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Hello,

I'm Stefan Lengfeld

Embedded Software Developer, Germany

e Embedded Systems (Linux and Android)
e Linux Kernel

<] stefan.lengfeld@inovex.de e Build systems

@ stefan@lengfeld.xyz e Linux and Android Graphics Stack
[ @stefan-lengfeld

O @lengfeld e Performance and Tracing
engfe

& stefan.lengfeld.xyz


http://stefan.lengfeld.xyz
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This is my third presentation
about tracing with Perfetio (and sysirace).

I'm a
Enthusiast by choice.


https://osseu2024.sched.com/event/1ej4h
https://www.youtube.com/watch?v=NKP4JcVegbY

¥ inovex https:/perfetto.dev/docs/contributing/getting-started#tcommunity

Perfetto is so cool. Try it out and get help!

Support by Perfetto devs: Support by me:
e Mailinglist/Google Group e See my contact details
e Discord Server e Or join the discord on aosp-devs.org

for AOSP/Android system tracing

& Perfetto



https://perfetto.dev/docs/contributing/getting-started#community
https://groups.google.com/forum/#!forum/perfetto-dev
https://discord.gg/35ShE3A
https://aosp-devs.org/

9 AGENDA

e Introduction
a. Android
b. Embedded Linux

e Advanced usage

(Tips & Tricks)

e Outlook
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Why Tracing?

When you only look at the source code,
you just see G.

But when you trace, you also see
e E (the runtime behavior of your code -
in-app tracing) and
e B (the runtime behavior of the other parts
of the system - system-wide tracing)
It this avoids:

[...] bremature optimization is the root of all
evil. Donald Ervin Knuth



https://commons.wikimedia.org/wiki/Category:G%C3%B6del,_Escher,_Bach
https://www.goodreads.com/quotes/1194913-premature-optimization-is-the-root-of-all-evil
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Prerequisites

You need to know
some OS fundamentals:

processes, threads
thread states
system calls
scheduling
(virtual) memory
(call) stacks

At least a bit!

Operating Systems: Three Easy Pieces and Modern Operating Systems

ANDREW §.

s MODERN
Ope ratl ng RO OPERATING
7R

(ritcol Fourth Edition

Systems

Thlee Easy Plebes

Remzi Arpaci-Dusseau
Andrea Arpam -Dusseau-



https://pages.cs.wisc.edu/~remzi/OSTEP/
https://os.ecci.ucr.ac.cr/slides/Andrew-S.-Tanenbaum-Modern-Operating-Systems.pdf
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Perfetto Overview

https://perfetto.dev/docs/

Record traces
System tracing Chrome tracing In-app tracing

Chrome-specific App-specific
data-sources data-sources
Data sources Track event library
Linux/Android TRACE_EVENT(...)

Tracing C++ Library

Android / Linux / MacOS / Windows

O

Analyze traces

Trace Processor
Android / Linux / MacOS / Win

=

Visualize traces

Trace Processor
Web Assembly

ADB over WebUSB
For Android

Works offline

After first visit



https://perfetto.dev/docs/

¥ inovex https://perfetto.dev/docs/getting-started/system-tracing

Tracing on Android

. ,7 Perfetto Q_  Search or type ">' for commands

sdk_gphone64_x86_64
-3 [emulator-5554] ° Target platform

@chome | CIChome0s | B Linux
Record

Trace config
02 overview
al Quick starts

E Cmdline instructions

There is plenty of documentation
and it's well integrated.

+ -
+ & & ¢
Default Battery Thermal Graphics

The default config for Battery usage and Thermal throttling and Graphics pipeline and
general purpose tracing power consumption mitigation system compositor

Recording settings

1) Start your Android device and
connect via adb

-T;" Buffers and duration

Probes 1

2) Go to ui.perfetto.dev and o e
113 17

select “Record a new Trace o e
3) Use WebUSB or start " .

“./tracebox ’

websocket bridge” L em—

I WA Android apps & sves 3
PR— ¥ ﬁ%ﬁ?iﬁé‘ﬁ:‘&%@"&ﬁiﬁféLi‘l”“;‘ési:é“oilif;fﬁi:fns‘?;i“"“* Reg Sy

See also = e —

e Performance: Perfetto
Traceviewer - MAD Skills

e Debug Android Performance
with Tracing & Perfetto



https://perfetto.dev/docs/getting-started/system-tracing
https://ui.perfetto.dev/
https://www.youtube.com/watch?v=phhLFicMacY
https://www.youtube.com/watch?v=phhLFicMacY
https://www.youtube.com/watch?v=2na_mC_a9Bc
https://www.youtube.com/watch?v=2na_mC_a9Bc
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Tracing on Embedded Linux (e.g. Yocto)

There is not plenty of docu and it's not
well integrated.

Therefore I have created an example
and tutorial:

https://codeberg.org/lengfeld/perfetto-yocto-tutorial



https://codeberg.org/lengfeld/perfetto-yocto-tutorial
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Advanced usage
ips & Tricks)
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Basic Tips

Gamer keys

Search for

©)
©)
©)

tracks
slices
logs

A 4
Bronze @

Q_ Search or type '>' for commands

& Perfetto

QUICK START

& Open trace

o Record new trace

SHORTCUTS

Find tracks Ctrl P
Navigate timeline W A S D
Commands Ctrl &+ P
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Use the TraceViewer as your config config manager

2 sdk_gphone64 x86_64 ) ) ) )
[emulator-5554) See the documentation on perfetto.dev/docs/quickstart/android-tracing

1) Explore the data Record °
Sources _in the Trace DE Oversicn cat config.txtpb | adb shell perfetto -c - --txt -o /data/misc/perfetto-traces/trz
a

textproto

2) Copy into a file for T —

size_kb: 65536

.
manual tracing F111_policy: DISCARD
3-F Buffers and duration }
= buffers {
size_kb: 4896
fill_policy: DISCARD
}

data_sources {

config {
E CPU name: "linux.ftrace”
ftrace_config {

ftrace_events: "sched/sched_process_exit”
B GPU ftrace_events: "sched/sched_process_free”

ftrace_events: "task/task_newtask”
ftrace_events: "task/task_rename”
r' Power ftrace_events: "sched/sched_switch”

4 ftrace_events: "power/suspend_resume”
ftrace_events: "sched/sched_blocked_reason”
ftrace_events: "sched/sched_wakeup”

@ Memory ftrace_events: "sched/sched_wakeup_new”
ftrace_events: "sched/sched_waking”
ftrace_events: "sched/sched_process_exit”
@4 Android apps & svcs 3 ftrace_events: "sched/sched_process_free"

Probes o=

)
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Built-in Histogram and statistics

Current Selection =~ Compiling optimized (this track) X A
Compiling optimized (this track) slice Add debug track
1 CliCk on Slice Instances @ Histogram @
id ts dur ¥

2. Then click on slice name

41007  00:00:03.345968069  67us 77ns .
3. Select “with same name” 34217 00:00:03.028094618 59us 803ns
7171 7 00:00:05.313964067 49us 564ns v
3 . 34547 00:00:03.067000430 49us 303ns e
[ CurtentSelection 121277 00:00:07.703228682  44ys 524ns 3
S"CE Compiling optimized 6999 /7  00:00:05.207433778 38us 914ns 200
74147  00:00:05.413073735 37us 320ns -
Dtalls 34157 00:00:03.022080163  36us 58ns O
142647 00:00:09.364109145  33ps 633ns 05 6us 125 18us 24ps 30us J6us 4s ABys Sdus 60ps  6eps:
Name Compiling optimized 33957  00:00:03.003754838  28us 554ns o
Cate¢ ) ) 9093 7  00:00:05.757079093  26us 329ns GOUR | dh PSO | 4us448ns
Start Sliceswith the:samanama (this:track) 33997 00:00:03.009863019 24us 426ns Total | 7ms 184us103ns P75 Sus78lns
Absol Slices with the same name (across trace) 7 3426 7 00:00:03.036809384  20ys 68ns Min  1us503ns P95 | ZusB38ns
v Duration 1ps 783ns 34037  00:00:03.015989655 19us 708ns Mean | 4us66ons P99 | 1dualdins
> Running 1us 783ns (100.00%) 78347  00:00:05.436078021 18us 465ns Max: | Slualii PR |l
e Jit thread pool [15950] 34497  00:00:03.052410242 14ys 407ns
12nNna A nN-NN-N7 A2 K15 A2A 12ne 72Ane
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Thread states

1)
2)

Use rectangle select
Click on “Thread
States”

Shows percentage
for states (sleeping,
runnable, running,

o)

3)

General advance:
Rectangle select does a
lot of useful things!

A 4
Bronze @

Start: 01:12:35.72 5
Duration: 9 ms On:

S XNV &DefaultW...

Expected Timeline

RenderThread 10282

GPU completion 10350 (m]
GPU completion 10350
Jit thread pool 10270
binder:10257_1 10277
binder:10257_1 10277 a

Current Selection

Area Selection Slices Pivot Table

EE sieeping: 2.5535

State

Thread

binder:10257_1 Sleeping
Jit thread pool Sleeping
Jit thread pool Runnable
Jit thread pool Running

Choreographer#doFrame 17812 (this-raek}
Slice Flamegraph [ Thread States ] Thread States by CPU

Count
COUNT 1316
1
439
438
438

00:00:0

0:02 00:00:03
500000000

00:00:03
500000000

Process
ANY

com.example.leakreproducer
com.example.leakreproducer
com.example.leakreproducer
com.example.leakreproducer

(this track) X Process 10257 x

PID Thread TID Wall duration v Wall duration % Wall duration

ANY ANY ANY SUM 2.577s sum 100.00% AvVG 1.958ms
10257  binder:10257_1 10277 1.289s 50.00% 1.289s
10257  Jit thread pool 10270 1.265s 49.07% 2.881ms
10257  Jit thread pool 10270 14.97ms 0.58% 34.18ps
10257  Jit thread pool 10270 8.974ms 0.35% 20.49us
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CPU tracks

And rectangle select on CPU
tracks

1) Select a region, e.g. all
CPU tracks for a given
time

2) Select “CPU by
process” and sort

Bronze &

00:00:02

Start: 01:12:35.720 586 500
Duration: 9s 622ms 648us 90ns

NI RN

00:00:00
DDOOOOC‘DDl

00:00:04 00:00:06
T O -
00:00:02 00:00:04 00:00:06
000000000 000000000 000000000

7s 942ms 811ps 441ns

00:00:08

00:00:08

0000000001
1

XY & Default ..

~ CPU Scheduling
CPU 0 Scheduling

CPU 1 Scheduling
CPU 2 Scheduling
CPU 3 Scheduling

CPU 4 Scheduling

Current Selection

Area Selection CcPU by thread
O ¢ < B Flat °§ Tree

Process Name

com.example.leakreproducer
system_server
/system/bin/surfaceflinger
/system/bin/traced_probes
/apex/com.android.adbd/bin/adbd

'IIIIIII\III 1N 0 OO A

CPU by process

Count CPU Time CPU Time % ¥
COUNT 7179 SUM 4.672s SUM 100.00%
1820 4.061s 86.92%
458 96.88ms 2.07%
991 79.79ms 1.71%
83 68.38ms 1.46%
764 59.09ms 1.26%

& Export

CPU Time¢
AVG
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Android’s Frame Timeline

There is the

e Expected Timeline
e Actual Timeline

Every frame has additional
information:

e jank type

Silver ¥

Lt NG EWENENE O T
Ll
Start: 01:12:35.720 586 500 00:00:05 00:00:05 00:00:05 00:00:05 00:00:05
Duration: 9s 622ms 648ys 90ns 400000000 405000000 410000000 415000000 420000000

$ XS Y & Default Workspace

v Ftrace Events

v Scheduler

v System

v Kernel threads

~ com.example.leakreproducer 10257
Expected Timeline

Actual Timeline

.leakreproducer 10257 m ad
.leakreproducer 10257 main thread

i Current Selection = Table Slices (4) X

Slice 17835
Details

Name 17835
Category N/A
Start time 00:00:05.425022899
Absolute Time 2026-06-10T13:53:17.980277024
Duration 3ms 81us 442ns
Process [system/bin/surfaceflinger [560]
User ID 1000
sQLID slice[4051] ~

Preceding Flows

Slice Delay Thread
17828 7 9ms 672us 376ns  NULL (NULL)

Arguments
Display frame token ~ 17835
Present Delay (ms) ~ 0
Present type ~ Early Present
Present type (experimental) ~ Unspecified Present
On time finish ~ 1
GPU composition ~ 0

Jank type ~ Prediction Error
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And rO'id ’S log Cat Q_ Search or type '>' for commands, ":' for SQL query

) 00:00:02 i 1 00:00:04 | 00:00:06 00:00:08 s =

| = 5 i - £ .‘x. B ¥ = = m=
1‘. o 1 - . - vl
. . ¥ o -
= = = B

| il £ -
Start: 00:57:04.607 565 230 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
s 357ns 500000000 550000000 600000000 650000000 700000000

5
Duration: 9s 604ms 478y,

$ XN Y & Default Workspace

e Works only with

~ Android logs

“userdebug builds L 3 * ——y T W N
. v com.android.systemui 4078 A A A
e Logs shown in the e o R T T B Ty N T Ry
A A MA A A
tab are based on the v com.android.launcher3 4481 A A
. v [apex/com.google.pixel.camera.hal/bi... , . auan s mavia M A A
cu rrent view and v /vendor/bin/aocd 1165 A MAMA A S0 AN A
1 com.android.permissioncontroller 40...

adapt when moving i ;

and Zooming i Current Selection  Android Logs X T v
Android Logs Totarmessages- 46T Log Level Verbose v D Filter by tag... (» Q Search logs... Y
Timestamp PID TID Level Process Tag
00:00:00.491 881551 5256 6179 | D com.android.camera2 ReflectedParamUpdater
00:00:00.4920613 468 1165 1165 D /vendor /bin/aocd AOC
00:00:00.492 189330 1165 1165 D /vendor/bin/aocd AOC
00:00:00.492 329 588 5256 6179 | D com.android.camera2 ReflectedParamUpdater
00:00:008.493 465454 946 6181 I /apex/com.google.pixel.camera.hal/bin/hw/android.hardware.. Lyric
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Silver ¥

UU-UU.UB

UU-00:UZ UU-U0Ua UU-U0.UG

1 |
Binder (and Flows) e
Duration: 9s 622ms 648ys 90ns 3400]00000

- -

00:00:01 00:00:01
360000000 380000000

58ms 996ps 266ns

00:00:01
409000000
1

S XY &Default W...

0
binder:828_15 2230
binder:828_15 2230

PSR 1
W ~

L O YA TR e ]
binder reply

e Click on slice for Flow
1 nfo rm at] on pool-125-thread 9853

BroadcastQueue

0o

Current Selection

(AR RRRAN RN e iy}

& ¢ 1 B Flat =g Tree

Name Count Wall Duration ¥
COUNT 82 SuMm 109.2ms

binder reply 1 58.97ms

Following Flows

Area Selection Slices Pivot Table Slice Flamegraph ~ Thread States  Thread States by CPU  Flow Events

Self Duration Wall Duration

SUM 58.97ms AVG 1.331Tms
8.786ms 58.97ms
50.19ms 619.6ps

Contextual Optiory ) X
binder transaction 50.19ms
Slice Delay  Thread

binderreply #  0s binder:2849_6 5116 (/apex/com.android.art/bin/artd 2849)

transaction id - 594806
destination node ~ 66628
destination process - 2849
reply transaction? ~ false

e Rectangle select to see statistics
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Perfetto SQL Q_ Search or type ">' for commands, ":' for SQL query

<> Query1 + © History |@ Tables
or press | Ctrl || < Q Search tables...

> chrome_loadline2_stages

e Look out for “Copy
SQL Query” in the
context menus

e Use Tables tab as
Quick Reference S

o Use Format button Hebinned fipus Gebuns @ Add debugtrack & Export et e e

name cmdline min_dur_us

Jusr/bin/python3 /usr/bin/python3 /usr/bin/example-python 13

> chrome_jetstream_3_measure

> chrome_jetstream_3_benchmark_score
> chrome_inputs

> chrome_input_pipeline_steps

> chrome_coalesced_inputs

> chrome_touch_move_to_scroll_update

> chrome_scroll_frame_info_v4
> chrome_speedometer_2_1_measure

z > chrome_speedometer_2_1_iteration
example-cpp example-cpp /dev/i2c-13

Jusr/bin/python3 Jusr/bin/python3 /usr/bin/example-python 13 g clicome event_latencies

> chrome_gesture_scroll_updates
> chrome_java_views

> chrome_scheduler_tasks

> chrome_tasks

> chrome_scroll _update_refs
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Stack Sampling

1) Enable stack sample
in Trace Viewer UI

2) Either click on one
trace sample or use
rectangle select

3) See the flame graph
at the bottom to
pinpoint expensive
functions

@ Callstack sampling

w
, Gold
] Periodically records the current callstack (chain of function
—
] Z calls) of processes.
Sampling frequency
. 100 Hz
Start: 07:46:42.646 178 633 00:00:02 00:00:03
s 323ns 500000000 000000000

Duration: 9s 810ms 736
!

1s 106ms 585ys 881ns

00:00:03
500000000
|
1

$ XY JoDefault W...

~ com.example leakreproducer15946 &

binder:15946_2 15956

binder:15946_3 15958
Profile Saver 15961
Profile Saver 15961

DefaultDispatch 15971 callstacks cp...
DefaultDispatch 15971
binder:15946_3 15975

HWC release 17732

HWC release 17732

Current Selection

000 @ ®O0O

Top Down

art::Gen

Area Selection Sslices Pivot Table Slice Flamegraph ~Perf sample flamegraph |Thread States  Thread States by CPU
Perf Samples (cpu-clock) v | Filters: e.g.SS: main HF: alloc.* + 0@

KOTIINX.COroutines.scneauling.uoroutinescneauler.runsarely

kotlinx.coroutines.DispatchedTask.run

kotlin.coroutines.jvm.internal.BaseContinuationlmpl.resumeWith

com. ple.l producer.DiceRollViewModel$_ticker$1.i pend

com. ple.l producer.DiceRollViewModel.doOneS dHeavyCompute

nﬂ_q. |in|/_:’ 1 _jni_ ,.'Oliﬂe

android::uptimeMillis() artQuickGenericJniTrampoli
¥ Time art:

clock_gettime a u

__vdso_clock_gettime

]
<

Bottom Up
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Release Notes (on Github and Google groups)

last week Perfetto v56.0

{ perfetto-automation

v56.0
© Perfetto v56.0 is out! This release adds more to the Heap Dump Explorer, a round of Ul improvements, easier-to-read
- 62048c1Q multi-machine traces, kernel-assisted stack sampling in traced_perf , and a few new SDK knobs.
Compare ~

¢, Heap Dump Explorer: flamegraphs & bitmaps

The Heap Dump Explorer now has a built-in flamegraph viewer, so you can jump between the
class/object/dominator views and a flamegraph without leaving the page. There's also a new bitmap metadata
page for bitmaps captured in Android heap dumps, and a feature flag to control whether the explorer auto-opens

on traces with heap-graph data.
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Extending Perfetto

Extending the UI Custom data sources
- (when track events are not enough)
?%Eﬁﬁ traceconv text example_custom_data_source.perfetto-trace
packet |
trusted_uid: ©
ey ShTesoy timestamp: 42

trusted_packet_sequence_id: 2
previous_packet_dropped: true
for_testing {

str: "Hello world!"

}

}



https://perfetto.dev/docs/visualization/embedding-the-ui
https://android.googlesource.com/platform/external/perfetto/+/refs/heads/main/examples/sdk/README.md#custom-data-source-example

€ inovex
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New: Android Performance Analyzer (APA)

Android Performance Analyzer

System wide performance

GPU, CPU, memory, battery

Works for all major GPU’s

Built for Vulkan profiling

Project, folders & tabs based workflow
Native desktop app for all major OS
Available as standalone app & in
Android Studio



https://android-developers.googleblog.com/2026/05/introducing-android-performance-analyzer.html

€ inovex
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Thank You! Additional Reading.

And thanks to

e the Perfetto-Team at Google for
building Perfetto,

e and all the people working on the
Linux kernel performance framework!

Is Parallel
Programming Hard,
And, If So,

What Can You Do
About It?

(The perfbook,
~700 pages)

by Paul E. McKenney

Is Parallel Programming Hard, And, If So,
What Can You Do About It?

Edited by:

Paul E. McKenney
Meta Platforms, Inc.
paulmck @kernel.org

June 12, 2026
Commit: v2025.12.18a-106-g5d674b92



https://www.kernel.org/pub/linux/kernel/people/paulmck/perfbook/perfbook.html
https://www.kernel.org/pub/linux/kernel/people/paulmck/perfbook/perfbook.html
https://www.kernel.org/pub/linux/kernel/people/paulmck/perfbook/perfbook.html
https://www.kernel.org/pub/linux/kernel/people/paulmck/perfbook/perfbook.html
https://www.kernel.org/pub/linux/kernel/people/paulmck/perfbook/perfbook.html

¥ inovex https:/perfetto.dev/docs/contributing/getting-started#tcommunity

Perfetto is so cool. Try it out and get help!

Support by Perfetto devs: Support by me:
e Mailinglist/Google Group e See my contact details
e Discord Server e Or join the discord on aosp-devs.org

for AOSP/Android system tracing

& Perfetto



https://perfetto.dev/docs/contributing/getting-started#community
https://groups.google.com/forum/#!forum/perfetto-dev
https://discord.gg/35ShE3A
https://aosp-devs.org/

Thank you!

Stefan Lengfeld

Perfetto Enthusiast by choice

% stefan.lengfeld@inovex.de




