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What's the Firefox Profiler

e Built-into Firefox
e Initially for performance work
e Main sources of data:
o Samples
m Stacks
m Counters
o Markers
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Firefox Profiler — Web app for Firefox performance analysis

Capture a performance profile. Analyze it. Share it. Make the web faster.

Load existing profiles

You can drag and drop a profile file here to load it, or:

4+ Enable Firefox Profiler Menu Butt

® Documentation

Enable the profiler menu button to start recording a
performance profile in Firefox, then analyze it and share it
with profiler.firefox.com.

You can also profile Firefox for Android. For more
information, please consult this documentation: Profiling
Firefox for Android directly on device.

| Load a profile from file | Load a profile from a URL

The Firefox Profiler can also import profiles from other
profilers, such as Linux perf, Android SimplePerf, the
Chrome performance panel, Android Studio, or any file
using the dhat format. Learn how to write your own

importer.

Your recent uploaded recordings

No profile has been uploaded yet!

X Legal Privacy Cookies \‘"English (Us)
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Firefox Profiler — Web app for Firefox performance analysis

Capture a performance profile. Analyze it. Share it. Make the web faster.

Record, analyze, share

Collaborate on performance issues by
publishing profiles to share with your team.

® Documen

Firefox Profiler To start profiling, click on the pro{BE=EI{lls)1:)

keyboard shortcuts. The icon is b

/\\\ recording. Hit Capture  toloac Settings
F\ A profiler.firefox.com. Nightly <

Record, analyze, share Ctrl + Shift + 1 Stopan

Recommended preset for profiling Nightly.
Collaborate on performance issues by ctri |+[shift |+[2 | capturd EI SSRGS

publishing profiles to share with your
team. You can also profile Firefox for An

information, please consult this d

Firefox for Android directly on device.

Learn more

Settings

Firefox Platform

Start Recording

X Legal Privacy Cookies [English (Us) "‘
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Firefox Profiler

Record, analyze, share

Collaborate on performance issues by
publishing profiles to share with your
team.

Learn more

Settings

Firefox Platform

Start Recording

41

Firefox Profiler — Web app for Firefox performance analysis

w © v

Capture a performance profile. Analyze it. Share it. Make the web faster.

Recording...

® Documen

To start profiling, click on the prot ~AS1 ADD

keyboard shortcuts. The icon is b
recording. Hit Capture  to load the data into
profiler.firefox.com.

Ctrl + Shift + 1 Stop and start profiling
Ctrl + Shift + 2 Capture and load profile

You can also profile Firefox for Android. For more
information, please consult this documentation: Profiling
Firefox for Android directly on device.

X Legal Privacy Cookies

Firefox Profiler ®

English (US)
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Why? User experience!

Excessive power use = poor user experience
e Noisy fans

e Hot laptops

e Short battery life

12
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Why? Sustainability!

Mozilla made climate commitments:

being carbon-neutral.
reducing its GHG footprint year over year

leading openly by sharing materials, tools, and methodologies.
exploring approaches to develop, design, and improve products
from a sustainability perspective

13


https://blog.mozilla.org/en/mozilla/mozillas-climate-commitments/
https://blog.mozilla.org/en/mozilla/release-mozillas-greenhouse-gas-emissions-baseline/

Emissions Distribution -

Business Services
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(cheap) Wattmet

er
e Affordable

e Reasonably accurate
e Can’t track things over time

16



Better wattmeter

e Connects over bluetooth

e Data readable from another computer

& Powerspy v2.02

Interface
COM port V2 COM4 hd

Control
Stop | [Sie | R |
[sTop| Arm] F | e
Periods count 20
—
Scales
1] 400v >

| Auto - s
P Auto -
Fiter [Low pass 2KHz v s
Pre-tigger
—F HEnergy (Wh), total = 0.193655 W
Tiigger condiions
0000000 < Uims < [0.00000C 020
[G000005 < s < 300000 -
0.000000 < Prms < |0.00000C
0000000 <Upesk Ok L)
0000000 ¢jpesk  Zer0 wos
Tie [w/a
000
5 10
Dowrlosd fies

e Still difficult to match with what was done

Wavefoms | Measurements | Statistcs | Transcient analysis | Harmonic analsis | VA graph  Eneray | Calibration

W Power (W)
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How Microsoft did it?

Browser efficiency comparison - Webdriver
Windows 10 Anniversary Update

Methodology summary

The Microsoft Windows team measured the average power consumption of the CPU, GPU,
and Wifi antenna while Microsoft Edge, Chrome, Firefox, and Opera ran a complex yet
representative set of user activities.

Measuring power

Power was measured on the Surface Book because it has integrated hardware
instrumentation that's able to measure the real power consumption of the CPU, GPU and
Wifi antenna while the automation is being executed. This is done using the Maxim 34407
Power Accumulator chip. The results of the Maxim chips were read using the built in
Windows tool "Performance Monitor". Performance Monitor was opened and configured to
measure each component independently:

¢ \Energy Meter (CPU_CORES)\Power
¢ \Energy Meter (GPU_TOP)\Power
¢ \Energy Meter (WLAN_BT)\Power

18


https://microsoftedge.github.io/videotest/2016-09/WebdriverMethodology.html

Dewces with MAXIM power meters

e Surface Book 1, Surface 3
e Many other devices expose it in their ACPI
table, but don’t actually have the chip

e Energy meters in perfmon.exe:

\\\\\\\\\\
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@ Performance Monitor

@ File Action View Window Help - & %
e 5@ E =
@ffrformance gj“v@v‘gmix §|‘-.5D!‘II .||
v L Monitoring Tools
B8 Performance Monitor ] _ __ _ _____
> jﬁ Data Collector Sets flew
> :ﬁ Reports
80
60
40+
) i
5 A WP
4:49:32 PM 4:50:05 PM 4:50:35 PM 4:49:31 PM
Last 5.0539e+011 Average 4.9860e+011  Minimum 4.8417e+011  Maximum 5.0539e+011
Duration 1:40
Show Color Scale Counter Instance Parent Object Computer ~
|7 10 % Processor Time _Total --- Processor Information \\DESKTOP-BIB352E
v 10 Power BATTERY_T.. --- Energy Meter \\DESKTOP-BIB352E
|7 10 Energy BATTERY_ T.. --- Energy Meter \\DESKTOP-BIB352E
v 10 Time BATTERY_T.. --- Energy Meter \\DESKTOP-BIB352E
[v 1.0 Power CPU_CORES  --- Energy Meter \\DESKTOP-BIB352E
[V] CPU_CORES Energy Meter \\DESKTOP-BIB352E
v 10 Time CPU_CORES  --- Energy Meter \\DESKTOP-BIB352E
E 10 Power GPU_TOP --- Energy Meter \\DESKTOP-BIB352E v
< >
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A good surprise...

| Add Counters
Available counters

Select counters from computer:

‘ <Local computer> v Browse...
Distributed Routing Table v
Distributed Transaction Coordinator . .
DNS64 Global v
Energy Meter L

Power
Time
Event Log v

Instances of selected object:

<All instances>
RAPL_Package0_DRAM
RAPL_Package0_PKG
RAPL_Package0_PPO
RAPL_Package0_PP1

Wi Search

Add >>

D Show description

Added counters

* e Some machines report

Counter

pornt .. Compuer | energy meter channels
with familiar names.

e Windows 11 with Intel
CPUs.

Remove <<

21
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Energy Meter Interface API

e The perfmon.exe Ul is horrible, but...
e There’s a documented API!

o unitis picowatt-hour
o can be queried many times per second
o accessible in user land
(no requirement to install a specific driver)
e Usable for profiler counters:

Bug 1774844 - Use the Windows Energy Meter Interface to record power use data in profiles

22


https://learn.microsoft.com/en-us/windows-hardware/drivers/powermeter/energy-meter-interface
https://bugzilla.mozilla.org/show_bug.cgi?id=1774844
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Complete “Parent Process”
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Power profiling - platform support

Windows:

e Windows 10 - devices with hardware power meters
(Surface Book 1, Surface 3, ?)
CPU, GPU, Wifi power use

e Windows 11 - Intel CPUs
CPU, GPU, DRAM power use

e Windows 11 22H2 (TBC) - AMD Ryzen CPUs
1 track per core!
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Power profiling - platform support

Mac:
e Apple Silicon
o Undocumented API, returning a per-process value!

task info(mach task self(), TASK POWER INFO VZ,
(task _info t)&task power info, &count);

task power info.task energy // < nanojoules

e Intel x64-64 CPUs
o diagCall64 (dgPowerStat, ..calledfrom asm
gives us the RAPL MSR.
o (copied from an 8 vears old implementation)

25


https://bugzilla.mozilla.org/show_bug.cgi?id=1194560
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Power profiling - platform support

Linux:

Use RAPL perf events

sudo sysctl kernel.perf event paranoid=0
Access to power data is restricted since October 2020
due to a side channel attack.

AMD CPUs supported since Linux Kernel 5.8

Doesn’t work with Ubuntu’s Firefox snap package
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https://bugzilla.mozilla.org/show_bug.cgi?id=1794327
https://platypusattack.com/
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Power profiling - configuration

There is a ‘Power’ preset for easy configuration.

© @ . O about:profiling X

&« @ @ Nightly about:profiling

Capture stack samples in ALL registered thread.

Markers - All Threads
Record markers in ALL registered threads.

[] Unregistered Threads
Periodically discover unregistered threads and re

main thread -- Beware: expensive!

Process CPU Utilization
Record how much CPU has been used between ¢

the profile, open the JS console and run: experin

Power Use

Record the power used by the entire system (Intel) or each process (Apple Silicon) with each sample.

+
52 Y O~
Firefox Profiler ®
Settings
Power N

Preset for investigating power use bugs in Nightly,
with low overhead.

Edit Settings...

Start Recording

0

ng

Windows 11 & Apple Silicon since Firefox 104 — Linux & Intel Macs since 107
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Reducing overhead

Longer interval
No periodic stack sampling

@® Profile Info

Profile Information

Main process
started:

Interval:

Buffer capacity:

Buffer duration:

Features:

Wed, Feb 1, 2023, 7:26 PM
10ms

1GB

Unlimited

ojs

o

(o]

(o]

screenshots
stackwalk
nostacksampling
ipcmessages

cpu
markersallthreads
processcpu
power
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Starting Firefox - https://share.firefox.dev/3X0OPHMP
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Blinking the cursor

Measure tiny things:

LTI T DL DD
i } ‘
Power: 358 mW |

Energy used in the current selection: 1.5 uWh

NIRRT Energy used in the visible range: 13 pyWh m=mm
|

Ever wondered how much power it takes to blink the caret in the

address bar?
Now you can know! https://share.firefox.dev/3U8hLqgp
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Using efficiency mode on Windows 11

) Firefox Nightly  Efficiency mode v 0% 21.7 MB 0

This process is in efficiency mode to
limit resources used by the process.

111 | 1IN
Parent Process
PID: 16128

Power: CPU cores

by using 100% of

file:// Content
PID: 18652

Marker Chart Marker Table

Filter Markers: Q Priority a CO re d rops frOm
IPC
0 10W to 2W.
NotifyObservers |
Process Priority <>

Win11 “Efficiency mode” (EcoQos) - https://share.firefox.dev/3FJoAkc (bug 1796525)
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Wifi power use

When unplugging the charger...

l ALLECRECEREEEEEEERREEREERREERREERREERRREERREERRRERRERREREERE L EOELRERERE R R O R R R R EERE MR R R R R R EERREEEREEERR IR TR R RN RO LI

WiFi
| 10.3us WindowProc - WM_POWERBROADCAST |« A _aa

uMsg: 536
wParam: 10 Enter filter terms
i\ Thread: Parent Process
! Page: chrome://browser/content/browser.xhtml |

WindowProc |

Wifi AC & on battery - https://share.firefox.dev/3DFWGnI

Ma
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Wifi power use

Running speedtest.net
e On this machine:

;‘gﬁg;f’“ess A w V¥ Y ve TN e o oo A MO A, .
WiFi SRR T IV WO S APV v o WDOTONRIRRINIY ., ., ") B T O —
e And on another machine:
Parent Process I I I I H :
FID:672 e e aaa ke N N A = A A_A %
|k

Wifi while running speedtest - https://share.firefox.dev/3Y6Xfis
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Profiler overhead and

# Firefox 111 -mac0S 12.3.1  FullRange (17s) > 2.6s > 1.8s

14 [ 371 tracks

file:// Content
PID: 97691

Process Power

Socket Process
PID: 94636

Process Power

Web Content (1/4)
PID: 97657

Process Power

Web Content (2/4)
PID: 97677

Process Power

firefox.com (1/2)
PID: 97315

Process Power

Web Content (3/4)
PID: 97690

Process Power

firefox.com (2/2)
PID: 94642

Process Power

V¥ .5s 12.6s 12.7s 12.8s 12.9s 13.0s 13.1s 13.2s 13.3s 13.4s 13.56s

Power: 4.23 W
Energy used in the visible range: 528 pWh (0.23 mg CO.e)

13.6s

13.7s

CPU load

@ ProfileInfo & Upload Local Profile

13.8s 13.9s 14.0s 14.1s 14.2s

Power: 2.6 mW
Energy used in the visible range: 0.82 pyWh (0.000 mg CO.e)

Power: 0.16 mW

Il Energy used in the visible range: 0.82 uWh (0.000 mg CO.e)

Profiler overhead - https://share.firefox.dev/3HUB7HA
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Bonus

A few more
things




C

Firefox task manager

With one click profiling (the ‘power’ feature is enabled)

r
@ @ . Q Process Manager X MDN Web Docs
& C @ Nightly about:processes
Name

@ Nightly (82362)

> 16 active threads out of 86: MainThread 0.7%, (41382907) 0.4%, (4
https://mozilla.org (82410) )
Tab: MDN Web Docs Profile all threads of this process for 5 seconds

> 31 inactive threads

AL AlaAaiid masman fona2e£ 1)
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CO, equivalent

Power: 2.68 W
Energy used in the current selection: 63 uWh (0.028 mg CO.e)
Energy used in the visible range: 168 uWh (0.074 mg CO.e)

Thanks to Chris Adams and Fershad from The
Green Web Foundation.
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Process CPU
—_— EEERERENEEE:

I ll—lllH[ rll -I‘_H-I Il-IIHII\III-II\-II--IIII wirow

Parent Process

PID: 94635 \f W‘- w/ M A mr‘\ﬂhﬁnl \ = When pOWer

- — ] - i o
Renderer ‘ .
i ! - o A - A A A

Process Power ”“"l. Il Il"ll I| ' ' . h ) I “" m ‘

profiling is not

Process CPU A A CROROREE Ll calay cdliE L MWMMMH_ Supported On

I | o T 1
Privileged Content [ ] |
PID: 94637
S mm 1]

Process Power m‘ X I\ M l‘“ ‘ M

Process CPU w - | N M "hh h h

Call Tree Flame Graph Stack Chart Marker Chart Marker Table Network ]

mozilla::detail::Runnable...

O All stacks () JavaScript () Native |_JInvert call stack Filter stacks: | Q Enter filter terms

[Users/florian/buildhg/mozilla/ ...
Complete “Privileged Content”

W {3 Inspector [J Console [ Debugger 1N Network {3} Style Editor () Performance #{k Memory [ Storage > 0] e >
@ Y Filter Output Errors Warnings (412) Logs Info Debug CSS XHR Requests 3

» experimental.enableProcessCPUTracks()

The process CPU tracks are now enabled and should be displayed in the timeline. window-console.js:94:1
Note that this is an experimental feature that might still have bugs.
As an experimental feature their presence isn't persisted as a URL parameter like the other things.

& undefined
» |

mm

\__, J___yourmachine...
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Thanks! Questions?

e Share ideas, #profiler:mozilla.org on Matrix.

e Questions: florian@mozilla.com
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