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Android & Linux® B2
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» DVFS dynamic voltage/frequency scaling
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Exynos44 12D
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Power Rail®f] Exynos44120D5G&

» PMICIEZExynos4412 [C4T8 58D ERZ G

» VDD_ARM CORE

» VDD_INT Interrupt controller and L2
» VDD_G3D GPU

» VDD_MIF DDR Memory

» VDD_ARM (CORE) ZAIFEXRIZLT=

SoC Exynos4412
Cortex-A9 Cortex-A9 Cortex-A9 Cortex-A9 |

32KB I/D 32KB I/D 32KB I/D 32KB I/D
NEON NEON NEON NEON
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» BRzEENT-IRRETOOVIEER
» 7W 800MHzEF ~ 17w 3GHzRF

25000.00
mW

20000.00

Y
15000.00 \ %

10000.00 -

Volt(mV)

B us(mV)

Power(mw)

o |6 Ex e 800MHzBF 7W

0.00

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

HHHHHHHHHHHHHHHHHHHH

shunt:2mQ
INA226% F| F3

» 21 ESS2014 fEEtvi 3y 2014/10/22



Cllock’Eg’ZE
| .
Hz

—

Volt(mV)
Bus(mvV)

Power(mw)

—
-~

3(

TIl6E%RE (3GHz~0.8GHz) [

5}

|

1 70 FRER

prime?2

FE

CruUrre

| 6 E5% 5

re

lock UP

primel

BAM

’

1Core-2Core-DVEFSHIEHE R

25000
15000

20000

10000

5000

Teere
91vee
T09Z¢
98/1¢
T460¢€
95T0¢E
Treed

9¢48¢
TTL4E
9689¢
1809¢
99¢5¢
Ta¥re
9£9¢¢
1e8¢¢
900¢¢
T6T1¢
9/¢€0¢
19561
/81
Te6LT
9TTLT
T0€91
981751
1971
998¢E1
T0ET
9zl
TI¥lT
964501

1846
9968
1518
9tEL
1259
9045
1681
9/0v
T9¢¢c
9t
T€9T

918

2014/10/22

ESS2014 fEEtvi 3y

22



Power Gating®zh# (ARM)
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DVFS®iili#l - CPUFreq

» HIEIA YO DEE - drivers/cpufreq/
» GovernorMDiE%E

Powersave(cpufreq_powersave.c) LD =IE
Performance(cpufreq_performance.c) WL\ D455
Conservative(cpufreq_conservative.c) £z B (Step®) IZE R

Ondemand(cpufreq_ondemand.c) —EIZ57090I1ZHITS

Userspace(cpufreq_userspace.c) sysfs"f:tEE'C:L H—hVEE
» OndemandZ1Z#LT HIHFEN S

et RET E AR

idle7¥80% (FAZER]) ZHBZ B &, StepZF EMEL THEIOVIIZE
3
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fsource et/ linwe3 11 B+/drivers/cpufren /exynosdxd 2—cpufreqg

X}

xref: /linux-3.11

—=-fr-saLiu
YO static
Y7 static
73
Y9 static
30
31
32 I;

33

o4 static
35

36

37

33

39

40

41

47

43

44

45

46

47

43

49

B0 I
51

Home | History | Annotate | Line # | Download |

{O pen Grok Cross Reference: exynos4x1 2-cpufre

B+/dr ivers/cpuf reg/exvnosdx12-cpufreq.c

DLIULL LR MEHIDLL LADT &,
struct clk xmout _mpff;
struct clk *mout apf/f;

unsigned int exynosdxi12 volt tablel] = |

1350000, 1287500," 1250000, 1187500, 1137500, 1087500, 1037600,

1000000, 987500, 975000, 950000, 925000, 800000, 900000

struct cpufreq frequency table exymosdxi2_freq tablel] = {
L0, CPUFREQ ENTRY IMWALID},

L1, 1400 % 7000},
L2, 1300 x 1000
{L3, 1200 x 1000}
L4, 1100 % 1000
Lo, 1000 % 1000
{L6, 800 x 1000}
L7, 800 x 1000
L8, 700 x 1000
{L9, G600 x 1000}
10, 500 * 1000
iL11, 400 % 1000}
L12, 300 x 1000},
L13, 200 x 1000},

{0, CPUFREQ _TABLE END}

‘'Search| [/ only in

|

e
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CPUFreq Clock up DOEK K]

<7>[ 942.369161] notification 0 of frequency transition to 1200000 kHz
<7>[ 942.369500] notification 0 of frequency transition to 1200000 kHz
<7>[ 942.369685] notification 0 of frequency transition to 1200000 kHz
<7>[ 942.370010] notification O of frequency transition to 1200000 kHz
<7>[ 942.370193] cpufreq-tegra: transition: 340000 --> 1200000

<7>[ 942.370555] regulator regulator.2: set_voltage: name=max77663_sd|, min_uV=1100000, max_uV=1350000
<7>[ 942.371086] regulator regulator.l: set_voltage: name=max77663_sd0, min_uV=900000, max_uV=1250000
<7>[ 942.371467] regulator regulator.2: set_voltage: name=max77663_sd|, min_uV=1200000, max_uV=1350000
<7>[ 942.371985] regulator regulator.|: set_voltage: name=max77663_sd0, min_uV=1000000, max_uV=1250000
<7>[ 942.372505] regulator regulator.|: set_voltage: name=max77663_sd0, min_uV=1025000, max_uV=1250000
<7>[ 942.373135] notification | of frequency transition to 1200000 kHz
<7>[ 942.373209] FREQ: 1200000 - CPU: 0

<7>[ 942.373345] notification | of frequency transition to 1200000 kHz
<7>[ 942.373483] FREQ: 1200000 - CPU: |

<7>[ 942.373561] notification | of frequency transition to 1200000 kHz
<7>[ 942.373756] FREQ: 1200000 - CPU: 2

<7>[ 942.373832] notification | of frequency transition to 1200000 kHz
<7>[ 942.374027] FREQ: 1200000 - CPU: 3

S5ms

-

Nexus7(2012)
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CPUFreq Clock down ZEFIEH]

<7>[ 1035.045405] notification 0 of frequency transition to 1000000 kHz
<7>[ 1035.045529] notification 0 of frequency transition to 1000000 kHz
<7>[ 1035.045591] notification 0 of frequency transition to 1000000 kHz
<7>[ 1035.045702] notification 0 of frequency transition to 1000000 kHz
<7>[ 1035.045763] cpufreq-tegra: transition: 1200000 --> 1000000

<7>[ 1035.046042] regulator regulator.|: set_voltage: name=max77663_sd0, min_uV=975000, max_uV=1250000
<7>[ 1035.046315] notification | of frequency transition to 1000000 kHz
<7>[ 1035.046387] FREQ: 1000000 - CPU: 0

<7>[ 1035.046462] notification | of frequency transition to 1000000 kHz
<7>[ 1035.046593] FREQ: 1000000 - CPU: |

<7>[ 1035.046669] notification | of frequency transition to 1000000 kHz
<7>[ 1035.046857] FREQ: 1000000 - CPU:2

<7>[ 1035.046929] notification | of frequency transition to 1000000 kHz
<7>[ 1035.047116] FREQ: 1000000 - CPU: 3

— 2ms

<7>[ 1035.047352] regulator regulator.2: set_voltage: name=max77663_sd |, min_uV=1100000, max_uV=1350000

Nexus7(2012)
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CPUFreq® % &

y FEIAD YO EN—FKDITTIF
y RS —R—X D Governor

» BRBEFEEEms
) 4F & [ D 1]
ML XL —32EDBIEDRERE
BELXTEFE TORRH]
g1 0+ (PLL) D i

» IPTDOCPUTIL, LF¥X 2L —A2ZANETHAENDHNEIE
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Clock Gating®D il -

CPUldle

» HIEIAT YO DEE - drivers/cpuidle

CPUDKRERIRRED FE 7= B E

| IRERBA%a [didle()

C3-MPU CSWR + C

Cl - MPUWEFHI + Core active
C2 - MPUWHFHI + Core inactive

ore inactive

C4 - MPU OFF + Core iactive — ER
C5 - MPU RET + Core RET
C6 - MPU OFF + Core RET
C7 - MPU OFF + Core OFF

CoreMDIRAEE :omap3 Dl

» GovernorDFEZE

Ladder(cpufreq_powersave.c)

FUMAEEMNSEL

Menu(cpufreq_performance.c) #RETIEHRMNOIFE
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Power Gating®iillf#l - hotplug

» YJ)LF7 TH|FH
» Core0HMth @) Core 2 &) - 1= LE % il {EH

y FUEXRDCoreMHTARRDIAVTXRMNEEETS
= 4 =R

SR (X2 R

w
nlll
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&) gtk — Tick Less

» FEFDTick
OSAHERDY I+ 7 HFET
Kernel NMD E £ . 10Hz(100ms)~ 100Hz(10ms)FEE

FfRNRVDERIERFRNARORE. BEENSIE

» Tick less(NOHZE—K)
HIFR{TZ=TTickD{EZZEHIZ
1 7O0+X, &xK1#

OSHYAEREFEZF AT —IZERE
TILFATDBEIZIXATEIZZRAI—EZEH - >TVWARELHS

(]
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» Nexus7 (2012)
» Twitter7 547 > b &EChromeE){ERF D systrace

2 4 6 8 10s 12s, , , |14s, ., ., |16s, ., ,  |18s, ,  , J20os, ., . |22s, , , |24s, |,

oy s, ., 4, , . 165, ., , I8y , , , J10s, , ,
ot VIO RN N (11 A A A Y 1/ | |

CPU 1: 0 11100 M |
CPU 2: | TR NN I
CPU 3: [ NI D |
Aa7EINTAESICRZASNM......
» FIFHEZNEEITIEL CPU 3: TR | |
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<2)IF 2T OEHEM

» CPUM BN - #llB5% CPUFreqM#5RELTEE - hotplug

] CPUFreq

[ 18 & A1 = E&frzfmt
] ‘ [
[ HavoEEIFS ] oavOETITS

g0yoh EIR{E o0y o N TIRIE
I R
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Hotplug® [ i
» FOERDIBEHARE, Pon/Poffa R MK ZEL

CPU1
blocked Blocked

blocked

Running

Idle: 50% Idle: 100%

» CPU1%Poff§ 31548
CPUTAEIELTL AblockedZ7 Ot RAECPUTADREEININE

» Ponf
R CPUD!) v REIYAAH Mo HE
JAtXNDBE

» 1~10msIEEEZET B1-8. Pon/PofflL B E 75 3| | AL E
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on/off line®HZ —x)a 7 Tegra3DfH

<4>[138006.624075] CPUI: Booted secondary processor
<6>[138006.634275] Switched to NOHz mode on CPU #I B
<4>[138006.636903] CPU2: Booted secondary processor

<6>[138006.646632] Switched to NOHz mode on CPU #2 12ms  ONline
<4>[138006.6501 18] CPU3: Booted secondary processor

<6>[138006.657736] Switched to NOHz mode on CPU #3 | Ims
<4>[138020.741637] stop_machine_cpu_stop smp=| =
<4>[138020.741649] stop_machine_cpu_stop smp=3
<4>[138020.741659] stop_machine_cpu_stop smp=0 — l.4ms
<4>[138020.741670] stop_machine_cpu_stop smp=2
<5>[138020.743037] CPUI: shutdown B
<4>[138020.746183] stop_machine_cpu_stop smp=0

<4>[138020.746195] stop_machine_cpu_stop smp=2 - LIms  OFFline
<4>[138020.746206] stop_machine_cpu_stop smp=3 m
<5>[138020.747326] CPU2: shutdown . 0.8ms

<4>[138021.227998] stop_machine_cpu_stop smp=0
<4>[138021.228010] stop_machine_cpu_stop smp=3 -
<5>[138021.228841] CPU3: shutdown
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v SMP: Tegra3® i

SMPVariable SMP Variable SMP Variable SMP (4 -PLUS PLUS -1 ™)Xkl

Background tasks,
audio, video, Email
syncs, social media
syncs, etc.

Single core
performance for Email,
2D games, basic
browsing, maps, etc.

Dual core performance

‘ Battefy'
Saver

for Flash enabled
browsing, multitasking,
video chat, etc.

Quad core performance
for console class
gaming, faster browsing,
media processing

Figure 5 CPU core management based on workload
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Battery Save Core & 13 H>

» CPUOD EEEEERFIZCPUOIZEY P> THE MBI
#1/E9 5CPU (LPO)

» LPOES{E LCD off Ci&%%
» CPUOENE LCD onCEF

CPUO

B LPO

(‘

Clock
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Tegra-3@hotplug governor

Edo Thermal tegr‘a_auto_hotp|ug_governor'

Suspend CpuFreg T T TN
up_delay up2g0_delay up2dn_delay
down_delay down_deley down_delay
top_freq idle_top_freq idle_bottom_freq
botttom_freq idle_bottom_freq

578 int tegra_cpu_set_speed_cap(unsigned int *speed_cap) State requested freq State

579 {

581 unsigned int new_speed = tegra_cpu_highest_speed(); IDLE > top_ freq UP dela)'

586 ew_speed = tegra_throttle_governor_speed(new_speed) _

587 new_speed = edp_governor_speed(new_speed); IDLE <_b°tt°m_freq DOWN Down_dela)’

588 new_speed = user_cap_speed(new_speed);

592 ret = tegra_update_cpu_speed(new_speed); DOWN >t°P_freq up UP_deIaY

23‘61 } tegra_auto_hotplug_governor(new_speed, false); DOWN >bottom_freq IDLE NA
UP <bottom_freq DOWN Down_delay
uUpP <=top_freq IDLE ND

e o e e throttle_index

Update form user thermal_cooling_device
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hotplug governoriZ X5 [1ETE 7} |

up EMERIRBM LRIEICZELTWNSDTIAT ZEM
down  EERIRBOTRIEISZELTLNAD TIATZHIRR
idle BERIKBA LRIELYHEL, TRIELYLSVOTIT7EBDERELL

disable Auto hotplug #EEZ=1ET 5 Idle
—
212(212(2]2
Idle A%l E{‘:WQ Idle
. al
l LYy eyl
S 4Pl Doyn
7 N[ R
up Dloyn
%0000000000000000000000000‘&0’
L{LfL|L 4 (L
== o o o

up2g0_delay up2gn_delay up2gn_delay down_delay down_delay down_delay
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Hotplugh .53 55k 7 1 75 L diiEd)

y MEHMEAFI—DVDHER

EITHREICIESDE
B |2 3 4 5 6 7 8 9 |0 BE T 5B
E{TRERA(FY) | 5.12| 5.08| 3.65| 5.05| 2.78| 2.73| 5.06| 2.74 5.05 2.74 2.73| 4.00| 5.12

» Systracel Z L HEITHER
Thread 2 A 5V 5 CPUMDbindE TIZEEE (Start-Migrated 440.6ms)

CPU®M B E)ON/OFF line(Auto Hotplug) Hh 82£&

Categories |
s 635 6.5 s

Y
440.6ms 1

Migrated
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big. LITTLE: Exynos5 DI

» VSMP D1+ 4IZxfL T, 4+4 THEI{E

A9 A7 A7 A7 A7
A9 A9 A9 A9 A15 A15 A15 A15
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