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Pa3pelwuute npeacraBuTbCcs

Makcum KauynHKuH
Android Tech Lead - Dodo Engineering
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[TporpammHbii anpekTop Podlodka Android Crew
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BCTYNJIEHNE

PomaH MorytHoB

Principal Product Engineer - Dodo Engineering
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YT0o Takoe wenpep?

KoopavnHaTta + uBeT

l

LLlenpep

O HoBbIli uBeT

1. MPOCTOW WWENOEP
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LLlenpep, KOTOpPbIN HUYEro He AenaeT «

Android iOS

uniform shader 1image; [[ stitchable ]]
half4 +didentity(float2 position, half4 color) {

half4 main(float2 coord) { return color;

return image.eval(coord);

1. MPOCTOW LWENOEP % 10



Kpacum B KpaCHbIM LiBET

Android

uniform shader 1image;

half4 main(float2 coord) {

half4 ¢ = image.eval(coord);

return half4(
c.r,
c.g x 0.15,
c.b x 0.15,
c.a

)5

1. MPOCTOW WWENOEP

I0S

[[ stitchable ]] half4 redTint(

float2 position,
half4 color

) {
half4 ¢ = color;
return half4(
c.r,
c.g * 0.15,
c.b x 0.15,
c.a
)5
ks
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Noakmountb K Ul

Android

val shader = remember (source) {
RuntimeShader (source)

}

val effect = remember (shader) {
RenderEffect.createRuntimeShaderEffect(
shader, "image"
) .asComposeRenderEffect()
}

Box(Modifier.graphicsLayer {
renderEffect = effect
) o

ProductDetails(
background = { Image(/* cover */) }

)

. MPOCTOWN WEWNAEP

I0S

let shader = ShaderlLibrary.redTint()
// OTpenbHoro RenderEffect HeT

ProductDetails {
Image ("cappuccino—-cover")
.resizable()

.scaledToFill()

.colorEffect(shader)

12
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Cpenaem UBETOKOPPEKLMIO ¢

< Cappuccino

118 mg 158 kcal 779 849 1229
caffeine energy protein fat carbs

—

half4 ¢ = image.eval(coord);

float3 hsv = rgb2hsv(c.rgb / max(c.a, 0.001));
hsv.x = fract(hsv.x + 0.55);

hsv.y *x= 0.2;

hsv.z *= 0.65;

return half4(hsv2rgb(hsv) * c.a, c.a);

2. WWENOEP N3HAHKW 16



Hactuupbl

2. WWENOEP U3HAHKM ;‘%
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HYactnua

DKpaH: m nukceneun

2. WWEMOEP N3HAHKW @

Cnuncok: n yacTuy,
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HacTuupbl

1. Hantun a4yenky

q = (2.58, 1.55)
cell = floor(q) = (2, 1)

2. LWWEMOEP N3HAHKW

2. Hantn paccrosiHue

f: kKoopanHaTa nukcens

J o

center: UeHTp 4YacTuLbl

f=qg - cell = (0.58, 0.55)
center = (0.55, 0.65)
d = length(f — center) = 0.10

3. Monyuntb APKOCTDb

Anpo + Markum opeon

ManeHbkoe d: CBET/IbIV MUKCESb.
[1aneko oT LeHTpa: Npo3padHbIn.

19



HacTuupbl

float2 g = p
float2 cell =
float2 f = ¢

float2 rnd =
float2 center

float radius
float d = len
float core =

float halo =
return (core

2. WWEMOEP N3HAHKW

x scale - velocity * t;
floor(q) ;
- cell;

hash2(cell);
= float2(0.2) + 0.6 * rnd;

= 0.05 + 0.1 * rnd.y;
gth(f - center);
smoothstep(radius, radius x 0.2, d);

smoothstep(radius * 2.4, 0.0, d) * 0.25;
+ halo) * (0.35 + 0.65 * rnd.x);

20



HacTuubl: o)XXuBnsiem

[ON} Android
// draw(in:) Bbi3biBaeTCs ONA HOBOro Kagpa // Unkn kappoB obHoBnseT Compose state
let now = CACurrentMediaTime() val start = withFrameNanos { it }
let seconds = Float( while (true) {
now. truncatingRemainder ( val now = withFrameNanos { it }
dividingBy: 3600 time = 4f + (now - start) / 1e9f
) }
)
// Canvas 4uTaeT time npum OoTpuUCOBKe
var snow = SnowUniforms( shader.setFloatUniform("time", time)
size: vines.screenSize, drawRect (brush)
time: seconds
)
encoder.setFragmentBytes(
&snow,
length: MemorylLayout<SnowUniforms>.stride,
index: 0
)

2. LWWEMOEP N3HAHKW



Tpu cnos co3aaloT rnyoviHy
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Menbye - MedJ/1eHHO nagaroT
14 gyeek Mo BbICOTE

CamMble MesIKme - CHOCUT BJ1EBO
22 F4YelK Mo BbICOTE

[ yOuHyY 3a02ET CBA3b pasMepa 1 OBMKEHVS, a HE CIyYalHbI pasMep.

2. LWWEMOEP N3HAHKW



Tpwn cnos co3paloT rnyouHy

float2 nearSpeed = float2(0.05, 0.22);
float near = snowLayer(p, time, 8.0, nearSpeed);

float2 midSpeed = float2(0.03, 0.10);
float mid = snowLayer(p, time + 40.0, 14.0, midSpeed);

float2 farSpeed = float2(-0.04, 0.16);
float far = snowLayer(p, time + 80.0, 22.0, farSpeed);

float flakes = 0.8 * near + 0.9 * mid + 0.7 * far;
half a = half(clamp(flakes, 0.0, 1.0) * 0.9);
return half4(a, a, a, a);

2. LWWEMOEP N3HAHKW
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Glitch-adbdekT

o, LWWENOEP M3HAHKM %
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Glitch: casur nonoc ¥

Casur nonoc < Cappuccino S

float stripeH = imageSize.y / 12.0;
float stripe = floor(coord.y / stripeH);

float direction = mod(stripe, 2.0) *x 2.0 - 1.0;
float shift = direction * imageSize.x * 0.07;
float2 displaced = coord + float2(shift, 0.0);

//

return image.eval(displaced);

S%L +285¥P

2. WWENOEP N3HAHKW g%’ 25



Glitch: oTKyaa uBeTHbIe Kpast

2. WWEMWOQEP M3HAHKW @

R: KpacHbIU

B G+B: 6upto30Bbi

26



Glitch: kaHanbl n uBeTHbIEe NONOCHI

PaspeneHne kaHanoB LlBeTHble Nosiochl

float2 displaced = coord + float2(shift, 0.0);

half4 ¢ = image.eval(displaced);

float2 delta = float2(imageSize.x * 0.035, 0.0);

half4 offset = image.eval(displaced + delta);

float red = offset.r / max(offset.a, 0.001) * c.a;
half4 split = half4(red, c.g, c.b, c.a);

float band = 1.0 - step(1.0, mod(stripe, 4.0));

half3 solid = half3(0.65, 0.30, 0.95) * c.a;

return half4(mix(split.rgbh, solid, band * 0.85), c.a);

2. WENOEP U3HAHKM g%;
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Pucyem nuaHbli

2. WWEMOEP N3HAHKW

KOHUMK cy>kaeTcs

T~

[lBe BepLUMHbI HA TOYKY
[To ogHOW € Kaxkgou
CTOPOHbI

158 kcal
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Tpn

float
float
float
float

float

liara noCTpoeHuA JimaHbl

targetLen = maxLen * progress;
steps = targetlLen / 4.0;
grown = steps > 0.0 ? ceil(steps) : 0.0;

validPoints = min(pointCount, 1.0 + grown);

t =4 / max(1.0, validPoints - 1.0);

halfWidth = mix(mainWidth, 6.0, t) * 0.5;

float

dLen = length(d);

float2 normal = float2(0.0, 1.0);
if (dLen > 0.001) normal = float2(-d.y, d.x) / dLen;

varyings.position = p + normal * halfWidth * side;

2. WWENOEP N3HAHKW

KoHYKK cy>kaeTcs

T~

[1Be BEPLUNHbI HA TOYKY
[1lo ogHOW C Kaxkgoun
CTOPOHDbI

1. [mHa - 2. LLnpuHa - 3. BepLuvHbl
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NocToute. Mbl no6aBvnu BuaeoO.
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I0S: Bugeo npoxoanTt otaesbHO

Ul update / commit

l

TekcT, KHONKN, KapTuHKM - SwiftUl

l

SwiftUl shader

l

Cnown Ul

l

CuUcTeMHbI KOMNO3UTOP - render server

3. BUAEO HE PABOTAET

VideoPlayer - AVPlayer

¥
HexkogupoBaHue - VideoToolbox
¥
CVPixelBuffer - IOSurface
¥
[Tokas yepes AVPlayerLayer
¥
Cnown Bnaeo

l

34



Android: Buaeo npoxoaunt oTaesibHO

Choreographer - vsync

v
Ul: Compose / View ExoPlayer - pekonep
v v
RenderEffect - AGSL SurfaceView
v v
HWUI - app Surface Surface - Bngeo
v v

SurfaceFlinger

3. BUAEO HE PABOTAET @
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Android: Tpu Nyt

01 TextureView + AGSL

02 Media3: GlEffect

03 Csow GL: Ul + Bnoeo

4. IULEMOEP ONA BUOEO
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TextureView + AGSL ¢

Choreographer - vsync ExoPlayer - npekogep

v v

Ul: Compose / View < [ TextureView J
v

RenderEffect - AGSL
v

HWUI - app Surface
v

SurfaceFlinger

4. IULEMOEP ONA BUOEO @ 38



TextureView + AGSL

AndroidView(
factory = { TextureView(it) },
update = { player.setVideoTextureView(it) }

// PoouTenbCKUN KOHTEWHep:
Modifier.upsideDownAgsl(effect)

4. WWEMOEP oNgd BUOEO %
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Media3: GlEffect

Choreographer - vsync

v

Ul: Compose / View

v
RenderEffect - AGSL

v
HWUI - app Surface

v

4. IULEMOEP ONA BUOEO

SurfaceFlinger

ExoPlayer - npekogep

v
[ Media3 GlEffect - GLSL J

v

SurfaceView

v

Surface - Buaeo

v

40



Media3: GlEffect ¢

L4 . = ° v [T

val videoEffect = remember (effect) { ¢ 4 . 2
UpsideDownGlEffect(effect) o RIE
¥

val player = rememberDemoPlayer (
effects = persistentListOf(videoEffect)
)

// BHyTpu rememberDemoPlayer:
setVideoEffects(effects)

prepare()

SurfaceViewVideo (
player = player,
modifier = Modifier.matchParentSize()

aaaaa

4. WENOEP ONS BUOEO % 41



Media3: GlEffect

val elapsedMillis =
(frameNanos - startNanos) / NanosPerMilli

state.publish(snapshotAt(elapsedMillis))

// B publish(value): napameTpb gns UI
snapshot = value

// B Tom xe publish: nmapameTpb gna GL
glSnapshot = value

4. IULEMOEP ONA BUOEO
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May3a: 3To npobnema

4. WEWAEP ONS BUAEO ﬂﬁ,

KHOIKA
- Ne'
> .'\;')
- .:\
» “\
R

43



CunxpoHunsauusa RenderEffect n Media3 GLEffect w«

Choreographer - vsync ExoPlayer - pekogep — | Kew BxopHoro kagpa
no GlEffect

: ! J

Ul: Compose / View [ Media3 GlEffect - GLSL J <
v O6Lupme Yachl J v

J’ clock.publish(t)

RenderEffect - AGSL SurfaceView || Ha keokpom Ul-kagpe

i OpHa ¢hasa ahdexTa 1 REDRAW Ha nayse
nna Ul v Bnoeo

HWUI - app Surface Surface - Bngeo

v v

SurfaceFlinger

4. WENOEP ON9 BUOEO @ 44



Media3: kew: kagpa v sBHbin REDRAW ¥t

// NMpun co3paHun video graph: 3amnoMHUTb BXOA MoproroBka
.setEnableReplayableCache(true) Kell coxpaHseT gekoanposaHHbI Kagp Ao
apdekTa.

// Kaxgbin UIl-kapgp, Aaxe BO Bpems Mnays3bl

val now = withFrameNanos { 1t }

val elapsedMs = (now - start) / NanosPerMilli
clock.publish(elapsedMs)

Oowme yachobl
Ul n GlEffect untatoT onybnnkoBaHHOE BpeMS.

// Ha nay3e: obpaboTaTb NpexHun Kagp ewe pas NoBTOpPHOE pucoBaHue

if (paused && demo.redrawOnPause) { REDRAW 6epéT kagp us Kewwa. GIEffect pucyer

playelj .setVideoEffects( Er0 G HOBbIM BPEMEHEM.
VideoFrameProcessor .REDRAW

)

Media3 1.11.0 - RestrictedApi

4. IULEMOEP ONA BUOEO @ 45
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CsBou GL: cobupaem Ul nu Bupeo

Choreographer - vsync ExoPlayer - pekonep
v |
View — HWUI
[ Sies — veEnea Ul ] [ SurfaceTexture - BUoeo J
[ Csoun GL: Ul + Bugeo — obwiun 6ydep }
[ GLSL: ugeT u glitch, 3atem vines n snow J

L

GL Surface — SurfaceFlinger

4. IULEMOEP ONA BUOEO
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Csoun GL: pBa BXxoga B TEKCTYpbl <&

* ¢+ . CapBuccino’ - tﬁﬁ
. - . .

118’\9 + 158kcal 4 779 o, 84g a122¢

caffeine carbs |

energy protein fat

» ° »
LA - ST e -
" whilts inside v .

// attachVideo: Bxopg pekopepa

val texture = stream.surfaceTexture

val surface = Surface(texture)

it (videoSurfaces.replace(surface))
player.setVideoSurface(surface)

// attachUi: otpenbHbn Bxoa UI

val texture = stream.surfaceTexture
val surface = Surface(texture)
uiHost.setTarget(surface, stream)

// UiTextureHost: HardwareRenderer
renderer.setSurface(target)

4. WWEMOEP oNgd BUOEO
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Csou GL: acdhdekT nocne komno3anumn

val scene = snapshots()
val effect = scene.effect

GLES20.glBindFramebuffer (
GLES20.GL_FRAMEBUFFER, sceneFramebuffer)
drawComposite()

GLES20.glBindFramebuffer (GLES20.GL_FRAMEBUFFER, 0)
drawGrade(effect)

// HanoxeHus: blending BKAKWYEH B MOMIHOM KoOpfe
if (scene.drawsVines) drawVines(scene.vines)
drawSnow(effect.timeSeconds)

4. IULEMOEP ONA BUOEO
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I0S: aBa nytn

01 AVVideoComposition

02 KaCTOMHbIV PEHAEPUHI

4. IULEMOEP ONA BUOEO

51



AVVideoComposition: atheKT BHYTPU BUACOBETKWN

Ul update / commit [ AVPlayer

l v

HexkogupoBaHue - VideoToolbox

TekcT, KHONKN, KapTuHKM - SwiftUl !
l [ AVVideoCompositing - 3anpoc
SwiftUl shader !
[ Metal: o6paboTtka CVPixelBuffer
l ;
Cnon Ul [ [Tokas uepe3 AVPlayerLayer

l l

CuUcTeMHbI KOMNO3UTOP - render server

4. IULEMOEP ONA BUOEO
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AVVideoComposition: o6paboTka Kagpa ¢

guard Llet trackID = request.sourceTrackIDs.first,
let source = request.sourceFrame(
byTrackID: trackID.int32Value),

let destination = request.renderContext.newPixelBuffer ()
else {

request.finish(with: CompositorError.missingFrame)
return

}

let uniforms = Self.effect.current
.uniforms(at: CACurrentMediaTime())

renderer.render (source, into: destination,
uniforms: uniforms) {

request.finish(withComposedVideoFrame: destination)

}

4. IULEMOEP ONA BUOEO 53



[May3a: 310 npobnema

4. WENOEP ONS BUOEO

KHOTIKA
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Metal: pucyem Bugeokaap camm

Ul update / commit [ AVPlayer

l v
HexkogupoBaHue - VideoToolbox

TekcT, KHONKN, KapTuHKM - SwiftUl !

l [ AVPlayerltemVideoOutput

SwiftUl shader '
[ CVMetalTextureCache + Metal

l ;

Cnon Ul CAMetallLayer

l

CuUcTeMHbI KOMNO3UTOP - render server

4. IULEMOEP ONA BUOEO

l
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Metal: nonyyaem Bnaeokaap <

Kén.y ]
»

- »
158 kkan® 7.

item.add(videoOutput)

let 1temTime =
videoOutput.itemTime(forHostTime: hostTime)

guard videoOutput.hasNewPixelBuffer (
forItemTime: itemTime) else { return nil }

return videoOutput.copyPixelBuffer(
forItemTime: itemTime,
itemTimeForDisplay: nil)
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Metal: TekcTypa n pucosaHue ¥

CVMetalTextureCacheCreateTextureFromImage ( - Joi -, o
kCFAllocatorDefault, | Ky - M
textureCache, 158 7
pixelBuffer, L.
nil, -y
.bgra8Unorm,

CVPixelBufferGetWidth(pixelBuffer),

CVPixelBufferGetHeight(pixelBuffer),
op
&textureRef

let uniforms =
model.uniforms(at: CACurrentMediaTime())

..

renderer.draw( + =+ el 8] - |
A MonesaHble CblpHas neHka Monoko Acnpecco Wi
to: view.metalLayer, 9| el *®| -
uniforms: uniforms, - 4"? e A
fillsBounds: fillsBounds ‘s®5 ~ C ofmsf w
) ‘s 3 EwE
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10S: oanH adbdekT Ha Ul u Bupeo

Ul: kappoBble 4achbl

v
Ul: SwiftUl

v

AdhdekT nogaepena Ul

v
Cnoit SwiftUl

v

4. IULEMOEP ONA BUOEO

[1neep - pekonoep

v

[ocTyn K Bugeokagpy

\

o [ O6Lwme yachl ]_»[
t + napameTpbl

Metal-wengep

CuncrtemHasa KoMNo3nuns

v

Cnon Metal

v
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[TnaBHOCTb, Bpems Kagpa u LueHa adbdekTa

10S

Hitch time ratio

Bpemsa 3agepyxeK Ha cekyHay aHMMaLmm, Mc/c.

Ul commit time - p95

Instruments: noarotoska 1 commit Ul
BHYTPW NMPUNOXXEHUS, MC.

GPU power impact

Power Profiler: Bkiag npoLiecca.
OTHOcuTenbHas wkKana, He VMBT.

5. PERFORMANCE

Android

Janky frames

[ons Ul-kapopoB, ono3gaBLumx K geananHy, %.

Ul frame time - p95

gfxinfo: pnTensHocTb Ul-kaopa
[0 3aBepLUeHnst peHaAepuHra, McC.

GPU rail power

CueTturkn nutaHmnsa GPU Bcero ycTpoincTaa.
dunsunueckasa mowHocCcTb, MBT.
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I0S: pe3ynbTaTthbl U3MEPEHUN

IPhone Air - i0S 27.0.1 - Release - kopoTkaa cepus

MNyTb

Hitch time ratio

Ul commit time

GPU power impact

mc/c p95 - mc
Ul 6e3 acbdhekToB 3,68 1,17 0,00
3anyckos: 1
Ul + Bnoeo 6e3 appekTon 0,00 1,61 0,00
3aryckos: 2 1,46...1,75
AVVideoComposition 8,29 7,36 3,54
3anyckos: 1
KaCTOMHbIN peHOepuHr 4,61 8,11 3,57

3anyckos: 1

5. PERFORMANCE
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I0S: yTO BBLIOPATDL w«

MNyTtb Koraga noaxoaut YTO yumTbiBaThb
AVVideoComposition PunbTp CnegyeT 3a Kagpsbl 3anpalunBaeT nseep.
BOCMNpoun3BegeHnemM BNOEO ObHoBNeHMe adhdeKkTa Ha nay3e HY>KHO

NHNLUNNPOBATb OTAOEJIbHO.

KacTOMHbIV peEHOEPUHI O PEKT pearnpyeT Ha XKECTbI U Camu XxpaHuMm Kagp 1 3arnyckaem
NpoaOo/KaEeT OBUraTbCA Ha nayse OTpUcoBKY. Bngoeo 1 3Byk octaroTcs y
AVPlayer.
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Android: pe3ynbTaTbl U3MEepeHUn «
Pixel 7 - Android 16
MvTe Janky frames, % Ul frame time p95 GPU rail power
y WNNIOCTPATNBHO
bes Bnaeo, 6e3 apdekTa 0,01 12 81
be3 Bnpgeo + AGSL 0,11 22 229
TextureView + AGSL 0,11 21 230
Media3 GlEffect 0,15 23 216
CBoun GL* 0,03 15 232
*[1na «Ceon GL» nepBble ABa NnokasaTesnig OTHOCATCA K BcrioMoraresibHbiM HWUI-peHaepepam,
a He Ko Bcemy GL-koHBenepy. Hampsmyro ¢ OCTasIbHbIMK CTPOKaMM HE CPaBHIBAKOTCAS.
63
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Android: 4yTo BbIOpaTb «
MyTb Korga nogxoaunTt YTO yumTbiBaTb
TextureView + AGSL be3 Buaeo, HebonbLoe BUOEO e SIS
ecnu snaeo bonbluoe
Media3 + GlEffect QP PEKT ToNbKO Ha BUaeo, 6e3 Ul [Taysa, RestrictedApi
He ob6sa3atensHO bbicTpee.
Ceoun GL HeT BosSMOXHOCTY nenonb3oBarth OO6bl4HbIe Ul-3amepbl He NokasbiBatoT
AGSL: Android 13+, Mesh: Android 14+
nosHyto ctonmocTb GL
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NMomHuTe, Kak padoTtaet Ul pipeline

Oepeso Ul Bupgeo
Ul: kagpoBblie Yachl [1neep - pekopep
\ v
Ul: View / SwiftUlI [locTyn K Bugeokagpy
\ v
[1Ba npoxopaa: [ J
SdbdekT nogaepesa Ul 4—[ S J—> Db deKT BUOeo
\ v
Cnown / Surface Ul Cnown / Surface Bngeo
\ v

CuncreMmHass KoMnosnums

[1Ba nyTn: o6beayHUTb BXOOb! O adhdeKTa 1M CornacoBaTth OTAE/bHbIE MPOXOAb.

6. BbIBO4bl @
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sy dodo |
¥+ engineering

Cnacn6o 3a sHumaHue!

[laBaniTe BOMpoChH

NcxoaHbin Kon,
Android + iOS

Makcum KauynHkKuH
Android Tech Lead

t.me/mobilefiction - MobunbHoe YTmBo

PomaH MoryTtHoB

Principal Product Engineer

github.com/iammxrn/stranger-shaders
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