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1.1 XHEfET

ZEBAXENAT thermal BSRIFRIEERE H7E, URIAIRERIRE,

1.2 BIRRE

thermal #BIRF %, #HiP AR,

1.3 EHEE

\o.,
B

® 1-1: SFmYIR

AR RIZhRZS IXEh>

T509 Linux-4.9 drivers/thermal/*
MR813 Linux-4.9 drivers/thermal/*
R818 Linux-4.9 drivers/thermal/*
A133 Linux-4.9/5.4 drivers/thermal/*
R528 Linux-5.4 drivers/thermal/*
D1 Linux-5.4 drivers/thermal/*
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2.1 {RIRINBENLE

Thermal BIFFIEHIRS, HINGERET temperature sensor ME %A1 CPU. GPU FHig#&
HREME, AERIENEER, 2 CPU. GPU Hig&MIAMER, X CPU. GPU %ig&M
RAIMERHITIRE], RALINY CPU. GPU FigFEEMNAFRIEH|, B% SOC BEIEE.

IPA(Intelligent Power allocator) ;2F%8&: 5|\ PID =%, RIBERFEBEDNSHDE power
HENEE, FHIE power B RIARIRF],

2.2 HRRNENEH

xr 2-1:_ NiENA

RiE BieA

Temperature/sensor  mE{ERIE,

Thermal CPU BEEHRS.

CPU R4 IEES,

GPU BRI,

thermal zone BRALRE K trip mAEX{E 24 themal core &%,
cooling device themal core F£&4@id cooling device ¥ CPU. GPU %i&

BERAMERHATTIRE.

2.3 RIRECENAA

2.3.1 Device Tree Eo& 1B

BKEWMBAEFEENRZESCHFBEFANEREE, RENXHHNEKRZ A kernel/linux-
4.9/arch/arm64 (32 fiF & A arm) /boot/dts/sunxi/CHIPdtsi(CHIP A AKS, 0
sun50iw10p1l ),

BEH:
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e

linux-4.9/Documentation/thermal/power allocator.txt
linux-4.9/Documentation/devicetree/bindings/thermal/thermal.txt

linux-4.9/Documentation/thermal/cpu-cooling-api.txt

4

linux-5.4/Documentation/driver-api/thermal/power allocator.rst
linux-5.4/Documentation/devicetree/bindings/thermal/thermal.txt

linux-5.4/Documentation/driver-api/thermal/cpu-cooling-api.rst

o of-thermal

7 thermal #RHAKXH,

b= EjJ?Iﬂﬂ':

HRFEEY thermal zone. thermal Sensor. trip point. cooling
Device X R TE DTS XHARREBIENEIER, of-thermal EIRFES
BiEX R H of-thermal BRIRLEIR, FIRIMLEBERKRL,

RIE DTS BRI

thermal-zones{
cpu_thermal zone{

polling-delay-passive = <500>;
polling-delay = <1000>;
thermal-sensors = <&ths 2>;
sustainable-power = <1000>;
k po = <25>;
k pu = <50>;
k i = <0>;

cpu_trips: trips{
cpu_thpeshold: trip-point@0® {
temperature’ = <70000>;

type = "passive";
hysteresis = <0>;
1F8
cpu target: trip-point@l {
temperature = <80000>;
type = "passive";
hysteresis = <0>;
1}8
cpu_crit:incpu_crit@o {
temperature = <110000>;
type = "critical";
hysteresis = <0>;
b
178
cooling-maps {
map0 {
trip = <&cpu_target>;

cooling-device = <&cpu0®
THERMAL NO LIMIT
THERMAL NO LIMIT>;
contribution = <1024>;
contribution, BILUAEMEAIRFEFEMRE
}i
mapl{
trip = <&cpu_target>;
cooling-device = <&gpu
THERMAL NO LIMIT

//BERTHE, BIEERA (ns)
//RERBERE, RITEERH (ns)
//BRERIFISRERAE, ARG HECHRApower
//BE TGRS RERpidipS

// RBEINE Rem R pldiIpESEk
//pidiyi Sk

[/ RRAGREEIOELLTE

/IARAGESRER

8OEEL

/I RRAFEELLOEM ST R R

//cpunERIHENE, #EidiF%cooling deviceltRA

IR © HiB2EREROBIRAR. RE—INF
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THERMAL NO_LIMIT>;
contribution = <1024>; //9punERTh=EINE, @Eidid%cooling deviceXIRHY
contribution, AJLUAEEFESTIRE AR E
+
b
178

gpu_thermal zone{
polling-delay-passive = <500>;
polling-delay = <1000>;
thermal-sensors = <&ths 0>;

};

ve thermal zone{
polling-delay-passive = <0>;
polling-delay = <0>;
thermal-sensors = <&ths 1>;

};

ddr_thermal_ zone{
polling-delay-passive = <0>;
polling-delay = <0>;
thermal-sensors = <&ths 3>;
+i
h;

cpu_targetT =AM temperature:

AMRIEF IRIEAE, EHIARZEH. REZEH, SATRFERRRE R NETER, MiEEIT.
LA, BURIFRNEEER, FUREELER, BRZESHERTHESmaEZRI=ENRE,
B, BEZSHMSE—EEELRRSERR FTHMkEE, TLE RETERBIEE.

e Thermal driver

ths: thermal sensor{
compatible = "arm,sun50iw9pl";
reg = <0x0 0x05070400 O0x0 0x400>;
clocks = <&clk,.ths>;

clock-names = "bus";
nvmem-cells = <&ths calib>;
nvmem-cell-names = "calibration";

#thermal-sensor-cells = <1>;

e Cooling device

cpu device

cpu0: cpu@d {
device type = "cpu";
compatible = "arm,cortex-a53","arm,armv8";
reg = <0x0 0x0>;
enable-method = "psci";
clocks = <&clk pll cpu>;

IR © HiB2EREROBIRAR. RE—INF 4
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};

operating-points-v2 = <&cpu opp 1 table>;
cpu-idle-states = <&CPU_SLEEP 0>;
dynamic-power-coefficient = <100>;
#cooling-cells = <2>;

) .

dynamic-power-coefficient: cpumh@SIHFERE, HP = c * v * v * f / 1000000123K (B CHMEBHBIFER

cpu opp table

cpu_opp_ 1 table: opp 1 table {

compatible = "operating-points-v2";
opp-shared;

opp@408000000 {
opp-hz = /bits/ 64 <408000000>;
opp-microvolt = <820000>;

clock-latency-ns = <244144>; /* 8 32k periods */
18
opp@816000000 {
opp-hz = /bits/ 64 <816000000>;
opp-microvolt = <880000>;
clock-latency-ns = <244144>; /* 8 32k periods */
b
opp@1008000006 {
opp-hz = /bits/ 64 <1008000000>;
opp-microvolt =<940000>;
clock-latency-ns = <244144>; /* 8432k periods */
18
opp@1200000000 {
opp-hz = /bits/ 64 <1200000000>;
opp-microvolt = <1020000>;
clock-latency-ns = <244144>; /* 8 32k periods */
}i
opp@1416000000 {
opp-hz = /bits/ 64 <1416000000>;
opp-microvolt = <1100000>;
clock-latency-ns = <244144>; /* 8 32k periods */
}i
18
opp-hz: #i%
opp-microvolt: SAZEIIRZAIEE
gpu device
gpu: gpu@ox01800000 {

device type = "gpu";
compatible = "arm,mali-midgard";
reg = <0x0 0x01800000 O0x0 0x10000>;
interrupts = <GIC SPI 95 IRQ TYPE LEVEL HIGH>,
<GIC SPI 96 IRQ TYPE LEVEL HIGH>,
<GIC SPI 97 IRQ TYPE LEVEL HIGH>;
interrupt-names = "JOB", "MMU", "GPU";
clocks = <&clk pll gpu>, <&clk gpu0>, <&clk gpul>;
clock-names = "clk parent", "clk mali", "clk bak";

IR © HiB2EREROBIRAR. RE—INF
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#cooling-cells = <2>;
ipa_dvfs:ipa dvfs {
compatible = "arm,mali-simple-power-model";
static-coefficient = <17000>;
dynamic-coefficient = <750>;
ts = <254682 9576 Oxffffffo8 4>;
thermal-zone = "gpu thermal zone";
ss-coefficient = <36>;
ff-coefficient = <291>;
}i
}i
static-coefficient: gpuBsSINFEITERL
dynamic-coefficient: gpuzh&HFEITEREK

gpu dvfs

gpu dvfsi:
gpu: gpu@ox01800000 {
gpu_idle = <1>;
dvfs status = <1>;
operating-points = <
/* KHz uv */
600000 950000
576000 950000
540000 950000
504000 950000
456000 950000
420000 950000
384000 950000
360000950000
336000 950000
306000 950000

2.3.2 board.dts EoE1ieH

board.dts BFREE—MREAFENIEEEE (%0 demo 1R, perfl %) , EENEERER
SEE FEM Device Tree BIABCEEE, thermal ##iR7F board.dts A I HEE.,

2.3.3 sysconfig E2 &5 EH

thermal #&iR7E sysconfig LA A ABEE.

2.3.4 kernel menuconfig B2&i%PA

HANAZIRB R, $11T make ARCH=arm menuconfig (64 fiI*Ff&3 make ARCH=arm64
menuconfig) ,

WRAFRE © BseEREROERAE. RE—TNF 6
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B, #AE Device Drivers ->Generic Thermal sysfs driver, 0 TFEFfR:

-B- Generic Thermal sysfs driver

* %

* %

i e s s s R e s s R
W et e el | et e b

A
*
v

FCE T FR .

cxpose thermal sensors as hwmon device

APIs to parse thermal data out of device tree
“nable writable trip points

Default Thermal governor (power_allocator) ---=
rair-share thermal governor

Step _wise thermal governor

Sang Bang thermal governor

Jser space thermal governor

“ower allocator thermal governor

generic cpu cooling support

Generic clock cooling support

Leneric device cooling support

Thermal emulation mode support

OorIQ Thermal Monitoring Unit

AMlwinner sunxi next genaration thermal driver
ACPI INT340X thermal drivers ----
allwinner(SUNXI) thermal drivers --->

2-1: thermal BCE

Default Thermal/governor i%#, BRikJspower allocator

Thermal emulation mode supportsdsz#FthermaliRiEEINEE

generic cpu cooling support :¥TFE@AMIcpu/ cooling

generic device cooling support:$IFiEAdevice cooling
Allwinner sunxi next generation thermal driver:sunxi thermallRzh

2.4 SHNETER

mIESHCEWT.

& 2-2: cpu cooling device &%k

S8 WtAA

contribution cpu DECHENE, FIUARENFERATLE, WAl URESRE
MEE dts IXERATREE

dynamic-power- cpu MIASINFERE, RIBSH M@ dts fiE

coefficient

static cpu FSINERK

WA © BSEERERHERAE. RE—TF
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% 2-3: gpu cooling device &%k

2

A

contribution

dynamic-coefficient
static-coefficient

ts

ss-coefficient
ff-coefficient

gpu DECHENE, AIUAREXFERATNILE, o URESZREX

M@ dts X RAT REEE

gpu SIASTHFERE, RIBCHLNED dts BBE
gpu FABINFERE, REFECHIWED dts BELE

gpu EASIIFERE, RIESHINES dts iIiE

R 2-4: thermal zone &#f

S iR
temperature ipa BIEREENANEE, RIEBEARMEEKREL dts AXHRESA
(threshold) TREE

temperature (target)

ipa mITREBEITRE, RESFEABERED dts XGRS

TREE
WRXEE, RIEASFIBEIGET dts IXHRATREE

temperature (crit)

sustainable-power mERE BINRER, REDENEAIIER, RIEARIEE
KB dts IXGERATREE

k po pid B9 p 5%, AILAREXERNILE, el LUIRIES RTINS
EXHRAT REE

k pu pid 89 p B8, ATUREXERTNILE, WAILIRIEARLNE
BXHRADREE

ki pid B9 i &%, AUREXERTILE, BALIRES L@
A XHRAET RS

k d pid' 8y d B8, AIURENXERTNILE, WAILIRIESRLNE
BXHRADREE

2.4.1 cpu cooling device &%&
2.4.1.1 contribution

cpu DEHENE, MRAENRLERHIER, AJLUKEN <1024>,

B A% cooling device XY contribution, AILUAREMIREFEMEMRE. ROTESE
T, cpu M gpu #HNEHIZT, KI cpu ERZWESR, R8It gpu MAEESR, FTLUEX
cpu B contribution, FIMEA <4096>,

WA © BSEERERHERAE. RE—TF 8



( Auwiwer
NHEER: W

2.4.1.2 dynamic-power-coefficient

cpu FHEBWERY, AESRFEEX, FEFREEN.
HEGERWT,

1. cpu EHHTRARM cpu ZRATHERTRITHEERUE

719. 28
109, 52 1098, 20 988, 88 7EB. 16 .
115. 64 1156. 40 1040, 78 7oY. 04 73. 00
121. 26 1212, 60 1091. 34 835, 92 73. 00
126, 95 1269, &0 1142, 55 874, 80 73,00
132, 65 1326. 50 1193. 85 915. 68 73. 00
138, 38 1383, 80 1245, 42 952, BB 73, 00
144, 08 1440. 80 1296, 72 991. 44 73. 00
149, 77 1497. 70 1347, 33 1030, 32 73. 00
155, 56 1555, 60 1400, 04 1069, 20 73,00
161. 27 1612, 70 1451. 43 1108. 08 73. 00
167, 02 1670, 20 1503, 18 1146, 96 73, 00
172, 87 1728. 70 1556, 83 1185. 84 7a.
178. 71 1787, 10 1608, 39 1224, 72

1263, G0

2. @ Excel T power &, FEIWTHILMEITEE,

1600
1400
1200 ——

1000 &

power [mw)
™

200

0 200 40D 600 BOO 1000 1200 1400
VA2*Freq (VA2 * MHz)

2-3: dynamic power coefficient B4k

WA © BSEERERHERAE. RE—TF 9
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3. fRUl cpu THFEEIERIUIZ FRITHFEENIE, MENEMFEENEBRIZNCHSINFER. PRUEIES
Ih¥E % %% dynamic_power coefficient = 1.3092/4 = 0.327,

MAIHFER$X dynamic power coefficient FEAIEE Device Tree B cpu WRA, ATt
BAE, SHFEREN.

cpu0: cpu@d {
device type =

cpu";
dynamic-power-coefficient = <327>;

FREL, 1R¥E cpu BhINFEREL, WAILITES cpu shSIh#.

e p

CpushSINFEITEAI: Pdyn = Capacitance * Voltage™2 * Frequency * Utilisation (linux-4.9/
Documentation/thermal/cpu-cooling-api.txt), M,

Capacitance@aI&INFEREdynamic-power-coefficient;

VoltageWftEBEIE;

Frequency AiETHIE;

Utilisation#FIBAE, —KH1;

2.4.1.3 static

cpu FHSWFEARI, Linux4.16 RELLRENZABER, FRINTRR:

commit 84fe2cab48590e4373978e4ef2031c977de98995
Author: Viresh Kumar <viresh.kumar@linaro.org>
Date: Tue Dec 5 11:02:46 2017 +0530

cpu_cooling: Drop.static-power related stuff

No one has used it for the last two and half years (since it was
introduced by commit c36¢f0717631 (thermal: cpu cooling: implement the
power cooling device API), get rid of it.

Acked-by: Eduardo Valentin <edubezval@gmail.com>
Signed-off-by: Viresh Kumar <viresh.kumar@linaro.org>
Signed-off-by: Rafael J. Wysocki <rafael.j.wysocki@intel.com>

2.4.2 gpu cooling device £%§
2.4.2.1 contribution

gpu DENENE, MRHEMELKBERFINER, AILUREN <1024>,

WRIRFE © HRB2ERRRNHERAE. RE—TIMF 10
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2.4.2.2 gpu Hith&#

gpu HEMBXESH, AETRFEEX, FEFREEN.

gpu NEMBEXSH, BhSHETEAN. BSUHETEARNSE, B gpu BRAFTAERREHR,
NERER), ATLRAAXRARAEN,

2.4.3 thermal zone &%

2.4.3.1 temperature (target)

BEBIEARER, RERERENERERE, —REE “MEe". BA” FRER, 2ALUT/LH
1B

1. BEINBEPHIVEERFIENR, 0 “FER 3 /NEMEIAN, ~oREEA <15 B
XHERT, BIRREERIRENARAIBNESEE,

2. FERMEEPEHBNEREERFER, =R K cpu MEAREERTF 1.4G”. “B&ETF cpu &
EFESR”. “BERF cpu RIFRSEEE 80%” Fo

IJD

XMERT, IENETELDEMBEENS B4R, A stability E#HAFHIHE TN 5-10
o, FH cpu BREBE,

o & cpu REREMRT 90 RERE,BINEERILIZERN 90 REE,

e & cpu REREST 90EKE, T 110 EKE, BIREERLIREN cpu REEE,

e Hcpu RERBEST 110 BRE, FESEAEZRAKSES. THEGNREE. BHEARSE
&5, BtnmERAREHNTABE,

3. BEASERBHIEENSEIEERFIER, 1 “cpu KEBEFEEET 90 B, B cpu X
FEERTF 1.4G7,

XMERT, SVETELSEABEENSRIEEE, £ stability FRHFZE TR 5-10 2
, 5 cpu REEE,

o & cpu REERERTAEMABNRSEE, BIRaERLURENARIBHNESEE,
e Hcpu RERESTARNMBHNRERE, FESGEEARSEN. BABRERR, BIF
m R 7T R R ARE,

WRIRFE © HRB2ERRRNHERAE. RE—TIMF 11
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2.4.3.2 temperature (threshold)

MRARAEEKERFER, BRERBANEERTLUKEANREREEIEER 10-15 K
o

2.4.3.3 temperature (crit)

FENBERBANDEXIENR, W “XH IC TEFRIF: 115 E, BiEXNhe”, SEXIEE
A LUK E N E=MERIEE E

FEIE, IRXVNEEFELRIEREENEERS 5-10 ERE, SUSETRAEZMEAIEX
M, BIERBHEEREEX.

2.4.3.4 sustainable-power

sustainable-power 215, BEXIBEINREN, RAISBRNEAR, HEHEENTH
o

o FHiE—

BRI, LINRIZFRENEMREER 90 BRE, MR cpu KAETTHE 1.4G X TRER L
FRETE 90 IBEKE, 4 sustainable-power FiE cpu B1T7E 1.4G SARTHINE,

HZEH gpu FHM cooling device BY, BHRBERME, LLIIRIEREHNBERERER 90
BKE, MR ‘cpu 177 1.4G, gpu BE1T{E 600M......” BESUREE 90 BKE, 4
sustainable-power Ft2 “Cpu B1T7E 1.4G, gpu i&fT7E 600M......” FHINEK,

BUXHE cpu cooling device /3, iR sustainable-power Byit&EH %,

BABERI— IS EREETEENEENIOENMES, BIcpuis TIEL608MSRim, FAstabilityfEHME
STMRA5-109%, cpwBERASTEIOELA. Fillsustainable-power XA T cpuL{ETE1608MATHITHER,

CpUuEhSINFEITE:

RIEAPdyn = Capacitance * Voltage”2 * Frequency * Utilisation (linux-4.9/Documentation/
thermal/cpu-cooling-api.txt),

fR@NCapacitance=0.225 (dynamic-power-coefficientfd&E}225) , cpulBEVoltage=1.04V, cpusfiz
Frequency=1608M, MHi%Z, cpumh&SIThFEA:

sustainable power = cpu _dynamic power = 4 * 0.225 * 1608 * 1.04"2 = 1565mW

E{FF sustainable-power=1565 #17 stablity Wik, ZMEEBERE 92 EWIER, /AT
BrIE ISR, 5455 sustainable power %7 1550, HEEEAHERT cpu iXE 92
ERER,

% cooling-device KEIEITIE RSN A FiE stability RIATIAEREIXRT target B, Nk
B ax= = i#1T sustainable power BitE, f: — M MARMWBEFEER 90 BKE, ZAER

WRIRFE © HRB2ERRRNHERAE. RE—TIMF 12
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& cpu EA cooling-device, % cpu HExEfimE 1560MHz, & cpu SiZEi&EEHN 1560MHz

[E1ER stability #{TMIXEAM SOC TiZFHF TRLREREE 60 BEKE, AMKSARN cpu
1560MHz THY##&Ei+ & sustanable power,

o FiEZ

e

BRy0, BERBANEEIREN 70 RERE, BERBEEEIREN 85 REKE, XRTARE

70 BRENRESEMHR—IURANINRE, BERENAS, RHUNIHFRZHE], HEI—

E

BERFREM, MRBEREFAS, WRBEER, cpu F cooling device SRR BYLZR,
FRUEE 70 BMERENE, RRREBUREREEIERAERE T, AR —EIMEM, BATArzkE

S7E] LUBE 82K sustainable-power BI{EHFITIHEE,

HEREET 70 BRE, RIEREFRIE, B4EERBUEENNIEIER, 75 BRERREFIE

REBAE (LEANRES b BEE, XHGERLUR/VRIENFRNEEDNIEE) , &&F

B 85 BMEKE, 4 75 BEENNINERERZEFNE cooling device ERARINEZH,

UEANFEE RG], cpu # gpu #ER cooling device, £ 75 BREN, BIINSEAIIERZ T

BT

CPUshSIIFEITE:

RIEALPdyn = Capacitance #Woltagen2 * Frequency * Utilisation (linux-4.9/Documentation/
thermal/cpu-cooling-api.txt),

fR#NCapacitance=0.100 (dynamic-power-coefficientfgEN100) , cpuB/EVoltage=1.125V, cpusizg
Frequency=1416M, MHi%, cpushidSIhEEN:

cpu_dynamic power = 4 * 0.100 * 1416 * 1.125%2 = 716mW

gpuEISTHFEITE

RIBABIELARXPdyn = Capacitance * Voltage™2 * Frequency ({R{EZ:f, SERRIAgpuiRiReast ARIEER
#)

fRWMCapacitance=0.733 (dynamic-power-coéfficientfd&E}733) , gpulE/EVoltage=1.10V, gpusfi
Frequency=800M, gpuzh&Ih#EA:

gpu_dynamic power = 0.733 * 800 *.1.10"2 = 709mW

gpUBESIHEEITE:

RIEATA ((E2EGI, EFRUAgpuiRiRATAMIENE) ,

t scale = (a * T"3) + (b * T*2) + (¢ *T) +d

v_scale = V"3

P(s)= C * T scale * V _scale

fR¥static-coefficienti&E 411000, tsi&E32000 4700 -80 2, MC = 411000, a = 2, b = -80, c =
4700, d = 32000, FIAFESRAVREMET = 75000mC, V = 1100mV, A

t scale = ( 2 * 75000 * 75000 * 75000 / 1000000 ) + ( -80 * 75000 * 75000 / 1000) + ( 4700
* 75000 ) + 32000 * 1000 = 778250

v_scale = 1100 * 1100 * 1100 / 1000000 = 1331

gpu_static_power = 411000 * 778250 / 1000000 * 1331 / 1000000 = 425mW

BAINEZH: P_max = cpu_dynamic_power + gpu_dynamic_power + gpu_static power = 1850mW

FEABNVEE 75 BREGHEREN, Frll 75 BEKENMNIIXRERERRATIE, BEIWOTA
11818 sustainable-power HI{&:

o

IR © HiB2EREROBIRAR. RE—INF
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BIEAP max = 2 * sustainable power * (T set - T) / (T _set - T on) + sustainable power (
linux-4.9/Documentation/thermal/power allocator.txt),

P 75 = P_max = sustainable power + 2 * sustainable power / (target- threshold) * (target-
75)

sustainable power + 2 * sustainable power / (85 - 70) * (85 - 75) = 1850mW

sustainable power = 793mW

£/ sustainable-power=793 #{TAREIZHRAVMIX, tbil Antutu. Geekbench %, #l trace
IR, DIAEMEENTHER, HEET lisa TELEDH, BERSENAME, MERKT
affAmEER/NZE, REEE, BRFSTHE,

2.4.3.5 k po

BEBERER pid B p B8, IRAEILERINER, AIUFEXERTILE,

k poit®:

BIEAk po = sustainable power / (desired temperature - switch ondtemp)(linux-4.9/
Documentation/thermal/cpu-cooling-api.txt),

fR#Wsustainable power=793, desired temperature=85, switch_on temp=70, I0i%, cpushSIhFEN:

k po = 793 / (85 - 70) = 53

FHfER stablity #1TE, HIL cpu BEEZMABETEREEENERL, BIA k po AT
=, aLUEHEE k_po 2o

2.4.3.6 k pu

KEIBIRERN pid B p 22, WRDEARKERINEK, AURENXERILE,

k puit®:

RIEAKK pu = 2 * sustainable power / (desired temperature - switch_on_temp)(linux-4.9/
Documentation/thermal/cpu-cooling-api.txt),

{R#0sustainable power=793, desired temperature=85, switch on_ temp=70, PUi%, cpuii&IhiER:

k pu=2* 793 / (85 - 70) = 106

E1ER stablity #TiX, HI cpu BEIEMABEEERLBITNEEENER, BN k pu AT
2, aJLUEER k pu B,

2.4.3.7 ki

pid B9 i B, MRLEIMELEHFINER, AIUREXERIKE.

WRIRFE © HRB2ERRRNHERAE. RE—TIMF 14



@LW/MER

MHER: WE

2.4.3.8 kd

pid B9 d 28, MRARIELEFHIER, AIUREXERIKE.

2.5 IRRSLERINTA

kernel/

|-- drivers/thermal/sunxi_thermal-ng.c //thermal sensor3Rzhfti5

|-- drivers/thermal/cpu_cooling.c //thermal cpu coolingfti3

|-- drivers/thermal/devfreq cooling.c //thermal devfreq coolingfth3

2.6 IXTHEZRNTAR

o

WRAFRE © BseEREROERAE. RE—TNF
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@LW/MIER
KRER: W

4.1 At F%E
4.1.1 AT H

o

4.1.2 ARTR

p

4.2 HWiE&A

4.2.1 &BF sensorig2E

AEIFEEEBE sensor MNEMNEE %ITXIE thermal zone BFA—#M, ZMNMEEMEXI
7£/sys/class/thermal B R T 2%E %) thermal zone, &% thermal zone BEE, TEMU
thermal zoneQ A:

E&thermal zonefyZes!

#cat sys/class/thermal/thermal zone0O/type
cpu_thermal_zone

EEthermal zoneBE

#cat sys/class/thermal/thermal zone0/temp
36000
REREAANC, L E361REKE

4.2.2 WIGEE

thermal BRERIUINEE, ATLIBIERILEERIYEERBES TSI,

IR © HiB2EREROBIRAR. RE—INF 17



@LW/MIER
KRER: W

B Ethermal zoneORIEILERE

#echo 80000 > /sys/class/thermal/thermal_zone®/emul_temp

XiHFlthermal zoneORIIRINEEINEE

#echo 0 > /sys/class/thermal/thermal zone®/emul temp

4.2.3 KARE

LX) thermal zoneO 2R,

KHRIZEREE
#echo disabled > /sys/class/thermal/thermal zone®/mode

fRERFFBE cooling devicelIfRE!
#echo 0 > /sys/class/thermal/thermal zone0®/cdev*/cur state

4.2.4 AEIREHREE N OHEEIIEERNXR

451y stepwise imITREE, B dts EEBE.CHEARRRET cpu BITHME. T ZEF MR
fillo FRLAXSF stepwise RE&, S/ ENERE T IEERHEN,

5 stepwise miF RIEARE, WF IPA BITRE, CHRERERE FMEEERFTHEN. EFET
2, ATLLEd SERRR TS o

4.2.5 Mg ED @A K

f&24 cpu_crit@0 T =AY temperature AREAE, AL EXN.

cpu_trips: trips{

cpu_crit: cpu crit@o {
temperature = <110000>; //RREFGRERLLOEM ST EXN
type = "critical";
hysteresis = <0>;

};

};

IR © HiB2EREROBIRAR. RE—INF 18



@LW/NVER
MXHEER: WE

ERY, 7E6EA PMIC MWARLE, AJeethREXHA PMIC REERIFIIEE, ¥ (Linux PMIC_
FA&IERE) o

pmu@®: pmu@0{

overtemp shutdown = <1>; //RFF, 0A%HE
overtemp value = <145>; /[ ERFEFRE

4.2.6 MAECCRIEZREBNBIORE

BILIRIEARERK, B trip-point@1 T =AY temperature 18 EHREH BITEE,

WEENEESTEINEE, AJLUEYMS) sustainable-power # trip-point@0 T 2AY tem-
perature; &HEHENAREN, ATUEERINEEERE T

cpu_thermal zone{

sustainablefpower = <1000>; /HRERITISRERAE, RATTDENZRApower

cpu_tnips: trips{

cpu_threshold: trip-point@0 A
temperature = <70000>; /I RRAFRITEIOELEHR
type = "passive";
hysteresis = <0>;

}i

cpu_target:, trip=point@l {
temperature = <80000>; /I RRAFREEERSOELA
type = "passive";
hysteresis = <0>;

WRIRFE © HRB2ERRRNHERAE. RE—TIMF 19



@LWIMIER
: SRR R

4.2.7 2apm THIFE, EFEEESER>R

XMER THTRESENEERNBARATNTUEZM, JUHNAENGR. FTRANREXAR
ERRIXERT % BERFERWHEREEMN, HRAREEHZENE IPA RETRAEA USD
FCRY power Z/NT o FRLATERIAXERBZ A1, EXY [PA IERREE — N EXN T .

IPA ITRRIEEEIN L HAEESIRENBINEE ZBIRIREM PID HAFESR], MMAREH
ALRE T EMEREIRE (W0: CPU. GPU %) "ILISEREIR power, —EHFNEEBIBINE
E, BEIRREEBRKEXEN, BMRAESMEEREA USRI IHFEHRSERE/), Fit
BEESRSGNEETEEEE, £ IPA KERET, RANWEETEZHRIBIRE: 2B + &
o KFATERRBOAEN: FEE + BEEBISELAINREEZH,

BT LAY TPA SRERBVIARD, BJLAXSEE TR BRIRRIHITAT K

o MIXIFIHBEWANRA (40: BFE) , NBEXMIFIRTIEETHR:

X7 B E HIMEXVI S H TR LRI E, KERENASSRAATEREER
HteEXFEAREE 2. FEEFEER CPU H—FAHEM power iBEEW™ERE,
REEREREME, ERRMaSEREH#EAHE, WHNHTF PID MARE, R ErIDERII
HaB—SHIRE, BIRZAMERRTIZIgE4RF SOC WREE eI = Mhr, XihiE
MTRRERER: FIRRESAL, MEEEANEESNEL, SSNARE—EN, 5
BEHS, MR ARMSBEESER/ .

®E—T, " EFRERESTREEBLENEE, AANEEEESHERIREME, B2
BRfEANLE, SREHMAEIRERE BimaE T,

Fit, FItEHET, BERREETENLEREARRMRIFREE, UWRAREEFRIBARIE
FEMERE, BEARREEMERE, RISENHELAARREFEZINENE, NR~RMEIIE
MAERETS THMERBERER, RN RNIMERERENERE, A [PA RITHRE
TEHEHERR, FMWEFREE. FRERGEATA. ARBHEHIA—EREITHRHR
QIR

e HZ1 cooling-device &R TF , S:BHNIEETFE:

MRBEEENHIET, HFRABAKAHSEWBEINDE, METH, MLNMNERERXR
BEEALZMAEIRENE R, WRIELAY thermal zone FHE 7T % cooling-device (0:
CPU. GPU. VE %) , AILUESIMR#ITAE (R, BEREE. #F) , #MmomERs
XMIMRNEEZREASHMEEIZEMEETRSE (CPUL. GPU, VE) , AEEHEEXT
MEEIRETEHTT power DECBTRILLE, EXMEBRIREBEDEIFEZH power, BITHEER

FREXthermal_zone®@TFHJcooling-device@RILLE

#cat sys/class/thermal/thermal zoneO/cdev® weight
1024

fEmthermal zone®@ FHYcooling-deviceORItLE

#echo 4096 > sys/class/thermal/thermal zone0/cdev0® weight

IR © HiB2EREROBIRAR. RE—INF 20



@LWIMIER
g MXHEER: WE

l AR XERENLET 1024055 J

R ERFGERATERNEERTRERA, AISE L—/NENFZE, REREETEEHERN
BB, BAREMEBPIEREEITER.

e 3F—1 cooling-device 15RT, SRHIIERET:
MRBEERNIFET, ATFRABRAAZSHENSHILIE, HEETH, BLNREERE
FTEALZMREISEN A M. MRILE thermal zone RfEA T —Fh cooling-device (#0:
CPU) , BXEMETHRNAREBEIRESEZEENREHENNESE, HHRIEMERE
HER T BUFASR AR R,

4.2.8 HMRITF A

o FREMINFEMN cpu AMZKM, W ondemand. conservative. powersave %, N
(Linux CPUFREQ FFA15E) o
o cpufreq MBFEIA. BRSNS, FHAEZIHRBEHFLZAR.
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E{E =R

WRAXFAE © 2021 HKiEEERHRHDBRATE. RE—TIF,

AN RNBEREERUERP, HEENEKELTRERRGERAT ( “2F ) HEHRZ
_t)J*y*lJo

AR E2SHREFRMRRIM =, RELTFEITFA, FARUMTAFFEEHL. £
fil. B ARVEBRAIEABTHBIHEE, BERSFUEMAPHERE,

(ot

LLWINER LLWINER LLWIMWER'
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REFNA

BHEO~m. RSFFENZRESHKEEEREROEBRAE ( EE" ) 2EEENHIE
EFMFREILIR AXEPEARN2EHER D ™~ m. RS AFEAIRER A EFr LS fEBEERE
N EARIBIARRIRERFMMAERRA, HREREAXENERNR, ERBTREEH
FAYERITH (BEERRFINEE, 8, BRER) EMNAFER, £EMFARE,

ZISSU‘%H’E?JT@%?“ RESE BT mREARLEMRE, FAXEABTEREEN, 88X
B, BAFTEN. 2EREDNELAXEPREFEHNER, EHFTHERBTT2REHEIR, H
ﬁmzﬁﬁlﬁﬁﬁ?ﬁi#ﬁ% (BEEAFRTEHER. BN, BHHHRK) IRERILE=ZANNE
t, @EHAAT. AEPHFRERFRR. 58 MBINHF AR EARREERERIES &S,

AR UABRRE R R E B th 75 TR T 2 EERET AR~ N BRI R ER ™ mY
HiEd, AIRERERTE =ZFIINFFF BEBTRASEZANFANRBEXNIFA, TR
BUARRAZMAERRTREEZ S AR RZEMRR (TR . 2EFWEMRERNE=
BIFARAMEERRIE. BEFEERMX S,
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