behind the level post-rotation

e IGF08 build : Panic & QTE!
= Stressful, kills the mood, generally dumb

o Final build
e Silhouette rendering
e Low-pass music

e Limited actions



Lighting Fra—-Fasxs

e Per-face direct/diffuse light

e Ambient light = sky background color
e Cloud shadows end up blueish

e Shadows and additional lights added

(in screen-space)

e Alldonein a lighting pre-pass

e Blended in Modulate2X mode
e sothatit can light up and shadow
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Tirnez OF Day Lighting I B
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LLSrld Interachions

e Gomezcan:
e Grab/push/pull objects
Rotate parts of the world independently

Make blocks crumble under his weight
Grab ledges all around platforms

Interact with one-off puzzle objects

Swim in water & drown in toxic liquids
AND MUCH MUCH MORE

e 56 different “action classes” control his behaviour
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H-tion "ClassEes For =tataes"

. . protected virtual void TestConditions()
o All player action classes derive |

from a base abstract class }
protected virtual void Begin()
e Not all mutually exclusive §
e “Fall” is an action that is
evaluated as long as there’s protected virtual void End()
gravity {
}
° They know how to chain from protected virtual bool Act(TimeSpan elapsed)
{
state to state return false;

}
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EIIZIZII'I'IFlhI » alREuUn.CF

WWW.GDCONF.COM

protected override void TestConditions()

{

switch (PlayerManager.Action)
{
case ActionType.Sliding:
case ActionType.Idle:
case ActionType.Teetering:
case ActionType.Grabbing:
case ActionType.Pushing:
case ActionType.LookingAround:
// If grounded and pressed movement keys
if (PlayerManager.Grounded && InputManager.Movement.X != 0 &&
PlayerManager.PushedInstance == null)

{
}

break;

PlayerManager.Action = ActionType.Walking;
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EIIZIZII'I'IFlhI » alREuUn.CF

protected override void IsActionAllowed(ActionType type)
{

}

return type == ActionType.Running || type == ActionType.Walking;

protected override bool Act(TimeSpan elapsed)

{
// Transform input to physics impulses in a helper class
MovementHelper.Update((float)elapsed.TotalSeconds);

if (MovementHelper.Running)
PlayerManager.Action

ActionType.Running;
else

PlayerManager.Action

ActionType.Walking;
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Rdditional Flags FoF ACTiOnS

public static class ActionTypeExtensions

{
public static bool IsAnimationLooping(this ActionType type)
{
switch (action) { /* ... */ }
}
public static bool DisallowsRespawn(this ActionType type)
{
switch (action) { /* ... */ }
}
public static bool PreventsRotation(this ActionType type)
{
switch (action) { /* ... */ }
}
/*¥ ..o ¥/
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HCTors Ell:ll'll:ll'l'lil: orld EnTitias

e Spinning blocks, moving platforms, ladders, interactive structures, etc.
e Hardcoded behaviours with flags or parameters set in the editor
e Tradeoff for not having proper scripting support

FourBitDoor

Toembstone
Create New Object Here SplitUpCube
Import Existing Object Here Valve
Reset Scale Rumbler
Rermove This Object Y] ConnectiveRail
Clone This Object BoltHandle

BoltMutBottom
Rebuild Surfaces BoltNutTop
Save Art Object CodeMachine
Actor Type 4 MNumberCube

v | Mo Silhouette? LetterCube

Choose Tomb Eye Axis TriSkull
Treasure Trile Toeme
Treasure Map Name LesserGate
Crmin Cottimme '

I S




GAME DEVELOPERS CONFERENCE" 2012 MARCH 5-9, 2012 WWW.GDCONF.COM

Scripting Systenn

e Designer-friendly Ul (no code!)
e Event-based

a5l Scripts Browser

Id Trigger Condition Action

10 Level.5tart Dot.Spiralaround(True, False), Dot 5ay[DOT_TRIAL_A, True, False), Dot.Say(DOT_TRIAL B, 1
11 Volume[s].Enter Game.Getlevel5tate != JUMP, Game.GetlevelState = LOOEK, ... Game.ShowScroll[TUTO_VINE, 5, True, True)

4 Yolume[3].Enter Level.ChangelevelToVolume{MEMORY_CORE, 0, True, True)

[ EitDoor3E].Open Volume[3].5etEnabled(True, False)

7 Level Start Camera,5etPixelsPerTrixel3), Volume[3].5etEnabled(False, False)

1 Level.5tart Level.FirstVisit = False Sound.ChangeMusic()

9 Level.5tart Level.FirstVisit = True Sound.ChangeMusic(Clear Skies)

13 GomezJumped Game. GetlevelState = JUMP Game. CloseScroll{TUTO_JUMP], Game.ShowScroll{TUTO_LOOKARDUND, 5, True, False), Gi
14 Gomez LlookedAround Game.GetlevelState = LOOK Game Wait(l], Game.CloseScrollTUTO_LOOKAROUMD], Game, ShowScroll[ROTATE_IMSTRL
15 Camera.Rotated Game.GetlevelState = ROTATE Game. Wait(l], Game.CloseScroll[ROTATE_INSTRUCTIONS), Game.SetLevelState])

23 Volume[7].Enter Game. ShowScroll[TUTO_GRAB_LEDGE, 0, True, True)

20 Yolume[3].Enter Game. ShowScroll[TUTO_ENTER_DOOR, 0, True, True)

21 Gomez.EnteredDoor Game.CloseScroll{TUTO_ENTER_DOOR)

22 Gomez, ClimbedVine Game, Wait(l], Game.CloseScroll[TUTO_VIME)
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=cript Editor

a5l Script Editor | — —Ehl

Triggers (WHEN) Conditions (IF, optional) Actions (WHAT)

Trigger | Remave || Clane || Add | Condition | Remaove || Clane || Add | Action | Remaove || Clone || Add |

Trigge rS Gomez LookedAround Game GetlevelState = LOOK Game. Wait{l1)

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

e Conditions 0

Entity Type: | Gomez | Entity Type: | Game ~| Entity Type: | Game ~|
Acti : nS Identifier: [global) Identifier: ([global) Identifier: ([global)
Event : |LookedAround vl Property : |GetLeveIState v| Operation : |Wait vl
Operator: = M Kill-switch [7] Stop-and-Wait Before
Value: LOOK Arguments

Param. Name Value

e And lots of WinForms Script Propesties .

- Cne-Time
ContrOIS Mame: Untitled
. : WValue :
Timeout: |00 seconds Disabled alue
: Browse Resource.
Use Timeout Triggerless |7|

Ignore End-Triggers
Completion Condition

Save And Exit |[ Cancel l




GAME DEVELOPERS CONFERENCE" 2012 MARCH 5-9, 2012 WWW.GDCONF.COM

=cript Examnplz @ DOT inTeFaction

e Warn the player of a particular mechanic in a level using DOT

Triggers (WHEN)
When Level Starts, (Start event on Level static entity) Tigger | Remove || Clone || Ada

(blocking actions executed in sequence) Level Start

. Actions (WHAT)
e Remove player controllability —
Action | Add |
Ll DOT SayS d COUp|e ||nes Gomez.SetCanControl{False]

Dot 5ay(DOT_FRACTAL_A, True, Fa...

e Move the camera to Volume #3 (point of interest) Dot Say(DOT FRACTAL B True. Fa..

° DOT SayS more Sthf YVolume[3].MoveDotWithCamera()
Dot.5ay(DOT_FRACTAL C, False, F...

° DOT comes back and h|de Dot.5ay(DOT_FRACTAL D, False, F...
Dot.ComeBackAndHide(True)

° Player regains COﬂtr‘Ol Gomez.SetCanControlTrue)

This script happens once in the game : Senpiiunee

- V| One-Time
Mama -+ |Intitlad
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Scripting InterFaces

[Entity(Static = true)]
public interface ILevelService : IScriptingBase
{
// Events, for triggers
[Description("When the level starts")]
event Action Start;
void OnStart(); // Called by the engine to trigger the event

// Properties, for conditions
bool FirstVisit { get; }

// Operations, for actions (can be running over time a La coroutine)
[Description("Smoothly changes to a new water height")]
LongRunningAction SetWaterHeight(float height);
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Laual Forrnat  RJ8 swew pecammve iveuse

o At design-time, serialized from objects to SDL
e Similar to YAML or JSON, but better integrated with .NET
e Tweakable by hand
e Errorresilient

e Ignores unknown elements
e Elements can be marked as optional

o At compile-time, binary format for performance & filesize

e No automatic serialization, reflection is too slow on Xbox
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=DL Looks Like This

e Output much more concise than
equivalent XML serialization

e Serialization tags in data objects

MARCH 5-9, 2012 WWW.GDCONF.COM

|

public string Name { get; set; }
public TrileFace StartingPosition { get; set; }
public Vector3 Size { get; set; }

[Serialization(Optional = true)]
public float BaseDiffuse { get; set; }

[Serialization(CollectionItemName = "Trile")]
public Dictionary<TrileEmplacement, TrileInstance> Triles;

level type="FezEngine.Structure.Level, FezEngine" {
name "ARCH"
startingPosition {

face
id 16
}

size 30F 49F 35F
baseDiffuse 1F
baseAmbient @.35F
haloFiltering true
blinkingAlpha false
waterHeight 11F

skyName "WATERFRONT"
trileSetName "Untitled"

volumes {

volume key=0 {

"Front"
6 5

orientations "Front"

actorSettings {
farawayPlaneOffset 5F 1F

}

from 3F 26F 15F

to 4F 28F 16F
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Scriptable

e Level/player events can mute/unmute tracks

e Works with time of day

Written on-top of XACT

Allows infinite, dynamic track-based songs

-

Song Editor

(Sl ] |

Song Mame  Cycle

Overlay Loops

Cycle ~ Aeolian_Antecedent . .
Cycle * Aeolian_Bass_4Bars
Cycle * Aeolian_Consequent,
Cycle ~ Aeolian_Counterfrp_

Cycle & Aeolian_Mighttime_1=
Cycle ~ Aeolian_Triplets_9Bar
Cyele ~ Dorian_Antecedent_3
Cycle ~ Dorian_Bass_4bars

Cycle ~ Dorian_Consequent_
Cycle ~ Dorian_Counterfrp_E
Cycle ~ Dorian_MainArp_Sba
Cycle ~ Dorian_Ostinato_2ba
Cycle ~ Dorian_Triplets_9bars
Cyele ~ Locrian_Antecedent_:
Cyele ~ Locrian_Bass_4bars

Cycle * Locrian_Consequent_
Cycle * Locrian_CounterArp_{
Cycle ~ Locrian_Main&rp_Sba
Cycle & Locrian_Ostinato_4bz
Cycle ~ Locrian_Triplets_Sbar:

(08 (oo ) momas

EBase Properties

Tempo Time Signature
140 = 4 = /4

Assemble Chord |E_maj v|
Shard Motes

Selected Loop Properties
Loop Filename
Cycle ~ Aeolian_MainArp_8B | |
Trigger between after every...
0 = and 16 = bars..

Fractional time
wand loop between..,

1 “and |1 “ | times.
The loop is..
8 > | bars long. | Detect

Delay first trigger by...
3 = bars.

One-at-a-time

Day Night [ mute |
Dawn |V| Dusk | Solo |

Random One-at-a-Time Ordering

Custom Ordering (comma-separated)

Preview

[»]

b2 w|e2 ~w|a2 ~|E2

vlp3 ~v|3 w|s3 ~w[B3 ~|

[ Accept ]| Cancel |
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o ¢ “Puzzle-solving music” @ daytime

Main Arp None 8 bars [0, 16] bars
Counter Arp 4 bars 8 bars [0, 16] bars
Ostinato 8 bars 4 bars [0, 16] bars
Bass 8 bars 4 bars [0, 24] bars
Antecedent 16 bars 3 bars [0, 16] bars
Triplets 16 bars 9 bars [0, 16] bars
Consequent 20 bars 3 bars [0, 16] bars

e Nightis less dense, very different sounding and still randomized : ¢
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e XNA on the Xbox 360 = .NET Compact Framework

e Garbage collection every 1Mb allocated, unpredictable, blocking
e Rules of thumb : avoid LINQ, dynamic allocations

e Draw calls are expensive : batching is essential, instantiate ALL THE THINGS
o Defer as many operations as possible to vertex shaders instead of CPU
e Otherwise, multithread; 5 cores at your disposal

e HDD access is slow, flash memory access is worse!
e Pre-load all content, avoid disk access later on
e You probably have more RAM than content (in FEZ, totally)
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Tools @ CLRE Fronlar

e Excellent, free memory profiler
e Allocations graphs, memory usage by class
e Good for identifying real-time garbage & why load-times stall

[TrileMaterializer::Up dateGeomelry
R, r Allocated Objects for: CAUsers\Renaud\Documents\Visual Studic 2008\Projects\Fez\XBLA\Binaries\Windows\FEZ (Fullscrean).exe -w -Ic -5 -c (1001 me S|
tes/Pixel Horizontal Scale
~ _ Structure:VertexGroup<T ;iReference T10 20 B0 €100 200 ¢ 500 ¢ 1000 ¢ 2000 ¢ 5000 { 10000 (" 20000 ¢ Coarse " Medium { Fine { VeryFine
<UNKNOWN> (Structure.SharedVertex1)
46MB  (10,45%)
Stn;nurz M@rtexGroup<T>::.ctor Grand total: 3,400,682 bytes - 91,554 instances, 3. £
void (int32)
W System.String

45MB  (10,299),
(1,416,474 bytes, 41.65% - 44,147 instances, !

FezEngine.Structure.Geometry.VertexPositionh
(603,696 bytes, 17.75% - 4 instances, 150,924
System.Object []

(214,776 bytes, 6.32% - 4,149 instances, 51 by
System.Int32

(203,232 bytes, 5.98% - 16,936 instances, 12 |
System.Char []

(197,848 bytes, 5.82% - 3,648 instances, 54 by

Contentiianageriiond B System.ant3z[]
void (<UNKNOWN>) (108,388 bytes, 3.20% - 21 instances, 5,185 by
5% "
) Microsoft Xna.Framework.Input Keys []
- (104,200 bytes, 3.06% - 521 instances, 200 by
System.Text.StringBuilder
(83,540 bytes, 2.46% - 4,177 instances, 20 byt
— B System.Reflection FieldInfo ]
eriptingHost: ProcessEn o -
vord { SuNKNOW — (55,484 bytes, 1.63% - 2,134 instances, 26 byt
1L3MB  (3,04%) M System.L tlistIterat
% ——
50,016 bytes, 1.47% - 1,042 instances, 48 byl
2bytes < Gt bytes <128bytes  <256bytes <512bytes < 10kB <2.0kB : " ) v
rer— —_— VB 555 kB +47 kB 162 kB 45 kB 64 kB 43kB U Sl s mis el
vord (. : Baseffedt tor 40%) (1571%) (13.45%) (4.88%) (L36%) (1.34%) (0.13%) (40,812 bytes, 1.20% - 28 instances, 1,461 by!
) ) B Microsoft Xna Framework.Vector3
e s (36,400 bytes, 1.07% - 1,820 instances, 20 by!
——— System.EventHandler
ileMatenalizers: cior 5
V13 (FezEngine Structure.Trile Fezfngine Saipting est: ExecuteAdion —_— (B 1 b= L TR T )
790 k8 (1,73%) it ! void( - REEchoTHper <t DR paClossbr SCrestensl System.Single
L3MB - (304%) (‘hlfﬂ\(“’};nfgsﬁlm[ D (28,092 bytes, 0.83% - 2,341 instances, 12 byl
Efrects shadernstanced e <Tor tor - U Zzanen smamare-nam
void (String String) Structure FaceMaterialzation<T=::Setuplndices (25,632 bytes, 0.75% - 1,068 instances, 24 byl -
7 (0,73%) woid (FaceOrientation) Game::Tick " 3 0l [ 3
849 kB (1,90%) id a
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Tools @ CFLU Fronlar

e Any one you want (AQTime, dotTrace...), but | like ANTS Performance Profiler a lot
e Absolutely essential for finding bottlenecks

[.NET Executable] C:\Users\Renaud\Documents\Visual Studio 2003\Prnjects\Fez\XBLA\,Einaﬁ;s\wmdaws\Fez (fullscreen).exe® (Line-Level: Only Methods With Source) - ANTS Performance Profiler 6.2.0.13 Standard A S owm = 5|

File View Timeline Tools Help

@ Performance =4
< + 3 SelectAll
5 :
g i@ .
g ! # Bookmark Region
€ i
> | = i m Stop Prof
- | B Stop Profiling
B = [ = — & | &
[ & | | ~ - ]
£ Tree View Display Options # | Top-down (methods with source) | | | (All Threads) | |CPUtime hd Hide insignificant methods €
Method Time (%) Time With Children (%) Hit Count z
= (5 FezGame.Program.Main(string[] args) <0.001 | D 99,872 1
~I (7@| Common.Logger.Try(Action action) <0.001 | N 99.872 1
=l (E5| FezGame.Program.MainInternal() <0.001 | NG 99.872 1
= | (Collapsed methads without source. To view these methods, change the display option to show all methods)
+] FezGame.Fez.Draw(GameTime gameTime) 0,379 50,070 347
&
£ FezGame.Ci 5.Play i Actis g ‘GameTime gameTime) 0.171 4,599 385
# ' | FezGame.Components.DotHost.Update(GameTime gameTime) 0.005 3.477 385 ~
Find: ERIE 3= B nNext %]
'Ci\Wsers\Renaud\Documents\Visual Studio 2008\Projects\Fez\WBLA\Source\FezGame\Companents\Player Actions. cs' Line-Level Timings
Line Hit Count Avg Time (3%) Time (%) hd
122 0.000 0.000 } -

// Update physics on it
385 0.000 0.005 var oldVelocity = PlayerManager.Velocity;
385 0.029 11,105 PhysicsManager.Update(PlayerManager);

/ Can't hang by the 4 front pixels of his body alone
385 0.000 0.016 if (PlayerManager.Grounded 2& PlayerManager.Ground.NearLow == null)
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Tool: : AnGlyzing Memory Frofler

e CLR Profiler is good for garbage generation, but isn’t very helpful for leaks

— 5
L& NET Memory Profiler - Profiling: FEZ (Fullscraen).exe [
File Edit View Profiler Tools Help
e | used the RO pmEen e [Ohge TORT
Show snapshot:  |Latest [Snapshot 1 at 28/02/2012 17... | | Comparison snapshot: |Empty -
SC iTe c h N ET IVI e o r P rofi I e r Types | Type details | Instance details | Call stacksMethods | Native memory | Real-time
* y Show types: |AII -~ ‘ Show hierarchical
!\ Instance queued for finalization (lonore. . ~ el
One type has instances that are queued for finalization. This can indicate that a Finalizer method is stuck, which will prevent instances from being finalized and cause memory leaks. £ l
W |Investigate the type below for more information.
DepthstenciBuffer
. _',‘_. Undisposed instances (release resource) (Iognore...)
. H e a S n a S h Ot CO l I | a r I S O n S 12 types have instances that have been garbage collected without being properly disposed,
Investigate the types below for more information. il
T A B T e S S S Y Sy oy S S S A
. . Live instances Live bytes i
. I n S I g h t O n p O S S I b I e p ro b I e I I l S Namespace Name Total New Removed Celta Total New Max Delta Allocs/sec Bytes/sec
W
. . L ol net System String 28,344 28,344 0 28,344 1,384,818 1,384,818 1,344 1,384,818 1,691.17 98,534.6
o Leaky objects are identified e e e =+ B e e e R TR
net System.Collections.... |List<EffectParamet... 14,765 14,765 0 14,765 354,360 354,360 24 354,360 419.28 10,062.7
d t h M t H H t 1 net Microsoft.%na.Fram... |EffectParameterColl... 14,765 14,765 0 14,765 295,300 295,300 20 295,300 419.28 8,385.6
a n e I r C re a I O n p o I n g I Ve n net Microsoft.¥na.Fram... |EffectAnnotation[] 7,616 7,616 0 7,616 121,856 121,856 16 121,856 216.27 3,460.3
W | et System.Collections.... |List<EffectAnnotati... 7,616 7,616 0 7,616 182,784 182,734 24 182,784 216.27 5,190.5
net Microsoft.Xna.Fram... |EffectAnnotationCol... 7,616 7,616 0 7,616 121,856 121,856 16 121,856 216.27 3,460.3
net Microsoft.Xna.Fram... |EffectParameter 7,336 7,336 0 7,336 440,160 440,160 &0 440,160 208.32 12,4599.1
net System.Reflection RuntimeMethodInfo 6,006 6,006 0 6,006 336,336 336,336 56 336,336 139.04 10,586.1
et |11 | Quatam Rutall 4 nag 4nge n 4anrc| &R 1R7 934 AR 1R7 9% 5 107 A17] AR 187 77 M4 17 4N57 48N A
et 158,748 158,748 ] 158,748 | 109,431,... | 109,431,... 109,431,118 13,321 | 6,580,432 _
I Mumber of live instances: 158,748 (+158,748) | Number of live bytes: 109,431,118 (+109,431,118) Instance data bytes collected: 4,297,236
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A0F Tools

All other tools worked with a PC build; what if stuff only happens on Xbox?

e xbWatson
e Make your own measurements and output to console

e PIX

e Frame-by-frame teardown of what’s costly
e Excellent for inspecting the draw calls & shaders

e CPU Performance Profiler in the XDK ultimately useless
e Made for native code, not .NET games
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#“MHA on XELA : My Experiznca

e Long dev cycle meant struggle with upgrades

e No native library allowed, only .NET : can be problematic

e Some boilerplate TCR stuff handled, but still a lot to think about
e No symbols for debugging .NET assemblies in Release builds

But...

e .NET, C#, XNA and WinForms make engine & tools dev way easier
e Transition from PC to Xbox all in all fairly painless

o It's all about comfort : | couldn’t have done FEZ in C++
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HIesEon F I2arnzd..”

e | don’t think there’s a way around it : a first game is HARD to finish
e Especially if you care a lot about it
e And let’s face it, FEZ is a huge game

e Early showing was a double-edged sword

e But later PAX/Fantastic Arcade showing were great motivators & feedback tools

e Feature creep, constant feeling that finish line is 3-6 months away

e Making short-form “game jam” games helped learn scope control
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IF | had 0 doaT again...

e Use middleware (Unity?), or hire an engine programmer
e Have real scripting support and educate artists about it
e Hot-reloadability of scripts and content edits

e Even if C# compilation is fast, back & forth is huge waste of time

e Don’t be afraid to scrap prototype code
e 4-year-old bugs coming back to haunt you : it sucks

e Realize you’re doing a big, long project, and that it’s worth the effort
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That's all, rolks!

e Thanks for coming!
e Questions?

polytron



