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Performance Tuning

1. Determine performance requirement

2. Get current reasonably optimized benchmark/system vy that
supports the tools y and establish baseline performance

3. Find code that consumes the most time (hotspot)
A  (Optional) Find the efficiency of that code

4. Optimize the hotspot

A Use Lowest Effort / Highest Effect Optimization
A Remove
A Algorithm Change
A Micro-Architectural Optimization
A  Hardware Upgrade
A OS Tuning
f

5. If perf requirement not met - Go to Step 3.
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Needed/Wanted Performance Tool Capabillities

1. Measure & report everything..
A Hotspot
A Various metrics
I CPU
I GPU
I Other SoC Components
A System wide
A Memory Usage
A Drill to Source
A Call Stack
A Call/Loop Counts
A Wait time (Synchronization - thread, 1/0, Network, etc)
A Latency
ACHOR+
Problem: Observer Affect - The act of measuring affects what is measured
2. Low Overhead / Accurate

3. Easyto use: Make it easy to collect and identify issues
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Power Tuning

1. Identify power being used
NT + 1 a1avii ééia YRdaeéevYbe:
2. Do performance tuning = race to idle

3. Find code which is not using the most efficient SoC
block for execution

4. Edéa Reaa 6aadnra aeair éeeod
A Unnecessarily using a device or the CPU

A Unnecessarily waking up a SoCblock, CPU,or system

A Unnecessarily keeping a SoCblock, CPU, or the system
awake
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Needed/Wanted Power Tool Capabillities

1. Sleep Analysis
A What is waking h/w? Why?
A What is keeping it awake? Why?

2. Utilization Analysis
A What is active? Why is it active?

3. Power Analysis
A What is consuming power? How much?

4. Platform perspective

A Understand peripheral power consumers
A Understand behaviors driving peripheral power consumers

5. Low Overhead / Accurate

6. Easy to use: Make it easy to collect and identify issues
7. Correlation allowing seeing all Behaviours on Systme
8. Comparison Features to compare different scenarios
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Some Tools from Google* to help with
Android* Performance Tuning

o o I Io  To Do Do Do Do

Optimization Notice

Systrace: Analyze app and system processes

TraceView: Analyze applications Java profile

Tracer: To analyze OpenGL ES frames

Many Memory Analysis Tools: Find costly allocations or leaks In
memory usage

Network Traffic tool: Analyze app & system specific network
usage

Hierarchy Viewer: Used to analyze the layout of your UI.
Android No Response y Crashes app when Ul is non-responsive
Settings: Developer Options on device y Some basic CPU stats
Lint: Static analysis tool y offers some performance
recommendations
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Some tools form Intel® Corporation to help with
Android Performance Tuning

Intel® System Studio 2014
Fedaeu oO0Onéaws Aéi edaaail [/ -.1 aeéei
Intel® Energy Profiler
Intel® System Analyzer for Android
Neaai Oeeei +
Intel ®Native Development Experience
Intel® Graphics Performance Analyzers
Intel® Platform Analyzer
Intel® Systems Analyzer
Intel® Frame Analyzer
Neaat Oeéeeeri +
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Getting a Device for Performance Analysis
and Systems Development

Some of the advanced features require a

ARooted device
ADrivers

New programs to support this:

Intel® Mobile Development Kit for Android
http :// software.intel.com/mdk
Dell Venue 8 y Engineering Build

http://0O1.org/android -ia
Get the latest images/sources to support Android on current Intel ®
architecture devices

Optimization Notice Copyright © 2014, Intel Corporation. All rights reserved. *Other names and brands may be claimed as the property of others.


http://software.intel.com/mdk
http://software.intel.com/mdk
http://software.intel.com/mdk

Analyzing a CPU Micro-Benchmark
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A CPU Micro-Benchmark - Pi

Calculates Pi via a Monte Carlo simulation
First in C/C++
Then on Java

Prints time to Calculate Pi

for( int i=0;i <(numteps *2); i++)
r[i ]=rand.nextDouble  ();

for (int i=0;i< numsteps;i ++) {
double x=r]i]; IIX
double y=r[ i+BLOCK_SIZE];
if  (X*x +y*y <= 1.0) //Distance from

dUnderCurve ++; //is under

Coordinate
Iy Coordinate
Origin
Curve }}

pi= dUnderCurve / (double) numsteps * 4 ;
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Google* TraceView to Analyze Java*/Dalvik Apps

A Helps application developers optimize Major Issue:

Java source code in an application R Observer Effect: The tool

A Tyneraaa aadit aroeo ai édisablesthe dl'd ¢causing wide
Default Eclipse* Development variances in what you see as
Environment performance impact of

| o functions, and what really
A Fairly easy to identify CPU hotspot y happens when not run with
based on Java tool.

A Good Java Caller/Callee tree

] CalculatePiRandActivity,java ¢ CalculatePiRand.cpp % ddms3806698623561481523 trace = =8
msec: 132,212.042 max msec: 390,000 (real time, dual clock)
T T T T T T T T
0 50,000 100,000 150,000 200,000 250,000 300,000 350,000
[41J0wp| | A
(21 main| || 1l | | i
[10] Binder 2| ¢ | il ' D
————————————————————
Name Incl Cpu Ti.. Incl CpuTi.. ExclC#
- | 10 java/util/Random.nextDouble ()D| 74.6% 104055469 IE/
«  Parents
0 9 com/android/CalculatePiRand/CalculatePiRandActivity$calculatePiTasks.CalculatePiRandinJava ( 100.0% 104055469
« Children
self 42.3% 43974117
0 11 java/util/Random.next (DI 57.7% 60081.352
(context switch) 0.0% 0.000
- W11 java/util/Random.next (D) 431% 60081.352
‘ 12 e fandraid T slenl2taDiRand M alrnlataDiRanA A ctivihe calenl ataDiR andin INT TN 270 2N51 Q77 T
< [ 3
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EFédael @Oiédog Aéi ea
Performance Profiler

Get the Tuning Data You Need

alaavya Caéeodiil eodc

ng: [Function / Call Stack

Function / Call Stack

T1 &6 éo
i AaoYéRaa Yéevyedoiai aeil

o)
£

s
305
s
. s
s
s achyon_analyze locksitrace+Dxc - trac...
 parallel for<thh:blacked range<int>, draw _task> | 0.270s chyon_analyze locks R
Selected 1 row(s): 2305 - 7
| P m r !
y
Qb Q- Qe "5 8s 85s 9: 95s

1 Powerful analysis & data mining
T Results mapped to C/C++ or Java source

iduk CPU Time

[ ¥ CPU Sample
[¥] CPU Usage

T ik CPU Time

E asy to U S e call 5:. Inline Mode: Loop Mode:
T Remote analysis from the User Interface
T Windows or Linux Host analyzes Linux or Android target

Avallable now as part of Intel® System Studio

Optimize Your Software Performance
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Intel VTune Amplifier 2014 for Systems

Easy to get basics working Issues:
Faaéedsadaaanyosaee éalacdasydotDalkikd)andi é &
Advanced features requires

Insight into both C/C++ and Java rooted device with drivers

Java stacks are reported as the

m C:\DEV\projects\Android\VTune2014AndroidDemo\MCGDemo?2 - Intel VTune Amplifier E@g 4 "N v \ 4 LI 7 Pal P
e - CiaYecCc 1T 0YRBc+ éé
P Basic Hotspots Hotspots viewpoint (change) @ Intel VTune Amplifier 2014 for Systems

ype | | B Collection Log | | M Summary | ECR:IRIIRIEY % Caller/Callee % Top-down Tree| EE Ta

Grouping: [Fundtion / Call Stack

Function / Call Stack CPU Time v =
Sort By Function / Call Stack 7.570s libcso

~ Java_com_android_CalculatePiRand_CalculatePiRandActivity_calculatePiRandin)NI+ _pthread_clone 7‘5705_ libCalculatePiRand.so =
Sjavasutil:Random:next 5.0205 [N [Dynamic code]

. _pthread_clone 5 DSDS_ libcso
@javazutil:Random:nextDouble 3‘5505- [Dynamic codel
#invokeArgsDone_normal 1‘5005- [Dynamic code]
@_pthread_clone 15715l libcso
#com:android:CalcL iRand:Calcu iRandActivity$calculatePiTasks:CalculatePiRandin)ava 1‘3705. [Dynamic code]
#Java_com_android_CalcL d_Calcu iRandActivity_calcy dinJNI 0‘5505. libCalculatePiRand.so

Selected 1 row(s): 7.570s 52
< 1 [N} 1 3
Q-G : 55 105 155 208 255 30s 350 Thread [~]
g AsyncTaskf?l (TID: 21953) ; [ @3 Running
£ [CalculatePiRand (TID: 21896) 1= i
= |Compiler (TID: 21903) s
[ CPU Sample
ik CPU Time
4 P

No filters are applied. Any Frocess | | Any Thread | VBB Any Module B | =
User functions + 1 [+ BULEYVEEEY on [~ ELBYVELEY Functions only [+]
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Analyzing a Rogue Driver
Intel® Energy Profiler
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Rogue Driver Explained - Driver Initialization

static int __init iinit_modulg void )

{ Called when driver is
int ret; loaded thru insmod
printk("Timer module installingn™); >

/I my_timer.function, my_timer.data
setup_timer( &my_timer, my_timer_callbackO );

printk( "Starting timer to fire in 500ms (%dd)\n", jiffies );
ret = mod_timer( &my _timer, jiffies + msecs_to_jiffieg500) );
if (ret) printk("Error inmod_timeAn");

return O;

}

static void __exiticleanup_modulé void )
{ > :
int ret; Called when driver

Is unloaded thru rmmod

ret = del_timer( &my_timer);
if (ret) printk("The timer is still in use\n");

printk("Timer module uninstallingn");

return;
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Rogue Driver Explained - Timer call back

A busy loop

void my_timer_callback unsigned long data )
{
int i,j,ret;

for (i=0;i<10000000;i++) —
for (j=0;j<10000000;j++)
sum=sum-+i
printk( "my_timer_callbackcalled (%d). %dn", jiffies, sum );

Il setup the timer again to fire 500ms

if (count <50) {
setup_timer( &my_timer, my_timer_callbackO );
ret = mod_timer &my _timer, jiffies + msecs_to_jiffieg500) ); Timer fires 50 times
if (ret) printk("Error inmy_timer_callbackn");
count++; every 500ms

}

Vv

}

When driver is loaded the a timer fires 50 times every 500ms
And does some busy work
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Why this Behavior Iis Important

A Most device drivers operate in this manner
A They get invoked synchronously/asynchronously

A Buried deep in the stack and symptoms typically point
to somewhere else

Goal is to run this driver along with workloads of interest
and see what effect it has on them and see if our tools
can detect this
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Intel® Energy Profiler

Energy and Power Profiler for System Software Developers

Optimize Software for Extended
Battery Life

Find the Cause of Wake Ups
That Waste Energy

T Interrupts mapped to the IRQ/device

T Timers mapped to the scheduling process

1 Data correlated with Android Wake Locks
Requires specific SOCs. On Android,

arootable OS is required with

Available now for Linux and Android version compatible device drivers.

See release notes for details.

Part of Intel® System Studio

Get Actionable Data to Extend Battery Life
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Video Playback with bad driver

AGet the same video player
APlay a video
Alnsert the bad driver
Ainsmod timer_compute.ko
AMonitor the framerate (should see a drop)
Axi 4 é3a @O0 fisécawadch 6 énanitor what is
happening on the system

AYou can pinpoint the bad driver to be the
cause
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Process

APlay 60 sec of video

AStart Intel Energy Profiler Collection
collection

Alnsert the timer compute.ko

vV

AEéil 610 daa avyesy Yeéa Y
Amplifier




Power Analysis via SocWatch

(") Wake-ups/sec per Core: 279.194

Elapsed Time: 31.608s
Available Core Time: 1264325
CPU Utilization (3&): 25812
Total Time in Mon-C0 States: 93.798s -
Total Wake-up Count: 35,209 I Wa e l I S e r
I Wake-up Count due to IRQ Interrupts: 6,121
I Wake-up Count due to Timers: 15471
| second
1 Total Time in 50 State: 29.907s

Total Time in Mon-50 States: 1.701s

@ Kernel Wakelock Sum mary

A279.194
wakeups/sec

@ User Wakelock Summary

| @& Top 5Frequencies

Frequency  Time  Time (%)

0GHz 96.377s 76.2%
238568GHz  14.098s 11.2%
L | 0.533GHz 11.328s 9.0%
216121GHz  1401s 11%

2,09305GHz 06525 05%

Significant portion of
wakeups are

Top 5 Causes of Core Wake-ups

Wake-up Object Total Wake-up Count

Wake-ups

258%

User Timer 9,116

= generated by user

IRQ 17 - INTEL_MID_DMAC2 1,782 5.0%

timers

Frequency Histogram
This histogram represents a breakdown of the Elapsed Time per Frequency over all cores.
100s

1"
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Power Analysis via SocWatch

Intel VTune Amplifier XE 2013

Optimization Notice

Copyright © 2014, Intel C

¢ Thermal | | #% Graphi
Grouping: [Core v]
C-State Time by ... %7 Time by Frequency
Core
=1 ai] C6 |D53.. 086G. 209.. 209.. 210..212.. 213.. 216.. 216.. 219..222.. 223.. 233../2385.. DGHz O0AG..
core 0 1824 5223= 24561s 23135 0.175= 0= 0= 0= 0.207s 0= 1.401s Os 0= 0= 0.245= 0= Os 27.268s 0=
core_3 1818: 3199: 26.591s 1.628s 0110= 0511 0= 0145z 0= 0= 0= Os 0= 0145z 0= 0= 0s 29.069s 0=
il core_2 0.897= 20952s 9.759: 6.2225 0.084= i3 i3 i3 0= 0.081ls 0= 0.156s i3 i3 i3 0= 140985 10.966s i3
core 1l 2026s  3.260s 26.322s 11655 0.229= 0= 06525 i3 i3 i3 i3 Os 0.323s i3 0= 0166s 0s 29.074s i3
Selected 1 row(s):
<« [ bl e »
' u u u u U u u u ' u u u T u u u T u u u u T u u u u T T —
Qo 55 10s 155 20s 255 30s Package / Core
L I L L 1 I 1 1
package_0 ~ C-5tate Time
a
il core_0 @
b C6
@
s C-5tate Time
3 core_3 i
= a
| A A A
£ | a1}
[¥] bk Total Wake-up Count
I core 1 T Wake-up Object
il [¥] Frequency
=l P ’ n il Frequency
—
I core 1 m2.2 GHz I
3 —
| B
Tlcore 2 w24 GHz ’
i —
| core 3 m2.2 GHz ‘
—
4 L3
Mo filters are applied. Any Process Mame |Z| Any Wake-up Reason |Z| Any Module Name |Z| Any Timer Type |Z| Any Core Sleep State |Z|
Only user functions |Z| on |Z| Functions only Z|
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Analyzing a Game - Need for Speed
E é & 3 Systtace & Tracer

Intel® Graphics Performance Analyzers
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Systrace

Collect easily via the Eclipse or
Monitor interface

Lots of system information
provided.

See System wide what is running

See SurfaceFlinger and vsync

A Can help diagnose frame dropped issues

Can help to determine the code
executing during a frame

Optimization Notice

/[ Android System Trac x |

& - C [ file///C/Usersfewmoore/Desktop/ABS/NFS_trace.html e =
?

o Import errors! [ Categories | [—[=]7

= Kernel

CPUO:
C-State:

Clock Frequency:

CPU 1:
C-State:

Clock Frequency:

CPU 2:
C-State:

Clock Frequency:

CPU 3:
C-State:

Clock Frequency:

+ Process 5450

+ Process 5467

+ Process 5490

= Process 5665

agpending'com ea gamesnf o

‘games nfs13_na 1
Thread-222

Selected slice:

Title "eglSwapBuffers"”
Start "2960.181 ms"
Duration "2.143 ms"
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OpenGL Tracer

@ Tracer for OpenGL ES - C:\Users\ewmoore\Desktop\ABS\NFS_trace2 gltrace - ADT { == g
File Edit Navigate Search Project Run Window Help
T R IR RV > W DR S g R R [ Quick Access | 29| &'Java @ DDMS [C Tracer for OpenGL ES |
dd Boul C NFS_trace2g.. 2 2 = 8 CGLState 2 E = 8 | C Frame Summary 2 | B Cansole .= 8
Name Value 2 -
Select Frame: - D 3 = 4 Context 0 (ES2)
» Vertex Array Data
Filter: Filter list of OpenGL calls. Accepts Java regexes. » Transformation State -
4 Rasterization State »
Function Wall Time (.. Thread Tim, Line Width 10 Cumulative call duration of all OpenGL Calls in this {
glDisable(cap = GL_POLYGON_OFFSET_FILL) 14,078 7,356 Polygon Culling Enabled  false Wall Clock Time: 25.43 ms
glDepthMask(flag = true) 13,950 6,958 Cull front/back facing polyt GL_BACK Thread Time: 15.23 ms
glColorMask(red = true, green = true, blue = ti 15112 8293 Polygon frontface CW/CCW GL_CCW
gIDisable(cap = GL_STENCIL_TEST) 13410 6,404 Polygon Offset Factor 00 Per OpenGL Function Statistics:
gIDisable(cap = GL_BLEND) 14618 7,993 Polygon Offset Units 5.0 Function C. Wall Time.. ThreadTi
glEnable(cap = GL_DEPTH_TEST) 15518 8,398 Polygon Offset Enable  false glGetErrar 1 3398 166
glClearColor(red = 0.000000, green = 0.00000( 13,102 5,901 4 Pixel Operations glViewport 1 22448 1405,
gIClearDepthf(depth = 1.000000) 13583 6,246 Scissoring enabled false colswapBuffers 1 0 (
glClearStencil(s = 0) 11,752 4,964 » Scissor Box giBindRenderbuffer 2 7433 430
giStencilMask(mask = -1) 14527 7,761 > Stencil giBlendColor 3 6375 330
IColorMask(red = true, green = true, blue = ti 13,088 6,275 Depth buffer enabled false .
glclear(mask - 17664) = 660,240 482,191 Depth buffer test function GL_LESS glBlendEquations... 2 7050 394
giClearColor(red = 0.000000, green = 0.00000( 14565 6,898 » Blending glBlendFuncsepar... 2 7905 TS
glClearDepthf(depth = 1.000000) 12,862 5384 Dithering enabled true glDepthFunc 2 6885 382
gIClearStencil(s = 0) 11,798 48% 4 Pivel Packing glDepthRangef 2 10643 7481
glStencilMask(mask = -1) 14415 7,88 Pack Alignment 4 glHint 2 6143 3.05:
glColorMask(red = true, green = true, blue = ti 13,995 6,875 Unpack Alignment 1 gllineWidth 2 6,263 321
glClear(mask = 17664} 67,657 57,975 > Texture State glsampleCoverage 2 6712 372
glClearDepthf(depth = 1.000000) 13,830 6,238 4 Program Object State glBufferSubData 3 192,181 167,15!
glClearStencil(s = 0) 12,330 5151 Current Program 0 glClear 3 773,505 57713:
giStencilMask(mask = -1) 13763 6,965 > Programs glGetBooleanv 3 10934 6,08.
glColorMask(red = true, green = true, blue = ti 14,032 6,943 > Shader Objects glPolygonOffset 3 20,063 9,91
giClear(mask = 1280) 45,608 36966 » Framebuffer State giStencilMask 3 42,705 22,01«
gIBindBuffer(target = GL_ELEMENT_ARRAY_BL 18915 10,003 ~ glBindFramebuffer 4 50273 2851t
111M of 261M [I: Android SDK Content Loader

Per OpenGL Draw Call

Get time

Get Context for individual calls
Npi a7 047 Caaanros+

Better as a debugging tool
gging )
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Intel°GPAANdroid Support

System Analyzer

Fast performance analysis with real -time CPU, GPU,
OGLES APIland power metrics. GPU Pipeline override
experiments allow quick tests to easily identify
bottlenecks

— -

' ll|llll|l|||ll|llllllll lllllllllllllllllllli | Frame Ana|yzer

T == Deep frame performance analysis down to the draw call
T g level, including shaders, textures, Gfx API states, pixel
E] ' history, and textures.

New Platform Analyzer =
Platform Timeline shows interaction between CPU, GPU, | ==
and other platform components. User instrumentation e m—
allows detailed task analysis of applications i —
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System Analyzer y Real time analysis and experiments

SWIPE UP
to ACTIVATE
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