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Feedback
Arm welcomes feedback on this product and its documentation. To provide feedback on the
product, create a ticket on https:/support.developer.arm.com

To provide feedback on the document, fill the following survey: https:/developer.arm.com/
documentation-feedback-survey.

Inclusive language commitment

Arm values inclusive communities. Arm recognizes that we and our industry have used language
that can be offensive. Arm strives to lead the industry and create change.

This document includes language that can be offensive. We will replace this language in a future
issue of this document.

To report offensive language in this document, email terms@arm.com.
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1. Overview

This tutorial describes how to use Streamline to capture a profile of a debuggable application
running on an unrooted Android device with an Arm GPU.

Follow the steps in each section to:

1. Complete the necessary Setup tasks

2. Capture a profile

3. Analyze the profile

You can also view these steps in this video.

See more about Streamline.
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2. Setup tasks

Follow these steps to set up your computer and device so that you can analyze your application
with Streamline.

Before you begin

Streamline uses Android Debug Bridge to connect to your device. Ensure you have ADB
installed. ADB is available with the Android SDK platform tools, which are installed as part of
Android Studio, or you can download them separately here.

Edit your paTs environment variable to add the path to the Android SDK platform tools
directory. This means that you can run ADB from any location on your machine, and that
Streamline can automatically find ADB when attempting to connect to your device.

If you decide not to do this, you must add the path to ADB in your Streamline preferences,
under External Tools:

Figure 2-1: Setting the path to ADB in Streamline

@ o Preferences
External Tools 8
¥ Streamline

Bare-Metal Paths to applications and programs used.

Confirmations ADB Path: | /Users/myuser/Library/Android/sdk/platform-tools/adb) l Browse...

Data Locations - ]

External Tools
Restore Defaults Apply
Cancel “Apply and Close

Procedure

1. Download Arm Performance Studio and follow the installation instructions in the Arm
Performance Studio Release Note.

2. Connect your device to your computer through USB. Ensure that your device is set to
Developer mode.

3. On your device, go to Settings > Developer Options and enable USB Debugging. If your device

asks you to authorize connection to your computer, confirm this.
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You can test the connection by entering the adb devices command in a command terminal. If
successful, the command returns the device ID.

adb devices
List of devices attached
cel2345abcdflal234 device

If you see that the device is listed as unauthorized, try disabling and re-enabling USB debugging

on the device, and accept the authorization prompt to enable connection to the computer.

Install a debuggable build of the application you want to profile on the device.

To do this in Android Studio, create a build variant that includes debuggable true in the build
configuration. Or you can set android:debuggable=true in the application manifest file.

To do this in Unity, select Development Build under File > Build Settings when building your

application.

Figure 2-2: Unity Build Settings

@
Build Settings

Scenes In Build

v Scenes/LongHall_Mixed

Platform

;] Windows, Mac, Linux

E Dedicated Server

=
|'| Android

iOS ios

Asset Import Overrides
Max Texture Size No Override

Texture Compression No Override

Player Settings...

Build Settings

Add Open Scenes
W Android

Texture Compression Use Player Settings
ETC2 fallback 32-bit
Export Project

Build App Bundle (Google Play)
Create symbols.zip Disabled v
Run Device Samsung SM At~  Refresh

Build to Device Patch Patch And Run

Autoconnect Profiler
Deep Profiling Support
Script Debugging
IL2CPP Code Generation
Compression Method LZ4

Faster runtime

Learn about Unity Cloud Build

Build v Build And Run
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In Unreal Engine, open project Settings > Project > Packaging > Project, and ensure that
the For Distribution checkbox is not set.

Next steps
Now that your computer and device are connected and set up, the next step is to Capture a profile.
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3. Capture a profile

Follow these steps to capture a profile:

1. Launch Streamline:

e On Windows, from the Start menu, navigate to the Arm Performance Studio folder, and
select the Streamline shortcut.

e On macOS, go to the <install dir>/streamline folder, and double-click the
Streamline.app file.

e On Linux, go to the <install dir>/streamline folder, and run the streamline file:

cd <install dir>/streamline
./Streamline

2. In the Start view in Streamline, ensure Android (adb) is selected. Select your device and the
application you want to profile from the lists.

Figure 3-1: Streamline Start Tab

e start] =
Select device type

O M Android (adb) S T

Select device C Refresh
Status Mame Serial

Samsung SM-AS05FN adb:RZEMCO3VVEW

Select application B8 show only debuggable € Refresh
Debuggable Application Activity
com. Arm ArmSampleAPK com.unity3d.player. UnityPlayerActivity

L] com.Arm.DarkArms com.unity3d.player.UnityPlayerActivity

L] com.Arm.GDCDemo com.unity3d.player UnityPlayerActivity

L] com.arm.Kangaroo com.epicgames.unreal GameActivity

L] com.arm.littleOverdraw com.unity3d.player.UnityPlayerActivity =
Configure capture Use advanced mode

B Capture Arm GPU profile

Use high-resolution analysis

Start capture

If you don’t see your device listed, check that your computer and device are configured
correctly, as described in Setup tasks.

With Capture Arm GPU profile enabled in the Configure capture section, Streamline will
automatically select a counter template appropriate for the GPU in your device. If you would
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rather build your own counter configuration, select Use advanced mode, and choose Select

counters.

3. Select Start Capture.

Figure 3-2: Streamline start capture button

Start capture

4. Specify the name and location of the capture file that Streamline will create when the capture is

complete.

5. The application will start on the device, and the charts in Streamline will update in real time to
show the data being captured.

Figure 3-3: Streamline live view

Streamline Data | 4 Capture Cont... = O

B¢ @m

™

Cortex-A53 - [6 of 6 counters available]
Branch Predictor: Mispredictions
Branch Predictor: Possible Predictions
Bus: Access
Bus: Access (due to read)
Bus: Access (due to write)
Cycles: Bus Cycles
Cycles: CPU Cycles
Data Cache: Refill (due to prefetch)
Errors: L1D Cache Memory
Errors: L1l Cache Memory
Errors: Memory
Errors: Pre-decode
Errors: TLB Memory
Exceptions: FIQ
Exceptions: IRQ
Exceptions: Taken
Instruction Cache: Throttle
Instructions (Executed): All
Instructions (Executed): Branch (Conditi
Instructions (Executed): Branch (Conditi
Instructions (Executed): Branch (Immedi
Instructions (Executed): Branch (Indirec
Instructions (Executed): Branch (Indirec
Instructions (Executed): Branch (Return)
Instructions (Executed): Exception Retur
Instructions (Executed): Increment PMS!
Instructions (Executed): Load
Instructions (Executed): Store
Instructions (Executed): Unaligned Load
Instructions (Executed): Write to CONTE
Instructions (Executed): Write to PC
Instructions (Speculated): Branch (indire
L1 Data Cache: Access
L1 Data Cache: Enter Read Allocate Mod
L1 Data Cache: Read Allocate Mode
L1 Data Cache: Refill
L1 Data Cache: Write-back
L1 Data TLB: Refill
L1 Instruction Cache: Access
L1 Instruction Cache: Refill
L1 Instruction TLB: Refill

emm———ee—

9 start | 4 *my_capture X | SRE
| ] 4859 .05 ( D E~Ni-a8 @
[ 4
0s 15 2 35 4 5 o 7% 8 95 108 11s 125 13 145 158 168
Poninnecied ifrnrnrinnn Do s R Bunrseset Frennrnnnd e B sernrincl RO Rernned fER BERR JER— LR i
Android Thermal Throttling -
@ shutdown
@ Emergency
@ critcal
@ severe

@®cror

P> CPU Activity (Cortex-A53)
@ User
@ system

> CPU Activity (Cortex-A73)
© User
@ system

» Cycles (Cortex-A53)
©cpu Cycles

» Cycles (Cortex-A73)
©CPUCycles

Mali Core Cycles
© Execution core active.
OF

Mali Core L2 Reads
OF 2 read beats.

Process Name Process ID % CPU
o1 kernel - 0.00%
.| om.Arm.DarkArms 2575 15.42%

["|Download process images from target

6. Unless you specified a capture duration in Advanced Settings, click Stop capture to end the

capture:
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Figure 3-4: Streamline stop capture button
e

Streamline saves the capture file in the location you specified and then prepares the capture for
analysis.

Next steps

Now that you have captured some data from your game running on your device, you can Analyze
the profile.

Copyright © 2019, 2023-2024 Arm Limited (or its affiliates). All rights reserved.
Non-Confidential
Page 12 of 21



Get started with Streamline Tutorial Document ID: 102477 0900 00 _en
Version 9.0
Analyze the profile

4. Analyze the profile

View the captured data in Streamline to see how the GPU and CPU in the device handled the
workloads from your application. The charts show the performance counter activity for the
counters in the selected template. Below the charts area is the details panel, which provides further
metrics from your capture. Both the charts and details panel are aligned on the timeline.

This section describes:

e How to Navigate the data in Streamline

e How to Analyze performance using the different charts.

For detailed descriptions of all of the available counters for each Mali GPU, refer to
the Mali GPU counter reference.

Navigate the data
Follow these steps to learn how to view and focus in on the charts data in Streamline.

1. Control the granularity of the data by selecting the time unit. For example, if you choose 50ms,
every color-coded unit in the details panel represents data captured during a 50ms window.

2. Hover over a chart to see the values at that point on the timeline.

Figure 4-1: Hover over a chart in Streamline to see the values

|
®61,506,275
@11,964 403
[1® 6,037,067

3. Click anywhere on the timeline and drag the handles on the cross-section marker to select a
range of time to investigate more closely. The information shown in the details panel when in
Processes and Samples modes updates to show data for the window of time you have defined.
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Figure 4-2: Cross-section marker

# Call Paths| @ Functions | [ Code % Log

¥ @ Q 10ms v
B I T T e Y
Ols ] Dl.ls [].D2m?] l O.|35 0.715

Cross Section
Marker handle

©109,529
23,861

Cross Section
Marker

Blurred right
2 E hand border
cess [(Al5) -

If you define a region of time with the Cross-section marker, then change the
view to a larger time unit where the Cross-section marker border can not sit
precisely, the border is displayed as a blurred line.

4. Unlike the filter controls, moving and expanding the Cross-section marker does not affect the
data in the other report views. To do this, drag the calipers to the required time region, or
right-click on the timeline and select Set Left Caliper or Set Right Caliper. When you move the
calipers, the Call Paths, Functions, and Code views update to show information for the selected
region.
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Figure 4-3: Select a time region with the calipers

= v v
1 i e TR TiTiT 1§
- LI T I O O ™ g gl Igi™igl=igl .| - N | Igl™lgl™ig] gl Iyl
»couacivy = sl . B B
@ User

@ System

CPU Contenti... 3 = [P
@ Wait

» Cache E ) 00
D Data refill

q M

BB Ly

lidle]
* [kernel] 1
> [xaos #28294] A
> [gatord #28299]
[gdbserver #2...

M Heat Map [H] ~ |Row Filter Annotation Filter CPU Activity > e5

Analyze performance

1. The CPU Activity charts show the activity of each processor cluster, presented as the
percentage of each time slice that the CPU was running. Expand each chart to show the
individual cores present inside the cluster. Note that this is the percentage of the time slice at
the CPU frequency that is being used, not as a percentage of peak performance.

Figure 4-4: Streamline CPU activity chart

PU Activity (Cortex-A73)
D User activity
B System activity

2. Use the GPU usage chart to check that the GPU is being kept busy, and the workload split
between non-fragment and fragment processing. GPU workloads run asynchronously to the
CPU, and the fragment and non-fragment queues can run in parallel to each other, provided
that sufficient work is available to process.
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Figure 4-5: Streamline GPU usage

25.55 265 26.53 278 27.51 285 28.51 285 28.51 305 3l

2B.35s [1s

Mali GPU Usage % |

@ GPU active @ 946 mega-cycles
& Non-fragment queus active O 357 mega-cycles
@ Fragment gueue active @ 934 mega-cycles

@ Tiler active @ 256 mega-cycles

@ 28 mega-cycles
@ Interrupt active 4 ¢ 3\

Look for areas where the GPU is active at the maximum frequency. This indicates that the
application is GPU bound. These will look like flat lines, where there is no idle time. GPU active
cycles will be approximately equal to the dominant work queue (non-fragment or fragment).

3. Check if drops in GPU activity correlate with spikes in CPU load, and whether those spikes are
caused by a particular application thread. Use the calipers in Streamline to select the region
where CPU spike occurs, then look at the Call Paths and Functions views to see which threads
are active during the spike. If you don't have debug symbols, then you will only see library
names in these views, but this can be enough to work out what'’s going on, because you can
see which libraries are being accessed by each thread.

Figure 4-6: Filtering with the calipers

T —" —
' - = : . - - e | B Timctine - Call Paths ® Functions = Code ¥ Log

[Process)/[Thread)/Code Totak Samples (#/%) ~ Self: Samples (#/%) | % Process: Samples

= * GlTlwead 3788 #16269 2679 32.30% 32.30%

& cunknown code in libcso> 2679 32.30% 0 Q.00% 32.30%

<unknown code in BbGLES layer_lwiso> 2.679 32.30% 212 2.56% 32.30%

* <unknown code in libzso> 2401 2,397 £8.90% 28.95%

<unknown code in ibcso> 4

4 0.05%

66 0.80% 0.80%

o 0 0.00% 0.00%

7 441 5.32%

& cunknown code in libcso> 441 0 0.00% 5.32%
& <unknown code in ibGLES layer lwiso> 441 5 243 293% 532

t cunknown code in libzso> 146 1.76% 140 169% 1.76%

b <unknown code in ibcso> ] 0.07% [ 0.07% 0.07%

% <unknown code in libcso> 52 0.63% 52 0.63% 0.63%

If you see a lot of time spent in 1ibGLES mali.so, this is driver overhead often
caused by high draw call counts, bulk data upload, or shader compilation and
linking.

4. Use the Mali Memory bandwidth chart to see the amount of memory traffic between the GPU
and the downstream memory system. Minimizing GPU memory bandwidth is always a good
optimization objective because memory accesses to external DRAM are very power intensive.
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Figure 4-7: Mali memory bandwidth chart

Mali Memory Bandwidth 30 mebi-bytes

@ Read bytes
@ Write bytas 1 CI 17.8 mebi-bytes
—\ﬁ/\' . 10.6 mebi- h-,.-tes

5. Use the Mali Geometry usage and culling charts to check how efficiently objects are being
rendered to the screen. Check how many primitives were sent to the GPU for processing, how
many were visible on screen, and how many were culled.

Figure 4-8: Mali geometry usage

Mali Geometry Usage Lol | 150 kilo-primitives
D Visible primitives
B Culled primitives @ 25.2 ki —
Input orimiti .2 kilo-primitives
RS ER R N @ 6.3 kilo-primitives
il © £1.5 kilo-primitives

VAN S\

Figure 4-9: Mali geometry culling rate

Mali Geometry Culling Rate

D visible primitive rate

@ Facing or XY plane culled primitive rate
@ Z plane culled primitive rate

@ Sample culled primitive rate

For more information about culling, refer to the Android performance triage with Streamline
tutorial.

6. Check how much work was discarded during early and late ZS (depth and stencil) testing. Early
ZS testing is relatively inexpensive, because it happens before any pixels are colored in by
fragment shading. Late ZS testing happens after all the fragment shading work has been done,
therefore it is expensive and should be avoided.

Figure 4-10: Mali Early ZS Rate

Mali Early Z5 Rate
@ Early 25 test rate
@ Early Z8 update rate
@ Early 2§ kill rate

B FPK kill rate

Figure 4-11: Mali Late ZS Rate

Mali Late ZS Rate % m
® Late 25 test rate
@ Late Z5 kil rate
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To get the benefit of early ZS, your application must pass in geometry in a front-
to-back render order, starting at the point closest to the camera and moving
further away.

7. Check the Mali overdraw chart to check whether the level of overdraw is acceptable. This chart
shows the number of fragments shaded per output pixel. Ideally, this number should be less
than 3.

Figure 4-12: Mali overdraw chart in Streamline

Mali Overdraw b+l Wl 25 threads |
@ Fragments/pixel @ 19.0 threads

Refer to our optimization advice for reducing overdraw.

Use Graphics Analyzer to explore your object geometry in more detail. You can
capture the level of overdraw in a scene, and explore it to see which objects are
causing the problem.

8. There are a range of charts to help you understand how your shaders are performing. The Mali
Core Unit Utilization chart shows the percentage utilization of the functional units inside the
shader core; the execution engine, the varying unit, the texture unit and the load/store unit.
The most heavily utilized functional unit should be the target for optimizations to improve
performance, although reducing load on any of the units is good for energy efficiency.

Figure 4-13: Mali Core Unit Utilization

Mali Core Unit UHilization E- W | q100%
@ Execution engine utilization
@ Varying unit utilization

@ Texture unit utilization

@ Load/store unit utilization

If the texture unit utilization is a bottleneck, check the texturing charts to look for ways to
optimize.

In order to be efficient, shader cores within a GPU should execute calculations at moderate
precision - in most cases, mediump (16-bit precision) is sufficient. The Mali Varying Usage chart
shows the amount of interpolation processed by the varying unit, at 16-bit (mediump) or 32-bit
(highp) precision.
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Figure 4-14: Mali Varying usage

Mali Varying Usage Eell | 450 kilo-cycles
@ Varying active

@ 16-bit interpolation active
@ 32-bit interpolation active @ 143 kilo-cycles

@ 13 kilo-cycles
@ 130 kilo-cycles

16-bit interpolation is twice as fast as 32-bit interpolation. It is recommended
to use mediump (16-bit) varying inputs to fragment shaders, rather than highp
whenever possible.

The Mali Core Workload Property Rate gives information about shader workload behavior that
could be optimized:

Partial coverage - Warps that contain samples with no coverage. A high number
suggests that content has a high density of very small triangles, or microtriangles, which
are disproportionately expensive to process. Check that the complexity of objects is
appropriate for their position on screen. Use mesh LODs to reduce complexity when the
object is far away from the camera.

Diverged instructions - Instructions that have control flow divergence across the warp.

Constant tile kill - Tile writes that are killed by the transaction elimination CRC check. A

high number indicates that a significant part of the framebuffer is static from frame to
frame.

Figure 4-15: Mali Core Workload Property rate

Mali Core Workload Property Rate Bl | 100%
@ Partial coverage rate
® Diverged instruction rata
O Constant tile kill rate

For information about further shader charts, refer to the Android performance triage with
Streamline tutorial.

Next steps

Refer to Android performance triage with Streamline to learn more about how to interpret the data
reported in the charts.

Full descriptions of all of the Mali GPU performance counters can be found in the GPU counter
reference documentation.

For more information about the different views and capabilities of Streamline, see Analyze your
capture in the Arm Streamline user guide.
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Once you have discovered a problem in your game with Streamline, you can analyze the frames
where the problem exists, with Frame Advisor or Graphics Analyzer.
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5. Related information

Some useful further reading:

e Refer to Android performance triage with Streamline to learn more about how to interpret the
charts in Streamline.

o Refer to the Streamline user guide for detailed topics.

e For ademo of Streamline, watch Episode 3.3 of the Arm Mali GPU training.

e For detailed descriptions of all of the available counters for each Mali GPU, refer to the Arm
GPU performance counter reference guides.

e |f you need a regular summary report for the data that Streamline collects, consider using
Performance Advisor to create these.

e Once you have discovered a problem in your game with Streamline, you can analyze the frames
where the problem exists, with Frame Advisor or Graphics Analyzer.
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