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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: SFmYIER

= En B #R 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/*
T113 Linux-5.4 drivers/thermal/*
D1 Linux-5.4 drivers/thermal/*
T507 Linux-4.9 drivers/thermal/*
T517 Linux-4.9 drivers/thermal/*
T507-H Linux-4.9 drivers/thermal/*
T517-H Linux-4.9 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
RASIERHITIRS, REASLWY CPU. GPU Fi&FBEMAFITH, BH SOC BEEE,

[PA(Intelligent Power allocator) ;B#F%HE&: 3|\ PID =%, RIERFBEIEHE power
BEMEE, FHiE power B IIAERS,

2.2 HHXRKRIENA

xr 2-1:_ NiBENA

RiE BieA

Temperature/sensor  mE{ERIE,

Thermal CPU BEEHRS.

CPU R4 IEES,

GPU BRI,

thermal zone BiRMEE K trip fMEXEE4 themal core &%,
cooling device themal core F£&4@id cooling device ¥ CPU. GPU %i&

BERAMERHATTIRE.

2.3 RIRECE TR
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® 2-2: FAEH cooling device FIFR

T
&/
migE CPU GPU CHARGER CPUIDLEE ISP DE
A133 Linux- A%#% Linux-54 % TEF A 2R AEH
5.4 % 5, Bidd
¥ step wise f&
, BIAFRFHF
H616 Linux- Linux- AX%#F ATEF A 2R AEH
4.9/5.4 4.9/5.4
S S
T507 Linux- Linux- F%# A= FH T AZH
49 % 49 %
S S
T517 Linux- Linux- A% F=HF A= FZFF A&H
49 % 49 %
S S
T507- Linux- Linux- A% S22 ¥ A&
H 49% 49%
S S
T517- Linux- Linux- A% P2 T AZHF A&FH
H 49 % 49 %
¥ 5
T113  Linux‘ X A=zH A= FZH AT FZH
5.4 5%
S
F133 Linux-. AX%F FIZHF AZHF A AT I
54 %
S
TV303 Linux- Linux- A% A% Linux-54 % AXHF X
54% 54% =, iBa
¥ S step wise f&#

F

2.3.1 Device Tree E2& i BH

2.3.2 Device Tree E2& i BH

KENMPAEENRZESCFABEFANEREE, RENXHHNEKRZ A kernel/linux-
4.9/arch/arm64 (32 {iF &SN arm) /boot/dts/sunxi/CHIPdtsi(CHIP A A4S, Wl
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sun50iw10p1l ),

SEN:

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

£
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

e of-thermal

7f thermal #RF . H, FTFEEIF thermal zone. thermal Sensor. trip point. cooling
Device X R7E DTS XHAIREBMEMERNER, of-thermal IR AIRIE DTS R#RHIN
ABEEM, BiEXERH of-thermal RiR4EIF, FIREHABE AR L.

thermal-zones{
cpu_thermal zone{

polling-delay-passive = <500>; //BEBIEE, RigREEE (ns)
polling-delay = <1000>; //RERBEHE, ®iERER (ns)
thermal-sensors = <&ths 2>;

sustainable-power = <1000>; /[ REBRIINGRERKNE, RATDENZRApower
k_po = <25>; //HBEINE R R ERpidipSEKR

k_pu = <50>§ /IREETIL R RERp1dHNpSE

k i = <0>4 //PpidHIiS#K

cpu_trips: trips{
cpu_threshold: trip-point@0 {

temperature = <70000>; /I RREAFRIERTIOELEGHR
type = "passive";
hysteresis = <0>;

b

cpu target: trip-point@1 {
tempeérature =+<80000>; /I RRAAREEERSOELA
type = "passive";
hysteresis = <0>;

}i

cpu_crit: cpu crit@o {
temperature = <110000>; //RRAFEELL0EF ST B RN
type = "critical";
hysteresis = <0>;

}i

};

cooling-maps {

map0 {
trip = <&cpu_target>;
cooling-device = <&cpu0
THERMAL NO LIMIT
THERMAL NO LIMIT>;
contribution = <1024>; //CpunERIhENE, @Eidi@%cooling deviceXfRHY

contribution, AJLUAEEFESTIREFIPESANRE
}i

IR © HiB2EREROBIRAR. RE—INF 4
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mapl{
trip = <&cpu_target>;

THERMAL NO LIMIT
THERMAL NO LIMIT>;

};
};
};

gpu_thermal zone{

polling-delay = <1000>;
thermal-sensors = <&ths 0>;
}

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

ddr_thermal zone{
polling-delay-passive = <0>;
polling-delay = <0>;
thermal-sensors = <&ths 3>;
18
+

cpu_targetTmAEItemperature:

cooling-device = <&gpu

contribution = <1024>;
contribution, AJLUBAZERESTIREFIFEIARE

polling-delay-passive = <500>;

ARES RTINS, BYHRARZEHR.IREZSH, SATRGTSEERT
AR, URUFRINEEES, FIUGEEE, EHZSHEETHESmEEERNEENAF.
B2, BEZBHHEE—EEE LEASRIBNTLRE, LU~ mETERENER,

//gpunERITHEINE, @EidiA%cooling deviceXtRH]

BITER, HaEEHF.

e Thermal driver

ths: thermal sensor{
compatible = "arm,sun50iw9pl";
reg = <0x0 0x05070400 0x0 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”;

IR © HiB2EREROBIRAR. RE—INF
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compatible = "arm,cortex-a53","arm,armv8";
reg = <0x0 0x0>;
enable-method = "psci";

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

1

) .

dynamic-power-coefficient: cpuBhBSIHEERI, HP = c * v * v * f / 1000000183K (B CHBIBINFER

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 */
}i
opp@816000000 {
opp-hz = /bits/ 64 <816000000>;
opp-microvolt = <880000>;
clock-latency-ns = <244144>; /* 8 32ksperiods' */
}i
opp@1008000000/ {
opp-hz =//bits/ 64/<1008000000>;
opp-microvolt = <940000>;
clock-latency-ns = <244144>; /* 8 32k periods */
};
opp@1200000000 {
opp-hz = /bits/ 64 <1200000000>;
opp-microvolt = <1020000>;
clock-latency-ns = <244144>; /* 8 32k periods */
};
opp@14166000000 {
opp-hz = /bits/ 64 <1416000000>;
opp-microvolt = <1100000>;
clock-latency-ns = <244144>; /* 8 32k periods */
}i
};
opp-hz: $AZE
opp-microvolt: SAZEIFIRAIEE

gpu device

gpu: gpu@ox01800000 {
device type = "gpu";
compatible = "arm,mali-midgard";
reg = <0x0 0x01800000 0x0 0x10000>;
interrupts = <GIC SPI 95 IRQ TYPE LEVEL HIGH>,
<GIC SPI 96 IRQ TYPE LEVEL HIGH>,

IR © HiB2EREROBIRAR. RE—INF
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<GIC SPI 97 IRQ TYPE LEVEL HIGH>;

interrupt-names = "JOB", "MMU", "GPU";
clocks = <&clk pll _gpu>, <&clk gpu@>, <&clk gpul>;
clock-names = "clk _parent", "clk mali", "clk bak";
#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>;

T;
18
static-coefficient: gpuBdSIHEITERI
dynamic-coefficient: gpusEhSIFEITERL

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
360000 950000
336000 950000
306000 950000

2.3.3 board.dts ECE 15 EH

board.dts BFREE—MRAFEMIZEREE (W0 demo R, perfl k%) , EEAMNEREREE
2B = FHEM Device Tree BRMIABREE S, thermal &IR7E board.dts P LA Al HEE,

2.3.4 sysconfig E2& 5 EH

thermal #&iR7E sysconfig LA A ABEE.

WRAFRE © BseEREROERAE. RE—TNF 7
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2.3.5 kernel menuconfig B2& %A

3FF Linux4.9, HARZIEE R, $11T make ARCH=arm menuconfig (64 fiI*F&7 make
ARCH=arm64 menuconfig) ; ¥¥F Linux5.4, #A\ longan t{RE%, #17./build.sh menu-

config.
B, #AZF| Device Drivers ->Generic Thermal sysfs driver, ¥ TFFix:

3FF Linux4.9, menuconfig REEENT:

Device Drivers --->
[*] Generic Thermal sysfs driver
--- Generic Thermal sysfs driver
[*] Expose thermal sensors as hwmon device
[*] APIs to parse thermal data out of device tree
[ 1] Enable writable trip points
Default Thermal governor (user_ space)
Fair-share thermal governor
Step_wise thermal governor
[ 1 Bang Bang thermal governor
*- User space thermal governor
[*] Power allocator thermal governor
[*] generic cpu cooling support
[ 1 Generic clock cooling support
[*] Generic devicescooling support
[*] Thermal emulation mode support
QorIQ _Thermal Monitoring Unit
Allwinner sunxd’ next geharation ‘thermal driver

oo

oo

—_ —
[EE—

< >

33F Linux5.4, menuconfig FEEEIWT:

Device Drivers
[*] Generic Thermal sysfs driver
--- Generic Thermal sysfs driver
[*] Thermal. state transition statistics
(0) Emergency poweroff delay in milli-seconds
[*] APIs to parse thermal data out of device tree
[*] Enable writable trip points

oo

oo ol

Default Thermal governor (step wise) --->
- ¥ Step wise thermal governor
[*] User space thermal governor
[*] Power allocator thermal governor

[*] Generic cpu cooling support

[*] Generic device cooling support
[*] Thermal emulation mode support
<*>  Allwinner sunxi thermal driver

FoE WU EA

Default Thermal governor &%, ERikApower allocator
Thermal emulation mode support:iFthermaliRZiEEINEE
generic cpu cooling support :$TFERHEcpu cooling

IR © HiB2EREROBIRAR. RE—INF
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generic device cooling support:$JF @B device cooling
Allwinner sunxi next generation thermal driver:sunxi thermal3Rzf

J

2.4 ZENENSR

BIESHLEMT,

& 2-3: cpu cooling device &%

B okl
contribution cpu DECINENE, FJURENFERINLE, WAIURESRE

dynamic-power-

W@ dts IXHFRAT RECE
cpu Eblu\ljj*%%ﬁﬂ) RIECF SENEE dts A&

coefficient
static cpu ﬁ?:p\lﬂ§%§§&
& 2-4: gpu cooling device £}
o3 BiEA
contribution gpu S ECIIFENE, AU EXERTILE, BRI LIRESZESE

dynamic-coefficient
static-coefficient

ts

ss-coefficient
ff-coefficient

MiEE dts AXHFRA T REE

gpu HhSWFER L, RIFBSHKNES dts BCE

gpu FSINFERE, RIBCHKNED dts icE
gpu FSIIFERE, RIBCHKNED dts iBE

& 2-5: thermal zone £#§

o5 Ll
temperature ipa BIFRENANEE, RIEAFZIMSERBET dts AXHF RS
(threshold) TREE

temperature (target)

temperature (crit)
sustainable-power

k po

ipa BIFREEINEE, RIEAEZMEERED dts AXHRS
TREE

LRXEE, RIEAEIBERBED dts IXHRAT RECE
BEAIEREER, RAADENSRAIER, RESEARE
KiBE dts IXHRATREE

pid B9 p B8, AILUAEXERKE, BAILURIES =KLNE
SBXHRET REE
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S8 5iEA

k pu pid B9 p B, AUAREXERTIRE, e LURESRLNE
EXHRET RECE

ki pid B9 1 B8, AIUAREXERMIRE, WA URESRZEXNE
SAXHREGT REE

k d pid B9 d B, AUAREXERTIRE, e URIESRLNE

SAXHRET RECE

2.4.1 cpu cooling device &#&
2.4.1.1 contribution

cpu DEMENE, MRAENMRLERHIER, AJLUKEN <1024>,

B % cooling device XA contribution, PJLUEAZEMEMIREMEEMRE, RNZEEE
T, cpu M gpu FHEAHIEIT, LW cpu ERZHEMEIM, WMRAAILE gpu IR, ATLUEK
cpu Y contribution, tilf&2NA <4096>,

2.4.1.2 dynamic-power-coefficient

cpu HEWHERY, AE5CHFSEX, HEFEEEN.
HEGEBW .

1. cpu BHHIRARMSE cpu RAIE THINFELIE,

A013 (VDD = 0.9V)

CPU FreqMHz) | B_V (m¥) | CPU_I(m4) | Power (m¥) | VVaFreq(V 2+MHz) | P-L(m¥W) | AP/AF (mW/MHz) |Temp(® C)
283 103. 96 1039, 60 D35, G4 710,28 73. 00 49
936 100, 82 1098. 20 538. 38 758. 16 73.00 1. 10 50
934 115. 64 1156. 40 1040. 76 797, 04 73. 00 1. 09 50
1032 121. 26 1212, 60 1091. 34 335. 92 73.00 1.05 52
1080 126. 95 1269, 50 1142.55 874. 80 73. 00 1.07 52
1128 132, 65 1326, 50 1193. 85 913. 68 73. 00 1.07 53
1176 138. 38 1383. 80 1245. 42 952. 56 73.00 1.07 54
1224 144 08 1440. 80 1256, 72 951, 44 73. 00 1.07 54
1272 149, 77 1457. 70 1347.93 1030. 32 73.00 1.07 55
1320 155. 56 1555. &0 1400. 04 1063, 20 73. 00 1.09 56
1368 161. 27 1612, 70 1451, 43 1108, 08 73. 00 1.07 57
1416 167.02 1670. 20 1503. 18 1146. 96 73.00 1.08 57
1464 172. 87 1728. 70 1555. 83 1185, 84 73. 00 1. 10 59
1512 178. 71 1787. 10 1608. 39 1224, 72 73.00 1. 10 60
1560 184. 52 1245, 20 1660. 63 1263. 60 73. 00 1.09 A0

2-1: cpu RAINETHINFE

WRAFRE © BseEREROERAE. RE—TNF 10
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2. i@ Excel TH, ¥ V"2*F # cpu sh&AINFE power G, FEMNTHEMEITEE,
dynamic_power_coefficient
1800
1600
y=1.3002%

1400
1200

5;? 1000
§ 80D
600

400

’ 0 200 400 600 BOO 1000 1200 1400

VAZ*Freq (VA2 * MHz)

2-2mdynamic powery coefficient HHZ%

3. fRY0 cpu Ih#EERIERLIZ FRITHFELRIE, Il RFrR BN BZNMSIIFERE. FrUEES

Ih¥E % %% dynamic power coefficient = 1.3092/4 = 0.327,

ohSINFE R dynamic power coefficient FEAEE Device Tree B cpu TimA, AT It

BB, SRFEEEN.

cpu0: cpu@d {
device type = "cpu";

FRLA, 1R1E cpu shSTHRERL, EJLUTEH cpu shdHEE.

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

Capacitance@ah&INFEREdynamic-power-coefficient;

VoltageH{tEEE;

Frequency AiE{THIE;

UtilisationAFIAE, —fKkA1;

IR © HiB2EREROBIRAR. RE—INF
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2.4.1.3 static

cpu FHSWFERL, Linux4.16 RELRERZABMER, 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 c36c¢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 NEINENE, WRASEMELBEFNEK, FILLKEN <1024>,

2.4.2.2 gpu HfttS#

gpu MEMEXSH, ASSHTEEEX, FEFREEN.

gpu MEMEXSE, IBIELELN. #8HTEANSE, B gpu BRAFAERRHE,
NERER], AILUERATAZA,

2.4.3 thermal zone &K
2.4.3.1 temperature (target)

BARREARER, BERERBNENEE, —REE “Ee". “BA” FEE, AT/
15

1. AERABBPRHIEERTIER, 0 8N 3 /NNXte[MWR, FmREEA <15 E”

XMERT, BIREEAIRENSEMRIESEE.

WRAFRE © BseEREROERAE. RE—TNF 12
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2. AEMBERHNSELERTIER, W “SET cpu MERERTF 1.4G". “BET cpu &
BEREIT. “BR T cpu RIFEREEEE 80%” Fo

XMERT, AL RERE, WENIETEARNSIEENSRMEEE, £/ stability /ERHRAE
= TMIR 5-10 %, FH cpu REERE.

e & cpu REREMRT 90 REKE, BMFEERLISERN 90 BEKE,

o HZcpu BEREST 90 ERE, BT 110 ERE, BIvEEALUEE N cpu BREEE,

o Hcpu REREST 110 BKE, FE2EZEZEMEESEY. SHREGMIREMY. BABRE
B, BfnEERAEEGHATARE.

3. AEMBERMIEENSELEERFIER, W “cpu REEEREET 90 B, H cpu X
FEEMRT 1.4G7,

XMERT, AL XRERE, WHENIETEARNBIEENSRMEEE, £A stability ERfAE
=TI 5-10 %, FH cpu REERE.

o & cpu RERERTAEMBNESEE, BIREERLUREANSRIEHNESEE,
e Hcpu RERESTARNMBHNRSLRE, FESGEEBURSER. BABRESER, BIF
w7 R R A BRE

2.4.3.2 temperature (threshold)

MRAERAEEERFFER, BRERBANEEFTLUSENEEREEIEER 10-15 KK
Eo

2.4.3.3 temperature (crit)

HERABBABATEXNER, W0 “XHF IC LEFRIF: 115 E, WBXHIhEe", TEXVEE
I LUK E N E=MIEEIEE Eo

FEIE, IRXVNEEFELRIZFRBENEERS 5-10 BERE, SUSETREZMAIEX
M, EIEREBEERER

2.4.3.4 sustainable-power

sustainable-power Z15, ‘REXEBINRERN, A% DENZEARINE,

IPA KEEREEITE CPU nJ 2 EH power BY& % sustaibable power #1 CPU fa#iiIs2mm,
£ CPU SAaH—ENERT, BMNEESRT CPU A5 EH power 5 sustainable-power F{IE

WRIRFE © HRB2ERRRNHERAE. RE—TIMF 13
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Ebx%, BP sustainable-power #KX CPU AJ 73 E2HY power #X; 7 sustainable-power —
EMERLT, ENEEST CPU B9 EH power 5 CPU faFimik b X &, B CPU fagidi/),
CPU £ 2R power #A, BIFTAEA— sustainable-power [F8#E R E f#H FHEITTT
A, BERIEBELGEREERARBNARATTERS L,
BRI EY, EFIA CPU 4 cooling-device BIBY{&E, CPU MIHiEIERATT IPA REEHLK
20, RIUHRMATERMEREET CPU AHENSMEIN, MTHIRIEREM, Fitk, EFIA
CPU £/ cooling-device BY, FEUEE performance FREIRIBHEH AN cpufreq
governor £, EiVfEA ondemand = conservative Z&iRiEH H BHzhIAEN gover-
nor, FIA cpufreq governor 4 IPA $HE&7E CPU RHBIHEFHFR,

IPA HRBRRZAMEEIRE cooling-deivece HIMZFEMRIXZIFERITRNBR, FIUEERFRE
8 cooling-device TEERMEIMKR TN AR EEFASBEBEFEE, MRANFFEETISH
cooling-device &L #Hud kK, K cooling-device TIEERIKSI = RFEREEKRIAET
BfRE, [PA KRBT AREIERISRIER,

ARET ERINFMIBERT, sustainable-power BIITE 52BN T,
o HiE—

BN, WINRIERENERER 90 BKE, R cpu KHIETE 1.4G X TRER U
FAETE 90 BEKE, BBA sustainable-power ?fﬁ% cpu IE{TTE 1.4G SMETWINE,

HZEHE gpu FHM cooling device BY, BERMBERME, LLITRIEREHNBEREER 90
BEE, 1R “cpu BT 1.4G, gpu iBI1TE 600M ...... " SEERIURERE 90 BKRE, A

sustainable-power Ft2 “cpu B1T7E 1.4G,gpu iZ1T7E 600M......” FHINEK,

BUXE cpu cooling device A, 1A sustainable-power Hit&EFH %,

BHiMAEScooling- dev1cei’JI1’F?"a-1EE‘/FE-‘f‘:—55‘]12%5’1/me BEETREIRKE, AEBEERI— 1 ALILE
EREBTEEMEENIGEREREINESA, BIMcpuinfTIEL608Mfim, FAstabilityEHAHIHE TMILS
-1093%0, cpwREEEEIOELA. FﬁLXsustainable—power%TéFﬁTcpuI1’|E?'£1608MH§‘E’\JIJJLK.-’o

CPURNSITIFEITE:

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

fR¥NCapacitance=0.225 (dynamic-power-coefficientB&EH225) , cpulEEVoltage=1.04V, cpudfiE
Frequency=1608M, %, cpushZSINFER:

sustainable-power = cpu dynamic _power = 4 * 0.225 * 1608 * 1.04"2 = 1565mW

E{FF sustainable-power=1565 #17 stablity Mix, ZMEEEERE 92 EWIER, /AT
BrLE ISR, 540 sustainable-power %X 1550, PEEEAHERT cpu X3 92
BB,

% cooling-device KEEITERSMm N stability (IRATTEFEEERE target SRE, Nk
BNl mE#1T sustainable-power BitHE, WM —MARNEREER 90 BRE, ZHFERER
& cpu EA cooling-device, % cpu HEEimE 1560MHz, # cpu SiFi&EHN 1560MHz
[EfER stability #1TMIXE AWM SOC EiZZFH TRLRERET 60 BKE, BHIAN cpu 7
1560MHz THY%#EITE sustanable-power,
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@LWIMIER
: SRR R

o FiEZ

BT IPA REFEHAMNE PID £H&ZE, EXNYFIDREENITE AL N Power =
sustainable-power + P + [ + D, HEf “I” fEARINRERZE T REBE BirnEERZE
BEARHWIRE, B 1 BREEEERFTFNANERE (switch on JBE) WA XEES reset,
HitHRENRILRKNEEIBEFRER, 2% 1" —BE#THITER, 3 ‘1" EREXT
sustainable-power + P BY, A]2EHIEEER —EH 0, cooling-device F—EH FHREM=EK
KE, BERERENNEE.

Hit, EMNHFEZEREAREIN T BIREEBR#ETEM, MEENNEENBEFEEZBNE -1
1A RE SFH TR, LRANEERIEZAIBMEE, REFREIL 17 ¥
REZERI K,

Bian, EMNSERRERENANEEIREN 70 EKE, REEEENEEIZEN 85 BRE, X
RAASKE 70 BERENHBERRE—ILCERANIIEE, MERENAHS, RENIHEZXIR
N, REI—ERESTEREM, MRBEERSAS, hERLSIFEE, cpu F cooling device $ZE
LR, FrlEE 70 BEREMNR, RERABERENNEERERET, HA—E=MEM, 2
(K ABHERES AT LUBIE 82X sustainable-power FYE#HITIAZE,

UENEEAF, BIMEENEEREANEEIRERN 70 BRE, BIZREEMREEIZREN
85 BEKE, RITHREBHISARFEER 75 BEKE, CPU(WU#Z) #1 GPU #B{EAN cooling de-
vice, HREBE 70 BEE, RITHEFHRTE, BIEERIUEENETEIEFR, 75 REKENE
BFERFIZE (LN NEES 5 BRE, XHIZE ] LUR/VRIZ NI FF GRS EohigE)
RARBREREILB8S BEKEs 84 75 BEENHIIHEEMEFE cooling device BIER KLY
EZ M,

B, EMRE cooling-device BT FEREMERAMNSHENEEAIBIEFEE, RAEHEIR
ERMRENBINEEHT FETE,

ENNRARIIRZMNITENT:

CpushsINFEITE:

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

fR¥NCapacitance=0.100 (dynamic-power-coefficientfdE}100) , cpukASfimEE[EVoltage=1.125V, cpufk
KIR=SARFrequency=1416M, PUi%, cpumh&SIhFER:

cpu_dynamic power = 0.100 * 1416 * 1.125%2 = 179mW

gpuESTHFEITE:
RIEARMEIEARPdyn = Capacitance * Voltage™2 * Frequency ({REZ:fl, SEFRIAgpuiEikenst ARIEER
#)

fR¥0Capacitance=0.733 (dynamic-power-coefficientfd&E}733) , gpuRASimE[EVoltage=1.10V, gpui
A= SAZEF requency=800M, gpuBhSINFEHN:
gpu_dynamic power = 0.733 * 800 * 1.10"2 = 709mW

gpuERSINFEItE:

RIEBUTAN (RIEEG], SFRgpuiERHRANIRERE) |,

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

v_scale = V"3

P(s)= ( C / 10060 ) * ( T scale / 1000000 ) * V scale

fRstatic-coefficienti&E /411000, tsi&E/32000 4700 -80 2, MIC = 411000, a = 2, b = -80, c =
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4700, d = 32000, FFAFESARGEEET = 75C, V = 1.1V, A4
t scale=(2*75*75*75) + ( -80 * 75 * 75 ) + ( 4700 * 75 ) + 32000 = 778250
v_scale = 1.1 * 1.1 * 1.1 = 1.331
gpu_static power = ( 411000 / 1000) * ( 778250 / 1000000 ) * 1.331 = 425mW

BRAINEZHM: P_max = K * cpu_dynamic_power + gpu dynamic_power + gpu static_ power
Xt FCPURIpower, FEAMRBHFEFHITITE, BIKEXCPURZERHI—¥2, WAAITEEE
P max = 2 * cpu_dynamic_power + gpu_dynamic power + gpu static power = 1492

sustainable-power FJi+EINT:

BANRF TS ENpoweri] LUBE U T A IHERSE:

Power = sustainable-power + P + I + D (linux-5.4/drivers/thermal/
power_allocator.c)

BB EERIARNIEE, 75BRERENRATRRESAE, BENRGNE7SBERENNAISEpowerAfiERcooling-
deviceMpowerz#l, JttHﬂ‘PID%%&qJE’\JIﬂ]DﬁUJO.

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

sustainable-power + 2 * sustainable-power / (85 - 70) * (85 - 75) = 1492mW

sustainable-power = 639mW

£ sustainable-power=639 #1TREIZHERNEL, 640 Antutu. Geekbench %, #l trace
yﬂE, DITMERIRENTHIER, HEBY lisa TREED T, EE% SRIE T, @R CPU

BEEIZERTEMEE. HEEREIKE, AINEHAEAS KE; MR cpu BEZZETEIREE.
’Eﬁzﬁﬁ%‘]:&ﬁ%, ALUESH AR K 8, EfMETiTE, REER, BEIFSTH.

2.4.3.5 k po

B ENRER pid B9.p 2, R ARIELERHIER, AJUREXERTIRE,

k poit®:

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

fRisustainable-power=793, de51red _temperature=85, switch on_ temp=70, PU#%, cpush&SIHFEAN:

k po =793 / (85 - 70) =

E{HM stablity #1TMiX, HI cpu BEIZHAERETECREENER, BV k po FTHE
=, AILUEEF k_pO 2o

2.4.3.6 k_pu

KEZBIFRERN pid B p 22, MRHSEARKBRINER, AJURENXERILE,
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kK puit®:

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

fR0sustainable-power=793, desired temperature=85, switch_on_temp=70, I9i%, cpuBh&IhER:

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

E@Fﬁ stablity #1TMidX, HIL cpu BEIZHABEERSBEEENER, BIA k pu @H
T2, ATLUEER k pu B,

2.4.3.7 ki

pid B9 i B8, MRLENAELKEHFINER, AUREXERIKE.

2.4.3.8 k.d

pid B9 d B, MRAEMELERHIER, AILUREXERIRE.

2.5 BN A

kernel/

|-- drivers/thermal/sunxi_thermal-ng.c //thermal sensor3Rzhf{Es

| -- drivers/thermal/cpu_cooling.c //thermal cpu coolingf{ig

|-- drivers/thermal/devfreq _cooling.c //thermal devfreq coolingfti%

2.6 IXSHIEZR 4R

o

WRIRFE © HRB2ERRRNHERAE. RE—TIMF 17
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4.1 At F%E
4.1.1 AT H

o

4.1.2 AERTR

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 19



@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 AEIRIEHREE N OHEEIIEERXR

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>;

};

};
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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>;
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4.2.7 2apm THIFE. EEEESER>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 MINIFIRREWARREA (0: BFE) , NB[JBEXHIFIRETIESETE:
X7 B E HIMEXVI S H TR LRI E, KERENASSRAATEREER
HteEIEI T Y BiREE S, CPU % cooling-device & EEASSZHMFEE SN IIE
X, ERATHRERESAEMRESHRLXLZAFANEERARZIZBIETEE. XMHE
MTREXRERS: FIREE ARk, HEEREEAMEE /L, HENERE—TEN, FR
BEMS, MEERSNARMSWESR), BYKNEBEETEER, PID BEATHIRE
KR LA, RERXERMEM cooling-device FILIEEREIN =
EE—T, " BEfiRRESTRAEEBIBENEE, RAANMEZEZ MR ERIREME, B
=EMEWLE, BEBAFCIEREEBTEEM T
Fitb, FLEIZET, BRREETENERABARRRIFREE, URAREEFSPARIZE
HEREE;, BARKRSEMRE, RIEENHEARRHEELHAENRE, NRTRIMETE
MAFREZS THMERIHARER, REBNXNIFEEERBINEE, F [PA RITHREE
TEHEERERR, FNEFREE. FERGATA. ARBEHFARTA—REITHEENER
32,

e HZ1 cooling-device &R TF , S:BHNIEETFE:
MRZBAERBNMIET, BFRARAKAHSEVBLHILD R, HETHE, BLEIRER
BEEALZMAEIRENE R, WRIELAY thermal zone FHE 7T % cooling-device (0:
CPU. GPU. VE %) , AILUESIMR#ITAE (R, BEREE. #F) , #MmomERs
XMMKRNEZEFRESH M EREISEMBETRESE (CPU. GPU. VE) , AREIREXT
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
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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 AT LEERET switch on BEMEEBIBIREE, cpu
IR =1 PRl 2l SR (AT

IPA [REEIEITE cpu FEM power BB EE= T _EHET cpu B EER (power * load) , H
EHR 0% BiHER power 5827 0, BIHET cpu FAER granted power 4 0, MEKBEE
=3[R

F—E3F cpu EN cooling-device, cpufreq-governor 4 performance BN BiAEH,
H2FE#BE switch onJRERG cpu HNME—BEREMMRSMZEIREBkE. XEEH cpu
HAEHBERNTR 0% =8, BmAKXT 0% BER, HitESEH power A 0 B ELRIEIN
¥, cpu RALEMEFBRHIAREMN,; HHESEH power BIERIMERT A 0 B, HFR
BH— cooling/device, KA=AX cooling-device HEELZBHI power, FFLL cpu AL
ESIEIR B N RS Mo

XERMA L HIE@EL NS AL, B cpufreq-governor /A performance BYIFR
To XFERT cpu ZHEERZANNE, BIAKABERSN, SHERILBUAFE N 0B
1ER. X @R EE L REM cpufreq-governor A ondemand Z conservative, &
4AEHiL CPU M E—Efad,

4.2.9 "It afER IPA EEMESTEREERORTFEIFNEE —K
ifiEE, REMHEREEEM RS

BT IPA KXEEFEANZ PID BH8Z%, EHWHFgAISEEENITELARX A Power =
sustainable-power + P + I + D, HA “I” tFARINRERZ R T REEE BinEERZREE
ARHIIRE, B I BRETEEERT switch on BERA2ES reset, LI EENMR
bRt BiRER, S8 ‘17 —BEH{THITER, H ‘17 EFREAKXT sustainable-
power + P BY, AJEERIEEEIS—E N 0, cooling-device —EHAFTRMIAFRIRES, HIIE
BT switch on ‘BER PID SHEN, WRFHINMERARER. XERBDNBRADEREN
JEEE [PA SR ELRIFMENERE, FEILRFAREKNEEIETEE,
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4.2.10 ERIETGE

o FRERINFEM cpu AIMEM, W ondemand. conservative. powersave %, i¥MQ
(Linux CPUFREQ_ F %) o
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E{E =R

RRAXFAE © 2022 HKkiEEERHRNBRAT. RE—TIF,

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

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

(ot

LLWINER LLWINER LLWIMWER'
C 2*?4&\2".:\ *‘I’ *i C (=275

é)ﬂhﬁﬁéuﬂ&kﬁﬁm VBB EEMER. EAEERNTmPHRNEERS
*T’ Fﬂﬂ%ﬂ: ﬂ]ﬂ[ﬁﬁz%ﬂ'\, igﬁﬂﬁ%@ﬁﬁﬁkﬁﬁo

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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