Z R ERSESRRIAnboxBIHALFRIR

EREEANEST, RENRFEREROS ANTESRY, HREREES N

S

I FRHESE
APP
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Binder IPC

RIFRSS

BHERE
HAL

LinuxA#%

R RERREN

FEASHINE

R FEZEEEAFREFER, FFREAPIRRTRSMGERENHALEN, &t
SCIIRAFEFFAUERER

FEQTHEEEN, MUNERREHEZENRZE, EEENESSIERHE
MZERFIRSEEZERHALRIRZE

ZRICEMEHNRFRSBEAZIMERCAEN, TLILEREAR. HHEiE
B DNSHRHTIRER, BAMRRSE,

HALRTLAE N —MEOERMHIWESEIl, EERTEINARSIRSHRERIER
ROETADEE. B — MERE R = RSHERE R

Android{FEREMIinuxIZE5—REINZAR, W: YsZFBinder, B8 —L45k
IneE (REFEFP)

R EERER B RELA B anbox EIFIRIR

HrhfranboxfIEFAERF, REBEXROAIFZEHALELIRLINUX KERNEL, EAXREYRERE
ITERRAN, REARGRE—HFITFIHILIHALEEREAELINUX KERNELRRYIRENFIRTR SRR,
MRERERIMBEMETILINUGAMEIHE., E£ATEPRIX—Bir 25Nt BRmRNEES S
IMERFREMILINUXIRERSE, pIHEEFACERM TIFREELINUXGME S, SEILEASIERAR A
BB TRT YRR,

FLEFENEMERSS, EERERRATUIT:
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1 LERTEXTIEE
1. HALEE

EAXT, TERETHALREanboxiISLHl, ELXERFTPHALEEIERNMAL,
HWC(Hardware Composer)5Gralloc,

1.1 HWC(Hardware Composer)i&EiR
1.1.1 ENE

TICHREFERHAERAPI, —INNBEEEESRS surface -, surfacer]FEEEARE—D
X, B— I iEEsurfacef\FIElSHisurfaceflingerfrBREMERSHEIER L.
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EN.1 REBRAKE

BRE—MRERRININMETZAMEEERANES N —REERHRHME. TXER%T,
surfaceAFIRRITTRBERAN—EREN, EARES I ARRNETX, FIaELRHTIRER
WS, BERETREISHE, MPENNERSHE—EETX, BEREHRNEETEAERF
BESTHEE. TARRXNEIR? ERAPIEE T HRESUHIRGESHEIR——B =%,
XEFEXEETEG, FERENBNETKENFERRESO ISR, XM FRIRIEEREE
HHEGIERRHALE.

BRERRX—SHMEERABRIINHALEFHNHWCY . HWCEERRFRBREMFER, KERE
BNAISE, TEHERERNE N RRRERD —INSE, Ratts. NAUKEMY/S SAEEAIEH,
BER surfaceflinger FEGHATAIIFTABHINE, EXERBDHGHEINTE. BRfs. A
UNER/SEESNEREEBSR=0E, REBMEREERTIFIFEL.

SR, HWCEShFEENFEGHK, RNSERHREFEM=100E, LMENSXEEMRIAE:
RIS, RIFFIVSYyndES,

franbox&HH, HWCGEE—MEREERNINEE, ErlBEN BN ARSI E S mEIAE
HNENMEOF, BAEREMNE FRIIAEEBGILPILHWABBERS S REI—FRE L. anbox
£i@IdE hwcomposer SEIESIF surfaceFlinger A NN FREFARN—NE, FHIEESM Android
windowManager WEINEIIMSEESHER, KRN EMEIEIN AER.
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E1.2 HWCERE RSB

0R A°] REXAL

El1.3 HWCEBRE T SE?2
1.1.2 HWCIEIREZELIY
(1) REFRHWCERSRIZEIR
B5 surfaceflinger 8JZ HwComposer ,
// % Hmain_surfaceflinger.cpp
void surfaceFlinger::init() {
// Initialize the H/W composer object. There may or may not be an
// actual hardware composer underneath.

mHwC = new HwComposer(this,
*static_cast<HwComposer: :EventHandler *>(this));// ik a4

HwComposer FIIERREL,


af://n45
af://n46

// ik HDisplayHardware/HwComposer. cpp
HwComposer: :HWComposer (const sp<SurfaceFlinger>& flinger)
: mFlinger(flinger),
mAdapter(),
mHwcDevice(),
mDisplaybata(2),
mFreeDisplaySlots(),
mHwcDispTlaySlots(),
mCBContext(),
meventHandler(nullptr),
mvSyncCounts(),
mRemainingHwcVirtualDisplays(0)

for (size_t i=0 ; i<HWC_NUM_PHYSICAL_DISPLAY_TYPES ; i++) {
0;
0;

mLastHwvSync[i]
mvSyncCounts[i]

}
ToadHwcModule () ; // i FHHWCHER

HwComposer Fh&ERRET—A%{EF 1oadHweModule J5ENNESE HwComposer &1L,

// % EDisplayHardware/HwWComposer.cpp
void HwComposer::loadHwcModuTle()
{
ALOGV ("ToadHwcModule™);
// Fg XAfthardware.ht, FToR— AR
hw_module_t const* module;
// InEEEAE) T iR AL hwcompose s, HWC_HARDWARE_MODULE_IDE X #Ehwcomposer_defs.h
i, FIR"hwcomposer"
if (hw_get_module (HWC_HARDWARE_MODULE_ID, &module) != 0) {
ALOGE("%s module not found, aborting", HWC_HARDWARE_MODULE_ID);
abort();

hw_device_t* device = nullptr;
// LR R R open K BT A" composer " ifi{f 4, HWC_HARDWARE_COMPOSERE X
fEhwcomposer_defs.h#, F£x"composer"
int error = module->methods->open(module, HWC_HARDWARE_COMPOSER, &device);
if (error !'= 0) {
ALOGE("Failed to open HWC device (%s), aborting", strerror(-error));
abort();

uint32_t majorversion = (device->version >> 24) & OxF;
// mHwcDeviceZHWC2 . hd 5 X FJHWC2 : :Device, Frf 5HWCIIAE B #FiEidmHwecDevi ce
if (majorversion == 2) { // HWC2, hwc2_device_tJzhwcomposer?2.h 4 itk
mHwcDevice = std::make_unique<HWC2: :Device>(
reinterpret_cast<hwc2_device_t*>(device));
} else { // &&RFETHWCL, XHAHHWC2 LG/, Android7.0k LLRTERIAHR & HWCL,
hwc_composer_device_1_t/hwcomposer. hi {4 #) {4
mAdapter = std::make_unique<HwC20nlAdapter>(
reinterpret_cast<hwc_composer_device_1_t*>(device));
uint8_t minorversion = mAdapter->getHwclMinorversion();
if (minorversion < 1) {



ALOGE ("Cannot adapt to HWC version %d.%d",
static_cast<int32_t>((minorversion >> 8) & OxF),
static_cast<int32_t>(minorversion & 0xF));

abort();

}
mHwcDevice = std::make_unique<HWC2: :Device>(
static_cast<hwc2_device_t*>(mAdapter.get()));
}
// KRB ST R () e K U R 25 50&, Vi rtualDisplay 322 kR T35 5t
mRemainingHwcVirtualbisplays = mHwcDevice->getMaxVirtualDisplayCount();

SNk hweomposer REHRIEZ] hw_module_t , B3¥TFF composer iZE8%! hw_device_t ., FFLA—f%

BERTRETEHALRR, BASSIIRERATEMGRE.

// ik Ehardware/libhardware/include/hardware/hardware.h
typedef struct hw_module_t {
/ /= HALE 2 5EE— /N iEme thods,
struct hw_module_methods_t* methods;
}hw_module_t;

typedef struct hw_module_methods_t {
//IZEA methods R 45 Hh A — N R4 L Eopen, FISKRITH IR € MR &% .
int (*open) (const struct hw_module_t* module, const char* id,
struct hw_device_t** device);
} hw_module_methods_t;

EENHALEARRSCIIEREE X —> HAL_MODULE_INFO_SYM £iELEH, HEIZGEHHNE—INFER

AR hw_module_t , FEIEanboxZ 9 hwcomposer FEHRIIEN.,

//Fii% Hvendor/anbox/android/hwcomposer/hwcomposer. cpp
hwc_module_t HAL_MODULE_INFO_SYM = {

.common = {

.tag = HARDWARE_MODULE_TAG,

.version_major = 1,

.version_minor = 0,

.id = HWC_HARDWARE_MODULE_ID,

.name = "Hardware Composer Module",

.author = "Anbox Developers",

.methods = &hwc_module_methods,

15

XEAnboxHXFizmethoddN T, SCH Y HIFHEERAGIEC.

//7ii% Hvendor/anbox/android/hwcomposer/hwcomposer. cpp
//methods# sty HE — MR EEREE Eopen, HRIT IR @M% & (AnboxHZ 84528
static hw_module_methods_t hwc_module_methods = {

.open = hwc_device_open

18

//AnboxHix B 1 S HWCEE 5 & e 11100 2 2R 2



static int hwc_device_open(const hw_module_t* module, const char* name,
hw_device_t** device) {
ALOGD("%s", __PRETTY_FUNCTION__);

auto dev = new HwcContext;

dev->device.common.tag = HARDWARE_DEVICE_TAG; // Friciixic— /Ml {4 15 4 1) b

dev->device.common.version = HWC_DEVICE_API_VERSION_1_1; // HwCHi4, Anboxif &
FHHWCL

dev->device.common.module = const_cast<hw_module_t*>(module); // X (s
SEAT L NTERE

dev->device.common.close = hwc_device_close; // HWC# = HE 1 EAE

dev->device.prepare = hwc_prepare; // EZMICE, surfaceflingeril 2 & rfflayers
BAEdisplaysSHH, 5t HSH6ND1 splay it B B E S5k i,

dev->device.set = hwc_set; // hwc_set/7ik, fESurfaceFlingerZRHWCE %K ZE s,
I IEIREAT RI% A O B JZ 30 25 AnboXTE LT nux (1 A1 4 SEEL .

dev->device.eventControl = hwc_event_control; // fiifit/251Evsync, Anbox sz

dev->device.blank = hwc_blank; // Zfhwc(1.3LLH5) Hblankfzfildisplay on/off, i
Frithwe B i setPowerMode. SZHLINREZE AL, {HsetPowerModeIZEE £, AMEblankik0/1.

dev->device.query = hwc_query;

dev->device.getDisplayConfigs = hwc_get_ disp1ay_configS' / /IRBUE R B,

e 2 o bE SRR E M RUR E, Anbox RA—ANFEondt, Fithix B A2 A E 01k HWCHE AR EE M

e

dev->device.getDisplayAttributes = hwc_get_display_attributes; / /3l i 4 1]
B @

dev->device.registerProcs = hwc_register_procs;

dev->device.dump = nullptr;

*device = &dev->device.common;

return 0;

BB HIX—MERBETEAL 7 AnboxBIHWCERSCEIRERIRF T EAHEO, TEBERT
hwc_get_display_attributesflhwc_seti#{TiftfE, XFNRANboxEHWCX—ERS Bt AIFEHE.

(2) AnboxEBH EECIN

FEAnboxHIHWCHsEBRh, HhHFEHGEhwc_get_display_attributesflhwc_setfIsEH, XERIE
—WEERE DRI TIHE.

hwc_get_display_attributesiFEER5 LI

// % Hvendor/anbox/android/hwcomposer/hwcomposer. cpp
static int hwc_get_display_attributes(Chwc_composer_device_1* dev,
int disp, uint32_t config,
const uint32_t* attributes,
int32_t* values) {
if (disp !'= 0 || config != 0) {
return -EINVAL;

/ /#5715 Anbox i i [ QEMU_PIPE# #
DEFINE_AND_VALIDATE_HOST_CONNECTIONQ);

// TR E I 5 AnboxiE AR BUR 7 R {E
while (*attributes != HWC_DISPLAY_NO_ATTRIBUTE) {


af://n60

/ /& R IR 8% S 48, P HWC_DISPLAY_NO_ATTRIBUTE/Z XA attributes$iZH g
switch (*attributes) {
/ /3REU5RHEV S YNCTE L[R5 A5 5 1 R A
case HWC_DISPLAY_VSYNC_PERIOD:
*values = rcEnc->rcGetDisplayVvsyncPeriod(rcenc, disp);
break;
/ /I v i FIDPT 2 4L
case HWC_DISPLAY_WIDTH:
*values = rcEnc->rcGetDisplaywidth(rcEnc, disp);
break;
case HWC_DISPLAY_HEIGHT:
*values = rcEnc->rcGetDisplayHeight(rcEnc, disp);
break;
case HWC_DISPLAY_DPI_X:
*values = 1000 * rcEnc->rcGetDisplayDpiX(rcEnc, disp);
break;
case HWC_DISPLAY_DPI_Y:
*values = 1000 * rcEnc->rcGetDisplayDpiY(rcEnc, disp);
break;
default:
ALOGE ("Unknown attribute value 0x%02x", *attributes);
}
++attributes;
++values;

3

return 0;

ALIEBHhwc_get_ dlsplay_attrlbutes,:E BiITANbox KBV REIISEUREILE T EHWCIRELR, J5{&E
#&SurfaceFlingerfIHWCHITREEIH.

BT REEHEPrcEncARNTIERRR:

// W% Hvendor/anbox/android/hwcomposer/hwcomposer. cpp
/ /5K B T T QEMU_PIPERh T
#define DEFINE_AND_VALIDATE_HOST_CONNECTION() \
/ /3R ANbOXIQEMU_PIPEER:, XA AFHHIA
HostConnection *hostCon = HostConnection::get(); \
if (thostcon) { \
ALOGE (""hwcomposer.anbox: Failed to get host connection\n"); \
return -gIo; \
A\
/ /3B Ho st il rcEncode ry vk i [a] 3 FE 1 T 6
rendercontrol_encoder_context_t *rcenc = hostCon->rcencoder(); \
if ('rcénc) { \
ALOGE (""hwcomposer.anbox: Failed to get rendercControl encoder
context\n"); \
return -gIo; \

E%QEFL:ZQEMU_PWEH"JME, Bt 5N BAnboxE I ZiERE, FlIFSAnbox EF Protobuf i21+HY
RPC #TIB(E, THIRiZ/5 5,

XEBLArcEnc->rcGetDisplayWidth(rcEnc, disp) 9/, ifEEETERZEIAnboxEHoStIHAYGLEERENR
EIFYE:



/ /7% Evendor/anbox/src/anbox/graphics/emugl/Rendercontrol.cpp
int rcGetDisplaywidth(uint32_t display_id) {

(void)display_id;

// VAR RISERRIIGLEE M RRE, FRELSE FR i 2 B2 HF 2 K/

return static_cast<int>(anbox::graphics::emugl::DisplayInfo::get()-
>vertical_resolution());

}

RRBEIFHB(SIKBrcGetDisplayWidthiRElfE,

LA ERJSREXDisplayWidthp9sEHl, HitEMBE TEEkE, HitieilT:

® hwc_get_display_attributesspadrcEnc->rcGetDisplayWidthiziEEF3A1S 7 HostimAnboxAYE
AEEDHERIE,

@ dev->device.getDisplayAttributes = hwc_get_display_attributesiZzHWCEMAISE, #)
populateConfigsEREARIZIEHIREYER.

® EEHHWC20n1Adapter:populatePrimary(). HWC20n1Adapter::hwc1Hotplug,
HWC20n1Adapter::createVirtualDisplay%/55AH, FERTEERNIEOIE. PERITREERZ
&IEEiREZ5SurfaceFlingerHWC,

hwc_setiREIERSCIR

dev->device.setESurfaceFlinerEkHWCKIZEIEEHIE, TEIXEBEAnboxTIALEANIRELE
hwc_set, EEREGECIINT:

// % Hvendor/anbox/android/hwcomposer/hwcomposer. cpp
static int hwc_set(hwc_composer_device_1_t* dev, size_t numDisplays,
hwc_display_contents_1_t** displays) {
// HWC LR
auto context = reinterpret_cast<HwcContext*>(dev);

if (displays == NULL || displays[0] == NULL)

return -EFAULT;
//i8idQEMU_PIPE 5Anboxi%H:, A E—»Fhwc_get_display_attributes  [{szH]
DEFINE_AND_VALIDATE_HOST_CONNECTION(Q);

// AR Y ETdisplay AT E =
for (size_t i = 0 ; i < displays[0]->numHwLayers ; i++) {
const auto Tayer = &displays[0]->hwLayers[i];

/ /S e B TR S A R E, kit

if (layer->flags & HWC_SKIP_LAYER ||
Tayer->flags & HWC_IS_CURSOR_LAYER)
continue;

// Anbox F, HWC/:fff)compositionTypef&HWC_FRAMEBUFFER_TARGET
1f(1ayer—>compositionType == HWC_FRAMEBUFFER_TARGET) {
// iidgetpropZEiil“anbox. layer_name”iX— R4 B, KR E LM Layerd
R
std::string layer_name_temp =
android: :base: :GetProperty("anbox.layer_name", "");
std::string layer_name = layer_name_temp.substr(0,
layer_name_temp.find('#'));
strncpy(layer->name, layer_name.c_str(), layer_name.size());



// WIEEEN=HNESE, KikLayer
rcenc->rcPostLayer(rcEnc,
layer->name,
cb->hostHandle,
layer->planeAlpha / 255,
layer->sourcecCrop.left,
layer->sourceCrop. top,
layer->sourcecCrop.right,
layer->sourceCrop.bottom,
layer->displayFrame.left,
layer->displayFrame.top,
layer->displayFrame.right,
layer->displayFrame.bottom) ;
hostCon->flush(); //Rl#HZEmx
}
// EHIAnbox i Kikse e
rcenc->rcPostAllLayersbone(rcenc);

check_sync_fds(numbisplays, displays);

return 0;

ZEE T, E—NERFBE anbox.layer_name"2Anbox{EM T SurfaceFlinger, TEESHHEER
BIIEEEBTMAEAX N EEY, BEASTIT:

// Wik H: frameworks/native/services/surfaceflinger/BufferLayer.cpp
//surfaceFlinger
void BufferLayer::setPerFrameData(const sp<const DisplayDevice>& displayDevice,
const ui::Transform& transform, const Rect&
viewport,
int32_t supportedPerFrameMetadata,
const ui::Dataspace targetDataspace) {
RETURN_IF_NO_HWC_LAYER(displayDevice);

// Apply this display's projection's viewport to the visible region

// before giving it to the HWC HAL.

/ /FRECA] WX 45

Region visible = transform.transform(visibleRegion.intersect(viewport));

// TFREET R T E )R
const auto outputLayer = findoutputLayerForDisplay(displayDevice);
LOG_FATAL_IF(!outputLayer || !outputLayer->getState().hwc);
//3RILHWC
auto& hwcLayer = (*outputLayer->getState().hwc).hwcLayer;
/ /1R 4RT R E 4 Bk Fllanbox . Tayer_name & 4ilid &
android: :base: :SetProperty("anbox.layer_name", mName.string());
/ /58 NI NIRRT WL IX 35 2 HWC
auto error = hwcLayer->setVisibleRegion(visible);
if (error != HWC2::Error::None) {
ALOGE("[%s] Failed to set visible region: %s (%d)", mName.string(),
to_string(error).c_str(), static_cast<int32_t>(error));c
visible.dump(LOG_TAG) ;



ffrcEnc->rcPostLayerdiplaneAlpha, sourceCrop. displayFrameffi @ FEHEN X,

/ LCD \

/ e \ ~ DownlLayer EERE
Vd _ ™ LayerXiz;
__‘_" displayFrame
( \ sourceCrop

sourceCrop visibleRegion displayFrame

\_/ damage .. visibleRegion

FELayerKig;

damageRegion

B0000000

‘ ToplLayer ’

& / visibleRegion
transparent
Region

E1.4 £E R RXEERIXERE
@ sourceCropEXfLayer#TEIHIRY, (EEENERS LayerfIRNBHITER, sourceCropAiBidLayerf
K, BEREEN,

@ displayFramez/rlLayerff R FRRRXIE, BNk, RsourceCropXIFERE FRERK
15, displayFrame—f&3kin, INFREMXIE, MmdisplayFramenlfgttsourceCropk, ATRE/N, iXEB
RIEEN, ARFEMEN, XMESKITHEELIER.,

MESMEBLINnUXAYANboxse, _EMErcEnc->rcPostlLayer, rcEnc->rcPostAllLayersDonett, EFF
AnboxRIRPCELH], IXEEREERLEANboxFIFRBRINTT, ASEIR.

transparentRegion

//7 5% Hvendor/anbox/src/anbox/graphics/emugl/RendercControl.cpp
void rcPostLayer(const char *name, uint32_t color_buffer, float alpha,
int32_t sourceCropLeft, int32_t sourceCropTop,
int32_t sourceCropRight, int32_t sourceCropBottom,
int32_t displayFrameLeft, int32_t displayFrameTop,
int32_t displayFrameRight, int32_t displayFrameBottom) {
VU4 =SVRI=8 ST AL N
Renderable r{
name,
color_buffer,
alpha,
{displayFrameLeft, displayFrameTop, displayFrameRight,
displayFrameBottom},
{sourcecCropLeft, sourceCropTop, sourceCropRight, sourceCropBottom}};
// Ki%% Anboxffisurfaceit#
frame_layers.push_back(r);

void rcPostAllLayersbone() {
if (composer) composer->submit_layers(frame_layers);



/ /3 Layer G ilHET i X
frame_layers.clear();

3

1.2 Gralloct&iR
1.21 MIENA

fEandroidEIfZZRaS, Gralloc B TRKAIEM, BTHREMETNIIHTERIXSE, B— K
Foficss. BB ks fUTEPRHE. AFErSEEUTEY:

o MM (CPU) iIAINTRAYSAEE

o M (GPU) IHiRINTFRISRER

o EREKBATFRE OpenGL ES (GLES) 532
o RIS EESFERNE

BN, WMNBREFTHHIEDXIERIETE RGBA_8888 1&E, FELFTSIEHBENKMEHIE T,
GrallocLAR-G-B-ANIIF B MERCIE—MFTEFX, NRBERIER, E£r-A1EBXMEHE
EIEE X BEMXIES GLES 38, BBAGralloca] LMM{EAIGLESIREIAEEMAYEEIS, LLaNBGRARE
. JEgkMEswizzledmBFIEMEREER. RFEHERRE SRS ILURS .

Gralloc JREIREIRRILAEIY Binder B FEZ [BIHTEIR,

1.2.2 GralloctEIRIYEECIN
(1) GrallocfEZ ARRYSEIR

GrallocEEEN T LA HAL_MODULE_INFO_SYM NFFEAIZEAYA private_module_t FILEEFIIR

//TiEEgralloc.cpp

static struct hw_module_methods_t gralloc_module_methods = {
.open = gralloc_device_open

I

struct private_module_t HAL_MODULE_INFO_SYM = {
.base = {
.common = {
.tag = HARDWARE_MODULE_TAG,
.version_major = 1,
.version_minor = 0,
.id = GRALLOC_HARDWARE_MODULE_ID,
.name = "Graphics Memory Allocator Module",
.author = "The Android Open Source Project",
.methods = &gralloc_module_methods
e
.registerBuffer = gralloc_register_buffer,
.unregisterBuffer = gralloc_unregister_buffer,
.Tock = gralloc_lock,
.unlock = gralloc_unlock,
e
.framebuffer = 0,
.flags = 0,


af://n85
af://n86
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.humBuffers 0,

.buffermask = 0,

.lock = PTHREAD_MUTEX_INITIALIZER,
.currentBuffer = 0,

private_module_t FAFHRIAGrallociER FRIRFE FXEE, T E(EAR IR E N XERE
g X,

// % Fgralloc/gralloc_priv.h
struct private_module_t {
gralloc_module_t base;

private_handle_t* framebuffer; //f&[a RS mi%E X 1A

uint32_t flags; //HRbrERGMILEM X E SRR

uint32_t numBuffers;//ExR RGBT XA EH 2 /DA EIEZEMIX

uint32_t bufferMask; //icsk RGumigem X A i ] 22 i X 4 F 1%
pthread_mutex_t lock; //—AH/F8i, HR{F 45 Hprivate_module_tiHF17
buffer_handle_t currentBuffer; / /[ 24 i b7 gy de i R 22 (X

int pmem_master;

void* pmem_master_base;

struct fb_var_screeninfo info; //{fAF4%& SoRBEmshaSE RS R
struct fb_fix_screeninfo finfo; //{AF1BEa 0B E 2 JEERE L
float xdpi; //#iik ¥ SoRBrIETE

float ydpi; //#ikdt#& R RERE

float fps; //FRHd s BE R H AR

gralloc_module_t FiFfHiRgrallocdiERER, FERFHEHERMEFE DX,

//7ii%Fhardware/gralloc.h
typedef struct gralloc_module_t {

struct hw_module_t common;

int (*registerBuffer) (struct gralloc_module_t const* module,
buffer_handle_t handle); / /Wi —BL &L L2 X Bl —ANBERE A bkl 2% 7]

int (*unregisterBuffer) (struct gralloc_module_t const* module,
buffer_handle_t handle); / /WK B — L2 X B — N gEFR 1 Mk 2 ] 2

int (*Tock) (struct gralloc_module_t const* module,
buffer_handle_t handle, int usage,
int 1, int t, int w, int h,
void** vaddr);//8E — MR M ETE g X

int (*unlock) (struct gralloc_module_t const* module,
buffer_handle_t handle);//f8i— a5 MBI X

int (*perform) (struct gralloc_module_t const* module,
int operation, ... );

int (*TockAsync) (struct gralloc_module_t const* module,
buffer_handle_t handle, int usage,
int 1, int t, int w, int h,
void** vaddr, int fenceFd);

int (*unlockAsync) (struct gralloc_module_t const* module,
buffer_handle_t handle, int* fenceFd);

int (*TockAsync_ycbcr) (struct gralloc_module_t const* module
buffer_handle_t handle, int usage,



int 1, int t, int w, int h,
struct android_ycbcr *ycbcr, int fenceFd);
void* reserved_proc[3];
} gralloc_module_t;

alloc_device_t FAF#HiAgrallociZZHIEE.

/ /% Thardware/gralloc.h
typedef struct alloc_device_t {
struct hw_device_t common;
int (*alloc) (struct alloc_device_t* dev,
int w, int h, int format, int usage,
buffer_handle_t* handle, int* stride);//H T/l BB R X
int (*free)(struct alloc_device_t* dev,
buffer_handle_t handle);//MTRida e BB ZH X
void (*dump) (struct alloc_device_t *dev, char *buff, int buff_len);
void* reserved_proc[7];
} alloc_device_t;

&8 hw_module_t FEAFTREMEHRIMNRE, Hithardware hifixe X,

fEgralloc.h 5, EFEX T GRALLOC_HARDWARE_GPUO i%%% B+ EEAFOBREMETK,
hw_module_tFF AR IHMS EGralloci&Ell, fhw_device tUIBEFHAEHMSEGrallocigs, B
TSR BB AT LR BRI R AVRE S BAR R,

Ef &R XAVEENIA private_handle_t SRHEIA

// Wik Fgralloc/gralloc_priv.h
struct private_handle_t : public native_handle {
#else
struct private_handle_t {

struct native_handle nativeHandle;
#endif

enum {

PRIV_FLAGS_FRAMEBUFFER = 0x00000001

3

// file-descriptors

int fd; //3RE—ADSREREF, XA SRR R EE A48 m g b X 5%, B fg I — s 44t
AT

// ints

int magic;

int flags; //HRFER =N X bR E, L— D M X s EEE T
PRIV_FLAGS_FRAMEBUFFERI®IIN fi, 78 R EMIZZ M X 43 L .

int size; // AR — G X BN

int offset;/ /MR — "G 0h X (19 #% Huhik

// FIXME: the attributes below should be out-of-Tine

uint64_t base __attribute__((aligned(8)));// Ak — AL X )5k frita bl

int pid;// kiR — A2 X 6] I PID

GRALLOC_HARDWARE_GPUO iR (LA alloc_device_t iR, EHK alloc_device_t B
TR R allocklfree, E L3 [alloc_device tFAFHiRgrallociREAESEIEZIER.



// % Thardware/gralloc.h
static inline int gralloc_ open(const struct hw_module_t* module,
struct alloc_device_t** device) {
return module->methods->open(module,
GRALLOC_HARDWARE_GPUO, (struct hw_device_t**)device);

modulefgEINE— N REIAGrallociE AT hw_module_t Z5#A(K, BRIRZITEmethodsFrigHE
AY— hw_module_methods_t ZEMRAYRL R ERE opentBal T GrallociRER AR EL
gralloc_device_open, XE{ENAIIZEER /I GRALLOC_HARDWARE_GPUO , FRRYEIFTFHIEgpuik
=

TEX R ERZAFREE— gralloc_context_t 5K, FEWCHIMRZEEdeviceitfT
B, 5K gralloc_context_t BIpERZEEdevicefI2EEL)g gralloc_device_t , BRFEHA—
Mgrallocike. RIEIRE, grallocdRBERARSEMBFENEMETXA, XEEIERCRIMRE
alloctlifreegsLElAg, MIXEAILAIEL, H#{gralloc_device_open Fri]FFAIgrallociREHIAREAES
allockfree BIHHIRE S GralloctEEAIREL gralloc_alloc Fl gralloc_free

GrallocFEF @I _FEMARECRATE P XA EFOFE.

// i Hgralloc.cpp
int gralloc_device open(const hw_module_t* module, const char* name,
hw_device_t** device)

int status = -EINVAL;
if (!strcmp(name, GRALLOC_HARDWARE_GPU0)) {
gralloc_context_t *dev;
dev = (gralloc_context_t*)malloc(sizeof(*dev));
/* initialize our state here */
memset(dev, 0, sizeof(*dev));
/* initialize the procs */
dev->device.common.tag = HARDWARE_DEVICE_TAG; // iXj& —MlifFFilsric
dev->device.common.version = 0;
dev->device.common.module = const_cast<hw_module_t*>(module);
dev->device.common.close = gralloc_close; // grallocl
dev->device.alloc = gralloc_alloc; //4rELETEZEIX
dev->device.free = gralloc_free; // BiEHZMNX
*device = &dev->device.common;
status = 0;
} else {
status = fb_device_open(module, name, device);

3

return status;

(2) anboxEB> EEC

T HEEEEXIGralloEREMFITHRNE, AT THRIX—EFoRITIFE, XBERXEED
GraIIocE’JHALff;iJ&EPAnbox,IﬂﬂE’JEEE"é&gralloc aIIocﬂ]graIIoc freelfHTM4E, MEAFATIE SR
#a9fb_post, AnboxFF>RSLHL,

gralloc_allocRgralloc_freefEAILIR


af://n119

BE7oiX B M4Agralloc_allocLAK gralloc_freel&l, XEARMIELIERZPXAIFIESHEN, B
TRBERS, XEEMEELD.

//7ii%H: vendor/anbox/android/opengl/system/gralloc/gralloc.cpp
/ /Wi BT X
static int gralloc_alloc(alloc_device_t* dev,
int w, int h, int format, int usage,
buffer_handle_t* pHandle, int* pStride)

//%4migralloc#
gralloc_device_t *grdev = (gralloc_device_t *)dev;

// bR, AEARIEERT S ar6ral Toc G MM X S, tinHFcameraffiZZ X
//

// Note: in screen capture mode, both sw_write and hw_write will be on
// and this is a valid usage

//

bool sw_write = (0 != (usage & GRALLOC_USAGE_SW_WRITE_MASK)) ;

bool hw_write = (usage & GRALLOC_USAGE_HW_RENDER) ;

bool sw_read = (0 !'= (usage & GRALLOC_USAGE_SW_READ_MASK)) ;

bool hw_cam_write = usage & GRALLOC_USAGE_HW_CAMERA_WRITE;

bool hw_cam_read = usage & GRALLOC_USAGE_HW_CAMERA_READ;

bool hw_vid_enc_read = usage & GRALLOC_USAGE_HW_VIDEO_ENCODER;

// X K/N, AnboxHIX — iU R A T ashmemix — 3 22 py £7 >k i 22 pit X
int ashmem_size = 0;
int stride = w;

|
o

GLenum glFormat =
GLenum glType =

o

int bpp = 0;
int align = 1;
// BN Rh EGAE REFEA RIE R A E (bpp) K. 1% (g1 Format) S5l B 15 5
switch (format) {
case HAL_PIXEL_FORMAT_RGBA_8888:
case HAL_PIXEL_FORMAT_RGBX_8888:
case HAL_PIXEL_FORMAT_BGRA_8888:
bpp = 4;
glFormat = GL_RGBA;
glType = GL_UNSIGNED_BYTE;

break;
case HAL_PIXEL_FORMAT_RGB_888:
bpp = 3;

glFormat = GL_RGB;
glType = GL_UNSIGNED_BYTE;
break;

default:

ALOGE("gralloc_alloc: Unknown format %d", format);
return -EINVAL;

/ /AR &4 ashmem_s i zed# hin K/
if (sw_read || sw_write || hw_cam_write || hw_vid_enc_read) {

// keep space for image on guest memory if SW access is needed



// or if the camera is doing writing

if (yuv_format) {
size_t yStride = (w*bpp + (align - 1)) & ~(align-1);
size_t uvStride = (yStride / 2 + (align - 1)) & ~(align-1);
size_t uvHeight = h / 2;
ashmem_size += yStride * h + 2 * (uvHeight * uvStride);
stride = yStride / bpp;

} else {
size_t bpr = (w*bpp + (align-1)) & ~(align-1);
ashmem_size += (bpr * h);
stride = bpr / bpp;

/ /B NAnbox ) SE LA SEbr IR ME ¥ %, Mashmem (Android BELILZNIE, 5T mmap R %iH
D HiEEEZE X

//

// Allocate space in ashmem if needed
//

int fd = -1;

if (ashmem_size > 0) {
// *fFrpage size;
ashmem_size = (ashmem_size + (PAGE_SIZE-1)) & ~(PAGE_SIZE-1);
// Hitigralloc-bufferXi# Kt = A1
fd = ashmem_create_region("gralloc-buffer", ashmem_size);
if (fd < 0) {
ALOGE("gralloc_alloc failed to create ashmem region: %s\n",
strerror(errno));
return -errno;

}

// LY FHE T I B

cb_handle_t *cb = new cb_handle_t(fd, ashmem_size, usage, w, h,
frameworkFormat, format, glFormat, glType);

if (ashmem_size > 0) {
// HIER T gimapix b X%
//
// map ashmem region if exist
//
void *vaddr;
int err = map_buffer(cb, &vaddr);
if Cerr) {
close(fd);
delete cb;
return err;

// map ik s fd2h =l
cb->setFd(fd);

[/ ZHGRARA — g L 2 ml 2 Anbox /£ EALMISurface %, Lo an s EEo 5 i el 7 2 A
L
//



// Allocate ColorBuffer handle on the host (only if h/w access 1is allowed)
// only do this for some h/w usages, not all.
// Also do this if we need to read from the surface, in this case the
// rendering will still happen on the host but we also need to be able to
// read back from the color buffer, which requires that there is a buffer
//
if (usage & (GRALLOC_USAGE_HW_TEXTURE | GRALLOC_USAGE_HW_RENDER |
GRALLOC_USAGE_HW_2D | GRALLOC_USAGE_HW_COMPOSER |
GRALLOC_USAGE_HW_FB | GRALLOC_USAGE_SW_READ_MASK) ) {
DEFINE_HOST_CONNECTION;
// FEILQEMU_PIPEZEE: )5 3K Anboxi 4R, X B2 T Anboxi[IBuffer, 75lAnbox ki
SFEfE, G 7t aEHand] el [\l 45 A 8 O D A .
if (hostCon && rcenc) {
cb->hostHandle = rcEnc->rcCreatecColorBuffer(rcenc, w, h, glFormat);
D("Created host CcolorBuffer 0x%x\n", cb->hostHandle);

if (!cb->hostHandle) {
// Could not create colorbuffer on host !!!
close(fd);
delete cb;
return -EIO;

// HAERY), EAHRRPEREIGR D, EHERhandTef A2 2 HIERFIR GEER)

//

// alloc succeeded - insert the allocated handle to the allocated list
//

AllocListNode *node = new AllocListNode();
pthread_mutex_lock(&grdev->Tock); // HJ+%i

// IEFIX
node->handle = cb;
node->next = grdev->allocListHead;

node->prev = NULL; //Hi|afEE
// R LAEE
if (grdev->allocListHead) {
grdev->allocListHead->prev = node;
}
grdev->allocListHead = node;
pthread_mutex_unlock(&grdev->lock); //iE A<, B O w8

*pHandle = cb;
return 0O;

/ /REIEE 22 0 X
static int gralloc_free(alloc_device_t* dev,
buffer_handle_t handle)

const cb_handle_t *cb = (const cb_handle_t *)handle;
if (!cb_handle_t::validate((cb_handle_t*)cb)) {
ERR("gralloc_free: invalid handle");
return -EINVAL;



// nHiZHand1ef E4MAnbox FffjColorBuffer, ##QEMU_PIPEFRIIE .
if (cb->hostHandle != 0) {
DEFINE_AND_VALIDATE_HOST_CONNECTION;
D("Closing host ColorBuffer 0x%x\n", cb->hostHandle);
rcenc->rccClosecolorBuffer(rcenc, cb->hostHandle);

// FEJashmemHid (1) X 5
//
// detach and unmap ashmem area if present
//
if (cb->fd > 0) {
if (cb->ashmemSize > 0 && cb->ashmemBase) {
munmap((void *)cb->ashmemBase, cb->ashmemSize);

}
close(cb->fd);

// MNEHIERFIFR EERLID Bk
// remove it from the allocated list
gralloc_device_t *grdev = (gralloc_device_t *)dev;
pthread_mutex_lock(&grdev->Tock); // H/Jw%i
// BENIEFX
AllocListNode *n = grdev->allocListHead;
// HRFBFEE D RIXAMHand]e
whiTle( n & n->handle != cb ) {
n = n->next;
}
if (n) {
// buffer found on 1list - remove it from Tist
// HBHandle® Hi#ER
if (n->next) {
n->next->prev = n->prev;
3
if (n->prev) {
n->prev->next = n->next;
3
else {
grdev->allocListHead = n->next;

delete n;

}
pthread_mutex_unlock(&grdev->Tock); //iBthiluFt0x, HUH H w80

delete cb;

return 0;

LA Egralloc_allocSCEl 7 B2 &M XMIERTE, gralloc_freeSIl &P XEERR, {BREEAnboxH, H
FisELRNERE RS, HERERSIIBIESCIl, RttESERE D XAVEXSCIS Rkt
W, SZENN, SChRFVBEGS, XBETXEXRETEE, Flan@idFrameBuffersiZDRME
N EFHTRIES,
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