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1.1 XHEfET

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

1.2 BiRRE

GPU EmpF R AN GPU A AR A S,

N -
1.3 EAEE
x 1-1: EHEFE@YIR
B MiZhir s IKEn 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
5.4
H616 Linux-4.9 modules/gpu/mali- Mali-G31

bifrost/*
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2.1 BIRINEETER

GPU SEINESZ, gefBiedt 2D 1 3D 1R, sEBLHIE®E ULl ik, EBHER. &5
BE. BTHESNE, GPU FeEREHITEEE .

EEEAMEZENFIRT, HENRILHEFFNEE, BrifRARAT ZHERINZE API
& Khronos A4R1RHRE OpenGL, 7E#EhimF=mPxtz#i OpenGL ES, OpenGL ES
E7E OpenGL HIERM EM—LRHE], UEFMENEMIHE~mNIIENRERFINESE
Ko BT OpenGL Z4%b, Khronos EENXT Vulkan X—EMBERESR API, EEEAR
OpenGL/OpenGL ES, Ith4h, Khronos AREENX T —EHITIZE APLy Bl OpenCL, F%
ErLUEE OpenCL #ORER GPU BH#HITEIAIE,

TRMTEESFERN GPU YRS —RBEEERDN, BESTREENEEMRAR, EFR—ESH
GPU MEEREZ—HKEHE—FN, FANFTREESH GPU WEHEESENERKREE, TEHR
BRYNR 7 BYS5tRA, NIREAZFFE GRPU B,

2.2 HERANENE

2.2.1 BHARIE

R 2-1: RREHFEXARNENA

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

2.2.2 RERIE

+® 2-2: RREHFBEIKENA

BRANE  HRIRA

DVFS SEBEMEIAE, BFREARERDSATDIMEREE
GPU idle #RiE GPU N5 T BHihHA X BRI
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2.3 BERECENTER

2.3.1 Device Tree E2& B

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, siEATFERET. FFH. NHEEEFETESH, BENATFERE vf R, ZHIHEERFEE
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 = <0>;

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>;

};

GEB8300 7£ board.dts FHYECESEHEAIN T :

WRAFRE © BseEREROERAE. RE—TNF 3



Auwiner

MHER: WE

& 2-3: board.dts B2 &EixFA

A

independent power
gpu idle

dvfs status
operating-points
gpu-supply

GPU BEMILMHEE, 0 RnIFIRIIME, 1 RRMIIHEB
Z&¥TH GPU idle, 0 ¥TR=E, 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 BREZEMWT:

gpu@ox01800000 {
device type = "gpu";
compatible = "arm,mali-midgard";
reg = <0x0 0x01800000 Ox0 0x10000>;//ZF{Fa5ihit
interrupts = <GIC SPI 95 IRQ TYPE LEVEL HIGH>,//thlf
<GIC SPI 96 IRQ TYPE LEVEL HIGH>,
<GIC SPI 97 IRQ TYPE LEVEL HIGH>;
interrupt-names = "JOB", "MMU", "GPU";
clocks = <&clk pllagpu>, <&clk gpub®>, <&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@0x01800000 {
gpu_idle = <1>;
dvfs status =
operating-points = <
/* KHz  uV */
600000 950000
576000 950000
540000 950000
504000 950000

gpu:

<0>;

};

Mali-G31 7£ board.dts FHEEESHNE NS GES300 —, #BA8E L—&T5,
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2.3.2 kernel menuconfig E2& i A

HANAZIEBER, #17 make ARCH=arm64 menuconfig
GPU ECERFFMT:

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

FeE SR EWN T EFR:

.config - Linux/armé4 4.9.170 Kernel Configuration
> Device Drivers > Graphics support > GPU support for sunxi
GPU support for sunxi
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

v\\“‘ea

(Fle8300) The GPU type]

< Help > < Save > < Load >

2-1: GPU R EE

HEEHRF GPU WZSRLIEE, I8EIZIEN “ge8300” T “mali-g31” BRI fEEEIERAY
Kohémix, HAFE GPU WAZIEENEY, & EAREMMEEILS None BIF],

WA © BSEERERHERAE. RE—TF 5



@LWIMIER
g XHEER: WE

2.4 IXEHIESRTAE

Application
user space OpenGL ES —— EGL
kernel space GPU device driver
hardware. GELU

2:2: GPU #f#HESR

£%F OpenGL ES %5, GPU B4 ESW EEFR, MA®EIERE EGL 1 OpenGL ES X{#
FA GPU B4 03R, ™ EGL #1 OpenGL ES N3&:ZiAA GPU AZESIRES (Device Driver)
SHREBESIRF. BEBIRBNEEGL 1 OpenGL ES KBHR, WUEHEE so M RIR M,
Vulkan. Open CL FHEFERA7=HRIBIESRS OpenGL ES 72 EA—, FELARZER,
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1SR4 135 B

WA GPU B IEEEE®:d OpenGL ES. Vulkan. Open CL ZH#EORLH, HXX
LR ORIFAIREIESE AT

https://www.khronos.org/registry/EGL/
https://www.khronos.org/registry/OpenGL/index es.php
https://www.khronos.org/registry/OpenCL/
https://www.khronos.org/registry/vulkan/

R
\‘\y\\“xﬁ
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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(int argc, char **argv)
{
EGLBoolean egl ret;
EGLContext context;
EGLSurface window surface;
EGLConfig config;
EGLint num config;
EGLDisplay dpy = eglGetDisplay(EGL DEFAULT DISPLAY);
EGLint context attribs[] = {
EGL_CONTEXT_ CLIENT VERSION, 2,
EGL_NONE
}i

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
178

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

}

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;

IR © HiB2EREROBIRAR. RE—INF
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}

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);
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5.1 R E

5.1.1 AT H

e Systrace
Systrace & Android4.1 A ZEHELHE, WRAMESTHNITE, LMFEERTERAN—LE
*HERIZ (Lb30 System Service, E#Al, Binder IR%h) fEA—LEEEURE, MMIREXRS
KBEENETREES, #HMESHBNRANEITHREES. Systrace NINREEIERERS
B 1/0 ##1E. WZIIEBAT). CPU fa# & Android BN FRAMIETRRNE. EENZTH
BEBRAX ERATIBRM AN, BENERRARSBRLINERE:
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 TS

e /sys/kernel/debug/sunxi gpu/dump
ZTRRBATHEIE SET GPU FREE R, 851 GPU B idle ThaEfEREIRS. DVFS fEE
KE. BEMIIMHBR. GPU HalBEMEE,
fERA%:

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

AR UABRRE R R E B th 75 TR T 2 EERET AR~ N BRI R ER ™ mY
HiEd, AIRERERTE =ZFIINFFF BEBTRASEZANFANRBEXNIFA, TR
BUARRAZMAERRTREEZ S AR RZEMRR (TR . 2EFWEMRERNE=
BIFARAMEERRIE. BEFEERMX S,
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