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jank, noun

1. Choppy performance
“Swiping the home screen feels 7

2. Discontinuous, surprising experience
“What's with the launching that app?”



butter, tasty noun

1. Smooth performance
“Home screen swiping is very o

2. Fattening spread and cooking ingredient
“America’s obesity problem is directly
proportional to the deliciousness of ”
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jank, noun

1. Choppy performance
“Swiping the home screen feels janky”

2. Discontinuous, surprising experience
“What's with the launching that app?”



Recipe

 Butter for eating is made from cream

« Butter for Android is made from
- low latency
- fast, consistent framerate

O
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Framerate

Drawing faster is a good start
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Drawing faster is a good start

Drawing .

But that's not quite all there is to it...




Drawing: The Big Picture
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VSync

Synchronizing rendering with the display refresh

60 fps

Displays refresh at 60 Hz, allowing apps to render at 60fps
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Getting the Pixels to the Screen
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Drawing with DisplayLists
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Drawing with DisplayList Properties

set property

Draw
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DisplayList Properties

* Free with ViewPropertyAnimator
* Or use ObjectAnimator with View properties
- alpha
- translationX/Y
- scaleX/Y
- rotation/X/Y

O



O

Time in ms

. With DisplayList Properties

. Without DisplayList Properties

Frame




Parallel Processing and Double Buffering
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Window Composition
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android:sdk $ cd platform-tools/

android:platform-tools $ adb shell <J
dumpsys gfxinfo B
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(M Developer options

Strict mode enabled

Flash screen when ¢ (
operations on main thread

Show CPU usage
Screen overlay showing current CPU
usage

Profile GPU rendering
Measure rendering time in adb shell
dumpsys gfxinfo

Enable traces
No traces currently enabled

APPS

Don't keep activities
Destroy every activity as soon as the
user leaves it

Background process limit
Standard limit

Show all ANRs
Show App Not Responding dialog for
background apps
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android:sdk $ cd tools/systrace

android:systrace $ ./systrace B
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Demo
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o Captures 5 seconds
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Stand-alone HTML output



android:sdk $ cd platform-tools/

android:platform-tools $ adb shell <J
dumpsys SurfaceFlinger §§



Demo



—————————— + . -
OVERLAY | ... com...SlowListActivity
OVERLAY | ... StatusBar
OVERLAY | ... | NavigationBar
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v OVERLAY | ... | NavigationBar




OVERLAY | ... com...SlowListActivity
FB | ... PopupWindow:424d4cc8
FB | ... StatusBar
FB | ... | NavigationBar
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FB | ... | NavigationBar
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Caveats
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Name
» 1 37 android/widget/AbsListView.draw (Landroid/grapt
» 138 android/view/ViewGroup.offsetChildrenTopAndBot
» 39 android/view/View.draw (Landroid/graphics /Canvi
» B 40 android/view/View.invalidateViewProperty (ZZ)V
» 41 android/widget/ListView.dispatchDraw (Landroid /4
» 42 android/view/ViewCroup.invalidateChildFast (Land
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¥Parents
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e 0o Hierarchy Viewer
H Save as PNG Capture Layers

*3 Load View Hierarchy ®  Display View 8 Invalidate Layout €  Request Layout 23  Dump DisplayList

Property Value
» Accessibility
110 views Drawing
Measure 0.716 ms Events
Layout: 12 655 ms Focus
Ovaw: 14.9)2 ma
¥lLayout
getBaseline() -1
getHeight() 1097

getLayoutDirection() INHERIT

getResolvedLayoutDire RESOLVED_DIRECTION_LTR
getWidth() 800
hasTransientState() false

v Show Extras 2 Load All Views

Filter by class or Id 20% 200%

HierarchyViewer
)
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https://github.com/romainguy/ViewServer



e 00 Android Debug Monitor

cv 77 € OpenGL Trace €5 0OMS
C settings.gitrace &2 = 0 C cLsate 52 208 C rrame Sum... ) console [C Detads SS[ il =
Name Value &3
Select Frame 4 - ¥ Context 0 (£52)
»Vertex Array Data
Filter:  Q Fin t ‘ . Accepts Jav exi » Transformation State
¥ Rasterization State
Function Wall Time (ns) Thread Time (r Line Width 1.0
giVertexAtridPointerDatalindx = 0, size = 2, type = CL_FLOAT, nor 0 Polygon Culling Enabled false
giVertexAttribPointerDatalindx = 1, size = 2, type = GL_FLOAT, nor 0 Cull front/back facing polyg CL_BAC
giDrawElements(mode = CL_TRIANGLES, count = 36, type = CL_UN® 305,176 305,1 Polygon frontface CW/CCW CL_COW
¥linearLayout 0 Polygon Offset Factor 0.0
YimageView 0 Polygon Offset Units 0.0
QIScissorix = 44, y = 0, width = 64, height = 9) 0 Polygon Offset Enable false
glUseProgramiprogram = 210003) 0 » Pixel Operations
glUniformMatrix4fvilocation = 1, count = 1, transpose = false, v 30,518 30,5 » Pixel Paciing
glBindTexture(target = GL_TEXTURE_2D, texture = 2100030) 0 ¥ Texture State
giVertexAttribPointer(indx = 0, size = 2, type = CGL_FLOAT, norm 0 Active Texture Unit 0
giVertexAttribPointer(indx = 1, size = 2, type = GL_FLOAT, norm 0 » Texture Units
glBindBufferitarget « CL_ELEMENT_ARRAY_BUFFER, buffer « 0) 0 ¥ Textures
giVertexAttribPointerDatalindx = 0, size = 2, type « CL_FLOAT, « 0 »0 Accounts & sync
glVertexAttribPointerDatalindx = 1, size = 2, type « CL_FLOAT, « 0 »70001
9lDrawArraysimode = CL_TRIANCLE_STRIP, first = 0, count = 4) 457,763 91,5 » 140002 L acation services
¥ Relativelayout 0 : §;ggg:
¥ TextView 0
giScissor(x = 124, y = 0, width = 81, height = 2) 0 » 350005 urity
glUseProgram{program = 420006) 0 » 420006
glUniformMatrixdfvflocation = 1, count = 1, transpose = false 0 > 490007 Lanauage & input
giBindTexture(target = CL_TEXTURE_2D, texture = 210003) 0 » 560008 anguage & 1Inpa
glUniformaf(location = 3, x = 0.952941, y = 0.952941, 2z« 0 457,764 » 630009
giGenBuffersin = 1, buffers = [770011)) 0 »700010 Backup & reset
glBindBuMeritarget = CL_ARRAY_BUFFER, buffer = 770011) 0 »770011
glBufferDataftarget = CL_ARRAY_BUFFER, size = 864, data = | 564 by 701,904 244, » 840012
giScissor(x = 0, y = 0, width = 720, height = 1038) 0 »910013
glUseProgramiprogram « 210003) 0 »980014
glUniformMatrixéfvilocation = 1, count = 1, transpose = false, value = 0 > 1050015
glBindTexture(target = GL_TEXTURE_2D, texture = 1680024) 0 »1120016
giVertexAttribPointerfindx = 0, size = 2, type = GL_FLOAT, normalized 30,517 30,5 > 1150017
giVertexAttribPointerlindx = 1, size = 2, type = CL_FLOAT, normalized 457,764 > 1260018
gIDrawArrays{imode = GL_TRIANGLES, first = 0, count = 54) 305,175 305,1 > 1330019
giCetLrrorivoid) = (Glenum) GL_NO_ERROR 0 » 1400020
egltSwapBuffers 0 > 1470021
» 1540022

simof253m [}

Tracer for OpenGL ES
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Name
v @ asus-nexus_7-015d14fec

Network  Emulator Control

{ Info Threads Event Log |

com.android.musicfx
com.google.android.partn
com.google.process.gapp:
com.android.defcontainer
android.process.acore
com.google.android.apps.
com.google.android.apps.
com.android.vending
com.android.nfc
com.android.systemui

Start Tracking

Alloc Order Allocation S ¥ Allocated Class

125
111

94
216

182
131

Get Allocations Eilter: |

12 JaVa.uTILCONCUTTeNnT.IOCKS Keentrantkeaawnt L
12 java.util.concurrent.locks. ReentrantReadWrit 1
12 java.util.concurrent.locks.ReentrantReadWrit 1
40 java.util.concurrent.locks. ReentrantReadWrit 1
40 java.util.concurrent.locks. ReentrantReadWrit 1
40 java.util.concurrent.locks. ReentrantReadWrit 1
40 java.util.concurrent.locks ReentrantReadWrit 1
40 java.util.concurrent.locks ReentrantReadWrit 1

Thread Allocated In

JAVA.UTILCONCUITeNT.IOCKS KeentrantKeaawrteLocK
Jjava.util.concurrent.locks.ReentrantReadWriteLock
Jjava.util.concurrent.locks.ReentrantReadWriteLock
java.util.concurrent.locks.ReentrantReadWriteLock
java.util.concurrent. locks. ReentrantReadWritelLock
Jjava.util.concurrent.locks.ReentrantReadWriteLock
Jjava.util.concurrent.locks ReentrantReadWriteLock
Jjava.util.concurrent.locks. ReentrantReadWriteLock

com.google.android.apps. 114
Jjava.util.concurrent.locks. ReentrantReadWriteLock

sndointd sntusnnlow Noesasm Mol wattalde.

com.google.android.goog 97 40 java.util.concurrent.locks ReentrantReadWrit 1

m,.ndfo‘d_phom e b T T N L T L UL S ST e T DN )
com.example.android.slov
system_process
com.google.android.input
com.android.launcher
com.google.android.apps.
com.google.android.calen
com.android.providers.cal
android.process.media
com.google.android.apps.
com.android.settings

Class Method File
Java.util.concurrent.locks ReentrantReadWriteLock <init> ReentrantReadWriteLock.java
Java.util.concurrent.locks.ReentrantReadWriteLock <init> ReentrantReadWriteLock java
android.animation.PropertyValuesHolder <init> PropertyValuesHolder. java
android.animation.PropertyValuesHolder <init> PropertyValuesHolder java
android.animation.PropertyValuesHolderSFloatPropertyValuesH <init> PropertyValuesHolder.java
android.animation.PropertyValuesHolder ofFloat PropertyValuesHolder. java
com.android.launcher2.Folder animateOpen Folder.java
com.android.launcher2.Launcher openFolder Launcher.java
com.android.launcher2.Launcher handleFolderClick Launcher.java
com.android.launcher2.Launcher onClick Launcher.java
android.view.View performClick View.java
android.view.View$ PerformClick run View.java
android.os.Handler handleCallback Handler.java

Line Native
214 false
204 false
106 false
35 false
909 false
175 false
421 false
2200 false
2059 false
1889 false
4078 false
1695 false
615 false

Saved Filters * -
All messages (no filters)

| Search for messages. Accepts Java regexes. Prefix with pid:, app:, tag: or text: to limit scope. | verbose = H ‘[QJ {
Le Time D TID

D 96-21 ©1:31:30.274383 4385 com.example.andr dalvikvae

Application Tag Text

Wy gy WWWLeL T

GC_CONCURRENT freed 384K, 12% free 7690K/8711K, paused 21 <7
ms+6ms, total SSms

Allocation Tracker
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¢/ Consistent frame-rate

v/ Lower latency

v/ Faster display list drawing

v/ Faster display list updates

v/ GPU-free window composition
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¢/ Consistent frame-rate



public void bindView(View view, Context context, Cursor c) {

BookViewHolder holder = (BookViewHolder) view.getTag();
String bookId = c.getString(mInternalldIndex);

holder.bookId = bookId;
holder.sortTitle = c.getString(mSortTitlelndex);

final ShelvesActivity activity = mActivity;
1f (Cactivity.getScrollState() == | |
activity.isPendingCoversUpdate()) {

holder.title.setCompoundDrawablesWithIntrinsicBounds(
, , , mDefaultCover);

holder.queryCover = ;
} else {
holder.title.setCompoundDrawablesWithIntrinsicBounds(

b

ImageUtllltles getCachedCover(bookId mDefaultCover));
holder.queryCover = X

¥

final CharArrayBuffer buffer = holder.buffer;

c.copyStringToBuffer(mTitleIndex, buffer);

final int size = buffer.sizeCopied;

1f (size !'= 0) {
holder.title.setText(buffer.data, 0, size);

¥
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// Do less!
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¢/ Consistent frame-rate
v/ Lower latency
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// Invalidates at the next v-sync event
myView.postInvalidateOnAnimation();



callback = new Runnable() {
public void run() {
setupAndStartAnimation();

¥
¥

myView.postOnAnimation(callback);



callback = new Choreographer.FrameCallback() {
public void doFrame(long ) 1
render(frameTime);

}
s

Choreographer c = Choreographer.getInstance();
c.postFrameCallback(callback);
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¢/ Consistent frame-rate
v/ Lower latency



view.setLayerType(View.

)



view.animate().alpha(?) .withLayer();
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v/ Consistent frame-rate
v/ Faster display list drawing
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CLIP {PING

X



\V

view.1invalidate();



view.1nvalidate(left, top, right, bottom);









Draw display lists

mvalcate) —— > | Displaytist
-
- -
B

(
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Draw display lists
invalidate() == ** >

- -
o










Draw display lists
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Draw display lists
invalidate(l, t, r, b) == ** >

l

DisplayList

l

DisplayList DisplayList

9
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DisplayList

s
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v/ Faster display list drawing



O

(M Developer options

DRAWING

Show layout bounds
Show clip bounds, margins, etc

Show GPU view updates
Flash views inside windows when
drawn with the GPU

Show surface updates

Flash entire window surfaces when they
update

Window animation scale
Transition animation scale
Animation scale 1x

Animator duration scale
Animation scale 1x

Disable HW overlays

Always use GPU for screen compositing
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Don’t draw invisible items
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@0verride
public void onDraw(Canvas c) {

c.save();
1t (stacked) {
C. (headerlLeft, headerTop,
headerRight, headerBottom);
}
drawHeader(c);
drawContent(c);

c.restore();
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v/ Faster display list drawing



private void drawContent(Canvas c) {
for (Item i1tem : 1i1temsList) {
1f (lc. (item.1l, 1tem.t, 1tem.r, item.b,
Canvas.EdgeType.BW)) {
1tem.draw(c);
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v/ Faster display list drawing
v/ Faster display list updates
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Dim layer




getWindow().addFlags(
WindowManager .LayoutParams.



—————————— + .. F--——--
OVERLAY | ... com. ..MyActivity
FB | ...
FB | ... StatusBar
FB | ... | NavigationBar



—————————— + .. F--——--
OVERLAY | ... com. ..MyActivity
FB | ...
FB | ... StatusBar
FB | ... | NavigationBar






getWindow() . setBackground(
new ColorDrawable( ));
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v/ Faster display list drawing
v GPU-free window composition
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For More Information ()

Google I/0 2011  Accelerated Android Rendering
Parleys.com Various Android GUI performance talks
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