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Linux Suspend Types
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Saving Power with System Suspend
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Suspend Trade-Offs

Active Idle Suspend to Low- Suspend to

Power Idle ACPI S3
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Interactive Laptop Scenario
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Interactive Handheld Scenario
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Dark Resume Scenario
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Dark Resume Power vs Time
Power
A

Assume:
Active Power = 10x Suspend Power
Suspend Time = 10x Active Time

So:
Total Energy per interval = 20E
Active Energy = 10/20 = 50% total energy

> Time
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Dark Resume Power vs Time, 10x faster

Power
A
Assume:
Active Power = 10x Suspend Power
E Suspend Time = 100x Active Time
So:

Software

Total Energy per interval = 11E
Active Energy = 1/11 = 9% total energy
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Dark Resume Challenge

Suspend + Resume time may exceed Active time
Suspended battery life depends directly on suspend & resume performance
Resume Latency = packet latency
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Going Faster

> Time
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Going Faster (strategy 1)

Less work, or less waiting

Before:

After:  Start Finish
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Going Faster (strategy 2)

Same work, in parallel, but still synchronous

Before:

Finish

After: Start

Software
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Going Faster (strategy 3)

Same work, asynchronous

Before:

After:  Start =—p- Finish

Software
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Going Faster (strategy 4)

Avoid work entirely

start ——> ([ ¢ — Finish

Before:

After:  Start =——p-<¢ Finish

> Time
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Measuring Suspend Speed

Method 1: Use external measuring device
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Measuring Suspend Speed

Method 2: Boot with “initcall_debug”, examine msgbuf

____________________________________________________________________________________________________________________________________________________________________________________

E[ 661.392498] calling phyO+ @ 2367, parent: 0000:07:00.0
E[ 661.417798] call phyO+ returned 0 after 24721 usecs

....................................................................................................................................................................................
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Measuring Suspend Speed

Method 3: Run analyze suspend

B 2 = < 437PM %

SuspendResume | 01.org - Mozilla Firefox

SuspendResume | 01.... x

& ht 01.org Ea-c i w B8 3+ A S =

& LOG IN REGISTER

01.0RG | 2

INTEL OPEN SOURCE

ITY EVENTS NEWS & BLOGS ABOUT

PROJECTS coMmMu

SuspendResume —

Home Total Suspend Time: 761 ms Total Resume Time: 706 ms | September 16, 2014
e P Suspard 75856 s P R 243 701 ma S ST Last Updated

Overview Device Detail ZOOM IN ZOOM OUT ZOOM 1:1 September 16, 2014

g - ey - Current Version
3.2 / Changelog

SR e

Community

Documentation

Blogs

MAINTAINERS

7] - epend [l suspend e
915 @ 2.0 (Total Suspend: 289.107 ms Total Resume: 351.280 ms)

@ Todd Brandt 275.88 ms 335.814 ms
Project Owner suspend resume

- N

{2} DOWNLOADS

This Project Provides: System analysis tool source code and binary,
and a blog which gives updates on actual changes being made to the

Project Links
github.com/suspendresume

kernel using the tool

e OpenSource
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Download and run analyze_suspend.py

§$ git clone https://github.com/0lorg/suspendresume.git
' $ cd suspendresume
' $ sudo ./analyze suspend.py

Generates output files in subdirectory: suspend-yymmdd-HHMMSS

HTML output: <hostname>_<mode>.html|
raw dmesg output: <hostname>_<mode> dmesg.txt
raw ftrace output: <hosthname> <mode>_ftrace.txt

Software
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https://github.com/01org/suspendresume.git
https://github.com/01org/suspendresume.git

analyze_suspend.py -h

New script can re-analyze output of previous measurement
|n|tcaII _debug” and dmesg used up through Linux 3.15, ftrace there-after

[general]

-m mode Mode to initiate for suspend ['freeze', 'mem', 'disk'] (default: mem)
-rtcwake t Use rtcwake to autoresume after <t> seconds (default: disabled)

-addlogs Add the dmesg and ftrace logs to the html output
[advanced]

=35 Use ftrace to create device callgraphs (default: disabled)

[utilities]

[re-analyze data from previous runs]
-ftrace ftracefile Create HTML output using ftrace input

-dmesg dmesgfile Create HTML output using dmesg (not needed for kernel >= 3.15)
-summary directory Create a summary of all test in this dir

Inte
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Suspend/Resume (mem)

ACPI S3: Firmware resume = 340ms
= B % == 49 423PM ¥

Xps11F|> ==

Display on: 1915 resume > 1200ms

Xps11 Suspend (S3) 4.2.0-rc6+ - Mozilla Firefox
Xps11 Fre... Xps11 Fre... Xps11 Fre... Xps11 Fre... Xps11 Sus... Xps11 Sus...
@ File:///home/lenb/suspendresume/suspend-xps11-mem-20150814-160835/xps11_mem.html - Searc
AnalyzeSuspend v3.3 psll 4.2.0-rc6+ mem August 14 2015, 04:08:35 PM
Total Suspend Time: 363 ms Total Resume Time: 2087 ms
Kernel Suspend: 362.713 ms Firmware Suspend: 0.000 ms Firmware Resume: 340.125 ms Kernel Resume: 1746.406 ms
Device Detail ZOOM IN ZOOM OUT ZOOM 1:1
-200ms| -R 200ms| 400ms| 600ms| BOOm# 1000ms 1200ms| 1400m: 1600ms|
Jelbolooo 00| | 00:08 {tpm. tis}] “ k)hyO {ieee80211 3}y
I H Intel(R) Sensor SolutionJarama [3-1.6] {y
0{xHCI Hos{ Cl[Synaptics Toy
hdaudiof-1D0 (s 0000:00:02.0 {i915} |
T daudioClD(I
‘8087 BD{Integrated7Webcam7HD [3-1.3] {
[Thinkp|
8087:07dc [1-}] {u%

O

0
- suspend - resume I:I resume I:I resume I:l resume I:I resume
machine noirq early complete

- suspend - suspend
late noirq machine

l:l suspend l:l suspend

prepare

OpenSource
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How to force Dark Suspend/Resume

Run-time suspend display before system-suspend:

§$ xset -display :0 dpms force off
'$ sleep 2
. $ sudo analyze suspend.py

....................................................................................................................................................................................

Display will not be resumed upon system-resume,
but availability is platform dependent...

Software
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Dark Suspend/Resume (mem

ACPI S3: Firmware resume = 340ms
Display OFF

Xps11 Suspend (S3) 4.2.0-rc6+ - Mozilla Firefox

= @ % == 40 423PM &%
Xps11 Fre... Xps11 Fre... Xps11 Fre... Xps11F[> == ~

Xps11 Fre... Xps11 Fre... Xps11 Fre... Xps11 Fre... Xps11 Sus... Xps115... x Xps11 Sus... Xps11 Sus...

@ File:///home/lenb/suspendresume/suspend-xps11-mem-20150814-160203-dark/xps11_mem.html

psll 4.2.0-rc6+ mem August 14 2015, 04:09:06 PM
Total Resume Time: 1461 ms

dmesg

AnalyzeSuspend v3.3

Total Suspend Time: 354 ms
Kernel Suspend: 353.594 ms Firmware Suspend: 0.000 ms Firmware Resume: 338.502 ms Kernel Resume: 1122.037 ms
Device Detail ZOOM IN ZOOM OUT ZOOM 1:1
DOms| -200ms| -100ms| -k 100ms| 200ms| 300ms| 400ms| 500ms]| 600ms| 700ms| 800ms| 900ms| 1000ms| 1100msj
NN 'oo:d” | 00:08 {f{pm tis} Iitﬂ phyO [(ieee80211 }
| | EHCI 1 Intel(R) Senspr SolutionJarama [3-1.¢] {usb}
xHCI Host Corjtro| [Synaptips Touch Di
[hdaudioCl DO {snd hdg 0 8087:8000 [ Intpgrated Webcam HD [3-1.5] {usb}
10 hdaudioC1DO0 {5111:1
[ThinkPa 1|
8087:p7dc [1-7] {jusb} |
D suspend |:| suspend - suspend - suspend - suspend - resume D resume |:| resume |:| resume |:| resume
prepare late noirq machine machine noirq early complete

OpenSource
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Suspend/Resume (freeze)

Firmware resume = 0
Display on: 1915 resume > 1200ms

= @ % == 40 423PM &%
Xps11F[> == ~

Xps11 Freeze (S0) 4.2.0-rc6+ - Mozilla FireFox

Xps11 Sus... Xps11 Sus... Xps11 Sus... Xps11 Sus... Xps11F... Xps11 Fre... Xps11 Fre...

Xps11 Fre... Xps11 Fre... Xps11 Fre... Xps11 Fre...
@ File:///home/lenb/suspendresume/suspend-xps11-freeze-20150814-161518/xps11_freeze.html

s1ll 4.2.0-rc6+ freeze August 14 2015, 04:15:18 PM
freeze time: 2220 ms Kernel Resume Time: 1784 ms

AnalyzeSuspend v3.3 X

Kernel Suspend Time: 294 ms

ZOOM IN ZOOM OUT ZOOM 1:1

1000ms 1200ms 1400ms| 1600ms|
|phy0 {ieeeB80211}

Device Detail

200ms| - 400ms| 600ms| 800ms|

000:0

-~

0000:00:02.0 {i91

hdaudioC1DO {s

J

il
. S'LlSpE,‘l'ld - resume |:| resume I:I resume I:l resume I:I resume

|:| suspend |:| suspend - suspend - suspend
prepare late noirq machine machine noirg early complete

OpenSource
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Dark Suspend/Resume (freeze)

Firmware resume = 0
Display OFF

Xps11 Freeze (S0) 4.2.0-rc6+ - Mozilla Firefox = E £ <€) 4:22PM %
Xps11F... = Xps11 Fre... Xps11 Fre... Xps11 Fre... Xps11 Sus... Xps11 Sus... Xps11 Sus... Xps11 Sus... Xps11 Fre... Xps11 Fre... Xps11 Fre... Xps11F|> == ~7

pe—

Kernel Suspend Time: 298 ms freeze time: 1886 ms Kernel Resume Time: 734 ms
Device Detail ZOOM IN ZOOM OUT ZOOM 1:1
-200ms| -100ms| S-: -R 100ms| 200ms] 300ms] 400ms| 500m 600ms| 700ms|
s‘lk)h il O:ﬂ | (o] | | O:OBFH phyO {ieee8021|1} seriol {atkbd} t.
0 EHCI Ho:
o HCI 11) tegrar.eci
lhdaudipC1DO0 {snd_hda|codec_real 5 ooo| ThinkPad Cor*
o J g daudioC1jD0 {sndﬁhdafc({
Thin| 0l
0
oc]
0: o

[:l suspend |:| suspend - suspend - suspend - suspend - resume |:| resume I:l resume |:| resume |:| resume

prepare late noirq machine machine noirq early complete

Software
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analyze_suspend -f

Captures full ftrace call graph, parses in HTML GUI
{HTML file size ~ 64MB}

Xps11 Freeze (S0) 4.2.0-rc6+ - Mozilla FireFox

2 =3 4) 10:44PM

hdau

=]

000:00:02.0 {i915}

W e Moupend Miiipend Eourend Ecre Home. Htye ETame  BEreme D
i915 @ 0000:00:02.0 (Total Suspend: 128.171 ms Total Resume: 1353.054 ms)
112.459- 1336.589 ms
suspend 1 resume

0000:00:02.0 suspend (112.470 ms @ 330362.212 to 330474.682)

0000:00:02.0 resume_early (0.819 ms @ 330645.984 to 330646.803)
0000:00:02.0 resume (1336.599 ms @ 330657.328 to 331993.927)
= dpm_run_callback

initcall debug_start (0.000 ms @ 330657.329)

pm_dev dbg (0.000 ms @ 330657.330)

dev driver string (0.000 ms @ 330657.331)

TECH
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Things can go very wrong

Linux-4.0 sensors regression — no workaround
Fixed in Linux-4.2, Linux-4.1-stable. Not fixed in Linux-4.0-stable.

Xps11 Freeze (S0) 4.0.9 - Mozilla Firefox
Xps11 Freeze (S0) 4.0.9

Xps11 Freeze (S0) 4.0.9 3 Xps11 Suspend (S3) 4.0.9 x Xps11 Suspend (S3) 4.0.9

@ File:///home/lenb/suspendresume/suspend-xps11-freeze-20150814-214551 /xps11_freeze.html

AnalyzeSuspend v3.3

psll 4.0.9 freeze August 14 2015, 09:45:51 PM

wBa 9 3+ A

€)) 9:50PM ¥

Kernel Suspend Time: 346 ms freeze time: 2542 ms

Kernel Resume Time: 9556 ms

Device Detail ZOOM IN ZOOM OUT ZOOM 1:1

-R 1000ms| 2000ms| 3000ms| 4000ms| 5000ms 6000ms|

7000ms|

8000ms|

9000ms|

|HID-SENS( R-200073.0.auto {hid_iHID-SENS( R-200076.1.auto {hid_il—[ID-SENSC R-200086.3.auto

{hid_aiHID.SENsc

R-200083.4.auto {hid_+

X

0000:00:02.0 {{915} ‘

|:| suspend |:| suspend - suspend

- suspend
prepare late

. suspend
noirq

machine

- resume

|:| resume
machine

noirqg

Software
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Things can go very wrong

pcieport resume 2900ms (https://bugzilla.kernel.org/show_bug.cqi?id=99751)
Workaround: boot with “pcie_ports=compat”

Xps11 Suspend (S3) 4.2.0-rc6+ - Mozilla Firefox

Xps11 Suspend (S3) 4.2.0-... x

& @ File:///home/lenb/suspendresume/suspend-xps11-mem-20150814-222353/xps11_mem.html - C Searc T B8 3 @A o =
AnalyzeSuspend v3.3 psl1ll 4.2.0-rc6+ mem August 14 2015, 10:23:56 PM
Total Suspend Time: 685 ms Total Resume Time: 3811 ms
Kernel Suspend: 685.186 ms Firmware Suspend: 0.000 ms Firmware Resume: 341.565 ms Kernel Resume: 3469.507 ms
Device Detail ZOOM IN ZOOM OUT ZOOM 1:1
-500ms] 500ms| 1000ms| 1500ms| 2000ms| 2500ms| 3000m:
Intel(R] hyO {iee
e 110,:1 JSynaptics Touch Digi
Integrated 7Wehc|

0000:00:02.0 {i915}

0000:00:1c.0 {pcieport} ‘

|serio {psmousi

pcieport @ 0000:00:1c¢.0 (Total Suspend: 0.229 ms Total Resume: 2913.408 ms)
2913.267 ms

D suspend |:| suspend suspend - suspend - suspend - resume I:l resume |:| resume |:| resume |:| resume
prepare late noirq machine machine noirq early complete

Software
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https://bugzilla.kernel.org/show_bug.cgi?id=99751
https://bugzilla.kernel.org/show_bug.cgi?id=99751

Things can go very wrong

850ms Seriol/psmouse due to lock contention in resume_complete. Fixed in Linux 4.2-rc1.
Workaround: boot with “no_console_suspend”

= B 32 == <) 1235AM M

AnalyzeSuspend - Mozilla Firefox

AnalyzeSuspend

€ @ file:///tmp/mysterymachine_mem.html . t w B8 S 2 L [

mysterymachine 4.1.0-rc3-upstream mem May 15 2015, 07:06:28 PM

Total Resume Time: 2341 ms

Total Suspend Time: 191 ms

Kernel Suspend: 190.991 ms Firmware Suspend: 0.424 ms Firmware Resume: 130.887 ms Kernel Resume: 2210.407 ms
Device Detail ZOOM IN ZOOM OUT ZOOM 1:1
100m: S/R| 100ms| 200ms| 300ms| 400ms| 500ms| 600ms| 700ms| 800ms| 900ms 000ms] 100ms} 200ms 300mg 400ms 500ms 600msg 700ms 800ms 900MLOOOME100mML200m:
8087:08087:07da [ phyO {ieee80211} serioll {psmpuse}
H({8087:0(Intel(R) PRQ
H( IAtmel maXTouch Digitizd
10: La;j
lse —
0|
hdaudioCODO {snd hda codec_realtek}
©
E] suspend I:I suspend - suspend - suspend - suspend - resume D resume I:] resume [:] resume D resume
prepare late noirq machine machine noirq early complete

psmouse @ seriol (Total Suspend: 40.243 ms Total Resume: 858.474 ms)
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regarding the “speed of light”

O(25ms) to suspend and wake on this stripped-down Core2 desktop
UP, no sync, no GFX, serial console, no network, no USB, SSD drive, yes ACPI, but not FPDT

d975xbx 4.1.0-rc5+ mem June 19 2015, 12:40:29 PM

Kernel Suspend Time: 16 ms Kernel Resume Time: 10 ms

|

Device Detalil ZOOM IN ZOOM OUT ZOOM 1:1 |

-15ms|-14msg| -13ms| -12ms|-11ms| -10ms| -9ms| -8ms| -7mg -6ms| -5ms| -4ms -3ms 7ms -1lmyg| Img 2ms| 3ms 4ms| sms| 6ms| 7ms| 8ms| 9ms|
1 et w e ' e 1
i):O:O:Ol{sd} ‘ I 000
[ ]Jsuspend [ Jsuspend [Jlsuspend  [suspend [ suspend -rcsun]c []resume I:lrcstuuc |:|msumc [ Jresume
prepare late noirq machine machine noirq early complete
sd (@ 0:0:0:0 (Total Suspend: 5.454 ms Total Resume: 0.002 ms)
5.454 ms
suspend

OpenSource 34
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What needs to be done?

Run analyze suspend on more systems — help us!
Prevent regressions
Discover, report, fix more issues

Display, USB, Network, Audio
When run-time suspended, stay suspended
When must resume, go asynchronous
Optimize actual resume latency

Wireless network re-association speed

Software
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Linux “freeze” History

Linux-3.18:

functional for 15t time, including wakeup
Linux-4.0:

freeze timers, improves deep idle-state residency

Software
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Key Patches

ATA drives can take multiple SECONDS to resume
This patch makes that ASYNCHRONOUS, not blocking the resume path to user-space
In Linux v3.15-rcl:

...................................................................................................................................................................................................

Ecommit 200421a80f6e0a9e39d698944cc35cbal03ebbece
EAuthor: Todd Brandt <todd.e.brandt@linux.intel.com>
. Date: Fri Mar 14 13:52:54 2014 -0700

 libata: async resume
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Key Patches

Fix race condition in resume_complete
(boot with “no_console_suspend” may workaround)
In Linux v4.2-rcl:

...................................................................................................................................................................................................

Ecommit 32e8d689dcl2e29fcbbéba9c65a33473d0cbdfec8
EAuthor: Todd E Brandt <todd.e.brandt@linux.intel.com>
. Date: Thu May 28 12:55:53 2015 -0700

EPM / sleep: trace device pm callback coverage in dpm;Prepare/completeE

40
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Key Patches

Sensors regression — run-time vs system-suspend conflict

No workaround
Linux 4.0 regression

Fixed in Linux v4.2, v4.1.4; NOT fixed in Linux 4.0-stable

E4.2—rc3 commit le25aa964le8f3fa39cd5ed46bdafcafd7f12a44b
E4.2—rc4 commit 88cc7bdeeele7’b9bcalabddae5adaal044cf£72312
@4.1.4 commit bed43d21df90d10£5£f10252cl14£f5fb024b7babae

EAuthor: Srinivas Pandruvada <srinivas.pandruvada@linux.intel.com>
' Date: Mon Jun 1 16:36:27 2015 -0700

éhid—sensor: Fix suspend/resume delay

éhttps://bugzilla.kernel.org/show bug.cgi?id=102891
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