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o fEMEYLHEIL Y. Run fast, smooth, and responsively

Honeycomb

. OpenGLRenderer

Ice Cream Sandwich

. TextureView - OpenGL ES texture views

° Required to support hardware-accelerated 2D drawing

Jelly Bean

. Extend vsync to all drawing and animations to ensure a constant framerate
° Tripple buffering

° Synchronizing touch to vsync timing

° Predict what your move for a more reactive Ul

° Each time you touch the screen, boost the CPU to reduce latency - CPU input boost

KitKat

° Optimize memory usage to support entry-level devices that have as as little as 512MB RAM, including kernel samepage merging(KSM), swap to zRAM, etc.

. ART

Lollipop

° Replace Dalvik with ART

° Render thread

. Compacting GC

° Background GC and Foreground GC
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e Render Node
o T/ View# /=1 Render Node

o nHViewlk EfiBackground, 74 Backgroundtt &—"Render Node

e Display List
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o NNEFTA ICanvas APIER & GPUREHE 7 111

Canvas

drawBitmapMesh() (colors array) 18
drawPicture() X

drawPosText () 16

drawTextOnPath() 16

drawVertices() X

setDrawFilter () 16

clipPath() 18

clipRegion() 18

clipRect(Region.Op.XO0OR) 18
clipRect(Region.Op.Difference) 18
clipRect(Region.Op.ReverseDifference) 18
clipRect() with rotation/perspective 18
drawArc() 21

drawRoundRect () 21

savelLayer () with RectF dimensions 21
savelLayer() with float dimensions 21
savelLayerAlpha() with RectF dimensions 21
savelLayerAlpha() with float dimensions 21

http://developer.android.com/guide/topics/graphics/hardware-acceﬁfﬁ'ét“ﬁ»gfnfOQ
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e Software Draw View
o
e Draw on a canvas based a bitmap
e Draw the bitmap in the display list
e Draw the display list using GPU

Brought by InfOQ



International Software Development Conference

Android M. FH#2 57 UIFL P 25 1)

e Texture View
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e Main Thread5Render Thread /MEE 4L
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e ViewPropertyAnimator

e RenderNodeAnimator.setAllowRunningAsync(true)

e All RenderNodeAnimator is allowed to run async
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e Display List
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e ViewPropertyAnimator
e ViewPropertyAnimator.withLayer
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e Merging of Operations

Hello World! ccluded
ﬂlappmg Text
Thls is an Exa \
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e Merging of Operations

D
B C  One Button v One Button

E | Hello world! . F Hello world!
(a) (b) (c) (d)
a. The layout draws the background image, which is a linear gradient

b. Both the ActionBar and Button background NinePatch are drawn, which on
both on Asset Atlas texture. These two operations were merged into one batch

c. Text for the Button and the ActionBar is drawn, using the same font texture.
Again, these two operations were merged into one batch, and the FontRenderer
also used one font texture for both text elements

d. The application’s icon is drawn s, INFOQY



International Software Development Conference

Android . F 2 7 UVE G244t

e Font Texture




International Software Development Conference

Android M. F#2 7 UIVE G4t

e Asset Atlas Texture — Resources sharing
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e Asset Atlas Texture — Resources sharing

Zygote Application
4 4G
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e Asset Atlas Texture — using preloaded drawable as texture in the past

App Process 1/GPU
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e Asset Atlas Texture — using preloaded drawable as texture now

EGLImageKHR

Render Thread
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