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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 computationaily intensive and
therefore performing the tasks with hardware is more efficient. Paraliel

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



tasks. Parallel processing may be used in video
processi ng, gam ng, conplex mathematic nodeling,

vi deo conferenci ng and/ or other applications. [0004]
Various central processing units (CPUs) and hardware
accel eration nodul es are typically connected together
t hrough an on-chip bus. Data transfer between the
CPUs and/or the hardware accel erati on nodul es
requires relatively high bandw dth. Increasing the

taskebeParaflebpideessingtrnay beanskd i hiddo phreeedinghigamiibg, complex
i ncreases the bandw dth avail able for data transfer.
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and hardware acceleration nodules (i.e. hardware
reguisee sreilattyehpo dnighe Hantividthandnereaging ¢hernwdbert of buses or the
coll ectively as hardware accel erati on nodul es 14. The
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dynam ¢ random access nenory (DRAM nodul e 20, and a
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10 |s 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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processi ng performance of the processing system10 is
limted by the capabilities 2 of the comrunication
bus 24. I n other words, processing speed is linmted by
the speed and/or bandw dth of the comuni cation bus
24. SUMMVARY [0006] A data processing system conprises
a nultiport nmenory nodule having N ports and N data
conmuni cati on buses. N hardware accel erati on nodul es
conmuni cate with a respective one of the N ports on a
of tedhmufication Yustde M dved weardsLsroeasding speegss lidited by the
first one of the N hardware accel erati on nodul es
spdd SdFBr BahdiwRith B fHeESethRfINitionHusdpf a and
transmts the data to the nultiport menory nodule on a
first one of the N data communication buses. A second
one of the N hardware accel eration nodul es receives
the data fromthe multipogt y nodul e on a second
one of the N data commnégyﬁ'gﬁpbuses and perforns a
second %rocessi ng task on the data. N jis an integer
gr eal0006] halh HRia poesessing, sysHEn ceaprises af mujdport memory
invention, the data includes at | east one of video
madule dayingor r portslaand Nhelatail corpmunicationr Ypuseslul eN mhgrdware
include multi- bank nmenory with interl eaving. The
acueldration tmogues ycomtiuhizatewiihnal redpestiverohei ¢gfothe Napérts on a
tightly-coupled nmenory (MP-DTCM nodul e. The nul ti port

redpaBte HAAULE theCNudat ZoAftihitatis biRekS 0dirdt one of the N
addi ti onal data conmunication buses. J-A processor

nARAHE SUiE HARTLE SRR BOFSESBRY LB doa and
tr%nﬁi?ssﬂ'leechiaf/aeto 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
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 include 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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ones of the J data conmuni cation buses. J is an

i nteger greater than one, A and B are integers

greater than or equal to one, and A + B = J. At |east

one of the 3 first and second ones of the N data

comruni cati on buses has a first data wwdth and the J

data conmmuni cati on buses have a second data width. The
first data w dth has fewer bits than the second data
wdth. The first data width is at |east one of 8 bits
firrhend Geebhd ohed dfiRest czital cdAimunicatidn beséé hbeasfirst@@dta width
of 32 bits, 64 bits, and 128 bits. [0008] In still

aid ltgs Jf@ah lﬁoﬁffm%lctahSn'Hh‘é%@tHaQ/@ ats'é%oﬁéto%té’rv@&ﬁrss‘l'ﬂs first data
system further conprises at |east one progranmab

wﬂtl‘fi‘ﬁ%@rfgwgf %ﬁgﬁﬁgﬁ thén%g%ﬁd dZEemﬁ&tHuﬁlz}?% (f)l%'f%ata W|dth |s at least

band “processor rises

| nstggﬁtl on 5 ht %é&%%é%ﬁ%lw,gg%gga%m 9?32 bits, 64

rmdul e. The DTCM nodul e communicates with the
Ialnﬁpm itfenrory nodul e and a direct nenory access
(DI\/A) nodul e controls data transfers between the DICM
modul0908hd tmestitewther feadutes. ofitbe [DVveNntiomddiiee dataaprocessing
| east one of dual -ported and nulti-banked. The data

systerne Sty  Spaimivebuat hiest wny | pregramadliee tsithetsandT srocessor
shared bus conprises a first bus portion and a second

mbualeporﬁé af ledit e Moy ﬁ@ﬁnﬁ%@ﬁﬂbﬁéh@%r@béé&oﬁ' Soduié 'cprises
bus portion and the second bus portion. The N hardware

+RAA AL By AL A 600 AR Lbidlip, o
d%gq&g%ﬂﬁ cg{.lp %Ag}r{)g)g :(Ié?él\f)omlr}l althee B?’Ctl\}? Froduie rclgmrrlvjl]c’nlcates
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



[0009] In still other features of the invention, the
progranmabl e sideband processor nodul e processes at
| east one of 8 bit data and nmultiples of 16 bit data.
The programmabl e si deband processor nodul e includes a
single 4 instruction, nultiple data (SIMD) processor.
A high definition television (HDTV) conprises the
data processing system [0010] A data processing
system conprises a nultiport nmenory nodul e having N+M
insuttioramdulbipld dataa(SIMDYYroeasssm )Wﬁﬁls defnhishdieRsvision (HDTV)
accel erati on nodul es comunicate with a respective one
; i tive one of the N data
Cﬁm @3%%*’63@%’"%%%@ ammabl e si deband
roc d j.cat 1.3 h SRECLI 0
Phe TRA8H PO PREBBIAGG shich 0pBrRERRF G YRifist Cinemory
C i catign, buses. he N hardwar.e
mBgH8 Brdnp ol MoBaRE 2Rl dats PriBunibalite dusss. « Mhardware
on data and transmts the data to the nmultiport
agasigfaljondaedwes rosmBuBicate,witl aaiesrestiveuane2fi e Hureds on a
and one of the M progranmabl e si deband processor
regpectivesone oéthedl data cemmunicasiont buseasul Mi pogrammabiley sideband
nodul e on one of the M data communi cati on buses and
prpeessornmoauisC oomnuricatesitt & askpedtivichendadftheNMinsbrid on a
are integers greater than or equal to one. [0011] In

re@pB&tivel 8aL WfetheOM HAR cHMPRINIMtior BBs8Y!! tOREdf MRNRI Nardware
nodul e includes J additional ports. A shared bus

oA BRGE ibdes bt P B DAngE QU bedifois e
d%é382@$ﬂ?l§ i Oo%gfﬂ%?ﬁ?&g{%ggﬁlsé c‘;ﬁ oﬁefoif rtﬁ’é Nrgét%’co?"nr%%%%gﬂon 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 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 module
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,

andA+B=J.



with J-A processor nodul es and J-B RAM nodules at a
second rate, and a bus Dbridge comrunicates with the
first bus portion and the second bus portion. J is an
i nteger greater than one, A and B are integers greater
than or equal to one, and A+ B =J. 5 [0012] A data
processi ng system conprises nultiport nmenory neans

for storing data and having N ports, N data

conmuni cati on bus neans for transmtting data, and N

har qeeng] acgetstaapioeessingnsysterh comphigdsC Aidltibrivhidinéry means
respective one of the N ports on a respective one of

fof]ré@o%gjﬂia@a CARAUHAIVARS INThorRUSIESdath Ebgﬁf?urﬁ@iﬁidﬁ bulemidans for

ardwar e accel erati on neans perforns Irs

' t ' , .
wdlsAARTY détat 330 P RalfireTa e RS M e fori i fichllfig with o
co nicati b ans and a second o 0 e N .
reREr A 57608 B REpPTn ShemsRerup e ohiheat At Smpmaication
mul tiport menory nmeans on a second one of the N data ]
busesurf dissh 8ROk the M shardwape racselgration geang performs a first

processing task on the data. Nis an integer greater
probessing éask 00 zita landotramsmite thaideta tf thehmltiparhmesnory means
the data includes at | east one of video data and

orcafitstanedsftthe NI'atancdrhimuaidation musymaaas andrcsesded éne of the N
mul ti port data tightly-coupled nmenory (MP-DTCM

hdr@dtle -actBRralibl iReaks 'REBNEs "BRNYatd TFAHA®R nultiport memory
additional ports and J additional data comrunication

mOAREsn alScdhdishe Bf t‘ﬁ%_q%%ig'ﬂag cé%ﬁﬁlﬁﬁéé(}mﬁéﬁ%aﬁé’%nr%?eyﬂorms a

processor neans and ynam c random access me
oo B o B BB A M 4P e

com”[Uleg]at | Pnnogluesr ngt%Pess; of]thiesinegntion, 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
access 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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I nteger greater than one, A and B are integers greater

than or equal to one, and A + B = J. At |east one of

the first and second ones of the N data conmuni cati on

bus neans has a first data width and the J data

comruni cati on bus neans have a second data w dth. The
first data width has fewer bits than the second data

wdth. The first data width is at | east one of 8 bits

and 16 bits and the second data width is at | east one

of 3@0a4]s, 164still ttherafshtlAS iftthe MvePlidd] the @dtal processing
ot her features of the invention, the data processing

syXSherarther EOR gn@@éﬂ%’t 1% oAk dr@%?&m%ﬁlé’&@%ﬁm%@essor means

si deband processor neans formng a war e

fo‘;rlC SHSFrﬁmonang&{\)N a’%‘%elle?ﬁ%n oﬂﬁc%nt heAhelgagh one of the

grarma pr OCGSSOI‘ neans i'nclu

| nst rgr?g:]l] on tgfeg%htg%ogg%éo?( neans, t’\CE}Yd&(? Lﬁf‘%tw@ﬁﬁ? @ghﬁy -coupled

( nodul e. The DTCM nodul e communi cates with the
memary de@Mﬂré’ﬁ@?y'e ReBIPSEEPRS 60'@: afek a Aatd tightlywespled memory
(DMA) nodul e controls data transfers between the DTCM
(OeM) enedhdlet hEhenll TG Mompdoiencopmuricaies With thEQwiultiport memory
nodul e is at | east one of dual -ported and

meahs | afhdink edirect et acoeses (DNg) spsiuMcoutrolteidata transfers
conprises a shared bus. The shared bus conprises first

bét%enpﬂ’fé IPIC e AU O arf® T ThERbbRIMEN Syt Realls. The DTCM
hardwar e accel eration neans at a first rate, second

mgpﬁ eh(% aP i sTReS of 8[1a|c|9an aﬁﬁt %@#ﬁﬁbo‘at 'Ilh%aaétaogreo&essing

processor neans neans at a sec
brid

of 8, e BAeATE TBER e TR ek ot e
pé}’ﬁgﬂsrheans 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 multiport memory
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[0015] In still other features of the invention, the

progranmabl e sideband processor neans processes at

| east one of 8 bit data and nmultiples of 16 bit data.

The programmabl e si deband processor neans includes a

single instruction, nultiple data (SIMD) processor. A

hi gh definition television (HDTV) conprises the data

processi ng system [0016] A data processing nethod

conprises performng a first processing task on data
matiule 6 lastespeetivd fibét el vANedataCedrarRinictioRslEe’S receiving the

transmtting the data to a respective first one of

deﬁQ itiom @f re8p&ttiviel RAhdBHESHthe N FBAYF 9 It &?Pﬁ@trﬁd( module

|rst one of N data conmuni cati on buses, receiving t

atdfg 8?1@0 Wﬁcﬁér}ﬁ/azg%%&gfé}%no%oﬁn Oneg(gégQ?%IéIVRl second

por a secon
C eIeratlon nodul es on ectlve second

%893}?‘6 1,356 G iEh Bt BuSSs g petonig Bosend prgoessing
econd processing task on the data at the second

taé'ﬁ@"dhetdﬁ'éa At therspeond enecel hedY hardwaigacssleration magules. N is

i nteger greater than one. [0017] In other features of

an inéegengraaiesthan aeedat a i ncl udes at | east one of
vi deo data and control data. The nultiport nenory
nmod0e17hcl udether featurés pbtHe imaeation aheldats imglidsk at least one
menory (MP-DTCM nodul e. The data processing nethod

off videBedaO BRI 865tr6100EI CRhé %umpbﬁ ﬁﬁeﬁ@@s"m&ﬂﬁe Ghcludes a
J-A processor nodul es and J-B dynam ¢ random access

mmﬁgefte et ty-BBEMe8 iRy ¥MP D‘F%M)'rﬂ%{lle kil data processing

espective ones © I Ona

m%ﬁ@uﬂ]@% %PQ&} %85'%%'? 8?@@3 Agggtatoﬁcra ctnh 3'h 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 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.
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equal to one, and A+ B =J. At |least one of the first
and second ones of the N data conmmuni cati on buses has
a first data width and the J additional data

comruni cati on buses has a second data width. The first
data width has fewer bits than the second data w dth.
The first data width is at | east one of 8 bits and 16
bits and the second data width is at | east one of 32
bits, 64 bits, and 128 bits. [0018] In still other

The BTCMMmodulelmmueithtedwith fite Aalltddit AResstl Meodutetdmach direct
further conprises performng a hardware accel erati on

. m !
m%DHmI Q8ceMs faDmA)pm@én@?grué'cgpqaaﬁgn%%eo%iwgﬁp he DTCM

e. The programmabl e sideban processor no
. . : : Ly y
bR &€ I Pt G e, TS A rFBGTEY s st I ome of
nor DT pdul e. The DTCM nodul e conmmupi cat es _
AP ARy Ao P at8| BTOSRRSIHS dTeBiod. Risieb cpmprises
access (DVA) nodul e controls data transfers between
CQME NIn @ frshhyst prrtigniafi dshares ks @t ftatgaterméth the N
DTCM nodul e is at |east one of dual-ported and
handwiaire ek edatiorh evagiules, mootrassicatingetrha dsefcand Hers portion of the

conprises comunicating on a first bus portion of a

shdrad dilisbatsa 8bcond ratetwittatiee WA prddeesdr mvautbsamd the J-B DRAM
accel erati on nodul es, comuni cating on a second bus

mBaUldsOaref chbRftnumbatiif viaths tRé fﬁsﬁ%@nﬁﬂoﬁi%hea%tthet 8&cond bus
J- A processor nodul es and the J-B DRAM nodul es, and

PRGSO Wkl he1is Tbgip At SAHS bHossor modue
PBEE AR o] PG e 5 B0, B The
prggﬁqj’p rq%?é?%gghgﬁ?g%%?%p%qu eu?c?lgcriesngdsl{rl\geleiirrl]gtlrtljjc(%i%%, ?nultiple
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.



data (SIMD) processor. [0019] In still other features,
the systens and net hods described above are

i mpl enented by a computer program executed by one or
nore processors. The conputer program can reside on a
conmput er readable nmedium such as but not Iimted to
menory, non-volatile data storage and/or ot her
suitable tangible storage nedi uns. [0020] Further
areas of applicability of the present disclosure wll
beconme apparent fromthe detail ed description provided
hereinafter. It should be understood that the

det ai | ed desppE © i B ile
ndbcating  RIEE ORI ION O T ETARIN G

O o2 o THeCprelkRNARA Sle Ritf BESSe hord BIlRiAGHSRd from
di %|. sure. 9 BRI EF SC_Rl PTI ON. OF THE DRAW NGS_[OOZl]
theydstafack descrintiop| ang thg AacPmRARYBIRCAUIRGS. yrtissein:

understood from the detailed description and the

accol9928)i nd&lgr Aup Aadunctighal blaek diagram ofadata precegsing system

functional bl ock diagramof a data processing system
acooedingitadhe priohartpri or art; [0023] FIG 2 is a

functional block diagramof a nultiport nmenory nodul e

accojod268y t ¢IGhe g es ductiomaeslock diadtaa+ jof Fa Gnullipb® emory
functional block diagramof a nultiport nmenory system

mbbale ddtordifgIo #dTplddepidverBsRy Y modul e according to
the present ™ invention;

[0024] FIG. 3 is a functional block diagram of a multiport memory
system that includes a multipot 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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[0025] FIG 4 is a functional block diagramof a

mul tiport nenory systemthat communicates with a

har dwar e accel erati on nodul e according to the present
invention; [0026] FIG 5 is a functional block diagram
of a nmultiport nmenory systemincluding a programuable
si deband processor nodul e according to the present

i nvention; [0027] FIGs. 6A and 6B are functional block
di agrans of programmabl e si deband processor nodul es

accopod30y t &1GheBns asanttior erddkadlagrdn? @2 8lsektdp bdx;idnd
a flowdiagramthat illustrates steps of a data

( Head > vaniLan:
prog ; H‘g mEhee |§%°f%hgi|6}%ltb@oéb Oggfa‘?ﬁ%ﬁta rh@(’ﬂ?rﬁallé%}gh

[ 002 G 8Ais a functional di agram o

definition television; 10 [0030] FIG 8B is a
functional block diagramof a set top box; and [0031]
FIG 8Cis a functional block diagramof a nedia

pl ayer. DETAI LED DESCRI PTI ON [ 0032] The fol |l ow ng

description is rrerelié exenﬁl aég in_nature and is in
no way i ntended to PEFAILERDESCSRIBEIGN, its

application, or uses. For purposes of «clarity, the
sang{0082tr erldbe followimgsdesicriptior isumedely rexeheplainysininaderet and is in
identify simlar elenents. As used herein, the term

noTaayl irtendiedatg limig i disclbeure ats gpsiicatibn, orilses. For purposes of
Application Specific Integrated Crcuit (ASIC), an

cIEHGC th® & i refdtehee hunb&eewArbe (S8 84l thdeglah§d to identify

or “group) and nmenory that execute one or nore
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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software or firmnare progranms, a conbinational |ogic
circuit, and/or other suitable conponents that
provi de the described functionality. As used herein,
the phrase at |east one of A, B, and C should be
construed to nean a logical (A or B or C, using a
non-exclusive logical or. It should be understood that
steps within a nmethod nay be executed in different
order without altering the principles of the present

di scfoosuy] e. Hel@didly M eo HIGY 2t @ rmbRippriadeniory mMyedUle Ao (i.e. a
a processing system includes a nultiported data

mERIERY YmBa GBI ﬁ\%‘ftlé”é?rar@gaoeé@mdﬁf t&4hi kBBt mefRIFp! drchitecture)

architecture i s descr t| port Menory

inglBBL LLiERdty PR ff5 i pa Bbﬁ‘%j% 5119199, tﬂ% 32Mnd 112-
n Steredln EleVaursnytie fediniiin gaﬁwe?@fp@"’rremﬁers-ﬁs-t 13

its entirety. 11 [0034] Referring nowto FIG 2
2,1l 3-Bpos @Nehbi-N red fggollectivelyzas rrsﬁﬁr@orhbuﬁe@ 113), write

that is arranged according to nultiport nenory
partscAitdelct ide?, 1i1m3’3,udeanda1r1é|=rm(|;efanred1yolcxm;ectiwely @spwrite ports

buffers 112-1, 112-2, 112-3..., and 112- n (referred

114), ¢cedd pottsv’eieymmw te 5psrt buﬂf’e‘r$ml@ré)‘errécﬁwi chiédtively as
buffers 113-1, 113- 2, 113-3,..., and 113-m(referred

rebd gots 131?5)' ‘b@?é‘llefﬂfieéd?@ﬂdﬁﬁrrtb @stfté’rrs51 f6ldhd M8 'i'é‘spectlvely, and
ports 114- 114-2 ..., and 114-n (referred t

2 {0 ?‘:‘%@_{Sﬂeﬁ 12" 'atnS ‘i‘l’étfn (rlé?’er red 1o gol Tectivel v

22 BRTENESTHE AT bR 71 Sl a8 o o Sof SRS o b o
fli%—%lo'ps, 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. 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 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

12



[0035] The port buffers 112 include one or nore

regi sters or banks of flip-flops, |atches, registers,
and/ or any other device or nodule suitable for
transmtting and receiving data between the ports 114
and the nenory array 110. The port buffers 112 and
the nmenory array 110 conmuni cate via buses (e.g. a
common nenory wite a bus 122 and a conmon nenory read
bus 124). Although the nmultiport nmenory nodule 100 is

inslules 4 puge ®f data.ndlypicadlyta niBimiy ddrisitgtofitRe ré®sey array 110
skilled in the art can appreciate that a dual port

|sn@5@'kb orS§ '8! lV\ﬁulémé’ n%lMﬁﬁfjdeBQWQ} tHd PndFRORY ¥rrd r1am is not
O may include a plurality of nenory sub- arrays

Iu@@?%‘“n%]stya_ggll e lrﬁ‘u%a nsq@yls' 35| ,%@% °5r éq\ﬂﬁo‘”ﬁhe memory

pages mermry ch™of

o o B R A s el TS i

address corresponding to the row, col urm bl oc
rapdemyacsage Memery WB%M)ofmaam%t'c fandem éaqcess U@?W@@h (MRAM),
the nenory array 110 and one of the port buffers 112
eleetrically ecasable padeprogratmamablemgaidcenly ynemonyi (EERIROM), and flash
density of the nmenory array 110 is 256 kb or 1 M.

mémadre. Theaxemaony deagitly mby ok besprishranoay ol 28ynchrondus.
limted, a typical maximumdensity is 32 M), 64 M), or

128 M!Bﬁhe THIBbM bl?ffér§y11]2191a$\be' "Mightd Coup iéif'et% the memory
statlc random access menory ynam ¢ random

mﬁg W@@@é@%ryh@%@%‘&%ﬁlﬁ%gr L mggrmélw){)yprocessors
T P e AR P BHor o

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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[0037] The port buffers 112 may be "tightly coupl ed”
to the nmenory array 110. Wien nenory architecture is
tightly coupled, a plurality of processors are
directly coupled to a menory nodule or are coupled to
the nmenory nodule via a shared nmenory bus. The nenory
busses 122 and 124 are designed to reduce or mnimze
resi stive-capacitive (RC) conponents, such as bus

| ength (corresponding to resistance) and/or parasitic

interfeavetabetveent barks doljaloanmennertyabcddsses tonovdrapbenad provide
Consequent |y, bandw dth and nenory access efficiency

grfafer piifdtamde. Communi cation between the port buffers
112 and menmory array 110 is preferably not del ayed by

cl oc [ r t
ti ghtqWé ioup eérrﬁgeg}%?&esntgr )E'%r B)gyta %&é‘@ﬁn Tllﬂghdrimsxlstem 140
.arra 10 can incl ude nul
'"sf%*sé hanffPotieitiory Mdus o iﬁs/rapﬁ'mﬂdasmq%ﬁwé@m 140
ightly coupled nenor Convent i onal menor y deS|
'"PWP%PW%%%@ Jaduies é&%ﬁﬁl 14%ile M4A-3ck: ansk ﬁgr?br(Sﬁfe"ed to
for a buffer. MDRAM breaks its menory up into nultiple
c@eckgelp aske PUshi42)c hardwarecaesaieration dopduleeritddyl, 1d4-2,..., and
result, menory accesses can be 13 interleaved between

1dhgksefemedl tbosolieetivsly aachasinese tavceleealiap nsodliles dddyiea DRAM
greater performance. [0039] Referring nowto FIG 3, a

cafttdliePOr46, rentpray DR/AME Mokl 148C! Wdrsexdifipll|thé p@PUs 142 are
menory nodul e 100. The nult | port nmenory system 1

pHgEggéﬁg?i t?e erﬁ?i&%@r@l&sﬁaﬁ&éﬁ‘%eééaaérr&%&% irzﬁ' r}Jctlons. The
n%b&‘?@f Scc?qur%lti%a%@&lé@ dwlf Sealc:Al;\A' édmr%ﬁﬁ?c%w “with a{hde 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 (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 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
14



144-y (referred to collectively as hardware

accel erati on nodul es 144), a DRAM controller 146, and

a DRAM nodul e 148. For exanple, the CPUs 142 are

processors that execute general software and firmware

instructions. The hardware accel eration nodul es 144

each communicate with the nmultiport nenory nodule 100

via individual (i.e. dedicated) buses 150-1,

150-2,..., and 150-y (referred to collectively as
cdmarmiddi®3 withlthe varte pdri bafferg, 1 12h@idthedmatecports 114 as shown in

accel erati on nodul es 144 each communicate with the

FIG! 2) gfothe MBABOM MBMHONE modiffe 108, C@&‘\\R—ﬁ&@lg fHéSBSs 162 is a read
i nst'ead of sharing a common bus as descri bed above In

bl'J:é fﬁatjﬁonﬁﬁﬁnf&g@ \Hﬁ tﬁé‘%&%ﬁ@%%ﬁe&é’ l |1§ u(gfad'gwen?ae\éds@@s 1156 as

comuni ca narn vi

and 15 1 2 nd 158- x . "
oa«ngbﬁ%e@ T pytiorf oy o .1%Pdﬁﬁb]'“cﬁéé<f‘%?ﬁf’&tﬂgna' read
now to FIG 4, each of the hardware acceleratio

PoRb RHftess 11b4-LotRfrd cat 88D 1607 Virefganedy to \ﬁpﬂﬂCtN%/ as read port
nmul ti port menory nodule 100 via buses 160 and 162.

baf{ess ci4)ythah spamaunicatecwite tae i @AUs Uids andios tae daRAM controller
width of 32 bits. Here, the buses 160 and 162 may be

14t Toeaeat pori buffersel 64haveng sngielth iob B4abit, 112 8risidl o€ greater.
di e size. For exanple, the buses 160 and 162 rmay have

IndotHat wovdsltthe TP s 942 BadRirithe Ij"F'{WMQEtﬁ\tﬂeﬁI@r Hd6 @néM bér‘hmunlcate

bus that 14 communicates with the wite port buffers
w&ljrawé ﬁﬁjﬁd?ﬁm\@rn'l r{grﬁ’&'idl 1%)64/ %@u%gmt'nqal Fér(r;a Ingg‘?fdata width
tiport nenory nn nversel

théﬁ-’wé@ames@ bR o2 i (he pead””
Zldg Mil g%;llntnlgp%rotw ni‘c%mly’léésm)guand1 O gg h Icr)]f(:ltrl{éj 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 muitiport

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
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port buffers 164-1, 164-2,..., and 164-z (referred to
collectively as read port buffers 164) that

conmuni cate with the CPUs 142 and/or the DRAM
controller 146. The read port buffers 164 have a bus
width of 64 bits, 128 bits, or greater. In other
words, the CPUs 142 and/or the DRAM controller 146 may
communicate wth the multiport nenory nodul e 100 via
buses that naintain a |arger data width than the

aprediste thatfather micreasimpthe Bandwidith bP@AlJof Reé @vdividgal buses of
now to FIGS. 3 and 4, each of the hardware

thRCREIIW AL é&ben@aubﬁné&&eas,t MU£3i.é. ntn%r BEsea1e0dahd 162) can be
the nultiport menmory nodule 100 while perforning data

a&&?ﬁ%@b? 4wu£h a{s?%rr gﬁ@f E\‘;cgé%'sz t@?{l%%ﬁw@tﬁcﬁ Srf}{dr%‘ on-chip
h f ,
bv%??&i&xarnpé? ermplidd @%ﬁ%%frﬁgﬁﬁﬁy@ﬂ"ﬁém & multple port
rdwar e accel eration nodul e 144. Subsequent |

8 5% deRarBeg in dHiG rrpllewibanttie et PARGISi) ofoiher incividual

100 to one of the other hardware accel erati on npdul es
hargwaye @accaleratiom musiules d#4 dodel decoupiedhils othanwords, because

each of the hardware acceleration nodules is able to
thensharedubls Jarphitestgie aetimndtbdutaah boft thet hardwavedaodeleration

contention as is necessary in the conventional system

mobale’ 144 Rdaireb. s@ﬁ’iﬂé@&tl%m@rftﬁﬁi&vﬁdw relsBufces. Instead, each of

architecture, the bandwi'dth of the multiport nenory
B PR R AR ) LAHONESO8 Ui B3Rl naro,
SRR g3 RS Sy 4 Oy B P 18P o o e
pcliﬂg o(-Pc.NQ?Sl r}aglgrsegsﬁo@eléasgha{%n%cal%% léeer aBegArl]eedee%c 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 transfer in or out of a central memory. For example, the muitiport memory

system 140 as described in FIGS. 3 and 4 is capable of processing 2 streams of
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acconpl i shed nuch easier than increasing the bandw dth
of a shared on-chip bus. For exanple, the nultiport
menory nodul e 100 may include multiple port buffers
as described in FIG 4, allowng the total bandw dth
of the individual hardware accel eration nodul es 144
to be decoupled. In other words, because the shared
bus architecture is elimnated, each of the hardware
accel eration nodules 144 requires significantly | ower

vidbeo didtdtdccoedingrioethe N5 Ghd/sezant @iquirthentsiudwy @ 200 MHz
accel erati on nodul es 144 communi cates with relatively

cIBé!( b&Weerfig I%H%ré %@bé’lbﬂé{ﬂin PeaaRsS1NaRS the) MuMREmemory
0 and 162. a result of the point-to-point nature

h us
mﬁf’umf’é aﬁ%gfi%a?.ﬁgnﬁ'ﬁ.%délf’g 15 HEBeREFRnRy jaftem 140 is
h densjty ratin
cdfia b1 PGSR b be dme i Ui Bl dof R dhe 1[%8% isecond
For exanple, when the nmenory array of the nulti port
reﬁﬁﬁﬁm"tﬁmdul e 100 has a x128 configuration (i. a
data width that is a nultiple of 128 bits), a
bandf048h oArether advpmtages of the myltiperh MrRMaghsysien 40 is that
running the nenory core at 400 MHz. Simlarly, when

thedtdrdward atceleratimnrmadulesr 1440ah devdedignedontan didividweal basis.
har dwar e accel erati on nodul es 144 has a x16

Férasddnameaéaénindivi®ualharéhbe ﬂbégl@raltlhﬁtmd)éulé 124/ ddri%@de&gned
of 16 bits), each port can achieve 3.2 Ghits of

RN RBRASF I M 8 S BHMGH 43 t er
toaggé&@dﬁtlﬁyatﬂoﬁg 83 ?ﬁ%?ecco Q)% 8{9 mdwﬂ%t Ralfa%{)alyg ggceleration
PO L8 o4 B Rl TIESt iy R B BuBBaN p%SeQF ABifgrigtees the
ov1e6rall 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 example, the system 140 may include one or more

programmable sideband processor modules 172-1,..., and 172-z (referred to
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vi deo data according to the 1.5 Goits/second
requi renents using a 200 MHz cl ock between the
har dwar e accel erati on nodul es 144 and the nulti port
menory nodul e 100. Using a 400 MHz cl ock, the
mul ti port nmenory system 140 is capabl e of processing
4 streans of video data according to the 1.5
Goi ts/second requirenents. [0044] Anot her advantage
of the multiport nmenory system 140 is that the
cdlRciively e aacasiograrhimabléodideband 4proeesdor tesdgesd 198).  The
an individual basis. For exanple, each individua

prdaF4MAHD IS RbSha P roBe R thEddidd 192 PEmUbRTadd Gith the multiport

opti m ze performance of the hardware accel eration

e W AAOUE T t ndw,dth | Lmtathgn

mEREtE B ot Vin, P Ra) B 1A e e TR e red o
44 cgn be optim zed for a s ific functio hat

ooty Ay e L cThe huBed I e aralidinun b B buses 160 and
nmul tiport menory system 140. In other words, the data

167 g6 6eSPHPd DRI 4.t Fesexampl. tag bugns 148 have a data width of 16
scal abl e. [0045] Referring nowto FIG 5, the nunber

bit:.” hardware accel eration nodul es (and additi onal
corresponding ports and buffers, not shown) may be

| NCripedey t Germbiy, (hardware @ceakzeatidrh enathiles proeesijned to be
capabilities of the multiport menory system 140. For

spacRigKiient BAd B SPARHBrafixsdysptelcUAMCRO RS e TR 'examREC Rardware
as si deband processors) that primarily process data to

a%%rgfigmﬁgﬁulewﬁg%?%dg td:ru‘B eesslggeerggprﬁtric):/al applications.

processors can be I por

ARLSUFIE0E2 A T | RodSUHE g, R erhne ne
ints%?;t%ré] %:ﬁgmga C; r}ﬁlatu qr(leclggees otlhenﬁgredware 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 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 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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progr ammabl e si deband processor nodules 172-1,..., and
172-z (referred to 17 collectively as progranmabl e

si deband processor nodules 172). The programmable

si deband processor nodules 172 comunicate with the

mul tiport nenory nodule 100 via individual buses

174-1, ..., and 174-z (referred to collectively as

buses 174). The buses 174 are anal ogous to the buses

160 and 162 as described in FIG 4. For exanple, the
busef9043] hanhe amuttijort WMethbryosystém b#0smaj GRdidle a shared bus
Ceneral ly, hardware accel erati on nodul es are desi gned

1303 PRe GBS a4ef Bdev?éPb @d&nérat.mmd&mé nx&dam%htrsner 146,
functions. For exanp e, har dwar e accel eratl on nodul es

aﬁ?ér@@a o%glgegp‘EBaR%?}géés{bqeﬁgﬁﬁre' f/\g?ie‘l%ocné upicate with each
oA, 50 SIS, 5 eI ChE oD

contrast, each of the programmbl e sideband processor
Pfﬁ?ﬁ@%ﬁ%smﬁ?w'eﬁaii%@a)‘ppéﬁ &RAEAl Messagey ONothe sharggrkus 180 to
functions of the programmabl e sideband processor
aveidi bue congestivn. hsimilahaige K Whd 4R Cnay pasexaeegsagesaand control
user or manufacturer may program one of the
inforoatienTabtre shatedapns $80C eFwoshamsadi=d 80 dcludes enbly bridge
wi th various operating standards and/or to process a

184 {2 =@bivsftHa P8 14b0SHB DRIV depeliéN 146 @ tr@nsH"ﬁecelve data

programmuabl e si deband processor nodules 172 nmay be

orf§R Cs?’?a‘?gdt%soﬁggeﬁﬁ al fi %ﬁsrawaatnota \nértﬂ\é’aﬁ%d]ware agceleration

accel eration woul d erW| se perform
m85ﬂl§§ Wﬁdghd fife p%g ar?f‘?mable 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. 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, 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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programmabl e si deband processor nodul es 172 are

designed to performone or nore specific hardware

accel eration functions and nay have a smaller feature

set than either the CPUs 142 or the hardware

accel eration nodul es 144. 18 [0049] The nul ti port

menory system 140 nmay include a shared bus 180. The

CPUs 142, hardware accel eration nodul es 144, DRAM
controller 146, and progranmabl e si deband processor
moduf0851] 72 ThenMgNMaabeule 190 pesfbraboy irluddsasiiffieient memory to
shared bus 180. For exanple, the programmabl e si deband

A6 AR of PRUDRYrdritndBYY SRASTANIOPIICBLsSRMDALRS P72 t8Perform
shared bus 180 t0 avoid bus congestion. Simlarly,

(o] .
oot ST I BTer T RIRE o SR 2l hregrprpmanie sideband
i ncl udes u ri dge 82 .that allaws the CPUs 142
prgRgsEsapRuR: Tt ey HRalsO8 Shenging e FeicurtboseRied G the ITCM
the shared bus 180 at a first rate and allows the
MRAHBNO8- ack@l examrde onsdaf dbe1rrogsammanle sideband processor
pr ogr ammabl e si deband processor nodules 172 to
moddlesni 12 mayebe @rognammadtth ersulatee dne uf thehasdware acceleration
second rate. For exanple, the shared bus 180 may

miodalesd®44 fin rathepwordsyrthéSsrograhnrabés sidebaatl processc?rmodules
medium rate and a second portion 186 that operates at

1722 Hliet flakiBility Wﬁﬁﬂplé?ﬁéﬁgrﬁg NHe ﬁﬁmtfbgrt':l‘r@nor?%ﬁ?gpg\%o. The

exenpl ary progranmabl e I deband processors are
P g iRl RO T2, R o vith new
BT e SR S5 SeoohE ooRE mgaivin
in%&@&{qs&tﬁgﬁ'ﬁsi@ gH Ithee rl)?oélg'rar%mn:?glg sgdeetb%inldepcll’ogggs%rrinEnJ(t)ciitﬁg 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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coupl ed nenory structure can be found in U S
Provi si onal Application No. 60/752,522, filed on
Decenber 20, 2005, which is incorporated herein by
reference in its entirety. Alternately, instruction
menory 190" and data nenory 196' associated with data
control nodule 194' can include MDRAM with
interleaving. 19 [0051] The I TCM nodul e 190 preferably
i ncludes sufficient nenory to enable each of the

prRogeahamand | stdeh airb protaysot ersailemdTRIfos slib8eq@entelransfér to or
correspondi ng tasks. In other words, progranm ng a

fr@rh%é@ﬁﬂﬁﬁbﬂ reeA8RARbJuRy Pe@ssor nodule 172 may

I ncl ude changing tthhe instructions stored on the | TCM

nodu 0. 0 r
Si deLdz?r‘%?pr oi@éslﬁém%gﬂ ,eei‘ﬁl,%otﬁg%cgec%g% 3%?2%‘#29 -It-%M module
| ate ane, of the hardware celerati.on, . l es 144,
14 i Rateqen 6 sharesh PLs 0r 6 SRLSH rpFiEeSoat el as an
. modules 172 allow flexibility in inplenmenting the )
intgrnal pyst 188 nofhespICimmeduleTA84 eprpguaifaies evith the multiport
si deband processor nodule 172 can be progranmed with
mesvery medule IO iz agingle didirediivpat bus 20@ of dwenugjsiixsictional buses
processing tasks) by nodifying instructions that
(noéshadenhn t he programmabl e si deband processor nodul e
172. [0052] The progranmabl e si deband processor nodul e

172 jonsspdens2 shEMh PauGe 6l 9fhe Eb?éugrbfrﬁfﬁétﬁlérﬁd@ﬁbﬁd | processor
and out of the DTCM nodul e 194 i ndependent of

m%Hg%QaW%grhgﬁeﬁélof chide 4! Eé(ch{?léca@fﬁﬂé %in’irﬂﬁgDarlg\/Eize and to

nodule 1 s at least one o ported an

i 958 BakE bl oLk SRS RO oo HodBmanie
si&éganr?c; ;eJFoscetsgoFa%%dule 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
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fromthe nmultiport nenory nodul e 100 w t hout
interrupting or hindering sideband processor
activity. [0053] At least two macro bl ocks of data
such as video data may reside in the programmable
si deband processor nodule 172 at any given tine. For
exanple, a first macro block of data is in the
programmabl e si deband processor nodule 172 to be
processed and a second macro bl ock of data may be in

int Reftwate ptoogedurabpevel dRingdthphibAC s sle PRckyiatnrhZBlel @ideband
subsequent transfer to or fromthe nultiport nenory

pmggg@”ﬁgguleng] The | TCM nodul e 190, processor core
192, and DICM nodule 194 conmuni cate on the shared

nge@%ﬂ ﬁéghﬁT VbeeM%IGdurasalV%t 0n| g} esmethOd 300
a%ﬁ%gipsgp-tﬁuévulﬁegﬁwsw Gt pEths Bifsenblrsestion begins i

(not _shown). [0055] As shown in FIG 6, the
StﬁPo@Q%nﬂﬁbﬁ*@Ds?’%barﬁrsbhét@@%@r acerjanatios mpgulmperferms a first

i nclude a cache nenory to mnimze die size and to
preags$ing dask debdath. ploctep G306ddba fissobartwarg. acasleration module
exanpl e, a programmabl e sideband processor nodule 172

tramsfers thegdath t aGirinltipayt rabhony apgdudeioned filsy ddfa bay.clrestep 308,
for each pixel operation for a 1920 x 1080 pi xel HDTV.

th@s rﬁUIﬁbortt hfém@@o%émmtr%n%fé?@bﬂ’@ PAtace§Sar seBdhd Chardware
172 ideally maxim zes the avail able cycles for code

o GEREEIRR R i, S B4 Y 4 S 9302008 harcware
act,ce‘:fer%{ 89%%86‘318' Ser?c')rgnesb%ngec%n%cSlsosc%rssmg task on the data. In step

312, the second hardware acceleration module transfers the data to the multiport
memory module on the second data bus. The method 300 terminates in step
314.

[0058] Referring now to FIGs. 8A-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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nodul e 172 included a cache nenory). Al though the
present inplenentation omts cache nenory, those
skilled in the art can appreciate that progranmbl e
si deband processor nodul es 172 includi ng cache nenory
are anticipated. [0056] The programmabl e si deband
processor nodules 172 may be optim zed to process
multiples of 16 bit data and/or 8 bit data. For
exanpl e, the programmbl e sideband processor nodul es
420 Mhapprodeskedatal parfsim dogding aatfon anceyptiom|peiroi® ctdations,
(SI MD) processor that is configured to process

forht idakeandPér pEribih 4i9f %tt?éidfy%b 8f lPi[iT\?'aéréceﬂiBi’(% that may be

conpl ex 32 bit operations can 'be supported 21
réﬁﬁﬁé&are to reduce power consunption of the
progranmabl e si deband processor nodul es 172. [0057]

Ref epr.i n t ,_a data pr.ocessi net hod 300
necdopelf 3 heoTy ued sy RhBedRERE R doaTe 8fo Flotage 427
present invention begins in step 302. In step 304, a

that ptores dataniay @ “QBI',‘@Iaglea'F‘iaBﬁefrEH%h as aptical ard/gr magnetic storage
processing task on data. In step 306, the first

dericesaarl ke IZEY 428t may beehnnectad toneorwy 48 siwhaas BAM, ROM,
mul tiport menory nodule on a first data bus. In step

loR0 &atendyh eomublatifeo Miermenp sychoakl ifleshr mesday sahdrer daheér suitable
to a second hardware acceleration nodule on a second

elféfrénibUsata | dtofdRP FHE. HDIT® 320 H1sb &y wapBort connections with a
accel eration nodul e perfornms a second processing task

WRAN Pﬁ FanaN |nlgg,a{,ﬁ(qnte$fg%%a 4e second hardware

accel eration no e transtfers the data to the
gg{h@geégo ?§$§$%g?$%%}ﬁog?gghe§§2832dﬁ%%é%““ﬁ%enﬁgﬁ 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
484, 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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[0058] Referring nowto FIGs. 8A-8C, various exenplary
i npl enment ati ons of the invention are shown. Referring
nowto FIG 8A, the present invention can be

i mpl emented in an HDTV 420. The HDTV 420 i ncl udes
signal processing and/or control circuits, which are
generally identified in FIG 8A at 422, a W.AN
interface, nass data storage of the HDTV 420, and/or a
power supply 423. The invention nmay inplenent and/or

inerRideraptRARaNGQr iInfadtidtitaitordige dlided Sctsaghald disk drives (HDDs)
processi ng and/or control circuits 422. The HDTV 420

. ; Lot ¢ s .
ar‘ic%%@%l ¥é;|'r9§§te' d]a%é g§‘!/9§)3. $hé MEO RS bd é’Hrﬁq-I@P Jhat includes

w rel enerates HDTV output signa or
. _ . i ¢ . L )
ofl 3k Mgl b P ERTH e Pon A fimpter 18-
185 SSL 3¢ 4b0 LAY b HeRUR P et PR, Rom, ow
erformcal cul ations, format data and/or performany
latgneyr nopyelagite HDEWMORY osuelsi ag flash mepnask apdii pther suitable
[ 0059] The HDTV 420 nay communi cate with mass data

elettronigelal@ Btorapeat Tdteosetstopgdiox 480 alsoomaysappbe comneetions with
such as optical and/or nmagnetic storage devices. The

a MTANAZS a iy Abenetauainie Htedate498nory 428 such as RAM
| ow | atency nonvol atile nenory such as flash

ROM
”E"Dqgl\osé d/ Wefelin@r riow (RPIMG. eBect thenigreskita ifeMiBACcan be
The HDTV 420 al so“nmay support connections wwth a W.AN

mi’d(l)@w?&*gdg@ 5?’{11%5 Kotk r%]rteﬁé@‘fﬁat%gludég Q/ﬁ{)geo B?énﬁulitlr%;g . Eﬁg\l media

e pres I nventi on can

plé?@rﬁg(?& tlncﬁl?d)esbgléng' p?r‘ocggs?ma %tnd%)rp cobn?rxol Aéﬁgui sr? %\llhulgﬁ re 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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processi ng and/or control circuits, which are

generally identified in FIG 8B at 484, a W.AN

interface, nass data storage of the set top box 480

and/ or a power supply 483. The invention may

i npl enent and/or be inplenented in either or both

signal processing and/or control circuits 484. The set

top box 480 receives signals froma source such as a

br oadband source and outputs standard and/or high

def i jpoe3pn AWE hadideplsicansds Fidyt dbhfnlivicak diitPd!mdss data
488 such as a television and/or nonitor and/or other

st&éb”e%ﬂ!i‘ﬁ‘{éirst@f'ég'd%zté’%@h‘tas%ﬁﬁr%se&_ B6dR &itRbr video content in a

processi ng and or control circuits 484 and/or ot

oS S, 1, gblas s s
Bk A e G Tt s S g

communi cate with mass data storage 490 that
ats,dleraégi/(arawdep foanalsny bhemass daldnsioragen mayainsiuger eptical and/or
storage 490 nay 23 include optical and/or magnetic
magoetg stalage devicesdhr axamplalhdidsdisdirdrives HIBDOand/or DVDs. The
and/or digital versatile discs (DVDs). The HDD may be

HBDTy b it HDOCthat éscludee one dromerd phitters habimgl adliameter
a di arreter that is smaller than approximately 1. 8"

thab R %bllé&ﬁaﬁ%ﬁeﬁ&@ *498”0 OFHeRicRh pRyEE5DO Ynékf’ﬂe connected

such atency nonvol at| ' e menory such

to?@g“&zrb{ﬁgﬁw a%nﬂ/A(i\E)o Olo?rf“lét@nkg no‘ﬁlvsgt LHmEFt &uch as

e set top

ademerog oAt St able ol Bl i rier 'es M i player
sécﬂaf%gm@;o&em%g% O AT Pk e
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 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.
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pl ayer 500 includes signal processing and/or contro
circuits, which are generally identified in FIG 8C
at 504, a WLAN interface, mass data storage of the
medi a player 500 and/or a power supply 503. The

i nvention may inplenment and/or be inplenented in

ei ther or both signal processing and/or control
circuits 504. In sone inplenmentations, the nmedia

pl ayer 500 includes a display 507 and/or a user input
508 such as a keypad, touchpa nd the like. In sone

i npl ement ati ons, the nediacgﬁg§ r 500 may enpl oy a

graphi cal user interface (GJ ) that typically enploys
menus, drop down nenus, icons and/or a point-and-

click interface via the display 507 and/or user input

508. The nedia player 500 further includes an audio

out put SQ? such as a speaker, and/or audi o output jack.
The- si gAaf2HRBtasEas H§teH P isEnt rol circuits 504

and/ or other circuits (not shown) of the nedia player
500 nmy FrbiResmemery maduletgying SRSy and/ or

encryption, perform.calcul ations, format data and/ or
perforMNﬁ%Féﬁqﬁﬂmﬁ@ﬂ? useyia8der function. 24 [0063]

The nedia player 500 may co nicate with mass data

stor age@f@wyﬁaﬁccsle@f@% m&ﬁﬂ?@aﬁ%ﬁm&%@&%ﬁﬁ epe of the
and/ or vi deo congﬁﬁésin a nonvol atile manner. In sone

N PO PAREREGH Y SHHTE © HpIRBLEAian PSS i | es i ncl ude

Sui £ abl ST BSSER of TG BdHeF 8reclFreies megisapatomsa first
prorae i S pise CPaTs ne (iaF Rl b modpon & frstone of
the @%&%ﬁmﬁg@aﬁc}rﬁl{sgﬁ?%%ﬁ r?gf? gﬁtg%&%?e LA a0 adiSs receives
the dgta from the multiport memory module on a second one of the N data communication buses

and performs a second processing task on the data, and wherein N is an integer greater than one.

2. The data processing system of claim 1 wherein the data includes at least one of

video data and control data.

3. The data processing system of claim 1 wherein the multiport memory module

includes a multiport data tightly-coupled memory (MP-DTCM) module.
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that is smaller than approxinmately 1.8". The nedi a
pl ayer 500 may be connected to nmenory 514 such as
RAM ROM |ow |l atency nonvol atile nmenory such as
flash menory and/ or other suitable electronic data
storage. The nedia player 500 also may support
connections with a WLAN via a WLAN network interface
516. Still other inplenmentations in addition to those
descri bed above are contenplated. [0064] Those
ski4.l ed Tiha dath eraxedsingansterd\Wf dpipd eoihadet the MNItiphR memory module
foregoing description that the broad teachings of the
inchitiescll adgitiosal @ans el Ji adpitiena @k dointhuficatad busdsy fudthed RfdPBising J-A
Therefore, while this disclosure includes particul ar
proesssoriadales and BB tdyhienis ¢adematcesiRefloSADRAN EmEMOeH tHatnot
be so limted since other nodifications w1l becone
conapyrficatnivithi the mhietigd thérehy picdtleiohirespedtive A of tifel Ufd¥h @nmunication
the drawi ngs, the specification and the follow ng
bused, &ihsfin JAb aklnfdghipredter tharCkitie A RAOBQSSIntdgers ¥feh@Pthan or equal to one,
conprising: a nultiport nenory nodul e having N ports;
andM d@-aJ.comuni cati on buses; and N hardware
accel eration nodul es that communicate with a
respective one of the N ports on a respective one of
the N data commruni cati on buses, wherein a first one of
t hes. N hgheld@s proaessb8ysdénh OfclBIUVEEeRQK feadt BRe &f thé fisst and second
processing task on data and transmts the data to the
onefof the Pafata dSRIIMINYcatiBXiblses R adirdtidaGtwi@Rn@fhe JtdaR DmedahRation
comruni cati on buses, a second one of the N hardware
busésaet £Eabhddatnilidh.es recei ves

6. The data processing system of claim 5 wherein the first data width has fewer bits

than the second data width.

7. The data processing system of claim 6 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.

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

programmable sideband processor module.
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the data fromthe nmultiport nenory nodule on a second
one of the N data communi cation buses and perforns a
second processing task on the data, and wherein Nis
an integer greater than one. 2. The data processing
systemof claim1l wherein the data includes at |east
one of video data and control data. 3. The data
processi ng systemof claim| wherein the multiport
menory nodule includes a nmultiport data

ti ght!|y-160uih @ebcBRMRIsYstédyBf BT wiodid tBe atd€astlone Phegrammable
data processing systemof claiml wherein the

siddBahd pro@dstor MMIeYcolpeitdse i ncludes J additional ports
and J additional data conmmuni cati on buses, further

conpr i SiR¢hstudionRipRERESled RS I TaM) roddlgynam ¢
random access nenory ( M nodul es that conmuni cate
W th the jaetsoPedrt; gMOry nodul e on respective ones of
the J data communication buses, wherein J is an

i nt eger Aiohflyk démo PdMB nitydhlel Nt egers greater
t han or ag%ﬁalgﬁt% {)}?& and&,&g+ II\3/l3: J. 5. The data
processi ng system of claim4 wherein at | east one of
the first and second ones of the N data conmunication

busgs hage dath ipfstbssHRisPsiith GF BlaidDol whBRinkh&BIr&M module communicates
conmmuni cati on buses have a second data width. 6. The

i ErERShOg reoisieal Aldired il d oy WReETDMA NMBoduld Bkt controls data
wit g{egmgvildth haglgf ewere bi tsl t han (ﬁqe sescond ):j}g?a w dt h.

tmgsfersm%w&ﬂttﬁe PrerESShI0asil 80tphrt Glediory Bowhier ei n t he
Irst data wwdth is at |least one of 8 bits and 16

bits and the second data width is at | east one of 32
bits, 64 bits, and 128 bits. 8. The data processing

sysfiem afpe @h@ipcdssidglshA6h of OER b $ihB@indthe DFEM m@HEe is at least one
progranmabl e Si deband” processor nodul e.

of dual-ported and multi-banked.

12. The data processing system of claim 4 further comprising a shared bus.
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27 9. The data processing systemof claim@8 wherein
the at | east one progranmabl e sideband processor
nodul e conprises: an instruction tightly-coupled
menory (1 TCM nodul e; a processor core; and a data
tightly-coupled nenory (DTCM nodule. 10. The data
processi ng systemof claim9 wherein the DICM nodul e
communi cates wth the nultipart nmenory nodul e and a
di rect nmenory access (DMA) nodul e that controls data
trgnst emns de@tpyRessidghesteh Gk 1amel b ehevaih thééharad| Bub patiprises:
menory nodul e. 11. The data processing system of claim
9 wher qi fiisitthe pbfich nodul e is at |east one of

dual -ported and nul ti-banked. 12. The data processing

syst emaafcdnlidudpsibpirahdier conprising a shared bus. 28
13. The data processing systemof claim 12 wherein the

shar ed Js bESEHAEBHmunitatel Hith HRUS 6 bbRIdH afd he €@dAd bus
bus portion; and a bus bridge that conmuni cates with
the first bus portion and the second bus portion,
wHerein the N hardware accel erati on nodul es

communi Gaten #l N Red¥ik atceRifion RYduied Borﬂﬁmﬂic_ﬁtjs 68 thefRét®us
and the J-A processor nodul es and J-B dynam ¢ random

portiBf &S st FRRRRY the (RHN:e IBAHS fofes GRITIB ya@h R rafickl\&cess memory
second bus portion at a second rate. 14. The data

) %Eﬁﬁig@ Sort¥ShieR 64 thelsédofl BuyhtRii® A atsbdnBiAgr ammabl e
SI deban

porti

14, The data processing system of claim 8 wherein the programmable sideband

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

15. The data processing system of claim 14 wherein the programmable sideband

processor module includes a single instruction, multiple data (SIMD) processor.

16. A high definition television (HDTV) that comprises the data processing system of

claim 1.
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processor nodul e processes at |east one of 8 bit data
and nultiples of 16 bit data. 15. The data processing
system of claim 14 wherein the programmabl e si deband
processor nodul e includes a single instruction,

mul tiple data (SIMD) processor. 16. A high definition
tel evision (HDTV) that conprises the data processing
systemof claiml. 29 17. A data processing system
conprising: a nultiport menory nodul e havi ng N+M
ponys; ANEM Heesifybmi coabplifiAg:buses; N hardware
accel eration nodules that comunicate with a

respect j ¥R1tPBR n¥imdrNBodile BAASNON porsespect i ve one of
the N data conmmuni cati on buses; and M programrabl e

si debang+pf QeL&Mulidbh 8%eb;nat communi cate with a
respective one of the Mports on a respective one of

the M datadaaBiicatibPRoMHSARat cHiRBTuBiche W aQbspebtfeNne of the
har dwar e accel erati on nodul es perfornms a first

N pdfsQn@Sedpestivelons K @8 NABkAcASlrlidaBBS BskS ahdle data to the
mul tiport nmenory nodul e on one of the N data

comuni GalbAamB4ER SidRPHdPRR e Rbr hB&u1A (RE:REM AR Svith a respective
si deband processor nodul es receives the data fromthe

one BEtht '&vppa&s IBRbcTRAHL 61 RO MBR2 BmhiiEcMof BhRs,

communi cati on buses and perforns a second processing

task onyLheindat af he NchaehehdidelbladDE m¥h@E EperAHRIL fift processing
greater than or equal to one. 30 18. The data

task h QGG SR BehsENS ttkferﬁa%fto Qﬁe%mlﬂgrt M’@ﬁfn%fi odult€or BHe o BRMN data

menory nodule includes J additional ports and further
comfr2HRhtich Bi¥es 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 processing task on the data, and wherein N and M are integers greater than or

equal to one.

30



a shared bus that includes a first bus portion that
communi cates with the N hardware accel erati on nodul es
and the M progranmabl e si deband processor nodules at a
first rate, a second bus portion that conmunicates
with J-A processor nodules and J-B RAM nodules at a
second rate, and a bus bridge that communi cates with
the first bus portion and the second bus portion,
wherein J is an integer greater than one, A and B are

ggtleger Th@ARRAbResRARYHm 8ftlAN 1OWhEE thedRdtiPort mBmoryImodule
includes J additional ports and further comprising:

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

one,and A+B=1].
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