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TRt 420penGL,

2.1 t4A20penGL
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OpenGL ESXZEtAle? BRA T BIFENRANFEARENRE, HEHAIOpenGLAIBIH
R, EAFIOpenGLE—EHI. Android A4.0FHRENATFEREMINE, BREFAEROpenGL ESXKiH
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THEAndroida{aEEFOpenGL ESR, FTELIIEGLENMARTHE, EAXFTARERIIEGLASRANS
. OpenGLEREETEAEN, BEEERINES LAFEEEFER, RAGNEENEOHER—HE
1Y, MEGLFEEEAndroidAME RS F10penGL ESKFHEE.

OpenGL ES X TFETXM GL 2EES, EGLNENX T#=# displays, contexts LA surfaces
NRE—a9FEEEO.

2.3.1 iiaib SN

Android7 INEOpenGL ESFIEGLAYIRABTE/frameworks/native/opengl/libs/EGL/,

X eglGetDisplay #ERRY, OpenGL BIENAF#IINE T, BERIRER:
(1) EGL¥NAML

EGLDisplay eglGetDisplay(EGLNativeDisplayType display)//3RHU¥ &

EGLBoolean eglInitialize(EGLDisplay display, // 1EZEGLE RIESE

EGLint *majorversion, // #8% EGLSEPUREIR) FMAS, nlHEA
NULL

EGLint *minorversion); // iRlAl EGLSZBLR[EIN WRAS, TEEN
NUL

FEEGLIIAIS FZ AR T OpenGLAIIAILEREL Loader : topen :

static EGLBoolean egl_init_drivers_locked() {
if (seEarlyInitState) {
// initialized by static ctor. should be set here.
return EGL_FALSE;

// get our driver Tloader
Loader& Toader(Loader::getInstance());

// dynamically Toad our EGL implementation
egl_connection_t* cnx = &gEGLImp]l;
if (cnx->dso == 0) {
cnx->hooks[egl_connection_t: :GLESV1_INDEX] =
&gHooks [eg1_connection_t::GLESv1_INDEX];
cnx->hooks[eg1_connection_t::GLESV2_INDEX] =
&gHooks[egl_connection_t::GLESV2_INDEX];
/ /WG openGLER £
cnx->dso = loader.open(cnx);

return cnx->dso ? EGL_TRUE : EGL_FALSE;
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(2) OpenGL ESiI¥a{L

Loader: :open(egl_connection_t* cnx) ¥IIRILEIRARE, FERVIIAXLRERMIEET.
Loader: :open(egl_connection_t* cnx) BIENIT.

static void* Toad_wrapper(const char* path) {
void* so = dlopen(path, RTLD_NOW | RTLD_LOCAL);
ALOGE_IF(!so, "dlopen(\"%s\") failed: %s", path, dlerror());
return so;

#ifndef EGL_WRAPPER_DIR

#if defined(_LP64_)

#define EGL_WRAPPER_DIR "/system/Tib64"

#else

#define EGL_WRAPPER_DIR "/system/Tib"

#endif

#endif

[/ EBEIRENE R BEBLIETIET? I T 2 TAGPUSRF? )

static void setEmulatorGlesvalue(void) {
char prop[PROPERTY_VALUE_MAX] ;
property_get("ro.kernel.gemu", prop, "0");
if (atoi(prop) != 1) return;

property_get("ro.kernel.gemu.gles",prop,"0");

if (atoi(prop) == 1) {
ALOGD("EmuTator has host GPU support, gemu.gles is set to 1.");
property_set("gemu.gles", "1");
return;

// for now, checking the following

// directory is good enough for emulator system images
const char* vendor_1lib_path =

//NDK&i B85 M EEAN R AL LI24T, FIREINEmIZ 32 AL 1 B35 64 1 FF
#if defined(_LP64_)

"/vendor/Tib64/egl1";
#else

"/vendor/Tib/egl1";
#endif
/ [PV SO 2 AR

const bool has_vendor_1ib = (access(vendor_lib_path, R_OK) == 0);
if (has_vendor_Tib) {
[ /FEN RSB GPUSEF, Jlid % 7 [fOpenGLES Sk
ALOGD("EmuTlator has vendor provided software renderer, gemu.gles is set to
2:")¢
// % Eqgemu.glesfi A2
property_set("gemu.gles", "2");
} else {
[/ GPURT S RE, W E gemu.gles{i A0
ALOGD("EmuTator without GPU support detected. "
"Fallback to legacy software renderer, gemu.gles is set to 0.");
property_set("gemu.gles", "0");
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void* Loader::open(egl_connection_t* cnx)
{

void* dso;

driver_t* hnd = 0;
// WEBENREE CRBTEBEIRIEAT? AT 2B HGPUSIEF? )
setEmuTlatorGlesvalue();
/ /ISR B IRshE, BFE EGL &, openGL ES 1.0 1 2.0 [fE.
dso = load_driver("GLES", cnx, EGL | GLESV1_CM | GLESv2);

if (dso) {
hnd = new driver_t(dso);
} else {

// Always load EGL first

dso = load_driver("EGL", cnx, EGL);

if (dso) {
hnd = new driver_t(dso);
hnd->set( load_driver("GLESvl_cM", cnx, GLESvl_CM), GLESvV1_CM );
hnd->set( Toad_driver("GLESv2", cnx, GLESv2), GLESV2 );

LOG_ALWAYS_FATAL_IF('hnd, "couldn't find an OpenGL ES implementation");
// MBS wrapper, EfTHLT /system/1ib64 = /system/1ib

cnx->11ibEg] Toad_wrapper (EGL_WRAPPER_DIR "/1ibEGL.s0");
cnx->1ibGles2 = Toad_wrapper (EGL_WRAPPER_DIR "/1ibGLESv2.s0");
load_wrapper (EGL_WRAPPER_DIR "/TibGLESv1_CM.so");

cnx->TibGlesl

LOG_ALWAYS_FATAL_IF(!cnx->11ibEgl,
"couldn't load system EGL wrapper Tlibraries");

LOG_ALWAYS_FATAL_IF(!cnx->1ibGles2 || !cnx->1ibGlesl,
"couldn't Toad system OpenGL ES wrapper libraries");

return (void*)hnd;

3

XEBRY driver_t E£LoaderzRAIPIERLEFINK :

struct driver_t {
explicit driver_t(void* gles);
~driver_t(Q;
status_t set(void* hnd, int32_t api);
void* dso[3];

struct driver_t BEIREEFHIRMHANRERFE EGL M OpenGL ES SLIERIEME, 10K EGL
A0 OpenGL EOHPMAVESLHL, BEE—NENTW, BIXDERIRAE, R EGL ZOMRAE
HUEESCEL, ENESAEXEENTR,

fropenFEHIREAT setemulatorGlesvalue BREY, X MREHFATIRE. RE—LEIIB[EY
(BIan R BRI PIE T AR EEINE i 2 BB GPUSH).

Loader::load_driver () BREFETHIRNEINZE, A TEEXAE, MNEIXEETHD A=253



/* This function is called to check whether we run inside the emulator,
and if this is the case whether GLES GPU emulation is supported.

Returned values are:

* -1 -> not running inside the emulator

* 0 -> running inside the emulator, but GPU emulation not supported

& 1 -> running inside the emulator, GPU emulation is supported
through the "emulation" host-side OpenGL ES implementation.

e 2 -> running inside the emulator, GPU emulation is supported

& through a guest-side vendor driver's OpenGL ES implementation.

*/

static 1int
checkGlesEmuTlationStatus(void)

{
/* We're going to check for the following kernel parameters:
& gemu=1 -> tells us that we run inside the
emulator
android.gemu.gles=<number> -> tells us the GLES GPU emulation status
* Note that we will return <number> if we find it. This let us support
* more additionnal emulation modes in the future.
)
char prop[PROPERTY_VALUE_MAX] ;
int result = -1;
/* First, check for gemu=1 */
property_get("ro.kernel.gemu",prop,"0");
if (atoi(prop) != 1)
return -1;
/* We are in the emulator, get GPU status value */
property_get('gemu.gles",prop,"0");
return atoi(prop);
}

void Loader::init_api(void* dso,

*

char const * const api,
__eglMustCastToProperFunctionPointerType* curr,

getProcAddressType getProcAddress)

const ssize_t SIZE = 256;
char scrap[SIzE];
while (*api) {
char const * name = *api;
__eglMustCastToProperFunctionPointerType f =
(__eglMustCastToProperFunctionPointerType)dlsym(dso, name);
if (f == NULL) {
// couldn't find the entry-point, use eglGetProcAddress()
f = getProcAddress(name);
3
if (f == NULL) {
// Try without the OES postfix
ssize_t index = ssize_t(strlen(name)) - 3;
if ((index>0 && (index<SIZE-1)) && (!strcmp(name+index, "OES"))) {



strncpy(scrap, name, index);

scrap[index] = 0;

f = (__egIMustCastToProperFunctionPointerType)dlsym(dso, scrap);
//ALOGD_IF(f, "found <%s> instead", scrap);

}
if (f == NULL) {
// Try with the OES postfix
ssize_t index = ssize_t(strlen(name)) - 3;
if (index>0 && strcmp(name+index, "OES")) {
snprintf(scrap, SIZE, "%SOES", name);
f = (__egIMustCastToProperFunctionPointerType)dlsym(dso, scrap);
//ALOGD_IF(f, "found <%s> instead", scrap);

}
if (f == NuLL) {
//ALOGD("%s", name);
f = (__eglMustCastToProperFunctionPointerType)gl_unimplemented;

* GL_EXT_debug_label is special, we always report it as
* supported, it's handled by GLES_trace. If GLES_trace is not

* enabled, then these are no-ops.

*/

if (!strcmp(name, "glInsertEventMarkerexT™)) {
f = (__egIMustCastToProperFunctionPointerType)gl_noop;

} else if (!strcmp(name, "glPushGroupMarkerexT")) {
f = (__egIMustCastToProperFunctionPointerType)gl_noop;

} else if (!strcmp(name, "glPopGroupMarkerexT")) {
f = (__egIMustCastToProperFunctionPointerType)gl_noop;

}
*curr++ = f;

api++;

void *Loader::Toad_driver(const char* kind,
egl_connection_t* cnx, uint32_t mask)

class MatchFile {
public:
static String8 find(const char* kind) {
String8 result;
int emulationStatus = checkGlesEmulationStatus();
switch (emulationStatus) {
case O:
#if defined(_LP64_)
result.setTo("/system/1ib64/egl1/1ibGLES_android.so");
#else
result.setTo("/system/1ib/egl/1ibGLES_android.so");
#endif
return result;
case 1:
// Use host-side OpenGL through the "emulation" Tibrary



#if defined(__LP64__)

kind);
#else

kind);
#endif

result.appendrFormat("/system/1ib64/egl/Tib%s_emulation.so",

result.appendrFormat("/system/Tib/egl/1ib%s_emulation.so",

return result;

default:
// Not in emulator, or use other guest-side implementation
break;

String8 pattern;
pattern.appendFormat("1ib%s", kind);
const char* const searchpaths[] = {

#if defined(__LP64_)

#else

#endif

private:

"/vendor/1ib64/egl",
"/system/1ib64/eg1"

"/vendor/T1ib/egl",
"/system/Tib/egl"

3

// first, we search for the exact name of the GLES userspace
// driver in both Tocations.

// i.e.:
// 1ibGLES.so, or:
// 1ibEGL.so, 1ibGLESv1_CM.so, TibGLESv2.so

for (size_t i=0 ; i<NELEM(searchPaths) ; i++) {
if (find(result, pattern, searchPaths[i], true)) {
return result;

// for compatibility with the old "egl.cfg" naming convention
// we Tlook for files that match:

// 1ibGLES_*.so, or:

// TibEGL_*.so, 1ibGLESv1_CM_*.so, TibGLESv2_%*.so

pattern.append("_");
for (size_t i=0 ; i<NELEM(searchPaths) ; i++) {
if (find(result, pattern, searchPaths[i], false)) {
return result;

// we didn't find the driver. gah.
result.clear();
return result;



static bool find(string8& result,
const String8& pattern, const char* const search, bool exact) {
if (exact) {
String8 absolutePath;
absolutePath.appendFormat("%s/%s.so", search, pattern.string());
if (laccess(absolutePath.string(), R_OK)) {
result = absolutePath;
return true;

}

return false;

DIR* d = opendir(search);
if (d !'= NuLL) {
struct dirent cur;
struct dirent* e;
while (readdir_r(d, &cur, &) == 0 && e) {
if (e->d_type == DT_DIR) {
continue;
3
if (!strcmp(e->d_name, "1ibGLES_android.so")) {
// always skip the software renderer

continue;
3
if (strstr(e->d_name, pattern.string()) == e->d_name) {
if (Istrcmp(e->d_name + strlen(e->d_name) - 3, ".so0o")) {
result.clear();
result.appendrFormat("%s/%s", search, e->d_name);
closedir(d);
return true;
}
3
b
closedir(d);

}

return false;

String8 absolutePath = MatchFile::find(kind);

if (absolutePath.iseEmpty()) {
// this happens often, we don't want to log an error
return 0;

}

const char* const driver_absolute_path = absolutePath.string();

void* dso = dlopen(driver_absolute_path, RTLD_NOW | RTLD_LOCAL);

if (dso == 0) {
const char* err = dlerror();
ALOGE("Toad_driver(%s): %s", driver_absolute_path, err?err:"unknown");
return 0O;

if (mask & EGL) {



ALOGD("EGL loaded %s", driver_absolute_path);
getProcAddress = (getProcAddressType)dlsym(dso, "eglGetProcAddress");

ALOGE_IF(!getProcAddress,
"can't find eglGetProcAddress() in %s", driver_absolute_path);

egl_t* egl = &cnx->egl;
__eglMustCastToProperFunctionPointerType* curr =
(__eglMustCastToProperFunctionPointerType*)egl;
char const * const * api = egl_names;
while (*api) {
char const * name = *api;
__eglMustCastToProperFunctionPointerType f =
(__eglMustCastToProperFunctionPointerType)disym(dso, name);
if (f == NuULL) {
// couldn't find the entry-point, use eglGetProcAddress()
f = getProcAddress(name);
if (f == NULL) {
f = (__egIMustCastToProperFunctionPointerType)O0;

}
*curr++ = f;

api++;

if (mask & GLESvl_cm) {
ALOGD("GLESv1_CM loaded %s", driver_absolute_path);
init_api(dso, gl_names,
(__egIMustCastToProperFunctionPointerType*)
&cnx->hooks[eg1_connection_t::GLESv1_INDEX]->g1,
getProcAddress);

if (mask & GLESv2) {
ALOGD("GLESvV2 Toaded %s", driver_absolute_path);
init_api(dso, gl_names,
(__eglMustCastToProperFunctionPointerType*)
&cnx->hooks[eg1_connection_t::GLESV2_INDEX]->g1,
getProcAddress);

return dso;

$—&, HHIRENEEXFRIER:

class MatchFile {
public:
static String8 find(const char* kind) {
String8 result;
int emulationStatus = checkGlesEmulationStatus();
switch (emulationStatus) {
case 0O:
#if defined(_LP64_)
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#else

#endif

result.setTo("/system/1ib64/egl/1ibGLES_android.so");
result.setTo("/system/1ib/egl/1ibGLES_android.so");
return result;

case 1:
// Use host-side OpenGL through the "emulation" Tibrary

#if defined(__LP64_)

kind);
#else

kind);
#endif

result.appendrFormat("/system/1ib64/egl/Tib%s_emulation.so",

result.appendrFormat("/system/1ib/egl/Tib%s_emulation.so",

return result;

default:
// Not in emulator, or use other guest-side implementation
break;

String8 pattern;
pattern.appendFormat("1ib%s", kind);
const char* const searchpPaths[] = {

#if defined(__LP64_)

#else

#endif

"/vendor/1ib64/egl",
"/system/1ib64/eg1"

"/vendor/T1ib/egl",
"/system/1ib/eg1"

I

// first, we search for the exact name of the GLES userspace
// driver in both Tocations.

// i.e.:
// 1ibGLES.so, or:
// 1ibEGL.so, 1ibGLESvl1_CM.so, TibGLESv2.so

for (size_t i=0 ; i<NELEM(searchpPaths) ; i++) {
if (find(result, pattern, searchpPaths[i], true)) {
return result;

// for compatibility with the old "egl.cfg" naming convention
// we look for files that match:
// TibGLES_*.so, or:
// TibEGL_*.so, 1ibGLESv1_CM_*.so, TibGLESv2_%*.so
pattern.append("_");
for (size_t i=0 ; i<NELEM(searchPaths) ; i++) {

if (find(result, pattern, searchPaths[i], false)) {

return result;



// we didn't find the driver. gah.
result.clear();
return result;

private:
static bool find(String8& result,
const String8& pattern, const char* const search, bool exact) {
if (exact) {
String8 absolutePath;
absolutePath.appendFormat("%s/%s.so", search, pattern.string());
if (laccess(absolutePath.string(), R_OK)) {
result = absolutePath;
return true;
3

return false;

DIR* d = opendir(search);
if (d !'= NuLL) {
struct dirent cur;
struct dirent* e;
while (readdir_r(d, &cur, &) == 0 && e) {
if (e->d_type == DT_DIR) {
continue;
3
if (!strcmp(e->d_name, "TibGLES_android.so")) {
// always skip the software renderer

continue;
}
if (strstr(e->d_name, pattern.string()) == e->d_name) {
if (!strcmp(e->d_name + strlen(e->d_name) - 3, ".so0o")) {
result.clear();
result.appendFormat("%s/%s", search, e->d_name);
closedir(d);
return true;
}
}

3
closedir(d);
3

return false;

String8 absolutePath = MatchFile::find(kind);

if (absolutePath.iseEmpty()) {
// this happens often, we don't want to log an error
return 0;

XIFEFAEHEEENEA GLES BIHERENIAIER, EGL F1 OpenGL ES FEXIRIA
/system/1ib64/eg1/1ibGLES_android.so 8% /system/1ib/egl1/1ibGLES_android.so,



INRERMIRIRE, IPAXTIEERARNES M, EGL ESX4EK OpenGL ES FESUHEHNIIZAR
AT RINRAF TN :
@ /vendor/1ib64/egl B /vendor/Tib/eql BRTXHERFE 1ib%s.so AL, FlaN
/vendor/1ib64/egl/1ibGLES.so,
@ /system/1ib64/egl B /system/lib/egl BRTFXHERFE 1ib%s.so BRI, Fign
/system/1ib64/egl/1ibGLES.so,
® /vendor/1ib64/egl B /vendor/1ib/egl ERFNXHERE Tib%s_*.so EIAIESHEF, BN
39T Pixel 1I8%5HY /vendor/1ib64/egl/1ibEGL_adreno.so,
@ /system/1i1b64/eg] B /system/Tib/egl BRTFXHERFE 1ib%s_*.so BWXAIE.

B RiANdroid £ESERA /vendor/ TR HNFS BB IR,
=%, &I dlopen BN

const char* const driver_absolute_path = absolutePath.string(Q;

void* dso = dlopen(driver_absolute_path, RTLD_NOW | RTLD_LOCAL);

if (dso == 0) {
const char* err = dlerror(Q);
ALOGE("Toad_driver(%s): %s", driver_absolute_path, err?err:"unknown");
return 0;

=%, nitELE:

if (mask & EGL) {
ALOGD("EGL loaded %s", driver_absolute_path);
getProcAddress = (getProcAddressType)dlsym(dso, "eglGetProcAddress");

ALOGE_IF(!getProcAddress,
"can't find eglGetProcAddress() in %s", driver_absolute_path);

egl_t* egl = &cnx->egl;
__eglMustCastToProperFunctionPointerType* curr =
(__egIMustCastToProperFunctionPointerType*)egl;
char const * const * api = egl_names;
while (*api) {
char const * name = *api;
__eglMustCastToProperFunctionPointerType f =
(__eglMustCastToProperFunctionPointerType)dlsym(dso, name);
if (f == NULL) {
// couldn't find the entry-point, use eglGetProcAddress()
f = getProcAddress(name);
if (f == NuULL) {
f = (__egIMustCastToProperFunctionPointerType)O0;

}
*curr++ = f;
api++;

if (mask & GLESvl_cMm) {
ALOGD("GLESv1_CM loaded %s", driver_absolute_path);
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init_api(dso, gl_names,
(__egIMustCastToProperFunctionPointerType¥*)
&cnx->hooks[egl_connection_t::GLESv1_INDEX]->gl,
getProcAddress);

if (mask & GLESv2) {
ALOGD("GLESv2 Toaded %s", driver_absolute_path);
init_api(dso, gl_names,
(__egIMustCastToProperFunctionPointerType¥*)
&cnx->hooks[egl_connection_t: :GLESv2_INDEX]->gl,

getProcAddress);
3
return dso;
3
VAW REEREEBY dlsym REUVRIBRER, — MMREIXIRAVMBIE, FIR(ELRETSE kT
5%

static void* Toad_wrapper(const char* path) {
void* so = dlopen(path, RTLD_NOW | RTLD_LOCAL);
ALOGE_IF(!so, "dlopen(\"%s\") failed: %s", path, dlerror());
return so;

2.4 Android filE OpenGL ESE4,

AndroidfiN&OpenGL ESRIZEN N~
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EGL_XX.so
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ProcAddress

opengl es=

il

E2.1 IN#EOpenGL ESHRIEE]

MAndroidfiiEOpenGL ESRUFAZEATLAB L, REAnboxfEAndroidf /system/1ib64/egl T
XIMAJOpenGL ESFE, MIRJLAEANndroidiNEAnboxiRIEASERET .

AnboxfE anbox/android/opengl/system FEJLNNXGIR, &E egl/Android.mk {4,

BILAEZ $(call emugl-begin-shared-1ibrary,1ibEGL_emulation) , X—{THEERMZFNEN
SFEE, EHB/I 1ibEGL_emulation,
AnboxH anbox/android AEEMIEANdroidiERRH, REEFEEANdroidEGd, BERIETHK,
AnboxfEAndroidfy /system/11b64/egl FTHZRET =/ 5175EE, £ BIAlIEGL_emulation.so,
libGLESv1_CM_emulation.soflibGLESv2_emulation.so, tBtEAnbox{EAREIRIREL 75La
Androidf2th0penGL ES;EHE,



{BANbOXSRRERTAEHRE LRSS, K=/ EFEASREEANdroideh APPSR
OpenGL ESIES, FHBIEEIEHIBEqemuU-pipefSiiGIESEEEENAboXHIER, SIRERTIE
FTEENIAT,

BRSNS E TE:

“,ax””ﬁﬂ T~ Android

BbEGL_emulati libGLESv1_CM_

ermulation. o

IIBGLESY2 _emul

onso ation_so

Host

libGLESV2 s

Swiftshader
gk host :

E]2.2 Anbox;E 4l

Hrf: swiftshader ERTRHAI—FEERAEERNA, HABIEgithub#HTHERTE.

i host N2EABEENHEIARNOpenGL ESEE, BIUNRBEENHE RN B-RIFNSHFOpenGL ES
TVERNGE, WAL EEERBEENFNERFTER. EBRAED BRI eEER ST
OpenGL ES, EttAnbox&iEAndroidfJOpenGL ES S EIRMLINUXATBESISHI0penGL %<, BHE
LinuxsrAYO0penGLIH TIEER,
tEERS RS 7E anbox/external/android-emuglfl/anbox/src/anbox/graphics #1,

3. AnboxiEIN 553

ZIXE, AndroidfJOpenGL ESEpSBELERTT, & MERERBIES KX EB N THEIRINE
ECICIN

BEFEMANboXFRBAFHITONT, X—Ho i RE T IEZSMERIIRIL.

3.1 ¥J3aft: session manager A\

session manager HIN[IERELFE anbox/src/anbox/cmds/session_manager.cpp .B o200 E—
RZINEshEE, XEFRFRR, FESER software-rendering

flag(cli::make_flag(cli::Name{"software-rendering"},
cli::Description{"Use software rendering instead of
hardware accelerated GL rendering"}

e ERERR MBS

const auto should_force_software_rendering =
utils::get_env_value("ANBOX_FORCE_SOFTWARE_RENDERING", "false");
auto gl_driver = graphics::GLRendererServer::Config::Driver::Host;
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if (should_force_software_rendering == "true" || use_software_rendering_)
gl_driver = graphics::GLRendererServer::Config::Driver::Software;

graphics::GLRendererServer::Config renderer_config {
gl_driver,
single_window_
};
auto gl_server = std::make_shared<graphics: :GLRendererServer>
(renderer_config, window_manager);

platform->set_window_manager (window_manager) ;
platform->set_renderer(gl_server->renderer());
window_manager->setup();

RIBEEISE, REFERRIEERSFEEER, AREMT— GLRendererserver FJHEIE
%+, GLRendererserver FRESEITF anbox/src/anbox/graphics/gl_renderer_server.cpp 3, iR

BA:

GLRendererServer: :GLRendererServer(const Config &config, const
std: :shared_ptr<wm: :Manager> &wm)
renderer_(std: :make_shared<: :Renderer>()) {

std::shared_ptr<Layercomposer::Strategy> composer_strategy;
if (config.single_window)
composer_strategy = std::make_shared<SinglewindowComposerStrategy>(wm);

else
composer_strategy = std::make_shared<MultiwindowComposerStrategy>(wm) ;

composer_ = std::make_shared<LayerComposer>(renderer_, composer_strategy);

auto gl_1libs = emugl::default_gl_libraries();
if (config.driver == Config::Driver::Software) {
auto swiftshader_path = fs::path(utils::get_env_value("SWIFTSHADER_PATH"));
const auto snap_path = utils::get_env_value("SNAP");
if (!snap_path.empty())
swiftshader_path = fs::path(snap_path) / "1ib" / "anbox" / "swiftshader";
if (!fs::exists(swiftshader_path))
throw std::runtime_error("software rendering is enabled, but SwiftShader

Tibrary directory 1is not found.");

gl_Tibs = std::vector<emugl::GLLibrary>{
{emugl::GLLibrary::Type::EGL, (swiftshader_path / "1ibEGL.so").string(Q},
{emugl::GLLibrary: :Type::GLESv1l, (swiftshader_path /
"TibGLES_CM.so") .string(},
{emugl::GLLibrary: :Type::GLESv2, (swiftshader_path /
"TibGLESV2.s0") .string()},
b
}
emugl_Tlogger_struct log_funcs;
log_funcs.coarse = logger_write;
log_funcs.fine = logger_write;

if (lemugl::initialize(gl_1libs, &log_funcs, nullptr))
BOOST_THROW_EXCEPTION(std: :runtime_error("Failed to initialize OpenGL
renderer'));



renderer_->initialize(0);

registerRenderer(renderer_);
registerLayercomposer(composer_);

}

RIS EIA], SRS ORISR N E S S RIS eS8, LayerComposeriXM&E
REEMEEAENANEESREIE— EH L, BIEHl—AndroiddSurfaceflinger,
RSB EREEE M EIIEINNI N AR EY, LAHEZRIF, AnboxitERiEEswiftshaderfJER
mTE, NREFE, WEswiftshaderEERERRIRE HINELTEITIEIRIIER,; SA/SANboxIEEESNAPHY
NETE, Mk, WRANboxZEFEAsnaptIBEaI1Y, NEEEMAKE TR swiftshaderfly
. WNSREEVEIT swiftshaderFERIERIR, NIFEXT M ERR TIEENIIbEGL.so, libGLES_CM.sof(]
libGLESv2.s0. BJOpenGL ESTIRAI="REX (4,

BEEIBAIX=NESE, #H anbox/src/anbox/graphics/emugl/RenderApi.cpp :

bool initialize(const std::vector<GLLibrary> &libs, emugl_Tlogger_struct
*Tog_funcs, Tlogger_t crash_func) {
set_emugl_crash_reporter(crash_func);
if (log_funcs) {
set_emugl_Tlogger(log_funcs->coarse);
set_emugl_cxt_logger(log_funcs->fine);

}

for (const auto &lib : 1ibs) {
const auto path = Tib.path.c_str(Q);
switch (lib.type) {
case GLLibrary::Type::EGL:
if (linit_egl_dispatch(path))
return false;
break;
case GLLibrary::Type::GLESv1:
if (!glesl_dispatch_init(path, &s_glesl))
return false;
break;
case GLLibrary::Type::GLESv2:
if (!gles2_dispatch_init(path, &s_gles2))
return false;
break;
default:
break;

FIFSINIER R, 1Hegl EERZEIAREIE BB findsymbol B eglGetProcAddress B TISEIR
ok, AERLEEEAR, XHERIR5E]T opencL ES FrAREUBLE,

B2l anbox/src/anbox/graphics/gl_renderer_server.cpp , #]#a{t0penGLEES, £E4
WBiESREE, 2T anbox/src/anbox/graphics/emugl/Renderer.cpp BY initialize &%}, ESC
MaefEdisplay :0_L#048{OpenGL ESHEHXHIINE, HUTFTIEXEREUS 91_renderer_server RI#IIR1L
Fi5ehk 7, [BIZ] anbox/src/anbox/cmds/session_manager.cpp, —#5 window_manager-
>setup() BIEAMEN, HILHEAndroidE O, FrBAndroidiVEEESENMEXMEO L., LIRS
O35, &2 anbox/src/anbox/wm/single_window_manager.cpp



void SinglewindowManager::setup() {
if (auto p = platform_.lock()) {
window_ = p->create_window(0, window_size_, "Anbox - Android in a Box");
if (lwindow_->attach())
WARNING("Failed to attach window to renderer");
} else {
throw std::runtime_error("Can't create window as we don't have a platform
abstraction");

}

S T — P window FIXISR, AFEAXMIRAY attach R, KE|

anbox/src/anbox/wm/window. cpp :

bool window::attach() {
if (!renderer.)
return false;
attached_ = renderer_->createNativewindow(native_handle());
return attached_;

BILAEE, XEERK renderer SIEANEN., KE

anbox/src/anbox/graphics/emugl/Renderer.cpp

Rendererwindow *Renderer::createNativewindow(
EGLNativewindowType native_window) {
m_lock.Tock();

auto window = new Rendererwindow;
window->native_window = native_window;
window->surface = s_egl.eglCreatewindowsurface(
m_eglDisplay, m_eglcConfig, window->native_window, nullptr);

if (window->surface == EGL_NO_SURFACE) {

deTete window;

m_lock.unlock(Q);

return nullptr;

if (!bindwindow_locked(window)) {
s_egl.eglDestroysurface(m_eglDisplay, window->surface);
delete window;
m_lock.unTlock();
return nullptr;

s_gles2.glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT |
GL_STENCIL_BUFFER_BIT);
s_egl.eglswapBuffers(m_eglDisplay, window->surface);

unbind_locked();

m_nativewindows.insert({native_window, window});



m_lock.unlock();

return window;

3.2 I5S(EMEiER
3.2.1 i@ E iR

FEZEF), AnboxBINCREIE session manage ., XIBIE

anbox/src/anbox/cmds/session_manager.cpp :

auto gemu_pipe_connector =
std: :make_shared<network: :PubTishedSocketConnector>(
utils::string_format("%s/gemu_pipe", socket_path), rt,
std: :make_shared<gemu: : PipeConnectionCreator>(gl_server->renderer(),

re));

AnboxEZ T — M EEFAgemu_pipeJunix socketBRSZim, FHEEFAndroidimizEss,
PubTishedsocketConnector EREIE
anbox/src/anbox/network/published_socket_connector.cpp 1, FMh&EREEIZEA
start_accept BRI,

void PubTishedSocketConnector::start_accept() {
auto socket = std::make_shared<boost::asio::Tocal::stream_protocol::socket>
(runtime_->service());

acceptor_.async_accept(*socket,
[this, socket](boost::system::error_code const& err) {
on_new_connection(socket, err);

b;
}
MEEFiIEERERNIER on_new_connection BREL
void

Pub1ishedSocketConnector: :on_new_connection
(std::shared_ptr<boost::asio::Tlocal::stream_protocol::socket> const& socket,
boost::system::error_code const& err) {
if (lerr)
connection_creator_->create_connection_for(socket);

if (err.value() == boost::asio::error::operation_aborted)
return;
start_accept();

XNFEEHYAEETEH connection_creator Y create_connection_for BREY, SAEMLERISITE
PumiEss,
X/ connection_creator HfiE session manage A& gemu: : PipeConnectionCreator,

&EZE anbox/src/anbox/qemu/pipe_connection_creator.cpp B create_connection_for
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void PipeConnectionCreator::create_connection_for(
std: :shared_ptr<boost::asio::local::stream_protocol::socket> const
&socket) {
auto const messenger = std::make_shared<network::LocalSocketMessenger>
(socket);
const auto type = identify_client(messenger);
auto const processor = create_processor(type, messenger);
if (!processor)
BOOST_THROW_EXCEPTION(std: :runtime_error("Unhandled client type"));

auto const &connection = std::make_shared<network::SocketConnection>(
messenger, messenger, next_id(), connections_, processor);

connection->set_name(client_type_to_string(type));

connections_->add(connection);

connection->read_next_message();

HEREIET— LocalsocketMessenger , FASRSZEFIRES. AREEIREdentify_client#Iifr
EFIREER, WFERFER, KRR pipe:opengles , EERIEEZFiHEAICIEITNAY
processor , BREHAIEXIMNAY connection . BIETHEENEFimEE. EEI#E processor A,
265E4MEOpenGL ESIESHILIE, £

anbox/src/anbox/graphics/opengles_message_processor.cpp :

OpenGlesMessageProcessor: :0penGlesMessageProcessor(
const std::shared_ptr<Renderer> &renderer,
const std::shared_ptr<network::SocketMessenger> &messenger)
: messenger_(messenger),
stream_(std: :make_shared<BufferedIostream>(messenger_)) {
// We have to read the client flags first before we can continue
// processing the actual commands
unsigned int client_flags = 0;
auto err = messenger_->receive_msg(
boost::asio::buffer(&client_flags, sizeof(unsigned int)));
if (err) ERROR("%s", err.message());

render_thread_.reset(RenderThread: :create(renderer, stream_.get(),
std: :ref(global_lock)));
if (!render_thread_->start())
BOOST_THROW_EXCEPTION(
std::runtime_error("Failed to start renderer thread"));

XELGE— M KFErender_threadZ | AR opencL ES HIIES:

intptr_t RenderThread::main() {
RenderThreadinfo threadiInfo;
ChecksumcalculatorThreadinfo threadChecksumInfo;

threadinfo.m_glDec.initGL(glesl _dispatch_get_proc_func, NULL);
threadInfo.m_gl12Dec.initGL(gles2_dispatch_get_proc_func, NULL);

initRendercontrolContext(&threadInfo.m_rcbDec);

ReadBuffer readBuf(STREAM_BUFFER_SIZE);



while (true) {
int stat = readBuf.getData(m_stream);
if (stat <= 0)
break;

bool progress;
do {
progress = false;

std: :unique_Tlock<std: :mutex> 1(m_lock);

size_t Tlast =
threadinfo.m_glDec.decode(readBuf.buf(), readBuf.validbata(),
m_stream) ;
if (Tast > 0) {
progress = true;
readBuf.consume(last);

Tast =
threadinfo.m_gl12Dec.decode(readBuf.buf(), readBuf.validbata(),
m_stream) ;
if (Tast > 0) {
progress = true;
readBuf.consume(last);

last = threadInfo.m_rcbec.decode(readBuf.buf(), readBuf.validbata(),
m_stream) ;
if (last > 0) {
readBuf.consume(last);
progress = true;

} while (progress);

threadinfo.m_gl12Dec.freeshader();
threadinfo.m_gl12Dec.freeProgram();

// Release references to the current thread's context/surfaces if any
renderer_->bindContext(0, 0, 0);
if (threadinfo.currcontext || threadiInfo.currbDrawsSurf ||
threadinfo.currreadsurf)
ERROR("RenderThread exiting with current context/surfaces");

renderer_->drainwindowSurface();
renderer_->drainRenderContext();

return 0;



intptr_t RenderThread::main() {
RenderThreadInfo threadInfo;
ChecksumcalculatorThreadInfo threadChecksumInfo;

threadinfo.m_glDec.initGL(glesl_dispatch_get_proc_func, NULL);
threadinfo.m_gl12Dec.initGL(gles2_dispatch_get_proc_func, NULL);
initRendercontrolContext(&threadInfo.m_rcbec);

ReadBuffer readBuf(STREAM_BUFFER_SIZE);

while (true) {
int stat = readBuf.getData(m_stream);
if (stat <= 0)
break;

bool progress;
do {
progress = false;

std::unique_Tock<std: :mutex> 1(m_lock);

size_t last =
threadinfo.m_glDec.decode(readBuf.buf(), readBuf.validbata(),
m_stream);
if (Tast > 0) {
progress = true;
readBuf.consume(last);

Tast =
threadinfo.m_gl12Dec.decode(readBuf.buf(), readBuf.validbata(),
m_stream);
if (last > 0) {
progress = true;
readBuf.consume(last);

last = threadInfo.m_rcbDec.decode(readBuf.buf(), readBuf.validbata(),
m_stream) ;
if (last > 0) {
readBuf.consume(last);
progress = true;

} while (progress);

threadinfo.m_g12Dec.freeShader();
threadinfo.m_gl12Dec.freeProgram();

// Release references to the current thread's context/surfaces if any

renderer_->bindContext(0, 0, 0);

if (threadInfo.currcContext || threadInfo.currbDrawsurf ||
threadInfo.currreadsurf)



ERROR("RenderThread exiting with current context/surfaces");

renderer_->drainwindowSurface();
renderer_->drainRendercContext();

return 0;

XNEEERE, BRI ="f21388, 952 GLESviDecoder . GLESv2Decoder ]
rendercontrol_decoder_context_t , AERIEKZINsocketZFISHER, KO RIBITMX=FfS
AN
7 (-]
FRFBAIHEXAIILTBIE anbox/external/android-emugl/host/1ibs , LEEBH RS EAnboxM Android
Emulator FEFITR, EHABHITITE.

3.2.2 Androidi

AndroidifsREEOpenGL ESHEXANES, HBE =X RMAYRIESISIESERESK, AnboxFiaILA
SCHEANdroid BRIFTE OpenGL ESIES TR I LT, WM TIEMNAYESR

BBAANdroid 24N{aISREOpenGL ESIESFHEIT fmiSesEMmtHR? &
anbox/android/opengl1/system/egl/Android.mk B]LASHIXANI 4 PR G ImiE N EX G

1ibEGL_emulation.so:

$(call emugl-begin-shared-1ibrary,libEGL_emulation)

FERIN BENEIE T AndroidfiNEOpenGL ESHYARAE, FrLARZEIS 1ibEGL_emulation.so B
£ /system/1i1b64/egl T, Androidfi=BEaIEMNEIZE, FEEIE/IOpenGL ESHIBRIAREN Y, XHF
Android EBFBRIOpenGL ESTHRESETIZE. tEHiEiAndroidEBFERIOpenGL ESTEHXATESED
LU,
A, 1ES N2 IERHSRAINE? ERIX 1R, BT egl KA opencL ATEEEER
eglInitialize REUHITHIEIL, £ anbox/android/opengl/system/egl/egl.cpp By
eglinitialize FEHLIEZ:

EGLBoolean eglInitialize(EGLDisplay dpy, EGLint *major, EGLint *minor)

{
VALIDATE_DISPLAY (dpy,EGL_FALSE);

if (!s_display.initialize(&s_egliface)) {
return EGL_FALSE;

}
if (major!=NULL)

*major = s_display.getversionMajor();
if (minor!=NULL)

*minor = s_display.getversionMinor();
return EGL_TRUE;

XMNREERT s_display.initialize(&s_egliface) , Ffi1kE
anbox/android/opengl/system/egl/eglDisplay.cppffinitialize BREL, X MNREEIINET
1ibGLESv1_CM_emulation.so ] 1ibGLESv2_emulation.so ., tHHiE openGL ES 1.0 #[]openGL

ES2.0 B9, REEER get BREL
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HostConnection *hcon = HostConnection::get();

{£ anbox/android/opengl/system/OpenglSystemCommon/HostConnection.cpp FRILIEE!:

HostConnection *HostConnection::get()

{
/* TODO: Make this configurable with a system property */
const int useQemuPipe = USE_QEMU_PIPE;

// Get thread info
EGLThreadInfo *tinfo = getEGLThreadInfo();
if (Itinfo) {

return NULL;

if (tinfo->hostConn == NULL) {
HostConnection *con = new HostConnection();
if (NULL == con) {
return NULL;

if (useQemuPipe) {
QemuPipeStream *stream = new QemuPipeStream(STREAM_BUFFER_SIZE);
if (Istream) {
ALOGE("Failed to create QemuPipeStream for host
connection!!!\n");
delete con;
return NULL;
3
if (stream->connect() < 0) {
ALOGE("Failed to connect to host (QemuPipeStream)!!!\n");
delete stream;
delete con;
return NULL;

3

con->m_stream = stream;
}
else /* luseQemuPipe */
{

TcpStream *stream = new TcpStream(STREAM_BUFFER_SIZE);

if (Istream) {
ALOGE("Failed to create TcpStream for host connection!!!\n");
delete con;
return NULL;

if (stream->connect("10.0.2.2", STREAM_PORT_NUM) < 0) {
ALOGE("Failed to connect to host (TcpStream)!!!\n");
delete stream;
delete con;
return NULL;

}

con->m_stream = stream;



// send zero 'clientFlags' to the host.
unsigned int *pClientFlags =
(unsigned int *)con->m_stream->allocBuffer(sizeof(unsigned
int));
*pClientFlags = 0;
con->m_stream->commitBuffer(sizeof(unsigned int));

ALOGD ("HostConnection::get() New Host Connection established %p, tid %d\n",
con, gettid());
tinfo->hostConn = con;

}

return tinfo->hostConn;

A% 0ANboxFHEYE gemuPipe , FcBIZE QemuPipestream , BT stream->connect() .
&ZE anbox/android/opengl/system/OpenglSystemCommon/QemuPipeStream.cpp :

int QemuPipeStream::connect(void)

{
m_sock = gemu_pipe_open("opengles");
if ('valid()) return -1;
return 0;

}

FEconnectBIRHESLL" opengles "TR&iERE qemu_pipe , BRI SBIXATHEIANbOXBIFERY unix
socket HfY pipe:opengles XM LT, XFEEAndroidin SEENIRHMIEZE LT, REREEELXN
BEEAndroid BRYOpenGL ESIEHEMEIEEin, HAJLAEIANdroid IFTEAPPRIER T .

3.2.3 BEiERaE

E3GREI=ANboxgRIEANdroidfI0penGL ESIERE, SRIXIESHEIRMIMNARTARIE LR NE
HSTARESEFEHIE, TEAERT:
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PROTOCOL BYTE STREAM

h 4

EMULATOR

UNMODIFIED PROTOCOL BYTE STREAM

RENDERER

E3.1 EZnEE

BFEVEZEEZENMT $ANDROID/external/qemu/android/android-
emugl1/host/1ibs/1ibopengiRender T, BiRET—1H
$$ANDROID/external/qgemu/android/android-
emug1/host/1ibs/TibopenglRender/render_api.h T (LLANATHEHAES) AOSLSZ{HEIARIEEO.

BMSL, BRERRUTRE:

o IRMH— N EHRIEFRIT Surface BFEETIHERTENERA. SREEWRBEEEIBNZ
[, BEEVEA initopenglrRender() K[EE.

o RMH—FMAERXE—MEEALNEER Ul R EREMIRIIST Surface, XELER
createopenGLSubwindow() FEAX, BiEW window ID 84 window fYEIHR, —LER4EEF—
MEEBEIEASEL. X Surface ERBRATHNYE/liett:, EEZEMMM surface BIEEIRE

35hT,

o RBMt—HAXBETNERRFHNR EGL/GLES <, XIEId4S initopenglRender() BfH—1
FMBRY “im 5" 55
ZOABR T, OSSN —NERESIGHPEMGEITAAE TCP xS, FiZisOE N INERERT
NEAIE— M FINERRSABERFEEE, BNXENEENNERRATIN— MBI
=
ATFERERE, I Unix sockets (£ Linux 8¢ OS X E) , By Win32 (s B&E (££ Windows
L) #EATEN. ATHEIX—R, DREEDRME (bl initLibraryQ ) FIf9 (Eba0
initopenglRender() ) Z/EEAF setStreamType() .

EREXEEI T, ROSEARBATR DS MERRSLE], XEETER mElEe U,

TR ERRRORAFERSENEFRRMEBCH 10stream LM, A, EAFSEREEIX
FERGE. WREBEN, XETFTLEREE, EIMERIEEFERATaY.
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4. OpenGL ES—E}li¥F—OpenGL

ZHIEREBRMDIRAES EGL/GLES 5395, SIRIEECHIEIRRSESRIBIRRE, RIENERT

)

PROTOCOL BYTE STREAM

RENDERER
h Y h 4 HOST
TRANSLATOR TRANSLATOR TRANSLATOR IE%SRIIE;OR
EGL GLES 1.1 GLES 2.0

E4.1 I5<SEER

FXL L, MURRNERINN, REXSHGSEEHENERRREEIEEN. BBEREN

ZE:
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EMULATICN EMULATION EMULATION
EGL GLES 11 GLES 2.0
[
4
QEMU PIPE

PROTOCOL BYTE STREAM

EMULATOR

GUEST
SYSTEM
LIERARIES

GUEST
KERMEL

UNMODIFIED PROTOCOL BYTE STREAM

REMDERER
TRAMNSLATOR TRANSLATOR TRAMSLATOR
EGL GLEZ 1.1 GLES 2.0
A F Y
L 4 r
GLX GL20 GL20D

E4.2 BN
4.1 BhiF=akE
AnboXIRIT SAMEEHAVEIER

TibEGL_translator -> EGL 1.2 ¥
1ibGLES_CM_translator  -> GLES 1.1 #i¥
TibGLES_V2_translator -> GLES 2.0 #Hi¥

XL ERGRRSAITF Android TR FHUERER T :

HOST
TRANSLATCR
LIERARIES

HOST
TRANSLATOR
LIERARIES

$ANDROID/external/qgemu/android/android-emugl/host/1ibs/Translator/EGL
$ANDROID/external/gemu/android/android-emugl/host/1ibs/Translator/GLES_CM
$ANDROID/external/qgemu/android/android-emugl/host/1ibs/Translator/GLES_V2

EFRRAE RN T B RPENAERERF:
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$ANDROID/external/gemu/android/android-emugl/host/1ibs/Translator/GLcommon

SIECETINFEFINETAUS, AnboxfERTTERLINUX N AIOpenGLERHITEIZES.

1.

androidREFYTEREIZFE, Android OpenGLEEINEFIERISE f&#ZE:(https:/blog.csdn.net/weixin

39880895/article/details/117314150)

2. AndroidtEfASEEIFAAIRIB(C+ ) 4485 (https://unbroken.blog.csdn.net/article/details/11948

74472spm=1001.2101.3001.6661.1&utm medium=distribute.pc relevant t0.none-task-blog-
2%7Edefault®%7ECTRLIST%7Edefault-1-119487447-blog-107620008.pc relevant aa2&depth 1
-utm source=distribute.pc relevant t0.none-task-blog-2%7Edefault%7ECTRLIST%7Edefault-1
-119487447-blog-107620008.pc relevant aa2&utm relevant index=1)

. Android F§{4 OpenGL ES #& U HIEAR 4§43 (https:/blog.csdn.net/tq08g2z/article/details/780

04065)

4. EiRAndroid Blg B~EIE(H) §Ei32: (https://blog.csdn.net/tyuiof/article/details/108675978)

. Android EGL —, ¥J3AERE §5#%:(https:/blog.csdn.net/kongbaidepao/article/details/108550

631)

6. Android BIFZAREI¥IGAH S&E:(https://blog.csdn.net/tq08g2z/article/details/77991008)
7. Android SurfaceFlingerZ OpenGLEENNEGTFE §&#%:(https://www.cnblogs.com/ztguang/p/1264

4892.html)

8. AnboxiERZSHr (—) $5#E: (https://blog.csdn.net/qq_36383272/article/details/105163579)
9. AnboxiBRISHT (Z) ——AnboxiBJRIE $E#:(https://blog.csdn.net/qg_36383272/article/de

10.

11.

tails/105680570)

AnboxiFEEDHT (=) ——AnboxiBRFIR(FRIDHT) $EEE (https://blog.csdn.net/qq 36383272/
article/details/105957455)
AnboxiEREoHT (PU) ——AnboxiEREE(RIZOMT) §EE:(https://blog.csdn.net/qq 36383272/

article/details/107919857)
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https://blog.csdn.net/weixin_39880895/article/details/117314150
https://unbroken.blog.csdn.net/article/details/119487447?spm=1001.2101.3001.6661.1&utm_medium=distribute.pc_relevant_t0.none-task-blog-2%7Edefault%7ECTRLIST%7Edefault-1-119487447-blog-107620008.pc_relevant_aa2&depth_1-utm_source=distribute.pc_relevant_t0.none-task-blog-2%7Edefault%7ECTRLIST%7Edefault-1-119487447-blog-107620008.pc_relevant_aa2&utm_relevant_index=1
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