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Introduction

Overview Of Power Management In Linux

Hibernation
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System-Wide PM Overview

Sleep States
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Hibernate

2 Transitions
Suspend (Deep)

Standby (Shallow)

Platform Offline

Core Offline

CPUs Offline

* Freeze (Suspend-to-idie)

Suspending Devices

Freezing Tasks

Working State
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Full Suspend And Suspend-to-Idle General Idea

Full System Suspend (With Platform Support)
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Suspend

Call Notifiers

Device Suspend

.prepare()

.suspend_late()

.suspend_noirq()

Nonboot CPU Offline
System Core Offline

Platform Offline

Resume

Call Notifiers

Thaw Tasks

Device Resume

.complete()

.resume_early()

Nonboot CPU Online
System Core Online
Platform Online

Linux System Suspend

OpenSource

TECHNOLOGY CENTER

January 15, 2015

5/21



Full Suspend And Suspend-to-Idle General Idea

Suspend-to-Idle (S2I)
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Suspend

Call Notifiers

Device Suspend

.prepare()

.suspend_late()
.suspend_noirq()

Resume

Call Notifiers

Thaw Tasks

¥

Device Resume

.complete()

resume_early()

I Wait For a Wakeup Interrupt |
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Full System Suspend On x86 PC

Suspend Resume

Call Notifiers

Freeze Tasks

Thaw Tasks
Device Suspend Device Resume

.prepare()

.complete()

.suspend_late()

.resume_early()
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Hardware Support For Full Suspend (Example)

Device

enable_irq_wake()

Interrupt Controller

(Sleep State)
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Full Suspend And Suspend-to-Idle

Full Suspend On Platforms With Hardware Support
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Suspend

Call Notifiers

Device Suspend

.prepare()

suspend_late()

Resume

Call Notifiers

Thaw Tasks

Device Resume

.complete()

.resume_early()
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Full Suspend And Suspend-to-Idle

Suspend

Device Suspend

prepare()

.suspend_late()

Resume

Call Notifiers

Thaw Tasks

Device Resume

resume_early()

[m]

Objective: Keep Full Suspend And S2I Similar
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Suspend-to-Idle And Kernel Timers
Device Suspend

Device Resume

.complete()

.suspend_late()

.resume_early()
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Full System Suspend Time Profile (analyze_suspend.py)

wind 3.16.0-rc7-0.7-default+ mem August 13 2014, 02:58:03 AM

Kernel Suspend Time: 1183 ms Kernel Resume Time: 3555 ms
Device Detail ZOOM IN ZOOM OUT ZOOM 1:1
-1000m: 1000m: 2000m: 3000m:
sync_filésystems | phy0 {ieee80211)
2:0:0:0 {sd} ‘
| seriot psmouse)

fed 00:0:0 {sd) I

< <>
[Jsuspend [suspend [ suspend W suspend Wsuspend Wresume [Hresume [Cresume [Jresume [Jresume
prepare late noirg machine machine noirg early complete
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55 20 ST s
Suspend-to-ldle Time Profile (analyze_suspend.py)

wind 3.16.0-rc7-0.7-default+ freeze August 13 2014, 03:11:12 AM

Kernel Suspend Time: 949 ms freeze time: 2808 ms Kernel Resume Time: 3482 ms
Device Detail ZOOM IN ZOOM OUT ZOOM 1:1
1000m: 2000m: 3000m:
"y | [ phyO (iece80211)
2:0:0:0 {sd} ‘
seriol {psmouse)
AR £ ‘ 0:0:0:0 (sd) |
<C )< >
[Csuspend [Csuspend Wsuspend Wsuspend Wsuspend Wresume Eresume [[resume [Cresume [Cresume
prepare Iate noirq machine machine noirq carly complete
ome\ S
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Beyond Suspend-to-Idle Reducing Resume Latency

Deferred Resume Of Devices

Deferred Resume

Restore Settings

Resume Thread

Call Notifiers

Thaw Tasks

Device Resume Restore Settings

Walt (Untll Ready)

.complete()
.resume_early()

% Power Up Device

Return Success |

Spawn Resume Work

Power Up Device
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Beyond Suspend-to-Idle Reducing Resume Latency

Device Suspend/Resume Avoidance

NO

Right State?

YES

Runtime Suspended?

YES

Suspend Resume

| Call Notifiers | | Call Notifiers |

Y 1

| Freeze Tasks | | Thaw Tasks |

v 1

Device Resume

.complete()

Device Suspend

.prepare()

.suspend_late() .resume_early()
.suspend_noirq()

Y L)

| Wait For a Wakeup Interrupt |
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Beyond Suspend-to-Idle PM Callback Reuse Problem

Can Runtime Suspend Callback Be Reused?

Device Suspend panges | «—— .runtime_suspend()
/
.prepare() /
+— n Use
i What If Suspended?
i |+ (g
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Generic Wrapper PM Callback Routines
Device Suspend

.prepare()

pm_runtime_force_suspend()

.suspend_laty

.suspend_noirq()

Runtime Suspended?

NO
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Resources

References

R. J. Wysocki, Why We Need More Device Power Management Callbacks

(https://events.linuxfoundation.org/images/stories/pdf/1fcs2012_
wysocki.pdf).

R. J. Wysocki, Power Management in the Linux Kernel — Current Status and

Future (http://events.linuxfoundation.org/sites/events/files/slides/
kernel_PM_plain.pdf).
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Resources

Tools, Documentation And Source Code

https://patchwork.kernel.org/patch/5460171/
https://github.com/0lorg/suspendresume
Documentation/power/devices.txt
Documentation/power/pci.txt
Documentation/power/states.txt
Documentation/power/runtime_pm.txt
include/linux/cpuidle.h
include/linux/device.h
include/linux/pm.h
include/linux/suspend.h
drivers/base/power/*

drivers/cpuidle/*

kernel/power/* Olbmén Source
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https://patchwork.kernel.org/patch/5460171/
https://github.com/01org/suspendresume
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Thanks!

Thank you for attention!
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