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2. ALSAT W B A

ALSA App

PCMEEQ Midigz 1 HElEEO snd_seqiz
ALSA Kernel APl
ALSA Kernel Driver

iRt i &
snd_card

snd_card_new()

|
|
|
|
|
|
|
|
|
|
|
|
|
|
| B EEEME snd_device
I snd_device_new()
: Snd_device_ops
|
ACS7dE [
|
| PCM MDl EHER HFS
i snd_rawmidi snd_kctl_ioctl
| snd_rawmidi_ops
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

el snd_ac?7_bus

snd_ac97_bus()
snd_pcm_new snd_ac97_bus_ops

H R (Ens1371)
ensonig
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. ALSARAdvanced Linux Sound Architecture

» T LLINUXTS B4R TR, E AELinux R 1E &
4 LT FAFIMIDI (Musical Instrument
Digital Interface, ¥R EFIZD 3K
Fro BASAPI FENT B, NZIREES, Xt
Linux A 5T 308 . ALSA 35— &5 W%
DRSS () 7 R AT SO RE, BRI T
libasound 9 API £, HIXEEHTERFAT
BT & S8 E, TN A ST
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. ALSAH 7 I3 FH AP alsa-utils T A, 4
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PRI . alsamixer [ T o8 5405 510 5
H,

. alsa-libjt ) A= [ i e BU%E, $R 4t T
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. alsa-driver &% ik & alsa #5547 1 5K
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alsg-fib
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L 4

Applications

Applications a:?rln::r_larmin to the
conforming to the e QSS API {gra la
ALSA API (aplay, ASysilasssound’ rawrec;...) wpiay,
arecord, mplayer,...)

] | !

AeviEndpemCil0e
JewEndpoemC Ol
AdevwEndtontralClD

soevEndtimer

!

0SS Emulation Layer
(&g porn_oss, sod_miver o0ss)

Audio
Controller
Diriver

Interface

Kermel Space

i MIC
Audio Audio

Controller CODEC _)BI
11 Speaker

~
k J

e MARTL I £ FE AL T alsa-libflalsa-driver
KhardwareIZZ HK R . P ZHalsa-libil
i #e A alsa-driver ) 2 (1) ¥ 45 S04
/dev/snd/pcmCODOp&EX % Z AT Vi il o Y
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2. fH ik

N T AR IR ALSA RS, T B T AR T SeUE& TAE, X4 7 JZALSA-libZE IR J Aoy A4
. alsa-driver ik 772 W, (Linux ZEalE1(2)-9K8h FF & S AR S ER-1.pptx ) o XF i H SRR AN E s S A k4T 20
I, 3R 7 P9 2 24 BIEH

1. ALSA-libiff ik J7 ik
alsa-utilsH [fjaplay 2 /7 7] AIEAT N FH F2 7 Flib ZE R 3
BAEWTR
(1) & #lalsa-utilsflalsa-libElinux 31 248 K, .
#cp -rf alsa-utils-1.0.16 /opt/
#cp -rf alsa-lib-1.0.16 /opt/
XL G FIRRShell A I 4, LA & SR LS A C s
alsa-utils-1.0.16flalsa-lib-1.0.16 A\ |, 7] LA7E %% debian-506-source-DVD-1.iso ' ffjpool/main/a/ L4k
%R
(2). ZHlE A, = filtest_files SC A3 /opt T,
#cp -rf test files /opt/
(3). #alsa-lib-1.0.16 -F 4K X FAT I R -
#cd /opt/alsa-lib-1.0.16
#./configure
#make
#make install
KRG B digecdE T H,
(4). fralsa-utils-1.0.16 T K AT T
#cd /opt/alsa-utils-1.0.16
#./configure
#cd aplay
#make
Lo AT S Faplay .
(5). P AT aplay CAFHE L wav 5 . e
#./aplay /opt/test_files/pcm.wav
TR AR SURASIN, RS X edE T alsa-utils T B, wi<s#i 47 /usr/bin/aplay, 7FEAER T .
(6). il ik gdbr] Ll Xtalsa-utilsitjaplay flalsa-lib [t libsound.soiEA T4 1 i3 .
#gdb aplay
(gdb)set args /opt/test_files/pcm.wav
dbh)b main

111212833



2. ALSA-libifi& 71 .

db55:optralza-utils-1.8.16-aplay#[gdb aplay

GHU gdb 6.8-debian

Copyright (C) ZBA8B Free Software Foundation, Inc.

License GPLw3+: GHU GPL wverszion 3 or later <http:rsrsgnu.org-slicenszessgpl.html>

This i=s free software: you are free to change and redistribute it. 4 T o)
There is NO WARRANTY, to the extent permitted by law. Type "show copying" EP?LE;?%/J\ZE?E
and “show warranty"” for details. shell{ iy A It i 4,
This GDB was configured as “"i486-linux-gnu"... HL A 2 EAR s B Ak
(gdb)| set args -soptr/test_files/pcm.wav W H B2,
(gdb)| b main

Breakpoint 1 at BxB88582a4d: file aplay.c, line 346.

(gdb) | r N

Starting program: cfoptralsa-utils-1.8.16raplayrsaplay soptstest_files/pcm.waw FREFACAS I ] LAE
[Thread debugging using libthread_db enabled]l gdbH ff

[New Thread Bxb74dd6bB (LWP 2831)1] bt(backtrace)$54- i
[Switching to Thread Bxb?74dd6bB (LWP £831)1 e PR 2 7 B

Breakpoint 1, main (argc=2Z, argv=BxbfffdZ84) at aplay.c:346 KR
346 i

(gdb)|b pcm_empty.c : _snd_pcm_empty_open

Breakpoint £ at Hxb/bfdY95: T'ile pcm_empty.c, line BZ.

(gdbl|c

Continuing.

xkm.log-->» [aplay.c1[3981Imain(]]

xkm.log--> [pcm.cllZ2B7Z2]1[snd_pcm_open_conf (open_name=_snd_pcm_empty_openl]

Breakpoint 2, _snd_pcm_empty_open (pcmp=-Bx8853638, name-Bx885181c "“default”,
root=AxBAS4898, conf=-BxBA55168A, stream=3ND_PCH_STREAM_FLAYBACK, mode=@)
at pcm_empty.c:82

82 snd_config_for_each(i, next, conf) {

(gdb)| bt

e |_Snd_5cm_emEtE_nEEH (Ecmp:HxEEE3E3E, name=Bx885181c "default",
root=Hx , cont=HxBBA55188, stream=3ND_PCM_STREAM _FPLAYBACK, mode=08)
at pcm_empty.c:82
A=xh76d44843 in!snd_pcm_upen_cunf (Ecmp=ExEEEEEBE, name=HxB885181c "default”,
pcm_root=Ax38 » pCcm_conl —Hx 5188, stream=5SND_PCHM_STREAM_PLAYBACK,
mode=H) at pcm.c:2116
Bxb7?6d44815 in|snd_pcm_open_noupdate (pcmp=BxB853638, root=Bx86854898,
name=HxBH5181c "default™, stream=sND_PCM_STREAM_PLAYBACK, mode=B, hop=8)

at pcm.c:2158
AxB8858ac? in[main (jrgc=2, argu=Bxbfffdz84) at aplay.c:563




2. B AR
3. 7 fikalsa-lib 3 1Y

alsa-libHn] DL SCRS A Bl T R doxygen 2 AP AH G B H SCRS » 7Ealsa-lib-1.0. 16 P AR AT 1
#cd /opt/alsa-lib-1.0.16
#cd doc
#doxygen doxygen.cfg

TERT A B SCAJE - doxygen/htmi gt 27 X 0B SCRY, & 0 hindex. html

Main Page | Related Pages | Modules | Data Str | Files | E: I

Preamble and License

Author:
Jaroslay Kysela <perex@perex. o=

Abramo Bagnara <abramaofia|sa-peoject oo

Tokoshi i <tiwai@cuso do=

Frark van de Pal <fpai@iezil deman.nl-
Preface

The Advanced Linux Scund Anchiteclure (ALSA) comes with & kernel AF1 and & library AP This documen| desaibes the libeary AF| and how it interfaces with the kerneld AFIL

Documentation License

This documaentation is free: you can redisinbute i@ without sny restrictions. Modifications or derived work must retain the copynght and |kt sll suthors.

This documentation is distributed in the hope that it will be us=ful, but WITHOUT ANY WARRANTY, without ewen the implied warmanty of MERCHANTABILITY or FITNESS FOR A PARTICULAR FURPOSE.
APl usage

Application peogrammens should use the library AFI rather ihan the kemel AP The libeary offers 100% of the fundionality of the kemel AP but adds major impeovements in uwsability. making the applicaticn code simgler and better locking. In addition. fulure fixes or compalibility code may be
placed in the library code irstead of the kernel driver,

APl links

Fage Control interface explains the primilive cantrols AFIL.

Page High lewvel control interface explains the high-level primitive controls AP

Fage Mizer imerface explaing the mixer controls AP

Fage PCM {digital audic] interface explains the design of the PCM (digital audic) APL.
Paga PCM (digital audio) plegins explains the design of PCM (digital awdio) plugins.
Page PCM Exlernal Plugin SDK explains the exlemal PCM plugin SDK.

Page External Control Plugin SDK explains the extemal control plugin SOK.

Page Rawilidi imerface explaing the design of the Readlidi AP

Fage Timer interface explains the design of the Times AFI.

Poge Sequencer interface explains the design of the Sequancer AP

Configuration

= Fage Configuration files explains the syntax of library configuration files.

= Page Runtme arguments in configuration files explains the run-time srgument syniex.

= Page Runtime funclions in configuration files explaing fun-lime funcdion dafinitions and their usage,
&« Page Hooks in configuration files explains untime hocok definitions and their usage.

Generafed on Wed New 24 09: 14:55 200 for ALSA project - the C libary reference by du;ngn 156
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(2) ST A (dnfunction2) 7R 1% R 20 A RS H ELASORBE 1) L
(3) LR F MR E 4 (dnfunction...) #RFHE)ZE (dnappAllib. libfldriver. alsa-driverflldevice-driver) [¢)4% 1
£% E ki kernel i1 [ B5 4

(4) B X2k o b B s 2 I S et BB eR OR [P (iisun_function.. A7 i (i #functionl) .

T %0

function1() K

\ v
sub_function1()

function2() \

sun_function...()

function...()

function...()
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., BHEUALHILBEBRA

¢ ¥445%

Lo RS R IK SR 52 by ot alsa-driver
)85, AHRAEAICR T, AT WIRIEICR
Zo BT . KA SR B R Ak
device-driver(&#4K#)), alsa-driverffjJL ¢
#B 4y  fialsa-driver(alsabk ).

| ]

| | 2. IR gkinsmod)a, W FERE kAT LAYE

. I ALSA-libf AP K U & o 22 B A2 N
SRR TEAG IR R A TR 2 I 3

' [ ‘ | T 1 e TN SN e

|

By

N / Lsorspace 3. % -fnamef i defaultit, pemffE admixity
MBERAFAE, N TR T EH A dmix R AH % iR 4L

‘ FIACE . dmixiBGEE)E, BHEES Fmmaphlt

e — ernel space St il o

]
4. KTF 137119 5hens1371-playback.ko, Z I
' ¢ Linux ALSAFS | B3 TF-% it £ 52 B pptx
| ) o NIRRT T, R A LB T
— : LI = A T B
[ R ) ! (1) BEBep AL ATIE H 355
) 2) $E I A 1L 55
\ ................... — — m—  m—r m—r m— o m— % (3) *%ﬁ%ﬂ%ﬁ%o
S I - R 0 46 15 )T 6 3K = 094
: M7Einsmod. F1 IF 5 K FI5 N i o
B

I
! ALSA-driver
I
I

! hardware [ ens1371 I
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i, 5% % 38 3 43 B cuomod th. 95 @)

module_init(alsa_card_ens137x_ini

snd_audiopci_pro

[ snd_card_new() ]
v

[ snd_ensoniq_crea}tc()

[ alsa_card_ensl371717init()

[ pci_register_drive](&driver)

\

y

[ snd_ensoniq_137}—mt

\

y

[ snd_ensoniq_pcmk)—

11/12/2011

v

pci_enable_devicd()
2

pci_request_regiohs()
v

pci_resource_star]()

[ snd_ac97_bus() ]
v

[ snd_aco7 mixer()| request_irg() |
N

pci_set_master() ]

I B
HIEALRE AT

v
[ snd pcm new() | ( snd_ensoniq_chipkhﬂfrte)—\l,
v [ outl(...) ]
J, [ snd_dewce_new()]

[ snd_pcm_set_ops]()

[ snd_card_set_de\](card, &pci->dev)

A4

(Shvemtocate-peeds for_ally

insmod ens1371-playbackitt, [T
snd_ensonig_chip_init()i& & T il {47 £ 2 A wIaa e ok, oAt
# 2R T alsa-driver S TTREAT I AR, DA peif 82 2 Ik X 2
IR, Brblinsmodi%#5 &pci  card device  pcm(substream)
—JZIZ 4L,

i FHinl()/outl () BR £/ 5 P A7 BN 7 R34 P A4« kT
snd_ensoniq_chip_init()I (/a7 A28 CE, 20 (ES1371
datasheet.pdf) . @l fliftdacl, HWHET-ME16TTN %, HHniE
M i% ¥ & Interrupt/Chip Select Control Registers5647 (\Of7 I
WD XA RIS B0, R AR A7 2 N A Actrl, oS 14 3
H hport, WIRT AR 4 R AR S

ctrl |= (1 << 6);

outl(ctrl, port + 0x00);

1. pci_register_driver(): M —>pciiii % .
linux-source-2.6.26/include/linux/pci.h : 656
2. snd_card_new(): create and initialize a soundcard structure.
linux-source-2.6.26/sound/core/init.c : 128
A peit AT BEE, XL EI) ) -
pci_enable_device(): Initialize device before it's used by a
driver.
linux-source-2.6.26/drivers/pci/pci.c : 787
pci_request_regions(): Reserved PCI I/0 and memory
resources.
linux-source-2.6.26/drivers/pci/pci.c : 1198
pci_resource_start(): I3 1 #&pcisS A W AE X A — ANk
linux-source-2.6.26/include/linux/pci.h : 952
request_irq(): v b b3 a4
pci_set_master(): enables bus-mastering for device dev.
linux-source-2.6.26/drivers/pci/pci.c : 1211
4. snd_device_new(): create an ALSA device component.
linux-source-2.6.26/sound/core/device.c : 43
5. snd_card_set_dev(): ¥+ |+ Flpciis # LIk .
linux-source-2.6.26/include/sound/core.h : 313
6. snd_pcm_new(): create a new PCM instance.
linux-source-2.6.26/sound/core/pcm.c : 673

ens1371E 3 dE Sl . DAFIADE ez 25 4575 ACOTHRVER), A
DLER T RELEAH OGB4y, Halsa-driverse . 1M R AH 26 340 45 2 i 3ok v

SZHR A, Xy ol Ll st alsa-utils i

alsamixer T LR, 13235 5K/, alsa-driver<s @it 8415
WS o 55 AR ST 7 A7 25 o
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i BRBAELIRED

snd_pcm_open()

RPN
% _J
[ writei_func = snd_pcm_writ’s}i;
v i
[ playback()
[ fd = open64()
[ playback_go() In
\ 4

snd_pcm_close()

l [ set_params() ]

v

=Nl

9

e (written < cou

snd_output_close()

)

v

pcm_write()

snd_config_update_free_gI(]bal()

writei_func()
/I snd_pcm_writei()

aplay

aplay & — M ). wavig BT R, TAEER P Z, @
I Halsa-libSEI S W% i Th it . aplay ) =2 RN

1. M snd_pcm_open()¥T Falsalfi i 4, EAR$T %R
Pralsatd EH AN, Bikfdefaulti: )H47 FF-dmix,
pemAE B o

2. {IF 3 Copen64()) Jhi, MK S Nalsa.

Bk AR
1. main()
alsa-utils-1.0.16/aplay/aplay.c : 345
2. snd_pcm_open()
alsa-lib-1.0.16/src/pcm/pcm.c : 2166
3. snd_pcm_writei()
alsa-lib-1.0.16/src/pcm/pcm.c : 1175
4. playback(), playback_go(), set_params(), pcm_write()

A4

snd_pcm_open()

alsa-lib

i\

device-
driver

snd_pcm_writei()

alsa-lib

alsa-utits-1.0-16/aptay/aptay.c
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w pFIUWARED

aplay | snd_pcm_open() |

(W
| snd_pcm_open() |
N
_snd_pcm_empty_open()
_snd_pcm_asym_open()
_snd_pcm_plug_open()
alsa-lib _snd_pcm_dmix_open()
| _snd_pcm_hw_open() |

| prepare( | | start |

) 4

user space

kernel

alsa-driver | open() | | mmap() | | ioctl() | pace
1) Ja2 $© 115) Ja9)
device-driver | xxx_open( | | Xxx_mmap() xxx_hw_params () | | xXxx_prepare() Xxx_trigger() |
©) (16) (20)
| hardware |

11/12/2011

Bl R il i alsa-libd T FF 75 R I fe . vl DLdE i 75

1A

(1) aplayifi fHalsa-lib[FIAPI R £4T I 75

(2) alsa-libii i SRS & A A5 R 2 AR T 7 F
empty asym plug dmix hw, HHE—ER

ST N INBE

(3)(4)(5)(6) hwiHT JT 6 ¥ Hisnd_pem_hw_open() e& il it

alsa-driver)zFl15 % UK 3jopen i -5 % .

(N)@)Q)F IFhw)i, W EREI AR S 4.

(10)(11)(12)1 Hsnd_pcm_mmap() ef £ it alsa-driver /2 £

S AR

(13)(14)(15)(16) dmixifi ilsnd_pcm_prepare ()&% 30 it

alsa-driver )2 Fl# £ 9 3 [ i fF Hh 5 N S50

(17)(18)(19)(20) ¥k & 5, dmixifi fisnd_pcm_start ()&

¥l id alsa-driver /2 A B4 J) 3l 1) Ji shAEAF2EN TARRE .

TEAURE WA 2k
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w BEIFRID --- alsa-tid AD7 sud_pem_open()ik. 35 &

G2 R TR AR 19(2)

#E Nalsa-libji, snd_pcm_open_noupdate ()i i 2 2% 8 HI4T Tl & S 4
PHE, Llempty  asym  plug  dmixHIBFETIT, )5 #dmix
snd_pcm_open() L'l"J‘fa’st_\(,)psﬂZ[D]éﬁaplayl’l‘]handle—>fast_opso‘ Qmixﬂ@ﬁ%b“&ﬂ%%@)ﬁ
15 AN Eed N Llpem->fast_ops->xxx() 75 30 H .

[ snd_pcm_open_no}lpdate() | from I R

[ snd_pcm_open_coff() 1. snd_pcm_open()
alsa-lib-1.0.16/src/pcm/pcm.c : 2166
[ open_func = snd_dlsym(“_snd_pcm_%s_open") 2._snd_pcm_empty_open()

alsa-lib-1.0.16/src/pcm/pcm_empty.c : 74
3. _snd_pcm_asym_open()

alsa-lib-1.0.16/src/pcm/pcm_asym.c : 77
4. _snd_pcm_plug_open()

[ open_func() //_sndqpcm_empty_open ()

[ snd_pcm_open_slgye() alsa-lib-1.0.16/src/pcm/pem_plug.c : 1125
5. _snd_pcm_dmix_open()
[ snd_pcm_open_copf() alsa-lib-1.0.16/src/pcm/pcm_dmix.c : 1246

4. snd_pcm_plug_open()
alsa-lib-1.0.16/src/pcm/pcm_plug.c : 1015
5. snd_pcm_dmix_open()
alsa-lib-1.0.16/src/pcm/pcm_dmix.c : 921

[ open_func() //_sndfpcm_asym_open ()

[ snd_pcm_open_slaye()

[ snd_pcm_open_copf()

[ open_func() //_snd@cm_plug_open 0

[ snd_pcm_open_slaye()
[ snd_pcm_open_nollpdate()
[ snd_pcm_open_co]i()

[ open_func() // _sn%pcm_dmix_om

v
[ aplayE’~Jhandle->fas]1§aps==t [ snd_pcm_plug_opén() [ snd_pcm_dmix_op

-
=
x

== =[ pcm->fast_ops = sIKg»fast_ops
»
\%

7

=
///
(t v

alsa- \

§[ pcm->fast_ops = &]snd_pcm_dmix_fast_(
device-
driver 1

BRI




ey ) ﬁ’%‘ #I ﬁ- ii %19- q'a ﬁ 1& i%& %z- 0 R R R R AT TR B (3)(4) s (7)(8)+ (10)

(11). (13) (14). (17) (18)

w PREURRIBED --- aloa-lid oud_pem_dmés_open() k.45 & STIFdmixi, A QIR M R M A

T AR [E) Y 16 dmixIlf SER SR R B R, skt

sum_bufferff) 544 . hw(hardware)ft: A dmix ) A5 5

[ snd_pcm_dmix_open() FI9F, JHAEWU pei A LR BEhwWS UG, Fhwi ol

TARRE . hwigHTIF. pci WU . SE08E JORA R

A N - > N :

( snd_pcm_direct_ss}n'ra@hore_create_or_connect() fh;fi%gﬁeﬁiﬁﬁzﬁsﬁg%;&ﬂg Jar—
sum_buffer, sum_buffer =5 ] TR, HAL T,

[ semget() ] J5 4T 4 i JTalsa-libffishm_sum_create_or_connect()

\ 4 J5i, alsa-dirver Lldmix )i F£open()-

— . ioct(HW_PARAMS). mmap (). ioct(PREPARE).
[ pcm->fast_ops = &}snd_pcm_dmlx_fast_ops ioct(START) (11 IF

p PN BT AN
[ snd_pcm_open_slgvef) 1. _snd_pcm_hw_open()

alsa-lib-1.0.16/src/pcm/pcm_hw.c : 1203
v [ Snd_pcm_Open_COHe_ 2. snd_open_device()
[ snd_pcm_direct_inftiafize_slave() 2 alsa-lib-1.0.16/include/local.h : 247
_ _ — ]‘ﬂl — [ open_func() // _snd 3. snd_pcm_direct_initialize_slave()
= = alsa-lib-1.0.16/src/pcm/pcm_direct.c : 847

4. snd_pcm_hw_params()
alsa-lib-1.0.16/src/pcm/pcm.c : 811

5. snd_pcm_hw_hw_params()
alsa-lib-1.0.16/src/pcm/pcm_hw.c : 260

6. snd_pcm_mmap()

pcm->ops->hw_params( ) alsa-lib-1.0.16/src/pecm/pecm_mmap.c : 292

[ snd_pcm_prepare(] //snd_pcm_hw_hw_params 7. snd_pcm_hw_prepare()
alsa-lib-1.0.16/src/pcm/pcm_hw.c : 425

8. snd_pcm_start()
alsa-lib-1.0.16/src/pcm/pcm.c : 1040

9. snd_pcm_hw_start()

I 1l anan I
T—oper

[ snd_pcm_hw_para]-ns\l/)

[ _snd_pcm_hw_paljla. st

snd_pcm_hw_open(

\ 4 [ hw_params_call()

[ snd_pcm_start() ]-

snd_pcm_mmap()

N4
[ shm_sum_create_cl)r_connect()

pcm->fast_ops->prepare]
//lsnd_pcm_hw_prepare

J |OCTL-HW—PARAMS$
Ll an| 7 = Y —

= mmap() ]

) v

[ i->addr = ptr ]

||||||

v
[ a->addr = i->addr ]

LOCTIL
ENA A A E— N

—
% alsa-driver
e/

device-
driver 1

open
(/dev/snd/pcmC0ODO

loctl(SNDRV_PCM

_IOCTL_HW_PARA

ioctl(SNDRV_PCM
) _IOCTL_PREPARH
ioctl(SNDRV_PCM
_IOCTL_START)




.

., BHEUALHILBEBRA

ﬁ F AL D --- alva-lild shm_sam_create_on_comnect() (k.93 B

[ shm_sum_create_¢y_connect() Gl ANt R, IR

g, LHIPC_CREAT

[ shmid_sum = shmde

SHEFIA, WA

A

[ shmctl(.

y
L IPC_STAT— st ek it ]

v
[ sum buffer = shm TR ] Ok He =2 A
= 5 ik

\l

X\

device-
driver

shm_sum_create_or_connect() & 5 1) 2 3L 52 4 17
sum_buffer, sum_bufferdfi flH AL BRI, XFERL
] DA SLABEFR B, IRt B CHERR M e A LA
RS, RIS ThEE.

KT NAE N RGN RS A IR
BN A7 X BN AES Mt 2104 B HERE T ) ik 2 )
) A X SR AT UM AR . JEE ARt T
FEAT R B A AR 2 TR A T v 0 i A B ML A
A 2 S RT A N, HE A R 2 () 2tk
RIS —E P, LB IR I S U B2 Wi S
PR A7 2 ) 2 S R A TR I
shmget(): 2B ML,

shmetl(): & BOR [Fl—AN L2 Y AF B A5 B o
shmat(): Zp5e ILZ2 N 7 B BERE L IE 25 8]
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w BFEIRARILD --- aba-driver open() (k.95 B

snd_pcm_f_ops[2] = { 78l b2 dfalsa-drivers B IR 2" 7 R 4T AR K14 (5)

.open =
open(/dev/snd/pcmCOD {i:alsa-driver['openi& 06 (f)snd_pem_playback_open()i& 24 HH,
snd_pcm_playback_open, FIFPCM, #3014, fropen_substream il id Hodig st i H

i — FI|Te 9K 3 ok #snd_ensoniq_playbackl_open(), tH & &A1 AR
|_snd_pcm_playback-gpen()  }; R RS T B M open B A, KU B DL 2R AR I PR, TR
A\ Z I, (Linux FREREII1(2)-9R 30 T & fe 52 - 1. pptx) o
[_snd_pcm_open() )1 TR
1. snd_pcm_playback_open()
linux-source-2.6.26/sound/core/pcm_native.c : 2092

linux-source-2.6.26/sound/core/pcm_native.c : 2110
3. snd_pcm_open_file()

[ snd_pcm_open_filek-l 2. snd_pcm_open()

. linux-source-2.6.26/sound/core/pcm_native.c : 2059
ENS1371 chip [ snd_pcm_open_supstream() 4. snd_pcm_open_substream()
snd_ensoniqg_playbackl_ops ={ linux-source-2.6.26/sound/core/pcm_native.c : 2017
.open = 5. snd_ensoniq_playbackl1_open()
snd_ensonig_playbackl_open, substream->ops->open linux-source-2.6.26/sound/pci/ens1370.c : 1110
h
device-
driver e R 2B alsa-driversd B [#2 " F R TR AR R (6)
TR E
4 1. snd_pcm_set_sync() ¥ & ifi{:[5] 21D

2. snd_pcm_hw_constraint_ratdens() ¥ B {1 REZ9 K
linux-source-2.6.26/sound/core/pcm_lib.c : 1068

snd_ensoniq_playbackl_ ope i linux-source-2.6.26/sound/core/pcm_lib.c : 297

[ snd_pcm_set_synd()

v

[ snd_pcm_hw_consitraint_ratdens()

\\%

alsa-lib
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w BEIRARILD --- ala-driver ioctl(FW_PARANS) %35 &

snd_pcm_f_ops[2] = {
[ ioctl(XXX_HW_PARAW o Sayback
'OCtl(XXX—HW—PARAM snd_pcm_playback_ioctl,

[ snd_pcm_playbackmioctl() h

[ snd_pcm_playbackgioctl1()

[ snd_pcm_commonfioctl1()

[ case SNDRV_PCM_IOCTL_HW_PARAMS :

‘L snd_pcm_hw_para@s_user()
ENS1371 chip
snd_ensoniq_playbackl_ops = { [_snd_pcm_hw_parafys_user()

hw_params =
snd_ensoniq_hw_params,

substream->o0ps-> hw_paramsd

h

alsa-driver

device-
driver

snd_ensonig_hw_params()

7 B b2 ifalsa-driversit W & R 4T IF AR KR (9)

{Ealsa-driverHioct! & E06 W [fisnd_pem_playback_ioctl ()& Z1HH, 7
snd_pcm_common_ioctI1() i % il id switch-case 52 7 hw_param i £

snd_pcm_hw_params_user(), #RJE& )20 FIRA, i EgeEl

W 29K ) B $snd_ensoniq_hw_params(), 54234115 H Ak

RYRB) T TN ¥ prepare i L.

TR
1. snd_pcm_playback_ioctl()
() linux-source-2.6.26/sound/core/pcm_native.c : 2721

2. snd_pcm_common_ioctl1()

() linux-source-2.6.26/sound/core/pcm_native.c : 2491

3. snd_pcm_hw_params_user()
linux-source-2.6.26/sound/core/pcm_native.c : 462

4. snd_pcm_hw_params()
linux-source-2.6.26/sound/core/pcm_native.c : 364

JE T 2R alsa-driversi M1 R AT TR AR 0 (9)

TR
1. snd_pcm_lib_malloc_pages() allocate the DMA buffer
linux-source-2.6.26/sound/core/pcm_memory.c : 340

[ snd_pcm_lib_malldc_pages()
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w BFFUNARED --- aboa-driver mmap() ik 35 B

snd_pcm_f_ops[2] = {

.mmap = - N
mARMARTd) snd_pcn?_mmap, e [Elalsa-driverst W (52" 41 TR AL K" (12)

......... {Ealsa-driver- mmap & 2 WV [F)snd_pem_mmap () dmixmmap.fd
[ snd_pcm_mmap() h o I Rt DL T v R A% o B R S R, 3R [ P A R A b
runtime->dma_areafJi /£ WU RAFFHREL, 588 P A7 L .

BEL L (CVAC R
[ snd_pcm_mmap_olata() 1. snd_pem._mmap()
¥ sn d_pcm_vm_ops_data — { linux-source-2.6.26/sound/core/pcm_native.c : 3214
. 2. snd_pcm_mmap_data()
[ snd_pcm_default_mmap() fault = linux-source-2.6.26/sound/core/pcm_native.c : 3174
snd_pcm_mmap_data_fault, 3. snd_pcm_default_mmap()
,A ......... linux-source-2.6.26/sound/core/pcm_native.c : 3126
[ area->vm_ops = &s];nd_pcrr}u;_vm_ops_data 4. snd_pcm_mmap_data_fault()

linux-source-2.6.26/sound/core/pcm_native.c : 3086

kernel&t 7T KT mmap: mmapth /& A AEm, X TIRANFETR UL, A AR T
DAL T P 426U 1) Be 4 AP IO BE T o WU — AN B M 1 P

) f)— Bt A 5 B & WA RIBGEE SR o TEIR AT N 24 R 43 BC R bk Y L Y
[Lsnd_pcm_mmap_daa_fault( e ot 1o nt i

ED}%@{* Elliﬁﬂ’\]pciljﬂﬁﬂﬁ}[ vaddr = runtime->d}na_area + offset;

J
. ]

alsa-driver

device-
driver

\\%

alsa-lib
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w BEIARIED --- aa-duiver ol (PREPARE) .95 B

snd_pcm_f_ops[2] = {

.unlocked_ioctl = _ e 12 EBalsa-driversd B [F 2" F R TR I (15)
snd_pcm_playback_ioctl,
......... fEalsa-driverioctl B 2% M. [snd_pem_playback_ioctl ()i% )21
F, fEsnd_pcm_common_ioctl1() i %+ if il switch-case & {7
preparepfi$isnd_pcm_prepare(), RJE&)E N A, i
[ Snd_pcm_playbackli/ioctll() BR B 4 FH 24 UK 5] 6 $snd_ensoniq_playbackl_prepare

0, Wt RIS B R IKE) T 23 M prepare sk 44 .

ioct(XXX_PREPARE)

[ snd_pcm_playbac

[ snd_pcm_commonggioctl1()

TR
1. snd_pcm_playback_ioctl()

[ case SNDRV_PC'\'LIOCTL_PREPARE : linux-source-2.6.26/sound/core/pcm_native.c : 2721
2. snd_pcm_common_ioctl1()

[ snd_pcm_prepare( linux-source-2.6.26/sound/core/pcm_native.c : 2491

3. snd_pcm_prepare()
linux-source-2.6.26/sound/core/pcm_native.c : 1327
4. snd_pcm_action_nonatomic()
- linux-source-2.6.26/sound/core/pcm_native.c : 818
[ snd_pcm_actlon_sllgle() 5. snd_pcm_do_prepare()
linux-source-2.6.26/sound/core/pcm_native.c : 1298

d_pcm_do_prepare() | 6. snd_ensonig_playbackl_prepare()
- - linux-source-2.6.26/sound/pci/ens1370.c : 867

snd_pcm_action_prepare = { [ snd_pcm_action_n@atomic(snd_pcm_action_prepare)

.do_action =
snd_pcm_do_prepare,

D

ENS1371 chip
snd_ensonig_playbackl_ops ={

substream->ops->prepare(|

.prepare =
snd_ensoniq_playbackl_prepare,
" ~— —

device- }
driver ’

AV 4

snd_ensoniq_playbackl_prepare \1'

[ﬁﬁ%ﬁﬁ%ﬂ%ﬁ%& }[ OUt'(---CfNTROL)?] ST BT %5 47 B (B B 095 47 8 S VP9 A7 MBI A b B

7B - alsa-driversi B[4 AR AT TFAURE B (1(16)

KATRETWEE) 5, BEdach A, ffens13714L T TAFSEARIR
outl(...MEM_PAGE]); A, HEfR ¥ EES_DACL_ENAL, BEAELTT A TAET o il

Y 23 \DAC1_FRAMEX & )il FIDACL_SIZE, VMG J7
Eﬁﬁdaciﬁyﬁgi@ ;.[ outl(...DACL_FRAWEIHEH A7 KU BRI (FDAREHE, TR .
E%Edaci&ﬁlzjt outI(...D\,‘;Cl_SIZE};
[&E'l'%ﬁ&ﬁm ;[ sctrl |:E\g_Pl_INTJ_EN...
E&ﬁqﬂ%ﬁ%ﬁﬁ%ﬁ }-{ outI(...S:ERIAL); |

[ snd_esl37l_dacl_b'¢;te()

e

[ outi(...1371_SMPHATE);




., BHEUALHILBEBRA
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snd_pcm_f_ops[2] = {
.unlocked_ioctl =

ioCtl(XXX_START) snd_pcm_playback_ioctl,

[ snd_pcm_playback]i/ioctl() Y

[ snd_pcm_playbacﬂi/ioctll()

22 i alsa-driversis W [F 2 R F T FRAR K (19)

{Ealsa-driverHioct! & E06 W [fisnd_pem_playback_ioctl ()& Z1HH, 7
snd_pcm_common_ioct!1() e il id switch-case & 1 startif 41
snd_pcm_action_lock_irq (), RJ5& )2 MR, fEd ek EdE R
FH )R435 5 6 Fesnd_ensoniq_trigger(), il 2 315 BAA 5 R 5
T B M trigger R £X .

[ snd_pcm_commonggioctl1() el
1. snd_pcm_playback_ioctl()
linux-source-2.6.26/sound/core/pcm_native.c : 2721
2. snd_pcm_common_ioctl1()
linux-source-2.6.26/sound/core/pcm_native.c : 2491
3. snd_pcm_action_lock_irq()

linux-source-2.6.26/sound/core/pcm_native.c : 794
snd_pcm_action_start = { 4. snd_pcm_do_start()

[ case SNDRV_PCM_IOCTL_START:

[ snd_pcm_action_Idgk_irq()

snd_pcm_action_single
.do_action = [ —PCm._ = h,g 0 linux-source-2.6.26/sound/core/pcm_native.c : 848

5. snd iq_tri
snd_pcm_do_start, /[ ops->do_action() //snd_pcm_do_start() snd_ensoniq_trigger(

linux-source-2.6.26/sound/pci/ens1370.c : 792
b substream->ops->trigger()

ENS1371 chip
snd_ensonig_playbackl_ops
={
trigger =
device-
driver y o T

snd_ensoniq_trigger
= d_trigger0 Je [ R Halsa-drivert A" 5 T TR 9(20)

case SNDRV_PCM
TRIGGER _STARJ:

snd_ensoniq_trigger ()i ik [ B {445 4 25 /7 4% 1 HES_DAC1_ENf7, fif
DACL1{fifig, HEATARRE.

O &M, WP RN AR alsa-lib$alsa-driver i BRI IR SR
|_what |= ES_DACL|EN; FTTFBELE I TFUA T AR M2 T2 s e T T B b R R e,

\

1 B Z B AT DAF AR 5
[ ensonig->ctrl |= wh]a\t;
.
alsa-lib

[ outl(ensoniq->ctrl..]);
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« BEBENEHLE

aplay

alsa-lib
dmix

alsa-driver

device-driver

snd_pcm_writei()

I
(1)
v

snd_pcm_writei()

)

snd_pcm_wait()

(14)

z

sum_buffer
+

=val >= runtime->control->avail_min—

/r(lo)

snd_pcm_period_elapsed()

i N

xxx_interrupt()

XxX_pointer()

(7)

(8)

—

mmap()

write_ptr

=

user space

kernel space

11/12/2011

4

hardware

(sync)

read_ptr

Pl B R il i alsa-lib S N i fe . vl DLIdE 7
1A
(1) aplayifi FHalsa-lib[FIAP1 8 £ 5 N K
(2) alsa-libifi FH 55 5 bR B4 IR 2 T 5
(3) alsa-librf /& if i poll R e FHIEANIK B, Kpollfis =
NFlsleepPh\ 41|, BHZEFE
(4) T R a2% 5 ik ) o D ik A A 291K ) B 50 oy S £ v e
(5) T W7 e K alsa-drivert (1 b5 BRI T e 15 N 1% 5
(6) alsa-driver 1 i) ek £ i F A 5K 5y R HOER IR 24 i 24
K.
(7) (8) -3 ) i K0 1) A A 25 A7 A5 B HCM AT B K
(9) K IREA 27 A7 25 BL IR (1) size B 1 [F] 45 alsa-driver .
(10) alsa-driver ) W2 PR i X K/,
(12) G RKTeE i de /M, Bt iEsleepBA A
(12) pollfs 5 Hl e i .
(13) & [Flalsa-libgk 44T
(14) alsa-libHh ¥y dmix#s i 5 HARRE 7 C4 5 NI EdE v
ITIREIE, SNBSS NAE, FIREHT &0 O & bR 5 N
TSR R T
alsailfi if mmap L4 £ F 1% ¥ (mod _probe i )pei
PIA7 DX LS 8 P ), JXRE,  alsaclib U AR R (47
EHWE, SRR AT
sum_buffern] DLA MO B N AF I RIA, F2EL
A SRR PR AN ) AR R il 3 5 4 A7 s [l
iijsum_buffer.
SL[F Vs o) C & fEalsa-lib s,  HARN IR P AT
(sync) 75 iR (1~14) RIS, an SRS Py A O &4 Bds
CEetn ERE KD B2 SO TDAR e (A G
ARG, AT, AFRAETID EREBUE K.

TEAURE WL A 2k
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snd_pcm_writei() Snfjvvﬁfer?;dmlx—fas':—ops ={ 22 i alsa-driversis B 12 5 5 N AR K1 (2)

itei snd_pcm_mmap_writei, snd_pem_writei() s 30 et dmixik A writed i
[ _snd_pcm_writei() Ij/

snd_pcm_mmap_writei(), fisnd_pcm_mmap_writei()7E%5 15 5 A (poll)
I3 RA)E, M snd_pem_write_areas() B HCE HdE 5 Admix.
[ pcm->fast_ops->w4+t1i() /lsnd_pcm_mmap_writei() snd_pem_write_areas() i 737 ML J5 £ 7T .

TR

[ snd_pcm_areas_fr]>m_buf() 1.snd_pcm_writei()  alsa-lib-1.0.16/src/pcm/pem.c : 1174

2. snd_pcm_mmap_writei()  alsa-lib-1.0.16/src/pcm/pcm_mmap.c :
182

3.snd_pcm_write_areas()  alsa-lib-1.0.16/src/pcm/pcm.c : 6415

4. snd_pcm_wait()  alsa-lib-1.0.16/src/pcm/pcm.c : 2256

[ snd_pcm_write_argas

snd_pcm_wait()

[ snd_pcm_wait_nodheck()

[ pollg |

[ func() //snd_pcm

% 7 BT - Efalsa-driversid W 1) HdiE 5O\ R E I (3)
_mmap_write_areas

snd_pcm_f_ops[2] = { fralsa-driver 7 poll s Hox} B ffisnd_pem_playback_poll ()i fi poll_wait()

\l, poll = B3, 5 Aruntime->sleepBAF1dE NBEIRSE4F . runtime->sleepBA 4
snd_pcm_playback_poll, N (R R I %, alsa-dirverib AT E 5 75 i RING s , 7E
B N— TERE LT, WAL WAL AR LR
b EELAE LA

alsa-lib 1. snd_pcm_playback_poll()
B | linux-source-2.6.26/sound/core/pcm_native.c : 2899

alsa-driver

KT poll: poll e VFRERE IR E AL A AT AR — A B AT IT I SOl PHL 28

14 PIREE AL R L AW RE,  EU 1 SRR P
IR T DL N 4 1] 2 R AL IR Yok
’1 (SRS EATpOIR ST, A3k o7 ek WA o 3

SR A DAL

[ poll_wait(file, &runﬂme->sleep, wait); Lo A=A B AT RpolR &AL <15 EA S _L i poll_wait.
2. JRIAl—A H R I A AL A5 7T AT R G BH ZE AT (¥ 67 AL o

3. poll_waitt A ZE, FE7Hpoll_wait (filp, &outq, wait)iX £ (1)

BRI B foutqfi 5 SRS, SLERIRLIERN (8 15
f)select/poll & 4 52 i) . select/polls 78— AN th 44> 1 44
W T (1 4 4% FH BT 1) UK pol SC5 R B3 LA 74324 i R B i N %A
device. WA AR PIR . B YT BAT AT T R W B i g, WP A% AT
driver 1 W G schedule) il:Hicpuid NFHFERAS, schedulei [alHyH
UAGIAS IS EATERAE AT DOSAT, Wtk s A0, HETR—1

W Hs,  select/poll#fr B A o




hardward interrupt

[snd_audiopci_inter t()

., BHEUALHILBEBRA

v. BBBNERILD --- bavdward itovupt 33 B

[ sctrl &= ~ES_P1_INT_EN

A4

[ snd_pcm_period_efapsett

A

,1{ snd_pcm_period_e}Tsed()

[ snd_pcm_update_i]rw:r-tr_interrupt()

A4

[ snd_ensoniq_play‘ kI _pointer()

[ inl(DAC1_SIZE)

device-

alsa-driver

\\%

alsa-lib

driver

substream->ops
| ->pointer(substrearn)

[ wake_up(&runtime]>sleep)

i runtime->sleepB\ ¥ E‘Jiza

7 B |2 i alsa-driversi B () 50 5 N SRR K
(4)(5)(6)(7)(8)(9)(10)(11)(12)

TR M (K R AR IR, filR snd_audiopci_interrupt() s,
snd_audiopci_interrupt()ii§ & Wi iz 5, A
snd_pcm_period_elapsed() i #3k A alsa-driver [ 4b 2 ,
snd_pcm_period_elapsed()[H]i#snd_ensonig_playbackl_pointer() & %
PRI A B R B size,  FFETHSL RS e B, T
snd_pcm_update_hw_ptr_post()F W 545250 X (152 5 Fig £ 8] (1) 25 PR X))
KT BE R /AME,  whifwake_up()¥ifEruntime->sleepBA %1, AR afinf i
Tpoll. ffalsa-libf) 5 NBEREGkLENAT o

TR

1. snd_pcm_period_elapsed()
linux-source-2.6.26/sound/core/ pcm_lib.c : 1464

2. snd_pcm_period_elapsed()
linux-source-2.6.26/sound/core/ pcm_lib.c : 184

3. snd_pcm_period_elapsed()
linux-source-2.6.26/sound/core/ pcm_lib.c : 161




[ snd_pcm_mmap_write fafeas()

[ snd_pcm_mmap_b]eg'w()

., BHEUALHILBEBRA

v. BBBNEIE B --- alva-ldl snd_pem_anite_areas() %95 &

A4

[ snd_pcm_areas_C(}pyI,)

[ snd_pcm_mmap_a}'Ts()

N
WBEIT WA, i
R I £ )
[ return pcm->running_areas
N
HEAT RO s 4
WRREE, PR

v
[ snd_pcm_mmap_c

[ snd_pcm_area_co;lvyl)

snd_pcm_dmix_fast_ops = {
.mmap_commit =
snd_pcm_dmix_mmap_commit,

[ memcpy() / transfe}

it()

[ pcm->fast_ops->m

_commit() //s}id_pcm_dmix_mmap_commit()

\l

X\

device-
driver

[ snd_pcm_dmix_syiv%area()

[ dmix_down_sem() Hlf,nd_pcm_direct_semaphore_down()

[ semop() J

S TE—
h e

[ mix_areas()
[ do_mix_areas() // rhty_areas_16()...

[ sum_buffer += src ]

[ dst = sum_buffer ]

v
[ dmix_up_sem() //

[ semop() J

7e B b falsa-driversit W 1 50 5 N AFE KR (13)(14)

snd_pcm_mmap_write_areas() B 55 A SR, HREIEAT, W
SENG R BT N ££pem->running_areas il 4R )5 1A
snd_pcm_areas_copy( R TR A, WIRAEER, PR, WA
PEANEELERS S 3,  aby BiE i memcpy$s UUEGE, 3] N
(K% 5, A snd_pem_mmap_commit()4 i3 5 150 5 N iy
7. 5 A fisnd_pcm_dmix_mmap_commit()5g &, 7Ex Hdl AR
(do_mix_areas)[Hi, 5 A AT,

do_mix_areas() &l it W AFIHATIRE 1, W0 BB, Fsum_bufferff 5
MR IATE NG, 5 Asum_buffer, [&F5 Adst. dstyile
pcm->running_areas, Wt Zpci AR EBUR . Bk, mREd s
AR AR TR TE T, fEF2 Apci A A7 P e HH s BEAT DARE 45
R

TEXH, 2RI X sum_bufferdtAT 5 5 ), i1
Fsemop ()T B JF U5 I 1«

EN=ER

By 0

B TXEVChALR
1. snd_pcm_mmap_areas()
alsa-lib-1.0.16/src/pcm/pcm_local.h : 458
2.snd_pcm_area_copy()
alsa-lib-1.0.16/src/pcm/pcm.c : 2527
3. snd_pcm_dmix_mmap_commit()
alsa-lib-1.0.16/src/pcm/pcm_dmix.c :
4. snd_pcm_dmix_sync_area()
alsa-lib-1.0.16/src/pcm/pcm_dmix.c :
5. dmix_down_sem()
alsa-lib-1.0.16/src/pcm/pcm_dmix.c :
6. dmix_up_sem()
alsa-lib-1.0.16/src/pcm/pcm_dmix.c :
7. snd_pcm_direct_semaphore_down()
alsa-lib-1.0.16/src/pcm/pcm_direct.h : 251
8. snd_pcm_direct_semaphore_up()
alsa-lib-1.0.16/src/pcm/pcm_direct.h : 257
9. mix_areas()
alsa-lib-1.0.16/src/pcm/pcm_dmix.c : 152
10. mix_areas_16()

773

297

286

287

~ alsa-lib-1.0.16/src/pcm/pcm_dmix_generic.c : 51

R e 1K
BN AFIX

TH

_pcm_direct_semaphore_up()
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fif Falsa-lib H 47 il TR, w] DA AR B R Bl 5 A 5% Hoiilipem s vl LA i alsa-lib 4 i test S £ v )
pem.c i H R PAT ST

HARE R 7k an

#cd alsa-lib-1.0.16/test

#make pcm

#./pcm -m write

#./pcm -m write_and_poll
#./[pcm -m async

#./[pcm -m async_direct

#./pcm -m direct_interleaved
#./pcm -m direct_noninterleaved
#./pcm -m direct_write

PL FEpfEgeitalsa-libt itdmix, B pem_hw.

pcm.cH 25 g devicelit“plughw:0,0"1H

A DO IS -mi BTN RS 535, XA R R AR AR 5 NI R BH 28 7 XA A L%J\ﬁiﬁfﬂﬁifjr'{% write  Xxx&
M itcopy_from_user()EEdE 5 ApciNFEX, Tidirect xxx&il i mmap() P 77 LK s 5 O\ pei N FE X
TRIANIF] R 53253 50 -

write: copy_from_user(). BHZEDEFE.

write_and_poll: copy_from_user(). FHZEpoll.

async: copy_from_user(). F&7.

async_direct: mmap() . .

direct_interleaved: mmap() « 28 X AFHL.

direct_noninterleaved: mmap() . 338 XAFHL

direct_write: mmap() . PHZEEFE.

HARGRE S L5 8201

W 9K pem.cH [device ¥ 4 “default”

make JF AT 5 GLRE S T T i aplay2& Ll nTLLACH Zmmap() « FHZEpolly =K.
B ehpem.c

static char *device = "plughw:0,0 default ";

HOFgm e, ik Flaplay
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a. wnite_loop ()
write_loop()ii it alsa-libfAPI & $snd_pem_writei() 5 A%
. i, (ESE IR I & plughw:0,0, T BApem->fast_ops-
|_generate_sine() | >writei() X 1 B 82 snd_pem_hw_writei(), bt

¥ defaultffdmixiF: Mt i B $snd_pem_mmap_writei) AN\, 2R

[“snd_pem_writeiQ Ja il ilioct ¥ Hki AL i 4ralsa-driver, 7EIRzh)Z9,
P |_\| add_wait_queue()BHFEHERE, HERRE [ aplay (i 1 7
— WARAE, MRS, i copy_from_user()¥ ¥dE 5 Apci

[ —S”d—pcm—w”‘e'ow K. WIEHEN R KA EE.

[ pcm->fast_ops->wiite() //snd_pcm_hw_writei()

[ iocti(SNDRV_PCM| IOCTL_WRITEI_FRAMES)

v
[ snd_pcm_playbacl{j?tl()

[ snd_pcm_playbackljxtll()

[ case XXX_WRITE| FRAMES

copy struct v
copy_from_user() ]
v

[ snd_pcm_lib_write

[ snd_pcm_lib_writel-@l
[ wait_for_avai I_minbj/

[ add_wait_queue(&]untime->s|eep, &wait)

N2
[snd_pcm_lib_write nsfer()

| copy user data to pci data} [ copy_from_user() ]
areas
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6. anite_and._poll_loop()

[ wait_for_

poll) }

A

y

A4

[ pollQ

[ generate_sine() | v

A

y

[ snd_pcm_playbac

0

[ snd_pcm_writei() ]

[ poII_wait(&runtime]>s|eep)

11/1

¢. asyuc_toop()

[ snd_async_add_pdmj-andler(async_calIback)

\

y

N4
[ snd_async_add_halndler()

[ snd_pcm_async() ]1

[ snd_pcm_start() |

[ pcm->ops->async(

~
[ async_callback() ]1

[ generate_sine()

[ snd_pcm_writei() ]

write_and_poll_loop()-5write_loop() [tIAS [E 44817 FH poll i)
JraCBHZEERE, AN TR S, poll &5, W LIk
BIFHI RS MR .

async_loop() & 1l it fentl ()73 A 91 ek 25020 160 5 N B 1,
1] % %async_callback() 1 97 5 #di, 11 OGS Bx Fn)
DISCEA ) 00, AE I BB T MRARAT A AR AL

7

nd_pcm_hw_async()

W

[ fentl)

]

[ sleep(1)

[ snd_pcm_fasync() Ij/

[ fasync_helper()

]
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d. async_direct_loots()

a )
[ snd_async_add_pdm—handler(async_callback) [_async_callback() async_direct_loop()5async._loop(A A, A [l s 2 (11 b
A 2 _ Hfd Fimmap 7 S 50 . AL pem_mmap RIRT
[ snd_async_add_hdndler() | snd_pcm_mmap_begin() aplayffjdmix_mmap 5 S AH [, 15 H]
Y ] snd_pcm_mmap_begin() B A3 WLt WAE S, 1
T [ generatew_sme() generate_sine()E BIE LI, [R5 N Y A7
[ snd_pcm_mmap_cbmmit()
[ snd_pcm_async() ]1 . ~
A [ pcm->ops->async(J#Hsnd_pcm_hw_async()
[ snd_pcm_start() ]
[ fentl) |
W
[ snd_pcm_fasync()lj/
[ sleep(1) ]
[fasync_helper() ]
e. deect_loapp()

direct_loop 2direct_interleavedfldirect_noninterleavedt
—while(l) _— S =GR, direct_loop i i mmap#Liil, A
snd_pcm_mmap_begin() B A3 WLt W A7 G, 1
generate_sine() 4= B IESZ BT, [R5 B A7

[ snd_pcm_mmap_b]egi ()

Vv
[ generate_sine() ]

v

[ snd_pcm_mmap_cbm mit()
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{. dinect_amite_loop()

direct_write_loopf# Hsnd_pcm_mmap_writei() 58 £ SL LAY
BN, WEAMEHPmmapsLE), alsa-libitibegin. copy.
commitidF A7 I AL T — AR R .

X Falsa-libfjdefault dmixfwriteifd Fl 17 K. =T
snd_pcm_mmap_writei() (¥ FE4N R 7] UL 2% aplay 13

[ generate_sine() |

Fo
A4

[ snd_pcm_mmap_v}ritei

—

)
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