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Android A B H Z AudioFlinger
— HEY

AT Audio 5543 1) AudioTrack, il AudioTrack 1£k AF (AudioFlinger) 1%/ i,
KEE AF SEUT5E R TAER

7E AT (AudioTrack) H, FATH KB HGE AT HKEH S, AL RS Audio g LI 2.
WHY? X5 AT J& AF [{1% )5, 1 AF J& Android 245 Audio BB AKX, AT AT M
SRR, BALL AT HUINBIE, AF BT BN & A2 0T T

X opT AT SRt BRI e iR Y (B FE viis 2k nl L T, (EA&X T AF (115,
fa] B BT R AR B A VB NS . DA BRORILTAL L 75 35 28 BRI e — R LA 52
TR . 28ANE BT, 24T music FIRHESR B T, A EALBEE S ERE?

HARLE Android H, i85 —MIY AudioPolicyService () (APS) P4, 1H&'E &84T 5] AF
g, BRI AR SEBRAIER A BE TR A . LA, £160 Android 75 & 5emg LA, Fhos sl
7ELLJE K3 T

= MATHIANE AF

FARMKE R BIEESR AF I ET ), DA — NI R Wl A IR R A R
KA AF AL BEGURE . JoBH AF IR, XA CIS BRI IS5 3 2 e 7= A= (i e 2

2.1 AudioFlinger B9E4
AF &S, XA HIEZ 3T IR ? ARAS7E

framework/base/media/mediaserver/Main_mediaServer.cpp .
int main(int arge, char** argv)
{
sp<ProcessState> proc(ProcessState::self ());

sp<IServiceManager> sm = defaultServiceManager ();

AudioFlinger:: instantiate () ; ———>AF #4952 454k

AudioPolicyService:: instantiate () ; ——>APS #4 5= 454k

ProcessState: :self () ->startThreadPool () ;
IPCThreadState: : self () —>joinThreadPool ();
}

kR, HRIXANFEF G R IR EH, KA F]. AfT AF, APS &4 MediaService #= CameraService #f
RE|—AETE?

& AF b4 ) 1u#4 R4k, £ framework/base/libs/audioFlinger/audioFlinger. cpp P
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4 7, Android RGBSR, BK AR WHER I T AL, ST GO AR I AT
D% SN

2.2 AT AH AF B)ifiFE

BIX B A4S AT W AF RAES—F, fFS X AMNF 208 AF 1 A 738,
--Z:in AudioTrack 73 #7117 4.1
1. A&

AudioTrack* IpTrack = new AudioTrack ();
IpTrack—>set (...);
EARANE] CH89 AT T . T &@Z AT 49 set Fik
audio-io_handle-t output =
AudioSystem: : getOutput ((AudioSystem: : stream_type) streamType,
sampleRate, format, channels, (AudioSystem::output_flags)flags);
status-t status = createTrack (streamType, sampleRate, format, channelCount,
frameCount, flags, sharedBuffer, output);
————— >creatTrack &4 AF 3T 8. KAMA A createTrack £-&i54)
const sp<IAudioFlinger>& audioFlinger = AudioSystem:: get_audio_flinger ();
// F@ikEZ, i AF 4§ createTrack 3£4F—4 TAudioTrack 3+ %
sp<IAudioTrack> track = audioFlinger—>createTrack();
sp<IMemory> cblk = track—>getCblk (); //KIREFZ N Fa)E LM

SEE— NRIERRE, AT T AF [ createTrack #5753 —> 1AudioTrack X%, 4R MiXANX %
PR AN R

2. start f= write

FF AT [f start, flhiFwh &8 H 1AudioTrack 1) start It 2

void AudioTrack:: start ()
{
[/ R, ..
status_t status = mAudioTrack->start();
}

B write We?2BRA T2 A 1, AT it WAL= buffer o
® Lock Ziff
® L
®  Unlock 2247

E&E, X E 8§ Lock F= Unlock A4 M6y, H A BB IELEAMNFEHRL

Y X BTG, A AF — B AR R
) Lock,
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®  LZEAr, HHEE
[} Unlock
M, BAGE T AT R AF RFE T« Fill—AN— 1.

2.3 AF fifg

1 createTrack




Eisees

A AF RECT, SORE ok TR Z KB B 450 . B SEnh, FRITTARBfl ik fg, s
h B X LR AR (AR P AENL ! RS A S e TIXLER 1Y, T — i R,
563k N F| checkPlaybackThread | &% -

G B AR B K] «
® AR [MRIE R B QI LR, HEIE T audio ) HAL X%
o U AT 2 AF IS AR, RAINA AR L, WEE R
WA 61 R 1) T W
®  output EMEATIEIL? WA A EAER key SRHELL e ?
Fok, 1452 Output KSRIEHCEE T -

NI o E3R

uml.org.cn



_;_I_ﬁ;owz%-gﬂ
; uml.org.cn

A3 AudioSystem::getOutput A - VER, KNFAAIXE RGN — U,y Bk A
AudioTrack 84N iERE HL 12 . AudioSystem (1) 47 & 7T framework/base/media/libmedia/AudioSystem.cpp
|:':|
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BAIp? TR APS A BEH E output F1F L ?

BINE, B SRBEE R . BSEAFHF APS LT AR . ALIXANIA LU T, £ AF
—HAEHA Main_mediaService.cpp H S4B .

{7 & 7E framework/base/lib/libaudioflinger/ AudioPolicyService.cpp

FAVEE AudioManagerBase 1443t s 20T, 7t framework/base/lib/audioFlinger/
AudioPolicyManagerBase.cpp .
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R, B ARBATEZATE] APS,

HERMIFRRY S 2 5, AT IRl A e
®  7f AudioTrack 1, /T set p& %k
®  IX/MpF¥£rilid AudioSystem::getOutput 7334~ output (1) FH
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®  AS [fJ getOutput 231 |l AudioPolicyService ] getOutput
®  RIGIRATE B 4RELUE APS () getOutPut T, e KA H APS BIELKI 474
® KU APS GIEE 26— AudioManagerBase, X/ AMB )6
N 25 APS [f] openOutput.
®  APS [f] openOutput X %1 H] AudioFlinger [¥] openOutput
A—ANEEIR], AT o set ZHi2x il APS R IN i 5 244 A2 AF [¥] openOutput —#£15? f1 KA —
FE, ISk % openOutput [ X 244 S %e ?
FEICR XA &S, FATIGRZE N APS 1] getOutPut &7 .

HA% AMB (13 i85 LS Audio 2248 HEE IR INHBEEAT T PR B . SE, 2XHL, FRAIENE T, 78
APS 438 [ I 2> open —~> Output, [filiX /> Output X2 H] AF ] openOutput.
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AT, &R AT LEH AF 1) createTrack (K21, AF 4L A MRICL AL T, i
A Mixer BBLL R, B RFNES A % R0 . XM T-FIIRATIITEA AN AF TR SRR
W&, Lock, B2ZEfF, 5 Audio f#if:, Unlock. AJBEHSEAEIXAN LR HAl M .

2 4k4r createTrack

SR KBS T . 3 thread->createTrack | IE. | R LRSS BB N 2 BT 483k
LB T
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ERA sourceinsight ctrl+ bR 20 St dE N 2R THEIXAN R EL

FRIXABEAAEAE, BRATNZAEAEBI A2 X B4
® /> MixerThread, W#BAT— LA LRAT track 1)
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ok, NEHZ /DA AudioTrack, I&AE AF bi#liH —A track XF 460N, i HIX EEHT A 1) track
WG AR AR SR A . - HEPE S Mixer W]
22 new Track, AT EIE KRB I Z N A7 AEMl LA gy 1
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mCblk->frameCount = frameCount;

mCblk->sampleRate = sampleRate;
mCblk—>channels = (uint8_t) channelCount;
}

W7, fR—AEREER, SRR L ) L 45 74 audio_track_cblk_t J2ifi i placement
new 7t —HRILE N AE FORBIEE .
[0 3] AF ff] CreateTrack, X4 —f)if:

trackHandle = new TrackHandle (track);
return trackHandle; ——-» /&, XA E R ZLKEF] AT A2 T4,
trackHandle #9#9E4% B 7 thread—>createTrack-1 #9i& =144,

2.4 FEHLOMIR

BEIXIEHN, — LB Z N class KA, AFBE, QRACCRFIEE. Ysil, XL RO
I #EA B paste — MR UML EERZ2AT] o HUZ BRI AR I B3, PR B 3R A 2l
AN o HSIFIEL o FRATT 590 FH 5 F6 B 10 1 15 4 RIS H T HH IR0 B S 2

1 AudioFlinger

class AudioFlinger : public BnAudioFlinger, public IBinder::DeathRecipient
AudioFlinger 20K #EA AudioFlinger fi5 A2, AR I TAESS A ZIE L A R AR Jr 5UAE
FerboE SO ARIE e i oe T AT,
2 Client
Client j4iiid C/S 454 C um AR, WL —A> AT 1E AF 3 (X SN . ANIL ] A2 Binder
HLEIH ) BpXXX W2 P4 AF SEFIANE] AT 1D HER

class Client : public RefBase {
public:
sp<AudioFlinger> mAudioFlinger; //4X4& S %49 AudioFlinger
sp<MemoryDealer> mMemoryDealer; //&A C s A #9 L F A 4, BT € o0
pid_t mPid; //C 3% a9 42 id
IE

3 TrackHandle

Trackhandle /& AT %iiifi il AF (1) CreateTrack 73 31f)—/~3EF Binder L1 Track.

X/ TrackHandle SEZPr L2 5 ECIE- T35 ¥ Playback Thread:: Track [1)— /M HERE S e 825

fH A= 8?2 45K PlaybackThread:: Track #& FLIETE AF TG IR AR, ANk T S RFESEERE 11
PATH TrackHandle % H AT T — N4k . iXAEAE AudioTrack i A TrackHandle ¥ 2 fg, SEPr#f
FH TrackHandle i ] PlaybackThread:: Track >R5Em T - 1 LAIA A j&—F Proxy BT,

XN AudioFlinger S & R0 — AN g A L 1!

class TrackHandle : public android::BnAudioTrack f{

public:

_ KRR e R
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TrackHandle (const sp<PlaybackThread:: Track>& track);

virtual “TrackHandle (;

virtual status_t start ();

virtual void stop();

virtual void flush();

virtual void mute (bool);

virtual void pause ();

virtual void setVolume (float left, float right);

virtual sp<IMemory> getCblk() const;

sp<PlaybackThread:: Track> mTrack

4 sA2K
AF AL USRI BLR Z R, 23 AT 0 R e R AL .
®  RecordThread:
RecordThread : public ThreadBase, public AudioBufferProvider
AT REF0 &AL,
®  PlaybackThread:

class PlaybackThread : public ThreadBase

T HB T 26 7
® MixerThread

MixerThread : public PlaybackThread

RS MR, R Z M PlaybackThread IR KT .
®  DirectoutputThread

DirectOutputThread : public PlaybackThread

HERHERE, A1 AT B2 3] DIRECT _OUTPUT Z 2511 HIMT, e & RIS 2
X,
®  DuplicatingThread:

DuplicatingThread : public MixerThread

SRR ? i H RS R IR AR ? BT A RS A T4 H

XA 2R, BT — AL [H] 95226 ThreadBase, iX M AF X Audio & 4¢ Hplue S F—A~LL Thread
RIS e ) FT, ECRRBRI.

ThreadBase FATAUL 1, S IEHLIAEHE 1264 F 1) pR L

BAEFE PlayingThread I, HLik e T N #RK:

5 PlayingThread #9 /£t 3 Track



CO@OQ_ R e i1
= = uml.org.cn

A58, TrackHandle #id 54 Track #2& PlayingThread [#) createTrack | #5351 .
class Track : public TrackBase

SR, Wok—> TrackBase.
TrackBase J& ThreadBase & X [¥ N &5

class TrackBase : public AudioBufferProvider, public RefBase

%E2E AudioBufferProvider J&—/N¢f Buffer [ 4122, LUGTE AF S22 98 b, 5400k 20654 HAL
SRl EECECT

AN NG, FIDXEEARPY, LS 5E56 44 il LIS B R S, AR5 In—Lea B Bl i
PR, ZEFRE BOSS HIih, —ERBAR. AHam X ? A Akfhbng?

2.5 AF RIZHEEE

T, XHATALE AF FHI1) createTrack 32 [7] T TrackHandle. X% RGEALTAT AR ?
®  AFHJLA Thread FeA1Z mii T, 76 AF J3 s FANI )k &2k T .
AT BE AT P AF BRSSHT, XML CL R8T .

BAT AR R 4o T
void AudioFlinger::PlaybackThread:: onFirstRef ()
{

const size_t SIZE = 256;

char buffer[SIZE];

snprintf (buffer, SIZE, "Playback Thread %p", this);
//onFirstRef, 5EFR2 RefBase #)—AF ik, M sp eyTIE#L2 A A
// F @) run stA EA) T KL FHIF 45047 threadLoop T

run (buffer, ANDROID_PRIORITY_URGENT_AUDIO);
}

FIJRPATIEAN LT threadLoop? FadAFFATEMRHE output TR K A FRERFE T
FF openOutput [FISEAT, FCIEMZEFERT SO AR )L,

nt AudioFlinger:: openQutput (uint32_t *pDevices,
uint32_t *pSamplingRate,
uint32_-t *pFormat,
uint32_t *pChannels,
uint32_t *pLatencyMs,

uint32_t flags)

if ((flags & AudioSystem:: OUTPUT_FLAG_DIRECT) ||
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1. MixerThread
e ) TARERE, BATE B & A R

2. AT 1/ A start
eI, AT 7331 1AudioTrack X145 )5, 1 start i,
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TEFRATTAEARNE . start &3 A track fIAF PlayingThread ()35 2k Track A%, SRJ5 ik —AME 5
. BT XAFE PlayingThread 1) A6k b 48 &, 1] PlayingThread MG T — /N kRE, T8
AMEE RIS SRR GAFX A GG 2 IX A — AR track,  ASANZERE N Z P LT3E T I 2
AR MixerThread. AT 2566 & I A% ki 4 threadLoop NE .
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3. MixerThread #-<

FIXE, KEEASEGMR B B, W7, AF TR E RS, A0
A TFLZ NN AR T BATE AR AR B, SRR A X AL AL ----iE s A7 ki
I

MixerThread (2 FHIEFA T, fi T 22 (0 5 > PR A«

prepare_| Al mAudioMixer->process, FAfi1——KEH .
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FWIA 7052 prepare_| IhAERATA? MRIE TG track FAFY, KRS8 Bl B . A8
Mm%, — track MRAETR G AP A DX IR . BATRFS /4T AudioMixer RIS FEIR
R A& LS, NIV A E Y process BRI AL

2T, BX AR ? 7
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CTRL+7:4, hook J&—/N R EFRENIT, 7EME FLIRAEL IR 2 HLAR S pR 2O AN ?
WIRE T, HEea T AudioMixer 8T .

4. AudioMixer

AudioMixer SZHL7E framework/base/libs/audioflinger/AudioMixer.cpp
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UF T, WA 205, hook i W 1 Al i R A S LA -

AudioMixer FJi&[{)I 1%, hook f& process__nop, A JL/ANHE T 45 038 IX A s B4t 1351
X0 B BEC B, TR T o BAVE B B 1 R £

process__OneTrack16BitsStereoNoResampling
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UG, ANt R A A 3 N . X ELERCR buffer. FUILAE, FADEBE BIEUILEN
17 H AT 3 write (K50 .

3 L BEF) bufferProvider 25 T .

W, XHEHME AudioBufferProvider 5228, PR 5 Track. ‘&2 M\ AudioBufferProvider Jk
4,

FAIH45S2 PlaybackThread [#)3iX /> Track
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HAEBERMZEMH T releaseBuffer, XA E$%7E ThreadBase H 52l T

FIIXHL, KAKSAZE T, 5K AudioTrack H write [R%HE, S JEX A FHEFL 1!
B, &> process__OneTrack16BitsStereoNoResampling i, F&EFE
process__TwoTracks16BitsStereoNoResampling .
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Eisees

FRMTIN? 7 Wi, AVEATKEIRIT T 1 i 2 O F T )
= HitH= audio_track_cblk t

M ABFARIXAN? B IRAEM TR, A AU audio_track_cblk_t j&— M JE buffer, FJE
buffer ;&A= ? Ao &A!

A B AT TEERFRE T, audio_track_cblk_t [ AT 2 i Ui Lock, 52/5 , Unlock AN K —FF o A fif ?
® DA TATKAE AF AR 24T 220 buffer J7 11 1) wait, MixThread
VAT 24 5847 Hda 6 I 2> usleep — R o
® N, WAL track, £ audio_track_cblk_t fiE, M5 1 X R wait
5518, W4 T pthread ZEERZ WaitForMultiObjects [RIALH], 84 £
ZAEMR—AN? XA ) R FRATT BT T 65 TR0 R I — A B

KPR e FEIE
uml.org.cn



1. 5He91E R

FAI4E T 31 audio_track_cblk_t IX MK, SKEBGE LWL K. 5452 AudioTrack i, 1
XA,y user

® framesAvailable, & H 2 RA5 0

®  buffer, K357 4G ik

®  stepUser, 5T user [FIf7 & .

2. i e1E A
R AF i, 7

XA server .

®  framesReady, FR7HAI LA E
®  stepServer, FFIH M4 E
BREEANFENE XL

struct audio

{

_track_-cblk_t

Mutex lock; //F) 4t

Condition cv; //CV

volatile uint32_t user; // B #

volatile uint32_t server; / /4
uint32_t userBase; // B ZALIIL B
uint32_t  serverBase;//iEH AL B
void#* buffers;
uint32_t frameCount;

// Cache line boundary

uint32_t loopStart; //fEIrALHS

uint32_t loopEnd; //#E3Res &

int
uint8_t
}

TR IX S volatile,

T oA NI

loopCount;

out; / /4o %% Track #44%, out #t2 1, R r#rd.

PSRRI 5, FKIXAS volatile 2 1T LS HERE IV o

® R, NEIRIETNT. volatile JUZ VR R, IXANRICHIHIEAE cache
FI| CPU [ ot agfe 2 55 VR UL P A% 30082 38 S s PR A b 258, i EL AT R ik
PIAF IR I S B — N R 2k B kAt CPU RZ AT I Ik [l I 208 0. | Tt
PRI AR, XN AEAE AN IERR A RE BT, MBURE T, X2
—He A7, volatile ERERIUE T 20— 2.

®  loopStart il loopEnd X P AN A& R /RGP BT s RN ZE 01, RIS A
—™ loopCount "%, L RIGH R L

Jo T H R ILA e 2L

4 BHEHHT

_ KRR e R
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SEH frameavail & & a7 42 2 D25, AT DMBBEE S — AR 238 AETS sleep M.

SRR buffer SRAFICSZAE,  buffer U243 — Ml &

%T’ ﬁ'ﬂ‘]ﬁ%ﬁgg‘y "LJ%}EH StepUSer
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T, B GEXAEsleep T, MiLEEKT .
5 EHE AT
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5T, #RJ5 stepServer

6 A4y RITLE D7
LG MIEIXFE A5, BLE buffer 1k 1024 i,
Bk

®  HFSEEH] 1024 i
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® I iRF| 512 My
o A, HEIEWLIMLE 512 i,
FrLl, FA1RIHELEH frameavail £ A E X 512 ik Rk T .

P E A stepUser X A1) if

& buffer




