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1.3 ERAEHE

*®1-1: EEF@YIER

B R AL AN IXh>C 4

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 Linux-6.6 bsp/driver/thermal/*
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/*
MR153 Linux—SﬁB)—origin bsp/driver/thermal/*
T153 linux-5.10-rt bsp/driver/thermal/*
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2.1 {RIRINBETTER

Thermal BFFHUTHIR S, HINAERET temperature sensor ME Za) CPU. GPU FE&EIVEE
B, ABRBIEEE, M CPU. GPU FIHFMAMEEE, X CPU. GPU FIREFHIRAIMZH
1TPRHI, RAFLIMY CPU. GPU F&HFREMNHAIFEH], #% SOC RELS,

DRI RS

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

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

2.2 HXANIENA

v

%@2 1 RENE
ANiE s
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

(10 3588

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 xB  AXF X AFF AXHF AFF A AXHF
A523 B AXF OXE FxFF  AXHF AxFF  AxFHF AXHF
T507 X X 25 FxFF  AxHF FxFr A AXHF
T507-H %% XHF 35 A AXHF AxFF  AxF A
T517 X XHF 25 AFF A= FxfF A AXHF
T517-H X% X PZFF FxFF AXHF AxfF A AXHF
T113-i X% AXF A FFF AxHF AxFF X AHF
MR527  X¥ A% X AZHFF AXHF AP RFF - A
A1985 X A\ S AFF o A PEFF A AXHF
T527 XF AR\ A FxFF  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 AHFF AXHF AFF  AXFF AXHF
H136 X AR\ | A AEZF (AR X A%FF A AXHF
A537 XF X FFF ) AxF  X5F IxFF  AxF  AXHF
A333 X XH 25 ¥ X AxFF A A2HF
H723 <EOXEE B Z5i AHFF A% AFF  AXFF  AF
H726 T SRR AFF  AXHF AxFF A TXHF
H727 X XHE 25 FFF PXHF AxFF A AXHF
TV323 R X 25 FHF - AHF IxFF  AxdF A2HF
MR153 X AXF AEZF AFF AXHF AFF  AXFF AXHF
T153 X A\ A AFF AXHF AxFF A AXHF

2.3.1 Device Tree Ed&iHBA

RENPEFENBEECHIEFAERECE, B Linux5.15 7, &EHXAREREZN:

bsp/configs/linux-5.15/sun55iw3p1l.dtsi

o of-thermal
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£ thermal BRFF &, RFEEIE thermal zone. thermal Sensor. trip point. cooling Device
BIX R 7E DTS XA BMEME IR, of-thermal BIRFESRIE DTS B RNAET BT
fit, EHEXRH of-thermal iR, BRLIBERKRE L,

T IPARITRES, BEEEN T,

thermal-zones{
cpu_thermal_zone{
polling-delay-passive = <500>; //REBSEHE, BIGREREL(ms)
polling-delay = <1000>; [[REREBIEHRE, IRERA(MS)
thermal-sensors = <&ths 2>;
sustainable-power=<1000>;  //REXIITUSEERAE, RAADENRApower

k_po = <25>; [[BE % RERERNpidiIpSEk
k_pu =<50>; [/ RBE TR ERENpidipE i
k_i=<0>; //pidBiS#k

cpu_trips: trips{
cpu_threshold: trip-point@0 {
temperature =<70000>;, //RREGFRIEEIOELLFB
type = "passive";
hysteresis = <0>;
I
cpu_target: trip-point@1 {
temperature =<80000>;, //AEREFARSEBERIVELH
type = "passive";
hysteresis = <0>;
I
cpu_crit: cpu_crit@0 {
temperature = <110000%;  //RARARFAELALLI0EM DR
type = "critical";
hysteresis = <0>;
L
k

cooling-maps{
map0y{ ¥
trip = <&cpu_target>;
cooling-device = <&cpu0
THERMAL_NO_LIMIT
THERMAL_NO_LIMIT>; J
contribution = <1024>; /&p\ﬁﬁﬁﬂljjﬁﬂi, @33 @ cooling devicext R AIcontribution, B LUAEEMEITIRREFIFE
MRE
b
mapl{
trip = <&cpu_target>;
cooling-device = <&gpu
THERMAL_NO_LIMIT
THERMAL_NO_LIMIT>;
contribution =<1024>;  //gpuECThEANE, @idi@%Ecooling deviceXtRHIcontribution, AT LLIEAZERESTIRFEFNFE
MRE
b
k
I

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

>
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ve_thermal_zone{
polling-delay-passive = <0>;
polling-delay = <0>;
thermal-sensors = <&ths1>;

}

ddr_thermal_zone{
polling-delay-passive = <0>;
polling-delay = <0>;
thermal-sensors = <&ths 3>;
I
L

cpu_target mHEYtemperature:

AIRIEF RIEAS, EYHIAEZEH. REZEH, SATRFESRBER TEITER, MEEEIT.
LR, URUFREEES, UREELIER, BRzsHEkREHRETRAEERNEENLE,
EIE, BEZSHMIE—EEE LRESRER FIMEE, AT~ msiTERBNRE,

XJF stepwise JRITHREE, BEEEN T,

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

trips {
cpu_trip0: t0 {
temperature =<95000>;" // HEEIAZISE, trip0tfiik
hysteresis = <0>;
type = "passive's;

i

cpu_tripl:t14
temperature = <105000>; | // ZREAEI1055, trip1#&fkAE
hysteresis =<0>; ;
type'="passive"; f

X

¥

cpu_trip2: t2 { )
temperature = <112000>;pp0 %
hysteresis = <0>;
type = "passive";

bg

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

17

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

17

crt_trip0: t5{
temperature =<120000>;

WRINFRE © HiB2ERHRRNBRAR. RE—IRF
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hysteresis = <0>;
type = "critical";
L
L

cooling-maps { // cooling-maps, F#&x$RztripFicooling-deviceBRET
map0 {
trip = <&cpu_trip0>;  // JFRztrip0
cooling-device =<&cpu0 1 1>, // Htrip0 i &Et, cpudBIEEREERNL-1
<&cpulll>,
<&cpu211>,
<&cpu3 1 1>;
I

mapl {
trip=<&cpu_tripl>;  // ¥¥Rztripl
cooling=device = <&cpu02 2>, // HtriplFALAR, cpudBIEERAEEREN2-2
<&cpul2 2>,
<&cpu2 22>,
<&cpu322>;
L

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

map3 {
trip = <&cpu_trip3>;
cooling-device'= <&cpu0 4 4>,
<&cpul4 4>
<&cpu2 44>,
<&cpu3 4 4>;
L ;

map4 {
trip = <&cpu_trip4>;
cooling-device =<&cpu0 5 5>,
<&cpul5 5>, AV :
<&cpu2 55>,
<&cpu3 55>;

BIEEREE, cpultEMREIEA, BIARELD, RIFFRAOKT, cpultiERRIRH
epuiEsiafl, SERIEERME—T WA, HRITERA0N, cpulbfERHIRE], AILUSTTESRSME, HRIESERN1
By, cpur] UETTEABTABME,; HRIEFRNN, cpurl UBTTERSTHE=ZSME; MREHE,

e Thermal driver

ths: thermal_sensor{
compatible = "arm,sun50iw9p1l";
reg=<0x0 0x05070400 0x0 0x400>;
clocks = <&clk_ths>;

WRINFRE © HiB2ERHRRNBRAR. RE—IRF
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clock-names ="bus";

nvmem-cells = <&ths_calib>;
nvmem-cell-names = "calibration";
#thermal-sensor-cells = <1>;

e Cooling device

1. cpu device

cpu0: cpu@0 {
device_type ="cpu";
compatible ="arm,cortex-a53","arm,armv8";
reg = <0x0.0x0>;
enable-méethod = "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: cpush@SINFEREL, HP=c*v*v*f/100000018K (SEMcHETISIFERE) o

2. cpuopp table

cpu_opp_|_table: oppZl_table {
compatible = "operating-points-v2";
opp-shared;

opp@408000000 { 4
opp-hz = /bits/ 64 <408000000=; y
opp-microvolt=<820000>;
clock-latency-ns =<244144>; /* 8 32k periods */

b

opp@816000000 { a7
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 */

I

opp@1200000000 {
opp-hz = /bits/ 64 <1200000000>;
opp-microvolt =<1020000>;
clock-latency-ns = <244144>; /* 8 32k periods */

I

opp@1416000000 {
opp-hz = /bits/ 64 <1416000000>;
opp-microvolt =<1100000>;
clock-latency-ns = <244144>; /* 8 32k periods */

It

WRINFRE © HiB2ERHRRNBRAR. RE—IRF
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I
opp-hz: $i=
opp-microvolt: SMZE R HYEBE

3. gpudevice

gpu: gpu@0x01800000 {
device_type="gpu";
compatible ="arm,mali-midgard";
reg = <0x0 0x01800000 0x0 0x10000>;
interrupts = <GIC_SPI1 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";
#cooling-cells = <2>;
ipa_dvfs:ipa_dvfs {
compatible = "arm,mali-simple-power-model";
static-coefficient =<17000>;
dynamic-coefficient = <750>;
ts =<254682 9576 0xffffffo84>;
thermal-zone = "gpu_thermal_zone";
ss-coefficient = <36>;
ff-coefficient =<291>;
I
b
static-coefficient: gpuBSINFEITERI
dynamic-coefficient: gpuslidSThFEITEREK

4. gpu dvfs

gpu dvfszk: A
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

>
bl

2.3.2 kernel menuconfig B2 &ijiBA

#HN 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
[*] <Bang Bang 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 SWMETTEH

NG
7 2-3: cpu cooling device &%k
S8 BiEA
contribution cpu DECIHENE, AJIUREXERTILE, Wl UIRIESRE
M@ dts XU RATRERE
dynamic-power- cpu hSTHFEREL, RIESHSNET dts BLE
coefficient
static cpu EESINFERE
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& 2-4: gpu cooling device %%

S8 PR

contribution gpu DECIHENE, AILUAEXERTNILE, Wl LIRIESZESE
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: IPARIEREE thermal zone %%

o BiEA

temperature (threshold) - ipa BRIEHREENNEE, RIBAEARERBET dts AXHRS
TREEE

temperature (target) ipa BITRIERERE, IRIERZABESEE 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 &%, AILUAEXFERTNLE, el UIRIEAZINE
X ARG REE

k_i pid 91 B, AIUARENERTNLE, o] LIRS ZSLE
EXHARAT RECE

k_d mdﬂd%ﬁ,TuTEX@%ﬁuE Bl LUIARIE 75 2 SENi@

A —-rjdq:%au‘lj ‘EEEE

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

2.4.1 cpu cooling device &%
2.4.1.1 contribution

cpu NEINERNE, WRABEIELEFAER, FJLUKERN <1024>,
I3 J8% cooling device XfRZAY contribution, PILUAREMIMFEMEMRE, RIOEERT,

WAFRE © BRiBeERHERNERAE. RE—LTIF

XA4IaRA R f5: aw-document@allwinnertech.com 11


mailto:aw-document@allwinnertech.com

QQ

Qr Qr Qr Qr
/ g/ ,\%/ A /
ﬁ\x &Q/ %\ g\
QZ O % cuEg: e
<
cpu fl gpu EBHMEETT, KI cpu BAS WM, WRAAL gpu MRS, AILUIEK cpu By
“contribution, EbEEEA <4Q9%>o Q<> ©<>
& O <& &
<& <& &
& <& <&
<>Q ©<> QQ
2.4.1.2 dynamic-power-coefficient & &
cpu IBINFERY, RECHRTEGHEX, FRFEEEN.
HEAEENT,
1. cpu FEHRARARME cpu RANETHINFETIE.
Q> N\ S Q>
& & g
Q<>
1039. 60 | 935. 64 719. 28 0
109. 82 1098. 20 588. 38 758. 16 73,00
115. 64 1156.40 | 1040.76 797. 04 73. 00
121. 26 1212. 80 1001. 34 835. 92 73.00
126.95 | 1769.50 1142, 55 874. 80 73.00
132.65 | 1376.50 1192. 85 91368 ]
138. 38 1383. 80 1245. 42 952.56
144. 08 1440. 80 1296. 72 991, 44
149, 77 1497. 70 1347. 03 1030. 32
155. 56 1555. 60 1400. 04 1069. 20
1612, 70 .43 110808 |
: 0 1502, 18 104686 | ]
8. 70 1555, 83 11185, 84 | ]
1787. 10 160229 | 1924.70 ]
1845, 1660068 | 1283 60 73. 00
A . e
A W™
|
& 2-1: cpu iR AIHETHITHAE N N
A / ﬁ\,\%/ &ﬁ/
< <& <&
S QQ O ©<>
Z@Eﬁéﬁ Excel T BV 2*F A %@I SINFE power S, '%%ﬁﬂ%ﬁ’ﬂéﬁ'ﬁ?ﬁéfo ©<>
& G <& O
& o <& &
> <& O
S <& &
O <& <&
<>Q ©<> QQ
O S O
Q> N\ S Q>
7 7 7 &
& O & &
<& <& <& <&
& O & &
QQ <>0 <>Q QQ
<& <& S <&
Q<> BRI © ﬁaﬁ@gﬂﬁwﬁﬁma@@%—wmu <>0
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dynamic_power_coefficient
1800
1600
1400
1200

1000

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

0 200 400 B00 BOO 1000 1200 1400

VAZ*Freq (VAZ * 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
&, SUFEREN

cpu0: cpu@0 { y
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 RIGEERARNZABER, FHIMTER:

WRINFRE © HiB2ERHRRNBRAR. RE—IRF
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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, MRLEMELEFIENR, 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 (tgrget)

BAREARER, BERTRBNEWRE, —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 cpuRERERTAERMBHIEEERE, BNEEALISENSEMRIIEEEE,

e HpURERESTAFARHNETERE, FEZAEZRARGEY. SHEMNREE. B

FERAERR, BfreERARBARIEARE,.
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2. FEABERHNSEMERERHER. 1 “SET cpu MEREEMRTF 146" . “®ET cpu
TEERSN « “BRT cpuRIFREIERE 80%" Fo

XAERT, AIUGXARE, IWENETESEAREENSRIERE, A stability £ 3
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

. ARNSERHEENSEIERRFIER. 1 “cpu REREFHEBI 90 B, H cpu X
TEERT 1.4G” o

XMERT, AJUEXARE, IWFENIETEDRABIEENS R, £/ stability TER 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)

NEFENEERER, BIERAARETEE AR AERE R E 10-15 BRE,

2.4.3.3 temperature(crit)

HEMBEREINTRANER, N "X ICTRFIP: 115 B, BEXIIE" .

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.
HRAERER, RXVEEHRS ZEAHATAMBE.

o, LRXVEEFEICRITREERES 5-10 RRE, SlEE MREZMAT BRI,
BIERIEERRER

WAFRE © BRiBeERHERNERAE. RE—LTIF
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2.4.3.4 sustainable-power

sustainable-power @45, 'RERXEBEFEEN, RADENRAINZR,

IPA ZRES R G TEITE CPU Bl 2289 power BY =232 sustaibable_power 1 CPU fa BI04, £ 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.

HILAI LB S, 7£FIA CPU ¥EA cooling-device BIBHR, CPU MIRIEIBE AT IPA REEERAF
), RIVERWAIBEZIERIRE T CPU AR MM, MTHETIRIRATEM, ALk, EFIAE CPU
{73 cooling-device BY, REBIIEED performance EREIRIBEH HIAYI cpufreq governor i
F, BifFH ondemand =k conservative FXIRIE S i B zhiASHRY governor, FIA cpufreq
governor 54k IPA SREETE CPU & BTHIIZHIR B,

IPA HEBE & @I IR cooling-deivce ST RIAZIERITRNB R FFUZ EHRRAAIE
B cooling-device TEEREMA TR RANREASBE BMEE . NMREANFIFRE TSR
cooling-device =B R Hud kA, EHE cooling-device TEEREIMaIT RLREEKARE B
FORE, IPA SRR IT AR DRI RNIER,

EETF ERIAFBIE R T ,<Sustainable-power B9+ E 52 BI0 T /i,
o FiE—
B8R, hAlEAERENEIRER 90 REKE, MR cpu KHAIBITE 1AG ME T RER LR

TETE 90 IBEECE, B4 sustainable-poweriE cpu iz J:ﬁ?f 1.4G METHIHE,
LEEHE gpu FEAM cooling device BY, HERBREM, LLILRERENEITEER 90 8

KE, 08 “cpuisfT?E 1.4G, gpu izZfT7E 600M...... 7 RERURERE 0 BKE, BA
sustainable-power i@ “epuiZ1T1E 1.4G, gpu E{T1E 600M...... 7 TR,

BUXA cpu cooling device f3l, iPA sustainable-power Bit&E 5%,

B RS cooling-devicel TIFERME RIS SR EERSBE BARREIVRRE, RAEERERI— A 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

&£ sustainable-power=1565 #17 stablity Wik, RIMFEEEAXE 92 ENER, ATHLLEH
ISR E, FEUR sustainable-power AT/ 1550, BARGEEAERRT cpuirzl 92 EMNER.

&% cooling-device KEFIZITHERSMm N stability AT A ERERER] target JRE, MIEEX

WAFRE © BRiBeERHERNERAE. RE—LTIF
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BRE M RIETT sustainable-power it&, W: —MARNEREER 0 BREKE, ZARRE
cpu {EA cooling-device, % cpu RSN SE 1560MHz, & cpu MEIKE N 1560MHz [FfEMA
stability #TMIXE LI SOC T ZFMH TRLRERER 60 BEKE, AKIAR 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 ECHIBEER—E N 0, cooling-dévice B—EHATRIEIMERE, BIBEREINNE
B

A, HMNFBEREFRER T BIinAEBETEM, MEENNEENBEREEZBHNE -1
IIFAARY R E R FLEHTIRANMER, L RANREARSESAIENEE, REFEIL 17 SHHW
RERRI K

BIan, FEMBKERVRIERENANEBEREN 10 REKE, RBIFREEMREIRE N SSBKE, XK
TRARSE 70 ERENNESRH—RANIIEE, MERENAS, EENIHEZIE/),
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, BITHREFBEIT(E, ENEEABURERNNEIEFRE, 7518 KENEHEFIERHI5T
E (ENANEER S BKE, XIFIRE R LUR/IVRIERIFF G IR EIEE) , RERERET
Bid 85 |MEKE . A 75 REENIIIFERZFTA cooling device BIERAIHER 2,

B, EFfRE cooling-device W THFAREMERRIGEEERASBIBINEE, ABFER
ERMNSENE ﬁi&rg‘i&@@@%fr;%to
ENERATIERZMITEWT:
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

gpUFESTHFEITE
BB TAT (RIEEGI, KPrlgpuiRRAR ARIRERE) |,
toscale=(@a*TA3) +(b*TA2) +(c*T)+d

WRINFRE © HiB2ERHRRNBRAR. RE—IRF
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v_scale =VA3

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

{R¥0static-coefficienti€ & 794110005 tsI®E 7932000 4700-802, 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)

REBEAFRNAREE, TSERENRFHBREME, BN RENETSEEENMND 2 EpowerIFEcooling-
devicefpowerzHl, LLATPIDSERAEYIFIDIYHFO0:

P_75=P_max = Power = sustainablepower + 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, WRHEMEKBERINEKX, AIUFEXERILE,

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

REBEBEINEER pid B9 p 28, NRARIRLERFIER, AIUREXERTILE,

WRINFRE © HiB2ERHRRNBRAR. RE—IRF
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k_puit®:

BIEATKk_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&SIHFEN:

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

E{ER stablity #TMiX, HIL cpu BRESZHARERS BivaEENER, BIA k_pu ETHe

%7 E,[LXE%H?J k_pU EﬂZ/J\o

2.4.3.7 k_i

pid B i S8, MRAEMELERHNEK, AIUREXERIRE.

2.4.3.8 k._d

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

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 sensor ;&E

TEIFEEEE sensor WNEGEEMIZEX Y thermal_zone 2R —1#M, ZNMEEMIEXIGE/
sys/class/thermal BR THMEHE % thermal_zone, &F thermal_zone BLEE, TEE 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 {EHLRE

thermal B'R ERMMINEE, FILUBTERINEERWEERBE SRS TH,

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

X Hthermal_zoneOMIIEHE 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

K ARIT RS
#echo disabled > /sys/class/thermal/thermal_zone0/mode

WRINFRE © HiB2ERHRRNBRAR. RE—IRF
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fRERFRE cooling deviceMI PR
#echo 0 > /sys/class/thermal/thermal_zone0/cdev*/cur_state

We] OB ER dts TAXENRE, UXHE cpu BIE A5, BBk cpu_thermal_zone FRYE S
RAE M,

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

I

3.2 BRIa)ER

3.2.1 FRIRERE T CHIERENRERNXR

4R stepwise 'RIFRE, BT dts BECHERREE T cpu BITME. $THZEFERER
fillo FRLAXY T stepwise TRE&, TR AERERE TIHEERMHERN,

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

3.2.2 WfligRE SRR

I cpu RITRBI, 1BEL cpu_crit@0 5 =B temperature AR ARIE,;, HARHURITEMMEDR, X
FERA AR A DE X o y

cpu_trips: trips{

...... AV
cpu_crit: cpu_crit@0 {
temperature =<110000>; //HARALFIX1II0EMSLEXM
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>; /[ BERIF; 0RKH
pmu_hot_shutdown_value = <145>; [/ RFIRE

WRINFRE © HiB2ERHRRNBRAR. RE—IRF
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h ...... J

3.2.3 SRz REgeY 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, RFAi02EH&RApower

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

(\V

3.2.4 SRS THIFE. EmEFELETR 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
SRSNMRETRFEEE, £ IPAERETS, RARNEETEAMEBIRE: KA +EH. KR
TEHRS DA HRERE + SMERRIREAAREEZ M,

BT EIAXY IPA RERRVIAK], BTN SR MR BRI TIA T 9!
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o MIHIFIREEWANRA (0: 5F8) , NSBEXFIFIRTIEETRE:
X7 REE HIMENVRHITEREELRMNNE, FEERENASSHAALTHERERR
HeE L RBE BINEE m. CPU % cooling-device & BEABRSZHZ KB BN TIEM
X, ERHTHERERSHIEESSHRARANEERARBEIFEBEBEINEE, XMWER
THREXRERR: MEEESAK, MEEEEAREREL/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 THSEAERRER, TERESIRNIFIEEERBIERE, A8 IPARITRIET
EREERETER, FSHEFREE. ARUAMTRA. AREHLTA—EEITARIEHRL
H,

o 521 cooling-device 1E'R T, ERHIEEETHR:
MRBERERBNIMET, ATRAAEAARSHVRLILDE, MEETRE, BLLRRERIR
FERLEMREIREN AR, WRILAY thermal zone AT Z# cooling-device (¥1: CPU.
GPU. VE%) , AU IMK#HITAE (R, ETERE. 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

»C
*&thermal_zone0 F#cooling-deviceORILLE " /
#echo4096 > sys/class/thermal/thermal_zone0/cdev0_weight

AR XERBEMIEEFR102489%%

N
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 4BEEIT switch_on ;REM:&A RS BIFEE, cpu
SRS HWIPR I B R ST

IPA SRBETEITE cpu FEM power BIRHEIR =’ L HHi cpu FAEIER (power * load) , HaZ
79 0% BYITERY power 25589 0, BIHHE] cpu FrgEBY granted_power /3 0, $MEZFEE RN
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