Chapter 1: Evaluating Performance
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Breakdown

iy —  Hierarchy + | Main Thread v|cPU:186.29ms  GPU:—-ms = » |No Details BlE

View Controls z
Overview Total Self Calls GC Alloc Time ms Self ms AN
EditorLoop 99.4% 99.4% 2 0B 185.29 185.29

» PlayerLoop 0.4% 0.0% 2 0B 0.83 0.06
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Main Thread

Render Thread

I Scripting Threads
" Background Job

> Profiler
P> Other Threads

| Progressive)abs

P+ BakingJobs

|| ierarchy - CPU:254.34ms  GPU:—-ms acC 5 | Show Related Objects  ~ |
Overview Total Self Calls GC Alloc Timems | Self ms A PO | Name Total GC Alloc Time ms
GC.Alloc X ! ! X N/A 0% 178 0.00
GC.Alloc 0.0% 0.0% 1 178 0.00 0.00
Shadows.CullingCallbacks 0.0% 0.0% 1 0B 0.00 0.00
Callstack:
libmonobdwgc-2.0.dylib 0x000000013cbh5ab65 mono_
1 libmonobdwgc-2.0.dylib 0x000000013ch5aa26 mono_
2 libmonobdwgc-2.0.dylib 0x000000013ch5abe6 ves_ical
3 m 0x000000013d591790 0x0 + 5324216
4 libmonobdwgc-2.0.dylib 0x000000013c9957€8 mono_j
5 libmonobdwgc-2.0.dylib 0x000000013cb56f81 do_runt
6 libmonobdwgc-2.0.dylib 0x000000013cb56edf mono_r
7 Unity 0x000000010476a5dd _ZN19Scriptingl
8 Unity 0x000000010476a351 _ZN19Scriptingl
9 Unity 0x000000010170bd6a ZNQS(riptingl
10 Unity 101c33ad2 _.
11 Unity 0x0000000101¢39317 ZZaolntemall
12 Unity 0x0000000104121ec7 _Z22PlayerSend
13 Umtv 0x00000001027d252b _ZN17Repaint
14 U 0x00000001035143eb _Z62EditorGU
15 (Mono JIT Code) (wrapper managed-to-native) UnityEditor.Editor
6 7 0x0000000000000000 0x0 + 0
0x0000000000000000 0x0 + 0
OXfffff00000000 00 + 1844674406
0x0000000000002000 0x0 + 8192
0x0000000400000000 0x0 + 1717986
0x000000000000008¢c 0x0 + 140
0x0000000000000000 0x0 + 0
0x0000000000000000 0x0 + 0
0x0000000000000000 0x0 + 0
0x0000000000000000 0x0 + 0
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Timeline N CPL28.73ms GPWIO.00ms
Main Thread

UIUpdate Update() date()
B.54ms

Fender Thread

Unity Job System

Detailed Take Sample Editor | Cather object references |Memory usage in the Editor is not the same as it would be in a Flayer. |
Name The— | Memaory
F Other (155) 0.99 GB
b Assats (836) 91.0 ME
I Builtin Resources (573) 9.9 MB
B Not Saved (175) 4.0 MB
F Scene Memory (66) 126.5 KB

[OFERVAY 13
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Profiler Modules v Playmode~v @ M M M Frame: 3117 / 3272 Clear | Clear on Play | Deep Profile | Call Stacks | [€ [ @ @

8 CPU Usage
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Selected: My Profiler Sample
10ms (100FPS)

5ms (200FPS)

@, Rendering

© Batches
m SetPass Calls
m Triangles
o Vertices
£¥ Memory
Hierarchy ¥ | Main Thread v | CPU:16.43ms GPU:--ms (2 No Details v 5
Overview Total Self Calls GC Alloc Time ms | Self ms iy
v PlayerLoop 62.4% 0.3% 2 8.0 MB 10.26 0.06 ]
v Update.ScriptRunBehaviourUpdate 59.3% 0.0% 1 8.0 MB 9.75 0.00
v BehaviourUpdate 59.3% 0.0% 1 8.0 MB 9.75 0.01
v Assembly-CSharp.dlll::SomethingStupid.Update() 59.2% 0.0% 1 8.0 MB 9.73 0.00
» My Profiler Sample 59.2% 59.2% 1 8.0 MB ©.7/8 9.72
Assembly-CSharp.dll'::ArrayExample.Update() 0.0% 0.0% 5 0B 0.00 0.00

[6]



Chapter 2: Scripting Strategies

@ GetComponent(string) finished: 6413.00ms total, 0.006413ms per test for 1000000 tests
UnityEngine.Debug:Log{Object)

@ GetComponent< ComponentMame = finished: 89.00ms total, 0.000089ms per test for 1000000 tests
UnityEngine.Debug:Log(Object)

@ GetComponent{typeof(Componentlame)) finished: 95.00ms total, 0.000095ms per test for 1000000 tests
UnityEngine.Debug:Logl(Object)
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GarbageCollector
REendering
Scripts
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WEyno

Glabal IHumination Bl 16ms (E0FPS)
T
Cthers

L Memaory

m Total Allocated

W Texture Memory

m Mesh Memory

W Material Count

m Shject Count

m Total GC Allocated

J0FPS)

GC Allocated
| Hierarchy -| cpU;2350.15ms GPU:0.00ms | ° | Mo Details ~
Overview | Total| Self| Calls| GC Alloc| Time msl self ms| & |
¥ Update.ScriptRunBehaviourUpdate 99.6% 0.0% 1400.5 MBE 2341.13 0.00
@ ¥ BehaviourUpdate 99.6% 0.0% 1 400.5 MB 2341.13 0.00
¥ CompareTagTest.Update() 99.,6% 80.5% 1 400.5MB 2341.12 1892.09
- GC.Collect 19.1% l‘jﬁ 1 0B 449,03  449.03
¥ Update.ScriptRunBehaviourUpdate 99.5% 0.0% 1 0B 1093.09 0.00
m ¥ BehaviourUpdate 99.5%  0.0% 1 0B 1093.09 0.00
ComEareTagTest.Update{} 99,5% 99,5% 1 0B 1093.08 1093.08

7 [+ Enemy Spawner Component (Script) [ %
Script LE EnemySpawnerComponent ] o
Mum Enemies (o |
Enemy Prefab [Nnne (Game Object) ] @
Enemy Manager [Nnne (Enemy Manager Cnmpnnent] o]
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£3 Project | [ Console |

| Clear | | Collapse | Clear on Play | Error Pause | Connected Play =

ey UnityEngine.Debug:Logl{Object)
71y Anew enemy was created! Tom
= UnityEngine.Debug:Log(Object)
71y Anew enemy was created! Dick
= UnityEngine.Debug:Log(Object)
1y Anew enemy was created! Harry
= UnityEngine.Debug:Log(Object)
71y Anew enemy was created! Tom
= UnityEngine.Debug:Log(Object)

71y Anew enemy was created! Tom
= UnityEngine.Debug:Log(Object)
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Chapter 3: The Benefits of Batching

Dynamic Batching
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Dynamic Batching
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[ Frame Debug |
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ShaderProperties
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Dynamic Batching

¥ Drawing
¥ Render.OpaqueGeometry
¥ RenderForwardOpaque.Render

¥ Clear
Clear (color+Z +stencil)

¥ Renderforward RenderLooplob
Draw Mesh Sphere
Draw Mesh Sphere (2)
Draw Mesh Sphere (1)
Draw Mesh Sphere (3]
Dynamic Batch

oo oo

Frame Debug

Disable Editor v L 7 of 20 4
v Camera.Render 20 RenderTarget Shadowmap
¥ UpdateDepthTexture A/RT0  v[Channeis Al R | G| B | A [Levels cmuu———
Clear (color+Z+stencil)
¥ DepthPass.Job 3 2048x2048 143

Draw Dynamic

Event #7: Draw Dynamic

Draw Mesh Cube (4) Shader Standard, SubShader #0
DI IR Sl Pass ShadowCaster (SHADOWCASTER)
vV Drawing 14
¥ Render.OpaqueGeometry RS iDL PR
¥ RenderForwardOpaque.Render 14 Blend One Zero
¥ Shadows.RenderShadowMap 8 ZClip True
Clear (color+Z+stencil) ZTest LessEqual
v Shadows.RenderJob 7 -
ZWrite On

Vv Shadows.RenderJobDir 7
Draw Mesh Sphere
Draw Dynamic
Draw Mesh Sphere
Draw Dynamic
Draw Mesh Sphere
Draw Dynamic
Draw Mesh Sphere
v RenderForwardOpaque.CollectShad 2
'V Shadows.CollectShadows
Clear (color)
Draw GL
¥ Clear
Clear (color+Z+stencil)
V¥ RenderForward.RenderLoopJob 3
Draw Dynamic
Draw Mesh Sphere
Draw Mesh Cube (4)
v Camera.ImageEffects
'V RenderTexture.ResolveAA 1
Resolve Color
Draw Dynamic

Cull Back

Why this draw call can't be batched with the previous one
A submesh we are trying to dynamic-batch has more than 300 vertices.

HEVEWE ShaderProperties

Vectors
_WorldSpaceLightPosO v (0.3213938, 0.7660444, -0.5566704, 0)
unity_LightShadowBias v (-0.001100404, 1, 0.02020543, 0)
Matrices
unity_MatrixVP v 012 -2.4e-090.071 -0.084
0.054 -0.091 -0.094 0.2
0.0071 0.017 -0.012 0.7
0 0 0 1
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Chapter 4: Optimizing Your Art Assets

. 01 Chinatown Import Settings G = %
Open
Force To Mono -
Mormalize [
Load In Background [ |
Ambisonic -
Default | E 3
Load Type | Decompress On Load ol
Preload Audio Data  [&
Compression Format | Vorhis 4]
Quality )| 100 |
Sample Rate Setting | Freserve Sample Rate 4]
Original Size: 9.5 MBE
@ imported Size: 7.7 ME
Ratio: B80.56%
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Max Size

Resize Algorithm

Format

Compression

Use Crunch Compression
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1024x1024 512x512 256x256  128x128

No AnfsetepleAlaing 96 Aniseiopte Fllering
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128x128 (each)

16 Textures
16 Materials
16 Draw Calls

512x512

1 Texture
% 1 Material

ATLASING 1 Draw Call
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Chapter 5: Faster Physics

A—

The physics cycle may happen more than once per frame if . v
the fixed timestep is less than the actual frame update time. leedLipdate
Internal animation update

‘ State machine update

OnStateMachineEnter/Exit

‘ ProcessGraph

Fire animation events
StateMachineBehaviour callbacks
OnAnimatorMove

Internal physics update

Internal animation update |

‘ ProcessAnimation

.

OnAnimatorlK

‘ WriteTransform

( WriteProperties

OnTriggerXXX
I
OnCollisionXXX

I
yield WaitForFixedUpdate

>
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¥ Layer Collision Matrix
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Original Mesh

Simplified Mesh Collider

Combined
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Chapter 6: Dynamic Graphics

Graphics API Hardware

CPU Game (OpenGL, DirectX)

Driver

I
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|
|
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Other

Hierarchy T CPWEE.01ms GPU:4.15ms Mo Details -
& Profiler |

Add Profilar ™| M Record Desp Profile | Profile Editor  Connected Play = Clear  Load Save  Frame: T17 /947

o (30FFS)

1 GarbageCollectar
1 Rendering

0 Scripts

[ Physics

O WSync

B Global Illumination
wour

0 &thers

ﬁk GFLU Usage

 Cpaque

W Transparent

W Shadows/Depth
W Deferred PraPass
" Dreferred Lighting
W PostProcess

kS

e (U

W Cthar
Hierarchy T CPUIZE.97ms GPLIZ9.72Zms Mo Details -
Qverview Total Self Calls| GC alloc| Time ms| Self ms| FAN |
© PostLatelpdate . FinishFrameRendering 28.5% 0.0% 1 0B 28.53 0.0z
( Gfx.WaitForPresent 96.0%  96.0% 1 0B 2782  27.82)
- Camera.Render 2.2% 0.1% 1 =) 0.66 0.04
Camera. FindStacks 0.0% 0.0% P 0B 0.01 0.01
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Batches: 16

3052

Batches:

Y
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Scene View Overdraw

Shaded -1 2D| | ¥ (<) | W - Gizmos -

Occlusion
Culling
Disabled

# Scene

Shaded

Occlusion
Culling
Enabled

Automatic culling is disabled because:

* Local space simulation is not being used,
* Trails module is enabled.
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_ﬂ Project Settings

[26]



Chapter 7: Optimizations for Virtual and
Augmented Reality

VISIB‘IILITY

Peak of Inflated Expectations

Trough of Disillusionment

Technology Trigger

= TIME
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Single Pass v
]

Multi-Pass Stereo Rendering Single-Pass Stereo Rendering

0.0 05 10 60 05 10 0.0 05 110

Two Frame Buffers. Unique screenspace coordinates Shared Frame Buffer. Shared screenspace coordinates
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Chapter 8: Masterful Memory Management

1)Empty heap space

0 32 64 96 128 160 192 224 256 288 320 352

2 )Four 64-byte objects allocated

A B C D

0 32 64 96 128 160 192 224 256 288 320 352

3)Objects A and C deallocated
L IA
160 192 224 256

0 32 320 352
Not enough space
Not h
orenoug space Must be allocated in the next
contiguous block large enough
- - to fit the new object
@New 128-byte object allocation
{¥ Memory

m Total Allocated

m Texture Memory
= Mesh Memory

m Material Count

m Object Count

o Total GC Allocated
m GC Allocated
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com.DefaultCompany.TestBenchmark
0
public.app-category.games

nput Manager (OId)

Used Total: 101.2 MB [Unity: 68.1 MB| Mono: 7.8 MB GfxDriver: 15.8 ME FMOD: 1.3 MB Video: 224 B Profiler: 9.5 MB
Reserved Total: 2414 MBE  Unity: 199.0 MB| Mono: 10,7 MB GfxDriver: 15.8 MBE FMOD: 1.3 MB Video: 224 B Profiler: 16.0 MB

Total System Memory Usage: 0.78 GB

Used Total: 101.Z MBE Unity: 68.1 MB |[Maono: 7.8 MB| GfxDriver: 15.8 ME FMOD: 1.3 MBE Video: 224 B Profiler: 9.5 MB
Reserved Total: 2414 MB  Unity: 199.0 MB [Mono: 10.7 MB| GfxDriver: 15.8 ME FMOD: 1.3 MBE Video: 224 B Profiler: 16.0 MB

Total System Memory Usage: 0.78 GB
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11 Orcs (5 active, 6 inactive)
8 Trolls (3 active, 5 inactive)
5 Ogres (2 active, 3 inactive)
1 Dragon (1 active)

Pooling System

r——

Orc

Inactive

Active

Orc? | | Orc3 | Orc4

| Orcl | | Orcs | | Orc2|

| Orch | |0rc‘\‘||

-

| Orc9 | | Orch | |0rc‘l|]|

| Troll3 |

|Tro||\?|

r TrDII6| |Tmll2| Trolls Troll
Heap Memory Troll
. " |Tro|l4| |Troll8|
orcl ” orc2 || Ore2 |Orc4| Qores ” orcé " Qarc? ” Ores | g '
Ogrel |(}gre4| Ogre2 |Ogre3| Ogres

Trolls

OrclO] | Orcl

Troll2 ”Trolli ||Troll-|

Ogre2 Ogre5

|0ﬂ:9 | |TroIH |

Trolls | |Tro|||?| | Trollg | |Ogrel |

Ogre}”(}glﬁl

Dragan]

Dragon

Ogre

New Orc is spawned

1. Determine which Pool corresponds to the given Prefab
2.The first inactive Orc in the Inactive Group (Orc7) is
activated - the corresponding object in the Heapiis

therefore activated

3. Newly-spawned Orc is moved to Active group

Heap Memory

Orcd || Orcs | ' OrcB |
Tmll4|

| Orcl ” Orcll Orc3

Troll3 Trolls

Orc9 ”()rclI]”Orc‘l‘l ”Troll'l ||Tmll2

Pooling System

-

)

Inactive —Active

[Orca

| Orcd |

s

| Orcl | Crcs

0Orch

| Orc10)

|mﬂ
"

| Ochl |Orc1‘|‘ Orc?
A %

A
e

Troll

-
|Trn||ﬁ| |Tmll2 |Tro|l£

™,
|Tro||‘| | |Tro|||?|

Troll3

Ogre

|TrDII6

Ogred | | Ogre4| Ogres

|0g(e2

TroHI?l

Trollg | Ogrel

Dragon

| Troll4 | | Trollg |

[ooet] [ooet] [ooe]

|Ogre3| |Ogre5|
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Ogre3 is despawned

1. Determine which Pool corresponds to the given object

2. Deactivate Ogre3 - the corresponding object in the
Heap is therefore deactivated

3. Move Ogre3 to Inactive group

Heap Memory

Pooling System

Active

Inactive
frm—

Orc3

| Orcl | | Oorcs | | Qrc2

|\

Orc | Orc4| | Orcd |

|orcs | |0rc‘ll:l|

Troll5

| Trolls | | Troll2 |

Troll3

Trolll

|Tro||\?

Troll

Orcl ” Qrc2 |

Trollﬁ”TroIII?”TrDllS||Ogre1||09(e |Ogre3| Ogle4|
\__/

Orc3

f ores |

|TroIH ||TrDll2 ||Trol|3 ||Tru|l4
N\

Orch ” Orch || Qrcd ” QOrc8 |

Qrcld) | orcl1 Trolls

Ogre5

(D

o\

Dragon

New Dragon is spawned

1. Determine which Pool corresponds to the given Prefab

2. Inactive group is empty, so a new instance of Dragon
must be created

3. Instantiate a new Dragon from the Prefab on the heap

4. Add the newly created Dragon to the Active list

Heap Memory

Pooling System

Inactive Active
Orc3 | | Orc4 | | Orco | | | | Orcs | | Orc2 |
Orc
8 EE | HHE
4 N 4 A
|Tru|lﬁ| |TrDll2| Trull5| |Tro||3| Trolll |Tro|||7|

| Troll4 | | Trollg |

[oae] [ooe] [ooe]

|Ogre5|

| Orcl " Orc2 ” 0Orc3 || Orc4 ” Orcs | Orcé | orc? ” QOrcg | 4
(5] [50] Forero] | [ ] [ Ogre
|TrDII6| |Trull8||09rel Ogre2| Ogre3| Ogre4| QOgres

AN

. |ogre3|

.
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Chapter 9: The Data-Oriented Technology
Stack
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& Profiler
Add Profilar ] * Recard |Daep Profile | Profile Editar | Editor 7| Allocation Callstacks *

M Total Allocated

W Texture Memory

M Mesh Memory

B Material Count

M Object Count

Timeline = CPU:53.42ms GPLU:--ms

S — LT = L L | 20T = e 25,0 S L0 S — 200 —

Main Thread

Render Thread

Unity Data-Oriented Technology Stack (DOTS)

Entity-Component
C# Job System System Burst Compiler
(ECS)
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* Profiler
Add Profil Profile Editar | Editor 7| Allocation Callstacks ~ Clear on Play |Clear | Load |Save

9 Rendering

M Batches
M SetPass Calls
M Triangles
B Vertices

ﬁMemcr\r

M Total Allocated
M Texture Memory
M Mesh Memary
B Material Count
M Object Count
Timeline

CPU:43.21ms GPU:--ms
TR 2E0m i

Main Thread

Render Thread
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Packages

Custom NUnNit
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& Profiler
I Add Profiler % Record |Deep Profile | Profile Editor | Editar *| Allacation Callstacks ~ Clear on Play |Clear | Load | Save  Frame: 102/

B Others

lendering

W Batches
W SetPass Calls
W Triangles

B Vertices

B Total Allecated
M Texture Memory
B Mesh Memory
B Material Count
W Object Count

| Timaline

CPU:26,26ms GPUi--ms

(15ms  20ms

Main Thread

Render Thread
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Chapter 10: Tactical Tips and Tricks

#t Scene
Shaded ® < ¥ Y. | Bt ¥ |Gizmos | ¥

Snap Settings
Prefer Grid v/
Move 1
1
1
1

15
1

(1 - GIEEEES

# Scene
Shaded

= Hierarchy
Ty (Al

Vv c4 ¥ Delete Me (Script) @ = #
Script < DeleteMe o

V Test
Size 4 |
Element 0 'None (Game Object)
Eleme ject)

ject)

ject)

Duplicate Array Element
Delete Array Element

Eleme

o o o

Eleme
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& All

v & SampleSce|

P Cube (1)
P Cube (3)

P Cube (5)

Selection




El consele

Clear on Play {:DU GPE“ Editor I_u-g

Stack Trace Logging
Maximize
Close Tab

Add Tab 4

8 Tnspector )

( AddTab ) » Scene
Game

Inspector
Hierarchy
Project
Profiler
Animation

[40]



8 Inspector

AssetReferencesTest Import Settings

i AssetReferencesTest
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