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1.1 XHEfET

M98 Sunxi ¥4 £ GPU RehER—RREAGZERFRED, AFLXS5EERREESE,

1.2 BIRRE

GPU EmpF R AN GPU A AR AR,

O
><>
1.3 EREE
x 1-1: EHEFE@YIR
B MiZhir s IXmh> 4 GPU &5
T509 Linux-4.9 modules/gpu/img-rgx/* GE8300
MR813 Linux-4.9 modules/gpu/img-rgx/* GE8300
R818 Linux-4.9 modules/gpu/img-rgx/* GE8300
A133 Linux-4.9&Linux- modules/gpu/img-rgx/* GE8300
54
A33 Linu<)2-4 .9 modules/gpu/mali- Mali-400
utgard/*
H616 Linux-4.9 modules/gpu/mali- Mali-G31
bifrost/*
H618 Linux-5.4 modules/gpu/mali- Mali-G31
bifrost/*
T507 Linux-4.9 modules/gpu/mali- Mali-G31
bifrost/*
T507-H Linux-4.9 modules/gpu/mali- Mali-G31
bifrost/*
T517-H Linux-4.9 modules/gpu/mali- Mali-G31
bifrost/*
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2.1 {RIRINBENLE

GPU BEEINES|IZ, gefBieft 2D A 3D IR, EEBLHIEE Ul Hik, EBHMER. &5
Bz, BTHESNIE, GPU REEREHITEEE .

EEEAHEZENFIRT, HGENRIHEFFNEE, BrifRARAT ZHERINZE API
& Khronos AR H KB OpenGL, ERZahiHFmAXI#IY OpenGL ES, OpenGL ES
ETE OpenGL HYEM EM—LHE, UEFMENBEHIHE" RN IENRSRINESE
Ko BT OpenGL Z4%b, Khronos BENXT Vulkan X—EMBERESR API, EEEAR
OpenGL/OpenGL ES, Itht4h, Khronos AREENX T —EHITIZE APLy Bl OpenCL, %
EFLET OpenCL R GPU BT E AR, &

RS A ER GPU AN SRR R R, BT, r—ue
GPU WEREHEZ—MREBE2—HN, ANAEESH GPU WEHESENERREE, TEHR
BRENR B S5ERE, NMIRFAZETE GRU @A,

2.2 *E;é*ll:lj éﬁ

2.2.1 FEHARIE

R 2-1: RREHFEIRNENA
<B\/

MRARIE R
GPU Graphics Processing Unit, B2 28T, FEHFTF 2D # 3D iR

2.2.2 RERIE

+® 2-2: RREHFBEIKENA

BRANE  HRIRA

GPU idle $E?E GPU |ﬂ’57§ﬁb9¥§é%/}_&ﬁﬁ¢
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2.3 BERECENTE

2.3.1 Device Tree E2& 1 BH

Device Tree FERRIEEERBXNSE, Hlall. FER. HHES. v RS

Device Tree XHHIEEE:

arch/arm64 (32 i & A arm) /boot/dts/sunxi/{CHIP}.dtsi(CHIP A &K S,
sun50iw10pl &)

AR

device/config/chips/{IC}/configs/{BOARD}/board.dts(IC A= mE S, W T509,
BOARD A#RE 4N perfl)

Hoh, giEATFEET. FFH. NHEEEFETESH, BEMWATFEE vf k. ZHIHEEFEE
FRETESH,

2.3.1.1 GES8300 \

GE8300 Y Device Tree FREEZEMWT:

gpu: gpu@ox01800000 {
device type = _‘gpu";
compatible = "img,gpu";
reg = <0x0 0x01800000 0x0 0x80000>;//ZF{fFasiit
interrupts = <GIC SPI 97 IRQ TYPE LEVEL HIGH>;//Fhl#f
interrupt-names = "IRQGPU";
clocks/ = <&clk pll/ gpu>, <&clk gpu>;//BSfHh
clockinames = "clk parent", "clk/mali";
power-domains = <&pd gpu>;

gpu: gpu@ox01800000 {
gpu_idle = <035
dvfs status = <1>;
pll rate = <504000>;
independent power = <0>;
operating-points = <
/* KHz  uV */
504000 950000
472500 950000
441000 950000
252000 950000
>;
gpu-supply = <&reg dcdc4>;
i

GEB8300 7£ board.dts FHYECE S AN T :
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& 2-3: board.dts B EixFA

A

independent power
gpu idle

dvfs status
operating-points
gpu-supply

GPU BEMILMHEE, 0 RRIFIRIIME, 1 RRMIIHEB
Z&¥TH GPU idle, 0 ¥TRE, 1 XT==

LI DVFS, 0 R®Rinkil, 1 RnfTH

GPU ® vf &

GPU MR EAMN regulator BY id

2.3.1.2 Mali-G31

Mali-G31 B Device Tree BREEEMWNT:

gpu@ox01800000 {
device type = "gpu";
compatible = "arm,mali-midgard";
reg = <0x0 0x01800000 Ox0 0x10000>;//ZF{Fasihit
interrupts = <GIC SPI 95 IRQ TYPE LEVEL HIGH>,//tlf
<GIC SPI 96 IRQ TYPE LEVEL HIGH>,
<GIC SPI 97 IRQ TYPE LEVEL HIGH>;
interrupt-names = "JOB", "MMU", "GPU";
clocks = <&clk pllagpu>, <&clk gpu®>, <&clk gpul=>;//BI&h
clock-names =_clk parent", "clk mali", "clk bak";
#cooling-cells = <2>;
ipa_dvfs:ipa dvfs {//iBZFipat@xs#
compatible = "arm,mali-simple-power-model";
static-coefficient = <17000>;
dynamic-coefficient <750>;
ts = <254682 9576 oxffffff98/4>;
thermal-zone “gpu_thermal/zone";
ss-coefficient <36>;
ff-coefficient = <291>;

gpu:

};

gpu@ox01800000 {
gpu_idle = <1>;
dvfs status
operating-points
/* KHz  uV */

600000 950000

576000 950000

540000 950000

504000 950000

gpu:

<0>;

<

};

Mali-G31'7f board.dts FHEEESHNE XS GES300 —&, #HIEAI&E L—&T5,
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2.3.1.3 Mali-400

Mali-400 B Device Tree FeEBE=ZE2W0T:

gpu mali400 0: gpu@lc40000 {

compatible = "arm,mali-400", "arm,mali-utgard";

reg = <0x0 0x01c40000 O0x0 0x10000>;

interrupts = <GIC SPI 97 4>, <GIC SPI 98 4>, <GIC SPI 99 4>, <GIC SPI 100 4>, <
GIC SPI 102 4>, <GIC SPI 103 4>;

interrupt-names = "IRQGP", "IRQGPMMU", "IRQPPO", "IRQPPMMUG", "IRQPP1", "IRQPPMMU1l

n,
’

clocks = <&clk pll gpu>, <&clk gpu>;

};

Mali-400 89 sys config.fex BREE ST

;GPU parameters

;regulator id : the regulator id GPU used.

;dvfs status : dvfs. status, if this is enabled, DVFS will work.

;temp ctrl status : temperature control status, dif this is enabled, thefgpu frequency
3 will drop down if the temperature of gpu is tooThigh

;scene_ctrl status: scene control status, if this is enabled, android' layer can ask
gpu driver to change frequency in certain, scene.

’

;max_level : maximum level, which is used when_.thermal system does not restrict
H GPU power._consumption.

;begin level : the.corresponding frequencyland voltage will be used during GPU

; initialization.

; Llv<x> freq i frequency«in MHz of certain level.

; Llv<x> volt : voltage in mV of'| certain<level.

[gpul

dvfs status =0 [/ REFTFdvTs

temp _ctrl status =1 [/ REITRIE

scene ctrl status = 0 /| BREIFGRIE

(0 588
Mali-400 33K SDK HEZISEIVEI ; BBPECE(SSTE sys_config.fexFERE, sys_config.fex X{FHIIBE—RRTE device/-
config/chips/{IC}/configs/{BOARD}/sys_config.fex(IC A=R&E, i T509, BOARD HiRE4N perfl)

2.3.2 kernel menuconfig Bg& %A

HARZIRER, 11T make ARCH=arm64 menuconfig
GPU REERFNT:

Device Drivers —>
Graphics support —>
GPU support for sunxi —>
(ge8300) The GPU type

FEER I TEFR:
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.config - Linux/arm64 4.9.170 Kernel Configuration
> Ue\llce Drivers > Graphics support > GPU support for sunxi
<> GPU suppor‘t for sunxi @
Arrow keys navigate the menu. @ > selects submenus ---> (or empty 51@ us ----). Highlighted letters ared;‘z eys.
Pressing <Y> includes, <N> exc'l.g? <M> modularizes features Press <Esc> to exit, <?> for Help, </> f arch.
Legend: [*] built-in [ ] exc d <M> module < > module capable Q

W% (55500) The GPU typd
QQ Q<> QQ

% < Exit > < Help > < @§> < Load >

2-1: GPU R#&ECEE >

WRERIZ GPU WS IEACIE N, S5 I{E A “‘ge8300” 3 “mali-g31” 3 “mali-400” EP
AI{EREME N RVIRTIARIES SAEE GPU WAZKIRAAET, & EARELETREECZ None BIE],
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2.4 IXEHIESRTAE

Application
user space OpenGL ES —— EGL
kernel spase GPWdevice driver \
O
$ >
hardware. GELU

2:2: GPU #f#HESR

£t%+ OpenGL ES 7%, GPU I{ESW LEFrR, MA@ EIEAR EGL fl OpenGL ES k1
F GPU B4 103R, ™ EGL #1 OpenGL ES Ni&ZiAA GPU AZESIRES (Device Driver)
TR RE R IRE, ﬁ%iﬁgﬂﬂ’\]% EGL #1 OpenGL ES XI5AR, LABhEE so B IE .
Vulkan. Open CL ZERHEMNABIERS OpenGL ES HREA—H, EHFER,

WA © BSEERERHERAE. RE—TF 8
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https://www.khronos.org/registry/EGL/
https://www.khronos.org/registry/OpenGL/index es.php
https://www.khronos.org/registry/OpenCL/
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UTR2—MEA GPU #1T7E4M OpenGL ES #2F (EF fbhdev)

#include <stdio.h>
#include <EGL/egl.h>
#include <GLES2/g12.h>
#include <GLES2/gl2ext.h>

int main(dint argc, char **argv)
{
EGLBoolean egl ret;
EGLContext context;
EGLSurface window surface;
EGLConfig config;
EGLint num config; %
EGLDisplay dpy = eglGetDisplay(EGL DEFAULT DISPLAY); O
EGLint context attribs[] = { |
EGL_CONTEXT_ CLIENT VERSION, 2,
EGL_NONE
18

EGLint attrib list[] = {
EGL_RED SIZE, 8,
EGL GREEN(SIZE, 8,
EGL BLUE SIZE, 8,
EGL_ALPHA SIZE, 8,
EGL SURFACE TYPE, EGL WINDOW BIT,
EGL_RENDERABLE TYPE, EGL OPENGL ES2 BIT,
EGL_NONE
IS

if (dpy == EGL.NO DISPLAY) {
printf("eglGetbisplaysreturned EGL NO DISPLAY\n");
return -1; S

}

egl ret = eglInitialize(dpy, NULL, NULL);

if (egl ret != EGL TRUE) {
printf("eglInitialize failed\n");
return -1;

}

egl ret = eglChooseConfig(dpy, attrib list, &config, 1, &num config);
if (egl ret != EGL TRUE) {

printf("eglChooseConfig failed\n");

return 0;

}

window surface = eglCreateWindowSurface(dpy, config, (NativeWindowType)NULL, NULL);
if’ (window surface == EGL_NO SURFACE) {

printf("gelCreateWindowSurface failed\n");

return 0;

IRIXFE © HB2ERERHBIRAR. RE—INF

10



@LWIMIER‘

MXHEER W'

}

context = eglCreateContext(dpy, config, EGL NO .CONTEXT, context attribs);
if (context == EGL NO CONTEXT) {

printf("eglCreateContext failed\n");

return 0;

egl ret = eglMakeCurrent(dpy, window surface, window surface, context);
if (egl ret != EGL TRUE) {
printf("eglMakeCurrent failed\n");
return 0;
glClearColor(1l.0f, 0.0f, 0.0f, 1.0f);
glClear(GL COLOR BUFFER BIT);
eglSwapBuffers(dpy, window surface);
eglDestroySurface(dpy, window surface);

eglDestroyContext(dpy, context);

eglTerminate(dpy); <§$

WA © BSEERERHERAE. RE—TF
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5.1 R E

5.1.1 AT H

e Systrace
Systrace & Android4.1 B ZEHELHE, WRAMESMHNTE, LMFEERTERAN—LE
*HERRIZ (Lb30 System Service, E#AWl, Binder IR%h) fEA—LEEEURE, MMIREXRS
KBEENETREER, #MESIBNRANEITHEREES. Systrace IR EIERERSA
9 1/0 #2fE. MZIIERATI. CPU f##H K& Android ENMNFRLETRRSE. EEHZIA
BEB RURFAX B RAHIE A DT EI R, E12|SE’\JT§FH1FEEHEJ%E.I%1L)L‘F§%§:
https://developer.android.google.cn/studio/profile/systrace?hl=zh cn

e PVRTrace
PVRTrace & PowerVR =B THED £EMIM. BRANHAEFFENIASE
PowerVR Graphics Tools &8 —Ef45s PVRTrace —fRBTHIZR5S O MrigfE, BiAMm
=, PVRTrace B] LA#3% OpenGL ES MAERFH API AR, AEMERESTRERE, B
PVRTrace, BILUMEXE OpenGL ES ARZEONS—MLFIRER, FHrIEMEXRYE R #H
TR, BAENERREARTSE LT iEE:
https://docs.imgtec.com/PVRTune /Manual/topics/pvrtune introduction.html

5.1.2 Bt

e /sys/kernel/debug/sunxi gpu/dump
ZTRRBATIENR SET GPU RIRBE R, S#ESAT GPU B idle ThaEfEREIRS. DVFS fEE
KE. BEMIIMHBR. GPU HalBEMEE,
fERA%:

[ cat /sys/kernel/debug/sunxi_gpu/dump

WRIRFE © HRB2ERRRINERAE. RE—TIMF 12
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EFMFREILIR AXEPEARN2EHER D ™~ m. RS AFEAIRER A EFr LS fEBEERE
N EARIBIARRIRERFMMAERRA, HREREAXENERNR, ERBTREEH
FAYERITH (BEERRFINEE, 8, BRER) EMNAFER, £EMFARE,

¢2%¢ﬁﬁ%ﬁ RESE BT mREARLEMRE, FAXEABTEREEN, 88X
B, BAFTEN. 2EREDNELAXEPREFEHNER, EHFTHERBTT2REHEIR, H
ﬁm$2%ﬁk$ﬁ%(@EﬁTm$ﬁﬁm\ﬁﬁm FEREIHIR) BRERIEF=ZHFNAE
t, @EHAAT. AEPHFRERFRR. 58 MBINHF AR EARREERERIES &S,

AR BRE R RE B th 75 TR T 2 EERT AR FN. BRI R ERTmAY
HiEd, AIRERERTE =ZHIINFFF BEBTRASEZANFARBEXNIFA, TR
BEU RN AERRTREEZ S AR BRI (TR . 2EFWEMERNE=
Hﬁ?ﬁ*ﬁ&&ﬂﬁﬁf&ujﬁﬁﬁﬁx
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