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Introduction — Why Low Power ?
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Introduction — Software PM
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Introduction — Why OS Support for PM?

* OS time base may be affected by Frequency scaling
— clock APls, Clock functions, periodic functions, timeouts

« Some drivers is affected by power events

— e.g., serial port affected by frequency scaling _. }f
« Some drivers should know of power events Windows

— e.g.,, to put peripheral in low power mode when system
IS entering a deep sleep state.

» Scheduler effectiveness impacted by Frequency scaling
» Central coordinator for processing power envents

» Central Voltage/Frequency control to avoid unsupported V/F setpoints and over
clocking

« Appropriate idling to avoid unnecessary blocking
(from esc class #209 )
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Platform
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Storage
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HW Component
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* Hardware® Low PowerEY S 0S9 Subsystem SAENT &bt
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Introduction — OS PM Techniques

 |dle clocks when not needed

« Activate built-in peripheral low power modes
e Leverage activity detectors for auto savings

o Adjust F/V based upon activity

e Dynamically schedule F/V to accommodate predicted work
load

» Use low-power code sequences / data patterns
» Optimize speed to max. idle time

i\
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Conclusion

AIQO
gERIE SW Techniques
Operating :
0 DI1E

Transistor/Circuit/Logic

=2 2 Power Management J|== HW, SW2| Hybrid Approach & K
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Linux Power Management
based on CELF Spec. 1.0
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CELF PM Spec. 7] ¥+ PM
CPU & AMEH HE =5
— Static Power Management
» Goal : Leakage & = 0l 2| 8t Power Consumption 2t c|
IDstatic ~ VX Iq
— Dynamic Power Management
e Goal : Workload0il (It 2t Dynamic Power Consumption 2t 2|
. PDynamiC ~CxfxV?
OSPM= ?lolf K% = CPUJI=S
— Static Power Management

» Deep Sleep mode X| & - System stand-by#s Static Power & = leakage current%| 2~ 3t
» Deep Sleep modefs External voltage supply =l 2~ 3t
— Dynamic Power Management
« CPU LH= Block2| Automatic clock gating
» Unused Block2| Manual Clock Gating
e Clock frequencyE s& 2 E H 2t Jt = (based on MIPS or Bandwidth )

¢ Max. Clock Frequency 2 Z2 R Al 2R 8 232 = A 3t (Dynamic voltage scaling)
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DPM — Architecture Overview

Dynamic Power Management on Linux

— Linux Framework Developed by MontaVista, IBM, CELF
— Running State & [, processor2| voltage 2t frequencyS & & 6+ 4 power consumption=S

AP,
— Function:
» Scaling of CPU frequency and voltage
» Suspend and resume of CPU

» Suspend and resume of devices
» Power policy manager application

2R
— operating point
— operating state
— policy

— policy manager
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DPM - Policy Architecture wa

» Operating Points

- S& A2 AIAE 0] S ote & EH

— Core voltage, CPU 2} bus@| frequency, devicell & EHS

% The Operating Points for Samsung S3C2440A

Operating point 406 266

Core Voltage 1.2V 1.2V
CPU frequency 406MHz 266MHz
Bus frequency 133MHz/66MHz 133MHz/66MHz
(HCLK/PCLK) (1:3:6) (1:2:4)
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DPM — Policy Architecture (s

Operating States

— OSJ} =& 6t= system state

— Running State :
e task+, task, task- & Al =3}

s3c2440_dpm.h
#define DPM_STATE_NAMES

{ "relock", "idle-task", "idle", "sleep",
"task-4", "task-3", "task-2", "task-1",
"task",

"task+1", "task+2", "task+3", "task+4"

}
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No task to Interrupt

run
System System
Suspend Resume
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DPM — Policy Architecture

DPM lIdle
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QUM OI CPU Idle2 A2 B R
Interrupt LatencyJt 2 O X
ZHE A

Idle Task State:

Running state 2} Idle state2)
S2HH A Q| frequency 2 S &
Idle State:

Idle Task StateOll M &I &
Ultra-low-power Operating Point

Interrupt Latency=
Idle Task StateJ} Idle State =2 Ct
2 C

Interrupt

Machine Dependent
IDLE(Idle State)
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* Policy

<PM on Linux>

DPM — Policy Architecture wa

— DPM 2ZX9 =& &
— 2! operating stateZ operating point2| class0il mapping

Taik/ e
| —~w —

| —/—~w —~ ps2 | Z~—™ W ——
ps2

* Policy manager
ST EHONl et A X &fet policyS

— S AIAEN e JH2l policy It U—S M, AlAE Q]

SENSID BEZ SO
¥ A task—state specific, three—policy strategy
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Policy TASK+ TASK TASK- IDLE-TASK IDLE
High 406Mhz 406Mhz 266Mhz 133Mhz 48Mhz

Middle 406Mhz 266Mhz 133Mhz 133Mhz 48Mhz
Low 266Mhz 266Mhz 133Mhz 133Mhz 48Mhz
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Dynamic Power Management for S3C2440
Policy Manager

Proc/System—call Interface (DPM Control Policy Creation)

Scheduler I DPM Framework l DPM Statistics '
S3C2440 Freg. Scaling l S3C2440 IDLE l

S3C2440 l

User APP = General DPM l S3C2440 DPM l Hardware l
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Static PM

 APM ( Advanced Power Management)
— by Intel, Microsoft
— Intel ArchitectureE AIE36t= PC2l BIOSO| Jls W&
— 2B8HA Ol Embedded SystemUl M =
« 1386 HIE2| CPUE AtE0lAl 2= BRI RELE 2 AEE0t

]
e APMI1} 22 H&tZS 6= Daemon= Al20d A BIOSS| Jl= A2l

e CELF based Static PM

— Define Spec. by CELF (MontaVista, Samsung Electronics)
— Suspend / Resume
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o Suspend - Entering Sleep state

. sleep bit= set ot 12 , resume function @ Save resume function
address& N & 1
. system S & 0f Z @5t reglster N & @ Save registers

—  Sleep stateOll Al bt & LI == [H

-

system setupOfl 2 2 &t reglster ;
@ Stop devices

-

stop Al Z &= U= deviceE 2Lt

—  LCD/DMA/12C bus controller etc. @ Configure GP10s

=

GPIOS| output= & & &tLC}

—  Sleep statel 2| GPIO output= & & ® Prepare for wakeup

-

wakeup INTZ setup Lt

—  wakeup resource & & ® cpu power off(ASM)

L
A
gfg 71illegpuA;j(|)ff cll A = &1 0l Enter the Sleep state &

Wait for wakeup INT
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D
Resume - EXiting Sleep states
@  External INTIt &0 2™ bootloaderE

AZSHO, =013 S0l M &=l resume @ Start bootloader
function 2 2 jump 1 !
@ Resume function
2  ARM state registerS = & ot 11, Sleep 1 ]
stateE SH 2 & =2 codez =0t2HLE ® Restore registers
@  suspendAl XM &St registerE = & @ Clear interrupts
@ interrupt pending registerE clear ® Update PWM timer
® PWM timer € update ® Flush all caches
® 2= cache line= clear ot 1 invalidate Exit the Sleep state & Enter the
Al 21 C}. Running state
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Static Power Management for S3C2440

PM Daemon ’
\"'-“

Proc Interface (Event, Suspend, Clock scaling) I
[t ———————
PME Handler I Suspend Tasklet I
. - EEm
Suspend/Resume I

EINTO ' Boot Loader ' S3C2440 '
User APP SELP Static PM Hardware
20055 5& la. iE Linux nce
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Variable Scheduling Timeout (1)
e Goal
- CPUS S&0| EReles &%, MAdg 2E0| &xot= Al 2 Ust
T E

— CPUJI H& & 2E(IDLE mode) XIS AlZ2H0] 25 HE 0l =2
— Linux = & Xl CPU AFE 0] 81 0 &= 10msOCH Kernel Tick Interrupt)t & A4

— Kernel Tick Interrupt0il 2|8t =22 L&t
CPU wakeupE 20t M & 2 mode&t EH = X
e Purpose
— CPU IDLE mode &' Al Tick Interrupt = Xl
— IRQ &4 Al CPU NORMAL mode =

— NORMAL mode =7 Al Idle Times 22| elaped Time= update
— Kernel timer List0ll = Aol = timer= 2| expire timez= ==
— User modeOll M &l Hl VST &= AEHE Weter &= Q= Proc Interface Kl S
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Variable Scheduling Timeout (2)

e |dle mode &l & Process 0

— Linux idle process= L
Processor2| idle

cpu_idle

¥

modedl 2O 2 B4 $3c2440_pm_idle

— idle mode &l &1 & Kernel

Timers &0l
) . = . 53c2440 _idl ]ﬁ
o Timer List& Q123 0t 2 idle 4[ -prm-die
X|ol(d e 24K -
Ne0F =3 7Kemel Timer list & 44

—

400 <= timerPexpire NO_MEXT_TIMER need_resched 21

ldle register & &

100 <= fimer2expire < 400 jiffies | LONG_MNEXT_TIMER

0 <= fmeraxpire < 100 jiffies | SHORT_NEXT_TIMER
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- S E QI PME Software & HardwareE s Al 0l & 206t=
Hybridd =& 2
— Hardware&! 2| PM J| =2| OS Mapping0| =2

o ZH1) Site
— http://www.celinuxforum.orq
— http://sourceforge.net/projects/dynamicpower/
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