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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 concurrently support
multiple applications is described herein. These applications may be for various types
of multimedia such as graphics, audio, video, camera, games, etc. 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



i nclude an instruction cache to store instructions for
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[0010] FIG. 4 shows assignment of processing units to the N applications.
[0011] FIG. 5 shows a virtual processor for each of the N applications.
[0012] FIG. 6 shows a block diagram of a thread scheduler.
[0013] FIG. 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 a wireless communication device.
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[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] Multimedia 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



processor 120 and texture engi ne 180. System 100 may

i nclude other units. [0020] Multimedia processor 120
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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. Flementary function core 144 may comprise one or more
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constants for the N applications. Load control unit 170 interfaces with cache memory

190 and loads instruction cache 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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[0030] A main memory 192 may be part of system 100 or may be external 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.
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[0034] The storage units may be designed to support flexible allocation of storage
resources to the applications, as described below. The storage units may also be
designed to simplify memory access by the applications, as also described below.

[0035] FIG. 4 shows an example assignment of processing units to the N
applications. A separate timeline may be maintained for each processing unit such as
ALU core 142, elementary function core 144, logic core 146, texture sampler 148, flow
controller 132, and load control unit 170. The timeline for each processing unit may be

partitioned into time slots. A time slot is the smallest unit of time that may be allocated
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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 parallel by different processing units. Thread scheduler
130 may accept threads from the N applications, determine which threads are ready for
execution, 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
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support execution of M threads concurrently, where M may be any suitable value (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)
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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,

clementary function, logical, bitwise, flow control, and other instructions.
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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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pep ap@lg:,a‘g@r@rang b manggemefr € thqglepray&n apphcatlon may request certain

amounts of storage resources for instructions and data. Multimedia processor 120 may
allocate one or more tiles in instruction cache 154 and one or more tiles in register
banks 156 to the application. The application may be allocated additional, fewer, or
different logical tiles as necessary.

[0056] FIG. 8 shows a design of a logical tile look-up table (LUT) 810 and a
physical address look-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



i nclude four scalar ALUs or a vector ALU that can

operate on up to four conponents at a tine. [0052] A
wWGee@Bass4nit (e.g., instruction cache 154 or PEQUS1008/054620

banks 156) nay be inplenented with a virtual nenory

architecture that allows for effjcient allocation

of Att orney Docket No. 060792 PATENT storage resources

t iR eI Ye%P1%ns and easy access of the all ocat edPATENT

storage resources by the applications. The virtual
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anounts of storage resources for instructions and

ddespectiviglys fordlest ap[rhcms s(zjlphq_ggmﬁagyl% may store additional instructions

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
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and one or nore tiles in register banks 156 to the
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additional, fewer, or different logical tiles as

necessary. [0056] FIG 8 shows g4design of a logica
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MRk Ynidghvite femb&teﬂs B MAG YexeAGH RPBF he a{duﬁﬂemyro&%sor for
all ocated a configurable portion of the virtual

mwglessA@mmélag%tloaﬁléw@ea'mdé%m)a%ﬂ IséoWised to map the

DQMM(])” %Id R® Kbkt H%locﬁ&ﬂ%}é{n%&‘la%@gﬁ Qf Oy 2AGH communication
I cation to a corresponding portion of the physica
ng{?mycg, 1000 in a wireless communication system. Wireless device 1000 may be a

cellular phone, a terminal, a handset, 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] Wireless device 1000 is capable of providing bi-directional 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,
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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

integrated circuits (ICs).
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(bl ock 918). Results of the execution of the threads
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pgoHT s WIHCESSCNAIM®D fat a transm ssi on and
reception (e.g., encoding, nodul ation, denodul ati on,
and decoding). DSP 1024 may perform specialized
processing for wireless device 1000. Vi deo/audio
processor 1026 perfornms processing on video content
(e.g., still imges,



novi ng vi deos, and noving texts) for video
applications such as cancorder, video playback, and

WO r@e0038enf er enci ng. Vi deo/ audi o processor 102BCEHIUS908/054620
performnms processing for audio content (e.g.,
synt hesi zed audi o) for audio app%ications
Control |l er/ processor 1028 may direct the operation of
vt ogsi Nos'W %2 hi n di gital section 1020. Display PATENT
processor 1030 perforns processing to facilitate the
di spl ay of videos, graphic texts on a display
unit 1050. CPU RI SC 1032 may pertorm general - purpose
processing for wireless device 1000. Miltinedia
procesgor 1Q3 erfo pfoces S| for nultined
ool odti ons. dnden s hilelh REREHTE o Seob ub TRl aipe uppor
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| 5 thelefultpiSapbBgativay; kLS units within digital section
1020 and | ement .cache_nmenory 190 in FIGS. 1 and.

2. EBI aﬂséﬁi‘ét\’/f*é’ CRStg RS {9 %@F@rpr%f*ss&%t fﬁr "9\‘1é5 ¢ app%lcatlons
divgickah tBe Ghl@hedid Heoceof allodatth €1 RBAALABIRE pOMORIOf the storage
1038) and a main nmenory 1060. Miltinmedia applications

ne§SoHECE ke cathe élpﬁ‘hé?“o&n'gmdoflyftaﬁ’écaﬂ}’ FeHgoths frAcesipg maits to the
SeRiItioe a%@%@tiong QORddesll Bl iRl appRGtib RN 1020 may be

i npl enented with one or nore processors,
m cro- processors, DSPs, RISCs, etc. Digital section
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specific integrated circuits (ASICs) andfor some ot
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descr el n may ed 1 n various
har dwar e devi ces. For exanple the nul timedi a

processor may t&gVICen%lf ecrﬂ%r'ﬁt ?dwwert 1@1' Elﬁsgﬂg?maag s%(’)rage resources

di gital S|gna processi ng devi
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other electronic units. The multinedia processor may
t | ud d/ enp
A T et R B

deseaptiped herein may be a stand-al one unit or may be
part of a device. The device may be (i) a stand-al one
| C, (i R)Sagetnibfo SRE BFtryeHPRs Pfc@at% ﬁ%ﬁ efyuliiplg | applécations, the

MegREde UniSbei as§dPitddngitd atvdrnal @Heﬁlror}} Rst £ ki/%tsidaﬂﬁlemw kwherein
an ASI C such as a nobile stati on nodem

ndeh @pligpgion MIO%G%@@E%QNW@WWHMWH@!@W% an(‘v)
a cel | y| posRRAOSIe W fn%f) ?ﬁespd}ﬁé/ﬂ Sﬁthem%emory allocated to each

application to a corresponding portion of the physical memory.

5. The device of claim 1, wherein the multimedia processor further
comprises:

a load control unit to fetch instructions and data for each application, as
requested, from a cache memory or a main memory for storage in the portion of the

storage resources allocated to the application.



or nobile unit, (vi) etc. [0070] The previous
description of the disclosure is provided to enable
w@eoespeasson skilled in the art to nmake or use PBEEUS2008/054620
di scl osure. Various nodifications to the disclosure
will be readily apparent to thoii skilled in the art,
and the generic principles defined herein may be
appreredoelst Nt #8192 vari ati ons wi t hout departing from t ReTENT
spirit or scope of the disclosure. Thus, the
dl SCl 0%ur e *Fﬁe n etV n%?nggq‘bt P %el‘ellﬂn ﬁlgd ItOQGSgltI-lg units operate
exanpl es descri d°herein i's to be aBcor 'he
wiidéeptndsoiiyppend cm@t ptaendsingi tiht ishesspnabicitpl s @rvdohn theemultiple
feat agmmqhgchgs eEﬁ{e [0071] WHAT IS CLAI MED
PRICE Y SRap 060792 PATENT CLAINS 1. A
deV|ce includlng a nultlnedla processor to
concurrent| ort It| [
mul i nddi & BPOLSke B iR pEPRhrosSirgpags down
I §56UEELRSunit® nata@sﬁgleu m@trryttﬁlte loems mtﬂtQﬂ@appa&dloﬁgt ate
information for the nultiple applications; and
assi gnabl e processing units to perform processing for
the mulgti pl eha@RideGAEILRNS, whREHE ﬁﬂeﬁbrdcbé%m@iﬁﬁté &ehrRe at least one
processor allocates a confi gur abl e gortlon of the

strigeithredisipgiesinttdAd4l woap BP kAP BIEticy 704 < eicycore, 2

assit@RSarhMEr, R1RAE 8SSHINEnitiRhd 8 nbQ chiieupul tiple
applications as requested by the applications. 2. The

device of claim1, wherein the configurable storage
resour ges C@ﬁ@rde%@%acﬁ LI ftu%lte%ln CRE NGultifedih OpBcessor further

instructions for t ['tiple applications, wherein
egompappl i cation is allocated a conflgurable portion

of the ahrl Wt Liﬁtre uﬁﬂ’gfb asglﬁchrg&%s 9@&&\% 91 eaﬁg Eﬂo't]ﬂ t'he multiple

wher ei n the con torage resources conpr
re@pbmamwbanks to store data for the nultiple

applicapi %I?psu’t 1V\4gﬁ"ace uni aS}%{%RTO %ﬁé’r 3 OV}ﬂi %lsl%gcﬁgl% Ruttipte

onflguraﬁ e portion o
dewppliatiods. cl ai m 1, mhereln the conf|gurable st or age
resources conprise a storage unit to store
instructions or data for the nultiple applications,
the stapo ag eThi Hév1d&ec'bﬂtga1ﬁi81$ aeadie theWhiilimadi¥ ipFdcebr adjusts clock

menor y hysi ca wherei n each application
i Py b&%%toé‘g J:ii ‘écﬁffﬂteg‘{}‘lﬂgﬁleég BEFEt Yo aﬂutw“@PF n§gpption.
menory, and
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 applications.

13. The device of claim 12, wherein the configurable storage resources
comprise
a plurality of context registers for the plurality of threads, each context register

storing state information for an associated thread.



at |l east one table to map the portion of the virtua
menory all ocated to each application to a

w@rsaesendi ng portion of the physical nenory.PGI/UT1968/054620
device of claim1, wherein the nmultinmedi a processor
further conprises: a | oad contrg% unit to fetch
instructions and data for each plication, as
r egaestioeket or Y% cache nenmory or a main menory for PATENT
storage in the portion of the storage resources
al  ocatgd t - Leati - e No.
060765 Bareilt BSiGPR YA LOR kAP g{%@%@?@ﬁ@%?ﬁ riggeh thread
prooopsisis g leastions obperogtag ¢qudependiehtid ytommebireae for dynamic flow
Pr OS> LAt esy I tist n fo%sr%ﬂagyeaa?c{d%sgigg,ai)@é(dicoart] ereo%tstet ht% tore condition
nﬁiPlpie applﬁ%dilons Ina givenrtrme's ot o7 °The
dexicaktiaf restlal andl p lvdderferanc beunnultd itraedioad peqpees sl data back
power.s down processing units not assigned to any one
oﬁmPégmﬁultiple applications. 8. The device of claim
1, wherein the processing units conprise at |east one

of an arithpetic.logic. unjt (AL ore,. an el enment ar
functi gi cof %deglqe&gﬁlelr% &#a&heﬁlquéfﬁ Hrrerdoppigies pn a gyt bhgpta of
caipitb @lprddBetmin@ngkzca fl ow controller. 9. The device of
claim1, wherein the nultinmedia processor further

conprises:. an input interface unit to asynchronously

recei vaet hr egdgevide QML hine 13 WhbicR &critikdal 68&rk@NSH updo@pixels
out put interface unit to asynchronously provide

r e P tasfoupvartiess A iMBEe appl i cati ons. 10. The device

of claiml1, wherein the nmultinmedia processor adjusts
clock speed based on |oading of the nultinedia

procesddr t &he dendeeoholwer e aiksigrpthcomultimpdia Thecesioy isaeports a
of : [ : aer el n: (o [ cessor
dé?%%%%ﬂgég?%%@ Sg |ﬁ§a§§ggkrgﬂﬁ gr e%%%gé'of tinme the

processing units are assigned in a particular tine

peri .Od'l 12 T}Tehﬁevqcee\/iofc glai%c lcl)vﬁé:rni]l 1the Vr\llllquqtriqi leéllpcgﬁions qo rise at
mul ti medi a proceéssof concurrently supportsia plruraitty
ofledsshoeadts graphidshapphcakion, pheudippbplicatiorgasvideb3pplidagon, a camera

d%éh“ggﬁia% Qgﬂ%&%mnﬁﬂﬁﬂein t he configurabl e storage
re ‘

19. A method comprising:

concurrently supporting multiple applications;

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

dynamically assigning processing units to the multiple applications as requested

by the applications.

20. The method of claim 19, wherein the allocating comprises
allocating a configurable portion of an instruction cache to each application to

store instructions for the application.

21. The method of claim 19, wherein the allocating comprises
allocating a configurable portion of register banks to each application to store

data for the application.



conprise a plurality of context registers for the
plurality of threads, each context register storing

W@ e@Ba038H or mati on for an associ ated thread. At RCF/H83008/054620
Docket No. 060792 PATENT 14. The device of claim 13,
wherein the state information f each thread
conprises at | east one of a pro%?an1counter a stack
t Meercksgion83 for dynamic flow control, address PATENT
regi sters for rel ative addressing, predlcate regi sters
to store condition calculation results, and a | oad
reference counter to track | oad requests and data back
condi t i2@ns. Tm5mmﬁh©0ﬁﬁwmd§ fufthal camprigig: mherein each
thread operal SR1yS recelv lh f da¥h% rr?Jl l'ig Picdh s; and
predetern1neg) Pz :ﬁ? ?% evice ?p o R
mherelmgmﬁbbn@hb@mdn@pgm&ﬂ&ﬁodmrmnmﬂemﬁmmmmmsers or
up to four vertices in an inmage. 17. The devi ce of
claim1, wherein the nultinmedia processor supports a
si ngl e2set ah apmsiridbipeisiagappl i cabl e for the nmultiple
applications. 18. %ﬂe devi ce of qla|n11 wherein the
mul ti plnéfa%sp%’f FUSHTSHE SUBRPIE @ ldple ppligitioge of a
gr aph| Gifea@®PBbrl BRIChIMY, adfondidEhaBle AfibC A | @taged rdbbEEA to each
application, a canmera application, and a

aBPliHPT R Stoniog mﬁt“f?é‘?%@a%&ﬁ%?tﬁ@ﬂl?f@rmaél@ﬁ g@irﬂ?eewlgﬂtlon' and

suppor tidagk I idaRli@1R BRI GRHr R Sin Al &Athl Rl e apphcatlons as
configurabl e portion of storage resources to each

applucetad boerprlicaiesi ng i nstructions, data, and state
information for the application; and dynam cally
assigning processing units to the nultiple

appl i cati ondhaappriatiseseleieh by whrginghphiana tforalgcating compreses

met hod nr%g Ck‘o@' dpog‘a?i'élé\rq; Iﬁigﬂragﬁepcﬁiul) 089';&1 qgstl%gtli‘g?lr 53%95‘ to each

aIIocatlng a con e portion of an instructi

c aphlécation watdic apipldtiont foothe tpplwttome i nstructi ons f o r

the application. 21. The method of claim 19, wherein
the allocating conprises allocating a configurable
portionr5of Thgipphwtus bfcikisn 230 whaeh thpmbans ddriatincatiog stropréses

gzzrgl\lfr%eartlshfeor gl?&atm%aa} clocr)lﬁgurtatt)lg E)Ql%%n 0 regls%er Bla?nks 90 eacf? application

to store data for the application.

26. The apparatus of claim 23, further comprising:
means for asynchronously receiving threads from the multiple applications; and

means for asynchronously providing results to the multiple applications.

27. A wireless device comprising:
a multimedia processor to concurrently support multiple applications, the
multimedia processor comprising
configurable storage resources to store instructions, data, and state
information for the multiple applications, and
assignable processing units to perform processing for the multiple
applications, wherein the multimedia processor allocates a configurable portion of the
storage resources to each application and dynamically assigns the processing units to the

multiple applications as requested by the applications; and



22. The nethod of claim19, further conprising:
asynchronously receiving threads fromthe nultiple
wW@ppeBilemsd ons; and asynchronously providi ng reBCl/US2008/054620
the nmultiple applications. 23. An apparatus
conpri sing: means for concurren# y supporting multiple
applications; neans for allocating a configurable
pdﬁ@@ﬁﬂhéﬁﬂgt%?ﬁﬁe resources to each application for PATENT
storing instructions, data, and state information for
the applycat 'n?e%or)?qg %‘?—é‘rlﬁ ufu&ﬁ n‘éye[}l%”}ia&?'f%ry 10%5%%%'&8 storage
processi ng unit tirp 'S appl'i cations ds
r egwested by the appllcatlons. 24. The apparatus of
claim 23, wherein the nmeans for allocating conprises
means for allocating a configurable portion of an
instruction cache to each application to store
instructions for the application. 25. The apparatus of
claim 23, wherein the nmeans for allocating conprises
means for allocating a configurable portion of
regi ster banks to each application to store data for
the application. 26. The apparatus of claim 23,
further conprising: nmeans for asynchronously receiving
threads fromthe nultiple applications; and neans for
asynchronously providing results to the nultiple
applications. 27. A wreless device conprising: a
mul ti medi a processor to concurrently support mnultiple
applications, the nultinedia processor conprising
configurabl e storage resources to store instructions,
data, and state information for the nultiple
appl i cations, and assignabl e processing units to
perform processing for the nmultiple applications,
wherein the nultinmedi a processor allocates a
configurable portion of the storage resources to each
application and dynam cally assigns the processing
units to the nmultiple applications as requested by the
applications; andAttorney Docket No. 060792 PATENT a
cache nmenory to store instructions and data for
| oading to the storage resources.



