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METHOD AND SYSTEM FOR SYNCHRONIZING AUDIO PROCESSING MODULES )

BACKGRQUND

[0001] The present writing relates to a method and a system for synchronizing audio
processing modules . Legacy computing devices were utilized to create documents, spreadsheets,
and e-rails. Such computing davices provided monaphonic sounds, which were utilized
pn"rnarily“ td .indicate occurrences of system events. Computing devices >are now also used to
play games, surf the-Internet, 1is;ten to music, watch moﬁes and the like. Accordingly,

conventional computing devices provide mpulti-channel andio capabilities.

[0002] Referring to Figure 1, a block diagram 6f an audio portion of a.computer
éystem, iﬁ,accordance with the conventional art, is shown. As depictéd in Figure 1, the
computel.' inoludes a processor 110, a memory 120, an audio system 130 and an output device
(e:g., speaker) 140, The audio system 130 is communicatively coupled between the

processor 110; themory 120 and output device 140.

: [6003] The processor 110 provides an operating system and one or more applications.
.One or more of the applications may:cause the processor 110 1o provide one ‘or more:sounds.
“The processor 110 issues commands to the audio system 130 which contain the location in
memory 120 (e.g.; ani address) of one or more wave tables to be played and parametéﬁ w0 be
used t0'.1>1ay' the sounds. The wave table consists of a series of digital samples ol a' Sound, |
The parameters may include the frequency (c.g., pitch) of the sound to be generated from the

wave table, the envelope (e.g.. attack, sustain, decay) describing the amplitude of the sonnd

1
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through time, and 4 tremolo 10 modulate the frequency. The-audio system 130, in response to
commands from the processor 110, reuieves one or more sounds from the wave tables stored
in memory 120. The sgudio system 130 processes the sounds ac;ording to the parameters, |
thereby generating andio data. The audio system 130 then converts the audio data to an

enalog output which may be played o a given outpur device (e.g., speaker) 140.

©*7[0004] It is expected that computer users will continue to demarid improved audio
systems for-delivering high definition video, high definition audio, streaming video, -
streaming audio, multiplayer games, and/or other on-demand aundio and video content.
.Accordin'gly, the audio system needs to provide ever increasing audio 'processmé,jc.ép'ébiﬁties
while minimizing processor utilization and bus traffic. Therefore, an improved audio’systeim
capable of processing multiple ;oﬁnds, from & plurality of applicatians, which can be output
to any nuruber of output devices, with reduced processor utilization, reduced generation of

bus traffic'and reduced latency, is needed.

84
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SUMMAKRY

[0005] Embodiments of the presentdisclosureare directed toward an improved audio
system capable of processing multiple sounds, from a pluraliry of applicatiang, which can be
outpur to any number of output devices. with reduced processor utilization, reduced
generation of bus traffic and reduced latency. Inone embodimentb the audio system includes

a plurality of audio processing modules, a clock manager, 2 sample rate converter and a

buffer. The audjo processing modules are communicatively coupled to the clock manager

>

and the buffer. The sample rate converter 1s communicatively coupled to the clock manager
and the buffer. The buffer provides for storing audio data generated and consumed by the

audio processing modules. The clock manager provides for determining the clock source of

‘each audio processing module. The clock manager also provides for configuring the audio

processing modulcs and the sample rate coniverter as a function the clock source of each
audio processing module. The sample rate converter provides for synchronizing a flow rate

of audio data generated by a first audio processing module and a flow rate of audio data

‘consumed by a second audio processing module, when the clock source-of the first and

secorid audio processing modules are different,

{0006] In another embodiment, a method for synchronizing audio processing modules
of an audio system includes configunng a first one of an associated set of audio processing
modules (e.g., an audio hardware accelerator) (o puss a fist.set of audio data through.a

buffer to 2 second one of the associated set of audio processing modules (e.g., an audio”

‘hardware renderer), when the set of aidio processing modules utilize a common clock

source. Therefore, when the two or more devices are found to have the same oclock sourcer
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(e.g., hardﬁare clock), the software can then'bypass the need to inmpduce rate c;rﬁfrdl :)r o
szﬁnplc ra—tc conv-:r&ﬁ between devicea to prevent the underflow or o‘\‘/effloxv of data Wf;en
the set'of' aﬁdio processiné mddul;es do not'urilize thc cémmox:l. clock S;r:mme: the me’rhnd
mcludes configunng the first one of the associated set of audlo pracessing modules toi srore
the f rst set of audio data ini a first buffer The sample rate converter is conﬁgured to receive
the ﬁrst set of aucho data from the ﬁrst buffer and to store a second set of audio data ina B
second buffer. The sample rate converter is also configured to synchromz.e a flow rate of the
firstset of audio data into the first buffer with a flow rate of the second set of audio data out
of the second buffer The second one of the associated set of audio processing modules is

conﬁgured to receive the second set of audio data from the second buffer, when the set of

audio processing modules do not utilize 2 common clock source.

g 0607] In another embodirent, a méthod for synchroﬁizing audio processiﬁé' modules
includes-@peratiﬁg the audio system in a first mode, when an associated set of‘éudio ‘
processing modules share 2 common \;lock source. The first mode includ.es st%n’ing audio ..

“data generated by a first one of the associated set of audio processing modules iﬁ a'shéreﬁ |
buffer. “The first mode further includes receiving andio data consumed by a second-oné of"
‘the associated set of audio processing modules from the shared buffer, The audio system is
operated in a second mode, when the associated set of audio processing modules do not share
a common clock source. The seoond ‘mode includes, storing andio data generated by thc fi rst
one of the'associated sct-of audio processing modules in an mput buffer and receiving the
audio data consumed by the second one of the associated set of audio prbcessing modules

from an olttput buffer. The second mode further includes synchronizing the flow rate of
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andio dara being stored mn the mput buffer with the flow rate of audio dara beingreceived -

from the oulput buffer,

[0008] [n 2nother embodiment, a computing device iﬁ\blementéd audio system |
includes a fnemory controller hub; a procééséi‘, a main memory and an audio system‘.‘“T' he
pro;:éﬁsor, main méﬁaory and audio sfstem are each.éommunicatively éoﬁpled to the méﬁ:ory
. controller hub, The audio system includes a olocic manager, a plurality of audio érécessing
‘modules, a samplé rate converter and a buffer. The plurality of audio processing modulles are
comrﬁunicatively coupled to the clock manager and the buffer. The sample rate cénverter Is

co_mmtinicatively coupled to the clock manager and the buffer.

. IOOO?] Emabodiments of the present disclosure advamageouslyv allow audio pfoceésing
modules to act as wholly independent devices. Embodimients of the present disclosure B
advantageously synchronize the audio processing modules when they do not sharea coromon
clock source. When the audio processing modules share a cormmon clock souroé, the -
pverhead of synchronizing the audio. processing.mddules may be eiimmated by embodiments

of the preserit disclosure.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The present éisclosure is illustrated by way of cxamplc and not by way of
limitation, in the figures of the accompanying drawings and in which like reference numerals

refer to similar elements and in which:

Figure 1 shows a block cﬁagmm of an audio portion of a computer system, in

accordance with the prior art. -

Figure 2 shows a block diagram of an elcctronic audio system, in accordance with

one embodimeur of the present disclosure.

Figure 3 shows a block diagram of an audio system including one or more Lo

accelerators and renderers, in accordance with one embodiment of the present! disclosure. ..

Figure 4 shows a block diagram of an audio system including one or more local

stages and a global stage, in accordance with one embodiment of the presentidisclosure.

Figure 5 shows a flow diagram of method of synchronizing audio processing

modules, in accordance with one embodiment of the present disclosure.

Figure 6 shows an exemplary computing platform for implementing embodiments of

the present disclosure.



WO 2005/106872 PCT/US2005/012529

DETAILED DESCRIFTION

[0011] Reforonce will now be made in detail 1o the embodiments of the disclosure,
examples of v.;hich are bi.llustrat.ed in the-accompanyiﬁg‘ dréwiﬁgs. ’\}.’;/'hil'e' the disclosure will be
describé;l in éénjuhction with tﬁese embodiments. it will be understood that they are not
intenc_ied to limit thedisclosureto these embodiments. On the contrary, theidisclosure is |
intended to cover alternatives, modifications and equivalents, which may be included within
the scope o'f the disclosureas defined by the appended claims. Furthermore, in the following
detailed description of the present disclosure,n;xmerous Speciﬁc details are set forth in order
to provn de a thorough understanding of the present disclosure. However, it is understood that
the present d1sclosuremay be practiced without these specific details. In other mstances,
vdéllakndwn thethiods, pro'cedizres, com;ionenrs, and circuits have notbeen described in detail
as not t6 umiccéssarily obscurc aspects of the present diéclosure.

- [0012] Referring to Figure 2, a blqck diagram of an glectronic audio system 200, in
accordance’'with one embodiment of the present disg;losure,is shown. As depicted m Figure
2, the audio system 200 is coupled between one or more applications-(¢.g., music player,
game, and/or the like) 210, 212, 214 and one or more outpﬁt devices (e.g., speaker, PCL -~
controller, USB ;:ontroller, firewire con&bller and/or the like) 290, 292. Generally, a
particular application 210 generates one or more sounds. The sounds are processed by the. -

andio system 200 and ontput to an appropriate oulput device 290.

{0013] The audio system 200 includes a plurality of audio processing modules 220,

225,240, 245, a clock manager 260, a sample rate converter 270, and a buffer 280. The
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audio processing modules 220, 225, 240, 245 may be communicatively coupled to the clock
manager 260 and to the buffer 280, The samj:le tale converter 270 gy be c0111111u11i§ativcly ‘

coupled to the clock manager 260 and to the buffer 280.

[0014] Ih one ii‘npiementatioﬂ, a;ﬁrst audio processing mo&ule méy be an accelerator
module and a séﬁond andio processiﬁg module may be a renderer module, as described m .
detail below with respect to Figure 3. In another implementation, a first audio pro»;':essing.
module may be a local stage and a second audio proceséing module may be a globai stage, ‘as

described in detail below with respect to Figure 4.

. [0'015] One or more sudio processing modules (e.g., ﬁn accelerator module and a.
reniderer module, or a local stage and a global stage) 220, 245 may be associated with égfch -
o;hér fqr processing sounds generated by a particular application 210, When associated
audio .,pn;oc.:es?sing maodules 220, 245 are: operating from different clock sources 230, 255 the |
rate of generation and consumption of audio data will differ. Even if twa audio p,foaessing-';
‘modules 220, 245 are 'operatirig from different clock sources that are aperating at the ,sa;ﬁe
rate, there Wili bc; some drift (e.g., 48.1 KHz and 47.9 KHz)., When the audio processing
modules 220, 245 are operating from the same clock soﬁrce 230, the clock rates exactly '

.match (e.g., 48 KHz).

[0016) In acdordance with an-embodiment of the present disclosure, the clock .
manager 260 configures the audio processing modules 220, 245 and the sample rate 270"

converter as a function of the clock source 230, 250 of each of the audie processing madules
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220, 245. If the associated andio processing modules 220, 245 share a common clock s'oﬁrc::
'230, the audio processing modules 220, 245 are configured by the clock manager 260 to store ’
a:;d retrievgaudio data, respectively, in 2 ..chared buffer 282. 1f the lasaniated auglip
procegsing modules 220, 245 do not operate from a.common clock source 230, 255 the first
audio processing module 220 is configured by the clock manager 260 to store its output....
audio dava in an input buffer 284. The second audio processing module 245 is configured by
the cioc!; manager 260 to receive andio data from an 6utpm buffer 286. The sample rate

‘ converter 270 is‘ configured by the clock manager 260 to modify the audio data by inserting_
and/or deleting extra samples in the audio data, thereby synchronize the flow rate of aucho

»data stored-in the input buffer 284 and the flow rate of audio data received from the output

‘buffer 236.

- [0017): AItergatively, the sample rate converter 270 may provide
‘géeneration/consumption rate matching by monitoring an input pointer of a shared buffer and
‘an output pointer of the shared buffer. The sample rate converter 270 may caﬁse the first
"-andio processing module 220 and/or the second audio processing module 245 to speedup or
‘slow downi depending upon the input and output pointer values. Thus, the output rate:of the

second audio processing module 245 is matched to the-input rate of the-first andio processing

module 220, s0that the:two remain locked in synchronization. .

[0018] Itis fppreciated that, in another implementation, a plurality of audio
processing modules 220, 225 may generate audio data corresponding © sounds received by’

each audio processing module 220, 225. A single.audio processing module 245 "ma}
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consume the audio data. In another implemnentation, a smgle audio processing module 220
ma}; gehérate audio data ‘éorrespondingvto ouE 0L Iute 1eceived sounds. A pluralit‘y of aﬁdi§
processing modules 240, 245 may consume the audio data. In yet another implementation a
ﬁtst p‘lurality of audio prnce.qqinw modul;s 220 223 may generarc audlo data con-cspondmg

to one or more recewed sounds A second plurality of audio processmg modules 240 245

may consure the aud1o data.

[0019] ARefen‘ing now to Figure 3, a block diégram of an audio system 300 including
one or more accelerators 320, 325 and renderers 340, 345, in accordance with one | -
emediﬁient of the i:resent mvention, is shown. As depicted in Figure 3, the auciio:“sg}lswm
300 may be coupled between vne vt madre applications 310, 315 and on'e or rr;oré, outpur; -
;deﬁces 390. Generally, a particular application 710 generates one or more sonnds. - The. -
sounds are processed by the audio system 300 and ourput to an appropriate output device

390.

. [0020] ’lfhe'audioisystem 300 may include a plurality of audio processing modules
320, 325, 340, 345, a clock maﬁager 360, a sample rate converter 370 and a buffer 380, One
or moreof theraudio processing modules may be accelerator modules 320, 325.. One or more

-0t the audio processing modules may be renderer modules 340, 345, A ;.zarticular accclerator
module 320 is typically associatcd with a particular renderer module 340 for précessihg .
sounds from é.paﬂic;ﬁlar. application 310. The associated accelerator-and renderer modules’

320, 340 may be c.ommunicative;y coupled to the clock-manager 360-and the buffer 350.

10
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The sample rate converter 370 may be 'communicatiyely coupled to the clock manager 360

and the buffer 380.

(0021} The flow rate of audio data generated or consumed by thu assocxated
acceleramr and renderer modules 320, 340, respecuvcly, isa funchon of a clock dnvmé the
given module. Each associated clock may be from a different clock source 330, 350, or one
ol‘morebf the associated clocks may be from the same clock source 330. If the clock
sources 330 are the same for a set of associated accelerator and renderer modules 320, 340,
the rate of audio data generated and consumed will be equal. If the clock sources 330, 350":
are different for 2 set of associated accelerator and renderer ﬁodules 320, 340, th.e. rate of
dudio data .generated and consumed will nut be equal. Even if two clocks sources:330, 350
are operaﬁng at the same frequency there wxll be some drift in the operating ﬁ-qu.lmry, and
therefore the rate of generanon and consumption by the associated accelerator and renderer
modules 320, 340 will vary. Only when the accelerator and rendel:er modules 320, :340 are
operating from the same clock 330 source will the dpera;cingﬁe’quency match, aﬁd therefore
the rate of generatioﬁ' and cénsumption bétween associated modulesv}?.o, 340 will also

maich:

.[U()ZZ] Accordingly, the clock manager 360 may determine the éluck souiee 330, 350
of cach aysociated a«;celerator and renderer module 320, 340. In one implementarion, each
.;accelerato} and renderer module 320, 340 registers a global unique identifier (GUIDY with
xheclocl‘c mmanager 360. Each GUID identifies the clock source of the particular-accelerator

or renderer module. The clock manager 360 then configures cuch associated accelerator and

11
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renderer module 320, 340 and the sarople rate converter 370 based in part upon the clock - -
‘'source 330-of the associated acceleralol module 320 and the clock'soun:c 350 of the

associated renderer module 340.

{0023] When associated accelérator and renderer modules 320, 340 are found to use
the same clock source 330 (e.g., 48 KHz), the clock manager 360 configures the accelerator
n:;odulc 320 to operate in a first mode.  In the first mode, the accelerator module 320 outputs
' :i-ts audio data to a shared portion of the buffer 382. The associated rendered module 340A i$
I;:onfigu:ed to receive its input audio data from the shared portion of the buffer 382. Thu{s; |
the accelerator module 320 outputs audio data directly to the shared portion oi‘the‘lsliifer 382
* from which the renderer module 340 consumes audio data. In the first modgc, the-latency
‘between the output of audio.'data by the accelerator module: 320 and the inpnt of the audio
;cjata- by:the renderer 340 module is approximately 2 ms or less. In one implementation, the

shared portion of the buffer 382 may be approximately 1-10KB.

. [0024] When the as$ociated accelerator and renderer modules 320, 340 use different
~c,lo'ck ,éour,cés 330, 350, the clock manager 360 configures the modules 320, 340 and sample
. -rate converter 370 te opér_ate in 2 second mode. In the second mode, the associated
: accelerator module 320 is configured o ourput its audio data to‘an inputq portivirof mc\bu.rﬁ:x
'384. The associated rendered madule:340 is configured to receive its input audio daga from-
-anoutput portion of the buffer 386. The sample rate converter 370 is-configured to match the
flow rate into the input portion of the buffer 384 and out of the output portion of -th;e‘buf'fer

-386. Accordingly, the sample rate converter 370 retrieves the audio data from the input -

12
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portion of the buffer 384 and may introduce and/or eliminated extra data samples. ‘Lhe
sample rate converter 370 then outpuls the wodified audio data to the outpﬁt portion of the
buffer 386 Thus, the output rate of the accclerator ;‘no.c‘lp‘h 320 is matched to the imput rate.
of the renderar module 340, so that fh.e; two remain locked in synchronization. In the second
mode, when sample rate conversion i‘s_utili,zed, the latency between the output of aundio. data -
from an accelerator module 320 to the input by a renderer module 340 is typically
approxirﬁately 15-20 ms. In one implementation, the input poftion and output portion of the

buffer 384, 386 may be approximately 100-200KB each.

[0025] It is appreciated that the audio system way be mmplemented in hardﬁafé,
“sofiware, firmware, or.a combination thereof. For example, the accelerator module, the clock
rnanager and sample rate converter may be implemented i software. The renderé‘r;mhdxﬂ_'f:
‘may include a renderer driver, implemented in software, and rendeter hardware (e.g..’
encoder/decoder (CODEC)). The buffer may be implemented in system memory-(£:g.;-..

dynamic random access memory (DRAM)).

.. [0026) Although the operation of the audio system 300 has been describedﬂ,with‘ .
reference to audio output streams (e.g-, playback), it is appreciatéd‘that thg audio system 300
may also provide for processing input streams (e.g., recording), Fou exz;mple, the renderer
module (e.z., CODEC) 345 may reecive an analog sudio signal from an input device (e.g.,

_microphone) 395, The reiiderer modnte 345 may convert the analog audio signal into digital
audio data, which is stored in the buffer 380. The clock mapager 360 configures-the

‘aceelerator module 325, renderer module 345, sample rate converter 370 and buffer 380 as a

13
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function.of the clock source 330, 350 of the renderer and accelerator modules 325, 349.- If.
.thc-:, renderer and accelerator modules 325, 345 do not operate from a.common clock source.
the. samplc: ratc converter is inserted to synchronize the flow rate of data between.the .
accelerator and renderer modnle.e 375, 345. The accelerator module 325 receives the audio
data from the buffer 380 and processes the audio data according to.a given application 315. -
The processed audio data is then typically stored in main memory and/or in a bulk storage

device {e. gl, hard drive) for future playback.

[0027] Refemng now to Figure 4, a black diagram of an audio system mcludmg one
01; more local stages 423,425 and a global stage 427, w accordance with one embodxment of -
thie present disclosure, is shown. As depicted'in Tigure 4, the audio system includes an
accélerator module 420, a clock manager 460, a sample rate converter 470, a buffer 480 and
a renderer (not shown): The accelerator module 420 includes one or more local stages 423,
425-and = global stage 427. The local stages 423, 425 and the global stage 427 are-each -
communicatively coupled to the clock manager 460 and the buffer 480. The sample rate.
converter 470 is.copumunicatively coupled to the clock manager 460 and the buffer480. 'Tﬁe‘
clock maﬁ;tger 460 configures the local stages 423, 425, global stage 427 and the sample rate
converter 470 as a function of the clock source of each of the local stages 423, 425 and the

global stage 427.

.« [0028] Each of the focal stage 423, 425 and the global stage 427 register-a global
-unigue identifier (GUID) with the clock manager 460. The GUID identifies the source of the

clock of each local stage 423, 425 and the global stage 427. Thereafter, one or moré local.

14
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" Stages 423, 425 teceive sounds from e oF more applications apd‘ generate audio data
curr;:s;.:uhdiug‘ to the one or more sounds. [f a particular local stage 423 and the global staée
427 share a common clock source, the local stage 423 and the global stage 427 are )
com" gured by the clock ﬁ:anager 460 10 store and remeve audlo data, respectxvely'; ina
shared pomon of the buffer 482, Ifa partlcular local Stage 423 and the global staga, 427 |
operate frqm different clock sources, the clock manager 460 conﬁgures the 1ocal stage 423 1o
output its audio data to an input portion of the buffer 484. The global stage 427 is rconﬁgured
to receive its input audio data from an oufput portioﬁ of the buffer 486.. The samﬁle r.’ate o
'converter 470 is configured to receive the audio data from the input portion of the buffer 484
and mtroduce and/or eliminated extra data samples. The sample rate converter 4’/10 then |

| outputs the moditied audio data to the output portion of the buffer 486. Thus, ‘

synchronization is mairitaincd botween the local stage 123 and the global stage 427,

[0029] For example, an apphcauon (e.g., video game) may be generatmg a pluraluy
' -of sounds (a gun shot, a scream, a train, etc.). ‘A particular local stage 423 con‘espondmg to
the application mixes the plurality of sounds and outputs it to the buffer 480. The. .sample .
‘rate converter 470 synchromzes the flow rate of aundio data generated by the local stage 423
| with the flow rate of audio data consumed by the global stage 427, when the stages do not
‘have a common clock source. Otherwise, the local stage 423 stores audio data in tl;f; sharéd
'iaéﬁion of the buffer 482 and the global slage 427 cousumes the audio data Withbx.lt‘ the.nced
for synchronization, when the stages 423, 427 have a common clock sonrce. The global

stage may provide processing upon the audio data, such as feverb. The audio data ouitput by
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the global stage 427 may be stored in a buffer for consumptioh by one or more :rengle'rer 4

modules.

[0030] In another example, the buffer 430 stores the audio data generated by each of ‘
the plurality local stages 423, 425 and consurned by fhe global stage 427. The sample ?atc
converter 470 synchronizes the flow rate of audjo data generated by the local stages 423, 425
wfth thé flow rate of audio data consumed by the global stage 427, when one or more stages
do not have a common clock source. Otherwise, the local stages 423, 425 store audio data in
the buffer 480 and the global stage 427 consumes the audio data without the need for
sjﬁchron;zation, when the stages 423, 425, 427 ha:ve a common clock source. Thcxudflt:l,
global stagi:‘ 427 naixes the audio data generated by each local stage 423, 425 'togetﬁer. to

. g‘enei-a‘té audio data for output (e.g., further processing by a renderer module).

'[0031] Althogh the operation of the audio system has been described with reference
to audio output streams (e.g., playback), it.is appreciated that the audio system may also ..
provide for processing input streams (e.g., recording). It is also appreciated that the renderer

-module may also include one or more local stages and a global Stage.

[0632] Referring now to Figyre 5, a flow diagram of a co,mputér implefriented
;meth-nd,o‘f .synchrogiziﬁg' éudio proc‘essih 2 modules, in accordance with one embodi.ment of
ftll'xe present disclosure; is shown. As depicted in Figure 5; the method begins with e_ach.a'udio.
processing module {e.g., accelerator, renderer, local stage, global stage) registering with a

clock manager, at 510. The registration process includes identification of the source clock
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for each audio processing module. In one implementation, each of the audio processing
modules register with the clock manager by providing a global unique identifier (CUID) for

Instance.

[0033] At 520 the clock manager determines 1f the clodc for an assocxated set of
audio processmg modules is from the same clock source. In one imp lementanon, the GUID
~of each aqcelerator and renderer module identifies the clock source thereof. Similarly, the

'GUID of each local and global stage identifies the source clock thereof.

~ [0034] At 530, Ui clock manager configures the associated audio proccs‘si:n‘:g o
Amodules 1o operate in a first mode, if the modnles operate from the same clock source. in
one 1mplementauon the assoc1ated accelerator module in conﬁgured 10 Output its aucho data
to a shared portmn of a buffer. The associated renderer module is configured to retneve the
audm data from the shared portxon of the buffer. Sxmxlaﬂy, the local stage is conﬁgured to
| output its audio data to a shared portion of the buffer. The global stage is conﬁgu;cd to’

.retrieve the audio-data from the shared portion of the buffer. - C coo

¢ '_» _-[003:5] If the audio proc,essiug modules operate from different clock so.urccs,'thc
clock manager of the presentdisclosureconfigures the associated audio érqcessing madnles
and the sample rate converter to operate in a second mode, At 540, the audio g‘én.e;ating
audio processing mddule is configured to pass its audio data to a sample rate converter :
“through an input portion of the buffer, when the associated audio processing modi}IES' do'iot

utilize a common ¢clock source. "In one implementation, the acpeleratoi'f module stores audio
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¢

data in an input portion of the buffer. Similarly, the local stage stores andio data in an inpur

portion of the buffer, when the local and global stages do got utilize a common clogk source.

{09361 At 550, the sample rate converter is conﬁgurfzd to synchronize the'ﬂbq'\y rates
between the input and output portions of the buffef. In one implementatioxi, wﬂen g{hev
associated accelerator 'an'd renderer modules do not utilize a comumon clock source, the
sample rate converter retrieves audio data from the input buffer. The sample rate ;on§ener
monitors the rate of audio data production by the accelerator module and the rawe of
consumptlon by the renderer module and introduces and/or eliminates extra data sample to
| mamtaxn synchromzanon ‘Similarly, the sample rate converter momtors the rate of audlo
‘data production by the local stage and Lhe rate of consumption by the global stﬁgc‘a’q‘d-
imroduc'es énd/or eliminates extra data samples to .maintaig synchronization. A;fter:
infroduction and/or elimination of extrs data samples, the sample rate cénverter outputs the

audio data to an output portion of the buffer.

©+ -+ [0037) Au560-of Figure 5, the audio data consuming audio processing module is
configured to receive the andio daté from the samplé rate converter through the output -
portion of the buﬁ‘ér. In one implementation, the-associated renderer modu[e'receﬁ/es the
audio data trom the-output portion of the buffer, when the accelerator and xenderer. modulc
. do riot uuluc 4 COnuLOn cIocL source. Similarly, the global stage receives the aucho data
- from the dutpuc'por?ion- of the buffer, when the local and global stages do not utilize a

‘comimion clock source. -
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[0038] Refemng now 0 I‘1gure 6 an exemplaxy computing plattorm for
1mplementing embodlments of the present d1sclosurels shown. Althoug,h 1llustrdtcd wuh-
reference o a com ﬁutnng device, it is appreczated that embodi;ncnts of the present invcnfi;n
may be implemeﬁt.ed m gam;z éonsoles, (p(\rf:\blﬂ gaming systems, perconal digital |
applican;:é:s, éombination set-top box/game consoles; srﬁartphones or other mobile
telephones, computer-based simuiators, portable entertainment centers, or similar device that |
generates sound. As depicted in Figure 6, the exemplary computing device includes a
L processor (CPU) 610, a memory controller hub (e.g., north bridge) 615, a main memory 620,
a graphics processor (GPU) 625 and an input/outpurt controller hub (e.g., south bridge) 630.
ﬁe_ i:foces&ér 6 10, the graphics processor 625, the main memory 620, and the I/Q hul‘:‘
controller hub 630 may Ee commaunicatively coupled to the memory controller hub 615. )
Altematively, the graphics processor 625 may be im[ﬂcmenh:d as auintegial part of the
memory-controller hub 615 (not shown). The exemplary QOmputing device may also in¢lude
peripheral éotﬁponen'ts, such as a disp};y,. a keyboard. a pointing devi‘ce, mass data storage
device(s), speakex(s), and the like, coupled to the input/output controller hub 630 by an

4

applicable bus 635-655 (PCI bus, USB, Firewire, Ethernet, ISA bus, etc).

- [0039] The memory controller hub 615 prov'ides for.communicating informati on-and
Anstructions between the processor 610, the main memory 620, the graphic, processor 625 and
the inpuoutput controller hub 630.-The xnput/outént cont::p[ler hub 630 provides for.
communicating infurm'ation and instructions beiween the memory controller hub 615 and tﬁe
various input/output devices connected by the various busses 635-655. The main -memnfy

620 provides for storage of the information and instructions. The processor 610 processes: -
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information and instructions thereby providing an operating system and one or more
applications. Similarly, the graphics processor processes information and instructions

thereby providing vidco data for display to a user,

e

ey, .

[0040] T‘he computmg dewce fun:hcr includes an aucho system 660 in accordance ‘
wnﬁ 'oﬁe or more of the abovc-descnbed embodiments of the present disclosure. The audlo
system 660, in one implementation, is an integral part of the mput/output controller hub 630.
The audio system 660 includes one or moré audio processing modules, a clock mz;nager, a
sample rate converter. Each audio processing module may provide one or more functions |
such as mlxmg, mult1~channel conversion (e. g-, sterco surround sound), three dlmemlonal
‘pgsmonal compu‘tau‘on (c.g., hiwad cldicd uanster functicms, clevation, rlircctictn‘7 ctc) and
verious effects (e.g., chorus, reyefb, abstruction, occlusion', equalization, cross-r Hc

cancellation, etc.).

[0041] The clock manager, of the audio system 660, llnollsAthe audio process‘i'né‘“
modules to detérmine the source of each module’s clock. Thereafter, one or more of the .
audio processing modules (e.g., accelerator, local stage) may generate audio data:wﬁil& one
or more audio 'proceséing modules (e.g., accelerator, local stage, renderer, global.stage)
consume - the-andio dara. For.example, é.-f;-rst audio processing module generates wudio’ dala
corresponding to one or more reccived sounds. A second audie processing module consimes
‘the audio data, If the first and second audio processing modules share a common ¢lock
sdurce, the clock manager configures:the first andio processing module to ourpﬁt the

‘generated-audio data to a shared portion of the buffer. The clock manger also configures the
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secand audio processing module [0 consume the audi§ daté from the shared portion of the o
buffer. If thg first and second audio processing modulgs operate fromAdiff.erenr clock.
sources, the clqgk manager configures the first andio pmcagsing module to output the
generated audio data fo.an input portion of the buffer. The sample rate converter is -
configured by the clock manger to retrieve the audio data from the input portion of the bqﬁ:e;‘
- and 1o intreduce or eliminate extra data samples to maintain synchronization. The sample
raté converter then outputs the audio data to an output portion of the buffer. The clock

. manager also configures the second audio processing module to consume the andio data from
the output portion of the buffer, when the first and second audio processing modules operat‘e..

from different clock sources.

[0042). The buffer of the audio system 660 may be implemcnted--ix; main mernory
(eg., sha;éd meﬁloxy access {SMA)) 620. The shared portion of the buffer may.be: .
approximately 1-10 KB (e.g., 64 samples, where each sample is 24 bits), while the‘input and
outpyt. portions may be approximately 100-500 KB each. Although the buffer is descﬁbe@. as
comprising a shared portion, input pértion and output portion, it is appreciated that the buffer
may be impl,em;nted asa piurality of separate buffers or as a.single buffer that is partitioned '

,iq,.accordance with the operating mode of the audio system 660.

[0043] Although the audio system 660 is described as an integral part of the
input/output con&oller hub-630, it is appreciated that the audio system 660 may be coupled to
any element that provides the audio system 660 a direct connection to-main memory 620,

The andio system 660 tmay also be implemented as an integral part of the memory: controller
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hub. Implementation of the audio sysiem 660 may alse be distributed among one ox more of
the abuve-treution elements of the computing device, Implementation of the audio system
660 may also be distributed among one or more of the above-mentioned elements of fhe
conputing device and implemented in information and-instructions residing in main metnory
620 and executed by the ‘processor 610,'the memory controller hub 615 and/or the
input/outgqt controller hub. For example, an accelerator module may be implemented in
software (e.g., information and instractions), the clock manager and sample rafe converter
may be imp!eméqted as an integral part of the input/output coniroller hub 630, fhe buffer may
be implemented in ;he main memory 620 and the renderer module may be implemented in an

audio controller.

[0044] Acrordingly, the memory coniroller hub 615, graphic processor 625; .
-input/output controller hub 630 and audio system 660 provide a distributed processing-. -
platform. The audio system 660 advantageously increases cornputing device performance by
off-loading aﬁdio:éffeots processing and rendering from the processor. Furthermore, |
,embodiments of the present disclosure advantageously allow audio processing modules to act
as wholly independent devices. Embodiments of the present disclosureadvantageously '
synchronize thé audio processing modules when fhey do-not share a common clock. SQUICE. .
When the andie processing modules share a common clock source, the overhead: of . H
synchronizing the audio processing modules may be eliminated by embodiments of the

present disclosure.
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[0045] In summary, some of the embodiments of the present disclosure provide an audio system

having wholly independent audio processing modules. The audio system includes a plurality of audio

"pmnessin g modules, a clock 'manager. a sémple rate converter and a buffer. The audio
processing modules are communicatively coupled to the clock manager and the buffer. The:
sample rate converter is communicatively coupled to the clock manager and the buffer. - ’fhe
buffer provides for storing audio data gene.rated and consumed by the audjo processing
modules. The clock manager provides for determining thé clock source of each audio : ..
processing module. The clock manager also provides for configuring the audio pfo‘cessing
modules and the sample rate converter as a finction the clock source of each audio
pr'écé:ési‘n‘g mo‘d;;le. The éample rate converter provides for syncliyonizing a flow rate of
audio .da't; generatcd by a first audio processing rx;iodule and a flow rate of audio data
consumed by a secorid andio processing module, when the clock source of the first and

- second audio processing miodules are different.

[0046] Tﬁe foregoing descriptions of specific embodinmients of the present disclosure
have been presented for puiposes of illustration and description. They arc not intended to be
c:%haus.tivc or io limit the invention to the precise forms disclosed, and obviously many
madifications and variations are possible in light of the above teaching. :—T.he embodiments
were chosen and described in order to best explain ;ch,e principles of the: @isglosure and its
practical application,. t§ thereby enable others skillf;d in the art to best utilize the disclosure
and various embodiments with variouﬁ, naodiﬁcafions as are sujted to the pérticx_zlax: use

: cc;:qtemplated. Tt is intended that the scope of the invention be defined by the Claims

appended hereto and their equivalents.
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CLAIMS
Wwhat is clgximed is:

I. An clectronic aundio system comprising:

a buffer communicatively coupled tn ‘n. first audio pmcessihg rﬁodﬁle and a second
-audio ﬁrocessing module, for storing andio data generated by said first andio processing
module and consumed by said second audio processing module;

a clock manager communicatively coupled to said first and s‘econd audio processing
modules, for determining a first clock source of said first audio processing mo&ule, for
qletermining a second clock source of said second audio processing module and for
‘céﬁﬁgﬁring said ﬁfst and second audio processing modules and a sample rate canverter asa |
function of said first clock source and said second clock source; and

said samiple rate converter comimunicatively coupléd to said buffer and said clock
Ihanager, fc;r synchronizing a first flow rate of said audio data generated by said first a‘;dio
processing module and a second flow rate of said audio data consumed by said second atdio

.processing module when said first clock source is different from said'second clock source.

2. The audio.system according 1o Claim 1, wherein: -
* “said first audio processing module comprises an accelerator module; and

said second audio processing miodule comprises a rénderer module.

- 3. The audio system according to Claym 1, wherein:
"said first audio processing wodule comprises a local stage; and

* said second audio processing module comprises 2 glohal stage.

24



WO 2005/106872 PCT/US2005/012529

4. The audio syslem according to Claim 1, wherein:
b

said first andio processing module comprises a first acceleraror module; and

said second audio processing module comprises a second accelerator module.

5. The audio system according to Claim 1, wherein:
 said first audio processing modnle comprises a first local stage; and

said second audio processing module comprises a second local stage.

A6. Tife audio system according to Claim 1, wherein:

said ﬁfét audio' processiné module is configured to store audio data in a shared
portion of Sé.id'huffcx', when said first and second audio pr‘oc;:ssing modules share a. common
clock source; and

éai‘d second audio processing rﬁ‘odule is conﬁgured toretrieve audio data from said
shared portion of said buffer, whén said first and second audio processing modules share said

common clock source.

7. The audio system according to Claim 1, wherein:
said first audio processing module is configured to store said andio data in an input

&

portion of said buffer, when said first and second audio processing modules do not share a
ta . .
common clock source;:

' said sample rate converter is configured to retrieve said audio date from said inpuit- ©

buffer, to modify said andio data by insert or delete an extra sample and to store said
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modified audio data in an output portion of said buffer, when said first and second audio
processing modules do not share szid common clock souice, aud
said second audio proccssing modulos is configured to retrieve said audio data from

said output portion of said buffer, when said first and second andio processing modules do

not share said common clock source. -

. S.A The audio system according to Claim [, wherein:

said first andio proce.:ssing‘module is configured to store audio data in a shared
pprtion of said buffer, when said first and second audjo processing modules do not share a
r;éfnmﬁn clock source;

said second audio processing module is configured 1o retrieve audio data from said
sﬁa‘re&pdrﬁon of ‘sgiq buffer, Wh;n said first and secund audio processing ‘modulcs do not
share said common claclc source; and |

 “satd saiple rate converter is configured to increase a rate of generation by said first

‘audio procéssing module or decrease arate of consumption by said second audio processing
module, when said first and second audio processing modules do not share said common

clock source.

© 9, The audio system according to Claim 1, wherein: - -

‘said first clock source of said first audio processing module is determined from a first

iz

global unique identifier of said first audio processing module; and

sdid second clock source of said second audio processing module is determined from

a'second global uriique identifier of said second audio pracessing module.
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10. A method for synchronizing audio processing modules comprising:

registen‘n’g.a phurality of audio processing modules;

determining if an ass6ciated set of audio processing modules utilize a common cloék
source; én‘d

configuring a first one of said associated set of audio processing modules to passa
first set of audio data through a first buffer to a second one of said associated set of éudib“

_ processing modules, when said associated set of audio processing modules utilize said

cornmon clock source.

11. "I'he method according to Claim 10, further comprising:
configuririg said first onc of said associated set of audio. processing modules to stors
sald first set of andis-data in # secand haffer, when said associated set of audio procc‘s-sing" ‘
modules do fiot utilize said common clock soirce;
configuring said sample rate converter to receive said first set of audip dara from said
second buffer; 10 store'a secorid s‘ét-éf audio data in a third buffer and to synchroiiize a flow
rate of said first set of audio data into said second buffer with a flow rate of said sécond set of
-audio data out of said.third buffer, when said associated set of audio processing modules do
not utilize said common clock source; and
configuring said second one of said associated set of audio processing mo&ules to
-receive said second set of audio data from said third bullcr, when suid associazéd set of audio

processing modules do not utilize said-comtoon clock source.”
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12. The method according to Claim 11, wherein said first one of said associated set
of audio processing modules generates said first sct of audio data as a function of ene or-

morg received sounds.

13. The method according 10 Claim 11, wherein said second one of said associated
set of audio processing modules performs:

rendering a playback signal as a function said first set of audio data, when said
: associated set of audio processing modules ntilize said common clock source; and
B ;endering said playback signal as a function of said second set of audio data, ‘whgn

said associated set of audio processing modules do not utilize said common clock ssirce.

" 14, The micthod according o Claim 11, wherein said second one &F said associated set
of audio processing modulés; performs-
recording an input signal as a function of said first set of audio data, when said
associated set of audio processing modules urilizes said common clock source; ahd -
" recording said input signal as a function of said second set of audio data, when said

associated set of audio processing modules do not utilize said commior clock source.

15; The method dccording to Claim 11, wherein said first one of said associated Set
of audio processing modules processes said first set of audio data.
16. The methoed according te Claim 11, wherein said second one of seid associated ™~

set bf audio processing modules performs:



WO 2005/106872 PCT/US2005/012529

processing said first set of audio data, when said associated set of audio processing
modules utilize said common clock source; and
" processing said second set of audio data, when said associated set of audio processing

modulas do nor utilize said common chock sonree

17. A method fﬁr synchronizing audio processing modules comprising:
‘opératiﬁg in a first mode, when an associated set of audio processing modules share a
. common clock source, cqmprising;
storing audio data generated by a first one of said associated set of andio
pfocessing modules in a shared buffer; and .
_receiving audio data cor;sumeci by a second-one of said associated 'séﬁ.‘p’f audio
prc;cessing modules from éai‘d shared buffer; and .
opcmting in a second mede, wheén said associated set of audio processing modules do
fiot shave a comrhon clock source, comprising:
storing audio data generared by said first one of said associared set of audio
processing modhiles in an input buffer;
receiving audio data consumed by said second one of said associated set-of -
- .audie processing modules from.an output buffer; and
synchronizing a first flow'rate of audio data Being stored in said ir'apgt" buffer

with a second flow rate of aiidio data being received from said output buffer.

18.- ‘The method according (o Claim 17, fuwther comprising determining a clock

source of each sudjo processing module.
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19. The method.according to Claim 18, wherein said determining a clock sourve of

each audio processing wodule comprises:

data;'

polling each audio procassing médule; and

receiving an identifier of said clock source of each audio processing module.

20. The method according to any one of Claims 17-19, wherein said synchronizing comprises
rece,ivixig said audio data from said input buffer;

inserting or deleting an extra sample in said audio data to generate modified audio
storing said modified audio data in said output buffer.

21. A computing deviee comprising:

.a memory controller hub; -

a processor communicatively coupled to said memory controller hub;

2 main memory communicatively coupled to said memory controller hub; and

ah audio' systern communicatively coupled fo said mcfn‘dry controller hub comprising;

. ‘aclock manager; -
a plurality of audio processing“modules communicatively couple&to said
cl:ock manager;
- sﬁm‘plé rate converter communicatively coupled to said clock source; and
" a buffer communicatively coupled w said pluality of audio processing -

modiles and said sample rate converter,
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22. The computing device according lo Claim 21, whereiu said clock manager and
said sample rate converter are implemented by information ond instructions stored n said

' main memory and processed hy said processor.

23. The computing device according to Claim 21 or Claim 22, wherein at least one of said

phurality of audio processing modules are an integral part of said memory controller hub.

24. The computing device according to any one of Claims 21-23, further comprising an input/ou

éontfol]e: bub communicatively coupled 1o said memory controller hub, wherein at least one
of said plurality of audio processing modules are an integral part of smd mput/output

controller hi‘xb.l

25. The computing device according to any one of Claims 21-24, wherein said buffer is

implemented in said main meimory.
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