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1.1 3CHEfETT

ZERAXENAT thermal BRI RIRERE /7%, UK ERIRE,

1.2 BiniESE

thermal IR F & 4P AR.

1.3 iEAEE

N,

*® 1-1 ElFrmy &R

B R L EATE:S IXTh > 5

T509 Linux-4.9 drivers/thermal/*
MR813 Linux-4.9 drivers/thermal/*
R818 Linux-4.9 drivers/thermal/*
Al33 Linux-4.9/5.4 drivers/thermal/*
R528 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/*
V853 Linux-4.9 drivers/thermal/*
R853 Linux-4.9 drivers/thermal/*
T113 Linux-5.4 drivers/thermal/*
T113_S3P/S4P/S  4|Linux-5.4 drivers/thermal/*
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2.1 {RIRINBETTER

Thermal BFFHUTHIR S, HINAERET temperature sensor ME Za) CPU. GPU FE&EIVEE
B, ARREBIEEE, M CPU. GPU FIREFAMEELE, Xf CPU. GPU Fi&EHIRAINZH
1TBRH, LAY CPU. GPU FHKFRENANITH, #%E SOCRELS.

IPA(Intelligent Power allocator) JR1=5%E8E: 5| PID =%, RIBRFBEHE A power H£Z D
1”&, FF power FL HIRZERH,

2.2 AXRIENDG

& 2-1: NENE

Rig BieA

Temperature sénsor m S (% Rk 2o

Thermal CPU REIFHIR S,

CPU FROLRhFEBS,

GPU S PUSEEA

thermal zone BRERER trip StEXER4 themal core F& %k,

cooling device themal core FR 4B cooling device X CPU. GPU HFi&&E TR A
SRERFHTT IR

2.3 {EIREE TR

WEAFRE © BRiBeERHRRNERAE. RE—TIF 2



@LWIMIER

SORER: W
& 2-2: FEXHF cooling device 7l&

T

8/

B

& CPU GPU CHARGER VE CPUIDLE ISP DE NPU

A133  Linux- FX#F Linux-543% A5 r=ZH T2 T FxX
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B, BIAFF

H616 Linux- Linux- AX#E A5 r=ZH T2 T FX
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543% S S ¥
i
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8/

2%

& CPU GPU CHARGER VE CPUIDLE ISP DE NPU

R853 Linux- AXF R Linux-49% AXZ#F FZ FX  Linux-
49% 5, BB& S S 49%
¥ step_wise £

A

T133 Linux- ALHF FZF REHF r*=HF T2 Fx FX
543% ¥ S ¥
S

T113_S3Bhux- ALHF FZHF A FZHF X FFZ  Linux

S4/ 54% e e 49%

S4P S

2.3.1 Device Tree Ed&iHBA

BEWNPEENEZECHIIBEFENEREEE, KENXHRIEEZA: kernel/linux-4.9/arch/
armé64 (32 (UF & arm) _/boot/dts/sunxi/CHIP.AtSi(CHIP AR AS, a0 sun50iwl0pl ).

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/thérmal/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

£ thermal BRFF &, RFEEIE thermal zone. thermal Sensor. trip point. cooling Device
KX ZRTE DTS XIEWIRBMEMR IR, ofthermal IR EIRIE DTS BHANABEEE
fit, EiEXAH of-thermal #RIRHEF, BRAIBEARKRE L.

thermal-zones{
cpu_thermal_zone{
polling-delay-passive =<500>; //REBIEHE, KI@RER(mMs)
polling-delay = <1000>; [RERBEEHE, BIERER(ms)
thermal-sensors = <&ths 2>;
sustainable-power=<1000>;  //BEARITUGERERAE, RAADENZRApower

k_po = <25>; /BRI RERENpidipSE
k_pu =<50>; [[RBE SRS RENPIdipSE
k_i=<0>; //pid89iZk
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cpu_trips: trips{
cpu_threshold: trip-point@0 {
temperature =<70000>;, //RRRFKBIEEIOELEETE
type = "passive";
hysteresis = <0>;
g
cpu_target: trip-point@1 {
temperature =<80000>;, //RAEREZEFAREEBERIVELR
type = "passive";
hysteresis = <0>;
I
cpu_crit: cpu_crit@0 {
temperature =<110000>; //RRRAZELLIERE ST BEN
type = "critical";
hysteresis = <0>;
I
L

cooling-maps {
map0 {
trip = <&cpu_target>;
cooling-device = <&cpu0
THERMAL_NO_LIMIT
THERMAL_NO_LIMIT>;
contribution =<1024>;  //cpuPERIIENE, BidiHEEcooling deviceXt N contribution , BILUEEERESRIT A FIRE
MRE
I
mapl{
trip = <&cpu_target>;
cooling-device = <&gpu
THERMAL_NO_LMIT
THERMAL_NOZLLIMIT>;
contribution=<1024>;, //gpus EETh=EANEE .« B 1AE cooling deviceXtRZAYcontribution, A LAAEERESTIRAEFIE
MRE
L
k
k

gpu_thermal_zonef
polling-delay-passive = <500>;
polling-delay = <1000=;
thermal-sensors = <&ths 0>;

I

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>;
k
L

cpu_targetTi A EYtemperature:
AR MRITHNE, EHRERZEH. BREZEH, SATRAESRBEA NEITER, 4hEElT.
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8, URUFRNEBEEES, FIUFEELIR, BZSHEREHREF mEEERNSENAE.
B, BRZBUHEE—EEELRESEBR TR, B RIETERRIER,

J

e Thermal driver

ths: thermal_sensor{
compatible ="arm,sun50iw9p1";
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@0 {
device_type ="cpu";
compatible = "arm,cortex-a53","arm,armv8";
reg = <0x0 0x0>;
enable-method ="psci";
clocks = <&clk_pll_cpu=;
operating-points-v2 = <&cpu_opp_|_table>;
cpu-idle-states = <&CPWY_SLEEP_0>;
dynamic-power-coefficient = <100;
#cooling-cells = <2>;

g

dynamic-power-coefficient: cpuEh&IFER L, HP=/c*v*v* /1000000183 (BECHABEIEINERE)

cpu opp table

cpu_opp_|_table: opp_l_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 32k periods */
I
opp@1008000000 {

opp-hz = /bits/ 64 <1008000000>;

opp-microvolt = <940000>;

clock-latency-ns = <244144>; /* 8 32k periods */
k
opp@1200000000 {
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opp-hz = /bits/ 64 <1200000000>;
opp-microvolt =<1020000>;
clock-latency-ns = <244144>; /* 8 32k periods */
k
opp@1416000000 {
opp-hz = /bits/ 64 <1416000000>;
opp-microvolt =<1100000>;
clock-latency-ns = <244144>; /* 8 32k periods */
k
L
opp-hz: $i=
opp-microvolt: A AT ERE

gpu device

gpu: gpu@0x01800000 {
device_type="gpu";
compatible ="arm,mali-midgard";
reg = <0x0 0x01800000 0x0 0x10000>;
interrupts = <GIC_SPI 95 IRQ_TYPE_LEVEL_HIGH>,
<GIC_SPI96 IRQ_TYPE_LEVEL_HIGH>,
<GIC_SPI97 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";
#tcooling-cells = <2>;
ipa_dvfs:ipa_dvfs {
compatible = "arm,mali-simple-power-model";
static-coefficient = <17000>;
dynamic-coefficient = <750>;
ts = <254682 9576 0xffffffo8 4>;
thermal-zone ="gpu_thermal_zone";
ss-coefficient = <36>;
ff-coefficient = <291>;
I
L
static-coefficient: gpuBSINFEITE R
dynamic-coefficient: | gpush@SIHFEITEZREK

gpu dvfs

gpu dvfsk:
gpu: gpu@0x01800000 {
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

>
>
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2.3.2 board.dts Gt = i%FA

board.dts B FFREE—MREAFEMNKEEE (W demo ik, perfl iR%E) , EENEEEER
B = FEM Device Tree IAECEE B thermal #BiRTE board.dts LA eI HELE.

2.3.3 sysconfig B2 & i FA

thermal #3RTE sysconfig H AP Al BECE,

2.3.4 kernel menuconfig E2&i%FA

FF Linux4.9, #NAZIEBE R, 1T make ARCH=arm menuconfig (64 {iIF &} make
ARCH=arm64 menuconfig) ; XfF Linux5.4, #A longan I/RER; #17./build.sh menucon-
figo

B, #NE Device Drivers=>Generic Thermal sysfs driver, #0~F7R:

X3F Linux4.9, menuconfig RAEECEW T

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
[] BangBangthermal governor

- User_space thermal governor

*] Power allocator thermal governor

*] generic cpu cooling support

] Generic clock cooling support

*] Generic device cooling support

[*] Thermal emulation mode support

<> QorlQ Thermal Monitoring Unit

<*> Allwinner sunxi next genaration thermal driver

*

—_ = = =

XFF Linux5.4, menuconfig REACEWT:

Device Drivers --->
[*] Generic Thermal sysfs driver --->
--- Generic Thermal sysfs driver
[*] Thermal state transition statistics
(0) Emergency poweroff delay in milli-seconds

WRIFRE © HiBEERIRRNBMRAR. RE—IRF 8
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*] APIs to parse thermal data out of device tree
*] Enable writable trip points
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

[
[

FCE TR A -

Default Thermal governor %%, BXiAJapower_allocator
Thermal emulation mode support:Z#FthermaliZINEE AR
generic cpu cooling support :FTFF @R Icpu cooling

generic device cooling support:¥TF @R device cooling
Allwinner sunxi next generation thermal driver:sunxi thermal3&zh

2.4 SHNENE

BIESHLEMT,

72 2-3: cpu cooling device &%k

15 BA

contribution

dynamic-power-

Cpu D ECINZFNE, AILAIREXERTILE, Wl UIRIESZRE
MBS dts X HRAT R E
Cpu THSINFERE, RIFSHTNES dts BLE

coefficient
static cpu EESINFERL

& 2-4: gpu cooling device %4
S WiEA

contribution

dynamic-coefficient

static-coefficient
ts

ss-coefficient
ff-coefficient

gpu DECTHEINE, AIUREXERTIILE, WoliRIES SRR
M@ dts XU RATRERE

gpu ShASTHFERE, BIBCHFTNET dts BcE
gpu BERSINFERE, RIBCH KM@ dts iIcE
gpu ERSINFER L, RIBCHEN@ES dts icE

i
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K 2-5: thermal zone &%k

28

=

A

temperature (threshold)
temperature (target)

temperature (crit)
sustainable-power

k_po
k_pu
k_i

k_d

ipa BIERBNANGBE, REAEIEERET dts AXGRS
TREE

ipa ‘BITRIEEINAE, BIESRISERET dts AXHRSK
TREE

WERXVEE, RIEAEZMEERET dts AIXGRAT REE
BEXFENEERN, RAATDENEARNE, REAZMRE
KiEd dts X HRFET REE

pid BY p %%, BIUREXERTILE, el ARIES = LNE
AXHRAT AR

pid B9 p 2%, AIUREXFERTILE, eI UIRIES ZINE
BXHRATREE

pid B9 i S, FILUAREXERTILE, el UIRIER L&

A XHRAT AR

pid B9 d &%, AIUREXFERTILE, A LGRIES ZIN5E
BXHRATREE

2.4.1 cpu cooling device %%

2.4.1.1 contribution

cpu DECTHEMNE, MRAFIMELERHIER, PILIKEN <1024>,

i JE%E cooling device X AY contribution, FILUBARESMIMFMEMRE. RIOESET,
cpu # gpu #HATIETT, KIcpu ERFWEM, MRAL gpu TSR, ATLUEKX cpu AY
contribution, tEIMELEH <4096>,

2.4.1.2 dynamic-power-coefficient

cpu HISNERY, AESREEEX, FRFREENL.

R EENT.

1. cpuFEHHTARM cpu RATIER THIINFELIRE,
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719, 28
752, 16
797, 04
835, 92
ard. 80
913, 63
952, 56
991. 44
1030. 32
1069, 20
1108, 08
1146. 96
1185, 84
1224, 72
1263. 60

2-1: cpu sRARTHETHITHFE

2. @3 Excel TH, ¥V 2*F # cpu chSTHFE power A&, ’;E'félJill]"FEl’\Jéa’%'T?E?ﬁ%’%o

dynamic_power_coefficient

powear (mw)

200

0 200 400 600 B0O 1000 1200 1400
VA2*Freg (VA2 * MHz)

2-2: dynamic_power_coefficient g%k

3. {BY0 cpu THAESUEZ X T RITHAESUIE, MBRNEFRENEEZNNSTHFERK. PIUGIS
INFE R dynamic_power_coefficient = 1.3092/4 = 0.327,

HISIHFE R ER dynamic_power_coefficient REECETE Device Tree Y cpu TR, ATITERA
&, SHUEEZEBI,
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cpu0: cpu@0 {
device_type ="cpu";

FrLA, 1RIE cpu shiSINFERE, WAILITEW cpu shs I,

cooling-api.txt), H,
Capacitance 2 Bh&SIHFE & #dynamic-power-coefficient;
Voltage AHFEREIE;
Frequency i1 THR=E,
Utilisation AFI AR, —RRH1;

cpushSINFEITEATL: Pdyn = Capacitance * Voltage2 * Frequency * Utilisation (linux-4.9/Documentation/thermal/cpu-

2.4.1.3 static

cpu FESINFERE, Linux4.16 MEShRARZABRER, FHNMTRR:

commit 84fe2cab48590e4373978e4ef2031c977de98995
Author: Viresh Kumar <viresh.kumar@linaro.org>
Date: Tue Dec511:02:46 2017 +0530
cpu_cooling: Drop static<power related stuff
No one has used it for the last two and half years (sinceit was
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>

introduced by commit c36cf0717631 (thermal: cpu’cooling: implement the

2.4.2 gpu cooling device %X

2.4.2.1 contribution

gpu NECIHERNE, MRHEMELBHFIER, FAILURERN <1024>

2.4.2.2 gpu Hith&#k

gpu EMBXEH, AETRTEEEX, FEFREEN.

gpu MEMBXSH, ISHHEITEAN. BSHAENEQRNSE, B gpu BRATAERREHR,

NERER], AILURAEXARAZN,
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2.4.3 thermal zone £&#f

2.4.3.1 temperature (target)

BAREARER, HERERBNERRE, —REE "M . "B FAEK, 2HUT
JUMIER:

1. AEMEEPEHIRERGIZER, 1 “BH3/NIRMERMN, mRREERA <15E”

XMERT, ALEXRARE, WENETESFEABEENDSR, Wi 5-10 0%, S cpufa

=N=
AE7m Eo

o B cpuREBERTARNMBHIEERE, BANREALISENS EMBIIEERE.
o HEcpu RERESTAERMBNIEEEE, FESSEBMARSEN. THREFGNRELE. 1F
HEAERERL, BfNEERAERBHATABE,

2. HEMBERHNVSEIEEBHER, N “SET cpu MRBEREF 146> . “SET cpu
RS . "SR T cpu RIFEREMEE 80%" Fo

XMERT, AJUEXARE, ILFENIETEARMBIEENSEMEE, £/ stability FER AR
= TR 5-10 28, S cpuiR ERE.

= cpu REREMRT 90 REE, BioaErILUKEN 90 REE,

=cpuiREREST 0 EEE, BF 110 BRKE, BIREELUSENRN cpu RERE,
ZcpuREREST 110 BRE, FEZGZEARGEN. CAFSNRBEE. BHEREF
&R, B mERS BRI ARE.

w

. AERNBERBIYRENSEIEERFIER, 1 “cpu REEEFREBT 90 B, H cpu X
REERTF 1.4G” o

XHERT, AUEXARE, IWENETESEMREENSEIEE, A stability £ A3
RN 5-10 2%, FH cpu BERE,

o B cpu REBERTARNMBIIEERE, BANRERLUSENS EMEIIEERE.

o HEcpu RERESTAHAEMBNIEEEE, FELSEBMARSEN. BAPAFER, BIF
w7 =B AR AE,

2.4.3.2 temperature (threshold)

MRDEAELERHHNER, BERENNBENLUKEANRIEREETEER 10-15 HEKE,
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2.4.3.3 temperature (crit)

HEMBERBINTERTNER, 0 "X ICTRFRIF: 115 B, BrEXIIE" .

XMERT, AIUAXARE, IEENISTERIRMEEE, £ stability fE# R 7R TR 5-10
o, JFH cpu REERE,

o HcpuREBRERTARMBIIEEERE, TRXVEERIRENAEZMBRIEE EE,
e HcpuRERESTARIBHNIEERE, FESGEZEABRGENE. THREMNRBEMR. B
HFRAERR, RXVEE RS RBAHASEAMWE.

o, TRXVEEFTZILRITREEOEES 5-10 REKE, BNEE MREZMA TR,
BITRIEERFRER

2.4.3.4 sustainable-power

sustainable-power 215, REXIFBTERERN, RAADEHNRANZE,

IPA ZREE R G TEITE CPU B] 2 B2y power BY =32 sustaibable_power 1 CPU fa#BI%0H, £ CPU
R —ENERT, BEMNEESR T CPU a1 2 ECRY power 5 sustainable-power B IELE X &, BD
sustainable-power X CPU B] 3 ECHY power #K; 4E sustainable-power —ERIER T, BN
mEST CPU Bl EEH power 5 CPU faZiAztbx %, BN CPU fa#itd/)\, CPU HECHY power it
X, BT EER 1 sustainable-power [EBY/# E R R EH FTEURIZITH, RERIELIRERIERF
FRNA AR EBOTER H.

HIERT LR, fEFIA CPU ¥ cooling-device BIBY{E, CPU MIRAFIBERERT IPA SREEEIRAR
e, RIERAEIEERMERIRE T CPU AR MM, MTHENHRRREN, Eit, EFIA CPU
{73 cooling-device B}, REBINIEED performance EREIRIEH HiASA cpufreq governor fiE
A, BiYERA ondemand 5k conservative FX1RIES & BzhiASHRY governor, FIA cpufreq
governor b IPA 3EERE CPU 2 EBIRYIZHIRE,

IPA SRR R E B PRE cooling-deivce SRR RIAFIFRITENHR, FIUREREFAE
B cooling-device TFERIEMS TR AR EEFRZBE BEE, MREAMZEEEI S
cooling-device &ZB & #Hud kA, SHE cooling-device TIEERIARN RFANBEKRABTHE
toRE, IPA SR IT AR RITENIER,

EETF ERIAABIERT, sustainable-power BB 5A BN T i,
o HiE—
BRI, LLIRERENEMRER 00 BRE, MR cpu KHIETTHE 14G METRET R

EE 90 IBEKE, FB4 sustainable-power 2 cpu iIB1T7E 1.4G AR TFHIIHEK,
LEREEA gpu FHAM cooling device BY, HRBEEMB, LLULRITHRBEWEREER 90 &
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KE, AR “cpu iZ{TTE 1.4G, gpu iBZ1T1E 600M......” BETILRBERE 90 BERKE, B4
sustainable-power FL2 “cpu B1T7E 1.4G, gpuiBfT7E 600M...... 7 TFHThE,

BUXE cpu cooling device 95, 15BA sustainable-power B9+ & 75 7%,

B RS cooling-devicel TIFEREMERMNEHIEEFSBE BIRREEBRE, ARBEEHRI—NAILULEER
EETEENRENBKEENIME SR, BilcpuiEiTIE1I608MIlR, FEMAstability?E#fiEins FNids-109%,
CPUBEERHEIOE LA, Fillsustainable-powerEH T cpu T fE#E1608MATHYILER,

CpumNSIIFEITE:

1R#EATLPdyn = Capacitance * Voltage2 * Frequency * Utilisation (linux-4.9/Documentation/thermal/cpu-cooling-api.txt
)s

fiR¥0Capacitance=0.225 (dynamic-power-coefficientft E}225) , cpukE[EVoltage=1.04V, cpusfizEFrequency=1608M,
MiZ, cpushSINFEA:

sustainable-power = cpu_dynamic_power =4 * 0.225 * 1608 * 1.04"2 = 1565mW

&1EH sustainable-power=1565 #17 stablity Mix, ZMFTREXE 92 EMER, A THHLES
LR E, FEUR sustainable-power A%/ 1550, BARGEEAERRT cpuirzl 92 EMER.

&% cooling-device KERIE{TERE MR T stability fkRAT A FERERE target 'BE, N5EEX
= MR IHETT sustainable-power it8, W: —MARNEFREER O RKE, ZARRE
cpu EA cooling-device, % cpu BB A E 1560MHz, ¥ cpu #ZKIEE 79, 1560MHz 5
stability #TMIXE A SOC EZF M TRLBERER 60 BEE, AMKAE cpu 7£ 1560MHz
TRIEIEITE sustanable-powers

o JAZ

T IPA SRES(ERRYZE PID 126I8E, EXTHAIA D ECREEITE AN Power = sustainable-
power+P+1+D, HERF “7 fEARINRERZERT RESTBINEEMNERENABNIRE,
BIEREERERTFANGE (switch/on BE) BNAXWES resete FILHBEMRILIRK
BfEEE BARER, 28K 7 —HEHTHITERER, H I RFREKT sustainable-power +
PES, AIDECHBEEIE—E N 0, codling-device F—EHAFHRMEMERS, BEREREINNE
B

Hitt, EMNHFBERERER T BinEEBETEM, MEENNEENBEREEZBHNE -1
IIFEARY R E SRR TIRNMER, L RANREARSESAIENRE, REFEIL 17 ¥
RERRI K

BIan, FEMBEERVRIERENANEBEREN T0REKE, BIFREEMEEZENSBERE, XK
TARARE 10 BERENRESRE— I HRANIIXE, BERENAS, REMIIRZHE,
BEI—EREEFBEM, NRBESEHS, hHFRMKERER, cpuF cooling device SRZRBA4kEE
PE. FRLAEEE 70 IMEKEMEHE, R2RECEENNEIERAER T, #FFr—ExEMm, BAHAa
B RFEAM A OB /B LR sustainable-power BIEHFTTIRE,

UENTEERG, BINMEEERERENNEERENT0RRE, RITHEEINREEIZEN 851F
KE, BIEHEIERAISARARER 75 BKE, CPU (%) # GPU #EA cooling device, R
BB 710 BRE, RITREFIETIE, BIEERECEERNEIER, 75 8 KENEHMEFiEREI4R
X (LbANBER S BREE, XHIREALUR/IVEENFGMEEDNEE) , REAREBER
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H8id 85 IMEKE., A 75 BREENINFREMEFTE cooling device FIERAIHE Z M,
B, ERRE cooling-device THEERBMERMNIEENEEFRBIEFEE, REHER
ERMNEENBINEEHTT TENITE,

ENNRAIRZNTRENT:

CpuBtSIIFEITE:
1R#IEATLPdyn = Capacitance * Voltage?2 * Frequency * Utilisation (linux-4.9/Documentation/thermal/cpu-cooling-api.txt
)s

Frequency=1416M, POi%, cpumhSINEEA:
cpu_dynamic_power=0.100 * 1416 * 1.1252 = 179mW

gPURNSTHFEITE

RIBARIE A TUPdyn = Capacitance * Voltage?2 * Frequency (IX{EZffl, SSFRLlgpuiBiRfa SR ABNIRENE)

fiR¥0Capacitance=0.733 (dynamic-power-coefficientlEt EA733) , gpuzASl=EEEVoltage=1.10V, gpuizAIM=INE
Frequency=800M, gpuzhZSIhEEN:

gpu_dynamic_power =0.733 * 800 * 1.10"2 = 709mW

gPUBHSIHFEITE:

RIBUTA ((RIEZGI, EPRAgpuiEiia st ARNIRAE)

t_scale=(@*TA3)+(b*TA2) +(c*T)+d

v_scale =V"3

P(s)=(C/1000) * (T_scale /1000000 ) * V_scale

{RRa0static-coefficienti&E 79411000, tsI&E/320004700-802, MC=411000, a=2, b=<80, c=4700, d=32000, FF
WEBESIAYREMET =75C, V=11V, 4

t scale=(2*75*75*75)+ (-80 * 75X75)=:(4700 * 75 ) + 32000 £ 778250

v_scale=1.1*1.1"1.1=1.331%

gpu_static_power = (411000 /1000) * ( 778250 / 1000000 ) *1.331 = 425mW

RAINEZH: P_max=K* cpu_dynamic_power + gpu_dynamic_power + gpu_static_power
X FCPURIpower, FRATNZIBFEHITIHE, BIKECPUZHM—+12, FALXXIHERI:
P_max=2* cpu_dynamic_power + gpu_dynamic_power + gpu_static_power = 1492

sustainable-power B9+ EIIF:

BRI E R power Rl LUEE L T AT EEE:
Power = sustainable-power+ P+ |+D (linux-5.4/drivers/thermal/power_allocator.c)

RREERIAENIEE, T5REERRAFIEREIRZE, AEDNRFNETSREERNA S Epower AFHEMcooling-
deviceBIpowerZ M, LtAIPIDSERFAYIFIDIYFO:

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

f£A sustainable-power=639 #1TREIZZ=AVMIX, ELI0 Antutu. Geekbench 5, Ml trace #&
1B, DIARMEENTHER, REEY lisa TELES ), BERETATH. MR CPUER
EZZETEIMRE. MERFXE, aINEHASE KE, R cpu REZZEHTENRE. M
BEPREBIRRE, FTLUEHBER KE, E#TITE, REAR, BAFETH.
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2.43.5 k_po

B ERER pid B p 28, WRAEMEKBERINENX, AJUREXERNILE,

k_poit&:

1RIEATLKk_po = sustainable-power / (desired_temperature - switch_on_temp)(linux-4.9/Documentation/thermal/cpu-
cooling-api.txt),

fRMsustainable-power=793, desired_temperature=85, switch_on_temp=70, F#%, cpush&IFERN:

k_po =793/ (85-70)=53

E1EA stablity #1TK, LI cpu BREIZHARRTEIRREERNER, BA k_poATHE
£, AILUEZR k_po B\

2.43.6 k_pu

RNBIBINEER pid Y p 28, MNRARILEFHIER, AIUREXERINLE.

k_puit®:

RIEATLKk_pu =2 * sustainable-power / (desired_temperature - switch_on_temp)(linux-4.9/Documentation/thermal/cpu
-cooling-api.txt),

fR¥0sustainable-power=793, desired_temperature=85, switch_on_temp=70, P9i%, cpush&IhiEn:

k_pu=2*793/(85-70) = 106

B stablity #4170, B cpu BESZHNARERT BiNEEENER, BIA k_pu @i
2, ILUEEE kpu i

2.4.3.7 k_i
pid BY i 2%, MRHEARLERFIER, BJUREX ERAMILE,
2.4.3.8 k_d

pid By d 2%, MRARMELERHIER, BJURE X ERILE,

2.5 [FRSSHTTER

kernel/

|-- drivers/thermal/sunxi_thermal-ng.c //thermal sensor3Rsn{{H3

|-- drivers/thermal/cpu_cooling.c //thermal cpu coolingft#5

|-- drivers/thermal/devfreq_cooling.c //thermal devfreq coolingft#5
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4.1 ARG %

4.1.1 iAXIA

o

4.1.2 FifHE

o

4.2 FRin)ER

4.2.1 &E sensor iaE

AEFEEEE sensor WMNIAGEEMITX I thermal_zone 87— 8, ZMEBEUMBEXIGE/
sys/class/thermal B R T 2B £ thermal_zone, &F& thermal_zone BIEE, TEUU ther-
mal_zone0 {1

&&Hthermal_zonefyEE!

#cat sys/class/thermal/thermal_zone0/type
{ cpu_thermal_zone

&&thermal_zone’BE

#cat sys/class/thermal/thermal_zone0/temp
36000
BEBRMAMC M EIREE

4.2.2 EREE

thermalﬁ/mf$ﬁiulbﬁb, AJ L@ *%EHJ\/MF*X _L/mlr_%mng F—I %ﬁﬁﬁo
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& Ethermal_zoneORIIEHERE

#echo 80000 > /sys/class/thermal/thermal_zone0/emul_temp

X HAthermal_zoneOMIIRINEETHAE

L #echo 0 > /sys/class/thermal/thermal_zone0/emul_temp

4.2.3 XARE

B LUBIE IR T X HRIE, LAKHE thermal_zone0 ;8% R4,

XKALRIT RS
#echo disabled > /sys/class/thermal/thermal_zone0/mode

fiRBRFRE cooling deviceIPRHI
#echo 0 > /sys/class/thermal/thermal_zone0/cdev*/cur_state

A OB B R dts TR XFNRIE, LAKHE cpu iBiE 5, MIBk cpu_thermal zone THIEMT =
M,

cpu_thermal_zone{
polling-delay-passive’= <0>;
polling-delay = <0}
thermal-sensors= <&ths 2>;

I

4.2.4 FRLIREREE T CHERETRENXR

Z4R stepwise 'mIEHREE, 38T dts BETHEARIEE T cpu BITMER. FTHZEFERER
il FRLAXSF stepwise RE&, TR ERERE TIERERHERN,

5 stepwise JRIZREEAE, T IPARIEREE, SHAERERE TEERTHEN. EFET
fi#, AILUEE SERRIRIS Ho

4.2.5 fAigEmF R

EER cpu_crit@0 T =AY temperature NRAMME, MASMETEXRN.

cpu_trips: trips{
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cpu_crit: cpu_crit@0 {
temperature =<110000>; //RRAFKELALILIOEF ST RXM
type = "critical";
hysteresis = <0>;
L
L

E8Y, 7E6EMA PMICHAE L, EIREEFE XA PMIC REERIFTHAE. ¥I0 (Linux_PMIC_ &
1EE) o

pmu0: pmu@0f{

overtemp_shutdown =<1>; //iLBRIF, 0l%HA
overtemp_value =<145>; /LB IRICEE

4.2.6 yNffEciimizRERRY B IRRE

BILURIER RFEK, B trip-point@1 T =B temperature iR EREHW EITEE,
MELNMEESTEIERE, RILUE Y% sustainable-power A trip-point@0 T =AY tempera-
ture; HEUSIHAERRS B LE BARNE S EEE S,

cpu_thermal_zone{
sustainable-power =<1000>; | //RERIFTUSEERKE, RFAi0592EH&RApower

cpu_trips: trips{

cpu_threshold: trip-point@0 {
temperature =<70000>;, //ARAGRITEIOELEHB
type = "passive";
hysteresis = <0>;

I

cpu_target: trip-point@1 {
temperature =<80000>;, /RARAGZRERERIVELH
type = "passive";
hysteresis = <0>;

It
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4.2.7 SRHSETHM K., EmMFEER B

XMER THTRESENEERBRARTUEZM, JUHNAENGRE. FTRNREXAT
EREIRERRT Z. BERTERHMEREREERD, ERAREEZENITE IPAREE T RERILUIE
B power TNT o FRLATEIRIRX KR AT, EXY IPA EERRIEE — MR T 7

IPA FERBRZEI N L HATRE SIRENBIEE Z BRVIREM PID FAIFESH], MMREHENE
E TS MEgggRE (#0: CPU. GPU F) AL ECEIR power, —BHFNEEBIETEE, B
BEREEEREARN, BMRESMERRETUSERNIIEESSERE N, HItRER
SRLNMETRHEEE, £ IPAERET, RREETEAMEIRE: KR +EH. KR
TEAEMEDAER: HRRE + RIERBIRELKABEE Z .

BT EIRXY IPA RERAVIAK], BTN &R MR BRI TIA T O

o AP BEWARRA (W0: BFE) , NB[EXFIFIRTIEETRE:
X7 RiEE HIEXVISHITEREERRNNE, KERENASSRAATERESH
HE LB T BANEE R. CPU % cooling-device & BEABSZHZRKB BN ITIEM
X, ERHTHERERASHEESHRARANEERARBEIFBIEBINEE. XWER
THREXRERR: MEEEHAK, HEEEEAREREL/INK, SENARE—THN, ER
EHE, 4@ ARARSWELE R/, BIKiEESBaER, PID BEHRNRERR
MREK, RERSBFER cooling-device # TIFTERIKIAR.
®E—T, " BEfERESTFHREBIENEE, RANMRIEEZNKERDREME, B
EEMEMLL, REHMARRERERIBINEE L T,
Hitb, FEFETF, ERREETENERAZARRMIFMREE, UAREERIIPBARE
HERERE,;, BARRKRSEHINRE, SIREFNHELARREESAENVRE, NRTRIAEITE
MAMEREDT S FTHMEERRRZER, FEXiNIFEERERBETEE, B IPARITHRIET
EHEMERER, FMRFEREE. AERGATA. ARBEHARA—EEITAZNEHRL
I,

o BZ1 cooling-device IFRTF, SimthIMERETH:
MRBERERBNIFET, ATRREARARSEVFRLILDE, MEETRE, BRLERBURERIR
FEALEMREIRENR . WMRILA thermal zone T £ cooling-device (#1: CPU.
GPU. VE%) , AILUERIIR#EITIIR (R, BR2RE. #EE) , #momEmXFHmR
NEBRRESWMEEIZEMRE TSR (CPU. GPU. VE) , AREHIREESXMERIRETE
#1T power D ECBYAVLLE, 1EXMEREIZEREDECEIE LM power, BITHEERMA. A
BIRAENT:

#REXthermal_zone0FHcooling-deviceORILLE

#cat sys/class/thermal/thermal_zone0/cdev0_weight
1024

f®&thermal_zone0 FHcooling-deviceORILLE

#echo 4096 > sys/class/thermal/thermal_zone0/cdev0_weight
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| e xEpEsLEEN10248000E% )

R ERFERATERNEERTRERA, IS2E L—/NENFZE, ReREBTEEHERN
BB, BWAREMEBPIEREI TR,

e 3F—1 cooling-device 15'RATF, BRHM4EFETE:
MRZBEEBNIFIET, BTFRAABRAAHSEW SR EHILD R, HEETH, BLEARER
BEERLZMEIREN A M. WRILES thermal zone RfEA T —Fh cooling-device (30:
CPU) , MEAEMETRNAREBIRERBEEREEHEMNESE, A REMEAE
HEFH TR AR R,

4.2.8 Af+4BERBIE switch_on ;BEMEEEIBAIREE, cpu
SRR R PR 1 B R (50

IPA SRBETEITE cpu EEM power BIRHEIR = L Hai cpu BAEHIER (power®load) , HiaZ
79 0% BYITERY power 25589 0, BIHHE] cpu FrFEBY granted_power /3.0, SER <& E R 1K4T.
F—E 2 H cpu fER cooling-device, cpufreg-governor A performance N Bz SRS, T2E
EiE8d switch_on -BRE G cpu WME —BHERKRMMN &M 28R EIBkE), XEE I cpu B
HIERETA 0% &, RMAKXTF 0% NER, HitEFIB power & 0 B ECRIKIHFE,
cpu RATESAEB RBIARMEM,;, HitESEE power BIER/IMERARA N OB, AFRE—
cooling-device, &RAZNX cooling-deVice RECEEBH power, FTLL cpu R A TIESEIGE
HExE o

X KA % B UE BT /NP A Ui MIEs, B cpufreq-governor £/ performance B91&5% Fo
XHIERT cpu ZEEEMBARNAE, BAKABRERSMN, SHERSLMAEA 0 WIE
Jlo X R AMIER RINEBE AR EH cpufreg-governor 7 ondemand 2§ conservative, BAIEY
ik CPU B8 E—E &,

4.2.9 AftaEA IPA 2B MNET BinRERLIET BinEE—ERi
Bi5, REMEREEEHIRE

T IPA SREEERME PID =618 %, EX AR DECREENITE AR Power = sustainable-
power+P+1+D, Hf " fFARIMRERZERT EEBLEMEENMZERENAKINRE, B
| EREERERT switch_on BERA XIEES resete ALt X RE MR ELRK BT (B BinA
Er, 8% 7 —BE#THITER, H 17 RFREAKT sustainable-power + P BY, B[ EZRY
BEER—HEN 0, cooling-device §—EAFRIFMERE, BENEEMET switch_on ;REFR PID
SHEN, WREFINMKRA =EK, XERBDRRIEZEFEE IPA S ELRIMEINE
E, TELRAFREKNEBIETEE,
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4.2.10 Ht:BIE5 %

o FAHEMINEMN cpu AIMKEE, W ondemand. conservative. powersave %, ¥ 0
{Linux_CPUFREQ_ FF&35F) o
o cpufreq MIFREMS. GRS, FHE @S REHFEAR.
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E{E =R

H&*yﬁﬁﬁ ©2023 E’E/'@élu\*‘l’ﬁﬂ&ﬁiﬁﬁa/&ao 1%%_1:]]7}:2%U0

KX RNBRERUERIP, HEFNBEKE2THERHERAT ( “2F ) HEHRE
_t)J*y%Uo

AXHEEEENREFERMRRM ™, RELEPEWFA, EESUMNATFEERED.
fil. B RRJEBRISEATH I EE, BEREFUEAFH LR,

(ot

LLWINNER LLWINNER LLWNINNER
C g¢ﬂ;§\§'b\ *’I‘ *i C (R 275

é)ﬂﬁﬁﬁéuﬂﬁkﬁﬁm NEETEEEMET. ARSERAN T RPHINEES
R, Pamaik, MRS, HRESEREARE,

REFNA

BHEON~m. RSFFUENZESHKELEREROBRAE ( &) zaEENHIE
EFMFRAVLIR A PR 2B A D ™ m. RS AFIERIRER A EFr M LS fE B TEE
Wo EARNBIAERIRSRFMRMAEXREE, HREEASENERNRR, /K BTRIEER
FYUERTH (BEEFEFINEE, B, BREER) BRITFIER, 2T R,

ﬁﬁﬁﬁﬁﬁ%ﬁ RS EZ BT HmRE ARSI EMRE, AXEATERREN, WX
B, 8RR 1TEN. 2EREDELAXEFRHEBNES, EHFTHERBET2REHEIR K
ﬁ%$i&ﬁk$ﬁ%(@%ﬁ?ﬁ?@ﬁm\ﬁ%m\%%Mh%)ikiﬁmﬁ_ﬁﬂﬂ$
, @EMANT. A XERNFREKRR. (EE8MENH AR ERBAR SRR RIES A,

SR PAREE R H M5 TR F ESHERZTFEHIR~ N, FEKES RVER~mhY
HizH, AIRERERTF[E=ZFHNFFE, BEBETEE = ANFANREEXNIFR, £&EFE
BUARAMERRTREEZ S IR BRI (TR . 2EFWERERNE=
BT R ERA B EARIE BEIAEBEEMNX S,
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