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1.1 REER

748 Tina 'mEAZHIN G ST MR X AIEIRB LI SECE,

iEAF R58. R328. MR813. R818. R329. R528. D1. H133 ¥&,

1.3 #HXAR

iEA Tina FAM AZFHST Linux thermal {EZRESBRIEIE,
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2.1 EAhitiESS
BIE (thermal) RAMZOINEMZREFEEEHE—TSENTEE,. EEZS, WSRE
HESES, KRAME, FTENESHRE2REE.

M FRARNRGERY, FEN—RGEASEM, RERRERFRSE, RFMFTERE, WHIERE
WiE, MNRFFR, WRARAEEESURES, SHRASEFHRER, FRAF. FIER
BENFERSEFEEEN—

ERIER, BARERERMIXER:
(1) SNfAIRRAECRE
(2) EERCREE

AT KM ERINEEFE K4 thermal framework &R H Thermal Zone Device. Thermal Cool-
ing Device. Thermal Governor. Thermal Core P9 E843
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User
sysfs space
kernel
space
thermal core
v v v
thermal zone device thermal governor thermal cooling device
A
L
step power
wise allocator
thermal framework
hardware
soc CPU -+
GPU -+
NTC |- temp sensor
NPU -+

2-1: thermal framework

WA PR E R H Thermal Cooling/Device I8, Ef 5[ thermal EZIRERERSIHIPE
BRE, FREREERER, —RBARAMEEINFENE MR,

fAIBS BRREE 28 Thermal Zone Device 1 Thermal Governor #i#R$135, Hu%ﬁﬁﬁf%éf‘
mEEME, 79 thermal HEZRRELNEIERI, MEEREBEXEHIBTEHEE—ISENEE
K

2.1.1 Thermal Zone Device——FKEEEMNIZE

Thermal Zone Device 27 thermal framework FRZEHNBI’RE. HTFREBUEEMIREER
%, %0 cpu, gpu, ddr REPERM sensor, TEEMEHEME, IEEBEERBES, XK
ECREMNISELS, eE, RIE, 2HNMUEEFZEER, BNNERE IC H, AN F IC 2
4, BRENFN, BEXZENN, EEENRE— 1T EMHENIES, AT HESEM],
FRARZIERBUEE MR R AE— B, EFXRERINNAKSSIHXT M ARSI

o RBEYIRNFIZEFME thermal framework A Thermal Zone Device [5, Zi&&
B 5RETE.
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2.1.2 Thermal Cooling Device— = H B EMIE &

5NWRIgEER, TEHEEMSEEERXEE, EUNEHRA, XL, KLEE, 28
HEMMBARERE RN, MERARXRAR, —RRABREEARAENS, FINRRKIEEEITM
REE, XAEdNEMSEBEENIRE, RIEBEZFNEN, BtAZBEESEHSN
MR HFE, XEL Thermal Cooling Device, FEHE, & BEELIECHMEEIREIERR, A
[55R&8Th8EE M AL Thermal Cooling Devices

BEFIENEHTEBRFRET, LAAZEENREGE, REFESIH, MASEHEENRS
MEEESRFE, AAZHT AN EENEFSBE T I TNMEERE, FiFt, £4AXH, Wa
EREHIER s R R R,

2.1.3 Thermal Governor—— 2ix R ZIAE

BT NEMITENIEE, BAMITE, EHETE, REEMEKRIRITEMMA T Thermal {EZRRE
BT T . FEARZKIEMT Thermal Governor RIRFHR XL T £,

1, Thermal Governor AR EERLKIARE, WMMAXE, REBRIBEM2HIMEEEHE
BIRE, MBREHEERS, RETAENERFITERARANEERESES, XEYH Thermal
Governor fisREIE, 1B Governor = HEIRMHIEZE, HASLI BARITHEIZIE

2, Thermal policysmiz RIS ERRIBESATNAEREESENEERENITES E. ENEE
HEIF, HERREASRRR, EEXNBIHN, BEASFR, EF1IHKX, XHME—NE
TR EE, HA, policy fasi A Governor gt EAEMBITEITE, Governor rl@iI IR [ERY
policy AEIRERITELE R,

2.1.3.1 thermal governor 483%8YEF%NA

o EFpoticyUihA

}EEF' @ﬂui&ﬁif—lcat /sys/devices/virtual/thermal/the rmalfzoneO/availableipoliciesﬁggﬁ§E’\J‘;E?_‘FE%

B

user space: PRI, FERXENEFINERGAFTE, AP UESEXNAINFESH,
step wise: BH AR, ZEWETHKEH, BT EERENED, ZFXNEE N coolingi&&ERcoolingHR,

power_allocator: ThERDEHEN, ZREETHIFZH, EFSMEXRENIEX, BEEMYFFEETPIDEZHITH
Wiz,

e trips # binds iR

WRAFRE © BseEREROERAE. RE—TNF 4
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4 trips? # binds? £ thermal policy BISEHh, EEET@BH—NNEIRE, XTRZH
— M EERS, UNEREMEERSENERXAABEERNITE, AT EUXNXRANER,
Linux thermal 7 trips # cooling-maps FI#:&, policy BISEMEERKH# T trips
binds BE.

trips —RIERE AL =, HIEIZEAE—EREERN, MEEEMEERES, MIRSIRAE
EERE— trip o —MNURIZEFEAIUEZS MR, X1 trip REMIFA trips.
cooling-maps BRI binds, —MRIFMAHTE, MMEENBRA— trip PE—PIHZ1
pREBRESHES (XNESTXHA states) , HMERIREFBEIXT trip B, 2ff% thermal
governor JAE—X thermal policy, i thermal policy HFSMNXNMEEIRSHES (states)
f, TEH—EENRERRE (state) iR[E4 thermal governor KiRE, XEMTER—XE
=k,

FIMEENRE, HAZRE— trip #RMK thermal governor AE, FEA Linux EX T G
trip 28, M0

* active: BUEENAH

* passive: JSENEENAHD
* hot: RZuIM

* critical: RATRAE

2 E active, passive £EH trip £fii’k thermal governor iFE= X thermal policy,

SERRERIRSHERH. M hot, critical EEMW trip BFEARFHAAZES, AkM(E,

FERITEFHRBERSHIEME, MEAZX notify Zl thermal zone device H, H ther-
mal zone device WHHITIHRFRIFHIRIERGFRIFR S, MAE, critical X&EH trip &7
notify RiXTHG: EiEHRTEINIEE. EIa] DLBSEE trip BIZREA critical, FIRETR
KR,

2.1.4 Thermal Core—— RN AP = E)EO

BTWERERILE, BLEGRE, M THREAMBNARBHERRE—ET. AZMHMKRT Ther-
mal core, XE Thermal Bz, ETEINEERXECIEERISEMIZHIRE, HiFKAZLIEE
W1T; MEMERRESE—REM, EREND, HEARZEFAFR sysfs FifiEO.

2.2 mIEHRE
2.2.1 step-wise policy

£ Tina R4H, —RENRAEEERIEE step-wise, XE—FREM, LEEREBEMHN
AR, ENZOBEERIBYIEENEE (EF. TR, FR) , UREEERSST
trip(fd’& =), RRE cpu T—XH Cooling Device K.

Linux thermal EX R aEBEEUTEMN, HEREL-—XEX—REENZUXZAMEN

IR © HiB2EREROBIRAR. RE—INF 5
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enum thermal trend {
THERMAL_TREND STABLE, /* temperature is stable */
THERMAL TREND RAISING, /* temperature is raising */
THERMAL TREND DROPPING, /* temperature is dropping */
THERMAL TREND RAISE FULL, /* apply highest cooling action */
THERMAL_TREND DROP_FULL, /* apply lowest cooling action */

step-wise FEIF4H:

MRHFNREL— trip BES, B

a. fNR#EH I THERMAL TREND RAISING, MERX trip SNMNE SRS

b. tNR##%E THERMAL TREND DROPPING, NFRMIERIEE;

c. tNR#EHE THERMAL TREND RAISE FULL, MMERAXA trip WM RESHFEERE;
d. IR#HE THERMAL TREND DROP FULL, MEAXA trip S NAREHEEIRE;
e. NR#HIE THERMAL TREND STABLE, NAMEMRZES;

MR HFRELL— trip 'RE(R, B

a. NR#HZE THERMAL TREND RAISING, FMEAE;

b. fNR#EHE THERMAL TREND DROPPING, MIf#EF tfh% mxd i AERAFEEIRTS,
REREEEFT TR, NEREMARRERE;

c. fNE#EHE THERMAL. - TRENDURAISE FULL, MARREVERIIEHE;

d. NR#EHE THERMAL TREND DROP FULL, MERA TR, MNRAMREELETFT

PR, MI=AERIMERIEHE;

RETHEBZREXANEES EXNEEERNLLRBE, EXXNEES T LK, WA
7 THERMAL TREND RAISING #&%; #=A&XNEEMETF LR, NEEHN THER-
MAL TREND DROPPING #%; &®/x48R, N* THERMAL TREND STABLE #&#,
54h, THERMAL TREND RAISE FULL, THERMAL TREND DROP FULL XFfhiass
R, £ Allwinner F &K EA,

2.2.2 power allocator policy

power allocator BITHRIRE FHIFTH|, B IPA (Intelligent Power Allocator) , HiZil
EFA PID =488, LA Thermal Zone FLREMFEREN, HERIDEEEENRL, AFA
T8 Allocator RUSAEMEEE, 81 Allocator WINFEESFIHEEHN—H.

EAMF, RINARSE CPU JH#E P BIN#E, S/7% Q FRE, AN~ ENRENFERRER
MEATE, RFUEERIFN T AL, MRIE CPU HFENIHFELM, ~RUEm, REES
£7, BEEMNERBAIIEN, KRABRTFER, RFEEEN Ta, K Ta BEXT T. 18
[z, AR CPU H#ERIINFERL, WRGEBRFEINRE Tb BENT To

IPA MFIRZOMZET—RFIB PID AFES], £RANEE—ERIFE T XS ERAERE
BT T, W PID +HEFH—TATF P BIH#EE Po, WENASMIERE CPU MERRERAS, £

WRAFRE © BseEREROERAE. RE—TNF 6
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CPU H#RINFEN Po, RFBREHAS. Bk, ERGEEST T, U PID HER/E—NNF P
HYTH#EE Po, IRSTAEIRNG CPU SARARRE, £ CPU HHERIINFEN Po, REURER(R.

FHRGIF, THEREREE, BRI IPA BZ0, IPARENHBAOTFRASEEESEBING
Eltif, A8, [PA HFBEERRIERAREE—BEN T,

RE—, SRFHFRSHN, IPA HHERENIIFEENLIRES CPU HHENIIFEARAE—E, B
HRHSME, RAERFCREERE T LK,

RE=, SRFEHHRE, BME CPU USRSMEIETT, HEHENIIRBAIGARE IPA 1t R
BUIN#E(E Po, FRUARGREZ T, WAHIKSRR, A CPU AILU—ERFREIMERIET.
WAL, ENT—RFEE—MELRE Ttrip0 (Ttrip0 %JUVNF T, ME—RHEE 10 REK
E) , REHASREBE Ttrip0 B, Z 43K [PA RITHEL,

Wk, X{ERZ Allwinner F& EFERH IPA Ml TEEMERRE, FLE, IPA NFEF
WEFItE, EREETRZRZEPARILE CPU =3, GPU, DRAM g &M el LUESIT 2SR, B7F
Allwinner & _ERER, RtAXHIRE K,

F4h, £ IPA AR, RIFELERZSE, W PID 8%, CPU MEMIMENXR, UMY
AATEECRE T LIS TERNMNINES, XESHELEEENLK, FLEREHERSE, Bai
1R &EHE—EEIRE, FIURE DTS Rt T —EXENSH, MARAITE. RFEEHE
BBEX, BHAEHK]. MHE, BTXENFHEEM step-wise NEEE= PR, —&REEERE
—, FIL BRIR1E R818, MR813, R329 £ & SDK EEHEN A (R528, D1 FHE) ,
MRMAPEEFRAXLETS, BEFEERXENS], WAILBRAFKIEXRE] step-wise BEE.

2.3 FAER

2.3.1 Linux 3.4 2iTHELS

FEXMN Linux AiZhikZ</ 3.4 #¥Tina ¥ &,

f5g0: R58

2.3.2 Linux 4.x old ;BITHEZL

FEXN Linux WIZMR4s 4.4/4.9, B DTS #iRFH allwinner, thermal sensor” “allwinner,
budget_cooling"iﬁ%ﬂngffl\o

fgn: R328

WRAFRE © BseEREROERAE. RE—TNF 7
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2.3.3 Linux 4.Xx_new ;RIFHELS

FEXW Linux RiZhRZ 4.9, B DTS #RAF "allwinner, sun**-ths IZFHFE S,

fign: MR813. R818. R329

2.3.4 Linux 5.x ;BiTHEZE

FTEWNEA Linux RAZARAER 5.4 , H DTS AP EF "allwinner, sun**-ths IREFHIT S,
f5g0: R528. D1

WRAFRE © BseEREROERAE. RE—TNF 8
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3.1 Linux 3.4 ;RIFMEZRFR step-wise SHACE

7f Tina Linux-3.4 BFE &, ST EA step-wise FAIENECEH sysconfig ik, FASH all-
winner SSIMIREHFISCHEEVARNT, SARRTERGEMHEE, REEIS A% devicetree i,

[ths para]

ths_used =1 ; 1: £/ 0: FfEH
ths trend =0 ;

ths tripl count =6 ; EEfMEStripl¥E
ths tripl 0 = 50 ; MASRONWNAVEE (BKE), TH
ths tripl 1 = 60

ths_tripl 2 = 70

ths tripl 3 = 85

ths tripl 4 = 95

ths tripl 5 =105

ths tripl 6 =

ths_tripl 7 =
ths_tripl 0 _min =
ths tripl 0 max =
ths tripl 1 min =
ths tripl 1 max =
ths tripl 2 min =
ths_tripl 2 max =

]
0
0 ; MAROMEAE]\coolingiRERTS, THE
1
1
2
2
3
ths tripl 3 min =3
5
5
7
7
7
0
0
1

;R SO A RKcoolingi& & IR, TE

ths tripl 3 max =
ths tripl 4 min =
ths tripl 4 max =
ths _tripl 5 min =
ths_tripl 5 max =
ths tripl 6 min =
ths tripl 6 max =

ths_trip2 count =1 ; XHfdR=Rtrip2¥E

ths trip2 0 = 105 ; trip2iRBIRENEE

;cooler table cooler count <=32

[cooler table]

cooler count = 8

; AR Rfreq(culsterd) [cpud-cpu3] freq(culsterl) [cpud-cpu7]
; IR ARIERA294967295, RROXFFFFFfff, RiRculsterxize*
coolerd = "0 4 0 4"

coolerl = "1 4 1 4"
cooler2 = "2 4 2 4"
cooler3 = "3 4 3 4"
coolerd4 = "3 4 3 2"

IR © HiB2EREROBIRAR. RE—INF 9
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cooler5 = "3 4 4294967295 0"
cooler6 = "3 2 4294967295 0 1"
cooler7 = "3 1 4294967295 0 1"

3.2 Linux 4.x old ;RiT1EZRFH step-wise SEHEE

TEARMRIEKEF, FHMFRFERAZR devicetree HlHIEMER D ECERFENT, BELMPRABTR
% Allwinner fENEE, EXEREEEFHERTRZSEEKE.

3.2.1 FRECREEIR

BTG — P REVEEEIR, B AR NED

—. MREXRBNAE—RENEIE,
—. B REFREINEEEME) Linux Thermal #EZEH;

sunxi_thermal sensor:thermal sensor{
compatible = "allwinner,thermal sensor"; # [TAZIRZH
reg = <0x0 0x05070400 Ox0-0x100>; # ZHFasihitifiA
interrupts = <GIC SPI 49 IRQ TYPE NONE>; # FRUfdEIA
clocks = <&clk_hosc>,<&clk ths>; # BffhiA
sensor_num = <1>; # HERZELGFsunxd thermal sensorziFHFTEZREEMNEHE
combine num = <1>; # HES5FTRths combine* MN&FINz, #RFEMAThermal Zone DeviceRIH AR
alarm temp = <100000>; # SZNRE, K{EH
shut_temp=/<110000>; # XHURE, BIHIEE, SITHRTER
status = 'okay"; # {EREIZIRTH

# R EMAThermal Zone DeviceMI74AER

# —MRFH, AllwinnerFE# 2% BsensorfiEMcpu, gpuldKi#1THEN

ths _combine@:ths combine0{
compatible = "allwinnergths combine®"; # ULEZIRZY
#thermal-sensor-cells = <1>;
combine sensor num = <1>; # ZRSPEPHIERBHE
combine sensor type = "CPU"; # A7 4HFAEIER, —MBcpu,gpuF
combine sensor temp type = "max"; # BE[E3E, —&kEmax, min,avg
combine sensor_id = <0>; # AOAPMNERBEFREERETNES

g

g

HE#HAR T — sunxi thermal sensor:thermal sensor iﬁ P Ea, @3CE “allwin-
ner,thermal sensor” WaIRAEBUZIEENEIMSH, XERNEERRNE ST

ab
Aeo

ARE, EXT—1MFIKET S ths combine0, ILEZ “allwinner,ths combine0” IRz, IE#HIMA
HIFRYREE R %%?;z,muﬁﬁﬁﬂ, FIEEEME Linux Thermal 1, X2FBUEERIRAE — 26
DIEE. B— I FH RN 4 Thermal Zone Device, BEIRBAER—ANEER, HI0
cpu JREE, gpu BEFHESE,

WRIRFE © HRB2ERRRNHERAE. RE—TIMF 10
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£ R328 F&H, BFAERE gpu, ELLXBEH#EAR gpu IR D E, MEERM, WRE
AI0— gpu EHXIMZAY ths combinel E’J_jr'Lz% , FHEIERXRT =B combine num H#KE]
IS

3.2.2 #ZEHIRERR

£ Linux 4.x ;RIFER|IBARAISEIA, SLILT — sunxi cooling device 1R, ZIRR{N{NE
cpu, gpu FREBITMERMHEN—MER, BEXZIEERE, BIAN&E cpu BITRNHNES
M, MR CPU AEMNFLE, AIFEENEN. HA, cpu XZUEEE~AN—FMAR,
FEILFEIREPHIHR T cpu hotplug FIE 4,

ZARFA AT KBS A S5

EEE&1Z: drivers/thermal/sunxi thermal/sunxi cooling device/

—. X cpu BHNHER, FEEEMK— Thermal Cooling Device, FZE[EK cpu B
2, HEERS cpu REETMEMRE cpu ZiEiTHE, X#IRB: sunxi-budget-
cooling.c, sunxi-budget-cooling-dvfs.c, sunxi-budget-cooling-hotplug.c

—. 3 gpu BHEAHER, HBEEEML— Thermal Cooling Device, | EE K gpu B
AE, BIERS gpu BITMZER, XHIRL: sunxi gpu cooling'e

R4 sunxi cooling device JE&hHIXl5, EXLEEER, H dts EXTHRIMEMIZEDTR, 7
SR cpu, gpu BEEEIE, 2502 cpu budget.cooling, gpu cooling, EIEETE dts &
DHERE

e cpu budget/cooling

XM RETERRAZTFE cpu BFEFLN=E, UNRENEFIXTNE cpu SIERMEEFREAR K cpu
core ¥, 590 &Z| stated &5, FTRiZ cpu cluster &=151T 648000kHz, &RZEFEAH 2 1
cpu core L1E

cpu_budget cooling:cpu budget cool{
compatible = "allwinner,budget cooling"; # [ILEZIRzH
#cooling-cells = <2>;
status = "okay"; # fEEEIZIREN
state cnt = <7>; # KSHKIHE
cluster num = <1>; # cpu clusterf&E

# SRS EARESAE, RETIZE

state® = <1008000 4>;
statel = <912000 4>;
state2 = <816000 4>;
state3 = <720000 4>;
stated = <648000 4>;
state5 = <648000 2>;
state6 = <648000 1>;

IR © HiB2EREROBIRAR. RE—INF 11
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WMRHFIFE cpu cluster AIiE—1, MBEEESMHRED, BEE cluster NEITIMEM R
Ki&1T cpu core ¥, W1TF ((MESZFE)

cluster num = <2>;

#stateN = <cluster0(freq maxnum) clusterl(freq maxnum) ... >
state®@ = <1104000 3 1104000 3>;
statel = <1008000 3 1008000 3>;
state2 = <912000 3 912000 3>;
state3 = <912000 3 912000 0>;
stated = <720000 2 720000 0>;
state5 = <600000 1 600000 0>;

e gpu_cooling

XM REFERARZTE gpu BEFRHE, UNKENERERESTNE gpu X, HAARS
cpu £, FEER, FEHPHRE: XBEMstateo = <>, RNFEREKS 0, Y?F" W gpu XA
gpu dvfs R 4 T,

gpu_cooling:gpu_cooling{
compatible = "allwinner,gpu_cooling"; # [ITEZIRZH
device type = "gpu cooling";
reg = <0x0 0x0 O0x0 0x0>;
#cooling-cells = <2>;
status = "okay";
state cnt = <4>; # RERIH=

state® = <4>; # state® XJMgpusfiziEgpu dvfsRANITS
statel = <354
state2 = <25;
state3 = <1>;

3.2.3 REEHIRE

+x35El, 7 Linux thermal A, RITEEEEREXHFHH#ER trips F binds, 7 #EfE policy
EHIE, A7 EEXMER, Linux thermal 12T of-thermal &3k, RIFEXE DTS X%
A, R of-thermal MEMBXENXAREB thermal-zone X FRIHENA], of-thermal #EIRF
ZIRIE DTS #HRNABSBEMEHIX R, FRAEEAKE L. BAREIRAIFN Linux
document, TXX{&ERAE S Allwinner FEWEE,

BEEANE N thermal-zone XRE, #HHMFTHE— Thermal Zone Device, FHI5881%

R EFRIRERIEIFRETEL,

WX cpu_thermal zone X%, HEFE T ths combine0 X Thermal Zone Device,

HEXTZBRETRIGREERA 2000ms, FWohEFVRES TR E B)FRR/NE 1000ms,

%45, AFEBH Linux thermal 1EZRH, &1 thermal-zone KA NZHF— sensor, Fi

A fEthermal-sensors = = <&ths_combine0® 0>; EI‘EEP, FTEEEMFER ths_combineO IR ANME B 2S
(BP sensor ID) , flanittaEY sensor 0o

WRAFRE © BseEREROERAE. RE—TNF 12
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RiE, EEHARXD thermal-zone X RIFHFFERIERE tripso
=E, A8 trip BE—IFEERRSHES, 0T cooling-maps,

thermal-zones{
cpu_thermal zone{
polling-delay-passive = <1000>; # WINSHRET, BIWEERIR
polling-delay = <2000>; # Z@ERST, KIEERER
thermal-sensors = <&ths combine® 0>; # #fERIThermal Zone Device

# REE R
trips{
cpu_trip0:t0{
temperature = <65000>; # XIR/65IFFKER AL
type = "passive"; # ZEH passive
hysteresis = <0>; # HEUIRER, ARMITHENENEN, —RATFXBLENEE, itk
RTNRINE, FREEIER,
T
cpu_tripl:tl{
temperature = <75000>;
type = "passive";
hysteresis = <0>;
T
. # HER—LE
crt trip:t8{
temperature = <110000>;
type = "critical";
hysteresis = <0>;
T
I}3

# WMEXR
cooling-maps{
bind®{
contribution = <0>;
trip = <&cpu trip0>; # #EMEBEtrips
cooling-device
= <&cpu_budget cooling’1l 1>; # ¥{EirS YI[FEcpu budget coolingTmAPEZERIZFH

BERS, 11 RREAMSRNBRIZREC

+
. EEE—L

bind4{

contribution = <0>;

trip = <&cpu_trip4>;

cooling-device

= <&cpu_budget cooling 6 6>;
+i

};

WRAFRE © BseEREROERAE. RE—TNF

13



CA\LLWIMIER XIHERR:. W
3.3 Linux 4.x new X Linux 5.x ;BIFHEZRHH step-
wise SHECE

3.3.1 REVEERIR

EFIMRALINR, REEEBRRABO AW S, MeEREEEMR —MEE. XTIKEES
cpu, gpu EFMERRERRSE, FAMENERIEBAUITIRK, EMA Thermal Zone De-
vice BY121E,

ths: thermal sensor{
compatible = "allwinner,sun50iwl@pl-ths"; # [DCEZIRTH
reg = <0x0 0x05070400 0x0 0x400>; # EHFR/AR
clocks = <&clk_ths>; # BIEhEIR
clock-names = "bus";
nvmem-cells = <&ths calib>; # —nvmem&#&35|H, AT IREURAERE
nvmem-cell-names = "calibration"; # KOEEMSIER
#thermal-sensor-cells = <1>;

};

M E#RE Allwinner B2E, HAREEEBK.

3.3.2 EHIEEREIR

EMEREIA, EHEENSRXMARBER cpu BHEESEAFR. BEMXINPERES
B Linux #HAE cpu-cooling, dev-cooling i&& Wz, AHBEMFERE Allwinner SLHMH
sunxi cooling device &R,

Ak, AEEE dis PHERHHER cpu'budget cooling, gpu cooling i&&. X—HHARHE
B Allwinner B8, BETFEAE S RAFREN, EFFAER.

INFRNE HAT RS FFEIFSRASAR =, AT REY sysfs TTRIREX, WTF:

# BETEMREFEER, BZnfXMEsE, BUERNE

root@Tinalinux:/# cat /sys/devices/system/cpu/cpufreq/policy®/scaling available
frequencies

408000 720000 1008600 1152000 1320000 1440000 1560000

3.3.3 ‘REIEHIRES

EFhRAS T, SBEES SRR AR Linux Thermal 12489 of thermal BRFKHWEXR,
HULAAERE, H7ARS % EXX|HARIEEASE Linux Document #iRH,

IR © HiB2EREROBIRAR. RE—INF 14



@LWIMIER

MHER: WE

thermal-zones {

cpu_thermal zone {

polling-delay-passive = <500>; # ZURITHESBUER, BIMMAE—NMtrip/a, BEREER
polling-delay = <1000>; # LBITHRIEGARBEN, BEXREER
thermal-sensors = <&ths 0>; # It cpu_thermal_zone X{RAysensor

trips{

cpu trip0:t0{ #%E—1 trip =
temperature = <95000>;

type = "passive";
hysteresis = <0>;
}i
cpu_tripl:tl{

temperature = <100000>;

type = "passive";
hysteresis = <0>;
T
cpu_trip2:t2{

temperature = <110000>;

type = "passive";
hysteresis = <0>;
s

crt_trip:shutdown{ # ®E—1 trip =, ATFTLEXIRF

temperature = <120000>;

type = "critical";
hysteresis = <0>;
b
b8

cooling-maps {

bind0{ # tripd WWH RS

contpibution = <0>;

trip = <&cpu_trip0>;
cooling-device = <&cpul 1\ 1>;

x, N REIME

+i
bind1{
contribution = <0>;
trip = <&cpu_tripl>;
cooling-device = <&cpud 2 2>;
+
bind2{
contribution’= <0>;
trip = <&cpu_trip2>;
cooling-device = <&cpu@® 3 3>;
+

}i
}i
gpu_thermal_zone{

polling-delay-passive = <500>;

polling-delay = <1000>;
thermal-sensors = <&ths 1>;
sustainable-power = <1100>;
};
ddr_thermal_zone{

polling-delay-passive = <0>;

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

};

#cpufreq BUSIRMESMER RIS, MOFHIEHR

WRAFRE © BseEREROERAE. RE—TNF
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4.1 Linux 4.x new & Linux 5.x ;2FHEZEH8) Power
allocator S FECE

REUCEERRAESRERRNEENERI S AMEKRETX, FHEXHEHIHNEBS step-wise Bt
BiH[E, AJ8Z EX step-wise FXTi%ER45 A9 ER,

4.1.1 ‘REFEHIRES

EHhRAS, BERHIRIEHERTAFER Linux Thermal 1249 of thermal iERFMEX R,
IR E AR 2% XX RRRIFEAEE Linux Document %8s

AERFHMREAT IPA [RESEEE, TH#A thermal-zones XRAEHIEEZEE—EERH, XEB
BERA—T

IPA 2 linux W#ZET PID EUAS I —MURESRES, HizORRIESRIEENTINLBETRER
RERFTORAIRENINER, EMATREEE, HARERSFREEFE—IBREEN

pliny
TR I R -

1. HigEhEE, BRELFAIIGERNMELRE Ttrip0 BY (M1 TXEEFH cpu_threshold,
70 ) , IPA FIaEM. EBHFEERE IR, MEFA PID i+8, @EMIMA PID A9t
BLERME,

2. HREH#E FAINEINEE T MhERY (WITFXEEFH cpu target, 80 E) , IPA FiRiE
BETHERIARZME, IPARBKERASIHERELSIENLLG, 9, M9E8E, fitEETK
Y, BRETKED EH, IPA ZEEM, HR, [PA RRSREFETMER, FGHREHLRT
80 M,

3. H—EBRINEEREBHREREFE cpu HHEE, cpu #HA idle WIYEAIES, BIEIETTHE
REMR, REREHBITE, TRIMARE Ttrip0 2T, IPAMEIXHAT.

thermal-zones {
cpu_thermal zone {
polling-delay-passive = <500>;
polling-delay = <1000>;
thermal-sensors = <&ths 0>; # #EOSEHRERINIMAIThermal Zone DeviceXcpu thermal zone
K&
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sustainable-power = <800>; #HaREIATURMNRSEN, RABESECL cooling IREFMIIHE,
k po = <24>; #PIDITHISRMIBER, FTERINEX

k_pu = <48>;

k i = <0>;

cpu_trips: trips {

cpu_threshold: trip-point@® {
temperature = <70000>; # HEESTIEE, IPAFAERIER,
type = "passive";
hysteresis = <0>;

b

cpu_target: trip-point@l {
temperature = <80000>; # IPARcontrol temp, tHENETFILEE, IPATSEEMEEAT DA

Ih#t, LUREIRMEREMER.

};

gpu_

R’E

};

ddr

%
}i

type = "passive";
hysteresis = <0>;

+

cpu_crit: cpu crit@o {
temperature = <110000>;
type = "critical"; # ZEEHAZtripAXVEEME R
hysteresis = <0>;

b

+

cooling-maps {
map0 {
trip = <&cpu_target>;
cooling-device = <&cpu0@
THERMAL NO LIMIT
THERMAL.NO LIMIT>; # #PERIFRI&EACcpud, Hcpu-coolingi@si
contribution = <1024>;
+
b

thermal zone{

polling-delay-passive = <500>;

polling-delay = <1000>;

thermal-sensors = <&ths 1>;# SBE1SEZXBFEXNAIThermal Zone Deviceld gpu_thermal_zone

sustainable-power = <1100>;
thermal zone{

polling-delay-passive = <0>;
polling-delay = <0>;

thermal-sensors = <&ths 2>;# $E2SEZXBEW N Thermal Zone Devicelyddr thermal_zoneig

WA © BSEERERHERAE. RE—TF
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. STV menuconfig iiE

5.1 Linux 3.4 ;BiTHELECE

5.1.1 R58 Fc&E

B tina JEF3E R, 1T make kernel menuconfig #ANEEFRE, HIRUTSEIRE:

1. i&)\EUDevice Drivers ->Generic Thermal sysfs driver, tzl:l‘FFﬁa_:
config - Linux/arm 3.4.39 Kernel Configuration

Generic Thermal sysfs driver
Arrow keys navigate the menu. <Enter> selects submenus ¢ - ted letters
are hotkeys. Pressing <Y> includes, <N> excludes, <M features
Press <Esc><Esc> to exit, <?> for Help, </> for Se p [*] built-in [ ]
excluded <M= module < > module capable

--- Generic Th al sysfs driver

sunxi cpu budget cooling parse VF table support

< Exit > < Help >

5-1: Thermal menuconfig R58 001.png

ECE TR ER

generic cpu budget cooling support:ffgEcpu coolingz#F

Temperature sensor on ALLWINNERTECH:f#EBEL RS

sunxi cpu budget cooling:f#fEsunxi cpu cooling driverzi¥

sunxi cpu budget cooling parse VF table support :ffigEsunxi cpu dvfs driversz#F

WA © BSEERERHERAE. RE—TF 18
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5.2 Linux 4.x old ;RIFELERE

5.2.1 R328 EcE&

# N tina JFF3E R, $117 make kernel menuconfig #NEEBE X RE, FHIXUTSEIRFE:
1. E?ﬁ, i&)\@JDevice Drivers ->Generic Thermal sysfs driver, yD-FFﬁ'ZI_'\

.config - Linux/farm 4.9.170 Kernel Configuration
> Device Drivers > Generic Thermal sysfs driver
Generic Thermal sysfs driver
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y> includes,
<N> excludes, <M> modularizes features. Press <Esc><Esc> to exit, <?>
for Help, </> for Search. Legend: [*] built-in [ ] excluded <M= module

H-- Generic Thermal sysfs driver

[*] Expose thermal sensors as hwmon device
[*] APIs to parse thermal data out of device tree
[ Enable writable trip points
pefault Thermal governor (step_wise)
Fair-share thermal governor
Step_wise thermal governor
BEang Bang thermal governor
User_space thermal governor

cooling suppo
emulation mod
Ther Moni
erm

v/

[ §
’Extt > /< Help = < Save > < Load >

5-2:"Thermal menuconfig R328 001.png

FCE TR

Default Thermal governor i%#, BRiAAstep-wise
Thermal emulation mode support:sziFthermaliEIEEINEE

2. thermal cooling drivers #2 &, # A Elbevice Drivers ->Generic Thermal sysfs driver->
allwinner(SUNXI)thermal drivers->allwinner (SUNXI)thermal cooling device drivers, yD—FFFI'ZI_T

WA © BSEERERHERAE. RE—TF 19
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.config - Linuxfarm 4.9.170 Kernel Configuration
[-..] r(SUNXI) thermal drivers > allwinner(SUNXI) thermal cooling
allwinner (SUNXI) thermal cooling device drivers

Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y> includes,
<N> excludes, <M> modularizes features. Press <Esc><Esc> to exit, <?>

for Help, </> for Search. Legend: [*] built-in [ ] excluded

device drivers

<M> module

<*> sunxi budget cooling

<* sunxi budget cooling about CPU-DVFS
<*¥>  sunxi budget cooling about Hotplug
< > sunxi gpu cooling

< Exit > < Help > < Save >

5-3: Thermal menuconfig R328 002

FCE TR

Sunxi budget cooling about|CPU-DVFS:3i%cpu dvfsIhgEfiicooling
Sunxi budget cooling about Hotplug:sz#fcpu hotplugIhaEfficooling

Sunxi budget cooling about' GPU FS:3zfFgpufificooling
T 7

3. thermal sensor drivers EE%, i&)\?ﬁJ Device Drivers ->Generic Thermal sysfs driver->

. /4=
allwinner(SUNXI)thermal drivers—>allwinner(SUNXI)thermal sensor drivers, J&'f‘_l’ thermal sensor BIZ

HECE, WTEFR:

WA © BSEERERHERAE. RE—TF
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.config - Linux/arm 4.9.170 Kernel Configuration
[...] allwinner(SUNXI) thermal drivers > allwinner(SUNXI) thermal sensor drivers
allwinner(SUNXI) thermal sensor drivers
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y> includes,
<N> excludes, <M> modularizes features. Press <Esc»<Esc> to exit, <?>
for Help, </> for Search. Legend: [*] built-in [ ] excluded <M> module

E* Thermal sensor driver|

<*>  Thermal sensor driver for SUNXI platform

< Exit » < Help > < Save >

5-4: Thermal menuconfig R328 003

FCE TR A -

Thermal sensor/ driver:3ziFthermal sensoriXzh

Thermal sensor drive for SUNXI platformr:3#Fsunxi thermal sensorikzf
L] — 7

5.3 Linux 4:x.new & Linux 5.x ;RITIEZRIE

5.3.1 R818/MR813/R329 EC&

H tina JRF3EH, 1T make kernel menuconfig #ANREBEERE, HIRUTTEIRE:
1. E?ﬁ, ﬁ)\?”Device Drivers -> NVMEM Support, yD—FFFI'ZI_T
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.config - Linux/arm64 4.9.191 Kernel Configuration
> Device Drivers > NVMEM Support

XHEER: WE

NVMEM Support
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus
----). Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes, <M>
modularizes features. Press <Esc><Esc> to exit, <?> for Help, </> for Search.
Legend: [*] built-in [ ] excluded <M> module < > module capable

- NVMEM Support
<@> Allwinner SoCs SID support Vi

< > Allwinner SoCs SID support

< Exit > < Help = < Save >

5-5: Thermal menucenfig R818 001

FCE TS FR .

Allwinner SoCs/SID support V1:£EgESID VIIXzhz#¥, FEATEERER
Allwinner SoCs SID support
T

7

24 ﬁ)\?UDevice Drivers ->Generic Thermal sysfs driver, tzl:l'FFﬁa_:
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.config - Linux/arm64 4.9.191 Kernel Configuration
> Device Drivers > Generic Thermal sysfs driver
Generic Thermal sysfs driver
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus
----). Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes, <M>
modularizes features. Press <Esc><Esc> to exit, <?> for Help, </> for Search.
Legend: [*] built-in [ ] excluded <M> module < > module capable

--- Generic Thermal sysfs driver

[ 1] Expose thermal sensors as hwmon device

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

pefault Thermal governor (step wise) ---=
Fair-share thermal governor

Step_wise thermal governor

Bang Bang thermal governor

User_space thermal governor

Power allocator thermal governor

generic cpu cooling support

Thermal emulation mode support

DorIQ Thermal Monitoring Unit

Allwinner sunxi next genaration thermal driver|
ACPI INT340X thermal drivers ----

allwinner (SUNXI) thermal drivers ---=>

*

IMA ——r—r—— 0
L T S R T

&

< Exit > < Help > < Save >

5-6: Thermal menuconfig R818 002

FCE DA

[ Allwinner sunxi next genaration thermal driver:{FgE#hkasthermal driver ]
A LY

3. E)\@JDevice Drivers ->Generic Thermal/sysfs driver, izl]"FFﬁa_:
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.config - Linux/armé64 4.9.191 Kernel Configuration
> Device Drivers > Generic Thermal sysfs driver

Generic Thermal sysfs driver

Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y> includes,
<N> excludes, <M> modularizes features. Press <Esc><Esc> to exit, <?= for
Help, </> for Search. Legend: [*] built-in [ ] excluded <M> module < >

--- Generic Thermal sysfs driver

[ 1] Expose thermal sensors as hwmon device

[*] APIs to parse thermal data out of device tree (NEW)

Enable writable trip points

Fair-share thermal governor

Step_wise thermal governor (NEW)

Eang Bang thermal governor

User space thermal governor

- Power allocator thermal governor

[*] Thermal emulation mode support

< > QorIQ Thermal Monitoring Unit (NEW)

¥ Allwinner sunxi next genaration thermal driver
ACPI INT340X thermal drivers ----
allwinner (SUNXI) thermal drivers ---=>

]
]
]
]

i
[
[
[
[
-%

5-7: Thermal menuconfig R818 003

FCE TR

[ Default Thermal governor (power allocator): EBRFERHIFAIthermalHkig
-— —

5.3.2 R528 EcE&

H tina JRF3E R, 1T make kernel menuconfig #NEREBEERE, HIRUTSBIRE:

1. B%, #H ANZbevice Drivers -> NVMEM Support, S0 FEFAR:

WA © BSEERERHERAE. RE—TF
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.config - Linux/arm 5.4.61 Kernel Configuration

> Device Drivers > NVMEM Support ——m—m—m—m—mm—-m-—mvm—m—ooour-—
NV Support

Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----).

Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes, <M= modularizes

features. Press <Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] built-in

[ 1 excluded <M> module < > module capable

-B- NVMEM Support
[*] /sys/bus/nvmem/devices/*/nvmem (sysfs interface)
<*k> Allwinner SoCs SID support

< Exit = < Help = < Save >

[&'5-8: Thermal menuconfig R528 001

FCE TS FR

[*] /sys/bus/nvmem/devices/*/nvmem (sysfs interface) #sysfs FiAT R
<*>  Allwinner SoCs SID support #fFgt SID Wahz#F, FERTIRERAER

2. i&)\EUDevice Drivers ->Generic Thermal sysfs driver, tz[I‘FFﬁ/_\
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.config - Linux/arm 5.4.61 Kernel Configuration
> Device Drivers > Generic Thermal sysfs driver ——— — —
Generic Thermal sysfs driver

Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----).
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes, <M= modularizes
features. Press <Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] built-in
[ 1 excluded <M> module < > module capable

-B- Generic Thermal sysfs driver

[ 1] Thermal state transition statistics

(0) cmergency poweroff delay in milli-seconds

[ 1] “xpose thermal sensors as hwmon device

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

Default Thermal governor (power_allocator) --->
Fair-share thermal governor

Step_wise thermal governor

“ang Bang thermal governor

User_space thermal governor

“ower allocator thermal governor

Generic cpu cooling support

Generic clock cooling support

Thermal emulation mode support

Generic Thermal MMIO driver

OorIQ Thermal Monitoring Unit

Allwinner sunxi thermal driver

L

AAMm—mremee————
3
V OV Ve et o o o ot e

M
3

< Exit = < Help = < Save >

E'5-9: Thermal menuconfig R528 002

FCE TS FR

Default Thermal governor (power allocator) ---> # BRUIAEZEI, FEIRIEDTSEBILF

[*] Step wise thermal governor # step-wisel@Sfists, FEIRIEDTSEE LR, EHGE, RIAELETEEER
flig- <7

[*] Power allocator thermal governor # IPARSMNRES, FEIRIBOTSELE IR, EPE, BRINECEIA fEIL
23l

[*] Generic cpu cooling support’# {EBEcpub&ii

[*] Thermal emulationsmoderSupport # ffgE RINEE, HiXH

Allwinner sunxi thermal driver #ffigk thermal driver
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6.1 HhitiisikA

6.1.1 sysfs Hg

thermal co re%?’f/sys/devices/vi rtual/thermal B i?ﬁ”@*ﬁﬁzggqﬁlﬁ ) Igﬁthermalizoneiﬁ]coolingidevice
MEBSo

cooling device I EFETRE XU T

o type: FERISEFAIEE (RIERSF/XE/...)

o max_state! [ERIREMNRAMBRS (LUAERNHI, 3§ VF REVEMEX DTN FER, =ARE
BERUZ cpu NRREENIMERFAIENER)

o cur state! FERIREMNHFIFERE (LR RG], BIHFIEY cpu BEMAERFRATERNEFR)

thermal_zoneﬂgigqﬁnﬁ“é\yyﬂ—lzﬁ

o type: 'RITXBJEYSERY, EB8lcpus gpuy ddrF

o temp. RIE XA L ERE

o mode: SRITX[ERY TIERZ, ELUN enabled. disabled

e policy. miFXI[a]HY X Fi5RES

e available policies. BIEX (B Z AR IS

e trip point [0-*] temp. % = o HREE

® trip point [0-*] type: ﬁﬂﬁﬁi[@-*]ﬂ"]i@, active. passive. hot. critical (iﬁﬁ}ﬂ)ﬂ%IEmQ%
BB T —R%{E Fpassive R B R IPESAPE ERER, WUMEMcriticatZ BB RTIEE shutdown
HYRE)

e trip point [0-*] hyst: A& R e 1HNPUHRE, MRRFEHFEELEREIR, RHER
HAMETHNERE, THNLERE, ARAE, THhNERREREX, BEEEN O

o enul temp: RINEEMNT R, BIAMER 0 (REM 0 RXARINEERIINEE

e sustainable power: R4 ERTEREEEE

e k po: power allocator RN HFIREBIHIERENLLFIZRE (PID B8 P)

e k pu: power allocator RIEHHFIREAREHERENLLHIZRE (PID BEZH P)

e k i: power allocator HEBEMFRD R¥L (PID BIEM 1)

e k d: power allocator SRBIHS Rk (PID B£(M D)

e integral cutoff: RINREMRE =

o slope: ZIMEIMEERIRIZE

o offset: ZRMEIMEERIRIS
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B F

e &E thermal zone %

AREFEHERE sensor E’J/l\%*&&/m E 51X thermal zone B FA—1#M, ZMEERIEXISTE/

sys/class/thermalﬁi?ﬁ'\t ﬁ N thermal _zone*o é,“ JZEEinz/sys/deuces/virtual/thermal/
thermal_zone*%ﬁﬂﬁ?ﬁo

TE thermal zoneO A, NABLFERRVIRIE:

& & thermal zone0 FY2EE (cpu thermal zone /4 cpu BEIH, gpu thermal zone /3
gpu ;REIR)
EE cpu. gpu BEMN, EEIRTIHEH Sthernal_zonexiREFMMN KR, AREFN
r‘-thermal_zone*lzﬁ'ﬂ'gtempfﬁﬂﬂjo

#cat /sys/class/thermal/thermal zone0/type
cpu_thermal zone

2. &E thermal zoneO FEE

/] —LEFEEERUKE, 21U BRKE

#cat /sys/class/thermal/thermal zone0/temp
36

// FTEE—RRESURE, Bl THoOZ—EBEKE

#cat /sys/class/thermal/thermal zone0Q/temp
24522

3. thermal zoneO BYR1F (Ff: enabled; %: disabled )

[#echo disabled > /sys/class/thermal/thermal zone0/mode ]

4. TERXVEERE
REXVEERFEEIL— trip, HEHERXBREE A critical BIF], BEREE L Xtripsh

bindsitBE—TIfE IR

crt_trip:t8{
temperature = <110000>;
type = "critical";
hysteresis = <0>;

};

o RINERE

thermal BRERININEE, ATLUBIEILEERIEERBESHN S

1. J&E thermal zone0 MIRIEE
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#echo 80 > /sys/class/thermal/thermal zoneO/emul temp
// E: XBREESR(IS/sys/class/thermal/thermal zone0d/tempT S iI—3

2. %H] thermal zoneO FIELGEEINEE

[#echo 0 > /sys/class/thermal/thermal zone0/emul temp

WRAFRE © BseEREROERAE. RE—TNF
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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'
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,
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