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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 EfFrmy &R

B R LA IXThSC

T507/T507-H Linux-5.10 bsp/driver/thermal/*
T517/T517-H Linux-5.10 bsp/driver/thermal/*
T113-i Linux-5.15 bsp/driver/thermal/*
T3/T3-C/T3PRO . Linux-5.10 bsp/driver/thermal/*
A401-C/A40I-H Linux-5.10 bsp/driver/thermal/*
A523 Linux-5.15 bsp/driver/thermal/*
Al133 Linux-5.15 bsp/driver/thermal/*
MR527 Linux-5.15 bsp/driver/thermal/*
Al985 Linux-5.15 bsp/driver/thermal/*
1527 Linux-5.15 bsp/driver/thermal/*
V821 Linux-5.4 bsp/driver/thermal/*
MR536 Linux-5.15-origin bsp/driver/thermal/*
T536 Linux-5.10-origin bsp/driver/thermal/*
A733 Linux-6.6 bsp/driver/thermal/*
T736 Linux-5.15 bsp/driver/thermal/*
H135 Linux-6.6-xuantie bsp/driver/thermal/*
H136 Linux-6.6-xuantie bsp/driver/thermal/*
A537 Linux-6.6 bsp/driver/thermal/*

~A333 — linux66— bsp/driver/thermal/
BT © BESERERNEIRAT. RE—LIF
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H723 Linux-5.15 bsp/driver/thermal/*
H726 Linux-5.15 bsp/driver/thermal/*
H727 Linux-5.15 bsp/driver/thermal/*
TV323 Linux-5.15 bsp/driver/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.

DRI RS

IPA(Intelligent Power allocator) ;Bi=268&: 5|\ PID =4, RIBRABEDSHE power AED
R&E, FH¥ power B IAEREH,

stepwise JRIFERME: BIHETURER EF/ TREEERRFIE MIREHNRATIFMR, BEBI
BfvREERLRTE, HREBEEN EABEN, RFEBSEREINES —FRSENBEER— IR
=, mEBBEANTEESZNAGKRERFAERLRSEEES — MR, BEERENEET
B ERRE,

2.2 HXANENA

& 2-1: MBNA
ANiE iEA
Temperature sensor mEE %S,
Thermal CPU BEIEHIRSA,
CPU FRoRRhIEER,
GPU SIELUSEEN
thermal zone BRERER trip StEXE R4 themal core F& %k,
cooling device themal core F & 4B cooling device XF CPU. GPU FHi&HF®RA

SRERHITIRHo
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2.3 ERERENE

(0 3388
A133 #1 A523 B9 charger &5 RECS step_wise £/, BRIAFH

& 2-2: FEXZFF cooling device FlIF&

*a CPU GPU CHARGER VE CPUIDLE ISP DE NPU
A133 xF A AEF X 2R A 2R AXHF
A523 XEF A AEE X 2R A TR AXFHF

T507 X X 25 FFF AxHF TxFF  AxFF AHF
T507-H X% XH 35 AHFF AXHF AFF  AXFF AXHF
T517 X XHF 25 AFF A= AFF A AXHF
T517-H X% XHF Rz ¥ FxFF  AXHF AxfF A AHF
T113-i X¥  AXF T FFF  AHF AxFF A AXHF
MR527  X¥ AXF X AZHFF AXHF AP A
Al985 X AR\ A AFF A= PEFF A AXHF
T527 X AR\ A xFF  A=F AXF | A AXHF
V821 X AT A FFF IF FFF  AxF  A2HF
MR536 2  AXHE PRI AXHE | P AFF  AXFF  AXHF
T536 xB =T A RS2 L BT AFF A AXHF
AT33 X8 5 5 E xHE AxfF AxF X5

T736 SES I 25 G525 PFF X AFF  AxF X

H135 X A% S AFF A% A%FF  AXFF AXHF
H136 X AT A AFF  AXHF AxFF A AXHF
A537 X/ X 25 xfF XHF AxFF  AxFHF AHF
A333 X XH 25 ¥ X TxFF  AxF FXHF
H723 X XH EZ5i AFF  AXHF AFF  AXFF  AXHF
H726 S 25 35 AFF AXHF AxfF A AXHF
H727 X X 25 FxFF  AXHF AxFF A AXHF
TV323 R XHF 25 FFF  AxHF AxFF A AHF

2.3.1 Device Tree B2 EijBA

RENPFENBEZRCHFAEFERRIRECE, U Linux5.15 3%, REMARIEBREZER:

bsp/configs/linux-5.15/sun55iw3p1l.dtsi
e of-thermal

£ thermal BRF &£, REEIE thermal zone. thermal Sensor. trip point. cooling Device
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X RTE DTS XHARBMENERIEIR, of-thermal IR AIRIE DTS BBRNWANBBhE
i, ZAEXRE of-thermal RIRZEIR, I EARKREL

T IPACRITERER, @EEREN T,

thermal-zones{
cpu_thermal_zone{
polling-delay-passive =<500>; //REBIEHEE, ®RIGBER(mMs)
polling-delay = <1000>; [REXRETSHRE, ®IFEERE(ms)
thermal-sensors = <&ths 2>;
sustainable-power=<1000>;  //REXITGEERAE, RFAEADERNZRApower

k_po = <25>; [[BE %R RERNpidiIpESEK
k_pu = <50>; J/R BT RERENpidipSEK
k_i=<0>; //pidBYiB#

cpu_trips: trips{
cpu_threshold: trip-point@0 {
temperature =<70000>; //RRAFRBIEEIOELETE
type = "passive";
hysteresis = <0>;
L
cpu_target: trip-point@1 {
temperature =<80000>;, //RERRFAREBERSELE
type = "passive";
hysteresis = <0>;
L
cpu_crit: cpu_crit@0 {
temperature =<110000>; //HARALKTIX1II0EMSTRRM
type = "critical";
hysteresis = <0>;
I
13

cooling-maps {
map0 {
trip = <&cpu_target>;
cooling-device = <&cpu0
THERMAL_NO_LIMIT
THERMAL_NO_LIMIT>;
contribution=<1024>;  //cpuSDERIIENE, BidiA%Ecooling deviceXt R fcontribution, BT LUEEERESAIRAEFIRE
RE
I
mapl{
trip = <&cpu_target>;
cooling-device = <&gpu
THERMAL_NO_LIMIT
THERMAL_NO_LIMIT>;
contribution =<1024>;  //gpuECThEAMNE, @it B cooling deviceXIRZHIcontribution, T LA IEAZEFESTIM A F0FE
WRE
L
L
k

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

}

WRINFRE © HiB2ERHRRNBRAR. RE—IRF
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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 IRIEHNE, EHRERZEH., REZEH, SATRAESERBL NEITER, 4HEEIT.
YR, URIFRNEEES, FUREETER, BRzsHERGHETRAEERNEENRE,
EIE, BEZSHMIE—EEELRESRER THMEE, AU RETERBIEE,

X3 F stepwise JRITHREE, BELEEWT.

thermal-zones {
cpu_thermal_zone {
polling-delay-passive = <1000>;
polling-delay = <10000>;
thermal-sensors = <&ths 0>;

trips {
cpu_trip0: t0 {
temperature =<95000>; // HBEARFISE, trip0tfit L
hysteresis = <0>;
type = "passive";

s

cpu_tripl:tl{
temperature =<105000>; | // ZHBEARFI105E, tripl itk
hysteresis = <0>;
type = "passive";

L

cpu_trip2: t2
temperature =<112000>;
hysteresis = <0>;
type = "passive";

i

cpu_trip3: t3{
temperature = <114000>;
hysteresis = <0>;
type = "passive";

}?

cpu_trip4: t4 {
temperature =<117000>;
hysteresis = <0>;
type = "passive";

L

crt_trip0: t5{
temperature =<120000>;
hysteresis = <0>;
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type = "critical";
L
1

cooling-maps { // cooling-maps, Fx$RztripFlcooling-deviceBRET
map0 {
trip = <&cpu_trip0>;  // X$Rztrip0
cooling-device = <&cpu0 11>, // HtripOtFftARY, cpudBIEERTERL-1
<&cpulll>,
<&cpu211>,
<&cpu3l1>;
L

mapl {
trip = <&cpu_tripl>;  //X$Ritripl
cooling-device = <&cpu02 2>, // Htripl#FALAR, cpudBIEERAERREN2-2
<&cpul2 2>,
<&cpu2 2 2>,
<&cpu3 2 2>;
L

map2 {
trip = <&cpu_trip2>;
cooling-device = <&cpu0 3 3>,
<&cpul 33>,
<&cpu2 33>,
<&cpu3 3 3>;
I

map3 {
trip = <&cpu_trip3>;
cooling-device =<&cpu0 4 4>,
<&cpul 44>,
<&cpu2 44>,
<&cpu3 4 4>;
5

map4 {
trip = <&cpu_trip4>;
cooling-device = <&cpu0 5 5>,
<&cpul$5 5>,
<&cpu2 55>,
<&cpu3 55>;

BITEREE, cpultREBIREIEA, Bl RITFRNO0BT, cpultRERHEMRE,
epuiEsiafl, SERIEERME—F A, HRITSHRA0N, cpulbiERHIRE, AILUSTTERSME, HRIESERAN1
B, cpur] UETTERBTREMER; HRIEFRNN, cpul]l UETTERSTHEZSME; MRREE,

e Thermal driver

ths: thermal_sensor{
compatible = "arm,sun50iw9p1";
reg = <0x0 0x05070400 0x0 0x400>;
clocks = <&clk_ths>;
clock-names ="bus";

WRINFRE © HiB2ERHRRNBRAR. RE—IRF
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nvmem-cells = <&ths_calib>;
nvmem-cell-names = "calibration";
#thermal-sensor-cells = <1>;

I

e Cooling device

1. cpudevice

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 = <&CPU_SLEEP_0>;
dynamic-power-coefficient = <100>;
#cooling-cells = <2>;

g

dynamic-power-coefficient: cpuEhZSIHFEREL, HP=c*v*v* /1000000183 (BHcHAEIETIERE)

2. cpuopp table

cpu_opp_L_table: opp_lstable {
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 */
i3
opp@1008000000 {
opp-hz = /bits/ 64 <1008000000>;
opp-microvolt = <940000>;
clock-latency-ns = <244144>; /* 8 32k periods */
5
opp@1200000000 {
opp-hz = /bits/ 64 <1200000000>;
opp-microvolt =<1020000>;
clock-latency-ns = <244144>; /* 8 32k periods */
k5
opp@1416000000 {
opp-hz = /bits/ 64 <1416000000>;
opp-microvolt =<1100000>;
clock-latency-ns = <244144>; /* 8 32k periods */
I
5
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opp-hz: i
opp-microvolt: SAEEXS N EBE

J

3. gpudevice

gpu: gpu@0x01800000 {
device_type="gpu";
compatible = "arm,mali-midgard";

#cooling-cells = <2>;
ipa_dvfs:ipa_dvfs {

static-coefficient =<17000>;
dynamic-coefficient = <750>;
ts = <254682 9576 0xffffffo8 4>,

ss-coefficient = <36>;
ff-coefficient =<291>;
b
L

reg = <0x0 0x01800000 0x0 0x10000>;

interrupts = <GIC_SPI1 95 IRQ_TYPE_LEVEL_HIGH>,
<GIC_SPI 96 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";

compatible = "arm,mali-simple-power-model";

thermal-zone ="gpu_thermal_zone";

static-coefficient: gpuBEASTHiEITEREK
dynamic-coefficient: gpuEISIHFEITEREK

4. gpudvfs

gpu dvfs¥:
gpu: gpu@0x01800000 {
gpu_idle =<13;
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

)

>

g

2.3.2 kernel menuconfig B2 &iji8A

#N longan IRB R, H1T
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./build.sh menuconfig,

B EWN R

Allwinner BSP ---> Device Drivers ---> Thermal Drivers
---><*> Allwinner Thermal Driver
Device Drivers --->
-*-Thermal drivers --->
--- Generic Thermal sysfs driver
[] Thermal netlink management
[*] Thermal state transition statistics
(0) Emergency poweroff delay in milli-seconds
[*] APIsto parse thermal data out of device tree
[*] Enable writable trip points
Default Thermal governor (step_wise) --->
[*] Fair-share thermal governor
[*] Step_wise thermal governor
[*] BangBang thermal governor
[*] User_space thermal governor
[*] Power allocator thermal governor
[*] Generic cpu cooling support
[*] CPU frequency cooling device
[*] Generic device cooling support
[*] Thermal emulation mode support

FCE TR A -

Default Thermal governor %%, ERikJIpower_allocator
Thermal emulation mode support:3z#thermal =N EE AR
generic cpu cooling support :FTHEARcpu cooling

generic device cooling stpport:3TF @M device cooling
Allwinner sunxi next generation thermal driver:sunxi thermal3Xzh

2.4 SMETTEH

7 2-3: cpu cooling device &%k

S WiAA

contribution cpu DECINENE, FJUAREXFRINLE, WAIURESRE
MiET dts HIXH RS T REEE

dynamic-power- cpu ISTHFERE, RIBESHSM@EE dts BLE

coefficient

static cpu EESINFERE

WAFRE © BRiBeERHERNERAE. RE—TMF
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7 2-4: gpu cooling device %K

S8 AR

contribution gpu DECIHENE, AIUAEXFEATNLE, I URIESZRX
M@ dts XU RATRERE

dynamic-coefficient gpu SISINFERE, RI\BCH KLM@ES dts ic &

static-coefficient gpu BESIHFMERE, BIBCHITNET dts icE

ts gpu FSTHRER S, RIBSHLNET dts icE

ss-coefficient

ff-coefficient

= 2-5: IPA BIEREE thermal zone %%

S8 BiEA

temperature (threshold)  ipa BIEHREENNEE, RIBAEAMRERBET dts AXHRS
TREEE

temperature (target) ipa BITRIERERE, RIEARZAMBESEE dts SIXGZRS
TRiEE

temperature (crit) WRXTAE, RIESRIBERE dts NG RAT REEE

sustainable-power mE AR BINRER, READENGEAIIER, BRIEARIERE
K@ dts WX HERG D 2R E

k_po pid B9 p ¥, IR ENERTILE, el LURIES ETNE
XG4 RAT RECE

k_pu pid B9 p 2%, ALUAREXFEBFIKE, e LURIESR=LNE
X HRAET RECE

k_i pid BY i %, BIUAREXFERTNILE, eI RIER R RNE
EXHARAET RECE

k_d pid®y d B8, FIURENXFERFULE, WelURESRINE
IXHRETREEE

BT stepwise JRITHRE thermal zone S RE R, BRIEM, BEBRIEAFEZFKEHERA, It
AR HEEHANE, AIABE  “Device Tree EBEEWRIE” ET5,

2.4.1 cpu cooling device &%
2.4.1.1 contribution

cpu DECHENE, MRARMELERHIER, FJTLIREN <1024>,

833 % cooling device IFRAY contribution, B LUAZEEMMIMFEMEMRE, ROESET,

WAFRE © BRiBeERHERNERAE. RE—TMF
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cpu M gpu EHAEIZTT, KI cpu BERZWEM, NRMEIL gpu AR, FJLUIEK cpu B9
contribution, A& <4096>,

2.4.1.2 dynamic-power-coefficient

cpu EBIHRY, RESHFEEX, AEFTREEN.
HEGERWT,

1. cpu BT ARM cpu RARIIERTRIThAELIE,

10389, 60 935. 64 719, 28 . 00
109, 82 1093, 20 938, 38 T58. 16 73.00

115. 64 1156, 40 1040, 76 797, 04 73. 00
121. 26 1212, 60 1081. =4 836, 92 73.00
126. 95 1268. 50 1142. 85 874. 80 73. 00
132. 85 1326. 50 1183. 85 913. 63 73. 00
138. 38 1383, 80 1245, 42 952, 56

144. 08 1440. 80 1296, 72 591, 44 |
149. 77 1497. 70 1347. 93 1020. 32 B
1400. 04 1069, 20 L 7a. 00 |
451, 43 110808 [ 7300 |

1146,06 ] 73.00 |

1503, 18

1555, 83 11185, 84 | 73. 00
160229 | 1924.70 73.00
1e60ies | 73. 00

A . e

A W™

|

& 2-1: cpu RATHETRITHAE

2. @ Excel TR, £ V" 2*F # cpu BISIHFE power &, BFEIWNTHLMITLE.,

WAFRE © BRiBeERHERNERAE. RE—TMF
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dynamic_power_coefficient
1800
1600
1400
1200

1000

power [mw)
[= =]
[=]
[==]

0 200 400 B00 BOO 1000 1200 1400

VAZ*Freq (VA2 * MHz)

2-2: dynamic_power_coefficient g%

3. 1840 cpu THAEEIE B AL FRITHFELUE, MK EMS Z8E RZMThETHFER. FTUTIE
INFE R dynamic_power_coefficient =1.3092/4 = 0.327,

S ITHFE R E dynamic_power_coefficient T ZECE 7L Device Tree B cpu TEH, ATIHEA
&, SUFEZEN

cpu0: cpu@0 {
device_type="cpu';

PREL, 1R¥E cpu SHSTIAERE, WA LUTEW cpu BiiSIh#E,

cpushSINFEITEATL: Pdyn = Capacitance * Voltage2 * Frequency * Utilisation (linux-4.9/Documentation/thermal/cpu-
cooling-api.txt), HH,

Capacitance 2 ah&SIFE & #dynamic-power-coefficient;

Voltage It EBEBIE;

Frequency WifTHRE;

Utilisation AFI AR, —RRH1;

2.4.1.3 static

cpu FESIIFEREL, Linux4.16 RIEERARNZABER, #FHIMTRER:
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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 (since it was
introduced by commit c36cf0717631 (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 DECIHERNE, MRHDEMELEFIENR, AILURERN <1024>

2.4.2.2 GPU Hfth&#k

GPU MEMEXSH, RESHFEEX, HFEFREIEL.

GPU IEHMEXZI. IBWEIHE AR #SHETEANSE, B GPU RRHTAEREMH,

NAERER], FILRARX AR A&,

2.4.3 thermal zone &%}

2.4.3.1 temperature (target)

BAREARER, BERTRBNEMRE, —RER M . "B FHAEX, 2HUT

JUAME R

1. AEMEEPRHIVRERGIZER, 1 “BH3/NIRMERMR, mRiREERA <15E"

XMERT, AILEXARE, ENETESEMAREEND SR, Wi 5-10 2%, 1S4 cpuid

EmEo

o B cpuRERERTAERMBIIEEERE, BNEEALUSENS EMBIIEEEE,

e HpURERESTAFABNETERE, FTEZSEZRAMBRSEY. SHEMNREE. &

FERAERR, BfeERARBARIEABE.
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2. FEAEERHNSEMEERFER. 1 “SET cpu MERREMRTF 146" . “®ET cpu
TEERSN . “BRT cpu RIFREIERE 80%" Fo

XAERT, AIUEXARE, IWENETESEMREENSRIERE, A stability £ H
TN 5-10 2%, FH cpu BERE

= cpuREREMT 90 REE, BIRREERILIKEN 90 REE,

=HcpuiREREST 0 EKE, HF 110BKE, BIFREENLUISENRN cpu RERE,
ZcpuREREST 110 BRE, FEZGEZEARSENE. CAREFSNREE. BHERF
B, BfRERAD BRI ARE.

w

. ARNSERHEENSEIEERFIER. 1 “cpu REREFREBT 90 B, H cpu X
BT 1.4G” o

XMERT, AJUEXARE, IWFENIETEDRZABIEENS R, £/ stability FER AR
=T 5-10 0%k, B cpu REBE.

o HcpuRERERTARNMBIIEERE, BNREYLURENS EZABINIEERE.
o HEcpuRERESTHEMSHNEELE, FBLGGSBUBSEN. BAHPAFER, BIF
m RS R 77 SRR S SR E

2.4.3.2 temperature (threshold)

MRARNELEREFER, BERBANEERIKENRIERBENEER 10-15 REKE,

2.4.3.3 temperature(crit)

HEMBERIBINTERNER, N “SFH ICTRFIP: 115 B, X" .

XMERT, AUEXERE, LENETERIRMERE, (A stability FER A EZ7R TN 5-10
o, FH cpu REEE,

o B cpu RERERTARMBIIEERE, TRXVEEFILIKEN S EZMBIEERE,
s HEcpuRERESTARIBHNEERE, FESGEEABRGELE. TAEFMNBEMS.
HFRAERER, TRXVEEHRS ZEAH AT AMBE.

o, TRXVEEFEICRITREEORES 5-10 BRRE, SlEE MREZMAT BRI,
BIEREBERRER X
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2.4.3.4 sustainable-power

sustainable-power Z#&, RERXEBEFEEN, RAADENRAINZR,

IPA ZRES R G TEITE CPU B] 2289 power BY=232 sustaibable_power 1 CPU fa#iA9%0H, £ CPU
R —ENERT, EMNEERT CPU RIS ECRY power 5 sustainable-power B IEEEX F, BD
sustainable-power #A CPU B] 73 E2HY power #K; 1T sustainable-power —ERER T, BN
mESRT CPU BRI EEH power 5 CPU faZipk tb X%, B CPU faZitd/)\, CPU SECHY power it
K, BIFEE@BERE— sustainable-power BB HERRB A FTERIZITH, BERIBLFHERILE
FENGHEABOTESE.

FRILET LAY, 7RI CPU fEA cooling-device BIBT{E, CPU BITAEIERAXT IPA HBERERAT
), RIVERNATEZIERIRE T CPU AR MM, MTHETIRIRATEMN, ALk, EFIAE CPU
{73 cooling-device BY, REBIIEED performance EREIRIEH HIASIA cpufreq governor fiE
F, BiXfER ondemand B conservative F&1RIES1 & B EhiFASARY governor, FIA cpufreq
governor 554k IPA SREETE CPU BEHITHIIZHIR B,

IPA HRERRZ W EBI RS cooling-deivce BISMERIRIAEIERITANN R FFLEERERMME
B cooling-device TIEEREMA TR RARNREFARBE BMEE . MNMREANIFFE RETEHH
cooling-device =B X Hud kA, EHE cooling-device TEE RGBT RLHEEKARE B
WoRE, IPA RS AR RITRMNIER,

EETF ERIAFBIE R T ,<Sustainable-power B9+ E 52 BI0 T /i,
o FiE—
BRI, LLIhERERENEEER 00 BRE, WR cpu KHIETTHE 1.4G METRER MR

TE7E 90 B, BB4 sustainable-power/fi 2 cpuic J:ﬁ?f 1.4G $METHIINER,
HERE gpu FEAM cooling device B, FRBEXRMA, LINRIEREKRNBEIVEER 90 &

KE, (1R “cpui=fTfE 1.4G, gpu iBZ1T7E 600M...... 7 BRERURERE 0 BKE, BA
sustainable-power Fi@» “epuiziT1E 1.4G, gpuiE{T1E 600M...... ” THIThE,

BUXA cpu cooling device f3l, iPH sustainable-power Bit&E 7%,

B RS cooling-devicel TIFERMME AN IEEHEERSBE BRREIVRRE, RAEBERERI— M LILEER
EIETEEPRE R REERNMER, RIUcpuiEiTIEL608MITS, ﬁ)ﬂstablllty?‘f,ﬁﬁﬁﬁﬁki?] Mk 5-1057 5,
CPUBEESTEIOE LA, Fillsustainable-powerA T cpuLEE1608MBTAITHER

CpuBtSIIFEITE:

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

fiR¥0Capacitance=0.225 (dynamic-power-coefficientft &E9225) , cpukE[EVoltage=1.04V, cpusfizFrequency=1608M,
1%, cpushSIHFEN:

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

A £ sustainable-power=1565 #17 stablity Wik, RIMFEEEARE 92 ENER, ATHLLEH
ISR E, FER sustainable-power AT/ 1550, BAREEAERRT cpuirzl 92 EMER.

&% cooling-device KEFIZITERSMa N stability AT AERERE] target SRE, MIEEX
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BRE R IFETT sustainable-power it&, W: —MARNEFEER NV BREKE, ZARRE
cpu {EA cooling-device, % cpu RSN SE 1560MHz, ¥ cpu MEIKE N 1560MHz [FfEMA
stability #HITMIXE &I SOC HREZFH TRELRERTER 60 BEE, KRB cpu 7 1560MHz
THIEIEITE sustanable-power.

o HiEZ

T IPA SRES(ERME PID =618 %, EXHAIASECREENITE AR Power = sustainable-
power+P+1+D, HF " fFRRITNRERZERTERESTBINEEMNERENAKNIRE,
BIEREERERTFANGE (switch_on BE) BNAXWES resete FILHBEMRILIRK
BHEEE BARRER, 28K 7 —EHTHITERER, H I RRREKT sustainable-power +
PES, Al ECHUBEER—E N 0, cooling-device B—EHATRIEIMERE, BIBERENNE
B

Hit, EMNFBEREFREI T BIREEBETEM, MEENNEENBEREEZBHNE -1
IIFHARY R E R FLEHTIRANMER, L RANREARSESAIENEE, REFEIL 17 ¥
RERRI K,

BIan, FEMBKERVRIERENANEBEREN 10REKE, BIFREEMREIRE N SSBERE, XK
TRARSE 70 ERENNESRH—RANIIRE, MERENAS, EENIHERZIH/ ),
BEI—EREEFEEM, NRBESEHS, hERMKEFEE, cpuF cooling device SRERBA4kLE
PE1R. FRLAEET 70 IR KEMEHE D2 RECEENEERSER T, Hr—ExMEm, BAtAa
P& A LU 804 sustainable-power BIEH 1TIEZE,

UENEERE, BINZENEREREANEESEN T0RKE, BIEEEEREEREN 85 E
KR, BITHRIEREHIARAGEE A 75 1REE, CPU ([U#%) # GPU #8EA cooling device, 438
ERd 70 BRE, BITHRIEABEIT(E, ENEEABURERNNEIEFRE, 7518 KENBHEFIERHI5T
X (EANERES S BRE, XFIGELIB/IVEZENFRNMEEINRE) , fR&&aaER
81d 85 MEKE. A 75 REENRIINFERZFTA cooling device IR AIHER Z M,

B, EMfRE cooling-device B THAREMERRIGEREERASBIBINEE, ABFHER
ERNMNVIEENEmREHTT CEITE,
ENNERATIERZMITEWT:
CPUshSINFEITE :

1R#EATLPdyn = Capacitance * Voltage”2 * Frequency * Utilisation (linux-4.9/Documentation/thermal/cpu-cooling-api.txt

)s

Frequency=1416M, POt%, cpuzhSIHFEA:
cpu_dynamic_power =0.100 * 1416 * 1.12542 = 179mW

SPURNSTHFEITE

RIEARRIE AT Pdyn = Capacitance * Voltage”2 * Frequency (1R1EZfI, SERRLAgpuiRiRi R ARISEENME)

fR40Capacitance=0.733 (dynamic-power-coefficientBEt BE}733) , gpu A= EVoltage=1.10V, gpulgASR=SIAE
Frequency=800M, gpuzhZSIhEh:

gpu_dynamic_power =0.733 * 800 * 1.1072 = 709mW

gPUFRSTHFEITE
RIBUT AT ((RIEZGI, LPRgpuiEiifi st ARIRATE)
t_scale=(@*TA3)+(b*TA2) +(c*T)+d
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v_scale=VA3

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

{R¥0static-coefficienti€ & 79411000, tsi®E#320004700-802, MIC=411000, a=2, b=-80, c=4700, d=32000, F
ARESRRVEEMT =75C, V=11V, B4

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

RAINEZH: P_max=K™* cpu_dynamic_power + gpu_dynamic_power + gpu_static_power
X FCPUMpower, FANREBRFEHITITE, BIKEXCPURZEM—¥ 72, HARITERE:
P_max=2* cpu_dynamic_power + gpu_dynamic_power + gpu_static_power = 1492

sustainable-power B3+ :

BANRFG SN powerd] LUBE U T AITESE:
Power = sustainable-power + P +1+D (linux-5.4/drivers/thermal/power_allocator.c)

REBEERNAROEE, TSERENRFHAREAE, BN RLENETSEEENMNT S Epower IFEcooling-
deviceMpowerzHl, LLEPIDSERAREYIFIDIYHFO0:

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 #4374 [E17 = AV ;0 Eb0 Antutu. Geekbench &, Ml trace #&
1B, DFRRMEENTHRE R, REEY lisa TELES ), BEERETATH. R CPUE
EdZETFEINRES HaERGEIAE, TLEHEE KE;, IR cpu REZZETENRE.
BEPRHIAEE, ATLUSHIAME KE, EfMETITE, RERAK, BEFETEE.

2.4.3.5 k_po

B ERER pidBY p 28, WRHEMERKERINEKX, AJUREXERILE,

k_poit®:

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

fR40sustainable-power=793, desired_temperature=85, switch_on_temp=70, W%, cpushSIhEERN:

k_po =793/ (85-70) =53

EfE A stablity #TMi, HI cpu RESTZHABETFEINREENER, BIA k_po AT
2, ILUEEE k_po 2.

2.4.3.6 k_pu

REBZBEINEERN pid B9 p 28, MNRARILLERFIER, AIUREXERTILE,
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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, P9%%, cpush&SIHFERN:

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

E{ER stablity #TMiX, HIL cpu BRESZHARERS BinaEENE R, BIR k_pu EHe

%7 E,[LXE%H?J k_pU EﬂZ/J\o

2.4.3.7 k_i

pid B i S8, MRAEMELERHNEK, AIUREXERILE.

2.4.3.8 k._d

pid By d 2%, MRARMELERHIER, BJUREXERILE,

2.5 [FRSSHTTER

kernel/

|-- drivers/thermal/sunxi_thermal-ng.c’//thermalsensor3x {3

|-- drivers/thermal/cpu_cooling.c //thermal cpucoolingfti3

|-- drivers/thermal/devfreq_cooling.c //thermal devfreq coolingftig
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3.1 FAikAE=E
3.1.1 fikH =
3.1.1.1 #EH sensoraE

AEIFEEEE sensor WNECEEMIEX Y thermal_zone BFA—#M, ZNMEEMIEXIGTE/
sys/class/thermal BR T B % thermal_zone, &F thermal_zone BLEE, TEU ther-
mal_zone0 9131

&&thermal_zonefyE!
#cat sys/class/thermal/thermal_zone0/type
cpu_thermal_zone

ZEEthermal_zonelBE

#cat sys/class/thermal/thérmal_zone0/temp
36000

BEBRMAMCHEIMEI6RKE

3.1.1.2 1EHLRE

thermal B'R ERMINEE, FILUBTERINVEERIEERBE SRS TH,

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

X Hthermal_zoneOMIIEHIE ETHAE
#echo 0 > /sys/class/thermal/thermal_zone0/emul_temp

3.1.1.3 X@FgE

I LUBE AT R K ENRIE, LKA cpu BTG, EMRHRIELR M.

HaikcpuiBiEAthermal_zone0
# cat /sys/class/thermal/thermal_zone0/type
cpu_thermal_zone

XA RIT RS
#echo disabled > /sys/class/thermal/thermal_zone0/mode
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fRERFrE cooling deviceMI PR
#echo 0 > /sys/class/thermal/thermal_zone0/cdev*/cur_state

We] LB ER dts TRXENRE, UXHE cpu BT A5, BBk cpu_thermal_zone TRYE S
RAE M,

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

I

3.2 ERin)ER

3.2.1 FRIRERE T CHIERENRERNXR

48 stepwise RIFREE, BT dts BRETHEARREE T cpu BITME. $THZHFERER
fillo FRLAXY T stepwise (RE&, R ARERE TIHERMHERN,

5 stepwise ‘RITHRIEEAR, XF IPARERE, SARERELE NEERTHEN. EFE 7T
fi#, TILUEE SERRMIIRIS Ho

3.2.2 WfligRE SRR

L cpusBIE6l, &4 cpu_crit@0 T3 mAY temperature AR ARE; EMERBIFERMENR, X
FERA SRR A DE X o

cpu_trips: trips{

cpu_crit: cpu_crit@0 {
temperature =<110000>; //HARALFIX1I0EMSLEX
type = "critical";
hysteresis = <0>;
I
13

E8Y, 7E6EA PMICHAE L, FEIREFE XA PMIC RERIFTHAE. 1¥I0 (Linux_PMIC_ X%
EE) o

pmu0: pmu@0f{

pmu_hot_shutdown = <1>; [[ERRF, 0AKH
pmu_hot_shutdown_value = <145>; [/ RFIRE
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h ...... J

3.2.3 SRz REIRRY B inRE

A LIRIEARFERK, B trip-point@1 11 =Y temperature ABE LRI BITEE,
NESMEESTEFEE, ATLUEYH /) sustainable-power # trip-point@0 T3 = 89 tempera-
ture; HEUFMHAER, FTUEEMRAESEE S

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

cpu_trips: trips{
cpu_threshold: trip-point@0 {
temperature =<70000>; //RERRFEREEIOELEFTE
type = "passive";
hysteresis = <0>;
L
cpu_target: trip-point@1 {
temperature =<80000>;, //ARAGRERERIVELH
type = "passive";
hysteresis = <0>;

3.2.4 SRS THIFE. EmEFEEETR BRI

XMEE THTRESENEERNBARARTUEZM, JUHNAENGR. FTRNRAEXAR
ERVEIRERTT R, ERTERHMEREREERD, ERAREEZEITE IPAREE T RGRILUDE
B power TNT o FRLATEIIRX KR AT, EXY IPA ERRRIEE—MER T ##:

IPA FRRIEZIEI N L HATRE SIREN BIREE Z BRIREM PID FAIFESH], MMREZHENE
ETEMEgERE (0. CPU. GPU %) BJLUSHECEIM power, —EHFTREBIBINEE, B
BEREEEREARN, BMRESMERIKEUTUDENIEES BN, FiEEE
SRENMETREEE, £ IPAERET, RARNEEETERMEBIRE: KA +EH. KR
TEHRE DA HRERE + SMERRIREAAEE ZM,

BT EIAY IPA RERAVIAK], BILAN &R MR BRI TIA T O
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o MHIFIREEWANRA (U0: TFE) , NSBEXFIFIRTIEETRE:
X7 RERE HIMENVSRHITEREELRMNINE, FREEENASSHAALTHEREER
HeE L RBE BINEE m. CPU % cooling-device & BEABSZHMERB BN TIEM
X, ERHATHERERSHIEESSHRARANEEARARBEIFBEBEINEE, XMWER
THREXRERR: MEEESAK, HEEEEAREREL/INK, HENARE—TEN, HER
B, 4@ ARARSWELER/), BIKNEEDBRER, PID BEPINIRERR

-, — BEXREEFTHEBIBINEE, RANMEREFIRERIIRMEME, B
EEMEILE, SREMARRERE BINERE LT,

Fit, FEGHFET, BEFREETENINEZEARRRAFFRE, UMARKEFTIHARE
AERE; BABRSEIIEE, HIRENERAAREESAERE, MR~ mIEXTE
MREDR THMEARRENR, TEESXNRNIFEEERBEIERE, A8 IPARITRIET
EREMRER, FHEFREE. ARRARTA. AREHHTA—EEIT A RVERL
3,

e 521" cooling-device 1E'RTF, ERHIERETR:
MRBERERBNIMET, ATFRAEAARSHVRLINDE, MEETRE, BLRICRERIR
FERLEMEIREN AR, WRILAY thermal zone AT £# cooling-device (¥0: CPU.
GPU. VE%) , A IMK#HITAE (K. ERERE. HUE) 5 #MHmERXMHINR
NEBRERESWMEEIZEMRE TSI (CPU. GPU._VE), ARESRESXMEEIRETE
#1T power DEEBYHILLE, TEXMEBEIRFEEDECEIE ZH power, ETEESHIR. BEIX
IR A AT

JXBXthermal_zone0 FHcooling-deviceOBILL E
#cat sys/class/thérmal/thermal_zone0/cdev0_weight
1024

f*&thermal_zone0 FHcooling-deviceORILLE
#echo 4096 > sys/class/thermal/thermal_zone0/cdev0_weight

AR XERBEMIEEFR 10248952

R ERFERATERNEERTRRA, ISE L—/NENFZE, ReREETEEHERN
BB, BAREMBPIEREITER.

e 3F—1 cooling-device IE'R T, =RLIMERETHE:
MRBEERBNIFIET, BT RLABRAAHSHNBHITRE, Mee T, ALNRER
BEBEARLZMEIREN A M. WRILE thermal zone RfEA T —Fh cooling-device (0:
CPU) , HEMETHNAREEIRERITENEEHENESE, HHREMEHRE
FEATBUFRSR AR R,
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3.2.5 At 4BEEII switch_on ;REM:&HE I BIFEE, cpu
SRS HWIPR I B R ST

IPA SRBETEITE cpu FEM power BIRHEIR =T L Hai cpu FAEIER (power * load) , HaZ
79 0% BYITERY power 25589 0, BIHHE] cpu FrgEBY granted_power /3 0, $MEZFEE RN
F—E 2 H cpu fER cooling-device, cpufreg-governor A performance W B SRY, T2E
EE8d switch_on RE G cpu WME —BHERRMM & SMZ BREIB G, XEE I cpu B
HIERETA 0% &, HMAKTF 0% NEH, HitERIH power 7 0 B ERIKINFE,
cpu IRALVESMER G IREI A KN, HITER[REM power BIMERNMEZRR A 0B, BFRE—
cooling-device, KARAX cooling-device BEEEEBHI power, FTLL cpu A TIEMEIGE
HExE o

XEFAZ HIEBI N A INANEE, B cpufreq-governor £/ performance B91& % Fo
XHIERT cpu ZEEEMESANAE, BAKABRERSMN, SHERILMAEA 0 WIS
Tl XERMAVERRINEB AR T cpufreg-governor 7 ondemand 2§ conservative, BAIEY
ik CPU B8 E—E fa &,

3.2.6 AftafER IPAREMNE T BinEEREEET BinEE—ERi
B/5, REMEREEEHIRE]

T IPA SRESERMZE PID =618 7%, EXEFIRSEREEITE AN Power = sustainable-
power+P+1+D, Hf “” AFARINRERZET REEBYBiNaENZIENNTHNIRE, B
| EREERERT switch_on 'REE A S ES resete ALt HRE MR LRK BT (B BinA
Er, 8% 1 —BE#THITRER, 5 17 RFREAKT sustainable-power + P BY, B[ EZHY
BEER—HEN 0, cooling-device F—EMTFRITMERE, BEIEEHT switch_on ;BER PID
SHENL, WIRBINIKRA SEK, XERBMAVRRIEREIEE IPA S ELRIFENR
E, TELRAFREKNEBIBETEE,

3.2.7 HtRERZ

e FHEMIMAEN cpu AIREHEM, W ondemand. conservative. powersave %, # N
{Linux_CPUFREQ_FF&3Em) -
o cpufreq MBFEMR. EBIMEMS. FHEZEHREEFEAR,

3.2.8 MR RS

HEiEE T IPARITHRERH stepwise /RITHRIE,

IPA RITRIENTREITH LYY, BIURIEAREEE, BREFRIESE FHNARAMEE. BE=ET
= NEERHEAZTR. BRAMERTHEN.
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stepwise RITREEX I REIERILLIRYF, BRRRIEFELE. BESEIR TRAAMERHEE
%, BEREETHER.

BRERMMEITRE, FEREARBRRBE. EHFAREHEBIEERGIZER, BiGE
# IPARITREE; BEAXRMBERHNSEMEERGIER, BiERE stepwise BIFEHRR,
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