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[ 0001] The present disclosure relates generally to electronics, and

nor e speciyd sskhdssio @ processor. Background [0002]Pr0§@§§@ﬂ§w@ﬁ@0
wi dely used for various purposes such as conmputing, communi cation,

networking, etc. A processor may be a general -purpose processor such
as a central processing unit (CPU) or a specialized processor such as
a digital signal processor (DSP) or a graphics processing unit (GPU).
A general - purpose processor nay support a generic set of instructions
and generic functions, which may be used by applications of various

types. A general - purpose PrOREPEM A £ﬂ§E t for certain
applications with specific proceSS|IﬂP %U|renen In contrast, a

speci al i zed processor may sulHoE BPCESSHR nstructions and
speci ali zed functions, which may be custom zed for specific

applications. This allows the specyall cessor to efficiently
support the applications for mhichhgkkiggﬁggﬁgned. However, the range

of applicati dfigidsupported by the specialized processor may be
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vari ous typegoamummﬁmdeS|rable to execute these appllcatlons as
efficiently as possible and with as little hardware as possible in
order to reduce cost, power, etc.

SUMVARY Background

[0002] Processors are widely used for various purposes such as computing,
communication, networking, etc. A processor may be a general-purpose processor such
as a central processing unit (CPU) or a specialized processor such as a digital signal
processor (DSP) or a graphics processing unit (GPU). A general-purpose processor
may support a generic set of instructions and generic functions, which may be used by
applications of various types. A general-purpose processor may be inefficient for
certain applications with specific processing requirements. Tn contrast, a specialized
processor may support a limited set of instructions and specialized functions, which
may be customized for specific applications, This allows the specialized processor to
efficiently support the applications for which it is designed. However, the range of
applications supported by the specialized processor may be limited.

[0003] A device such as a cellular phone, a personal digital assistant (PDA), or a
laptop computer may support applications of various types. It is desirable to execute
these applications as efficiently as possible and with as little hardware as possible in

order to reduce cost, power, etc.

SUMMARY
[0004] A device including a multimedia processor that can concwrrently support
multiple applications is described herein. These applications may be for various types
of multimedia such as graphics, audio, video, camera, games, ctc. The multimedia
processor comprises configurable storage resources to store instructions, data, and state
information for the applications and assignable processing units to perform various

types of processing for the applications. The configurable storage resources may



[ 0004] A device including a nmultimedia processor that can concurrently
support nultiple applications is described herein. These applications

may be f oRyeyajob/adssqt ypes of mul tinedia such as graphi cger/@ushbgosss2o
vi deo, canera, ganes, etc. The nultimedia processor conprises

configurable storage resources to store instructions, data, and state
information for the applications and assi ﬁnabl e pr ocessi ng units to
per form var i gusmeyypee Nofo6qi?20cessi ng for the applications. ThePAIENT
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may adjust clock speed based on the loading in order to reduce power consumption.
[0006] Various aspects and features of the disclosure are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIG. 1 shows a block diagram of a2 multimedia system.
{0008] FIG. 1 shows a block diagram of a multimedia processor.
[0009] FIG, 3 shows allocation of storage resources to N applications.
[0010]  FIG. 4 shows assignment of processing units to the N applications.
[0011] FIG. 5 shows a virtnal processor for each of the N applications.
[0012]) FIG. 6 shows a block diagram of a thread scheduler.
[6013] F1G. 7 shows a design of a storage unit with a virtual memory architecture.
[0014] FIG. 8 shows logical and physical look-up tables for the storage unit in FIG. 7.
[0015] FIG. 9 shows a process for supporting multimedia applications.

[0016] FIG. 10 shows a block diagram of & wireless communication device.



bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS [0007] FIG | shows a bl ock
diagram of a nultinmedia system 100081FIG 1 shows a bl ock diagram of

a multi m%@zﬁggﬁgfﬁor [0009] FIG 3 shows allocation Q&T,%ts%@,&qém

resources to ications. [0010] FIG 4 shows assignnent of
processing units to the N applications. 100111FIG 5 shows a virtual
processor for each of the N applications. 3100121FIG 6 shows a bl ock
di agram of a Atmeadcschaeduper. [0013]FIG 7 shows a design of PATENT
storage unit with a virtual nmenory architecture. [0014]FIG 8 shows

| ogi cal and physical |ook-up t@ﬁ&@%@hﬁsﬁﬁ age unit in FIG 7.
100151FIG 9 shows a process f | I'medi a applications.
[ 0016] FI G 1008t7pws RIGbI chdwsdd algclatdingbmafw matimsda e@oaminioc afsisem 100
devi ce. may be a stand-alone system or part of a larger system such as a computing system
(e.g., a laptop computer), a wireless communication device (e.g., a cellular phone), a
game system (e.g.,, a game console), etc. System 100 supports N multimedia
applications, which are referred to as applications 1 through N. In general, N may be
any integer value. An application may also be referred to as a program, a software
program, etc. A multimedia application may be for any type of multimedia such as
graphics, audio, video, camera, games, etc. The applications may start and end at
different times, and any number of applications may be executed in parallel at any given
moment.
[0018] System 100 may support 2-dimensional (2-D) and/or 3-dimensional (3-D)
graphics. A 2-D or 3-D image may be represented with polygons (typically triangles).
Each triangle may be composed of picture elements (pixels). Each pixel may have
various attributes such as space coordinates, color values, texture coordinates, etc. Each
attribute may have up to four components. For example, space coordinates may be
given by either three components x, ¥ and z or four components x, y, z and w, where x
and v are horizontal and vertical coordinates, z is depth, and w is a homogeneous
coordinate. Color values may be given by three components », g and b or four
components r, g, b and a, where r is red, g is green, b is blue, and « is a transparency
factor that determines the transparency of a pixel. Texture coordinates are typically
given by horizontal and vertical coordinates, « and v. A pixel may also be associated
with other attributes.
[0019] System 100 includes a multimedia processor 120, a texture engine 180, and a
configurable cache memory 190. Multimedia processor 120 may perform various types
of processing for multimedia applications, as described below. Texture engine 180 may
perform graphics operations such as texture mapping, which is a complex graphics
operation involving modification of the color of pixels with the color of a texture image.
Cache memory 190 is a fast memory that can store instructions and data for multimedia
processor 120 and texture engine 180. System 100 may include other units.
[0020] Muliimedia processor 120 performs processing for the N applications.
Multimedia processor 120 may split the processing of each application into a series of

threads, e.g., automatically and transparent to the application. A thread (or thread of



3 Attorney Docket No. 060792PATENT DETAI LED DESCRI PTION [0017]FIG 1
shows a bl ock diagramof a nmultinedia system 100. System 100 nmay be a
st and- al oORgoSyBheEEOr part of a larger systemsuch as ac¢RRRIdEHIAG:0
system (e.g., a laptop conputer), a wireless conmuni cation device
(e.g., a cel I ular phone), a game system (e.g., a gane console), etc.
System 100 supports N nul ti medi a applicatifons, which are referred to
as appl i cati oyemdy Dotketdaia07BE. 1 n general, N may be any i nteger P¥EiNIe.
An application nay aI so be referred to as a program a softvvare
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[ 0020] Mul ti rne‘ft'b@” PERERS S Haclidd, ﬂﬁd&(feﬁsbffﬁ“pwo@@&%&hﬂ’g “he@ddwdrdrgnitN etc., may
applications. (5 qlg rocessor rT%X @p it the ﬁ%é)cessi Gﬁ of
each appl i cat PoHed Hisigngsahly-o It grperp P?ﬁléa OFFSSINEVHS ra] PRy Ia AY
transpar ent tsunitheofgp@esstdtundNandAnt ifpe adprlocdssihdiitadsaoll processing unit may
operate independently of the other processing units.
[0023] ALU core 142 may perform arithmetic operations such as addition,
subtraction, multiplication, multiply and accumulate, dot product, absolute, negation,
comparison, saturation, etc. ALU core 142 may comprise one or more scalar ALUs
and/or one or more vector ALUs. A scalar ALU can operate on one component at a
time. A vector ALU can operate on multiple (e.g., four) components at a time.
Elementary function core 144 may compute transcendental elementary functions such as
sine, cosine, reciprocal, logarithm, exponential, square root, reciprocal square root, etc.,
which may be widely used by graphics applications. Elementary function core 144 may
improve performance by computing the elementary functions in much less time than the
time required to perform polynomial approximations of the elementary functions using

simple instructions. Elementary function core 144 may comprise one or more



4 Attorney Docket No. 060792PATENT execution) may indicate a specific
task that may be perforned with a set of one or nore instructions.
Threads akj@¥sodiosgpl i cation to have multiple tasks peptpasRGs54620
simul taneously by different units and further allow different
applications to share processing and storage resources. [0021]1n the
design shown in FIG 1, nultinedia proces8or 120 includes an input

i nterface uniAmod@DockeiNo.d67PPUt i Nnterface unit 124, a thread sch&eddiler
130, a flow cont roI I er 132, a rraster controller 134, assignable
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ALU can oper afof tnmidbdst | Plege (n@tnﬂ:tlonsf QliEde GRRPRNPBagom to Petfbrffor each
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stores constant values (e.g., scale factors, filter weights, etc.) used by processing units
140 (e.g., ALU core 142 and logic core 146).
[0026] Load control unit 170 may control the loading of instructions, data, and
constants for the N applications, Load control unit 170 interfaces with cache memory
190 and loads instruction cachc 154, register banks 156, and constant buffer 158 with
instructions, data, and constants from cache memory 190. Load control unit 170 also
writes the data and results in register banks 156 to cache memory 190. Output interface
unit 124 receives the final results for the executed threads from register banks 156 and
provides these results to the applications. Input interface unit 122 and output interface

unit 124 may provide asynchronous interface to external units (e.g., camera, display

unit, etc.) associated with the N applications.
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el ementary function unit may conpute an el enentary function for one
conponent a4 »Rshdse®. [0024] Logic core 146 may perform begiShsossszo
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further interfaces with instruction cache 154, constant buffer 158, and cache memory
190. The various units within multimedia processor 120 may also interface with one
another in other manners.
[0030} A main memory 192 may be part of system 100 or may be cxternal to system
100. Main memory 192 is a large, slower memory located further away (e.g., off-chip)
from multimedia processor 120. Main memory 192 may store all instructions and data
for the N applications being executed by multimedia processor 120. The instructions
and data in main memory 192 may be loaded into cache memory 190 when and as

needed.



mul ti medi a processor 120 may include any set of assignable processing
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t hese appl i c ailitoh {8 in time slot 1+5, then logic core 144 in time slot /+0, efc. Application 1 does
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not use and is not assigned elementary function core 144, texture sampler 148, and flow
controller 132 during the time slots shown in FIG. 5. Applications 2 through N are
assigned processing units in different sequences.

[0038] As shown in FIG, 5, each application may be assigned pertinent processing
units in multimedia processor 120. The particular processing units to assign to each
application may change over time depending on the processing requirements. Each
application does not need to be aware of the other applications nor the assignments of
processing units to the other applications.

[0039] Multimedia processor 120 may support multi-threading to achieve parallel
execution of instructions and improve overall efficiency. Multi-threading refers to the
execution of multiple threads in parzllel by different processing units. Thread scheduler
130 may accept threads from the N applications, determine which threads are ready for
exccution, and dispatch these threads to different processing units. Thread scheduler

130 may manage execution of the threads and utilization of the processing units.



[0037]FIG 5 shows a virtual processor for each of the N
applications. Each application observes a virtual processor having

all of th%@5&§/§@§1 N9 units used by that application. Fﬁf S2008/054620
application nmay be assigned processing units based on € processing

dermand of that application, and the assigned processing units may be
shown on a tineline for that application. 9ln the exanple shown in
FIG 5, appl isahdy@ackd b ssa®si gned ALU core 142 in tinme slots pamnd
t+1, then logic core 144 in tine slot t+2 t hen Ioad control unit 170
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schedul er 130 _nmy.2ccept ethreads fromthe N applications, determ ne

whi ch threads arée reéé for execution, and di spat ch these threads to
di fferent prdo@egsi ngieutml tthreadl’ mhecaﬁbrsﬁhemhyl o3 Ganey fmetiagetoesckeiutei on

Docket No. —0aBTEIRATE Bt BiRler OO ol RECTRA, Bholfl i scesth ! BBV
desi gn of t hrfewd trschedelicetiond.30sprigh Fu@ds tlfat aredfop exqcmlqﬂhﬁlgl glegiegemove
thread schedylerq 1&% 5@040 f2:02 $8NLLA! midd, eéeqtracnﬁeqtt' She 391%9 616! may

hi gh- 1 evel decoder esource usage nonitor actrve
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context regis fgﬁf irdd Qfﬁ’% thtféﬁcpétggvaﬁg@% a&%teThettﬂr a\é@ﬁ‘ixﬁac?fv ué’&Oa”y
val ue. [0041] Central thread schedul er co nicate w
processi ng urif the ra@fred resources are available, and place the thread in sleep queue 622 if any

resource is not available. Active queue 620 stores threads that are ready for execution,
and sleep queue 622 stores threads that are not ready for execution.

[0043] Central thread scheduler 610 may also manage execution of threads. In each
scheduling interval (e.g., each time slot), central thread scheduler 610 may select a
number of candidate threads in active queue 620 for evaluation and possible dispatch.
Central thread scheduler 610 may determine the processing units to use for the
candidate threads, check for read/write conflicts of storage units, and dispatch different
threads to different processing units for execution. Multimedia processor 120 may
support execution of M threads concurrently, where M may be any suitable valuc (e.g.,
M = 12). In general, M may be selected based on the size of the storage resources (e.g.,
instruction cache 154 and register banks 156), the latency or delay for load operations,
the pipelines of the processing units, and/or other factors so that the processing units are
utilized as fully as possible.

[0044] Central thread scheduler 610 may update the status and state of threads as
appropriate. Central thread scheduler 610 may place a thread in sleep queue 622 if (a)



142, 144, 146, 148 and 170 and context registers 630a through 630t
via request (Req) and grant interfaces. Scheduler 610 may issue

requests Rfob&ﬁﬁ&ﬁ.{'on cache 154 and receive hlt/ﬁlSSPbgﬁkﬁﬁ&&Bgﬁ in

response. In-general, the comunication between these units na
achieved with various nmechani sns such as control signals, inten-upts,
nmessages, registers, etc. [0042] Central thread schedul er 610 may
perform vari aausméyunaeiNerso7bo schedul e t hreads. Central threadpATENT
schedul er 610 nay determ ne mhether to accept new threads fromthe N
applications,  dispatch threads t, are for, execution,
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resources (e. I nstr I Oon cacC regl S
| at ency or deqoayoifeorm oxo dyvepeafoinn edher tﬁhletms pelhichas dmamlhelqgraacﬂs\su ng
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as fully as possi Cent threa may upda
the status anidprvseaatrellesfi3d hreads as appropriate. Central thread

schedul er 61 Pl @G Ea18 A4e
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a thread fronic&Feepliteadirebmisostaet(i e YUREtRoOBPOSRRaAcfer @P)a@@ the
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nmaintain a program count er for_ each
instruction for the thread, (3) a coverage mask that indicates valid and invalid pixels for

the thread, (4) an active flag that indicates which pixels to operate on in case of a flow
altering instruction, (5) a resume instruction pointer that indicates when a pixel will be
re-activated if it is inactive, (6) a stack that stores return instruction pointers for
dynamic flow control, (7) address registers for relative addressing, (8) predicate
registers that store condition calculation results, (9) a load reference counter that tracks
load requests and data back conditions, and/or (10} other information. Context registers
152 may also store less, more, or different information.

[0048] Multimedia processor 120 may support a comprehensive set of instructions
for various multimedia applications. This instruction set may include arithmetic,

elementary function, logical, bitwise, flow contral, and other instructions.
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instructions for various nul finmedia app i cations. Is Instruction
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060792PATENT [0049] Two- | evel decoding of instructions may b
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i nf or mati on (SeBOBEIENEHUPIdNg EQEIFPTWBCQQé’i‘%’gﬁliﬁ’n‘i{‘%ah?ﬁ’s‘?wlﬂn‘éqvﬂ’d@ya
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instruction deeRsaizSind etbraphieniPrREERRLBHstidbittBe data being processed, etc. In one
design, each thread operates on up to four pixels or up to four vertices in an image.
Register banks 156 may include four register banks that may store (a) up to four
components of each attribute for pixels, one component per register bank, or (b)
components of attributes for pixels, one pixel per register bank. ALU core 142 may
include four scalar ALUs or a vector ALU that can operate on up to four components at
a time.
[0052] A storage unit {e.g., instruction cache 154 or register banks 156) may be

implemented with a virtual memory architecture that allows for efficient allocation of
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the appli cat '151@57 a-gglﬁ;aﬂénr { H%hlo%ﬁ@&gﬁaﬁﬁ}@m LieCl UpSichRY 2% hﬂldcgt@d Bical
virtual nenory a physi cal nenor Appl i cat'ions may be al | ocated
sections of ﬂH@“V@KP&%@eﬁ%nDry and nay perform menory access via
virtual addreg ﬁpacﬁoraég nftehe ﬂ'ﬁplé‘ﬁ'&ﬁs' é)p\'}ﬁm@d(l n{ehl%nvnbttﬁ’a%tofé? 'iH@erctlfﬁ?sy
be napped to d|f erent sections of sical_nenory, which stores
t he instructi®AST dHa/for thﬁépslwatimw‘ﬂw@ “‘F%\K&O HICHER §hppcah tiles 1

storage unit FRAWE! Eadh MEAIUM ofMBARI YneRlofM 1066 tidpd tSbRY AFSical rme,t 0f700
may be used for Instruction cache 154, register banks 156, etc.

In
this design, RvHragemen 2070 cxppelameppias Br yqma lggieal flsoy oa o K16 fhe

appl i cati ons. in\hi§ txaaplTBHRICH tl_l'elpstﬂi%é/mb}ﬁlcﬂ@fstahd/erMﬁCfoﬂ 10£i0a1 AW 4, bRsRal( S)
| ogical tiles _or sections, which are referred to as logical tiles 1

through S. Iﬁ‘@%ﬁ@?éﬁ““@“ﬁﬁvmﬁ@r%ﬁvmfﬁg@ﬂékfbéFﬁe equal to or greater
than N The Jobss)es THRYisd@e:idahBleSaMPhHiEEIOF mEh §ilPh® Hle SlozaEtn oiﬁﬁé‘sh

application may be all oc ted any nunb caonsecuti.ve logical til
boed on € hat CABRIFESE FOh 1S TERE I Sae o ARBOMOLST B6Y St &L §
the exanpl e siwuifitsion stblaGe re&ml@pml i3 ahdtions alldldStaaMwﬁﬁddQCbrb@gbﬁaﬂ(} thayl es
1 and 2, application 2 is allocated |oqgi anSEiI§§ 3 throu

FafiLi h

tc
10054] St or agea”ﬁﬁ"r“i OBt PHBI BT AR AR Py 0726 8St ms?%f‘%%

i Nnstructions banks 156 to the application. The application may be allocated additional, fewer, or
different logical tiles as necessary.
[0656] FIG. 8 shows a design of a logical tile look-up table (LUT) 8§10 and a
physical address lock-up table 820 for storage unit 700 in FIG. 7. In this design, logical
tile look-up table 810 includes N entries for the N applications, one entry for each
application. The N entries may be indexed by the application ID. The entry for each

application includes a field for the first logical tile allocated to the application and



and/or data for the applications. Physical nenory 720 includes S
physical tiles 1 through S. Each logical tile of virtual nenory 710
i's mpped\ﬁ(?:(ﬁ@/?m?ﬂys' cal tile of physical nenory 720. ﬁf‘m%ﬁﬁﬁ%h 0
mappi ng for some logical tiles is shown in FIG 7. In this exanple
physical tile 1 stores instructions and/or data for logical tile 2,
physical tile 2 stores instructions and/ o3 data for logical tile 5-1,
etc. 10055] Thewwge®oafiNb.ogi7eal tiles and physical tiles may si piENfy
the allocation of tiles to applications and the rranagenent of the

tiles. An applicat uest ce ain anmpun st or .
Fesour ces § oGPl Bt ek e s i o 5 b sodedhe B aapele
al | ocate one shdiwmm{(}ti; | a@glidationi nstarlumte'd (m(a m@fchlletﬂéls&éam'@dmﬂmegioal tibr, e
tiles in register tlon The y
be al | ocat ed agﬁléfa?? a“o?ag?}?efom 18%“3‘%9? Iﬁ"tg YhgPes o ?f‘% &8RS R
necessary. 1&m5ﬁ1d§|eﬁ.‘ght Begshbtiles aaxdsg wih lc@‘icaanledg ntcalEat:h h@hbzcomkmp be
uni 1700 in A Epdofi DaRLIGHE FRgIn R el P iR dis el nthd™°
inc:udef N enﬁﬁnesﬂhwmmthheh@ﬂpghncamy@ngﬂg@ﬂ?ﬁegmﬂyTﬁonfgﬁ@hTBegfh
application NLri y the application ) e
entry for eacﬁg&ﬁbkﬁc% ﬁ%%ﬂgﬁ% §§¢§ePd for the first | ogical
tile allocat e[ﬂﬂﬁﬂb t ﬁethapmlgMDwmm FeiﬁdS phﬁlCAlztddmssdyOWIét 8Npincludes S
060792PATENT g [ f I.C Ll ocated
to the appli CaFI%E)IEO? the §§Egal s &q@%mﬁ}ﬂfﬁ?g&h%% %91 %‘w +tﬁ§qac?|t%age %bi S
al | ocated t wondyolyi mattxecﬁ by é@l@t abtaridrgssvm The elnb’glf@aﬂaclt IOEGalltlfe apphkicg drei on
2 15, a4 ocat o Lo fich 9k ERlnat o5 & Rk, 8 of B9iBbuh WGE 7 ana

application ocated el | ogl ca S starting wth
tile 7, etc. SEhefrebiplplliicmepnod tmlvmb% Uéﬂ‘?é‘@@éﬂleédﬁgﬁmﬂ’ﬂltﬂléhﬂs'é@}l

tiles to si mh%w tlﬁ&ﬁls%%@séﬁ&lpﬂ&;af nﬁqdﬁ)g@ﬁ‘% igrmﬁp?m%b%@d@%sz

However, the plicati | ocat | ogi cal les in an
order, e.g., dtogiwsiupitibies 810 MS%ellaézlhec}@é%t@uwlee@e@hyﬂ HppFation s %fﬁcated

[0057] In the dgsbe RRGMIN/B E&f@enﬁbogi@h%ﬁésca*rn@@ﬂﬁ@ééné Qﬁﬂpra%@a@de
820 includes S entries for the | ogical tile one entry for each

| ogi cal til e.difftient 3mepity pegorage 11‘3%{3@3 @@mﬁwps@lngﬁ’ereb@@lﬁuwbl%gw@aw

tile address.pJg ERlaNy fRkfLAGRHARE@la dnidn8 teHiGal &8s t he physi cal
tile to which that logical tile is mapped. In the exanple shown in

FIGS. 7 and 8[005%@ caflongg witmysthysdisfaggcipisd ﬁﬁb@ﬂ'&r&wl ppipgy and 1 glyisical

tile 2 is mnﬁ;@ﬁbﬁ%o EY ShpiRbiidnl ey be aliQ@ic@al cdufibralle l@nmnﬂaﬂe tBtual
physical tile i, ogﬁcal tile 4 is mapped totﬁhysmal tile S-2, etc.

Look- up t abl g8 avideasenerfalle gy &5&5%@ et verion f B pirehmeay s

al | ocat ed addiibisaaab eacﬁemanoaﬁtdd @ﬁreq;lofﬁl@cr @ﬂﬁonl @giecgﬂ!,:sﬁal Ilnaﬁ@lyThe
appl i cations be al | ocat ed fer en o] storfage resour ces

by si ol y updbiPhg. (HHER PR g %t S MG R APP S S0 eI

transfer instipugttheich @ichdatsa @mDRgisteheapysical soid aﬁnuc{ne&58ﬂdAdata

storage unit may thus bq ass C|ate WthaV|6tuaI rggg?

physi cal respectively, for that application. Cache memory 190 may store additiona znstructlons
and data for the applications. Whenever an instruction for an application is not
available in instruction cache 154, a cache miss may be returned to thread scheduler
130, which may then issue an instruction request to load control unit 170. Similarly,
whenever data for an application is not available in register banks 156 or whenever a
storage unit overflows with data, a data request may be issued to load control unit 170.
[0060] Load control unit 170 may receive instruction requests from thread scheduler
130 and data requests from other units. Load control unit 170 may arbitrate these

various requests and generate memory requests to (a) load the desired instructions



menory. Each application may be allocated a configurable portion of
the virtual nmenory. At |east one table nmay be used to nmap the portion
of the virjygajosapesyy allocated to each application toparys2os0s4620
correspondi ng portl on of the physical nmenory. [0059] Each application
is typically allocated |imted anbunts of storage resources in
instruction cache 154 and register banks 1%6 to store instructions
and dat a, resypectyiDeebtyipo. 0692 t hat application. Cache nenory 190ATRY
store additional instructions and data for the applications. \Wenever

an instruction.for an application.,.s nat avai | e, |nstr

cache 164, o BderiERel i SEROTdstoaah p B et lel e e e
whi ch may t henemag % amaimnstmargidDn request to Ioad control unit 170.
Simlarly, ata for avail abl e, i
register Wn@&%éG orle\?\ﬁ%mﬁ%gnelr \‘3%?'{)13?1% e‘!ha Hmf es%o\lfer PN i S{nﬁﬂ BOIFOHS
data r equest ofanstrixgionssil elata tlmt hleamh@dmmed forul applicaBons| 0BG nheomdy 190
control uni t 370 JRY 1 S6ShVe Al N LURLEON LGAHGS ful LM WOTGAH for e

schedul er 130™&n ques fromo control unit
170 may ar bi tapalietittie SMulisedio psocewouE¥t sayangpge nainited ingnorop mdglaest s

to (a) load tzﬂg ?%ﬁl' %g% ﬁm?ﬁ{g ul@b' Oﬂ?s C ngébaﬁgr gé@f&umﬁehg (l)\égssor i%) to

060792PATENT and cache
and/ or (b) wsupprdmphcationscd@he sipe anylrer@ porcesseri Omeayorlsp sm@rt generic

[ 0061] The st J .t D EE%})L"' ore
smal | porti O%%%&%@Jﬁ%@'}@d%%@&k at 9%?)2%%?%%21% y ugggd for
the applicatil§d@] Cddfre Srelrsya 1I90ceray 0 tior eunpartige rmygbmedio rgplightions.
i nstructions ﬁnﬂgg%ﬁwmﬂ a,@k%snéaecolmgm égdﬁ'ﬁa amme&@gfoe&&r (bjock

Mul ti medi a process may support unli I nstruction and
access via catife Aeenfignrabboportim of stosgeatiespiress iapllasaisd tugech ﬁmﬁwcfalon for

processor 1204 e SHRRGdhs, 3RR! h&iaétﬁté’n:ﬁ-‘oxﬂfan@u{]y()r%czﬁy 11 (TR 9314) For
processor 120 may al so support generic nenory |o and texture | oad

bet ween cacheblprknftycath @priisefiofanay h%lﬁwdm@nﬁg@%www ofornsiRy st
process 900 fQehSyPRBR bt io ok iBEHIRRRAPI dnfllSportion of register banks to

store data for the application, one or more context registers to store state information for
the application, etc. Processing units are dynamically assigned to the applications as
requested by these applications (block 916). Threads may be received asynchronously
from the applications and scheduled for execution (block 918). Results of the execution
of the threads may be provided asynchronously to the applications (block 920).

[0063] The multimedia processor described herein may be used for wireless
communication devices, handheld devices, game devices, computing devices, consumer
electronics devices, computers, etc. An exemplary use of the multimedia processor for
a wireless communication device is described below.

[0064] FIG. 10 shows a block diagram of a design of a wireless communication
device 1000 in a wireless communication system. Wireless device 1000 may be a
cellular phone, a terminal, a handsct, a personal digital assistant (PDA), or some other
device. The wireless communication system may be a Code Division Multiple Access
(CDMA) system, a Global System for Mobile Communications (GSM) system, or some
other system.

[0065] Wircless device 1000 is capable of providing bi-dircctional communication
via a receive path and a transmit path. On the receive path, signals transmitted by base

stations are received by an antenna 1012 and provided to a receiver (RCVR) 1014,



Mul tiple applications are supported concurrently, e.g., by a

mul ti medi a processor (block 912). A configurable portion of storage
resour ces W@g2akheeat ed to each application for stori ngpbp,%gfﬂggg§4ms
data, and state information for the application (block 914). For

bl ock 914, each application may be all ocated a configurable portion
of an instruction cache to store instructions for the application, a
confi gur abl e AwendyiDoske1dip. 060B¢i st er banks to store data for the PATENT
application, one or nore context registers to store state infornation
for the appligcatio Pr oc nlts areud ned
Lo the appli caerinaEFaiGhORa Rt MRS NIRRT R sBS HF
Thr eads nmay hbgltaéﬁeﬁonemz&ﬁy fictheioproagsding. fOnathe trdtmamapptlu acvaansmmlsr @MITR)
schedul ed for | S| X

threads may biO‘I:’%(%gé’{ é%gta%)lge t?iﬁ?xglg]lg% 2?153 %{Ll Cti%n 1(54@# ]ér%(f‘e%se an (%P&) Iu‘)(ns
920). [0063] Fhfedam bid gepelptes pmo@é@@tmgndiewbmh Esedummtte:l via pragnnh é0l2se thef or
W rel ess commgég Mon devi ces, handhel d devi ces, gane devi ces,
conmputi ng devi ces, consumer el ectronics devices, conmputers, etc. An
exenpl ary usd0&6] t heigrtal sectmdioa0 priodeysorus fpmcesamgviintsif@s gnd memory units
conmuni cati o [ j e [ ck
di agr am of a%ag{sa%é’gfr?ﬁ%%aﬁlggwéglé?égggo%g %%\?ﬁzcggi?% ls:g Pgogesi%gfg@mal o249
Wi rel ess conriidepiadip recesart KRp, WW&@Y@@WPC@%GO@SMDI‘Q@S@Y d§$q @l ar
phone, & t ef Mo prfkelAIISRE - CPUPRIRER Bhoflb' B aRThit PR,
some ot her de\?llqtce pr@lﬁemﬁ re? e(ss jgormunl cqatltlbon syst a(RESd) a
Di vi si on Mul tingimedigpreesssor CHMAR cayest expresger tDEhan llgyéitlfé?ﬁhﬁ memMybhOB&
Cormmuni cat i ongq 6EEMmaA%aL ﬁ%&fa&r@@@rﬁm@tfo{%ae@; Ee%gﬂr 162082 W fbRSifhe
devi ce 1000 is capable of providing bi-directional connunlcatlon V|a
a recei ve patfhr d#el transissipsnang reeeption -t eoding apagalapen Hemeduptign.sand
transmtted hich@ss IsatiodNshad perforRCeMBtePYroBlsiad F8 k1D d&i@Nboo.
provided to a ?ece?ver &;ifr r. @ES Aftgrrone;]ﬁ%ocket 1
060792PATENT ‘ﬁé??éﬁ“@@rpr‘l@isﬂr cGRaretiPsPrags e ing & Ylﬂ%)e‘éonfeﬁb(e@eééli ViEees,
signal and prgwigdesideaMldesolify txth Girl BheoSHBidaBPnsLARP af @imdoriet, NBlco
processing. On the transmt path, a transmtter (TMIR) 1016 receives

data to be t ra¥8erke 28g) Ylﬂwnfmfapltcwg s eGP0 PrCespir o LS B8O istforms
condi tions thgodatd, f@Ndufen@nahese @, Dokl dulicd Ntk , auttdl GPplicstions.

transmtted Véo?]tlgl?é/g{z)gt%sgio%o%8trgayt I?ecil:) 6&;se(:)cnpseg a%E)ill C()) Svallous units within digital
section 1020. Display processor 1030 performs processing to facilitate the display of
videos, graphics, and texts on a display umit 1050. CPU/RISC 1032 may perform
general-purpose processing for wireless device 1000. Multimedia processor 1034
performs processing for multimedia applications and may be implemented as described
above for FIGS. 1 through 8. Camera processor 1036 performs processing for a camera
{not shown in FIG. 10). Internal/cache memory 1038 stores data and/or instructions for
various units within digital section 1020 and may implement cache memory 190 in
FIGS. 1 and 2. EBI 1040 facilitates transfer of data between digital section 1020 (e.g.,
internal/cache memory 1038) and a main memory 1060. Multimedia applications may
be executed for any of the processors in digital section 1020.
[0067] Digital section 1020 may be implemented with one or more processors,
micro-processors, DSPs, RISCs, etc. Digital section 1020 may also be fabricated on
one or more application specific integrated circuits (ASICs) and/or some other type of

ntegrated circuits (1Cs).



100661Di gital section 1020 includes various processing, interface and
menory units such as, for exanple, a nodem processor 1022, a digital
si gnal praogessenokidSP) 1024, a video/ audi 0 processor 1@8eous®os/054620
controll er/processor 1028, a display processor 1030, a central
processing unit (CPU)/reduced instruction set conmputer (Rl SC) 1032, a
mul ti medi a processor 1034, a canera procegéor 1036, an internal/cache
menory 1038, Andcvdackeedfi® bus interface (EBI) 1040. Modem FPATENT
processor 1022 performs processing for data transm ssion and

reception (e Goas SR ML ALLP R AR TRAL AL o 1 aNA AR ARGl

DSP 1024 may perform specia processi ng evi ce

Vi deo/ audi o ﬁm&b@g@s@wwmz@rmﬁp&ﬁ the nmﬂm@ysnrﬁ@smmy bl@mﬁ@ml@fhtwithin
(e.qg., still i .

ol tati one ésf,}g 955ps Bk G 41 %%alégémgraslr&?g(gggog)ggg Ammﬁe WeH&Rvices
conf er enci ng. (P!/Da)ed”reﬁlumoalagmbbsgﬂ@r alr@s%( G26) }ﬁ?cfe&ﬁoﬁs C@‘F@B@&s MR- or
audi o cont ent@ui@rs, mﬁ%b&&%s%bn%%c%‘ﬂé Bdvide© ot RHELQrofR RhC afhk ARRimedia
Cbntroller/processor direct the operation of various units
wi thin di gi t droeseset mahorrgy oot mlsciﬂ infperpiederakeddrd mEmEy.per f or s

processing togh¢i | i APdRabh® ifhiSRnate Bk MIERAS: prodetBN G Sibed ReteihEXdyS
on a dlsplayquﬁ?? 105101)%al LVE#%C fogt may per f o]'[;rrrfgeneralfpurgoggz£y

processi ng f di¢ anitsnetadoss ugibor Bay aorre. of et irsreHicalepict &1k b (1) 4 ofaud-alone

performs procesghntef S onfel torEdk fnapRRY ifefidk %ﬁlo?ynl@q 'T@’yqt&?ﬂg data and/or
i npl emented as descri bed above for FIGS. 1 throug

processor 1038StPetiqs (i 2p fode seahiy afna%bﬂ%lstew%ewswh Eiwna mﬂdwkl hpt

10). Inter nal&@@W&nﬁ&dmwﬂm&ﬁa%qmswafcalm%afe wBREtd:s Wedit) Amdi Ry
various units within dI%H}a| section 1020 and may i npl enent cache

menory 190 i rPTEIEES Uit GRS EBI 1040 facilitates transfer of data
bet ween di gi t[ab'/oqectmh@rﬂncl;(ba@d&saqgion of fnbeliselah{l@aqh@ndmm@énabrb%gs)mrmd a

mai n menory | ti media appl jcations be executed
t he proc essorg‘q% “’2&1“‘@ Pt 2 R 1 ?%Hllel‘%%fé"s‘“fog}géﬁlﬁ “@fid%(ff?ﬁm’é‘é&‘}'ﬁﬂls
may be i npl emeﬂlltledewllp hpgiiét @F thoRr Rilled GC SO snd the @élﬁn@mmﬁ@cxreﬁned

DSPs, RI SCs, etc. ita ection 1020 m al s e.fabricated on one
o mor o apn ik By Bt ailied Bt SR R PR kel Bi & whe e
ot her type oftht rdtselgmé edhoy, tieudibcos(eGs Jnot irddnddt toobd Emitéd ekt e&bnples

060792PATENT 00 The timedia processor. described herein ma

ol ement od 1 UH BrEn At SBPE ~elied 08 s SRS R B e L e PR o
processor mayakdeovahfhersdiseldsedihértinn ASI Cs, DSPs, digital signal
processi ng devi ces (DSPDs), programrable |ogic devices (PLDs), field
programmuabl e gate arrays (FPGAs), processors, controllers,

m cr o- cont r ol [08TI§, rVEIAGPISACeSKEER JS:el ectroni ¢ devi ces, ot her

el ectronic units. The multinmedia processor nay or may not include

i nt egr at ed/ enbedded nenory. 10069] An apparatus inplenmenting the

mul ti medi a processor described herein may be a stand-al one unit or
may be part of a device. The device nay be (i) a stand-alone IC, (i)
a set of one or nore ICs that may include nmenory 1 Cs for storing data
and/or instructions, (iii) an ASIC such as a nobile station nbdem
(MM, (iv) a nodule that may be enbedded within other devices, (v) a
cel lul ar phone, w rel ess device, handset, or nobile unit, (vi) etc.

[ 0070] The previous description of the disclosure is provided to
enabl e any person



skilled in the art to make or use the disclosure. Various

nodi fications to the disclosure will be readily apparent to those
skilled in the art, and the generic principles defined herein may be
applied to other variations without departing fromthe spirit or
scope of the disclosure. Thus, the di&€losure is not intended to be
limted to the exanpl es described herein but is to be accorded the

W dest scope consistent with the pnkp es and novel features

di scl osed herein. [0071] WHAT IS CL IS: 17 CLAIMS 1. A device
including a nmultinmedia processor to concurrently support multiple

mul ti medi a applications, the nultinmedia processor conprisin?;

confi gurabl e <% Epuagfensludigy p sadtimedia prpeesspiiscpp@pieniis supgart sultrel st at e

i nf or mat irﬁﬁntmaiatagﬁnambﬂé, me%m&gaiggwc@ssapwngpgmﬂggons: and

assi gnabl e procesSing units to performprocessing for the nultiple
mul ti medi a appbniatralde storagh esseiimes thetoneinsirgighs dpepaessos indlrimadat &8 a
configurqgle ﬁoitiogjof.thersiora%edresources to each nultinedia

appl i cat i BATENP GYREIRCH PPLGUISPH AL t he processing units to the

mul tiple multigagblappddsaag ititso g&ﬁﬁ@ﬂp&@&k@iﬂg R the e Ripld hilBfiedia
applicationg, wherein_ the assignable processing units conprise

di f f er ent2PpHetieES Whgreimibe sl fgedip Brocewen dlorates erpniigyssbls peftigsraddsssi ng
for the . . . ) . , o e ‘

br ocessi g i SR k) FEARAUARRLL R ol Rk o R B PRy
core, at ungada thomeliglemahinedja dnphcitionnacienesstedtbylteamtltiondia apglications, e,
and at |east .one texture sanpler.. 2. The vice of clai wher ei n
the cont | GreBiE 4TSS PaT8NEbut Smrt elRiE Frderetht fuuhEnt
store i nsdiffeieht 9ps off eroctRegut the phutiphe itk papplipdtiocas twiRRss theher ei n
each mul ti nedi a application is allocated a, configurable portion of
Che | nst rASEERIE RAEHETE LTS copride o et ohe BithpsclogiGhat &AbDj e at

confi gur ablseosd QEALRarY THRUEE ESre CRTRE SR To gic core, and at least one texture

sampler.

2. The device of claim 1, wherein the configurable storage resources comprise an
instruction cache to store instructions for the multiple multimedia applications, wherein

each multimedia application is allocated a configurable portion of the instruction cache.

3. The device of claim 1, wherein the configurable storage resources comprise
register banks to store data for the multiple multimedia applications, wherein each

multimedia application is allocated a configurable portion of the register banks.

4. The device of claim 1, wherein the configurable storage resources comprise

a storage unit to store instructions or data for the multiple multimedia
applications, the storage unit being associated with a virtual memory and a physical
memory, wherein each multimedia application is allocated a configurable portion of the
virtual memory, and

at least one table to map the portion of the virtual memory allocated to each

multimedia application to a corresponding portion of the physical memory.



regi ster banks to store data for the nmultiple multinedi a
applications, wherein each nultinedia application is allocated a
configurable portion of the register banks. 4. The device of claim
1, wherein the configurable storage resources conprise a
storage unit to store instructions orl8ata for the mul tiple

mul ti medi a applications, the storage unit being associated with a
virtual nmenory and a physical nenory, wherein each multinedi a
application is allocated a configurable portion of the virtual
menory, &nd The dedte dixddin igmdetcdbihe niviximedia ploecsparfuither cofmptibs:

virtual nenory allocated.to_each nmultinmedi i cation to a..

cor r espondi ng A% BRCIRILIR L §W&Pﬁ%ﬂd@§ﬁﬁ’3p arshs TGt I® pRicgtionor
claiml, Meedd, s fdtche FRALA B0R%H SV FdrRQa eAN el poffon of the A
| oad control unit to fetch instructions and data for each nultinedia
appl i cat istwagegssoprg eldqcad (¢ themutimedhapmiisa¥y or a main menory for
storage in the portion of the storage resources allocated to the

mul ti medi a application. 6. The device of claiml, wherein the
processi rig uniThs deyier aft idaimnid eperedietht pyocassthgeadth opiree askpaglenthy ind s

assi gnabl e to any. one of the | tiple tinedia applications in a
o ven s anacmoraving U Rastidbioand piefhihd Ui wih b st
pr ocessorg-RAWRLSsIgEWN processing units not assigned to any one of the

mul tiple nultinmedia applications. 8. The device of claim1l1, wherein
the processing units conprise at |east one of an arithnetic |ogic

unit (AL COF t : i L COf-e. i ture
sanpler,qg | oa eg%ﬂ%f% luﬁﬁ??Mg%ﬁpg&?ﬁ%ﬁﬁ%ﬁ%P%%?#@%#ﬁgﬁg#ﬁguggégéé of
cl ai m 1, ushienetiassigivd torahyt onveditize prnitipkssdrintedia tahelicatomspr i ses: an i nput
interface unit to asynchronously receive threads fromthe nultiple
mul timedi a applications; and

8. The device of claim 1, wherein the processing units comprise at least one of an
arithmetic logic unit (ALU) core, an elementary function core, a logic core, a texture

sampler, a load control unit, and a flow controller.

9. The device of claim 1, wherein the multimedia processor further comprises:
an input interface unit to asynchronously receive threads from the multiple
multimedia applications; and
an output interface unit to asynchronously provide results to the multiple

multimedia applications.

10. The device of claim 1, wherein the multimedia processor adjusts clock speed

based on loading of the multimedia processor to reduce power consumption.

11.  The device of claim 10, wherein the multimedia processor determines the loading

based on percentage of time the processing units are assigned in a particular time period.

12.  The device of claim 1, wherein the multimedia processor concurrently supports a

plurality of threads for the multiple multimedia applications.



an output interface unit to asynchronously provide results to the

mul tiple nultinedia applications. 10. The device of claim1, wherein
the nmultinmedi a processor adjusts clock speed based on | oading of the
mul ti medi a processor to reduce power §9nsunption. 11. The device of
claim 10, wherein the nmultinedia processor determ nes the | oading
based on percentage of tine the processing units are assigned in a
particular tinme period. 12. The device of claiml, wherein the

mul ti medi a processor concun-ently supports a plurality of threads for
the nul till e ribetdevrecolelaippl2, shticonde corlfuidle sTtregai@siwcess ebmptisism 12,

wh th fi | e st A
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storing staing stdﬁ@fdmml@nfomﬁas%ac@e&ﬂﬁea@t ed thread. 14. The device
of claim 13, wherein the state information for each thread conprises

at least one of a programcounter, a stack to store pointers for
dynam ¢ filoow c@RigeRte o AGAREES WhERShe SistelifforhBi A ol SacRULLAS S Fises at

predi cate registers to store condition calculation results, and a
| oad r ef deashome deymegamtcoutteine htablo@obtcrreqam@usfoadm@at §OW@oktrol address

condi tions 15. The deyy of ¢ n_each t d o ates
o' uni tegrei et B ikESR e ekl BE e R BEM ARGy FRENS

cl ai m 12,andMagsRl rofeecd cduitesd asltrafkebad RGudt aup dh@ bEaUcfonﬂiU)Oﬁ‘s.S or Up to
four vertices in an image. 17. The device of claim1l1l, wherein the
nul ti medi a processor supports a single set of instructions applicable

for the nylti F’ﬂh% d@Hl:& bf@ﬁhﬁlza%'efeﬁ?édcﬁ Bitead obRrateb¥B ARV &%aﬁfof Ghad an 1,

wherein the nultiple nultimedia applications conprise at | east one of
a gr aphi geedsppiinsdtsizon, an audi o application, a video application, a
canera application, and a gane application.

16.  The device of claim 12, wherein each thread operates on up to four pixels or up to

four vertices in an image.

17.  The device of claim 1, wherein the multimedia processor supports a single set of

instructions applicable for the multiple multimedia applications.

18.  The device of claim 1, wherein the multiple multimedia applications comprise at
Ieast one of a graphics application, an audio application, a video application, a camera

application, and a game application.

19. A method comprising:

concurrently supporting multiple multimedia applications; allocating a
configurable portion of storage resources to each multimedia application for storing
instructions, data, and state information for the multimedia application; and

dynamically assigning processing units to the multiple multimedia applications as
requested by the multimedia applications, wherein the processing units comprise different
processing units that perform different types of processing for the multiple multimedia

applications, wherein the processing units comprise at least one arithmetic logic unit



19. A method conpri sing: concurrently supporting nultiple

mul ti medi a applications; allocating a configurable portion of storage
resources to each nultinmedia application for storing instructions,
data, and state information for the ti medi a application; and
dynam cal |y assigning processing units to the nultiple multinedi a
applications as requested by the multinmedia applications, wherein the

processi ngr tkh3, 4LHRY Sﬁ%lé?ﬁécniag Eﬂﬁ:ﬂ&[ 8&?,%% ie;aa oHBideRe &E?}tgn@%l%%'i Bhe

di fferent types of processing for the nmultiple nultine

appl i cat itoage ssthigleei n t he processing units conprise at | east one
arithnmetic logic unit 20 (ALU) core, at |east one elenentary
function core, at |east one logic core, and at | east one texture

sanpl er. 280. The niveioded clafm ¢b aiterdif thevdlidtRing cbfw@riedsl ocat i ng conpri ses
al l ocating a configurable portion of an instructjon cache to each

mul tinmedia a PBOwHBE & COHERFRE PBHY Pl IDHRICHE $ACRe N ACRIiReka DR,
21. The mRidodi@hiof! ff MelRuli8hGhAidAEn.al | ocating compri ses

al l ocating a configurable portion of register banks to each nulti
edia application to store data for the nultinmedia application. 22.

The methag of gl alm 9, fur LBEL, SOMRLI Sfngio asyngtronously recei ving
threads fromthe nultiple multinedra applicatmons; and
allocating a configurable portion of register banks to each multimedia application

to store data for the multimedia application.

22.  The method of claim 19, further comprising:
asynchronously receiving threads from the multiple multimedia applications; and

asynchronously providing results to the multiple multimedia applications.

23.  An apparatus comprising:

means for concurrently supporting multiple multimedia applications;

means for allocating a configurable portion of storage resources to each
multimedia application for storing instructions, data, and state information for the
multimedia application; and

means for dynamically assigning processing units to the multiple multimedia
applications as requested by the multimedia applications, wherein the processing units
comprise different processing units that perform different types of processing for the
multiple multimedia applications, wherein the processing units comprise at least one
arithmetic logic unit (ALU) core, at least one elementary function core, least cue logic

core, and at least one texture sampler.

24,  The apparatus of claim 23, wherein the means for allocating comprises
means for allocating a configurable portion of an instruction cache to each

multimedia application to store instructions for the multimedia application.



asynchronously providing results to the nmultiple nultinedia
applications. 23. An apparatus conprising: neans for concurrently
supporting nultiple nultimedia applications; nmeans for

al l ocating a configurable portion of 2torage resources to each

mul timedi a application for storing inStructions, data, and state
information for the nultinedia application; and means for
dynam cal |y assigning processing units to the multiple nmultinedia
applications as requested by the multinedia applications, wherein the
processi Bg. unilhs apmmpns sfcldinf Fe mbeteinghe vesss ingaliosating domgirisgrer f or m
different types of .processing for the multiple | ti nedi .

appl § cati one. TG P AT AN R BT R et bk G mpipegie

ari t hnet izgplhic@be toktbe deBlfhd the aftimédia dpplisiticnne el enentary function
core, |least cue logic core, and at | east one texture sanpler. 24. The
apparatus of claim 23, wherein the neans for allocating conprises

means f°Q6a|!Q%QEQ&QmﬂT&ﬂﬂ&hﬂﬁﬁﬁﬂh&wﬂﬁ@k&ﬂ& of an instruction cache
app r

to each nulti nedi ication to sto InStructions for the

mul ti medi a apphdaoafor esynchidiodly reféieing ppeadatios b molligilen@Bimedier ei n

t he neans fpr.aILoc ting conprises neans for allocating a
configurfﬁpgmBS?%f%i.of regi ster banks to each multinmedia application

to store datanfdahs fd@syidhiohomty groaidplgireqilts @nthe ltiplbuappaiiat us of
claim23 further conprising: means for asynchronously receiving
threads faPBHSAARS nultipl e nultimedia applications; and means
for asynchronously providing results to the nultiple nultinedia

appl i cations.
27. A wireless device comprising:

a multimedia processor to concurrently support multiple multimedia applications,
the multimedia processor comprising

configurable storage resources to store instructions, data, and state
information for the multiple multimedia applications, and

assignable processing units to perform processing for the multiple
multimedia applications, wherein the multimedia processor allocates a
configurable portion of the storage resources to each multimedia application and
dynamically assigns the processing units to the multiple multimedia applications
as requested by the multimedia applications, wherein the assignable processing
units comprise different processing units that perform different types of
processing for the multiple multimedia applications; and a cache memory to store
instructions and data for loading to the storage resources, wherein the assignable
processing units comprise at least one arithmetic logic unit (ALU) core, at least
one elementary function core, at least one logic core, and at least one texture

sampler.

28.  The device of claim 1, wherein the ALU core performs arithmetic operations,
wherein the elementary function core computes transcendental elementary functions

without performing polynomial approximation, wherein the logic core performs logical



27. A wireless device conpri sing: a nmultimedia processor to
concurrently support nultiple nultinedia applications, the nmultinedia

processor conprising configurable storage resources to store
instructions, data, and state inforn%bjon for the nultiple nultinedia
appl i cations, and assi gnabl e processing units to perform

processing for the nmultiple multinmedia applications, wherein the

mul t i Medipge R Mz 58 Rise VDpkiAG BitsS n PIRLOBE 9 Wi AR S cROS S drIdndfant RBeflPthage
resources to each nultinedia application and dynam cally assigns the
processi texturaiamsplerperfeanspietrirptessing for jafedig cBgps-i cati ons as request ed
by the multinmedi a applications, wherein the assignable processing
units conprise different processing units that performdifferent

t ypes of 2pr oc@hsimeghofl of claime 1 dubtiergih éhemdll ticoedicefoappdritiatticosysratiang a
cache ne ry_t@@s}ore instructions and data fgr Ioﬁginﬁ¥t§1the
storage PESHIR BESICMEAENEIHICHHECOLS STHMURY Rt el CHEP Y BEbSr i se
at | east \aguBcr iRk ipelynomial apitbkindafibhd wheret thélogic@®d p@ffms logical

el enentary function core, at |least one logic core, and at |east one

t ext ure Sampliens, bit-mise oppratiges, prbdast beffasimanagenygns prar#icopandmberey he

per forns ' [ We [ enpentary function core
conputest%é%%E%gﬁgg%ﬁgﬁ&gP%ﬁ£§?§$€§§ﬁﬁg?%gﬁfﬁéﬁgﬁout perform ng

pol ynom al approxi nmation, wherein the logic core perforns |ogical 22

operations, bit-w se operatjions, an buf f er managenent .
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for a texture engine. 30. The apparatus claim 23, wherein the ALU
core perfornms arithnetic operations, wherein the elenentary function
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operations, and wherein the texture sanpler performs pre-processing
for a texture engine.



