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GLSurfaceView

javax.microeditionkhronos.opengles

1

I android.view.View I I Com.googleandroidgles_jniI

y

I android.view.Surface H android. graphics.Canvas I

CIEZRZ

I Surface JNI I I Graphic JNI I I OpenGL JNI

SurfaceFlinger (Skia K Iﬁé) ( OpenGL 3D5 | % )

.

libui

Overlay Camera Surface Key / Event EglWindows

JL iL libpixelflinger

FrameBuffer Event#i A
C%)] X5




B—EB45 Android GUI &G 4E0

Android 89 GUI &Z:H C iE=HIHE
ZEFN JAVA &S HIREZRZE A, -

GUI R&%4iHY CIEE B TE:

O PixelFlinger

O libui (FEZE%)

O SurfaceFlinger (Surface 9%
B )

O Skia FEEIE51Z

O OpenGL 3D 35|%

O &# INI (/) JAVA 248 0)




—¥R4 Android GUI RS 4Et

GUI Z&%: JAVA iIEE I O,

O android.graphics (¥ Skia JRZE%E)
O android.view.Surface (#&EE RS
fil)
O android.view.View F H4k& &

(A TH9% UI 71:%)
O OpenGL FJZhEESE

javax.microedition.khronos.opengles
com.google.android.gles jni




2 A4 pixelflinger #71 libui /&

2.1 pixelflinger
2.2 1libui




2.1 pixelftflinger

libpixelflingner.so =—"1> N 2 T AR, X1
KN ANN F BN & GGLContext 454, LUK A tafv F1
FIEH B EY -
system/core/include/pixelflinger/
system/core/libpixelflinger/

ssize_t gglinit(GGLContext** context);
ssize_t gglUninit(GGLContext* context);

libpixelflingner.so iX ™ FEXT HAR I ERCE K,
FASREESEPRRThEE, RU—THTEHE T ERE -




2.2 libui

libui & — TMEZEMEFTERE, EANGE TR
X, WA GUI RGHTHK o
Ul lib (libui — libpixelflinger) , X MAIFEIEA
BAELLU N RIBEAZE A
frameworks/base/include/ui/
framework/base/1ibs/ui/

libui f2 % TEIE&E0, HTERER Egl &
1, %8 L FEc,  Suface 5
M, Overlay, Camera % /L AHEAVED -




2.2 libui

format ¥F 4
XA N B RE B AS (8] A R R SE M), B
25 A pixelflinger ) — 282 FEIEAEE X o

EglWindows &f 47

8T EGL L/ EHT egl_native_window _t, EfK
fifi OpenGL BYZERs, 45 libEGL f# Y - EGLDisplaySurface
PRAVE T HE 1Y framebuffer BYIXEN o X2 RO ERAVE
fitli o

Key/Event 3R 47 :
X e Android RSk A RYERAT, HA e IR,
1t i E event SR AR SEIREUAR SR AHY ©




2.2 libui

Surface :
Surface #8513k SCFAISEIRA SurfaceFlinger
RE S OFHESR o

Overlay :
RE SCASR R H AR

Camera:

R IR BELRVIE SR RZ O -




2.3 Android B £ REH RS

Android f&#

¥, Android B4 HIFEZE A
amebuffer IXEHFEF 2 [A] & AL

I
=

)z)

IbREERY framebuffer 7YX BHFE
DRRL T RGUA

z (BEfHmZ

B SR (donut ZAT) -
EGLDisplaySurface.cpp

V& FH WY FrameBuffer X5 ©




2.3 Android B £ REH RS

Gralloc Module & Eclair A2 5iER
ORISR E, BEER5H Framebuffer %6
PR, DR REA I U AE o

K EEAE

hardware/libhardware/include/hardware/gralloc.h

Gralloc FRHRSCI.

hardware/libhardware/modules/gralloc/

Gralloc #% libui f#H o




2.3 Android B £ REH RS

Gralloc.h ¥4 7T Gralloc 5 FHEEE
By o

typedef struct gralloc_module_t {
struct hw_module_t common,;
int (*registerBuffer)(struct gralloc_module_t const* module,
buffer_handle_t handle);
int (*unregisterBuffer)(struct gralloc_module_t const* module,
buffer_handle_t handle);
int (*lock)(struct gralloc_module_t const* module,
buffer_handle_t handle, int usage,
int |, intt, int w, int h,
void** vaddr);
int (*unlock)(struct gralloc_module_t const* module,
buffer_handle_t handle);
int (*perform)(struct gralloc_module_t const* module,
int operation, ... );
void* reserved_proc[7];
} gralloc_module_t;




2.3 Android B £ REH RS

enum {
GRALLOC_USAGE_SW_READ_NEVER = 0x00000000,
GRALLOC_USAGE_SW_READ_RARELY = 0x00000002,
GRALLOC_USAGE_SW_READ_OFTEN = 0x00000003,
GRALLOC_USAGE_SW_READ_MASK = 0x0000000F,

GRALLOC_USAGE_SW_WRITE_NEVER = 0x00000000,
GRALLOC_USAGE_SW_WRITE_RARELY = 0x00000020,
GRALLOC_USAGE_SW_WRITE_OFTEN = 0x00000030,
GRALLOC_USAGE_SW_WRITE_MASK = 0x000000FO,

[* buffer will be used as an OpenGL ES texture */
GRALLOC_USAGE_HW_TEXTURE = 0x00000100,
[* buffer will be used as an OpenGL ES render target */
GRALLOC _USAGE_HW_RENDER = 0x00000200,
/* buffer will be used by the 2D hardware blitter */
GRALLOC_USAGE_HW_2D = 0x00000C00,

[* buffer will be used with the framebuffer device */
GRALLOC_USAGE_HW_FB = 0x00001000,

/* mask for the software usage bit-mask */
GRALLOC_USAGE_HW_MASK = 0x00001F00,




2.3 Android B £ REH RS

Gralloc 3R E/RBEER Y SER) o« Horr,
framebuffer.cpp HT%T framebuffer HE/R
L, gralloc &% T pmem HYSER o

int gralloc_device_open(const hw_module_t* module, const char* name,
hw_device t** device)
{

int status = -EINVAL;

if (Istrcmp(name, GRALLOC_HARDWARE_GPUO0)) {
gralloc_context_t *dev;
dev = (gralloc_context_t*)malloc(sizeof(*dev));
memset(dev, 0, sizeof(*dev));
dev->device.common.tag = HARDWARE_DEVICE_TAG;
dev->device.common.version = 0;
dev->device.common.module = const_cast<hw_module_t*>(module);
dev->device.common.close = gralloc_close;
dev->device.alloc = gralloc_alloc;
dev->device.free = gralloc_free;
*device = &dev->device.common;
status = 0;

}else {
status = fb_device _open(module, name, device);

}

return status;

}




2.3 Android B £ REH RS

libui %} gralloc =L T A, 7
ui/FramebufferNativeWindow.cpp FFFF
T gralloc &+ o

FramebufferNativeWindow::FramebufferNativeWindow()
: BASE(), fbDev(0), grDev(0), mUpdateOnDemand(false)
{
hw_module t const* module;
if (hw_get_module(GRALLOC_HARDWARE_MODULE_ID, &module) == 0) {
int stride;
int err;
err = framebuffer_open(module, &fbDev);
LOGE_IF(err, "couldn't open framebuffer HAL (%s)", strerror(-err));

err = gralloc_open(module, &grDev);
LOGE_IF(err, "couldn't open gralloc HAL (%s)", strerror(-err));




2.4 Android B PRI\ RS

Android @i A RLiH Event IXE0fE
%, libui fJ EventHub F1 JAVA fEZE A
L RAHRY o

Event BJZIEEHIEERE android. view
B View R, ENAEFERAHEZE AL
View R HYRAE o

KeyEvent 1 MotionEvent B EE T VE
i E NE, KeyEvent i@iT#EihizsEnd5
#, MotionEvent jEiT# 1t RawEvent 75
2 o




2.4 Android BYH P EIA RS

Java
Application

onTouchEvent onKeyDown
onTrackballEven onKeyUp

MotionEvent KeyEvent
A

WindowManagerService transfer

KeyInputQueue

RawInputEvent

1

KeyInputDevice

KeyEvent

RawInputEvent

Native
Framework

/dev/input/eventX




2.4 Android BV PRI RS

W \ER T IR TR -
EventHub.cpp

i PR Event 1 & IK5) ©

KeyCodeLabel.h <=> android/view/KeyEvent.java

qwert.kl HE AR RS




2.4 Android BV PRI RS

Multi-Touch 2 Eclair iRASHIHH
lr_/iL o

2 AR, T BRI R S
E’Ji% - Yf£25 Android 3’] GUI 4%, mZHIEL

e REEN MMEER B

B NIX A B T — N E R 2R A,
TOUCHSCREEN MT (EventHub.h EX) |,
EventHub g_jgf?"fm Th /\%ﬁc JAVA J%ﬁfﬁ °




2.4 Android B PRI\ RS

android.view.RawInputEvent 3

% REBWERR,
FERTE 2 R

InputDevice fEANEE, FHfR
it KeyInputQueue

(android/server/KeyInputQueue )
AT 2 S EGRBIEGAL o
MotionEvent B&/0 T % 2 50U FT,

w2 SCRFRINA 3 Rl - X LEEFF

§Eal[:E?A

v =2
/_It_‘ Joh

7 o
A =

=47

._’_A

-

HOMENT, TR

R IRIEZ AER H OSSR -




2.4 Android BN PRI RS

Virtual Key =&

=|

Eclair BRI
Virtual Key HIThEEEF

I il 45 3

R

7, BEIIRE A FERF
XL AT UM A A
%, SEI—LnILLEE

M@ s2am| |

..," L
j i I Messaging 7
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2.4 Android B PRI\ RS

MNFHREFFHIAE, SR &kl
RawInputEvent (R ASELF) | MIEHA
EH & KeyEvent (FZ8EEH) o Fﬁ?ﬁf%%ﬁﬂ@ﬁ”ﬁ
JRIEEMEM T, ¥ RawInputEvent d&Hu;
KeyEvent o

PR A

/sys/board properties/virtualkeys.{devicename} =

(EFEET

services/java/com/android/server/InputDevice. java

it readVirtualKeys , #1778 B R0EE
ft., B RawInputEvent #¥#t5 KeyEvent -
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定义TP按键 方法


2.4 Android FJH P A RS

virtualkeys.{devicename} =&l fz4
PIERC S, FEMEEBIAZGHL T HxH
. /sys/board properties/

SAERIRE AN N B
Ox1: F 455 X Y:W:H:0x1: ......




Sofs —
2 = ¥[4 Surface R4 =

3.1 Surface ?éﬁﬁ@?ﬁj‘@

3.2 SurfaceFlinger ZANHIACHY
3.3 Surface Y Java Al Jni fCHE
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图层切换 刷新 半透明








3.1 Surface RGLEF

Surface RILHIEE):

O libui.so #2f5 Surface £ -
O libsurfacefilnger.so #2HESEHE -

O Java HEZE, z{J/CL;ﬂ)* ] Surface
a] Ul F2 {4
O Navtive <Zl§f@i}§l 1) ERFEEA
i ISurface o




3.1 Surface 2%4[4 /]ijﬂ‘/j

Surface

-mClient
-mSurface

+ID()

+setLayer()
+setPosition()
+setSize()
+setAlpha()
+getldentity()
+dirtyRegion()
+setDirtyRegion()

ISurfaceFlingerClient

>——
-

+createSurface)
+destroySurface()

|

BnSurfaceFlingerCliem]




3.1 Surface ARG

Surface & 4 13k S
(%12 frameworks/base/include/ui/ )
[Surface.h
[SurfaceComposer.h
[SurfaceFlingerClient.h
Surface.h
SurfaceComposerClient.h

Surface 3 5t KR ACHS 34
(B2 7:  frameworks/basel/libs/surfaceflinger/ )
[SurfaceFlingerClient.cpp
SurfaceComposerClient.cpp
IsurfaceComposer.cpp
Surface.cpp
Isurface.cpp

SurfaceFlinger K4k T ISurfaceComposer , +&— " ZORYEEHL o




3.1 Surface ARG

class ISurfaceComposer : public linterface

{
public:

enum { /I (keep in sync with Surface.java)
eHidden = 0x00000004,
eGPU = 0x00000008,
eHardware = 0x00000010,
eDestroyBackbuffer = 0x00000020,
eSecure = 0x00000080,
eNonPremultiplied = 0x00000100,
ePushBuffers = 0x00000200,
eFXSurfaceNormal = 0x00000000,
eFXSurfaceBlur = 0x00010000,
eFXSurfaceDim = 0x00020000,
eFXSurfaceMask = 0x000F0000, };

enum {
ePositionChanged = 0x00000001,
I* ... ... * )

enum {
eLayerHidden = 0x01,
I* ... ... * }

enum {

eOrientationDefault =0,




3.2 SurfaceFlinger ZANHIATHY

A EEAZ
frameworks/base/libs/surfaceflinger/

class LayerBaseClient : public LayerBase
class Surface : public BnSurface

class Layer : public LayerBaseClient
class LayerBuffer : public LayerBaseClient
class SurfaceBuffer : public LayerBaseClient::Surface
class LayerDim : public LayerBaseClient
class LayerBlur : public LayerBaseClient




SurfaceFlinger ANHIATHE

Surface

-mClient
-mSurface

+ID()

+setLayer()
+setPosition()
+setSize()
+setAlpha()
+getldentity()
+dirtyRegion()
+setDirtyRegion()

__|1SurfaceFlingerClient

+createSurface)
+destroySurface()

BnSurfaceFlingerClient|

libui

SurfaceFlinger

BClient
-mId
-mFlinger
+createSurface)
+destroySurface()




3.2 SurfaceFlinger ZAHIATHY

For Create a Surface:
SurfaceComposerClient:.createSurface
(ISurface — Suface,
frameworks/base/libs/ui/SurfaceComposerClient.cpp)
- (IsurfaceFlingerClient:: createSurface)
— Bclient:.createSurface
(framework/base/libs/surfaceflinger/SurfaceFlinger.cpp)
- SurfaceFlinger::.createSurface
(framework/base/libs/surfaceflinger/SurfaceFlinger.cpp)
LayerBaseClient* layer = 0;
sp<LayerBaseClient::Surface> surfaceHandle;
eFXSurfaceNormal - Layer or LayerBuffer
eFXSurfaceBlur — LayerBlur
eFXSurfaceDim - LayerDim
surfaceHandle = layer->getSurface();

For setSize:
Surface::setSize()
- SurfaceComposerClient::setSize()
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图层显示方式


3.3 Surface HY Java Al Jni fCHY

JAVA

Application

A\VA

android.view.view

android.view.Surface

+setLayer ()
+setPosition()
+setPosition()

JAVA

Framework

t<]§ 0>>

ndroid.view.SurfaceHolder

+getSurface()
+lockCanvas()
+setFixedSize()
+setFormat ()
+setKeepScreenOn ()
+setSizeFromLayout ()
+setType()
H+unlockCanvasAndPost ()

Y

SurfaceComposerClient

A\

Surface




3.3 Surface {4 Java Al Jni fCHE

JNI Code path:

frameworks/basel/corel/jni/landroid view Surface.cpp

#include <ui/SurfaceComposerClient.h>
const char* const kSurfaceSessionClassPathName
= "android/view/SurfaceSession";
const char* const kSurfaceClassPathName
= "android/view/Surface";
static void nativeClassInit(JNIEnv* env, jclass clazz);




3.3 Surface {4 Java Al Jni fCHE

JNI fCHSH B 12

frameworks/basel/corel/jni/landroid view Surface.cpp

#include <ui/SurfaceComposerClient.h>
const char* const kSurfaceSessionClassPathName
= "android/view/SurfaceSession";
const char* const kSurfaceClassPathName
= "android/view/Surface";

static void nativeClassInit(JNIEnv* env, jclass clazz);




3.3 Surface {4 Java Al Jni fCHE

Java USRS -
frameworks/base/core/java/android/view/
3 MEERIE:

Surface (Surface.java)

SurfaceView (SurfaceView.java)

SurfaceSession (SurfaceSession.java)
1 PO

SurfaceHolder (SurfaceSession.java)

android.view.Surface £~ T — 1~ 7] L&l LR 5+
g;ﬂzﬁi ESEBRIE R 2 Suface 2 0 3£ 52 Al S 358 ) po B




3.3 Surface {4 Java Al Jni fCHE

T android.view.View 2.

View REI T HEARH Ul FEH o — M STE
P BRI — 5 I8, I B 01 B BT (E] b3 o
View & widgets FYE:Z, F HRAIES B AIH P EE
FLH (GUI) o

View F8,% T — Surface , FH4b#H
onDraw(Canvas) S o




FH U4 Skia M android WETE R4 S

4.1 Skia J|E,

4.2 Androic

4.3 Androic
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S U0ES4>  Skia M android B ETE &
VESY

“JL

android.view.View

4

R . -
android.view.Surface Canvas android.graphics.

JavatEZR

CHEZEZ

Graphics JNI

<>

Skia API

N

skia-opengl glue library
(libskiaglso)

SGL (Skia Graphic lib) -_

(libsgl.so)

| Skia Android Porting

vy Sy 4

libpng libgif Android basic lib
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调用标准的 库文件


4.1 Skia JREZE

Skia 7= Google —"MEJZH

H, SVG, NAEZL) EI’J :

Android ﬁﬁ/?\auﬂ’ﬁl °
Skia fCHEHIEETE:

external/skia/

Skia T Z & = #:

O Core Cg: libcorecg.so

O GL ( Skia Graphic Lib ) : liblibsgl.so
O skia-opengl glue library : libskiagl.so




4.1 Skia JREZE

Skia = ZE & & =P ER U EEE:
O %OKEIJEE: libcorecg.so
src/core/

O Skia EEZZE: liblibsgl.so
src/effects/

src/images/

src/ports/

src/core/

src/utils/

O skia-opengl glue library : libskiagl.so
src/gl/




4.2 Android B RSGEEY INT B

ANC
BX AR PUAR

AT RGAN Skia JIEZZERY

Android FJETE REHY

JNI }rd,\TM Skia [&ZZE2] JAVA LZHY

SCFF ©

Android HY

2

<

B R INIACRE Y %

frameworks/base/core/jni/android/graphic/

Andr0|d E’J

AT 2555 JAVA ER At T
nophel  H el /ralata=




4.2 Android B RZH] INT B2

Canvas.cpp = JNI 537[‘2'@[:‘\[5]/‘]?% : 5,
JAVA [ JZHY android.graphics.Canvas 3

fefit TS0 -

static SkCanvas* initRaster(JNIEnv* env, jobject, SkBitmap* bitmap) {
return bitmap ? new SkCanvas(*bitmap) : new SkCanvas;

}
static SkCanvas* initGL(JNIEnv* env, jobject) {

return new SkGLCanvas;

}




4.3 Android E]/\] ﬁf%

Android HJ & 2RX & android.graphic |
Bl A KT RS0 INIF2HE T X JAVA HEZE
T ARG SCEF o

Android BV ETE ARG CHE Y S A2

frameworks/graphic/java/android/graphic/




4.3 Android E]/\] ﬁﬁ%

Canvas.java SEILEE RS s N E B —
S android.graphics.Canvas °

Canvas K40 “draw” BYEA, X224
(draw ) AR iz ﬁﬁ%4/\%5%2l§5’]?ﬁ4¢
MR ZEIY A Bitmap , — MO ERZ H1E Y
Canvas (B A bitmap) , 2HIHA% (fFin
Rect, Path, text, Bitmap) F1—-" paint
(PSRRI G AR o




HEHES OpenGL &%  ©=

5.1 OpenG!
5.2 OpenG!

L /

L /

5.3 OpenGl

L /

RGN

s

A Native fCHY

Vs

A7 JAVA A INT ACHE
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3D 建模比较难，实现起来简单


5.1 OpenGL R 4EFs)

.............. HH

android opengl javax.microeditionkhronos.opengles

4

com.google.android.gles_jni

Surface

Ry

Java
Framework

@] GL JNI Native
en
P Framework

OpenGL5| %
1ibGLESv1 CM OpenGL

Software

egl_native _window_t

1ibEGL

Hardware
OpenGL




5.2 OpenGL B Native fCHE

OpenGL HJZAHIATHY -
frameworks/base/opengl/libagl/
frameworks/base/opengl/libs/

OpenGL HYZRH KL A
frameworks/base/opengl/include/EGL/
frameworks/base/opengl/include/GLES/

OpenGL FJE :

O [ibEGL.so (EGL %)

O [ibGLESvl_CM.so (OpenGL ES FERYEE)
O libagl.so (OpenGL HYEHESEIE)




5.2 OpenGL B Native fCHE

MRS RIS E
frameworks/base/opengl/tests

ffF Surface HIfCRS @
frameworks/base/libs/surfaceflinger/
DisplayHardware/DisplayHardware.cpp

AN —PRH D

frameworks/base/openqgl/include/EGL/eglnatives.h

struct egl_native_window_t* android_createDisplaySurface();

HSCHR
frameworks/base/l1ibs/ui/EGLDisplaySurface.cpp

egl_native_window_t* android_createDisplaySurface();




5.2 OpenGL #YJ Native 1th5

Android Eclair FiRAZ G libagl BIEZIRH
LibGLES android.so, WEZIBRRGHIE xR
system/lib/egl o

i OpenGL ES2 A FF:
frameworks/base/opengl/libs/ELGS CM

FER) 4 FRHA 1ibGLESV2.s0, 'ES 1ibGLESv1 CM.so
IR AR -




5.2 OpenGL #YJ Native 1th5

Android Eclair 94ty 1ibegl. so R M
system/1lib/eql HxH % OpenGL FSCINZE, HNE;
T E AT egl. cfg SCHEREGLE, OpenGL HIEE
SCH 1ibGLES android.so , s@EENINE—NE o
T A AT DL s - S Y OpenGL JE o

egl.cfg SCHFHISEHIAN T

0 0 android
01 XXX




5.2 OpenGL B Native fCHE

#include <EGL/egl.h>

#include <GLES/gl.h>

#include <GLES/glext.h>

iInt main(int argc, char** argv)

{
EGLint s_configAttribs[] = {

EGL_RED_SIZE, 5, EGL_GREEN_SIZE, 6, EGL_BLUE_SIZE, 5, EGL_NONE
4
EGLint numConfigs = -1; EGLint majorVersion; EGLint minorVersion;
EGLConfig config; EGLContext context;
EGLSurface surface; EGLint w, h;
EGLDisplay dpy;
dpy = eglGetDisplay(EGL_DEFAULT_DISPLAY);
eglinitialize(dpy, &majorVersion, &minorVersion);
eglChooseConfig(dpy, s_configAttribs, &config, 1, &humConfigs);
surface = eglCreateWindowSurface(dpy, config,
android_createDisplaySurface(), NULL);

context = eglCreateContext(dpy, config, NULL, NULL);
eglMakeCurrent(dpy, surface, surface, context);
eglQuerySurface(dpy, surface, EGL_WIDTH, &w);
eglQuerySurface(dpy, surface, EGL_HEIGHT, &h);
GLintdim =w<h ? w : h;




5.2 OpenGL B Native fCHE

glBindTexture(GL_TEXTURE_2D, 0);
glTexParameterx(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameterx(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexEnvx(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_REPLACE);
glEnable(GL_TEXTURE_2D);
glColor4f(1,1,1,1);
glDisable(GL_DITHER);
glShadeModel(GL_FLAT);

return O;




4.3 OpenGL Hv JAVA A JNT fCHS

Android HY OpenGL FYSEEN 5122 A —

A)

INREPEE OpenGL JAVA FUBREZR, BT XHX
RAYSEH, SLH OpenGL HIZHEE, fE JAVA JZ
ARG B HITER o

javax.microedition.khronos.opengles ( JAVA FrifEZR)
opengl/java/javax/microedition/khronos/eql/
(GL10.java GL11.java)
opengl/java/javax/microedition/khronos/opengles/
(EGL10.java)

com.google.android.gles_jni (Android FY GLES FJSEHY )
opengl/java/com/google/android/gles jni/

com.google.android.gles_jni JNI:
core/jni/com gooqgle android gles jni GLImpl.cpp
core/jni/com google android gles jni EGLImpl.cpp




5.3 OpenGL HJ JAVA F1 JNT fCHE

JAVA 55 .

javax.microedition.khronos.opengles ( JAVA PrifER)
opengl/java/javax/microedition/khronos/eql/
(GL10.java GL11.java)

opengl/java/javax/microedition/khronos/opengles/
(EGL10. java)

com.google.android.gles_jni (Android HJ GLES HJSEINZE )
opengl/java/com/google/android/qles jni/

INI FHS

com.google.android.gles_jni JNI:

core/jni/com _google android gles jni GLImpl.cpp
core/jni/com _google android gles jni EGLImpl.cpp




5.3 OpenGL HJ JAVA F1 JNT fCHE

Android Y android.opengl &—"
OpenGL fHRAE, BEERMLT N OpenGL 1Y
By 0 L H] e

android.opengl FCIEEIE
opengl/java/android/opengl/

P2 DRSO

openqgl/java/android/openql/GLSurfaceView. java

public class GLSurfaceView extends SurfaceView
implements SurfaceHolder.Callback




5.3 OpenGL B JAVA A JNT fCHS

7£ Android 1Y JAVA B H{# H OpenGL 1B 7%
javax.microedition.khronos.opengles 2
android.opengl LS -

public class XXXActivity extends Activity {

@Override

protected void onCreate(Bundle savedinstanceState) {
super.onCreate(savedinstanceState);
MGLSurfaceView = new XXXGISurfaceView(this);
setContentView(mGLSurfaceView);
mGLSurfaceView.requestFocus();
mGLSurfaceView.setFocusablelInTouchMode(true);

}

private GLSurfaceView mGLSurfaceView;

}

class XXXGISurfaceView extends GLSurfaceView {
private class CubeRenderer implements GLSurfaceView.Renderer {/*
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