PROCESSOR ARCHITECTURE CROSS-REFERENCE TO RELATED
APPLICATIONS [0001] This application claims the benefit of U.S.
Provisional Application No. 60/822,320, filed on August 14, 2006, U.S.
Provisional Application No. 60/820,871, filed on July 31, 2006, U.S.
Provisional Application No. 60/798,569, filed on May 8, 2006, and U.S.
Provisional Application No. 60/759,868, filed on January 18, 2006, and is
related to U.S. Provisional Application No. 60/752,522, filed on December

20, 2005. The disclosyr gﬁgé:rlﬁ ove lications are incorporated
herein by reference i tﬁ %e%ﬁ [Eﬁ)@f]uﬁl% present disclosure
relates to data processing archltectures and more particularly to a
multi-ported data memory architecture for processing. BACKGROUND

petweer oS e e A ﬁgﬁﬁ@]ﬁ#@ﬁmn Somplex
f
the B T P e, e e or bttt g onal
Appliaiye a0 tagreiyeperiopming the RS EV\{'thIHar(y@r ISy ngsgﬁé%\gsmnal

efficient. Parallel processing may bé use o speed up the proc

ApSREBREIANRN Y wsense Aidasky: E)Lﬁg%] PEBG%SSU‘G% Y belgggpApphcat;on

video processing, gaming, complex ématic modeling,

No caferessng andar sihesapriicatinns. [APA) \rigy an

units (CPUs) and hardwarg?&pacceleratlon mo ?ules arg\{il%? ‘y'é\g%ﬁ%%p %‘ No.
60/WER 868, thiRObAN MhGRW PYS. 2006, and is related to U.S. Provisional
Application No. 60/752,522, filed on December 20, 2005. The disclosures of the

above applications are incorporated herein by reference in their entirety.

FIELD
[0002] The present disclosure relates to data processing architectures,

and more particularly to a multi-ported data memory architecture for processing.

BACKGROUND
[0003] Typically, data processing may be performed by splitting tasks
between software and hardware. For example, certain tasks are complex but not
necessarily computationally intensive and therefore performing the tasks with
software is sufficient. Other tasks are more computationally intensive and
therefore performing the tasks with hardware is more efficient. Parallel

processing may be used to speed up the processing of computationally intensive



Data transfer between the CPUs and/or the hardware acceleration

modules requires relatively high bandwidth. Increasing the number of

buses or the bandwidth of the on-chip bus increases the bandwidth

available for data transfer. However, this approach is typically not

cost-effective. For example, multi- channel video processors that are

capable of processing multiple video streams have high banqlwidth

requirements. [0005] Referring now to FIG. 1, a data processing system

ﬂrchigzcture 10 is shown. The data processing system 10 includes
tasp?’dces%'&ﬁ‘ I§l0ARRSSIS MBCPRILI$9% IBnydeRieteRsiit salBttReRPMplex

s 12 hardware acceleration modules (i.e. hardware

mapr%%%%?n@?n%%%s‘f‘ﬁ%lc GG PSSl RRRERALR Hardware

acc jon ules 14, The CPUs 12, the hardware acceleration

moc?uﬁggﬂﬁ rTw)yr‘f%#ﬁic R Barrﬁ: a%E%%%éﬁ{B%OWS‘RA@F%dUPé@O, Batdware

acc:RRANLC , 5‘2”8& ?a%ec%%%ﬁgﬁ%[Sngx\éqeéggﬁ?or&rﬁn#}%iﬁ2‘%9%%%2@495?0%ip bus.

CPUs 12, hardware acc mo

DaQRM%dwgt\%gegnﬂ%g‘)Eﬁmét'\ér‘f&{étltolﬁé 2hzar g apgeni%%l% e?g?@e% %)_dules

printed circuit board (P egrated by a system

reqUite CRst1y e ﬁ/i@‘f’ﬁ?Ierﬁ%?@é@ﬁggﬁg%éu%ﬁjﬁ%‘%g) BOMs or the

controller 22 communicate with a memory m via

barkAREHHERO R RIS J@%miﬂ%%t maﬂ?%\%i‘gg{grf’ﬁ%%%%ﬁnsfer.

system 10 is limited by the capabilities 2 e communication
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of the communication bus 24. SUMMARY [0006] A data processing

chasysteTidsmprises SoRUHRPE BIBPBEbIe of processing multiple video streams
have high bandwidth requirements.

[0005] Referring now to FIG. 1, a data processing system architecture
10 is shown. The data processing system 10 includes processor modules such
as CPUs 12-1 and 12-2, referred to collectively as CPUs 12, and hardware
acceleration modules (i.e. hardware processing modules) 14-1 and 14-2, referred
to collectively as hardware acceleration modules 14. The CPUs 12, the
hardware acceleration modules 14, a dynamic random access memory (DRAM)
module 20, and a DRAM controller 22 communicate over a communication bus
24. The CPUs 12, hardware acceleration modules 14, communication bus 24,
DRAM module 20, and/or a DRAM controller 22 may be included on a printed
circuit board (PCB) or integrated by a system on a chip (SOC) 26. The CPUs 12,
the hardware acceleration modules 14, and the DRAM controller 22

communicate with a memory module 28 via the communication bus 24. The

processing performance of the processing system 10 is limited by the capabilities
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module having N ports and N data communication buses. N hardware

acceleration modules communicate with a respective one of the N ports

on a respective one of the N data communication buses. A first one of the

N hardware acceleration modules performs a first processing task on

data and transmits the data to the multiport memory module on a first one

of the N data communication buses. A second one of the N hardware

acceleration modules receives the data from the multiport memory
of twé)dule on a secon on% of the N data communication buses and

eI HUERBAR BHSceSsing HERIOWIHESIALOCRERING SRRRfR I Hamited by the

than aone. [0007] In other features of the jnvention, the data includes at
Spﬁggs?%%?gr[g \‘Aalé"édﬁé{f % SU RIS SREOFHRYS difport memory module
may include multi- bank memory with interleaving. The multiport memory
module may include a multiport data tightly-coupled memory (MP-DTCM)

module. The multiport memorygL(} I i&@udes J additional ports and J
additional data communication buses 6 processor modules and J-B

cymegpisgEndam gscessamon, (BAMModles communicgie i the

multiport memory module on respective ones of the
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integers greater than or equal to one,

acc@léfré‘ﬁ&ﬁﬁmé@%%ﬁfrﬁhﬁiwt%ﬁﬂwg?ggﬂgebgﬂ%séﬁﬁ%ﬁI(Ft data on a

width and the J data communication buses have a second data widt,

respéetilEst siasa onieh Nasdanerchitsinaichirope il datayig tT&?eﬁrcg‘t the N

data width is at least one of 8 bits and 16 bits and the second data width
hardwaireasicuieration PisdarePIBAhS28 Bilst processing task on data and
transmits the data to the muitiport memory module on a first one of the N data
communication buses. A second one of the N hardware acceleration modules
receives the data from the multiport memory module on a second one of the N
data communication buses and performs a second processing task on the data.
N is an integer greater than one.

[0007] In other features of the invention, the data includes at least one
of video data and control data. The multiport memory module may include multi-
bank memory with interleaving. The multiport memory module may inciude a
multiport data tightly-coupled memory (MP-DTCM) module. The multiport
memory module includes J additional ports and J additional data communication
buses. J-A processor modules and J-B dynamic random access memory
(DRAM) modules communicate with the multiport memory module on respective

ones of the J data communication buses. J is an integer greater than one, A and

B are integers greater than or equal to one, and A + B = J. At least one of the
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[0008] In still other features of the invention, the data processing system
further comprises at least one programmable sideband processor
module. The at least one programmable sideband processor module
comprises an instruction tightly-coupled memory (ITCM) module, a
processor core, and a data tightly-coupled memory (DTCM) module. The
DTCM module communicates with the multiport memory module and a
direct memory access (DMA) module controls data transfers between the
. DTCM modyle and the memory module. The DTCM module is at least
first ARLPREAND ss bR iR eamRBisRi OB beisssifipsyatBratidatrmwidth
mprisgs_a shared bus, The shared bus comprises a first bus portion
and HeT) SR B THOMGBIOR B BEN L snTREPRAGR NG fropbilest data
The N hardware acceleration
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. -B DRA communicate on the
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itsiNyepYen, ghe programmable sideband processor module processes at
lmtsieast g%g g& "bit data and multiples of 16 bit data. The programmable
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(SIMD) processor. A hig Inition television tomprisest

sysRIACTEHABSYSAAA 03 Adata nipcessing OMPNISEHA processor
rtsand N+M data

multiport memory module having N+M p
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an ipetuRUbICalNIPUERT IMEPRRSBRAMARENPeRade, a processor core, and a
data tightly-coupled memory (DTCM) module. The DTCM module communicates
with the multiport memory module and a direct memory access (DMA) module
controls data transfers between the DTCM module and the memory module. The
DTCM module is at least one of dual-ported and multi-banked. The data
processing system further comprises a shared bus. The shared bus comprises a
first bus portion and a second bus portion. A bus bridge communicates with the
first bus portion and the second bus portion. The N hardware acceleration
modules communicate on the first bus portion at a first rate and the J-A
processor modules and the J-B DRAM modules communicate on the second bus
portion at a second rate.

[0009] In still other features of the invention, the programmable

sideband processor module processes at least one of 8 bit data and multiples of

16 bit data. The programmable sideband processor module includes a single



processor modules communicate with a respective one of the M ports on
a respective one of the M data communication buses. One of the N
hardware acceleration modules performs a first processing task on data
and transmits the data to the multiport memory module on one of the N
data communication buses and one of the M programmable sideband
processor modules receives the data from the multiport memory module
on one of the M data communication buses and performs a second
. rocessing task on the N and M are integers greater than or equ
et R S LS R uertion g Gar ) THETV)
Commpldgge inccliu%ies J additional Prts. A shared bus includes a first bus
W}e atd broce %n

$sing sy X
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data processing system comprises multiport memory means for storing

resaRNE AR ROgSNHRIA GAREMBHCBIOBLURIMBBERIRMable sideband

transmitting data, and N hardware acceleration means for communicating
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communication buses. A first one of the N hardware acceleration means
resPEEIIENS Aitst tREOGASSHIE tesk ALbaiatR biansenitsIhe datento thehardware

multiport memory means on a first one of the N data communication bus
accBIeptoANG GaRaso e Ao it processing task on data and transmits the
data to the multiport memory module on one of the N data communication buses
and one of the M programmable sideband processor modules receives the data
from the muitiport memory module on one of the M data communication buses
and performs a second processing task on the data. N and M are integers
greater than or equal to one.

[0011] In other features of the invention, the multiport memory moduie
includes J additional ports. A shared bus includes a first bus portion that
communicates with N hardware acceleration modules and the M programmable
sideband processor modules at a first rate, a second bus portion communicates
with J-A processor modules and J-B RAM modules at a second rate, and a bus
bridge communicates with the first bus portion and the second bus portion. J is

an integer greater than one, A and B are integers greater than or equal to one,

and A+ B = J.



hardware acceleration means receives the data from the multiport
memory means on a second one of the N data communication bus
means and performs a second processing task on the data. N is an
integer greater than one. [0013] In other features of the invention, the data
includes at least one of video data and control data. The multiport
memory means includes a multiport data tightly-coupled memory
(MP-DTCM) module. The multiport memory means includes J additional
ports and_J additional data communication buses. The data processin
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syt @mpris S8R PSS LAY ardMREI R ANMEIPRRUBIE MRide §aeans
memor RAM ans for communicating with the multiport memory
for oA BTG oY RO IRl Eopbin BTGRP oEAG. Pigans for
an_integer greater . than one, A and B are jntegers greater than or equal to
trarjs nitiG Gete eAnch Nap AR/ E AL A AT SR A G100 BHBIEENG With 2
date%.commun'%c tiorf{j bus,means has a fjrst data W%d{ﬁ Wedth Jdata . .
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processing system further comprises at least one programm
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east one of the an

function. At programmable side processor means
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processor core, and a data tightly-coupled memory (DTCM) mo

meBHECHA BAdiohErsB WRIGAAY WAL BEnRAYINeEHDS BOYRSAS AP Erforms a
direct memory access (DMA) module controls data transfers
second processing task on the data. N is an integer greater than one.

[0013] In other features of the invention, the data includes at least one
of video data and control data. The multiport memory means includes a multiport
data tightly-coupled memory (MP-DTCM) module. The multiport memory means
includes J additional ports and J additional data communication buses. The data
processing system comprises J-A processor means and J-B dynamic random
acc’ess memory (DRAM) means for communicating with the multiport memory
means on respective ones of the J data communication bus means. J is an
integer greater than one, A and B are integers greater than or equal to one, and
A + B =J. Atleast one of the first and second ones of the N data communication
bus means has a first data width and the J data communication bus means have
a second data width. The first data width has fewer bits than the second data

width. The first data width is at least one of 8 bits and 16 bits and the second

data width is at least one of 32 bits, 64 bits, and 128 bits.
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between the DTCM module and the multipart memory means. The DTCM
module is at least one of dual-ported and multi-banked. The data
processing system further comprises a shared bus. The shared bus
comprises first bus portion means for communicating with the N hardware
acceleration means at a first rate, second shared bus means for
communicating with at least one of the processor means and the DRAM
means at a second rate, and bus bridge means for communicating with

the et us narian mapns aad thie segend bus, perion, Means J00%ol Ikesing

. n : a
still feature e inventl e programmable sideba pro%essor

ovs BT SRR B35 05 018 B 98 AP MUES 18 LR mean

rogrammable Sideband processor means includes a sing
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mprises t ata processing system. [0016] A data processing
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ardware acceleration modules, transmitting the data to a reéspective
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ata communication buses, receiving the data from a respective
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one of the N hardware acceleration modules on a respective second one

me®hdha iy datairammueicriion Sesess amiviefofbinga sestrikP@sesstagisfers

task on the data at the second one of the N hardware acceleration
betWwsshigse NSCAN iniedalgraatertHamung R0 Mk athenteaisresTHéh®TCM

invention, the data includes at least one of video data and control data.

modiile neulitpledshemerpintakulle tntiddasd multi-banked. The data processing
system further comprises a shared bus. The shared bus comprises first bus
portion means for communicating with the N hardware acceleration means at a
first rate, second shared bus means for communicating with at least one of the
processor means and the DRAM means at a second rate, and bus bridge means
for communicating with the first bus portion means and the second bus portion
means.

[0015] In still other features of the invention, the programmable
sideband processor means processes at least one of 8 bit data and multiples of
16 bit data. The programmable sideband processor means includes a single
instruction, multiple data (SIMD) processor. A high definition television (HDTV)
comprises the data processing system.

[0016] A data processing method comprises performing a first

processing task on data at a first one of N hardware acceleration modules,

transmitting the data to a respective first one of N ports of a muitiport memocry
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multiport data tightly-coupled memory (MP-DTCM) module. The data

processing method further comprises communicating with at least one of

J-A processor modules and J-B dynamic random access memory

(DRAM) modules with the multiport memory module on respective ones

of J additional data communication buses. N is an integer greater than

one, A and B are integers greater than or equal to one, and A + B = J. At

least one of the first and second ones of the N data communication buses

has a first data width and the J additional data communication buses has
mogdlecBRRIREARRIKE THatfReedatdNiiaia eereweriositothanske, secendng the

data width. The first data width is at least one of 8 bits and 16 bits and the
da?e{fSHBadFﬁﬁRﬁﬂtﬁ%sﬁP%Paﬁé)&@ Nio®a sftthamuitI®birseonsodule
still othei features of the invention, the data processing method further

At A SEFRAONR PR L ASRS @ creleraianMareiRn With espective second

Drogram ?ﬁ)l sideband processor module. The programmable sideband
on pr%ci@%oﬁ 8&@%‘8%%@'% mtiaﬁqwﬁfyg@éﬁuﬁ%é‘ rRBARHY Processing
T module, a processpr core, and a data tightly-coupled memory
tasl G Tl ot RE TREDY R b e Lo e R AR, N is
an gﬁﬁggry F%SPeL}I?hand a direct memory access (DMA) module controls
at S

fransfers befweanthe DTCM module and the multiport memory

B RS RS o ot

nked. ata processing me

of GRIBAYUERIRGLLE S bd*as(é’.orti?ReOfr'ﬁllﬁnage .n%%ﬁé&g@c}@%ﬁgglbh es a

N hardware acceleration modules, communicati

o R A SR s
mepié% PRIMRBraBeH}RiISESOBER R Inicating with at least one of J-A processor
modules and J-B dynamic random access memory (DRAM) modules with the
muitiport memory module on respective ones of J additional data communication
buses. N is an integer greater than one, A and B are integers greater than or
equal to one, and A + B = J. At least one of the first and second ones of the N
data communication buses has a first data width and the J additional data
communication buses has a second data width. The first data width has fewer
bits than the second data width. The first data width is at least one of 8 bits and
16 bits and the second data width is at least one of 32 bits, 64 bits, and 128 bits.
[0018] In still other features of the invention, the data processing
method further comprises performing a hardware acceleration function with a
programmable sideband processor module. The programmable sideband

processor module comprises an instruction tightly-coupled memory (ITCM)

module, a processor core, and a data tightly-coupled memory (DTCM) module.

8



portion with a bus bridge. The programmable sideband processor module
processes at least one of 8 bit data and multiples of 16 bit data. The.
programmable sideband processor module includes a single instruction,
multiple data (SIMD) processor. [0019] In still other features, the systems
and methods described above are implemented by a computer program
executed by one or more processors. The computer program can reside
on a computer readable medium such as but not limited to memory,

TR E LR LPraA B QS o o N2 IRERL TS hgBerAerect
o R ser A I G AT Bo s R ST plene ErarAReERhibe DTCM
oL TR R EaLs, P Soidetnere of
e ot W ecom o R Greralooll ROl Bifhigamerses

con{IABFiRLIANeEe eREAMPAEMIRG BRYnpswherein [09Z2LFIG Lisa o\
Is

|
functional block diagram of a data processing system “according e

hardRaFeEcl83 ol nfolf felinctpnalpiesk sicgram of &My IHPRIDEOTYs the
0

module according to the present invention; [0024] FIG. 3 is a functiona

shakleclhagrane @fen BB At RN ASYRERRL At INGHITES 2 MRUHRONtS DRAM
memory module according to the present

modules, and communicating with the first bus portion and the second bus

portion with a bus bridge. The programmable sideband processor module

processes at least one of 8 bit data and multiples of 16 bit data. The

programmable sideband processor module includes a single instruction, multiple

data (SIMD) processor.

[0019] In still other features, the systems and methods described
above are implemented by a computer program executed by one or more
processors. The computer program can reside on a computer readable medium
such as but not limited to memory, non-volatile data storage and/or other suitable
tangible storage mediums.

[0020] Further areas of applicability of the present disclosure will
become apparent from the detailed description provided hereinafter. It should be
understood that the detailed description and specific examples, while indicating

the preferred embodiment of the disclosure, are intended for purposes of

illustration only and are not intended to limit the scope of the disclosure.



invention; [0025] FIG. 4 is a functional block diagram of a multiport
memory system that communicates with a hardware acceleration module
according to the present invention; [0026] FIG. 5 is a functional block
diagram of a multiport memory system including a programmable
sideband processor module according to the present invention; [0027]
FIGs. 6A and 6B are functional block diagrams of programmable
sideband processor modules according to the present invention; [0028]
FIG. 7 is a flow diagram that illustrates steps of a data processing method
according to the present invention; [0029] FIG. 8A is a functional block

e R S e e

O R B DAL BRI TION 008 e o o
ne JSRJSE S 5001, L sPPcaloD s, ot pposes o

eI e Al e e o S e

o B 2 cre.sofware or frmware programs, & combination
programs, a combinational
logifopisayit, AREOrPNET, functional block diagram of a multiport memory
module according to the present invention;

[0024] FIG. 3 is a functional block diagram of a multiport memory
system that includes a multiport memory module according to the present
invention;

[0025] FIG. 4 is a functional block diagram of a multiport memory
system that communicates with a hardware acceleration module according to the
present invention;

[0026] FIG. 5 is a functional block diagram of a multiport memory
system including a programmable sideband processor module according to the
present invention;

[0027] FIGs. 6A and 6B are functional block diagrams of
programmable sideband processor modules according to the present invention:

[0028] FIG. 7 is a flow diagram that illustrates steps of a data
processing method according to the present invention:

[0029] FIG. 8A is a functional block diagram of a high definition

television;
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suitable components that provide the described functionality. As used
herein, the phrase at least one of A, B, and C should be construed to
mean a logical (A or B or C), using a non-exclusive logical or. It should be
understood that steps within a method may be executed in different order
without altering the principles of the present disclosure. [0033] According
to the present invention, a processing system includes a multiported data
memory architecture. An exemplary multiport memory architecture is
described in "Multiport Memory Architecture, Devices and Systems
Inchi@38lthe @Qﬂgﬁa‘ﬁcﬁm&ﬁ aedflfgtiRe rgan 2198 tprifep; and
Application Ser. No. 10/702,744, tiled on November 5, 2003, which is
her€l? theorptratBl 155 AdrpeHiRBalPIRCKHiRsA Moo 52 HRRHRT now
to FIG. 2, a multiport memory module 100 (i.e. a memory module that is
arranged according to multiport memory architecture) includes a memory
array 110, write port buffers 112-1, 112-2, 112-3..., and 112- n (referred to
collectively as write port buffers 112), read port buffers 113-1, 113- 2,

113-3,..., and 113-m (r t % ' d port buffers 113),

write ports 114-1, 114%%?@”3%50 er%(# ﬁ%'ﬁ(@ rred to collectively as

wri 1 [ orts,115-1..115-2, 115-3,..., and 115-m (referred , . .
to oS ey e TS AR b e e R e @ i

no 749 HAENGERPRSTHAb ANt anReP  ogiicaAt, [0S The part iyt of

Include one or more registers or ba Ip-ﬂops, atChes, regisiers,

S AU TS S LA A e
similar elements. As used herein, the term module, circuit and/or device refers to
an Application Specific Integrated Circuit (ASIC), an electronic circuit, a
processor (shared, dedicated, or group) and memory that execute one or more
software or firmware programs, a combinational logic circuit, and/or other
suitable components that provide the described functionality. As used herein, the
phrase at least one of A, B, and C should be construed to mean a logical (A or B
or C), using a non-exclusive logical or. It should be understood that steps within
a method may be executed in different order without altering the principles of the
present disclosure.

[0033] According to the present invention, a processing system
includes a multiported data memory architecture. An exemplary multiport
memory architecture is described in “Multiport Memory Architecture, Devices and
Systems Including the Same, and Methods of Using the Same,” U.S. Patent

Application Ser. No. 10/702,744, filed on November 5, 2003, which is hereby

incorporated by reference, in its entirety.
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110. The port buffers 112 and the memory array 110 communicate via
buses (e.g. a common memory write a bus 122 and a common memory
read bus 124). Although the multiport memory module 100 is shown
having a single port memory structure, those skilled in the art can
appreciate that a dual port memory structure may be used. [0036] The
memory array 110 may include a plurality of memory sub- arrays (not
shown). The sub-arrays may include one or more rows, columns, blocks,
and/or ggges of memory. Each of the memory rows, columns, blocks,

andi8Ppales MAlEHERISRNNIABIE KRdRracoekiini meaaniqietdmaenp (i.e. a
address corresponding to the row, column, block, and/or page. Each
MeRigk SRedide tﬁgﬁgf@rréawﬁ@eﬁ%@f%%@ AWhipertorarinens erehitecture)
._port buffers 112 12 includes a page of data. Typically, a minimum density
Inc &F{?}% AT EAERY 10 Gs WHERKBSE PWiitsrsvhiig- & maRifuri! desisyastd 112-
. o ) . density is 32 Mb.
R P S T b . 115
SR , d I dom access memory _
2. KRN, 0ot T UG &Sbts RUUNF HAPATAO e BURFErabhBle wie
bl I (EEPROM), and flash memory. .
PO o Bay L1011y Ao DA hET{otb bt Ae)REHIeRES e ports
h t 1 P coupled” to.the ory, array 110.
B 4&/&%%% moféraﬁgk:}ﬁtg?:?& F%?Jt%%%"c’dﬂ p?é%l ,1 ;P%mra{ﬁ?yecgf %ﬁo%%ggﬁ%dé\fg'y as

reall1SSHY GupIeshia R MEMPLLTFHE PLARSRUPIRAIRfNe Memor tively, and
as dm E?) : he% a

!
module via ared memory bus emory busses an are
a “SHRIgNeEJRt&pqyee or minimize resistive-capacitive (RC) components,
such as bus length
[0035] The port buffers 112 include one or more registers or banks of

flip-flops, latches, registers, and/or any other device or module suitable for
transmitting and receiving data between the ports 114 and the memory array
110. The port buffers 112 and the memory array 110 communicate via buses
(e.g. @ common memory write a bus 122 and a common memory read bus 124).
Although the multiport memory module 100 is shown having a single port
memory structure, those skilled in the art can appreciate that a dual port memory
structure may be used.

[0036] The memory array 110 may include a plurality of memory sub-
arrays (not shown). The sub-arrays may include one or more rows, columns,
blocks, and/or pages of memory. Each of the memory rows, columns, blocks,
and/or pages may be identifiable and/or accessible by a unique memory address
corresponding to the row, column, block, and/or page. Each block of data

transferred between the memory array 110 and one of the port buffers 112
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(corresponding to resistance) and/or parasitic capacitance between
adjacent metal lines in the bus. Consequently, bandwidth and memory
access efficiency are increased. Communication between the port buffers
112 and memory array 110 is preferably not delayed by clocked circuit
elements in a port buffer that is tightly coupled to a memory array. [0038]
The memory array 110 can include multi-bank dynamic random access
memory (MDRAM) instead of and/or in addition to tightly coupled
memory. Conventional memory designs typically use a single monolithic

Inclyisised peRrMofBr d ek MDRIENIIERRS e thembiy aemery array 110
tiple 32 KB banks that can be accessed independently. As a result,

s éhﬂ%facké\éées\éﬁn‘%@ TAARIEYER VNS BE M aRIETie MIGH Aehidrys not
iR 1 PR, ERRHIREAIoy Sy ML 0 Mgt B MBiapahe memory
o Al B0 PR S e e,
e CEl B SR ot e )
B O BN A T o
eI RPN IS s el podues it s
e T PR L R o
arr£7aR GONWRERI ALK AR RUEHP IR (BRAE, 2 plurality of processors
are directly coupled to a memory module or are coupled to the memory module
via a shared memory bus. The memory busses 122 and 124 are designed to
reduce or minimize resistive-capacitive (RC) components, such as bus length
(corresponding to resistance) and/or parasitic capacitance between adjacent
metal lines in the bus. Consequently, bandwidth and memory access efficiency
are increased. Communication between the port buffers 112 and memory array
110 is preferably not delayed by clocked circuit elements in a port buffer that is
tightly coupled to a memory array.
[0038] The memory array 110 can include multi-bank dynamic random
access memory (MDRAM) instead of and/or in addition to tightly coupled
memory. Conventional memory designs typically use a single monolithic "block"

of memory for a buffer. MDRAM breaks its memory up into multiple 32 KB banks

that can be accessed independently. As a result, memory accesses can be
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100 via dedicated buses instead of sharing a common bus as described

above in FIG. 1. The CPUs 142 and DRAM controller 146 may share a

single bus or communicate on individual buses 156 and 158-1, and 158-x

(referred to collectively as buses 158) as shown. [0040] Referring now to

FIG. 4, each of the hardware acceleration modules 144 communicates,

individually, with the multiport memory module 100 via buses 160 and

162. Typically, hardware acceleration buses have a data width of 32 bits.

Here, the buses 160 and 162 may be narrower to minimize wiring
intestprjestidreanaan reatice teatiow, Forroxayn plecdsedmusesol8fanch62provide

may have a data width of 8 or 16 bits. The bus 160 is a write bus that 14
gregéphmBRRAIENGAth the write port buffers 112 (via the write ports 'i 14 as

shown in FIG. 2) of the multiport memory module 100. Conversely, the

bus[P3H a répfepirgnacvorinTiGatés withihdtiead porrboffersystam 140
_(via the read ports 115 as shown in FIG. 2). The multiport memory
'”C\Sh%%%I@ﬁd@Vﬁ&%ﬂﬁdﬁ%@%@dfﬁ@ﬁ&l’@e&%ﬂpoﬁ%ﬂé‘#ﬁ@@ﬁ-mqmm,.Syfﬁﬁm 140

64-z geferred to collectively as read port buffers 164) that communicate

InclyHRSHRBFIS AU I ESIHE BrsaM! danitolibf 2126, THNEL A Bort Gefrired to

' bits, 128 bits, ter. In oth ds, th
oo RS B A hd DR EE REF LR EGPAMBRICAS i, . and

o PRSI0 100 Ve hizes Ll o e e
oo 3380 41T CRAR RO pspetion medes A o o
progélé%&rgcﬂ"?ﬁn%@éﬁé oag’%)grg]e Qg V&6 and firmware instructions. The
hardware acceleration modules 144 each communicate with the multiport
memory module 100 via individual (i.e. dedicated) buses 150-1, 150-2,...., and
150-y (referred to collectively as buses 150). More specifically, the hardware
acceleration modules 144 each communicate with the multiport memory module
100 via dedicated buses instead of sharing a common bus as described above in
FIG. 1. The CPUs 142 and DRAM controller 146 may share a single bus or
communicate on individual buses 156 and 158-1, 158-2,.... and 158-x (réferred
to collectively as buses 158) as shown.

[0040] Referring now to FIG. 4, eacﬁ of the hardware acceleration
modules 144 communicates, individually, with the multiport memory module 100
via buses 160 and 162. Typically, hardware acceleration buses have a data
width of 32 bits. Here, the buses 160 and 162 may be narrower to minimize

wiring congestion and to reduce die size. For example, the buses 160 and 162

may have a data width of 8 or 16 bits. The bus 160 is a write bus that
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acceleration modules 144 first transfers data to the multiport memory
module 100 via the write port buffers 112 instead of transferring data
directly to another hardware acceleration module 144. Subsequently, the
data is transferred from the multiport memory module 100 to one of the
other hardware acceleration modules 144 via the read port buffers 113. In
this manner, each of the hardware acceleration modules is able to
individually process data without arbitration and/or contention as is
necessary in the conventional system shown in FIG. 1. [0042] As a result
CONYHCEERit R FBEtME papoRl i eFHE A (i die metaargréy stédasidhown in
may be approximately doubled with respect to a shared bus architecture
FIG,o)

S5 NBLTHHIRRE. MemRNear duissWkilldeoinvers et dae 1ss 162 is a read

preciate that further increasing the bandwidth of any of the individual
b“SSE‘E&&BP“EHH%ﬁ%@%wtaééaé%ﬁf&ﬁ’%éwfé%f§4w@.é\!lﬂméﬁ@u@@mm 5 as

R A B o
porl M Al Mahitual AL are SOCEIGHn rodlisal waead por
P e ST AL Rl IS U HoAUS LI AL contole
OO G

B L S e W T T

point-to-point nature of the l.e. bétween e

with e wRIBRSEIRsAtnY medules AbAAnghe MylipotmemYnodule . width
100), a high density rating and high clock frequency operation are easﬂ?/
tharpféeNgfiware acceleration modules 144.

[0041] Referring now to FIGS. 3 and 4, each of the hardware
acceleration modules 144 stores intermediate data in the multiport memory
module 100 while performing data processing. A first one of the hardware
acceleration modules 144 first transfers data to the multiport memory module 100
via the write port buffers 112 instead of transferring data directly to another
hardware acceleration module 144. Subsequently, the data is transferred from
the multiport memory module 100 to one of the other hardware acceleration
modules 144 via the read port buffers 113. In this manner, each of the hardware
acceleration modules is able to individually process data without arbitration
-and/or contention as is necessary in the conventional system shown in FIG. 1.

[0042] As a result of this architecture, the bandwidth of the multiport

memory system 140 may be approximately doubled with respect to a shared bus

architecture as described in FIG. 1. However, those skilled in the art can

15



[0043] For example, when the memory array of the multiport memory

module 100 has a x128 configuration (i.e. a data width that is a multiple of

128 bits), a bandwidth of 51.2 gigabits (Gbits) can be achieved by running

the memory core at 400 MHz. Similarly, when each port (i.e. a read port

and a write port) of the hardware acceleration modules 144 has a x16

configuration (i.e. a data width that is a multiple of 16 bits), each port can

achieve 3.2 Gbits of bandwidth using a 200 MHz clock. Typically, a 1920

x 1080 pixel high definition television (HDTV) requires approximately 1.5
APRERfHS S EHd B RIndwaRsOE daenbardavicdnsté rinyop bilteofnal ivétrdl buses of

memory. For example, the multiport memory system 140 as described in
thepfaiwarg, pacelemiitileBpPpriessitty f-swdamPoreas hbaadtd62) can be
according to the 1.5 Gbits/second requirements using a 200 MHz clock _
ac%m@ﬁg%%%ﬁa%%{cm&dﬂﬁ?ﬁﬁjaa|éaq49@aﬁwm@ flildpehered on-chip

memory module 100. Using a 400 MHz clock, the multiport memory
o O R DR L ERSTHGTY SaKS GPABEXIRe ddedTkipte por
bufﬁge 15G its/:lsgec nd requir m_eﬂts. 0044] Another advantage of the

iportmemary systenr140 i8 thA MRS r (AL PRAMAALR R singtvidual

mﬁtlport mecr"n

e S e TR s, Betause

ardware acce ere'lqtion module

the P&} éaaﬁqg %fr eftgg{l?ygaLg %ﬁcr:r%]r?erx?ﬁl pnt%]g? K?@%gﬁé@g&é&%gg&é%mﬁon

bandwidth limitations of a shared on-c

mofiReliesle ?‘eﬁ%ﬂé’ﬁ ﬂ%ﬁ%&?ﬁ%ﬁ%e&gﬁ W{gﬁﬂor%gg%rQOtergﬁs%m,lﬁach of

: S
increases the over € muitport memory S)§St

the %B‘?B\X}’éﬁ’@'%é@@ ISRIRoRrPAESRIRS CAPRDIIAR O INGRYSIEIM ]T%(Pa%'{/eealy narrow,

scalable.
dedicated individual buses such as the buses 160 and 162. As a result of the

point-to-point nature of the buses 160 and 162 (i.e. between each of the
hardware acceleration modules 144 and the multiport memory module 100), a
high density rating and high clock frequency operation are easily achieved.
[0043] For example, when the memory array of the multiport memory
module 100 has a x128 configuration (i.e. a data width that is a multiple of 128
bits), a bandwidth of 51.2 gigabits (Gbits) can be achieved by running the
memory core at 400 MHz. Similarly, when each port (i.e. a read port and a write
port) of the hardware acceleration modules 144 has a x16 configuration (i.e. a
data width that is a multiple of 16 bits), each port can achieve 3.2 Gbits of
bandwidth using a 200 MHz clock. Typically, a 1920 x 1080 pixel high definition
television (HDTV) requires approximately 1.5 Gbits/second of bandwidth for each
data fransfer in or out of a central memory. For example, the multiport memory

system 140 as described in FIGS. 3 and 4 is capable of processing 2 streams of
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[0045] Referring now to FIG. 5, the number of hardware acceleration
modules (and additional corresponding ports and buffers, not shown) may
be increased to scale (i.e. increase) the data processing capabilities of
the multiport memory system 140. For example, the system 140 may
include processors (such as sideband processors) that primarily process
data to and from the multiport memory module 100. The processors can
be added to the multiport memory system 140 as required to achieve a
desired level of data processing abilities. [0046] For example, the

VIdgQs (it ABEVANACIAdE 8né Br ﬁ(ﬁ‘%/ SsRfanirRbike SIgebang PR MHz

d 172-1,...,and 172- ferred to 17 collectively as programmable .
co e e e LA R T PO P e MR G b T por memory

o At AP A0 470 a1 1952 PUILRGR eCNBERERFR 140 i
. he b 16 d_162
o R AR, oF BAUAyi0 IHE bHese T7a LU a0s ik b aoconc

reddiis Q0441 Generally, hardware acceleration modules are designed to be
qspace-e icient and to perform fixed, specific functions. For example,

har%@iﬁ; aCCﬂFH%Q%HQQQ{S N3y Re %ﬁiﬂﬁ% HBIRSEPRystem 140 is that

speed-critical applications. Any changes to a hardware accelera

the'ﬂ%%%%%@é&%%iQﬂéBEtéQt‘%‘Q@%Cﬂ{&‘@% it pciudes b

@n qﬁual basis.
hardware acceleration module. In contrast, each of the programmable

Foﬁ@@?ﬁﬁ@,%Qgﬁqﬁ%m%lﬁﬁr&&?af@ayc%lé?%%ﬁmﬁgl@wegﬁ BB%8Signed

more functions of the programmable sideban
to optimize performance of the hardware acceleration module 144 without regard

to bandwidth limitations of a shared on-chip bus. A hardware acceleration
module 144 can be optimized for a specific function that potentially increases the
overall bandwidth of the multiport memory system 140. In other words, the data
processing capabilities of the system 140 are scalable.

[0045] Referring now to FIG. 5, the number of hardware acceleration
modules (and additional corresponding ports and buffers, not shown) may be
increased to scale (i.e. increase) the data processing capabilities of the multiport
memory system 140. For example, the system 140 may include processors
(such as sideband processors) that primarily process data to and from the
multiport memory module 100. The processors can be added to the multiport
memory system 140 as required to achieve a desired level of data processing
capabilities.

[0046] For exémple, the system 140 may include one or more

programmable sideband processor modules 172-1,..., and 172-z (referred to
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processor modules 172 without changing the IC. For example, a user or
manufacturer may program one of the programmable sideband processor
modules 172 to comply with various operating standards and/or to
process a different function. [0048] As shown in FIG. 5, the
programmable sideband processor modules 172 may be dedicated to
process tasks that the hardware acceleration modules 144 would
otherwise perform. In other words, each of the programmable sideband
rocessor modules 172 argﬁdesi ed to perform one or more specific

ColigSiiThre BRcehiPHIBH MIARDNS HRPANSY HRCESSARIIR MR ddithan The
B o L S ahons Yih Hagrchor
e SR e A R e ok s
o e P RS B AR s 100 ano
o S S oY 8 R R o 10

bitsShared bus 180 includes a bus bridge 182 that allows the CPUs 142 and
DRAM controller 146 to transmit/receive data on the shared bus 180 at a

firstjeaggnd C’tﬁ@WérH?Py,hﬁéﬁ%&‘?@%ﬁ%@@@fbﬁ“ﬁ%ﬁ%&%@%glgned to be

programmable sideband processor modules 172 to transmit/receivé data

sp @R 1B SlBAteshRUSH L8O/ A SR dJaERifcOR AR, ey %&%"tﬁﬂl@f‘%&%ﬂvare

may include a first portion 184 that operates at a low or medium rate an
acozleestiod pastionci8miatepasdrRmatabigidatads speed-critical applications.
Any changes to a hardware acceleration module requires changing the
integrated circuit (IC) that includes the hardware acceleration module. In
contrast, each of the programmable sideband processor modules 172 may be
programmed to change one or.more functions of the programmable sideband
processor modules 172 without changing the IC. For example, a user or
manufacturer may program- one of the programmabie sideband processor
modules 172 to comply with various operating standards and/or to process a
different function.

[0048] As shown in FIG. 5, the programmable sideband processor
modules 172 may be dedicated to process tasks that the hardware acceleration
modules 144 would otherwise perform. In other words, each of the
programmable sideband processor modules 172 are designed to perform one or

more specific hardware acceleration functions and may have a smaller feature

set than either the CPUs 142 or the hardware acceleration modules 144.
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[0050] Referring now to FIGs. 6A and 6S, exemplary programmable
sideband processors are shown in further detail. In FIG. 6A, each of the
programmable sideband processor modules 172 includes an instruction
tightly- coupled memory (ITCM) module 190, a processor core 192, and a
data tightly- coupled memory (DTCM) module 194. A more detailed
description of a tightly- coupled memory structure can be found in U.S.
Provisional Application No. 60/752,522, filed on December 20, 2005,
Whlﬁg S mcorporated herein by reference in its entirety. Alternately,

inst My P SR AR rmYRfe e "é%éaéiméracwm@ datghared bus
0051] The

4 lude MDRAM with interl n
focip paie 3 SRR TR SO IS i 10 A aeHer 146
ble side d les 172t form
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othg n% ro rmOdlﬁgqlo@ngéQdUd zﬁbgln the mstruci%)ggqgeband
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implementifig the mu tlport emory sys he pi program

infoHAeRRRd N ARESSRA P IS 143, Cam%es?{g%r@@%eq gﬁbr;w?nﬁ%qéj rglcE)(asSbndge

(e.g. algorithms that perform specific processing task
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172. [0052] The programmable sideband processor mo
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modules 144 and the programmable sideband processor modules 172 to
transmit/receive data on the shared bus 180 at a second rate. For example, the
shared bus 180 may include a first portion 184 that operates at a low or medium
rate and a second portion 186 that operates at a high rate.

[0050] Referring now to FIGs. 6A and 6B, exemplary programmable
sideband processors are shown in further detail. In FIG. BA, each of the
programmable sideband processor modules 172 includes an instruction tightly-
coupled memory (ITCM) module 190, a processor core 192, and a data tightly-
coupled memory (DTCM) module 194. A more detailed description of a tightly-
coupled memory structure can be found in U.S. Provisional Application No.
60/752,522, filed on December 20, 2005, which is incorporated herein by
reference in its entirety. Alternately, instruction memory 190’ and data memory
196" associated with data control module 194’ can include MDRAM with

interleaving.
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independent of sideband processor activity. For example, the DTCM

module 194 is at least one of dual-ported and multi-banked. As a result,

the processor core 192 can access the DTCM module 194 concurrently

with data transfers to and from the multiport memory module 100 without

interrupting or hindering sideband processor activity. [0053] At least two

macro blocks of data such as video data may reside in the programmable

sideband processor module 172 at any given time. For example, a first

macro block of data is in the programmable sideband processor module

1720088 prod A SHMcrapelilenti h atreesRR Gtcliiemay Beinimeeery to

rogrammaple sideband processqr module 172 for subsequent transfer to

e“ﬁ@#ﬁ?f‘o#hh%g) PGP SRS ABSAsPhaeeNeRm dddida g rform

rocessor cgaree 192, anc{ DTCM module 194 communicate on the shared
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pixel HDTV. As such, the progra

AT R I CEHOY R
programmable sideband processor module 172 can be programmed with new
functions (e.g. algorithms that perform specific processing tasks) by modifying
instructions that reside on the programmable sideband processor module 172.

[0052] The programmable sideband processor module 172 includes a
DMA module 196 that transfers data in and out of the DTCM module 194
independent of sideband processor activity. For example, the DTCM module 194
is at least one of dual-ported and multi-banked. As a result, the processor core
192 can access the DTCM module 194 concurrently with data transfers to and
from the multiport memory module 100 without interrupting or hindering sideband
processor activity.

[0053] At least two macro blocks of data such as video data may reside
in the programmable sideband processor module 172 at any given time. For

example, a first macro block of data is in the programmable sideband processor

module 172 to be processed and a second macro block of data may be in the
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module 194 (as would be necessary if the programmable sideband
processor module 172 included a cache memory). Although the present
implementation omits cache memory, those skilled in the art can
appreciate that programmable sideband processor modules 172 including
cache memory are anticipated. [0056] The programmable sideband
processor modules 172 may be optimized to process multiples of 16 bit
data and/or 8 bit data. For example, the programmable sideband
processor modules 172 may implement a single instruction, multiple data

ProEEANB) S LBPFS: RIe6RfigUret &5 Blocads Mritipibsestummbitraasfer to or
and/or 8 hit data. Any complex 32 bit operations can be supported 21 in
frorggﬂﬁépg @Péaﬂ'b%"b%%é‘?%%@uﬁ%ion of the programmable sideband
pro modyles 0057] Referring now to FIG. 7, a data processing
meti?oad§> 0 3@&&%@&?9&'AﬁJI?iBBrth%?ﬁéﬁQEFﬂ{ﬁe@&seaﬁﬂtl%T&%mﬁdu'e
194'nvention bc?aqins in,step,302. | ste€§304, a first hardware acceleration
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(nopgﬁf&r\;p)s a second processing task on the data. In step 312, the second
hardware acceleration module transfers the data to the multiport memory

mogsdz s thevsechsd Aaia g The m%t%%%%ﬁ{?%a@%é%%%’ Srbessor
[0058] Réferring now to FIGs. 8A-8C, various exemplary

modules 172 may not include a cache memory to minimize die size and to
maximize sideband processor data processing. For example, a programmable
sideband processor module 172 operating at 1 GHz may allow approximately 16
cycles for each pixel operation for a 1920 x 1080 pixel HDTV. As such, the
programmable sideband processor module 172 ideally maximizes the available
cycles for code execution rather than for transferring data to and from the DTCM
module 194 (as would be necessary if the programmable sideband processor
module 172 included a cache memory). Although the present implementation
omits cache memory, those skilled in the art can appreciate that programmable
sideband processor modules 172 including cache memory are anticipated.

[0056] The programmable sideband processor modules 172 may be
optimized to process multiples of 16 bit data and/or 8 bit data. For example, the
programmable sideband processor modules 172 may implement a single

instruction, multiple data (SIMD) processor that is configured to process multiples

of 16 bit data and/or 8 bit data. Any complex 32 bit operations can be supported
21



implementations of the invention are shown. Referring now to FIG. 8A, the
present invention can be implemented in an HDTV 420. The HDTV 420
includes signal processing and/or control circuits, which are generally
identified in FIG. 8A at 422, a WLAN interface, mass data storage of the
HDTV 420, and/or a power supply 423. The invention may implement
and/or be implemented in either or both the signal processing and/or
control circuits 422. The HDTV 420 receives HDTV input signals in either
~awired or wireless format and generates HDTV output signals for a
N aRpey A28 Inedise inpleenenepnsthersigialtpeoqessjrmmoivanie  sideband
and/or control circuit 422 and/or other circuits (not shown; of the HDTV 22
ProgegsRfay Brytess! data, perform coding andior encryption, perform
calculations, format data and/or perform any other type of HDTV
proé888ifly thsfriyine Reyirky. f0659]7Phe HiFty 420gasging method 300
communicate with mass data storage 427 that stores data in a nonvolatile
ace gw‘ﬂ%ﬁ%&%ﬁ H%“HB%%I“&%%%%@%Eﬁ&t%éljéhaé%%%%nwwqfv kegins in

m e connected to memory 428 such as RAM, ROM, low latency )
Ste%o% 'Ia'ﬁl% rﬁsfﬁo$925uE’h%?ﬂ%@ﬁ’?ﬁ@Fﬁoaﬁaﬁ&ﬁ@t&ﬂe’mgikﬁ%@%f@%nﬁ: first

o B R SR ponpectone M A AN, e
RSO0 SIS 208 D420, T A0
e SIS B8 Sl B e S e
accHI@¥:1BRIeMENTaNgHos ke loplemeated i eilwesrtgg) 310, the second hardware
acceleration module performs a second processing task on the data. In step
312, the second hardware acceleration moduile transfers the déta to the multiport
memory module on the second data bus. The method 300 terminates in step
314.

[0058] Referring now to FIGs. B8A-8C, various exemplary
implementations of the invention are shown. Referring now to FIG. 8A, the
present invention can be implemented in an HDTV 420. The HDTV 420 includes
signal processing and/or control circuits, which are generally identified in FIG. 8A
at 422, a WLAN interface, mass data storage of the HDTV 420, and/or a power
- supply 423. The invention may implement and/or be implemented in either or
both the signal processing and/or control circuits 422. The HDTV 420 receives
HDTV input signals in either a wired or wireless format and generates HDTV
output signals for a display 426. In some implementations, the signal processing

circuit and/or control circuit 422 and/or other circuits (not shown) of the HDTV
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both signal processing and/or control circuits 484. The set top box 480

receives signals from a source such as a broadband source and outputs

standard and/or high definition audio/video signals suitable for a display

488 such as a television and/or monitor and/or other video and/or audio

output devices. The signal processing and/or control circuits 484 and/or

other circuits (not shown) of the set top box 480 may process data,

perform coding and/or encryption, perform calculations, format data

and/or perform any other set top box function. [0061] The set top box 480
42Gviag otRRBRfcARlavithaiars dadi s fE o4 3D thap titore s ekdtarin ealculations,

nonvolatile manner. The mass data storage 490 may 23 include optical
forraat/HR 1A RN RBFRIEJENERIBREHEREhaFdIRK \(rivissaeD0s) thaidiory be

digital versatile discs (DVDs). The HDD may be a mini HDD that includes
reqyiiebr more platters having a diameter that is smaller than approximately

1.8", The settop box 480 may be connected to memory 494 such as
RAM’,%ém, IGWEIAERLY AGRVBIAHISHMERCaie Ak fRsS tdAtargtorage 427

d/ itable electronic data st . The set top box 480 also
thaf SRR HoArRERRE IR ARG 26, PBARRNBRALRF TR storage

496. [0062 ' FIG. 8C, the present invention can be
o el et 1 & A B0 T 1 IS o s BHET e RV, ROM,

o B e e et e
' ly 503. The .. .
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WLRW%%WBQW%%WBHPMEM In some implementations, the

media player 500 includes a display 507 and/or a
[0060] Referring now to FIG. 8B, the present invention can be

implemented in a set top box 480. The set top box 480 includes signal
processing and/or control circuits, which are generally identified in FIG. 8B at
48'4, a WLAN interface, mass data storage of the set top box 480 and/or a power
supply 483. The invention may implement and/or be implemented in either or
both signal processing and/or control circuits 484. The set top box 480 receives
signals from a source such as a broadband source and outputs standard and/or
high definition audio/video signals suitable for a display 488 such as a television
and/or monitor and/or other video and/or audio output devices. The signal
processing and/or control circuits 484 and/or other circuits (not shown) of the set
top box 480 may process data, perform coding and/or encryption, perform
calculations, format data and/or perform any other set top box function.

[0061] The set top box 480 may communicate with mass data storage

490 that stores data in a nonvolatile manner. The mass data storage 490 may
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user input 508 such as a keypad, touchpad and the like. In some
implementations, the media player 500 may employ a graphical user
interface (GUI) that typically employs menus, drop down menus, icons
and/or a point-and- click interface via the display 507 and/or user input
508. The media player 500 further includes an audio output 509 such as
a speaker and/or audio output jack. The signal processing and/or control
circuits 504 and/or other circuits (not shown) of the media player 500 may
~ process data, perform coding and/or encryption, perform calculations,
Incligiap terh O PEgbRaRlP BEedavgRs flagBraameaierdizk fhoss] (HDDs)
The media player 500 may communicate with mass data storage 510 that
ANl d@ kY gatigs gt sind alidp HRiomaddecoméntitod that includes
nonvolatile manner. In_.some implementations, the compressed audio files

one R B ddAHaI S RAVEHE AR mRiEn BN asiHERsuRRBIEXIMately 1.8,
TG SPGB A DY RRGHBIESEHAGRTICEL oF eSS FLAIGOM. (ow
et o PRt RThg SLBAnRer 5Lk €' GHAer (A dppriiiheagufjiable
el R R o RO IR AR Sac AL g théUtgeons wit
. Vﬁr}g(p\gigtgmlﬂﬁq]lgﬁgﬁyﬁ%c g%"’%,%‘ ﬁgrage. The media player 500 also

may support connections wi via a WLAN network interface
S190Bb PR imalgmeniglpT nAddtge o flasesaaibed aheNs oren e
plated. [0 hose skilled in the att can now appreciate from the

impl@FRERIEE in a media player 500 that includes video capabilities. The media
player 500 includes signal processing and/or control circuits, which are generally
identified in FIG. 8C at 504, a WLAN interface, mass data storage of the media
player 500 and/or a power supply 503. The invention may implement and/or be
implemented in either or both signal processing and/or control circuits 504. In
some implementations, the media player 500 includes a display 507 and/or a
user input 508 such as a keypad, touchpad and the like. In some
implementations, the media player 500 may employ a graphical user interface
(GUI) that typically employs menus, drop down menus, icons and/or a point-and-
click interface via the display 507 and/or user input 508. The media player 500
further includes an audio output 509 such as a speaker and/or audio output jack.
The signal processing and/or control circuits 504 and/or other circuits (not
shown) of the media player 500 may process data, perform coding and/or

encryption, perform calculations, format data and/or perform any other media

player function.
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description that the broad teachings of the disclosure can be implemented
in a variety of forms. Therefore, while this disclosure includes particular
examples, the true scope of the disclosure should not be so limited since
other modifications will become apparent to the skilled practitioner upon a
study of the drawings, the specification and the following claims. 25 1
i..0YD WIS CLAIMS 1. A data processing system comprising: a multiport
memory module having N first ports and J second ports, wherein N and J
are integers greater than one; N data communication buses and J second
dat@@6aimunitatiomebimsep|dydrarf@rerancelsrationmuzdalesithatmass data
communicate with a respective one of the N first ports on a respective
storage of thihat itsrelatdeteomsiupic aonsases dvhateiraadist ddemtdndaxt in a
hardware acceleration modules performs a first processing task on data
nonypigtifansianséie dafa sothe ruriporeniadinogy rimriuteowisissdomeidio files
the N data communication buses, a second one of the N hardware
incluge ditgatibathrsgurdnetaieyithe MAR faom @icomriftipotutieri®rgompressed
module on a second one of the N first data communication buses and
audigeARfes KidesolMipaizessiyy PAdRDATR SRERIMEIR fifdide rRptigRand/or
acceleration modules store intermediate data in the muItiBort memory

magpgtiaistvame Fg@y&qﬁﬁr{@rp%@égg'ﬁmg(g’isk drives HDD and/or DVDs. The

HDD may be a mini HDD that includes one or more platters having a diameter
that is smaller than approximately 1.8”. The media player 500 may be connected
to memory 514 such as RAM, ROM, low latency nonvolatile memory such as
flash memory and/or other suitable electronic data storage. The media player
500 also may support connections with a WLAN via a WLAN network interface
516. Still other implementations in addition to those described above are
contemplated.

[0064] Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the disclosure can be implemented in a
variety of forms. Therefore, while this disclosure includes particular exampies,
the true scope of the disclosure should not be so limited since other modifications
will become apparent to the skilled practitioner upon a study of the drawings, the

specification and the following claims.
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J-A processor modules and J-B dynamic random access memory
(DRAM) modules that communicate with the multiport memory module on
respective ones of the J second data communication buses, wherein A
and B are integers greater than or equal to one, and A + B =J; and a
shared bus, comprising: a first bus portion; a second bus portion; and a
bus bridge that communicates with the first bus portion and the second
bus portion, wherein the N hardwarg| agggéeration modules communicate
on the first bus portion at a first rate and the J-A processor modules and
J-B dynamic random access memory (DRAM) modules communicate on

the second bhug RErtivs AR iPRCONAdARoARHAYD WISE 2. The data
processing system of claim 1 wherein the data includes at least one of

video data aAdBHHIPATHAREBOBh&Pstd BrBaNEsh sfisti npertelaRf1J second
puerainghamNIEpary aremaegsrediisateeitidas ahaultiport data

tightly-couplgf m?mor (MP-DTCM) module. 4. The data processing . .

system of clAInf A HEFEMUPIealP ¥ 8P haNfirst SR S FeEGRRication
biktrst data communication buses has a first data width and the J second

data commupication buses have a second data width. 5. The data, )

processing sgst il W@Iﬁm%ﬂ?ﬁ%@ﬁ%ﬂﬁgﬂ‘@% a Wigth communicate  with  a

respective one of the N first ports on a respective one of the N first data

LLOYD WISE

communication buses,
wherein a first one of the N hardware acceleration modules
performs a first processing task on data and transmits the data to the multiport
memory module on a first one of the N data communication buses, a second
one of the N hardware acceleration modules receives the data from the
multiport memory module on a second one of the N first data communication
buses and performs a second processing task on the data, wherein the N
hardware acceleration modules store intermediate data in the multiport memory
module while performing processing tasks;
J-A processor modules and J-B dynamic random access memory
(DRAM) modules that communicate with the multiport memory module on
respective ones of the J second data communication buses, wherein A and B
are integers greater than or equal to one, and A + B = J; and
a shared bus, comprising:
a first bus portion;
a second bus portion; and
a bus bridge that communicates with the first bus portion
and the second bus portion,
wherein  the N hardware acceleration modules
communicate on the first bus portion at a first rate and the J-A processor
modules and J-B dynamic random access memory (DRAM) modules

communicate on the second bus portion at a second rate.
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has fewer bits than the second data width. 6. The data processing system

of claim 5 wherein the first data width is at least one of 8 bits and 16 bits .
and the second data width is at least one of 32 bits, 64 bits, and 128 bits. LLOYD WisE
7. The data processing system of claim 1 further comprising at least one
programmable sideband processor module. 8. The data processing

system of claim 7 wherein the at least one programmable sideband

processor module comprises: an instruction tightly-coupled memory

(ITCM) module; a processor core; and a data tightly-coupled memory

(DTCKh modiE. 9atPerasessirtsysheyspEeaisr tiheimetaifake includes

abibedd sredyileicasriatRisates ko Hagultiport memory module and a
direct memory access 27! _G(?YD WISE (DMA) module that controls

data transfers between the DTCM module and the multiport memory

modute. 10. Th@ dRitapeRITIsH GYSiRte of @almaﬁrwherwnéh@smﬁé\/lmumpon
module is at |east %F%Of duaw)orted and multi-banked. 11. The

M BRYREY s At Hrasim PHed i Heghirmabrg MQ%(MP DTCM)

nseaessor module processes at least one of 8 bit data and multiples of 16
bit data. 12. The data processing system of claim 11 wherein the
programmable sideband processor module includes a single instruction,
4. The data processing system of claim 1 wherein at least one of the

first and second ones of the N first data communication buses has a first data

width and the J second data communication buses have a second data width.

5. The data processing system of claim 4 wherein the first data width

has fewer bits than the second data width.

6. The data processing system of claim 5 wherein the first data width
is at least one of 8 bits and 16 bits and the second data width is at least one of
32 bits, 64 bits, and 128 bits.

7. The data processing system of claim 1 further comprising at least

one programmable sideband processor module.

8. The data processing system of claim 7 wherein the at least one
programmable sideband processor module comprises:
an instruction tightly-coupled memory (ITCM) module;
a processor core; and

a data tightly-coupled memory (DTCM) module.

9. The data processing system of claim 8 wherein the DTCM module

communicates with the multiport memory module and a direct memory access
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multiple data (SIMD) processor. 13. A high definition television (HDTV)
that comprises the data processing system of claim 1. 14. A data
processing system comprising: a multiport memory module having first
ports, M second ports, and J third ports, wherein N and M are integers
greater than or equal to one and J is an integer greater than one; first
data communication buses and M second data communication buses; N

(DRIAYVATE AAcCIR AU TRAYWERRRL R HRIGAHE WML EERPRINE BB N the

of the N first ports on a respective one of the N first data communication
NSRS IVINSTHGRAMIIRENIE sideband processor modules that communicate

with a respective one of the M second ports on a respective one of the M

second data_ communication buses, wherein one of the N hardware

accelér@tion MSUERIE PEPRRARNG AYstpibebsiag BakeTeiatthardTCM module

isranermisdhe dattn-faeyiHnetnemenked -OYDWISE module on
one of the N first data communication buses and one of the M
programmable sideband processor modules receives the data from the

multipert memigsydanedyie ik oing el fierYistegand daim sRTHHBIGREER mmable
Sﬁgﬁgg}%{?nd performs a second processing?task on the data, wherein the N

PTREEERILIANERIBSIERE AR Rk oD #aanandgprtiples of
Bemastanodule

LLOYD WISE

12.  The data processing system of claim 11 wherein the
programmable sideband processor module includes a single instruction,

multiple data (SIMD) processor.

13. A high definition television (HDTV) that comprises the data

processing system of claim 1.

14. A data processing system comprising:

a multiport memory module having first ports, M second ports, and
J third ports, wherein N and M are integers greater than or equal to one and J is
an integer greater than one;

first data communication buses and M second data
communication buses;

N hardware acceleration modules that communicate with a
respective one of the N first ports on a respective one of the N first data
communication buses;

M programmable sideband processor modules that communicate
with a respective one of the M second ports on a respective one of the M
second data communication buses,

wherein one of the N hardware acceleration modules performs a

first processing task on data and transmits the data to the multiport memory
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while performing processing tasks, and wherein N and M are integers
greater than or equal to one; and a shared bus that includes a first bus _
portion that communicates with the N hardware acceleration modules and LLOYD WISE
the M programmable sideband processor modules at a first rate, a
second bus portion that communicates with J-A processor modules and
J-B RAM modules at a second rate, and a bus bridge that communicates

migii e fr S iyioparioNaResthe seceBmRUMRATIOR. b‘UEéée'Qn%j BKLBAhe M
integers greater than or equal to one, and A+ B =J. 2

programmable sideband processor modules recelves the data from the
multiport memory module on one of the M second data communication buses
and performs a second processing task on the data, wherein the N hardware
acceleration modules store intermediate data in the multiport memory module
while performing processing tasks, and wherein N and M are integers greater
than or equal to one; and

a shared bus that includes a first bus portion that communicates
with the N hardware acceleration modules and the M programmable sideband
processor modules at a first rate, a second bus portion that communicates with
J-A processor modules and J-B RAM modules at a second rate, and a bus
bridge that communicates with the first bus portion and the second bus portion,

wherein A and B are integers greater than or equal to one, and A + B = J.
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