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AssetBundle.LoadFromFile()
library fs.js: FERISCIERS, HAIIER

readFile(path, opts =

£1 = | 1 .
Clang / LLVM Dlﬂtﬂ-'fegi opts.flags I(L [ C[-]EfSLD‘E[.}DNW } 3);
{Fastcompl F‘Ftienfﬂb_ﬂg = opts.encoding | | inary’; |

if (opts.encoding !== "utf@' && opts.encoding !== 'binary’

F
Emscripten Complierbiontend. NS Js Node.js throw new Error{ Invalid encoding type "${opts.encoding}" );
(emec) o
var ret;
himl — LE var stream = F5.open(path, opts.flags);
S = ar stat = FS.stat(path);
Compiler Settings var length = stat.size;
{.emscripten) var buf = new UintB8Array(length);
FS.read(stream, buf, @, length, 8);
Emscrinten SDK if (opts.encoding === ‘utfg")
Manager ret = UTF8ArrayToString(buf, 8);
(emsdk) else if (opts.encoding === 'binary’
ret = buf;

F5.close(stream) ;

o

>turn ret;
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Asynchronous File
System AP
(emscripten.h)

Synchronous File System AP (library_fs.js)

| MEMES (default)

NODEFS (node.js) IDBFS (browser)

In-memory file
Uses node.js file Persistent data - Platform_fs

system (volatile) s
Sysiem IndexedDB
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Android: {441 < 1.2G, P ERL < 1.5G
iOS: AL < 1G, Rl < 1.4G

mUnityHeap mWASM4HiZ mGPUETF m=in wEmE wHb
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mUnityHeap mWASMZmiE¥ B GPUERTF m=ian mEiFE = Hfth
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i12cpp emscripten

\ }
I

wasm memory = webgl.wasm * 10
Android V8, i0OS WebKit, Core Version

e.g.:
webgl.wasm = 90M

wasm memory = 900M
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WASM = Engine Code + Unity Package + ThirdPart + GamePlay

 Engine Code Player Settings / Other Settings / Strip Engine Code

« GamePlay Player Settings / Other Settings / Managed Stripping Level
« Unity Package Built-in, In Project

* ThirdPart Assembly Define Platforms, Remove Unused File

e.g. System.Threading
e.g. JSON (unity package + third part + wxsdk)
Build Settings / Code Optimization : Runtime Speed
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Publishing Settings
Enable Exceptions
Compression Format
Mame Files As Hashes
Data Cachina

Debug Symbols

Show Diagnostics Overlay
Decompression Fallback

"138147" : "AudioMixer::
"138148" : "AudioMixer::
"138149" : "AudioMixer: :
"138158" : "AudioMixer:
"138151": "AudioMixer: :
"138152": “AudioMasterD

"138153": "AudioManager::
"138154": "AudioManager::
"138155": "AudioManager::
"130156": "AudioManager::
"139157": "AudioManager::
"138158" : "AudioManager::
"130159": "AudioManager::
"138168": "AudioManager:

Explicitly Thrown Exceptions Only
Brotli

"

External

GetTypeVirtualInternal\\28\\29\\28const",
GetInitialSnapshotIndex\\28\\29",
ClearFloat\\28char\\28const*\\20",

:CheckConsistency\\28\\29",

AwakeFromLoad\\28AwakeFromLoadMode\\ 29",
SPProcessCallback\\28UnityAudioEffectState*\\2c\\2efloat*\\
~AudioManager\\28\\20.1",

systemCallbacki\\28FMOD SYSTEM*\\2c\\28FMOD SYSTEM CALLBAC
VirtualRedirectTransfer\\285treamedBinaryWrite&\\20",
VirtualRedirectTransfer\\285treamedBinaryRead&\\29",
VirtualRedirectTransfer\285afeBinaryRead&\%29",
VirtualRedirectTransfer\\28GenerateTypeTreeTransfter&\}29"
Reset'\\28\\209",

:MainThreadCleanup\\28\\20",

| webgl.data
- webgl.framework,s
webglloader.,s

- webgl.symbols.json

| webglwasm

UILabel:
‘#5ize A/ : 687324
'#Size £ wasm 3ZEFHHEET: 8.11%
'#Size & PFRiAEFEPREEH : 0.18%
‘HzEE S wasmPAE index 1list size': 182
'‘#HzEE M wasmE index 1ist':
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webgl.wasm: =90M ~ 51M *0 N
THE NG =400M 40

20

Init Unity Package Third Part Game Play Strip Code
~0-WASMRIFF{LIL
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il2cpp emscripten

30%~50%

Calling
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mUnityHeap mWASMZmiE¥ B GPUERTF m=ian mEMZE = Hfth
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UnityHeap = Static + Stack + + Unallocted
= MonoHeap + NativeReserverd + [ E£iHFRTF

WebGL Memory Size

Dynamic Memory

Managed Heap

Dynamic Memory
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UnityHeap Memory On WebGL

Buffer Array, From Browser JS VM Heap



%an@bTmT d Optlmlzatlon

PlayerSettings UL /NI A e A8k T AR
Initial Memary Size 32 HREApPID
Memory Growth Mode Geomeltric SR CDN
Power Preference High Performance ANERETE S
Maximum Memory Size 2048 i AmE Landscape
Geometric Memory Growth Step 0.2 UnityHeapfEEF{FE(?) 608
Geomeltric Memory Growth Cap 98 SippEE
New Memory = Initial Memory Size * 120% AAE:
Memory Spikes = Initial Memory Size + New Memory FBRH I Rk: 256
Memory size alignment multiples of 16 R (R 2 . ERNK): 496
I = | -
e.g: % (SLG,MMO): 768
* Initial Memory Size = 600M => 608M Wi 97E = Max(Dynamic Memory) + 100M(+-)

* Memory Spikes = 608M + 608M * 120%



= =—m\ N\ [

TranStorm Gl Optimization

UnityHeap Memory On WebGL

« Buffer Array, From Browser JS VM Heap
 Managed Heap allocated from the Unity Heap, never returned to the os system

« Managed Heap memory can only grow
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1L .

void ManagedAlloc(int sizelInMB)

{
byte[] buf = new byte[sizelInMB * 1024 * 1024];

buf = null;

Um0

O —|
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Tran ?b#m and Optimization

Garbage Collection On WebGL
1. in frame, no GC

2. GC.Collect() has no effect

3. frame end, minor GC

4. scene load, full GC
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Tran ?b#m and Optimization

* reasonable unityheap memory, no copy array buffer
« avoid memory fragment: managed memory, obj cache, boxing
« avoid big memory in frame: config file, assetbundle / assets. file system

« delegate. anonymous lambda. closure. coroutine. LINQ. reflection etc.
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mUnityHeap mWASMZmiE¥ B GPUERTF m=ian mEMZE = Hfth
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Support for ASTC on WebGL in Unity
2021+
IOSHighPerformance+ = 100M

1200 |

1000

800

600

400 +

200

Memory

B Perfomance [ Perfomance+
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Main Thread Worker Thread
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No Multi-thread Support
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more GL function call, more overhead

glBindBuffer(...);
glVertexAttribPointer(...);
glActiveTexture(0),

SetPassCall + DrawCall - glBindTexture(GL_TEXTURE_ 2D, texture1),
glActive Texture(1);
glBindTexture(GL_TEXTURE 2D, texture2),
glDrawArrays(...);

https://emscripten.org/docs/optimizing/Optimizing-WebGL.html
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{How Far We’ve Come — A Characterization Study of Standalone WebAssembly Runtimes)

WebAssembly Runtimes: Wasmtime, WAVM, Wasmer, Wasm3., WAMR
introduce additional overhead, 1.59x ~ 9.57x

more memory consumed, 1.26x ~ 5.50x

more machine instructions, 2.03x ~ 14.61x

branch prediction miss, 1.52x ~ 12.64x

cache miss, 1.39x ~4.6x
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Tran

{Comparing the Energy Efficiency of WebAssembly and JavaScript in Web
Applications on Android Mobile Devices)

Energy Consumption (Joules)

Both  JavaScript WebAssembly

Minimum 3.2 .95
Group

- e Chrome and Javascript
2 : :
istguartile S e Chrome and WebAssembl

Firefox and Javascript
Median .07 2.30% 27,01 Firefox and WebAssembly

Mean
3rd quartile

Maximum 164.219 164.219 , 0 En B0 1a
Energy consumption (J}
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e TR Le660, 140 EEEHLENE
B GPU Instancing + VAT
CPU AnimationClip

‘avg 1% 1L 21 fps
3= —"'5'70 @WS

fps
 reserved

T - g LN
2 Screen: 21'60x1080@60Hz . T
Window: 2160x1080@60Hz[288dpi]
r Graphics API: OpenGL ES 3.0 (WebGL 2.0(OpenGL ES 3.2
GPU:-Adreno (TM) 512
VRAM: 512MB. Max texture size: 16384px. Shader level:
- CPU:n/a[1 cores]
RAM: 256 MB e
os Android 8. 1:0[Desktop]

2 Screen: 2160x1080@60Hz
[ “‘Window: 2160x1080@60Hz[288dpi] -
- Graphics API: OpenGL ES 3.0 (WebGL 2.0(OpenGLES' e &=
| GPU:Adreno (TM) 512 AR S Ok e
VRAM: 512MB. Max texture size: 16384px. Shaderlevel: 35, =~ « - o e
- CPU: n/a [1 cores] b -q,“.‘;‘ - U i St - w
RAM: 256 MB . S e 2 o L » OO , X ‘
os: Andromh:olneslnopl B I Ve P 7 gi-,, e e e TR T W R S
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%a;n@o#m a\\nd

Linear Color Space
GPU Instancing

SRP Batcher
HDR WebGL 2.0 &= OpenGLES3.0

WebGL 1.0 «= OpenGLES2.0

Anti-Aliasing > 98.84%
Reflection Probe
Uniform Count & Size

Sampler or Bind Texture > 8
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Uinity 15 Framework -MET

| I
[ I

Tug \ J% Eng ‘n I | & User Plugin J5 Runtime J5 !

JavaScript [ ———
Browser Base Library

IndexedDE/OpenGL Audio .,

Configuration

Scripting Backend MNET 8 Unity Modules

WebAssembly Static Library Mative Plugins

Api Compatibility Level® « MNETSB
NET Runtimea 5tatic Library

IL2CPP

Dynamic Link Library Unity Modules/Packages |
(WehCIL) UnityEngine.wasm...

.MET Base Class Library (BCL] |

« WASM Memory: Jiterpreter n
« Code Hot Patching

Resources
AssetBundle/ima T 41
Resource & Data
.data




iRk

I Tuanjie & DotNet B Tuanjie & IL2CPP B Unity & IL2CPP

iPhone14 iPhone 8P
30.3 30.5 30.5 30.6
820 °>° 834
‘ | . e
i | | ‘ | |
Memory FPS Memory FPS
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