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1.1 &wEEHMN

T4 Sunxi F & £ GPU REpRRI—ARER S ERIFHED, MARSERERERESE,

1.2 X A5

o GPUWKEIF R AR
o GPURNAHXR (TRAXK) M4ir AR,

1.3 iERAEE

Sunxi F& _EFTERIGPU &iRg
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2.1 GPU &7y

GPU: Graphics Processing Unit, EIf220 8% T, FEATF 2D 13D i, GPU BEAELAHIEE U
RE. BRIFENE, EBMER. 2RPHE BTHES, GPUREREHTEER .

EEEHMEZENTIRT, MENRIUESFNNER, BriffRRAI ZHER APl 2 Khronos
LALR4R R AV OpenGL, E#ohismF~ AP Xt Rz#AY OpenGL ES. OpenGL ES 27 OpenGL B9
B Fi—LeR sy, MBS % i~ X M AR NREEK. BRT OpenGL Z
4b, Khronos BEX T Vulkan X—EMBERIEZ AP, SEEMA OpenGL/OpenGL ESs  1tb4h,
Khronos 4R453FE X 7 —EFH17i28 API, Bl OpenCL, FF A& &R LUEE OpenCL #EOKEA GPU
B HITEIE IR,

2.2 fREEO

e OpenGL: OpenGL 2—FEFEHIEIR.API, BT 3D B IBREHISEIMERIREZO (AP
Xz GPU R4&! 2D 5K 3D ElfE).

e OpenGLES: OpenGLES /3D Eff APLOpenGL 975, FtXIFH. PDA FIERENFHRAT
IBE&TIRIT, % APl B Khronos BRI

e EGL: embedded Graphic Interfaces’ & OpenGL ES FIE/E Native FAMB RSz iafiEO,
it OpenGLES £ZHINABRETHFES L, EUNEOZRSHE Android. fbdev. X11. Wayland

%

Fo >
e OpenCL: Open Computing Language @— MNRBESEREEFNER, LRBFETH
CPU. GPU. DSP. FPGA St HMER I SEMGINEBFTAMN, TEESEIHTHNA
RIEFHEERE,
e vulkan: Fi——MEFEER API, Vulkan S7EIRHEMRA CPU FHE5FEZEM GPU &
o

2.3 HORS

£2.2/0V59, 1RE) EGL EZEOETEREARSI OpenGL ES # Native FEB O ARG Z BIAIEX Ko
ERHNEODRS—HEE fbdev(Linux &%), Android. wayland JLF#,
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2.4 BHFARIE

& 2-1: IR RAREE AR ANIEN A

A& Rz e

DVFS —MSEREERERAK, RIERENIERE, thSETIEMELEBE
GPUidle 1R#E GPU LIFIRE, =& BohFFXBIRMESH

(1 388
GPU idle 28 GPU #ERAAMMEBIIAE(ER, GPU BFHHIMME, ATLIER cat /sys/kernel/debug/sunxi_dump/
dump Hig&ES.
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3.1 input

7% 3-1: XHF YUV RUSNAE TV

Format (#&=() Planes (*FE@#k)

8-bit YUV 4:4:4

8-bit YUVA4:4:4

8-bit YUYV 4:2:2

8-bit VYUY 4:2:2

8-bit Y-UV 4:2:2

8-bit Y-UV 4:2:2, 16x16 block-linear
8-bit Y-U-V 4:2:2

8-bitY-UV 4:2:0

8<bit Y-UV 4:2:0, 16x16'block-linear
8-bit Y-U-V/ 4:2:0

10-bit YUVA 4:4:4

10-bit AYUV 4:4:4

10-bit YUVA 4:2:0 v

10-bit YUYV 4:2:2

10-bit VYUY 4:2:2

10-bit Y-UV.4:2:2

10-bit Y-UV 4:2:0

16-bit YUV 4:4:4

16-bit YUVA 4:4:4

16-bit YUYV 4:2:2

16-bit VYUY 4:2:2

10-bit Y-UV 4:2:2, 16-bit container
16-bit Y-UV 4:2:2

10-bit Y-UV 4:2:0, 16-bit container
16-bit Y-UV 4:2:0

8-bit AFBC Y-UV 4:2:2

10-bit AFBC Y-UV 4:2:2

8-bit AFBC Y-UV 4:2:0

10-bit AFBC Y-UV 4:2:0

= o= = NN NNDRRFRRRODNDRFRRRRRFRRWNODND WD N R
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3.2 ouput

(10 3588

7R 3-2: ZFFYUV RO EEAR T

Format (&zt)

Planes (FmE%R)

8-bit YUV 4:4:4

8-bit YUVA 4:4:4

8-bit YUYV 4:2:2

8-bit VYUY 4:2:2

8-bit Y-UV 4:2:2

8-bit Y-U-V 4:2:2

8-bit Y-UV 4:2:0

8-bit Y-U-V 4:2:0

10-bit YUVA 4:4:4

10-bit AYUV 4:4:4

10-bit YUVA 4:2:0

10-bit YUV 4:4:4, 16-bit container
10-bit YUVA 4:4:4, 16-bit container
10-bit YUYV 4:2:2, 16-bit container
10-bit\VYUY 4:2:2; 16-bit container
10-bit Y-UV 4:2:2, 16-bit container
10-bit Y-UV 4:2:0, 16-bit container
8-bit AFBC Y-UV 4:2:0

10-bit AFBC Y-UV.4:2:0

= o= NN H R R W NN WRN R R e e

A
v
y

planes 5l 7T EIREIEENERHEILA plane M. 1 GPU AEEGEIEN, FEMEEGKREENEFEPHHTIASN, Xi¥

GPU A BEIE R LIEENIR, 1 4.3 2 BNTAMMACIE pbuffer (BRER) B, ¥4 plane FitH .

Bit, £EFas, IEESH mali-g3l. mali-g57 8 GPU 2 ZiFMAK AFBC I8 MIE,
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F&153]

GPU RS RBIL N E RN A7 RN T

o BEZE GPU JKXEh

o EF OpenGLES, EREHR
o EF OpenGLES, BRESR
e OpenCLF%

o ERAAEAE

4.1 EcE GPU IRz)

4.1.1 i&#F gpu BIS

ERZER (It 7507 FE T, BENRER) FHIT./build.sh menuconfig, &k gpu_type
I, BCE N mali-g31e

/

vers
PLy submenusfi-dn, lighted letters are hotkeys. Pressing <Y> incl <N> excludes, <M> modularizes
arch. Legend: [*] hug excluded <M> module < > module capable

Tynep
X7

4-1: menuconfig

B{xp GPU B SFEEZFEHCHAMBIEEN, UTRHEIE Sunxi REFEH, GPU B S
gpu_type B9{&,
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* 4-1: gpu_type &

Ta GPU = GPU %214 gpu_type
T3/T3-C/T3PRO Mali400 mali-utgard mali400
A401-H/A401-C Mali400 mali-utgard mali400
A100/A133/T509/MR813/R818 IMG-GE8300 Series8XE img-rgx
T507/T507-H Mali-g31 mali-bifrost mali-g31
T517/T517-H Mali-g31 mali-bifrost mali-g31
A523 Mali-G57 mali-valhall mali-g57
MR527 Mali-G57 mali-valhall mali-g57-r32p1l
Al985 Mali-G57 mali-valhall mali-g57
1521 Mali-G57 mali-valhall _mali-g57
A733 BXM-4-64-MC1 B Series bxm

4.1.2 igEMEE

Device Tree T BRI ERIRIBXSER, Flahlr. FF8E, FNHERE. vf R
Device Tree XERIERE N

e bsp/configs/linux-5.10/boot/dts/{CHIP}.dtsi(CHIP A %K S, %0 T507 WA RS A
sun50iw9pl &) ;

. deV|ce/conf|g/ch|ps/{lC}/conflgs/{BOARD}/board dts(IC IF= @B S, 0 T507, BOARD &
demo.2,demo.3 %) ;

HAp, giZATRETH. FFes. N EEFETESH, BENATERE vf & (W3R dtsi F GPU
SRILT operating-points-v2, M= L5 A operating-points-v2). &MINEEFEEFXETLES
o

3K 4-2: board.dts B2 &7 PA

o8 €1 WiRA
independent_power GPU @& HE, 0 RRIFMIIMHE, 1 RFIRIIHE
gpu_idle EETH GPUdle, 0FXRE, 1F®/TE
dvfs_status ZBEFTH DVFS, 0 R/RmRkH, 1FR/RITH
operating-points GPU Y vf £
gpu-supply GPU M1z EEEHE AR regulator A9 id

gpu:gpu@0x01800000 {

device_type="gpu";
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compatible = "arm,mali-midgard";
reg = <0x0 0x01800000 0x0 0x10000>;//Z& 1723 ithit
interrupts = <GIC_SPI 117 IRQ_TYPE_LEVEL_HIGH>,//shlf
<GIC_SPI118 IRQ_TYPE_LEVEL_HIGH>,
<GIC_SPI 76 IRQ_TYPEZLEVEL_HIGH>;
interrupt-names = "JOB", "MMU", "GPU";
clocks = <&ccu CLK_PLL_GPU>, <&ccu CLK_GPU>, <&ccu CLK_BUS_GPU>;//Bd %
clock-names ="clk_parent", "clk_mali", "clk_bus";
resets = <&ccu RST_BUS_GPU>;
#cooling-cells = <2>;
power-domains = <&pd TV303_PD_GPU>;
ipa_dvfs:ipa_dvfs {//:BiZipatlx 5%
compatible = "arm,mali-simple-power-model";
static-coefficient = <5800>;
dynamic-coefficient = <860>;
ts =<1000000 0xffffc310 Oxffffffb0 9>;
thermal-zone = "gpu_thermal_zone";
/*ss-coefficient = <36>;*/
[*ff-coefficient =<291>;*/
5
5

gpu: gpu@0x01800000 {
gpu_idle=<1>;
dvfs_status = <1>;
operating-points =<
s/*KHz uv*/
600000 950000
300000 950000
200000 950000
150000 950000

>
)

g

o {EF operating-points-v2
Bai, 2&F&H, mali-valhall |MG-BXM A58 GPU s Foperating-points-v2, Ml 7= & 75 &
board:dts ‘:F'E’\Joperating—pointsl{%xﬁﬁfﬁﬁﬁo LU 2 mali-valhall :Ff—}q:', operating—points—v2E|"J§_'<I)|_.lo

gpu:gpu@1800000{

device_type="gpu";

compatible = "arm,mali-valhall";

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

interrupts =<GIC_SPI 117 IRQ_TYPE_LEVEL_HIGH>,

<GIC_SPI'118 IRQ_TYPE_LEVEL_HIGH>,
<GIC_SPI 119 IRQ_TYPE_LEVEL_HIGH>;

interrupt-names = "JOB", "MMU", "GPU";

clocks = <&ccu CLK_PLL_GPU>, <&ccu CLK_GPU>, <&ccu CLK_BUS_GPU>;

clock-names ="clk_parent", "clk_mali", "clk_bus";

resets = <&ccu RST_BUS_GPU>;

operating-points-v2 = <&gpu_opp_table>; //FRIRTEXE, EMTopp—Vv2, e ERoppERTIEopp_table

B, =M FERopp-v2

#cooling-cells = <2>;

ipa_dvfsiipa_dvfs {
compatible = "arm,mali-simple-power-model";
static-coefficient = <636>;
dynamic-coefficient = <1434>;
/*ts0->ts3 */
ts =<0xcc77c0 217000 Oxffffd508 200>;

(\\)
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thermal-zone ="gpu_thermal_zone";
/*ss-coefficient = <36>;*/
/*ff-coefficient =<291>;*/
5
/*power-domains = <&pd1 A523_PCK_GPU>;*/
5

gpu_opp_table: gpu-opp-table {
compatible = "allwinner, mali-valhall-operating-points";
opp@150000000 {
opp-hz = /bits/ 64 <150000000>;
opp-microvolt =<900000>;
L

opp@200000000 {
opp-hz = /bits/ 64 <200000000>;
opp-microvolt =<900000>;

I

opp@300000000 {
opp-hz = /bits/ 64 <300000000>;
opp-microvolt =<900000>;

L

opp@400000000 {
opp-hz = /bits/ 64 <400000000>;
opp-microvolt =<900000>;

L

opp@600000000 {
opp-hz = /bits/ 64 <600000000>;
opp-microvolt =<900000>;

2

opp@648000000 {
opp-hz=/bits/ 64 <648000000>;
opp:-microvolt = <0>;
opp-microvolt-vf0900 = <900000>; y
I8

opp@696000000 {
opp-hz = /bits/ 64<696000000%;
opp-microvolt = <0>;
opp-microvolt-vf1920 =<900000>;
opp-microvolt-vf2920 = <900000>;
opp-microvolt-vf3920 = <900000>;
opp-microvolt-vf21920 = <900000>;
opp-microvolt-vf31920 = <900000>;
opp-microvolt-vf5920 = <900000>;

Ig

opp@744000000 {

opp-hz = /bits/ 64 <744000000>;

opp-microvolt = <0>;

opp-microvolt-vf4920 = <900000>;

/* Not use: only for performance test
opp-microvolt-vf2920 = <900000>;
opp-microvolt-vf3920 = <900000>;
opp-microvolt-vf21920 = <900000>;
opp-microvolt-vf31920 = <900000>;

WRINFRE © HiB2ERHRRNBRAR. RE—IRF
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*/
e

/* Not use: only for performance test */
opp@792000000 {

opp-hz = /bits/ 64 <792000000>;

opp-microvolt = <0>;

/* opp-microvolt-vf2950 = <900000>;
opp-microvolt-vf3950 = <900000>;
opp-microvolt-vf21950 = <900000>;
opp-microvolt-vf31950 = <900000>;

*/

k
L

(0 3588

Sunxi FRINTFEERKN GPU EHRE—REEERN, BEFF, GPU FANIRNBEREN, EF—RSH GPUMEES
E—RREMEERN (Flin: FEestit, i, B, BESHSE) ; BLIEBEBEFHAE GPU MZIFH (3N: SEHIMIIEB,
dvfs BEFE. opp &F) , ARRXERETNNBTSERES.

HFEIEIRES (GPU BEZ Mali-400/Mali-450) , HEBIEETE sys_config.fex HEE, sys_config.fex SXHH(IE
—F&7E device/config/chips/{IC}/configs/{BOARD}/sys_config.fex(IC 7= 54E!S, 41 T509, BOARD JtRE!4N perfl),

4.1.3 1% ko

AZEIRFTR G, SEM mali_kbase ko. dma-bufitest-exporter.ko &R, bsp BT EK
TElib/modules/${kernel_versionlE& 1= I, A JFEEFohiilE.

#INEGPUBHR, dmalfiR

#LUU T RWAZITED, s]LAFSRIIAERE BRI N E(FERH S 'dmesg -c' &F)

/lib/modules/5.10.80+ # insmod mali_kbase.ko

[ 70.808909] mali kbase: loading out-of-tree module taints kernel.

70.825123] mali 1800000.gpu: Regulators probed: Q

70.830521]'mali 1800000.gpu: Clocks probed: 2 )f

70.836386] mali 1800000.gpu: [950mv-600MHz} inde_power:0 idle:1 dvfs:1

70.844231] mali'1800000.gpu: GPU identified as 0x3 arch 7.0.9 rOp0 status 0

70.852346] mali 1800000.gpu: No memory.group manager is configured

70.861659] mali 1800000.gpu: Usin\%configured power model mali-simple-power-model, and fallback mali-simple-
power-model S

— o o

/lib/modules/5.10.80+ # insmod dma-buf-test-exporter.ko
[ 97.565562] misc dma_buf_te: dma_buf_te ready
HERINBATINER, =7Edev/BER F25I%EMmMalio. dma_buf_te MR, XWEHIBMEREEZMEHNBEHRS Zo

(1 3588
Sunxi FEMFES, GPUBRRMESHEERE, FRfwiFHRE ko BIRHNGERWEHFRIER (mali_kbase.ko 3 mali.ko), 1tk
ARREAZARTEISERNOME, RIEERNFRFE. 15, Android REFTFEFENIE ko IR,

IMG 2 5H9IXE] log A pvr BIXEF
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4.2 ERESR

4.2.1 EGL

FIEETEIRE, EGL 2 OpenGL ESJEZ APl fMAMME A4 (native platform window system)
ZEW—MHEZEOR, EEERRAFEEEM, EGLIREEEINEEN T,

1. 5RENREBORRERE

e eglGetDisplay - BIZEEIRZ APl SAME O RFANIEE,
e eglinitialize - #M4A1K EGL &%,
e eglTerminate - £ 1k EGL,

2. &, BEE framebuffer WEHE

o eglGetConfigs - REVKEE O RS2 HMFRA EGlframebuffer (TEREZRLZE fb0) EE.

e eglChooseConfig - SREX S5 FEKFKRILAER framebuffer EBE%E, FAFEES display 457
89 framebuffer,

e eglGetConfigAttrib - REX EGL framebuffer 3§ € HECEE S

3. B, % surface

eglCreateWindowSurface - 82— MNEFEZA] surface (window surface) o
eglCreatePbufferSurface - gl — R FREZRM surface (pbuffer surface)
eglQuerySurface - &4 EGL surface B S

eglDéstroySurface - $58% EGL surfage,

4, EEBTELTX

5
e eglCreateContext - 81— N8 EGL rendering contexto
e eglDestroyContext ~ 58— EGL rendering context.

e eglMakeCurrent - ¥ context &% surface Lo

5. BEELEEEFERRIR

o glGenTextures - £F83E (BF) M&F,

o glActiveTexture - BUELSIERE T,

e glBindTexture - FEUIENR 5SIB R Y EE—H2o

e glDeleteTextures - IBFRESIEXT R o

o glTeximage2D - MNEHSERRETT, 4AL2D B,

o eglCreatelmageKHR - BIEZSMBLEE (BF) , X2 EGLM—MY B, XN RBEOSMT
CPU 5 GPU £Z4EATE,

¢ eglDestroylmageKHR - $HE8MEFSGE,

WAFRE © BRiBeERHERNERAE. RE—LTIF
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6. EEHEX

e eglSwaplinterval - {8ESME X TR TR/ MISTIE HAEK,
e eglSwapBuffers - 4§ EGL surface X2 E|AME .
o glFinish - BETE&HIIES KX GPU, HEI GPU BHIRITRERIREL,
e glFlush - KaHIFE< Rixs GPU, HiER[E,
AEE

INRIBEMER KHR GRH egl ¥k, FERMEXRY REK,

4.2.2 LR

3217, EENET EGLERNEERAZE, UTEO0penGLES EMAFER (window surface)

#J demos.

#include <stdio.h>
#include <EGL/egl.h>
#include <GLES2/gl2.h>
#include <GLES2/gl2ext.h>

int main(int argc, char **argv)
{
EGLBoolean egl_ret;
EGLContext context;
EGLSurface window/surface;
EGLConfig config;
EGLint num_config;
/] (1) 3KEXZAH#IERIAdisplay
EGLDisplay-dpy/= eglGetDisplay(EGL_DEFAULT_DISPLAY);
EGLint context_attribs[] = { y
EGLE_CONTEXT_CLIENT_VERSION, 2,
EGL_NONE
b

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
I

if (dpy == EGL_NO_DISPLAY) {
printf("eglGetDisplay returned EGL_NO_DISPLAY\n");
return -1;
}
/] Q) ¥IEHIRENEIRdisplay, EBIIAPISZAHE AMIEE
egl_ret=eglinitialize(dpy, NULL, NULL);
if (egl ret !=EGL_TRUE) {
printf("eglinitialize failed\n");
return -1;

WRINFRE © HiB2ERHRRNBRAR. RE—IRF
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}
// (3) zERattrib_list RikRdisplaylHNHIERE, HMHIEERS AN configh (BE=138%)
egl_ret = eglChooseConfig(dpy, attrib_list, &config, 1, &num_config);
if (egl_ret !=EGL_TRUE) {
printf("eglChooseConfigfailed\n");
return 0;
}
// (4) glEwindow surface
window_surface = eglCreateWindowSurface(dpy, config, (NativeWindowType)NULL, NULL);
if (window_surface == EGL_NO_SURFACE) {
printf("gelCreateWindowSurface failed\n");
return 0;
}
/] (5) BIEIELTX
context = eglCreateContext(dpy, config, EGL_NO_CONTEXT, context_attribs);
if (context == EGL_NO_CONTEXT) {
printf("eglCreateContext failed\n");
return 0;
}
//-(6) FEBEHTIEM ETX
egl_ret = egIMakeCurrent(dpy, window_surface, window_surface, context);
if (egl_ret I=EGL_TRUE) {
printf("eglMakeCurrent failed\n");
return 0;

1
glClearColor(1.0f, 0.0f, 0.0f, 1.0f);

glClear(GL_COLOR_BUFFER_BIT);

/] (1) =8

eglSwapBuffers(dpy, window_surface);

/] (8) fH%{surface

eglDestroySurface(dpy, window_surface);

/] (9) FHERTIELERX

eglDestroyContext(dpy, context);

// (10) $RdisplayZEiz

eglTerminate(dpy); A
} )

(0 35288
=X, INE EGL REXHERNIR EZHABIESELEFHEE: https://www.khronos.org/egl.
OpenGLES mXELESEESEE: https://www.khronos.org/opengles,

4.3 BREF

XBERANERES, 18092 pbuffer surface, B pbuffer surface, —5FEXIT GPU 5 CPU
HEZH08 (surface/BR) AF, REEBERME, TE CPU 5 GPU ZEISEE#E N KB B M H 3 ;
S5—7E, GPUBHALEZELE yuv i8NEHE (OpenGL 2.0 XGRS, A yuv #3E,
{8 OpenGL 3.0 Rz a4 ZiFEERE yuv #R) .

8% pbuffer surface FTEIENTE, HEFECCIRESER. FH1AILAEE) dma-buf. ion 3k
BIERENYIERTE, FERIFTIIYIERNTERRLS GPU I,
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4.3.1 AiREFM

o AZIRENZHF ion. dma-buf (Sunxi FA&, linux4.9 &linux5.4 8% #FH) S

o EGL ZIF0IEIMNISIEXT RV BEE (EGLKHR)

e UL GPU B S G31 A, Z#FEGL1.4. OpenGL ES 1.1. OpenGL ES 2.0. OpenGL ES 3.2,
Vulkan 1.0, NRBEEZRBHE yuv BN EIE, FE OpenGL ES3.0 K Ehr4s, B
GL_EXT_YUV_target I Bo

4.3.2 EfGHRIEHTIEI

ENE GPU ZHFH YUV X EIERN BRI plane X & s plane HERIETE
GEEEAETINHA AR, EOEBIINNLIEN, XINEEREXEEM, EXE, I
HAL_PIXEL_FORMAT_AW_NV12(8-bit Y-UV 4:2:0 ) #3EA %I, NBEGEHIETEREFRFEHES)
B

NV12

texture width

texture_height

texture_height / 2

KE®SAI: byte

4-2: NV12_ BUEHFI AR

M EERA BEGHIEDNT 24 plane(EE&ERRE—1 plane, FHREGNFIEY DE, HLIE
KREZ plane, FREIGFIERI UV DE). £—1 plane FRFAIEGHENYE, =7 plane
FRUVE (UVRBER, MREIEERZE NV21, MEZ4 plane F1, UV SERVHEFIIRE S VU

WAFRE © BRiBeERHERNERAE. RE—LTIF
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REEMR) o GPU EAEEGHIEN, FERISMEREMN YUV B, FrLTEEIRINBSEER, 3K
NHEELLIEEREFFWREGE I, L1 plane. 81 plane MR# E2E 5 B L #EL4 GPU,

BE—IM2R 31 plane EERFIF, EGREIEEINO YUL6(8-bit Y-UV 4:2:2, 4:2:2 Fk¥, 543
1 plane 77&, Y. Us V2 EE— plane),

texture width

Ed

N

W

L

texture_width / 2

texture_height

texture "height

YU16

texture “height

KEEN: byte

4-3: YUl6_ #iEHIFIA R

&L, TEEW—MEIGEIN, RFEXEAR, BIFRFEHINEBIES AL plane Fif, A
BXRRERRE, RMAERGEENSDETNERNFELNT, MAETEES plane 18
TR REE, EMEBRNREEREZER.

{
int dma_fd;
int atti=0;

GLuint Tex;

EGLint attribs0[30];
EGLImageKHR img0;

[ static int setupTexture(EGLDisplay dpy, int dmafd, EGLImageKHR *imgTex,
unsigned int width, unsigned int height)

/B EEFdma_fd, 2z F1FIdma_allociEE!
dma_fd = dmafd;

IRiRFRE © HiBEERIRRBBRAR. RE—IRF
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glActiveTexture(GL_TEXTUREO);
/RERERY, s3B/ERNRES
attribsO[atti++] = EGL_WIDTH;
attribsO[atti++] = width;
attribsO[atti++] = EGL_HEIGHT;
attribs0[atti++] = height;

/& EBHRIER
attribsO[atti++] = EGL_LINUX_DRM_FOURCC_EXT;
attribsO[atti++] = DRM_FORMAT_NV12;

/& EYS 2R bufferfdfd. offset. pitch

attribsO[atti++] = EGL_DMA_BUF_PLANEO_FD_EXT;

attribsO[atti++] = dma_fd;

[lyREfAHREE

attribsO[atti++] = EGL_DMA_BUF_PLANEO_OFFSET _EXT;

attribsO[atti++] = 0;

IYRENKE, —MEEREE—IyPE, planlNEERESTEREN, URMESTYHEN N
attribsO[atti++] = EGL_DMA_BUF_PLANEQO_PITCH_EXT;

attribsO[atti++] = width;

/& EBuvhERbufferfyfd. offsety pitch

attribsO[atti++] = EGL_DMA_BUF_PLANE1_FD_EXT;

attribsO[atti++] = dma_fd;

[JuvnR EHIERNRE S, HAWEYDEZEEHE, yRENMREREENNE, —YYHIEHKNEFR—1FT

[/MIREGEIED F3 M planefztiE, SMEEAE3MplanefIEE, DRM_FORMATANVI2 3 A FMplanetz i, RE
“plane

attribsO[atti++] = EGL_DMA_BUF_PLANE1_OFFSET_EXT;

attribsO[atti++] = width * height;

attribsO[atti++] = EGL_DMA_BUF_PLANE1_PITCH_EXT;

attribsO[atti++] = width;

//1&& color spacefflcolor range

attribsO[atti++] = EGL_YUV_COLOR_SPACE_HINT_EXT;
attribsO[atti++], EGL_ITU_REC709_EXT;
attribsO[atti++] = EGL_SAM PLE_RANGE_HINT_EXT;
attribsO[atti++] = EGL_YUV_FULL_RANGE_EXT;

attribsO[atti++] ='EGL_NONE;

//éi\émﬁaﬁtargetiﬁﬁﬁg:EGL_LWx_DMA_BUF_EXT; GPURIRIBLI LECEER, BIEIMEBimage
img0 = eglCreatelmageKHR(dpy, EGL_NO_CONTEXT, EGL_LINUX_DMA_BUF_EXT, 0,
attribs0);
if (img0 == EGL_NO_IMAGE_KHR) {
checkEglErrorState();
return-1;

}

Wik 2hesaEd

glGenTextures(1, &Tex);
glActiveTexture(GL_TEXTUREO);
glBindTexture(GL_TEXTURE_EXTERNAL_OES, Tex);

glTexParameteri(GL_TEXTURE_EXTERNAL_OES, GL_TEXTURE_MIN_FILTER,
GL_LINEAR);

glTexParameteri(GL_TEXTURE_EXTERNAL_OES, GL. TEXTURE_MAG_FILTER,
GL_LINEAR);

glTexParameteri(GL_TEXTURE_EXTERNAL OES, GL_TEXTURE_WRAP_S,
GL_CLAMP_TO_EDGE);

ZECEM
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GL_CLAMP_TO_EDGE);
[[EEEE S ImagetBxEX, LEATEIRITRMIMEBbufferscBXTE—it2
glEGLImageTargetTexture2DOES(GL_TEXTURE_EXTERNAL_OES,
(GLeglimageOES)img0);

if (checkEglErrorState())

return -1;
if (checkGlErrorState())

return -1;

*imgTex = img0;
return Tex;

glTexParameteri(GL_TEXTURE_EXTERNAL_OES, GL_TEXTURE_WRAP_T,

4.3.3 SRR

#include <stdlib.h>

#include <stdbool.h>

#include <stdio.h>

#include <unistd.h>

#include <sys/time.h>

#include <time.h>

#include <sys/fcntl.h>// include O_RDWR
#include <sys/ioctl.h>// include ioctl()
#include <sys/mman.h> // include mmap()
#include <string.h>// include memepyi()
#include <linux/fb.h>

#include <EGL/egl.h>

#include <GLES2/gl2.h>

#include <EGL/eglext.h>

#include <GLES2/gl2ext.h>

#include <EGL/mali_fbdev_types.h> /
v
#include “ion.h" 4
#include "drm_fource.h" // include DRM_FORMAT_NV21
#include "sunxi_display2.h" //include dev/disp

#define WIDTH 1920 &Y

#define HEIGHT 1080

#define TEXTURE_WIDTH 1920
#define TEXTURE_HEIGHT 1080

struct Shader {
GLuintid;

k

//ERiEdma_buftBXBILEH R

struct ion_mem {
unsigned int phy; /* physical address */
unsigned char *virt; /* visual address */
unsigned longsize; /* memory size */
int dmafd; . /*ion's dmabuf fd */
int handle; /*ion's handle */

ks

struct Renderer {

WRINFRE © HiB2ERHRRNBRAR. RE—IRF
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//EGL References

EGLint egl_major, egl_minor;
EGLDisplay egl_display;
EGLContext egl_context;
EGLSurface egl_surface;
EGLImageKHR imgTex;
EGLImageKHR imgFboTex;

//Shader references
struct Shader vs;

struct Shader fs;

GLuint shader_program;

//ion dma references
struct ion_mem TexMem;
struction_mem FboMem;

/*Texure references*/
GLuint Tex;
GLuint FboColorBufferTex;

GLuint fbo;
I

struct TestCase {
struct Renderer renderer;
unsigned int screen_width, screen_height;
unsigned int tex_width, tex_height;
intion_fd;

bg

struct fbdev_window native_window = {
.width =WIDTH,
.height = HEIGHT}

5

struct fbdev> window native_window; y

/*PENEGLCREATESYNCKHRPROC eglCreateSyncKHR;
PFNEGLDESTROYSYNCKHRPROC eglDestroySyncKHR;

PFN EGLCLIENTWAITSYNCKHRPRO{QeglClientWaitSyncKH R;
PFNEGLCREATEIMAGEKHRPROC eg|CreatelmageKHR;
PFNGLEGLIMAGETARGETTEXTURE2DOESPROC glEGLImageTargetTexture2DOES;

Y

static const char *vertex_shader_source =

"#version 300 es \n"

"in vec4 aPosition; \n"

"in vec2 aTexCoord; \n"

"uniform float aScale; \n"

"out vec2 vTexCoord; \n"

"void main() \n"

||{ \n”

" mat4 sTemp_mat4 = mat4(aScale); \n"
" vTexCoord'=vec2(aTexCoord.x, 1.0 - aTexCoord.y);>\n"
" vec4 temp = sTemp_mat4 * aPosition; \n"
" gl_Position = vec4(temp.xyz, 1.0); \n"

"} \n";

static const char *fragment_shader_source=
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"#version 300 es \n"

"#extension GL_OES_EGL_image_external_ess|3:enable \n"
"#extension GL_EXT_YUV_target:enable \n"
"precision mediump float; \n"

"uniform __samplerExternal2DY2YEXT uTexSampler; \n"
"in vec2 vTexCoord; \n"

"layout (yuv) out vec4 color; \n"

"void main() \n"

" \n"

" color = texture(uTexSampler, vTexCoord); \n"

) "

static GLfloat vwertices[] ={
-1.0f, -1.0f, 0.0f,
1.0f, -1.0f, 0.0f,
1.0f, 1.0f, 0.0f,
-1.0f, 1.0f, 0.0f,
5

static GLfloat vTexVertices[] ={
0.0f, 1.0f,
1.0f, 1.0f,
1.0f, 0.0f,
0.0f, 0.0f,
I

void Redraw(struct TestCase *test)

{
glViewport(0, 0, test->screen_width, test->screen_height);
eglSwaplinterval(test->renderef.egl_display, 1);
glDrawArrays(GL_TRIANGLE_FAN, 0, 4);

//Render in blocking'mode
glFinish();
1

intion_open(void)
{ )

intion’fd;

ion_fd = open("/dev/ion", O_RDWR, 0);
if (ion_fd <= 0) { AV :
printf("open ion failed!\n");
return -1;

}

return ion_fd;

}

void ion_close(int ion_fd)
{

if (ion_fd > 0)

close(ion_fd);

}
//ERiEdma_buf IRtk 54 9 EE A sth ik
static int dma_alloc(int ion_fd, struct ion_mem *memjint size)
{

int ret;

void *addrmap = NULL;
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//alloc dma buffer,and reture an ion handle

struct ion_allocation_data sAllocInfo = {
len =size,
.heap_id_mask = ION_HEAP SYSTEM,
.flags = ION_FLAG_CACHED,

i3

ret =ioctl(ion_fd, ION_IOC_ALLOC, &sAllocInfo);
if (ret<0) {

printf("alloc ion err.\n");

close(ion_fd);

return -1;

}

if (sAllocInfo.fd < 0) {
printf("ION_IOC_MAP failed\n");
close(ion_fd);
return -1;

}

/> mmap to user */
addrmap = mmap(NULL, sAllocInfo:len, PROT_READ | PROT_WRITE, MAP_SHARED,
sAllocinfo.fd, 0);
if (MAP_FAILED == addrmap){
printf("mmap err'\n");
addrmap = NULL;
return-1;

}

memset(addrmap, 0, sAllocInfo.len);
mem->phy = 0;

mem->virt = (unsigned‘char *)addrmap;
mem->size = size;

mem->dmafd = sAllocInfo.fd;
mem->handle = 0;

return mem=>dmafd; A

} ¥
void ion_free(int ion_fd, struct ion_mem *mem)
{ )

(\V

if (mem->virt) {
munmap((void *)mem->virt; mem->size);
mem->virt =0;

}

if (mem->dmafd > 0) {
close(mem->dmafd);
mem->dmafd =-1;

}
}

int load_texture(intion_fd, struction_mem *mem, const char *path, int size)
{

void *addr file;

int dma_fd;

int file_fd;
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dma_fd = dma_alloc(ion_fd, mem, size);

if (dma_fd<0){
printf("init_dma_buf for texture failed!\n");
return -1;

}

//load textue
file_fd = open(path, O_RDWR);
if (file_fd < 0) {
printf("open %s err.\n", path);
return -1;
1
addr_file = (void *)mmap((void *)0, size, PROT_READ | PROT_WRITE,
MAP_SHARED, file_fd, 0);

//copy texture into dma buffer
memcpy(mem->virt, addr_file, size);

munmap(addr_file, size);
close(file_fd);
//printf("succeed to load texuture:%s\n", path);

return dma_fd;
}
//RlBmtsurface, FRAXZNE, BCPURIBEREREZEE AGPUINBRER, LI AMsetupTexturezit
int createFBO(EGLDisplay dpy, intion_fd, struct ion_mem *mem, GLuint *Fbo,

GLuint *tex, EGLImageKHR *imgFbo, unsigned int width, unsigned int height)

{

intdma_fd;

int atti=0;

EGLint attribs0[30];

EGLImageKHR img0;

GLuint Tex;

dma_fd = dma_alloc(ion_fd, mem, width * height™ 3/ 2);
if (dma_fd < Q)
printf("init dma buf of nv12 for fbo failed!\n"); .
return-1; y

}

/& ETEE R

attribsO[atti++] = EGL_WIDTHjps”
attribsO[atti++] = width;
attribsO[atti++] = EGL_HEIGHT;
attribs0[atti++] = height;

[ BHBRIE

attribsO[atti++] = EGL_LINUX_DRM_FOURCC_EXT;
attribsO[atti++] = DRM_FORMAT_NV21;
//attribsO[atti++] = DRM_FORMAT_ARGB8888;

/& EYS 2R bufferfdfd. offset. pitch
attribsO[atti++] = EGL_DMA_BUF_PLANEO_FD_EXT,;
attribsO[atti++] = dma_fd;

attribsO[atti++] = EGL_DMA_BUF_PLANEO_OFFSET_EXT;
attribs0[atti++]= 0;

attribsO[atti++] = EGL_DMA_BUF_PLANEOQ_PITCH<EXT;
attribsO[atti++] = width;

//attribs0[atti++] = width * 4;
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/B uvhnERbufferfyfd. offset. pitch
attribsO[atti++] = EGL_DMA_BUF_PLANE1_FD_EXT;
attribsO[atti++] = dma_fd;
attribsO[atti++] = EGL_DMA_BUF> PLANE1_OFFSET_EXT;
attribsO[atti++] = width * height;

attribsO[atti++] = EGL_DMA_BUF_PLANE1_PITCH_EXT;
attribsO[atti++] = width;

//i& & color spaceHlcolor range

attribsO[atti++] = EGL_YUV_COLOR_SPACE_HINT_EXT;
attribsO[atti++] = EGL_ITU_REC709_EXT;
attribsO[atti++] = EGL_SAMPLE_RANGE_HINT_EXT;
attribsO[atti++] = EGL_YUV_FULL_RANGE_EXT;

attribsO[atti++] = EGL_NONE;

[/HZEAENtargeti¥E79: EGL_LINUX_DMA_BUF_EXT
img0 = eglCreatelmageKHR(dpy, EGL_NO_CONTEXT, EGL_LINUX_DMA_BUF_EXT, 0,
attribs0);
if (img0 == EGL_NO_IMAGE_KHR) {
checkEglErrorState();
return -1;

}

glGenTextures(1, &Tex);
glBindTexture(GL_TEXTURE_EXTERNAL_OES, Tex);

glTexParameteri(GL_TEXTURE_EXTERNAL_OES, GL_TEXTURE_MIN_FILTER,
GL_LINEAR);

glTexParameteri(GL_TEXTUREZEXTERNAL_OES, GL_TEXTURE. MAG_FILTER,
GL_LINEAR);

glTexParameteri(GL_TEXTURE_EXTERNAL_OES, GL_TEXTURE WRAP_S,
GL_CLAMP_TO_EDGE);

glTexParameteri(GL_TEXTURE_EXTERNAL. OES, GLa TEXTURE_WRAP_T,
GL_CLAMP_TO_EDGE);

glEGLImageTargetTexture2DOES(GL._TEXTU RE_EXTERNAL_OES,
(GLeglimageOES)img0); )
if (checkEglErrorState())
return-1;
if (checkGlErrorState())
return -1; A\) :

GLuint fbo;
glGenFramebuffers(1, &fbo);
glBindFramebuffer(GL_FRAMEBUFFER, fbo);

//glFramebufferTexture2D(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENTO, GL_TEXTURE_2D, Tex, 0);
glFramebufferTexture2D(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENTO,
GL_TEXTURE_EXTERNAL_OES, Tex, 0);
uint32_t glStatus = glCheckFramebufferStatus(GL_FRAMEBUFFER);
if (glStatus != GL_FRAMEBUFFER_COMPLETE) {
printf("glCheckFramebufferStatusOES error 0x%x", glStatus);
return -1;

}

if (checkGlErrorState())
return-1;

//Setting the background color
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glClearColor(0.5, 0.5, 0.5, 0.0);
glClear(GL_COLOR_BUFFER_BIT);

*Fbo =fbo;

*tex = Tex;
*imgFbo = img0;
return dma_fd;

}

void outputRenderResult(int ion_fd, struct ion_mem *mem, char *path,
unsigned int size)

{
FILE *fp;

fp =fopen(path, "ab");
fwrite(mem->virt, 1, size, fp);

fclose(fp);
}

static void deleteRenderTexture(struct Renderer *renderer)
{ /[ERERE, BRANSIEEXMframebuffer. imageFHRFREMK
if (renderer->Tex)
glDeleteTextures(1, &renderer->Tex);

if (renderer->imgTex &&
(eglDestroylmageKHR(renderer->egl_display, renderer->imgTex) == EGL_FALSE)) {
printf("destroy input tex egl image failed\n");
return;

}

return;

}

static void deleteOutputTexture(struct Renderer *renderer)
{ /[ERERG, BRHSIEEXNframebuffer. imageFE&BRERK
if (renderer->FboColorBufferTex) {
glDeleteTextures(1, &renderer->FboColorBufferTex);
glDeleteFramebuffers(1, &renderer->fbo); )

}

if (renderer->imgFboTex &&
(eglDestroylmageKH R(renderekxegl_display, renderer->imgFboTex) == EGL_FALSE)) {
printf("destroy tex egl imagefailed\n");
return;

}

return;

}

static EGLint const config_attribute_list[] = {

EGL_RED_SIZE, 8,

EGL_GREEN_SIZE, 8,

EGL_BLUE_SIZE, 8,

EGL_ALPHA_SIZE, 8,
EGL_BUFFER_SIZE, 32,
EGL_STENCILE>SIZE, 0,

EGL_DEPTH_ SIZE, O,

EGL_SAMPLES, 4,

EGL_RENDERABLE_TYPE,EGL_OPENGL_ES2_BIT,
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/[off_screen
EGL_SURFACE_TYPE,EGL_PBUFFER<BIT,
EGL_NONE

5

static const EGLint context_attribute_list[] = { EGL_CONTEXT_CLIENT_VERSION, 2,
EGL_NONE};
int initEGL(struct TestCase *test)
{
EGLConfig config;
EGLint num_config;

struct Renderer *renderer = &test->renderer;
//a. $KEdisplayi&Eiz
renderer->egl_display = eglGetDisplay(EGL_DEFAULT_DISPLAY);
if (renderer->egl|_display == EGL_NO_DISPLAY) {
fprintf(stderr, "Error: No display found!\n");
return -1;
}
/b #ARIRER B displayiE iz
if (leglinitialize(renderer->egl|_display, &renderer->egl_major,
&renderer->egl_minor)) {
fprintf(stderr, "Error: eglinitialise failed!\n");
return -1;

}

printf("EGL Version: \"%s\"\n",
eglQueryString(renderer->egl|_display, EGL_VERSION));
printf("EGL Vendor: \"%s\"\n",
eglQueryString(renderer->egl_display, EGL_VENDOR));
printf("EGL Extensions: \"%s\"\n",
eglQueryString(renderer->eg|_display, EGL.EXTENSIONS));
printf("\n\n\n");

if (legIBindAPI(EGL_OPENGL_ES_API)){
printf("failed.to bind api EGL_OPENGL_ES_API\n'});
return -1; \~‘
} /
//c. ¥&BRattrib_list Rik#ZFdisplayl R HERE, EMHNEEERS NE configh (B=NS¥
eglChooseConfig(renderer->egl_display; config_attribute_list, &config,
1, &num_config);
//d. iR$EconfigflEcontex
renderer->egl_context =
eglCreateContext(renderer->eg|_display, config, EGL_NO_CONTEXT,
context_attribute_list);
if (renderer->egl_context == EGL_NO_CONTEXT) {
checkEglErrorState();
return -1;

}

(\\)

//f. BIEpbuffer surface

renderer->egl_surface =
eglCreatePbufferSurface(renderer->egl_display, config, NULL);

if (renderer->egl|_surface == EGL_NO_SURFACE) {
checkEglErrorState();
return -1;

1

//g. BRIBER contexi8 B A LRI TIELETX

if (leglMakeCurrent(renderer->egl_display; renderer->egl_surface,

renderer->egl_surface, renderer->egl_context)) {
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checkEgl|ErrorState();
return -1;

}

eglSwaplinterval(renderer->egl_display, 1);

//3RBXEGL extensionR9tE=1Z 0

/* eglCreatelmageKHR = (PFNEGLCREATEIMAGEKHRPROC)
eglGetProcAddress("eglCreatelmageKHR");

glEGLImageTargetTexture2DOES = (PFNGLEGLIMAGETARGETTEXTURE2DOESPROC)
eglGetProcAddress("glEGLImageTargetTexture2DOES");

eglCreateSyncKHR = (PFNEGLCREATESYNCKHRPROC)
eglGetProcAddress("eglCreateSyncKHR");

eglDestroySyncKHR = (PFNEGLDESTROYSYNCKHRPROC)
eglGetProcAddress("eglDestroySyncKHR");

eglClientWaitSyncKHR = (PFNEGLCLIENTWAITSYNCKHRPROC)
eglGetProcAddress("eglClientWaitSyncKHR");

*/

return 0;

}

int createShader(struct Shader *shader, int type, const char *source)

{
GLint ret;

shader->id = glCreateShader(type);
if (Ishader->id) {
checkGlErrorState();
return -1;

}

glShaderSource(shader->id, 1, &source, NULL);
glCompileShader(shader->id);

glGetShaderiv(shader->id, GL_COMPILE_STATUS, &fet);
if (ret) { A
char *log; /

fprintf(stderr, "Error: shader compilation failed, type:%d!\n",
type); )
glGetShaderiv(shader->idj; GL_JNEO_LOG_LENGTH, &ret);

if (ret>1) {
log = malloc(ret);
glGetShaderInfoLog(shader->id, ret, NULL, log);
fprintf(stderr, "%s", log);

}

return-1;

}

return 0;

}

int initShader(struct Renderer *renderer, const char *vertex,
const char*fragment)

{
GLintret;

if (createShader(&renderer->vs, GL_VERTEX_SHADER, vertex) <0) {
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}

{

printf("createShader vertex shader failed!\n");
return 0;

}

if (createShader(&renderer->fs, GL_FRAGMENT_SHADER, fragment) <0) {
printf("createShader fragment shader failed!\n");
return 0;

}

renderer->shader_program = glCreateProgram();

if (Irenderer->shader_program) {
fprintf(stderr, "Error: failed to create shader_program\n");
return -1;

}

glAttachShader(renderer->shader_program, renderer->vs.id);
glAttachShader(renderer->shader_program, renderer->fs.id);

glBindAttribLocation(renderer->shader_program, 0, "aPosition");
glBindAttribLocation(renderer->shader_program, 1, "aTexCoord");

glLinkProgram(renderer->shader_program);

glGetProgramiv(renderer->shader_program, GL_LINK_STATUS, &ret);
if (Iret) {
char *log;

fprintf(stderr, "Error: shader_program linking failed\n");
glGetProgramiv(renderer->shader_program, GL_INFO_LOG_LENGTH,
&ret);

if (ret>1) {
log = malloc(ret);
glGetProgramlnfolLog(renderer->shader_program, ret, NULL,

log);

fprintf(stderr, "%s", log);

} s

return-1; y

}

glUseProgram(renderer->shader_program);

return 0; AV :

int main(int argc, char *argvl])

intret=0;

bool countine_test =0;

static GLfloat uScale =1.0;

struct TestCase test;

struct Renderer *renderer = &test.renderer;
struct timeval tv;

uint32_t last_time =0;

uint32_t current_time =0;

static GLint vTexSamplerHandler;
test.screen_width = WIDTH;

test.screen_height = HEIGHT;
test.tex_width = TEXTURE_WIDTH;
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test.tex_height = TEXTURE_HEIGHT;

test.ion_fd =ion_open();
if (test.ion_fd < 0)
return -1;
/] (1) ¥IPEMLEGL, SRS AMEOMIEE
if (initEGL(&test) <0) {
printf("eglinitial failed!\n");
return -1;

}

printf("GL Vendor: \"%s\"\n", glGetString(GL_VENDOR));
printf("GL Renderer: \"%s\"\n", glGetString(GL_RENDERER));
printf("GL Version: \"%s\"\n", glGetString(GL_VERSION));
printf("GL Extensions: \"%s\"\n", glGetString(GL_EXTENSIONS));
printf("\n\n\n");
// (2) tlEvertex shaderflifragment shader
if (initShader(renderer, vertex_shader_source, fragment_shader_source) <
0){
printf("initShader failed\n");
return -1;
}

glUseProgram(renderer->shader. program);

// (3) Setting the vertex coordinates texture coordinates
glVertexAttribPointer(0, 3, GL_FLOAT, GL_FALSE, 0, Wertices);
glEnableVertexAttribArray(0);

glVertexAttribPointer(1, 2, GL_FLOAT, GL_FALSE, 0, vTexVertices);
glEnableVertexAttribArray(1);

glUniform1f(glGetUniformLocation(renderer->shader._program, “aScale"),
uScale);

/] (4) off_screen,creat FBO for staging rendering result
ret = createFBO(renderer->egl_display, test.ion_fd,
&renderer->FboMem, &renderer->fbo, A
&renderer->FboColorBufferTex, )
&renderer->imgFboTex,
test.screen_width, test.screen_height);
if (ret<0) {
printf("create FBO failed\n");
return -1;

}

(\\)

while (1) {
// (5) Import the texture in the way of dma,read the file here
//"./media/pic_bin/1920x1080.nv21" 2 GPUiLEX ISR Ek IR
ret = load_texture(test.ion_fd, &renderer->TexMem,
"./media/pic_bin/1920x1080.nv21",
TEXTURE_WIDTH * TEXTURE_HEIGHT * 3/ 2);
if (ret<0) {
printf("load texture failed!\n");
return -1;

}

gettimeofday(&tv,NULL);
last. time =tv.tv_sec * 1000 + tv.tv_usec / 1000;

//(6)Set up input texture
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renderer->Tex = setupTexture(renderer->eg|_display,
renderer->TexMem.dmafd,
&renderer->imgTex,
test.tex_width, test.tex_height);

glUniform1f(glGetUniformLocation(renderer->shader_program,

"aScale"), uScale);

glVertexAttribPointer(1, 2, GL_FLOAT, GL_FALSE, 0,
vTexVertices);
glEnableVertexAttribArray(1);
vTexSamplerHandler = glGetUniformLocation(
renderer->shader_program, "uTexSampler");
glUniformli(vTexSamplerHandler, 0);
(1) B%
glBindTexture(GL_TEXTURE_EXTERNAL_OES, renderer->Tex);
//If do not clear color buffer,the subsequent pictures will be
//coverit;but the uncovered part of picture will'be remained.
glClear(GL_COLOR_BUFFER_BIT);
Redraw(&test);

gettimeofday(&tv,NULL);
current_time =tv.tv_sec * 1000 + tv.tv_usec / 1000;
printf(" %f fps\n", (float) 10007/ (current_time - last_time));

//sendForDisplay2(0;0, 0, 15, test.screen_width,
/| test.screen_height, DRM_FORMAT_NV21,
/| &renderer->FboMem);
//(8)iBRLARE NAHI M
outputRenderResult(test.ion_fd, &renderer->FboMem,
"/mnt/render_result.yuv",
test.screen_width * test.screencheight * 3 /
2);
//(9) BIBRIGNSIEXT R
deleteRenderTexture(renderer);
ion_free(test.ion_fd, &renderer->TexMem);
//printf("Render finish\n"); A

if (lcountine_test) {
char c = getchar();
if (c=="b")
break;
elseif (c=="'n")
countine_test = true;

}

if (uScale >=0.0)
uScale-=0.01;

else
uScale=1.0;

}

// (10) EFRLHE, BEREHSEENR. Bidisplay. BRERIENbuffer

deleteOutputTexture(renderer);
eglTerminate(renderer->eg|_display);
ion_free(test.ion_fd, &renderer->FboMem);
close(test.ion>fd);

printf("Render exit'\n");
return 0;
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AR

BFRBREEIK, demo BIEFEA, ULREINXBIEH#TIRA, TEHFTS, ERTE FsetupTexture
« createFBOPSEREA , YIAIRIEFRFEREGEIEHEEE plane 58

4.4 OpenCL A%

Mali-G31 2T AR OpenCL 2.0 Full profile, %xF OpenCL F &Kk, EEE Arm B A XY
{Arm Mali Bifrost and Valhall OpenCL Developer Guide Version 4.8) https://developer.arm.
com/documentation/101574/0408?lang=en,

4.5 G E
4.5.1 debug 7552 (sys/kernel/debug 5% proc/pvr)
4.5.1.1 Mali-bifrost Z2#3

o HIEFRM

IN# GPU 3X&h, mali_kbase.ko(REIHIF &, GPU IKEh& F A BERR, Mali-utgard Z2H9451FH
B9 GPU &R & A mali.ko).

FapiEH debugfs(mount -t debugfs non)e"‘./sys/kernel/debug) - ¥ debugfs #E#ITE./sys/kernel/
debug/ZF, none R-EHZEIFMIEANT, BEEMHIXERS.

/sys/kernel/debug/sunxi_gle #cat dump

idle:on; [|RBER, RR—NMrE, inSERHECidleIREREHE;

scenectrl:off; /g5, RIERENZSE ORI, BRIER) , SENBE. MESE,

dvfs:on; [/EhASTRSREE, —FREEIIFERVRRS,

independent_power:no; /B TRGPURE R A S hA B Be, a0 TV303BIGPUIEETESYSES, MERIEHRIEMEE,
IEESAINno;

Frequency:600MHz; EEI R &S

Utilisation from last show:0%; //GPURIfA&/FI X,

// GPUZEESS, FILURBRGPURTIERT;

Register state: GPU_IRQ_RAWSTAT=0x00000200 GPU_STATUS=0x00000100
JOB_IRQ_RAWSTAT=0x00000000 JOB_IRQ_JS_STATE=0x00000000
JSO_STATUS=0x00000000 JSO_HEAD_LO=0xe7Qfad40
JS1_STATUS=0x00000000 JS1_HEAD_LO=0xe70fa8c0
JS2STATUS=0x00000000 JS2_HEAD_LO=0x00000000
MMU_IRQ_RAWSTAT=0x00000000 GPU_FAULTSTATUS=0x00000000

| < GPU_IRQ_MASK=0x00010581 JOB_IRQ_MASK=0x00070007 MMU_IRQ_MASK=0x00ffO0ff
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PWR_OVERRIDE0O=0x00000000 PWR_OVERRIDE1=0x00000000

SHADER_CONFIG=0x00000000 L2_MMU_CONFIG=0x00000000

SHADER_READY_HI=0x00000000 ~SHADER_READY_LO=0x00000001 //GPUNZE, SHADERFZ

L2_READY_HI=0x00000000 L2 READY_LO=0x00000001 //GPURER,” L2_cacheFHAFE

SHADER_PWRTRANS_HI=0x00000000 SHADER_PWRTRANS_LO=0x00000000

L2_PWRTRANS_HI=0x00000000 L2_PWRTRANS_LO=0x00000000 //indicates that L2 switch between power-on and
power-off

TILER_PWRTRANS_HI=0x00000000 TILER_PWRTRANS_LO=0x00000000

o BF gpu TIERS

[RGB =, MIHERZicASZHFILIhEE
/sys/kernel/debug/pm_genpd/pd_gpu # s

active_time(7EERBY(E])  devices sub_domains
current_state(HaMIRZ) idle_states total_idle_time(Z 9% HATE])

/sys/kernel/debug # cat pm_genpd_summary <
domain status slaves
/device runtime status
pd_avl off-0
pd_ve on
/devices/platform/soc@2900000/1c0e000.ve unsupported
pd_tvcap on
/devices/genpd:0:5700000.tvtop active
pd_tvfe on
/devices/genpd:1:5700000.tvtop active
pd_gpu on
/devices/platform/1800000.gpu active [//GPUBERRE, REBZIFpower-domainstIIC L, AHLET =

4.5.1.2 Mali-utgard %244

A
v

echo "enable:1;" > /sys/kernel/debug/mali/write;/ //debugft 2 FF %, MNRFIKE, dumpiEF2BINE[GPURXHIE
B

echo "level:1;" > /sys/kernel/debug(m)ali/write; E=AEISE LT E SRS

echo "frequency:1;" > /sys/kernel/debug/mali/write; // 0/1 : 5/ FF B GPUSRARMFTEN, BNEIZEGPURISAE, fI30:
frequency:600000000;" GPUSIGSMZEILE /9600MHz

echo "voltage:1;" > /sys/kernel/debug/mali/write; // 0/1 :5%H/FF BGPUHETEEITED, BNH=EHRGPURIEE, fl
#0: "voltage:1100000;" GPUBRERIEENL.1v, BHRGPUEE, FEIFTEGPURSTRIRIIME, A40i GPUS HhiE
R AsysBREE, FEEFRGPUMEE,

echo "tempctrl:x;" > /sys/kernel/debug/mali/write;
x: 0/1XH/FRB EERIETRSHFX, FIHAE, ABETdumpEEIRITHEXMNER
2/3 XHA/FF B GPURIEFF X

echo "dvfs:x;" >/sys/kernel/debug/mali/write;
x: O/1 XH/F B BEIVISRENFAX, TG, 488 IdumpEERSdvistEXHIER
2/3 ZH/FF B GPU dvfsFx

cat /sys/kernel/debug/mali/dump //3TENGPUIETTEY, AXMREER. LEIRIINFXZFHR, RETHHENMNTXE,
ZHei@idcat dumpEBEXIHHER
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4.5.1.3 IMG PowerVR %2#3 (GE8300/BXM)

IMG 89 DDK BeIBE£&#%F T debugfs X T =, BHEFE#HEI/proc/pvr F, FHitt, RR mount
debugfs Z 571 2/sys/kernel/debug/pvr 552, FtZ/proc/pvr o

(1) /proc/pvr /memtrack_stats
St T ZBHEERT %L GPU, LT REBEFTF MR,
(2) /proc/pvr /version AIUIEEEI ddk firE&SH GPU =Mk =

(3) /proc/pvr /status BILEEE gpu B HFIRSHFIAE

4.5.2 FSAER
4.5.2.1 Maliigsa

o FEORI-IFSM

MaliRFIMIGPURSIFFaiEsMmey, FapiiARE, dvisKTERIER, BIGPURARTEFINRENME L . FRE&XH
FaES BT,

* FFEFahiAsR

* echo "frequency:1;* >write; echo "voltage:1;" >write; /MEEE Tz —

* echo "voltage:900;" >write; //IZFEFEEAI00mv

* echo "frequency:600;" >write; //IREGPURIT {EANZE /H600Mhz, FE, XBiGEHINRLBEEFVIRITR;
* XEAF AR

* echo "fregency:0" >write; echo !voltage:0" >write) “//{EEEHPZ—, 2AE, dvisiEIER

o IHRITH
NG
Mali &% GPU, BRI I{EER, 952 normal. performance i, sys TR FEXTHR

HIAYTI Mo

./sys/devices/platform/soc@3000000/1800000.gpu/scenectrl/
echo 1>command //FFBZHSREH, 0XH;

J:F):'iila$l%”):; ELﬂ' /Alﬂiﬁ, it GPU TR & iﬁ’ =0 H’fi, FEi7S ?IBrﬁU}: dvfs ~5&
HIEM, GPUBREFRESMETLE. MR, FohEXEIE, GPU BEREFHENGHMEK
T (XF2—MEENERZS, BMEE GPU TEFESERR, MAREFHEHIMET).

(0 35288

sys/kernel/debug/sunxi_gpu/ HETF, REEES GPUKIHER, FakER GPUMIIEEN; MRBEENR, FEE./sys/
devices/platform/soc@3000000/1800000.gpu/scenectrl/E&iE

o SkEE dvfs (U TFTAREIRE—)
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1. echo “dvfs:0” >write; //GPU %< T{ETE dvfs SLEEAR—ZIBVHNER
2. FEFMAMER; //GPURTIEEFohigBIME;
3. FEZ=ESl; //GPU ST 5 Vi RPIZENESMEK;

4.5.2.2 IMG PowerVR %23 (GE8300/BXM) 4

IMG GPU %35!l SOC AT devfreq @41, HitkE&1E{E/sys/class/devfreq/1800000.gpu i1
dvfs Bl Lo

£ cpu_monitor TRAI LT EEIEE] GPU BISAEFRE,

4.5.3 sysfs B
4.5.3.1 mali-valhall 323

BT &84 Android SF& GKI FIEK, BRIAFRFFEconric_besuG_Fs, §E cpu_monitor T AT EFREX
gpu BRI E, F=& mali-valhall dirver & debugfs #ER B9IhEEFZhEISysfs, EARERFEMUT !
/sys/devices/platform/soc@3000000/1800000.gpu/sunxi_gpuo ETERNETF sysfs PR =BER A .

e scene_ctrl

AR5, GPU BEEITEMRERT .

echo 1 >scenie. ctrl; GPUB A XA dVfs, B177E &R =i,
y

0: Xi
1 A=

e sunxi_gpu_freq

iRE, AXREE. KZ GPU X,

/sys/devices/platform/soc@3000000/1800000.gpu/sunxi_gpu # cat sunxi_gpu_freq
Frequency:696MHz; //GPUXATAYSHZR
Utilisation from last show:0%; //GPULRIMGAEZR, XK MEREAFPREEAN

// EERGPURYERZR, BAIEMHz, RGPUSMZEIEN600MHz; FR=RFdvisxid
/sys/devices/platform/soc@3000000/1800000.gpu/sunxi_gpu # echo 600 >sunxi_gpu_freq
/sys/devices/platform/soc@3000000/1800000.gpu/sunxi_gpu # cat sunxi_gpu_freq
Frequency:600MHz;

Utilisation from' last show:0%;

NREBBARKNY, SHEUTRT:
/sys/devices/platform/soc@3000000/1800000.gpu/sunxi_gpu # echo 1 >sunxi_gpu- freq
1 <[1212.444659] mali 1800000.gpu: sunxi:mali_kbase:set gpu core clock to 1000000 err -22!
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AR BAEKUIERAKRN, Bafmdvfs_ctrlfyE, Kdvfs_ctrlig0, BldvisTBEIER, EREMETRPBAIMHZ,

e sunxi_gpu_volt

miRE, FAXEE. % GPUBYEE (GPU IRIZMHEIA REEABE).

/sys/devices/platform/soc@3000000/1800000.gpu/sunxi_gpu # cat sunxi_gpu_volt
920mv

[/ HEBRY, RIAEBERIRE
/sys/devices/platform/soc@3000000/1800000.gpu/sunxi_gpu # echo 900 >sunxi_gpu_volt

[ 1315.910428] mali 1800000.gpu: sunxi:mali_kbase:[ERR]: GPU not support change voltage!!!
ash: write error: Operation not permitted
AR RERENBAEMY

e sunxi_gpu_dvfs

B, MREE. BB dvfs 1 GPU B4,

echo 0 >sunxi_gpu_dvfs; //dvisi REEMGPURISAER, XANRE, RBMZFEPM_DEVFREQ
FH BHGPUIRENFF /E CONFIG_MALI_DEVFREQIEINES A B0

e sunxi_gpu_info

%, E%F GPU FARIETERN/ HEEFHFSME,

/sys/devices/platfoﬁ/soc@SOOOO(W/lS(m.gpu—/su nxi_gpu # cat sunxi_gpu_info
voltage:920mV; /
idle:on; ¥
scenectrl:off; 4
dvfs:off;
independent_power:no;
 “Frequency:600MHz; J
I Utilisation from last show:0%; (\\)

Register state:

GPU_IRQ_RAWSTAT=0x00000000 GPU_STATUS=0x00000100
JOB_IRQ_RAWSTAT=0x90910010 JOB_IRQ_JS_STATE=0x00000001
JSO_STATUS=0x00000000 JSO_HEAD_LO=0x00000000
JS1_STATUS=0x00000000 JS1_HEAD_LO=0x00000000
JS2_STATUS=0x00000000 JS2_HEAD_LO=0x00000000
MMU_IRQ_RAWSTAT=0x00000000 GPU_FAULTSTATUS=0x00000000
GPU_IRQ_MASK=0x00000000 JOB_IRQ_MASK=0x00000000 MMU_IRQ_MASK=0x00000000
PWR_OVERRIDE0=0x00000000  PWR_OVERRIDE1=0x00000000
SHADER_CONFIG=0x20000000  L2_MMU_CONFIG=0x00000000
TILER_CONFIG=0x00000000 JM_CONFIG=0x000f0000

(1 38R
H& mali-valhall 2198 GPU 7 z#FLbThEE,
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4.5.3.2 IMG PowerVR %43 (GE8300/BXM)

IMG &%I£E SOC titE1i&1it5 mali-valhall #8x sysfs AiIX T &=, EEFLH,

4.5.4 HiATH

e Systrace

Systrace & Android4.1 i A Z FELHRY, NREFUEIMHNITER, XNFREZRTRAN—LLXE
E&f2 (Eban System Service, /1, Binder 3Xzh) HEA—EERURE, MNMIRENAZAXREREN
ETRENE RS, H#MEHEBNRFANETHEREES. Systrace WINEEEIRIRIRASAR 1/0 1. A
ZITAERRTI. CPU faZ LUK Android BN FRAMNEBEITIVNE. EEIZTHEEBRIRANETRS
BRI ITIAIANE, BENERIRART SR T EE:
https://developer.android.google.cn/studio/profile/systrace?hl=zh_cn,

e PVRTrace

PVRTrace = PowerVR fREEUBTFIERE DT, £EMI. (EXNAIEFFINEER T RS PowerVR
Graphics Tools Y —&B%, PVRTrace —fxFT5emiIc RS D TiR(E, BAME, PVRTrace AJLL
13X OpenGL ES ZF 28 APLIE A « 75 @RS TS MRI2, &d PVRTrace, B LUMEXE D
OpenGL ES WHAZEO RS —mRGIREG,  HEDRHMEXAY AR H#ITRIBRE. BARRIERIREAR
SE Lok
https://blog.imaginationtech.com/powenyr-graphics-sdk-v3-2-brings-advanced-features/,

y
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E1E =R

H&*yﬁﬁﬁ ©2024 E’E/'@élu\*‘l’ﬁﬂ&ﬁiﬁﬁa/&ao 1%%_tﬂ$y$Uo

KX RNBRERUERIP, HEFNBEKEL2THERRHERAT ( “2F ) HEHRZ
_t)J*y%Uo

AXHEEEENREFERMRRM ™, RELEPEWFA, EESUMNATFEERED.
fil. B RRJEBRISEATH I EE, BEREFUEAFH LR,

(ot

LWINER LLWIWER LUNINWER®
C ﬁ*ﬂﬁ\g'l—l‘ *‘I’ *ﬁ C (R &£ 75

é)ﬂﬁﬁﬁéuﬂﬁkﬁﬁm NEHIEIEE EME T AASOERAN TR HINEES
%, B, MRSE, WRESBMMEARE,

REFNA

BHEON~m. RSFFUENZESHKELEREROHBRAE ( &) 2EEENHIE
EFMFRAVLIR A PR 2B A D ™~ m. RS AR AIRER A S P LS fE B TEE
Wo ERARNBIAERRIRESRFMMAEXIREE, HREEASENEANR, /K BTRIEER
FYUERTH (BEEFEFINEE, B, BREER) BRITFER, 2T R,

ﬁﬁﬁﬁﬁﬁ%ﬁ RS E BT mRE ARSI EMRE, AXEATERREN, WX
B, 8RR 1TEN. 2EREDELAXEFRHEBNES, EHFTHERBET2REHEIR K
ﬁ%$i&ﬁk$ﬁ%(@%ﬁ?@?@ﬁm BAN. HHEHIRK) ARERILE=ZFNHE
*, ﬁumeAo$Y%¢MWEFL\Z%ELM#TWﬁEH%TYETMﬁﬂY@WO

AR BT R B R S T T 2 S S RIS ANIA A, 7B o = G
SiEh, FAEBERE S AN, EEETRES AR ARIEENET, 2ERE
R SRR T REE S5 VAT B B SUARR (BFIRY . SEANEFRERNE=
B ARA R ARE. B AE RN S,
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