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nodul ators. It is a further object of the invention to
provi de opioid receptor agoni sts and opioid receptor
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heteroaryl (C-i-6)al kyl, aryl, and heteroaryl; R4 is
aryl or heteroaryl; wherein R4 is optionally
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i ndependently selected fromthe group R4 1; wherein R4
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wherein the cycl oal kyl and heterocyclyl of Ci-2alkyl
and, pperable i Wgicrmine WHethen a1 Segonsy pemiory, pddres fCH %ﬁ%cqné memory
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brono, trifluoronethyl, and trifluoronethoxy; and,
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Cl- 6al kyl am no, (Cl-6al kyl) 2am no, orCl-6 aryl; Ais
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The present invention is also directed to nmethods for

produci ng the instant conpounds of Formula (1) and
w@b@sireeent i cal conpositions and nedi canent s tPEer/E8£005/008373

The present invention is further directed to nethods

for treating opioid nodul atesl di sorders such as pain

and gastrointestinal disorders. Conpounds of the

present invention are believed to provi de advant ages
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one to three substituents independently selected from
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240% e MbreCIARhRBhN 8nd WAkt kdspeittvel EM GBI tRonCfachd) Eontroller 242a
present invention include those conpounds wherein R4
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oftep d@ﬁéﬁﬁd@ﬂm%ﬁ PERFesHpg éwqdotfwﬁ@n@mé@é eyYYsinedemolagfapplications
ar
suathf’ les ony }ﬁaﬁg}l QQ% 2 c%ﬂﬂ%k’ hot
syst&al dayll caaata @rotdads f&i the Mhﬂafqdd):& O8M @l;ch?ds (S €begtionasfyitigh-rate

tional lly substituted with one to three
b s GATRRIPATH QR P~ §’é‘FeErPE%§SF‘rgoFﬁSEﬁé""&%uﬁ’emﬁed time

deSANRE SzIs' deScrifed(felowd) @hgs)élpro(:)f@ms ar@)rrﬁJrg Xt vHAMEMHE (P more other
1- 6) al koxy; hydroxy; hal ogen; fornylam no;
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of b@ﬁdro en or nethyl; Ra and are i ndependent |

tigle 1Yl A ghanpels gpy Wr%d awa%lehﬁ% algwrmuttiple data
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Formula (Ib) wherein in one enbodi nent of this
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[0045] With on—chip memory 450 and DME controller 452, DSP 420 can meet real-

time constraints sinnce latency for cache fills can be bounded. Unlike a conventional
level 2 cache memory that is under the (automatic) control of a level 2 cache controller,
which pages instruction/data on-demand for cache misses, DME controller 452 can be
controlled and scheduled by the user/programmer to bring blocks of instructions/data

from external memory 460 into on-chip memory 450 well in advance of when they are
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cache memory 440 to ensure that the correct data is being accessed at all times. Within
control unit 520, a cache tag RAM 524 keeps track of which lines in the on-chip
memory are currently stored in cache memory 440. Cache tag RAM 524 stores a table
that contains a tag for each of the cache line in cache memory 440. The tag for each
cache line indicates the specific line in the on-chip memory being stored in cache

memory 440 for that cache line.
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cache structure.

[0051] Referring back to FIG. 5, cache tag RAM 524 stores the tag for each cache

line in cache memory 440 and is continuall y updated whenever any cache line in cache
memory 440 is replaced. An address parser 522 receives the target memory address

from DSP core 430 or DMA controller 444 for a memory access, parses the target
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[0054] Cache hit rates for DSP core 430 are typically on the order of 99%, so it is
very likely that the DSP core desires access to cache memory 440. DMA data storage is
typically handled using double buffers, which means that the incoming DMA data is
written to one buffer (the “current” buffer) and the DMA data stored in another buffer (a
“filled” buffer) is processed by the DSP. Thus, DSP core 430 should not be accessing

the same buffer that DMA controller €444 is writing to (due to synchronization
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wh@[lﬁglné( Itar'g’:tl'l'naﬁglryoé@ﬂréﬂs %I(alﬁh%h'f adbs 155' thé DSP 86tk R ¥drently in

2, 6-di net hyl -4- 307 phenyl nmet hyl net hyl phenyl HH
CaCh?dﬂ@mWYl—ﬂ‘gl(&mﬂmi)b(ﬁdﬂmﬁenmckalnmhaa@? tesafarns saddress check for

th - 2.6-di I
DRl S SR BB BGL Rbds TR o o memory
aco@EHBWWDMAECoﬂtrBBéﬂW lzurﬁent@(iﬂ cwmaﬁuémyhmo met hyl

enyl H H am nocar bonyl H 3- Methoxycar bonyl -

(006t el adarest e oyt 720 inidongh S SR EHFRIRRyp cache tag
RATEM Ot 50 Gl SO T s oo 72
rec8ivd apy rpaties-the thiyet hiﬁfnometahgtﬂesg)lﬁl@nylthd:-l ddsociated processing unit
G BR5RTROT, H by LRyl D002 Sl TR T e e
addieR: WREROXHC RANIMYI4 provRiedi tAB siebd 4ag for the cache line address.
Comparator 726 compares the stored tag against the target tag and provides the
comparison result to hit/miss logic unit 728.

[0057] Hit/miss logic unit 728 includes a cache arbiter that decides which
processing unit gets access to which memory. For the most common scenario, DSP
core 430 desires access to cache memory 440 and DMA comntroller 444 desires access to
on-chip memory 450. This event is indicated by DSP core 430 encountering a cache hit
and DMA controller 444 encountering a cache miss for the same access cycle. In this
case, hit/miss logic unit 728 can accommodate both memory accesses simultaneously,

so that DSP core 430 can access cache memory 440 and DMA controller 444 can access



313 pyridin-2-yl methyl methyl phenyl H H am nocar bonyl

H 3- Met hoxycar bonyl - 4-net hoxy- 2, 6-di net hyl - 4-
wokwkox21815 phenyl met hyl met hyl phenyl H H  PCT/US2005/008373

am nocar bonyl carbonyl 2-Carboxy-pyridi n-

2, 6-di met hyl -4- 316 4-yl netigyl methyl phenyl HH

am nocar bonyl H 6- Carboxy-pyridin- 2,6-dinethyl-4- 317

2-yl met hyl et hyI phenyl H H am nocar bonyl H

on—gﬁﬁgﬁéﬂqé e%oc or rru (c%t: et h iQrC?i QP{ ty 'EHFP@&% qucdnﬂglﬂégﬁce the

oun or mu eln I N one
freqmﬁb@dhmmbo@bf thlaIBSSH tore B}thllmg duheéo DMIAaﬂnbmrﬁa@ems
reV| ously defined._ln an r enbodj nent of

100 e s TS dnEie IRt 7251 i RICONRHTIR3 etﬁéerzb%%cor?aém and
DM cofifdRhal ang: 9;%%;{19 el'f“b'oth @@be&tré%id R tﬂmg EghiRoller 444

consi sting of: Table
desiRé ac&sﬂat@lthcestdlm(menbr—m zbfémbny/nﬁ$96log1crrgnﬁy]284ma2 gllow one of the

nmet h th h I H hyd
proBe S s Ay ook % R sy B TS Rahb ety o g core
43(Hie?sn§s AbaRE Ry lcadte BEmbBPRA®PYUI ediihdrs 4r EAdher@RReMeh Hit/miss
H hydroxy H 2, 6-di net hyl -4- 110 2-Phenyl et hyl net hyl

logigtvantyT28Hmey stedl oo aF b@th;ptroqelsszngumtSrréF hese-two spemar@sizg fypically

oo bR b P BRART RnPE R erell BBl Py fidee Serte®

[008916- diHTE s 1ogrc Lﬂrﬂﬁnmmw hlammhy kaqhlee gl RHM!; 724a and 724b for

am nocar bony r phol i n- 4-
addgpss ﬁkanlgtmﬂZ% ﬁef% 70t T‘FSIPWB’S% oéﬁr;g? ﬁaugi*%ﬂr?éﬁ f 7440 may
be g&%%l%lﬂ%taﬁ%eﬂn_ %}t%ﬁ%@%érerﬁ%dgﬁéh RHBAe SisH. Cfﬁlgﬁﬂé’sl 10'21(: urﬁt 728

no 184 Met hyl “nmet hyl phenyl
updaltes dolto cache Ifh@ﬁ&l\m:ﬂm:al ande?tmylwlpﬂneth the ddntents of cache memory

440pﬁrgnmlgﬂrh%ﬁ%h2§3%41ég§/2’ dta@i/bl{{ﬂs 1aré gl%l%.ﬁen fn%lgncf‘ ro ed with the
cacge 6- Whéﬂ%tvay h focedfify EnRhBYintdb ansacld Misky Bitaxiys tbald @nit 728
Met hyl nmet hyl” phenyl H H 4-hydroxy H 212 H et hyl

mayp kieHHothHptacassingdurgteyin lerdes 40 fitlpprhemaemory pOmpd ypdefe cache tag

I 0X 6-di net hyl -4- 217 Ethyl nmethyl phenyl H
RA&I% 7?24% 6- di met hyl - 4- 220 Benzyl nethyl phenyl H

[0060NYdr PKY. 1§ giclvBangyl arbday oﬁftel@)yd)cédsFB% hyedfopxyd Hy cache

222 | sopropyl methyl phenyl H H 4-hydroxy
comqoéerdﬂ4£¢ oy lconcurepBmeRIopy wﬁseﬁbv Rﬁl{l’ m&%‘wﬁo ARgDMA controller

s A P YRIPH o MBI g 28 bbb 720

and4720b|, sespgaitientyl, and\/blobk 82(hmpecfoandirbhnyh1ﬁ‘mﬁs @agiboxit-728. For each

o RSP 3165 2o A e s SR B A VML g

procé]s&n?\ﬁut[ ﬁbl&@ 8],23 %Hriﬁi%\‘ﬂ% Beny] a t4- tt A ¥ivd a cache line address
2, 6-di net 80 phenyl met hyl net heny

(bleoki Maﬁbomg stcHe@ in lhbtcmy@&RM Jor1- thﬁcrae bncy adctreﬂs is retrieved

SRR G R FomBaielosares o affelh (i BRCESSRTY Tl vyl of the

coiBdridph f&’fbi‘jﬁb’ blobkd B Faiana Sa0h eie)roviled Gahlauiys togic unit 728.
net hox 283 phenyl et hyl net hyl phenyl HH

[0081 i Moy, HL 3-caphdobikys geclagd fexyaneprgcessing unit (e.g., the
psB %‘Pé()l ARt Q%Lch@eﬁmmlm éeé“ljﬂ'leﬁ’ %S’P{h%rﬁfﬂer'\"ﬁrdéeésxﬁg’ %RX(X g., the DMA

controller) (i.e., the answer is ‘yes’ for block 822), then one unit is allowed to access the
cache memory and the other unit is allowed to access the on-chip memory (block 824).
Otherwise, if cache hits are declared for both processing units (i.e., the answer is ‘yes’
for block 826), then one processing unit is selected to access the cache memory and the

other processing unit is stalled. Otherwise, if cache misses are declared for both



6- Met hoxycarbonyl - 2, 6-di nmethyl -4- 314

pyridin-2-yl met hyl nethyl phenyl H H am nocarbonyl H
w@2@anexy - 4- net hoxy- 318 phenyl net hyl net hyl PCT/US2005/008373

4-chl orophenyl H H 4-am nocar bonyl H Anot her

enbodi ment is directed to conpositions conprised of a

conpound of Formula (1d):Formula (1d) wherein in one

enbodi nent of this invention the variables are as

proggsgm he QJtlﬂ%[L xv e‘n{he NG&wer 12 gg’oltog %ﬁo&:ﬁ%j tﬂ%‘g Eil&%r_ gllj %nlgsp_r%cessin g

unit 1sRﬁowBa to Elh;esﬁmd dndchlp ﬁremdﬂye pe (ﬂjémtﬂ prosebsng editd aemtalled to
the group _consisting of: ?il Chd RLRR R3-1R
pertprmp qaghe f@é of theFagheanpmgRy (b ack 30 oxyphenyl 273 net hyl
hyl 4 NonH2 wb @E‘&Q' Jek®fn
[OOC Ol?n ?Antﬁu&prg % \};e}ﬁ\?i onﬁflﬁ%l ude gorrpoﬁmcdes over ®
comvéntEmllahu{che ¢d>m)olleFamhual anglb ejldmebecheick unit. dFte conventional cache
od| t of S, i.n on the var,i ar )
congiogeh BT orBr R oD S bR eneBAYS MR sPfiRfe: accesses the
mefh’b?ys e‘FBe Wﬁrﬁa'te%‘até- may 58 #BEnifkanfEactidd\o FRethe2DSR2lodResate for
Rb, are dependently selected fromthe group
magy msplsctanngs (6¢ g., Taige an\:i 0|d@l0 Rrocegsing,R3-1» saminggand /so on, for

ce]ﬁ;@b H{hon%ﬁ E{)&y ﬁrar bo %n&l: g?lél%gy%ntﬁ%gd' dageﬂgéjy]-r[:g ehﬁh\/IA would

caulBHROREP &S 1 Redy hrmSIrdmydm eyt aplagpyfradtidh of the time. DMA
4- am nocar bonyl H A further enbodi nent  of theﬂsr esent
Memeye #EFESHES| WeTldd@en epieadd i MrES overspd dRisthe Hawh Gase: and a

B e S PR TS o AR s

DMS%CK&RW&EI iwithFdachelc¢ri@ie: 442y bptheBEPI torenddh amcbDMA controller
reI erahl to electr

4445 cony ﬁ? Sy deously yia %?@)'r Csréa/iibérﬁ“ﬁnzl%? &y @ddress check

um%oﬂf{)'é%hh @!2015 Qhd R/ARRD ﬁﬁg@?@m%% tral sipeRParPl GeEHs to level 1
(DSP) . Background [0002] DSPs are speci ali zed

and? Umnmm:e&slmgs pbttmn cefrtlee smmaﬂlf@aﬂhbpﬁfefsﬁn‘g@d thus be avoided.

cut.e nat he t|c ut at i ons ra
rooéE i el ol s SRR St S St Bl agieiBod herein
maleel 6RY PHGANSSs afdlicklidns PoRAas wieles® Baﬂnrdﬂugt;zttﬁin computing,
assi stants (PDAs), and so on. For exanple,_ a cellular
netpegneg.t ;bpﬁse%ﬂll 916PTﬁ@111€ﬁ3Ie§n<hrﬁ0ay§>§I i cARi W@B@é&’f‘i‘sé’ for wireless
IC) to performsignal processin
C°+H‘hgg5ﬁéq 1@ d%éJn mﬁkﬁt [ znn aﬁd this AS?C ma)rl) cont ai ng
[00s4] enﬂHﬂIieﬁi SHDWE CEprﬁERSSIGgrBfIDbf gendreddss plevias 00sie anwireless

an enbedded DSP to performc rrputa on-intens
comRSAtam B M Wi ses 48KH 00 4R & bepocyBHIET BE%UW?%FS“ a

te %aEOl ad gﬂd%?l%r WGkibONdr agBilnéjacstﬁer PRvicheidr RRLIMEMBNER: | Wireless
ependent o n the characteristics of the menory
commneamOrAsysmm modyr be es@mesDa\nﬁiothlsbaA@C@qgv@Wﬁd system, a

) d |ncre sin cessin
igtel SapEBaR PR Chm g ot Aor g0 by QB 0D P} utiple-
outplhd (VENIOY s9&68S S oftiogistal bR @ERcya didtibhe ﬂﬁﬂﬁﬁﬁﬁﬁ’lg( 20FDM)
menory speed does not limt the processor clock speed.
systire, @ami@gﬁ@a%dreﬁugwt@mswpn@aphﬂw%m&% sysieBy gag so on.
WiEghS PR R0 L CRPR PR EE ke vy receive
pattlogga tta@sthii@afhr ocessors in order t o store
i nstructions and data used by the rocessors. The
[0063ht  daRsitEe Reseoie RS S iy Eed By s padans it fifswystem are
rec?w@& %)eac‘n?_gﬁt%nﬁ@@lﬁehfu't&f’ ﬁlfb%uﬁ d;@kﬁe@ﬁg) $41Q! @ndl §iBlidEd to a
te he main nmenory I's sl ower” nenory
reckventeid (BEVRONDIS. aRdccst/furlast 9lfst:ombth>rt$n@ andiliges ammhfles and

the cache nenor e..of t.he cached
FrefiaG Y S0 OB Eari s AR b giendh “BE e <5PEHed signal, and
enbedded DSP. First, receptlon of high-rate input data
is conplicated because of overhead needed to deter i ne
whet her the data should be stored in the cache
nenDrlesor the external menory. Second, |t - may be




user-control |l ed pagi ng between the on-chip nenory and

the external nenory. A user/programer can arrange to
whaone/102¢3 | nstructions and data required by a PCDUSHSD008373

core to be present in the on-chip nenory well in

advance of when the instruct8 ons and data are actually

needed by the processor core. This ensures that the

DSP can neet real tine constraints even though the DSP

[ t i X .
proled Bbua SR 63 AR 32 0 BFRS: ekt EL IR yemsmmi path,
datpriocles stangmittedt Foihe wireless hievize 08@k so pravded dpdASIC 920 to a

oS OGO S0 Coau R B HCHBY P L OGS Giprfabigs, amplifis,
anc{hfgérf(gjieacyi" ﬂg&&ﬁ%eﬁ@qgg da enedaEdsSMnbauldled%i g Chihk&dis routed

r
an enbodi nent, the cache controlTer has two
thrashsiupfexempidt andutapeitfed M) angemtas)12ttothedehde siedombreck
its,, and.a .c n hit/mss |pgic unit.  Each. address
[008R ¢ AT 2DdPABT G gkt BT wBaR TPy d aieF phrgeestor 922,
a IPSP0R4ShA%Htib HemEst ena] Reshuhat hemosy thak Bo8, NBIDEN internal
address for a nenory access by that processing unit is
contigHeefiQ. yMigropiesessac P2 meybe ypsedrfps ganerahpuygoseayiasessing. DSP
cl des, whi [ ' [ . S o] ¢ IR S
b BRI, e BRI RL 28 M AR o R RS Balble” fyertcaving,
motiiati o ekt @hamdelizidor] i spéara sprdading) filtenvhy, cindi s toag DSP 924
nost |ikely scenario for sone applications, then the .
maj A§onPEEoNH dAk BiRPEssEgnfACEB Rt Ut @2Bote milfgRpe, despreading,
chRARGERFES, FdudARGS l&ﬁlrﬁcﬂe-gpt% CREMM 1 d¥ &RBn). These various
significantly reddte the |ikelihood ©f one processing
opatatidns @ee knowit inethp roc &hs specifiir ploctssingdo be pkifeunah by &bt 924 is
ot her processing unit (e.g...the ntroll er
ea0ei8 s RSB0 SBUBB] PR BiRemaepRerZe Bipraas ddha for the
cadhBRGhH R dvishih WS 904 O)ShafedhESBAL Bih STY TtdrficBE ‘mRroprocessor
processor core operable to perform data processing for

923 hed iDSR GR4t with catheyuimits extemehéo el §2bpdngpiad eentroller 930

tore data.for.the processor [ ey an on-chip
Co’ﬁ@%}?‘% OB%rgP%Ib P%Vé{rhoug PETE™¢ht ‘g\ﬁf?)lg rAﬁlﬁ’?&g ache nenory,
[006HET €iTbritldBet ash onEAB Ithe oferbiibn of ASIChOakml btlesn drli within

onchip nenory for cache_nisses, and wherein the
wirglesg HPYicen@RBr(pot shawn IedlGi P Honatmplicityin dYleraiye Uy 952 stores
009] In anot her aspect,
p“gﬁﬂ?E%Fﬁﬂgﬁggg%gg393§ﬁ%@%§9§82 a first processor
[0068Er allT&:.t D shewk canmeganglasyl dpsippodea pricddessiaviycé an whieh the
. integrated circuit; a se oanproceﬁso q@§h3$le.to d
nnGUANE; GaPled ReBPBE SIS gNF GreHROTTIRERIgiespEpddi Tt Tay b used
Thé B&IHAE NGy RyRRES SRS c4BE LoRPSIIRRhA 4190 BEUEQT M R electronic
data processing, and a first cache ‘'menory operable to
degtasre data for the processor core; an on-chip nenory

rabl.e to st.ore data for the first _gac . .
(OGRET &7 R 0% BatBl o R bR TR gribed herein
malyr ®Mirhplemefite@ i PviRiP Mardvedre GRERE Farseasnpléntle Weashed Mmemory

the on-chip nmenory is filled with data froman . .
systsnp anchedcherepmirgllen mayrbedawicrasaied iglan AE- 4 digiteksignahpiogessing

[ ' r,0€ x
o4 PSP, kb b e SEEPRDR 400 BRSPS sate armay
(FRG A} arbadoltanp piosedsgr, and atieecleomémiobhies. operable t o
handl e_nmenory transactio for a cache. nenpry and .a
1008 on iR uESETBeN ot e é‘hﬂflqse@%m_ O%F‘eat_sd%/l%%_‘led to enable
an}'/"'cep'é?é'oﬁ SHEEEMn HRE RSN EMERN U OLidelind Pedsefll Mhvedntion! St Various
address check unit coupled to a first processing unit
magliftbat pey taitheset ambletiments vélliieaehdity apphiensto ihesmsiilled in the art,
dress.for a firs nor.y access he.firs . .
ond e B8, ingiple® PEmETIRENY e na bt Efbpgimepts without
second address check unit coupled to a second
processing unit and operable to determ ne whether a
second nmenory address for a second nenory access by
the second processing unit is currently in the cache

M T

de;%eg



[0023] FIG 1 shows a block diagram of a conventiona

2-1 evel cached nenory system 100. In nenory system
wao®saz2ievel 1 cache nmenory 140 is the fastesPChus2005/008373

al so small est nenory and is |ocated closest to a

processor core 130. A levell92 cache nmenory 150 is the

next larger but slower nenory. A nmain nenory 160 is

the |l argest but also slowest nmenory and is typically
dephr?ﬁlgtfﬁﬂ*ft%é gt Br s QQﬁ'tl?esmlvé&lc;rpr'?H&ht e%@ﬁt mventlon is not

typfca om access nenories (RA may be
intehadod foctmet le’d1twl tohhd: Bi@bsdiments shalwh hettetrmbutnemﬂvq/ accorded the widest

technol o e e eral ched nor st em may
SCOP%‘rftﬁt:‘téfmg St BeRe Vﬁftaeé%t Gl P Seed
decr eases but nennry Si ze increases as one noves up
the nmenory hierarchy. [0024] Cache controllers 142 and
WHAT? IRQKABVED ISrenory transactions for cached nenory
system 100 to ensure that the correct data is being
accessed at all tinmes by processor core 130. Cache
controllers 142 and 152 al so handle retrieval and
storage of instructions/data between different |evels
of menories in the cached nenory system Level 1 cache
controller 142 is responsible for filling level 1
cache nenory 140 with instructions/data fromlevel 2
cache nmenory 150. Cache nenory 140 is typically filled
with one or nore cache |ines whenever there is a
"cache m ss", which sinply neans that the
i nstructions/data needed by processor core 130 i s not
present in cache nmenory 140. A cache nenory nay be
viewed as a two-di nensional array of nenory cells. A
cache line is one line of data in the cache nenory and
has a di nension corresponding to the width of the
cache nmenory array. A cache line is also commonly
referred to as a block. Level 2 cache controller 152
is responsible for paging instructions/data for |evel
2 cache nenory 150 from main nenory 160. Cache nenory
150 is typically paged with multiple bl ocks of
i nstructions/data whenever the instructions/data
needed by processor core 130 are not present in cache
menory 140 or 150. [0025] In general, "filling" and
"pagi ng" are synonynous terns that refer to the
retrieval and storage of instructions/data between
different levels of nenories in the cached nenory
system The cache controllers performpaging in a
manner to maintai n"cache coherence" (or data
integrity) anong the different |evels of nenories.
Cache coherence refers to the synchronization of the
different levels of nmenories so that no data is |ost.
Data | oss can occur, for exanple, if processor core
130 wites a new value into cache nenory 140 and this
val ue does not get copied to main nmenory 160 when a
cache line containing the new value in cache nenory
140 is replaced by a cache fill. [0026] FIG 2 shows
an ASIC 200 with nmultiple enbedded processors and a
si ngl el evel cached nenory system ASIC 200 includes a
m croprocessor 210, a DSP 220, and a shared nenory bus
258 that couples to an external main nmenory 260
| ocat ed outside of ASIC 200. M croprocessor 210
i mpl ements a "Harvard" architecture, which uses
separate instruction cache 214a and data cache 214b to
store instructions and data, respectively. An
instruction cache controller 212a and a data cache
control l er 212b are responsi ble for paging
instructions and data back and forth between externa
menory 260 and cache nenories 214a and 214b,
respectively. [0027] Simlarly, DSP 220 includes
separate |nstruct|on cache 240a and data cache 240b to

o, . o Y | I T oy I



determ ne whether a buffer used for storing the DVA
data currently resides in the data cache. If this is
wao bwsgeres then the DSP can sinmply wite the iPCDIB2995/008373

DMVA data into the data cache and proceed onward.
However, if the buffer is c2grently not in the data
cache, then the DSP has two options for storing the
i ncomi ng DVA data. For the first option, the data
cache controller can exqgfésl ache line fill to
bring the buffer fromth al menory into the
data cache, and the DSP can then wite the i ncom ng
DMVA data into the data cache. For the second option,
t hel. DSP Aarintegiated difosit (MOeompgisDA data directly to

the buffer in the external nory. [0032] .Typically,. .
t ot BESECTOr £0t8 OPUAblsH e RE VU BRAPHSF S TSIcF B GG G
t he; DMAeGhaniSloperabldlth RRFBAE forlBd Progéssbh@r@phions

descri bed above rely on the DSP obtaining access to
t heare pn@himmmemenp pperebla to Iseors [dataeldr iegroaghepuemeryd wherein the

BB s 802 RSP R RS e, nd

whérefie thePsi6185 SAéBorytib €Nleti NeitiPIRat fydrh Gl ExterdaNOino®® under user
uaranteed 1 nstant access to the external nenory

co -ause anot her processor nmay be using it. If the DSP

cannot gain access to the external nmenory in tine,

then the incom ng DVA data may be | ost, which i s

hi ghly undesirable. [0033] The cached nenory system

al s nakgﬁ it difficult g r. the. DSP to guar antee

conpl et i ORC Gregragt Cirgyio pcﬁ%‘% JPHREreQPLISHE; hi n

spegifdchd ddniBdedgthpRSto Hakdle MBABIY SRnSRHBR] IRHrUBR cache

"pagi ng- on- demand”, whi ch nmeans that ‘i nstructi ons and
meg@ty are only fetched fromthe external nenory when

they are discovered to be mssing in the cache

menories. If the external nmenory happens t o busy when

a cache mhe mtekaEa Sircdinemclhiie2, Pofthat domphRingt al | ed

until the external nenory beconmes free and can be

acceshsat pypmony epbrngo (M| contollersopesabte td hpndle Kt transfers

P conpl ete processing

bﬁg%g?§§f¥$$ﬁ%ggﬁﬁh§m%§%§e%%gﬁggkﬁ%?§lhe wait for the

external nenory to becone free and/or (2) the overhead

and dela%hassociated with perfaorm ng a cache fil

r

| from
t he*ext edhaliniegisdyciryit of claiohe’: pihsiein she M gonerotler Turther
j. . t
P BELVRSNSE TR R REE habudd yb Sy gt HE cpkectcds
m ss. However, these techniques are often only

partially,effective. be e t cache controllers

nor nal | y)fE‘SHﬁﬁ%fa@é“%fgfu Qaim ?ﬁ“ﬁ@?fa“r‘?&‘&’.ﬂs’[“@o34] FIG 3

showsdiRcPhRflorf h@@ERMMA) dntBNQVS ekt ERRARTE SB#FREY of DMA

system 300 that can handle high-rate DVA data and )
datarrscriged tvig at IrasiDere ddviAnekanneletn the aecheomsmeoni ar'sthe on-chip
nwwgggry system 300 i ncludes (1) a cache nenory 340

'0Cht ed cl osest to a processor core 330, (2) an

on-chip nmenory 350 at the next higher nenory | evel
above cache nenory 340, and (3) an external main

: . (3) .
menBry 3d0edtegriedn@utneigpiaim e diejein die PMpgastroller further
opéie§ Widh t?@ PLthY¥ cglﬁpolle@t&ﬁﬁgl@aéﬁ Qah ril?[l%%\lgtg f3fthe RAGLI PR mory.
pagi ng of I nstructions an ata bet n cache menory
340 and on-chip nenory 350 for cache misses, simlar t
o the caghe.nmenory system.described for FIG 1. A DME
con ro||ﬁﬂﬁﬁgﬁgﬁﬁﬁavégt8§§P€b%ﬂﬁeﬁ@éﬁnﬁgﬁﬁﬁ§ bet ween
on-chip nmenory 350 and external nmenory 360. Thus, a
human user/ programmer takes care of paging
i nstructions and data between external nenory 360 and
on-chip nenory 350 via DME controller 352. [0035]
Cached nenory system 300 utilizes a different type of
menory |l evel in the nmenory hierarchy than cached
menory system 100. This is because on-chip nmenory 350

1" I - R SR T 1 ~ o



with the same width as level 1 caches 440 to
facilitate data transfers. On-chip nenory 450 may be

w0 ppbamen: ed as either an enbedded nenory (i .ePCT/US2005/008373
fabricated on the sanme 1C die as DSP 420) or a stacked
menory (i.e., fabricated omi different I1C die than
DSP 420). On-chip nenory 450 can store instructions
and data for caches 440, exchange instructions/data

Wi t 4 AShirMRe 'dpRBR RMEBIdle data transfer
con?Pgﬁ%tqé%gbmaﬁ%egWe DI{/A dalpa,a as descriebeada ransiers
betvedrothie GrOOHIP]mBBE y42@1 ther ¢xhemal meiode svierein nherBME controller
nmor s 448 that cou i nstructi on cache
Cougg*ﬁtt? eﬁil}’IAﬂ‘ZPZ’ér,OHB’é‘t’lé Oégiﬁ\zAéélﬁ?l}ﬁ |l er 442b, and a DVA
controller 444 to on-chip nmenory 450. Menory bus 448

facilitates paging of instructions and data between
on-&hi p Tenmtegrated ciaewit eladéiosS.4dther Memprisingus 448

further facilitates stora of DMA- data .from,DVA
contt Grareft o SosiE, SR B etor s MBhE b S Copjgler, and
the MMM AR@nE6Régned as a hi gh-capacity bus to provide high
bandw dth for data transfers and to ensure easy
accessibility of on-chip nenory 450. In an enbodi nent,
merpry b Lo ‘ : , ,
equng'l t oﬁﬁze @g%été? icﬁg 1? gf Qltggg ﬁ&h%ﬁgl t%&e%é@%rbﬁrgrbus has a
widtie tHak 6 dyual toiadinesn meycaghs meborysed. A bus arbiter 446
arbitrates the use of nmenory bus 448 anong the DMA and
cache controllers. [0041] Cache controllers 442a and
442y cantpa eggaea SicdifBf E1%ﬁﬂ19@n&€inahge5@unéﬁgrgﬂam the on-
little overhead. For exanple, if on-chip nmenmory 450,
chiprerennory bresfald@itedonisaneinbags@ed €iopuitchehe control l ers
442a and 442b have wi dths of one cache line, then a
cache line fill for instruction cache 440a or any one
of data TRERScr4daRitNE oF BRI 4Ovhee the cRekiieiRily laid the on-
as little as one clock cycle. The latency for a cache
chip jmgmory are: fiabriseied dwddidiseeni dategraise rirewit ding encapsulated within an
acecessibil it f ared nenory bus 458 and
R:8§%% %éF“%Eﬁ%’%ﬂ%%QS“?QO42] DMVA control | er 444 coupl es
to cache controllers 442a and 442b and internal nenory
bus 448. DNVA controller 444 has L DVA channel s that
canl?-eceAVEBIrPlPHHPPAREIS[HOMMEEINE: f r om ot her processi ng
uni t s: P, al to ASIC 400. In general, L
can&%glé%%égg#ggg¥kgﬁgﬁ%r greater. DVA controller 444
handl es tlpepcsssor agre operabMAdpeefome dah pedtessing, t he DVA
channels to either cach 440 or, on-chi p nmenory 450.
Uhenever 2 SXBRANSRIRIGPEI® & o fHS 4 IRAOBEAPY Fefe. Add
recei veday bAcRipRi¥émeRadpeedble fd\iore aith t&H the tadid4memory; and
ascertains whether the sanple(s) should be stored in
i nsen exteinehmesawine operdbledp stme dah forrfbe @atchifcaermaery4 yiiprein the

AR oS TR T, B SAek s, nd

whaiei @Rer draétep GasineryGie illedl With dafadfedin Cigc bgeanid&xhbsr under user
442 mai ntains a cache tag RAMthat stores the |ine

condeplir esses of all lines of on-chip memory 450 currently
stored in the cache nmenory/ nmenories under its
control. The queried cache controller 442 checks its
cach® t aGh&ahtdretcd eacuit of tleine 42, Hertharcemlpesing: accessed

by A controller 444 1s currepntly in cache 440. If

et disammemary fesss (DNEN urotaeBiIGR Rl Sopgpst DMA
dath NEcdAMY SRR ®laS) oh TSMBN BN &RRBIE kD hAL Eachf ZmeBt-§ Mot BRN on-chip

wites the sanple(s) into cache 440. O herwise, if the
mepwehe |ine being accessed is not in cache 440, then

DVA control |l er 444 provides the DVA sanple(s) via

internal nenory bus 448 for storage in on-chip nenory

450. [0043] On-chip nenory 450 ensures that DVA

transfers are not stalled and DVA data is not |ost.

This is because DSP 420 can always wite the DVA data

into on-chip RAM 450 rather than external nenory 460,
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obtain access to cache controller 442x if there is

contention. For sinplicity, FIG 4 shows DSP core 430
wheisgoeoupl ed directly to data caches 440b t hpemyiS2005/008373

440x. In actuality, DSP core 430 couples to data

caches 440 via data cache czintroll er 442b. [0048]

Control unit 520 perforns address checking for al

menory accesses of cache nmenory 440 to ensure that the

corgect - kg seg at all tinmes. Wthin

congfol %%ﬁ?ﬁ %%gQgEg%gﬁgﬁﬁgggRAM 524 keeps track of

whi g hfitst escdssort operablectt perfermr gergra-mupase npiocessiog eir the
._.in cache nmenory 440. Cache tag RAM 524 stores a table
ntegraled ei5iihi ns a tag for each of the cache line in

CachgeARADFIce&HP opdiblet8 Pefithin 826G PréReHLe tdrMee integrated circuit

i ndicates the specific line i the on-chip nenory Deing
andinoludthgi n cache nenory 440 for that cache |ine.[0049]

The size_of a cache ne y is.typj,ca much _smal | er

Chan_ t he? iosBssir coth abBBieyp BBl ekttt py

there ar gfip@RY¥cHA&h&ly&®peiadRSoistoré (8ta @6 BB pHcaBE®T bre;

that may be mapped to each line in the cache nenory. i

As @hoBxhippmemorhepesable fip store Aafayortie st oashr NREMEEY.j rherein
theptteachE ey 385 VRN Kot BE A iinn] Rirsenmisses
and @hfieinsthe bfi-cagciemanhie filled evithatztafrom 48 extarod memerny tivéer user

on-chip nmenory woul d contain 215 lines and the cache
OTHEY woul d contain 29 or 512 lines. Each line in the

cac e S HRM6rE Mhs ROupBENtid Rd MY @cdndiploccdohe tbi ME external

address. For a direct mapped cache structure, each
melmong i n the onchip nmenory can be nmapped to only one

line in the cache nenory, and each line in the cache

menory is associated with a 6-bit tag that identifies

t he 15__peci1“f1é @nt@glﬁte@fcilkﬁi‘@ o2 cR@s S hheldim @fe éeﬁoﬁchﬁ)rocessor further
~on-chip nmenory that i s currently stored in the cache
inclusivp pyse¢and qaghe meeadiy oppiable PotorgAnFusHynS B the yesesser core,

a .Stru re, ' J N -chi C .

an YT obe i, oBRE g B e e R, R SR Tt AR on-enp
mefMpfor.ca¢¥dbl3festFl G 6 shows a flow di agram of an

address checki ng process 600 perfornmed by cache

controller 442x to determ ne whether a given nenory

addijgss ‘?ﬁ{a Dl ASRATHRHt OF Rfyim! B %Je}eimgexo&ﬂgﬁs&%aqr further

is currently 1-n cache nenory 440. One processing unit
inclwedes her DSP core 430 or DVA controller 44-4) is

sel ected for access by cache arbiter. 512 (bl ock 610).

At ar got Arfory 8 dar et Kper o R b it S38at g for the
firRCAIRIRAGyuUni t by cache controller 442x (bl ock 612)

and parsed'to obtain a target tag and a cache |ine_

addr ess @lseesol caahg)conprgten ngrablaioptaadigasempiydennggetiens for the
Sey¥&@ ﬁ@e gi&gct mapped cache structure, an 18-bit

(%Erg%i ﬁ%ﬁ%ry’address can be parsed into (1) a 6-bit
target t aglidfeor meshobyaddass MBS tcostrgifirfdpesidle ol aandié storage of
t he target nenngé address and (2) a 9-bit cache line

DM dleissisceivichia aplpastioge PMbxghapped 2t0 Hhedlitst Gachmmepnewy, g second

ef.. Ty The tag stored in cache tag

(m%$§?%%%9f%fﬂ? ecgggﬁgﬁﬁsﬁgugddress is retrieved (bl ock
616) . The diteot exbni@yg déxsharpen(lMi) aoedolgraopesibleh® handle data
target ta block 618). If the two tags are equa

o Betyhl i ragip PTG a0 e NGRR3R ¢ han &
cache hit is declared (block 622). O herw se, a cache
mss is declared (block 624). Miultiple tags may be
retrieved fromcache tag RAM 524 and conpared agai nst
the target tag for the Mway set associ ate cache
structure. [0051] Referring back to FIG 5, cache tag
RAM 524 stores the tag for each cache line in cache
menory 440 and is continually updated whenever any
cache line in cache nmenory 440 is replaced. An address
parser 522 receives the target nenory address from DSP

A NN o R AA .
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processing units to sinultaneously access two nenories

at two different levels in the cached nenory system
w@amheoont rol | er 442y may also b e used for PCT/US2005/008373

i nstruction cache controller 442a or data cache

controller 442b in FIG 4. ®®r this enbodi nent, cache

controller 442y has two sets of |I/O ports 710a and

710b, two address check units 720a and 720b, and a

co n h .
[t ot acont fiERagREEu Dt sl e, SipRin BRDMY (Hnuiiand the
DME tchntoiker cfmmktarcdphmte With the Sirdt/a0d pedcing cﬁ&lﬁﬁooorﬁd«ﬂﬂasso maintain
check unit 7 rforns address. check for E>SP core
data Fegrgy 4ot B¢ %é“ A fa eP%?@@?*nenDry address for a
menory access by the DSP core is currently in cache
menory 440. Simlarly, address check unit 720b
p e r f1&r s Thel drtegysted lvackit 00 claDivi 6c orieredd Hher sedeint] tpoocessor further
term ne whet her _a target me oy addr ess f.or

inclideSa 345y FRTPHRUT GHEIDENT OF ShIRRTRNSY (et Arfgecond cache
corlfRIMRLsY afid @he DRORGInERA, afldinRRcik Wl@bl\mlcbnt?@ﬂer couples to the

i ncl udes an address parser 722, a cache tag RAM 72
DM goatrelinmyir ened?M7g@ianmr  each address check unit 720,

address parser 722 receives and parses the target

menory address fromthe associ ated processing unit

(ei ther BORAneRERed 3Rt cOPrisiagta @lchecoddd)er idperablBeao handle

target tag and the cache Iine address Cache tag RAM
memAy HABACURY foha caghsr BEmpLyatdhR S%q?e EREOPRAY |3f RO different levels
of RALHES Fre {é2h Qhe (e CORPGHIE At O €d L ag

agal nst the target tag an prOV| es t e conpari son

r esalfirst addveds/ cliesk dnd:go;cmpﬁﬂui to ﬁZﬁTst pROERngHubi/tmingk operable to

I C un ncl udes cac iter that deci

o) 2
deriitar, VFotsse g QI g dRdrat dos e T5t dHPEMImesTors. Ddpe st
rdcealﬂgqﬁﬁt@@maﬁ1yaﬁ%@édcﬁen@§i%ryore 430 desires access
to cache menory 440 and DVA control | er 444 desires
accesecand addreshehgckuni cpuplgd to F¢aond peoressing indi @dtceadrable to

DSP .cor e 430 ncounterln cache hit and

Cletg%/gx};I i gihle%rer 33908 § QETAry Iald%rg t%é F]cond memety Cf:ﬁ%S ‘%y the second
ProReRERSutYi€ bemredtly ih MhScaehe fentviry/aidss | ogic unit 728

can accompdate both nenory accesses sinultaneously

so fhegic pep cewpled athedifst andeesend addiessiibngl ynigs@ng m@erable to

4 [

ha R ey b 01 M FSF 300 Qe BB ek 0 Hy M Hit and
smbhepﬁmequ@nﬁyﬁl|keI|hood of the DSP core stalling due

t oDMA nenory accesses. [0058] Hit/mss logic unit 728

al so handl es contenti on between DSP core 430 and DVA

conbpol | ghe HiderafelreiRUAR caiml 19, BifeleiPBhe A EUHhRTs ¥prable to

DVA control I er 444 desire access to the same menory,
allowdhe Fist /prdcsssin®giit tapccesy B8 erghe atdngwy and tiod seh@d processing

units to acces and st al
unf3 3 S B B Sl P ek, P ks R B gt o
cadh@ heamb ehd ' RABEY prddéshidtun@mesiies 8 cackeagRe M ss, then
hit/mss logic unit 728 may stall one or both
processing units. These two scenarios are typically

Iow robadl I |

| mpdEt o g heBUERER 3R ERCES R cBul ARSI second
add28 chkdounimiindladess cache tag RAMs 724a and 724b for

addres check units 720a and 7 respectively. Cach

tag? %@eaznﬁaseaﬁaer?@&ﬁo REe g‘éf é &e%%eéamf HEEHEH &é’ﬁqu§/ t0 obtain
ata}gét t8 SndPERKE Hnd hibdsaneousl y. Hit/m ss | ogic unit

7 updat es both cache tag RAMs 724a and 724b whenever

the contents of cache nenory 440 are updated, so that

the cache tag RAMs are current and synchronized with

the cache. \Wenever a processing unit encounters a

cache mss, hit/mss logic unit 728 may stall both

processing units in order to fill cache nenory 440 and

updat e cache tag RAMs 724a and 724b. [0060] FIG 8

shoms a flom1d|agran1of ‘a process. 800 perforned by

_____ oy




G obal System for Mbile Communications (GSM system
a nultiple-input nultipleoutput (MM) system an
we@edokogannl frequency division multiplexing (QORCIVIS2005/008373
system an orthogonal frequency division nmultiple
access (OFDMA) system and 30 on. Wrel ess device 900
is capable of providing bi-directional comunication
via a receive path and a transnit path. [0065] For the
recei, [ S
t horeuReREt RancBAbE GV A0AM A Lefhble RERALERL B8 ailfess, the
stotehlr tay ghluamdg [@llarxdn af B)(teﬂihllmeamdy pumantlyestotral & the cacheenemory
nit (RCVR) 916. Receiver unit 916 conditions (e.qg.,
mth??%éwénwéﬁ%m$$@e§ and frequency domnconverts) t he
recei t 0
andgré(?\?/l?p edst&g g{v%raglgﬁ% % ré glﬁe ?A% C ngag %P§Hf g{r&?h(e)fed tag and
proyidec @s gidigptiofraf & ba&sht rmaiss o 1a qahd hitdat &ht didse or second memory
d ransmtted fromwrel ess device 900 is provided by
dG”SC 920 to a transmitter unit (TMIR) 918. Transnitter
unit 918 conditions (e.g., filters, anplifies, and
frequency upconverts) the data and generates a
nmodélat e\a/"hg u@tnenatedvmricuﬁ of slaimudle wherpin fgh fdepaed egcond gddress
nsm nna 912 to the base stations.
Che[cgglé\gf%r §p&%a%eégm¥1%%eln ecPe “various units such as, for
exanpl e, a mcroprocessor 922, a DSP 924, an on- chip
menory 926, shar ed nmenor and an jnterna

928
ConBso1 | She FUOETARKISHI O8 ELSBr 2% 33Tty LhE CAGRAILAEGRAMS for the
firdd &R0 ?EJCQH&” 8re§s Qﬁ%eﬁﬁl'tsn Bre \E’)@P {2 Aol RY-rRF 8{) Wh@hé’\?yr &he cache

processing for the transmt (e.qg., di ng,
menmtre i fildad wigh dare dronathe second aatsmatfiannel i zat i on,
spectral spreading, filtering, and so on). DSP 924 may
al so performdata processing for the receive path
(e.gq, fiTht @ﬁﬂegﬁteddﬁﬁﬂ[tecﬁ@lzﬁﬁm 16 \RAEh Bt Qe controller further
denodul ati ng, i nterl eaving, decodlng, and so on).
incliisse vari ous operations are known in the art. The

e AT AR TR M

926 apesvhiddesofdad poftOfor ilterf&RaH ehaBROBId |8 Bocskdig AnfdSP
924. Shared nmenory bus 928 interfaces m croprocessor

922 and DSP 924 with other units external to ASIC 920.

var Paus. Arocke@siif of O 8 Suben BE LACRELry 1 0 tovel

me@ildy and theaksoridnaeraperiat loel DineAfsh Cihe c&mﬁe@tﬂmory Isys:teSm.
wthin wireless device 900 (not shown in FIG 9 for
sinmplicity). Menory unit 952 stores program code and
dat Q6useq“h9¥nt€§i@¥e'd@nlc§ﬁ of éfalm [190GBErefd Bre %c%ﬁ@‘fﬁerﬁ‘&y is an on-
exenpl ary design of a wireless device in which
chiprmematyi, whersa Hedcackeroremosy &t Bhedawith cath dranrhe omcerp memory
descri bed herei.n may be used. The .cach npry.system
for 81%% IISRES @Bﬂtvytbqrelg¥h%1§,—clip Jhemary is 2131e%wg$hc§a}f¥ frONT 4y external
nmgkﬁ?hﬁ&ﬁu@mdﬁMhﬁps [ 0069] The innovative cached
menory system and cache control |l er described herein
may be inplenmented in various hardware units. For
exanpl e, d S tLok o
oy o | OPRERRRE RIS Ry T8 Hsf Bl Phnic i o
praeessoe svird1 @nd alie cecddSpiresstmgp unigriardhbet Im@gnorydeviese (DMA)
(PLD), a field programmable gate array (FPG), a
coptgpllerol | er, a processor, and other electronic units.
[0070] The previous description of the disclosed
enbodi nents is provided to enable any person skill ed
in 2Be art methordwi dawHingseemdry tpmestnts {enenadhed memory system,
Var.i.ous nodifications to these enbodinents will be
COPBHEMEY apparent to those skilled in the art, and the
generic principles defined herein nay be applied to
ot her enbodi nents wi t houtdeparting fromthe spirit or
scope of the invention. Thus, the present invention is
not |ntended to be I|n1ted to the enbodlnents shown
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a processor core operable to perform data processing,
a cache nenory operable to store data for the
w@e@sasrRey core, and an on-chip nenory oper abl BCT/US2005/008373
store data for the cache nmenory; and an externa
menory operable to store da2®: for the on-chip nenory,
wherein the cache nenory is filled wwth data fromthe
on-chip nmenory for cache m sses, and wherein the
on_ . . .
oty TUNRET Rethet o et Bt MR ol L AT rPnR A o
proo¢ssmigainin i 2urrénihytih@rcacloampemsiyg: a di rect nenory

access (.DVA) controll er, operable to_handl e st orage of
G B eSOt P B0 s EUA SEHERR T Vieess by a
secbA¢ Bl%_c@é%ﬂ%r DhitaE chifentANnGhd PacHB MRMIbriAndAn | ntegrat ed

circuit conprising: a first processor operable to
per flbywing dhe fizdt 2pdrspewe peeseing iungs toronchardntiyeapcesseie cache

circuit; a second processor .operable to performdata
mefiob dhdin GoFf SRRy ricsar Al E Pesre RRisyl b ayPopnters o
cacBE AfEHROthe GREGhOPRLaRlm dfdt PRILA® 4 Rechdahdss, wherein the cache

processing, and a first cache nenory operable to store
megwia ahéthe peeopd deuiBeyT are gReMongs Hrivendiffermippleyels of the cached

to store data for the first cache nenory,

nm&ﬂ%i%&hg%he first cache nenory is filled with data

fromthe on-chip nenory for cache m sses, and wherein

the _on-chip nmenory_is.filled with data from an i
ext &7 nal Thgﬁ%ﬁﬂ}/octﬂﬁé M sifin e deiriniig it earBrfr e first
an(péé%owhﬁeﬂop}ga&d?&sééfnéf ghd second processors to the

d
external nenory. 15. +%e integrated circuit of claim
14, pwhiage¢hememorsadiyess tp pbieassiargef tagtand a Gavhe dicke siddress,

second. cache nepmory _.operable to i nstructi,ons r

* ne SHPRERSE Groterey SARG e dneelod TARE SucBR (BB additss, e
stofBRIRE Wndidatihik lal1BE iMMah Rxtensd] hiégidrP 08BNt AR BNthE Rhdhe memory

menory for cache msses. 16. The integrated circuit of

at the gpape 1me adévepend t he second processor furt her
i ncl . ' . tr
oty PR bk Kb Ry AP Rl PoreEfae ST BRATnt RGP LR memory
addressancureatlyen eidache hemopper abl e t o handl e menory
transactions for the second cache nenory, a direct
menory access (DVA) controller operable to handle
stosage Fhe P AAIGACH) Yethe bimfisih@ast one DV
channel to the first cache nenory, t second cache
menopdatingfirsthandosecoid paaire rog RAMS) dised th deetrmimenwhgther the first
xchange (DVE) controller operable to handl e data .
and ST B opL BN R I HCHE FBHOFY: MHFCTRE tBstighs gomory is
fi118 3 Mafth Fronk IR dc0bR@fRhREy.Ci rcuit of claim 16, wherein
the DVA controller and the DVE controller further
operate with the first and second cache controllers to
mai Rt ai n ' I.1 r.th L .st .and second cache
roral eo 1 b S¥Hs, Rl oG C) 3 16,
wheifeh@fitsh end sseond processagsaiits fbdth diebuttacdaugeshia, second
menory bus coupling the on-chip nenory, the first and
second cAYPRINEAHESHePecesaing Upiibioagess éie catheeremariy and
wherein : gﬂ% I ples to the DVA
controllgﬁﬁgﬁa oﬁgﬁékﬁcgﬁgﬁ%@ﬁi 19. An integrated
circuit conprising a cache controller operable to

handl e nmgnory transactj ons for a cache nenory and a
secghd ggﬁdﬁéa%T“¥ﬁﬂnﬁﬁmﬁerent | evel s of a cached

e MB{e¥nSH6 USRI minDE: GRERE £8A iRhopy add?eds i@t ity access
address check unit coupled to a first processing unit
by aiistppegeating unip isqaureently frea odvbe memaryf i r st nmenory
address for a first nenory access by the first
processing unit is currently in the cache nenory, a
second address check unit coupled to a second
processing unit and operable to determ ne whether a
second nmenory address for a second nenory access by
the second processing unit is currently in the cache

M T



26. The integrated circuit of claim19, wherein the

second nenory is an onchip nenory, wherein the cache
woreowong12is filled with data fromthe on-chip nRODUS2008008373

cache m sses, and wherein the on-chip nmenory is filled

with data from an external z®enory under user control.

27. The integrated circuit of claim19, wherein the

first processing unit is a processor core and the

sec YA

confiPayteP BESEh A Bhiny ofhl Gt RIdte 32624 Sl Bhemory
accersajysasebbmproﬁensm uhitd i ewtrenelyan jmaeqasirmmlemory, and

npri si eter n|n ether, a first nmepory addres
f or méarfsl f?%lal %é’gg sgsPng HrP‘reétS“b‘% BUES'S, %Cﬁ‘ﬁ?‘%tfy access
[ y r | {fg et
the e a ) 3‘*@338&&@?‘?}?@ B g i, G e Ripoding unic
enceentersch q:Hchc hﬂsund gheusﬂcbnd proccasmnmlltyencmmtﬂes g &atte miss, wherein

nmenpry; i rst and second pr SSi
the B T L A o 00 i a FRHES RohBh R el of o
cach8F ARFhoIEBRESm. respectively, if the first processing

unit encounters a cache hit and the second processing

unit encounters a cache miss, wherein the cache nenory

and NERLE 8 e2lnd [

I eve% S o?ﬁ? %%gcac ?}I)élrérleﬁnrnei?’r2 \% syé i ﬁle %be h& éeft%er?rxﬁg&gffor each
of Bk SirdNand sed&h&ﬁzﬁrﬁbr&hﬂdﬁ&ﬁe@[ﬂ?ﬂdﬂemg f or each of the

first and second nenory addresses includes parsing the

e nBiC§Nsa P MBEsing @eo@F@PW aldressfatobiat) akerest @gcfwé 3 cafhe line
am? ress obtaining a stored tag froma cache tag RAM

or ' the cache line address, the stored tag indicating

a | nmens forambtainh'gr aatored tay jroourranhleytagt RAM fon theheache line

ach ry at the cache |ine address, and conparing,.

addiRg. g, YE0 Fag AERRE & e eMator B B0 BRI R Stored in the
cacrre%{eﬁrﬁrr tahﬁecﬁéﬁer%eaa@dreessenas currently in the cache

nmenory. 30 The nethod of claim?29, further

conmeam fog coupdlang the thiges tagsagdinsethon storesctag to algteRaie, whether
the used gete %h g mtg c:thhe first and second nenory

&H%P%?é@- 37 & THR catcRE ﬁ@%@%?y whenever the cache

menory is f|IIed with data fromthe second nenory. 31.

The method of claim28, further conprising: if the

fird¢ andh %é@?ﬁ@u%ﬁ)@e‘@%ﬁhéﬂ%@ﬁm@m&ﬁﬁ%ﬂ&ncount er cache

hi t thear? leo? )ﬁoggch fta% %ME o&s%ﬁ Stl) ng tgﬁhﬁqé v(/l?etﬁﬁctﬁé irst and

t he"cache nDr e oth processi
second tmendéty adidredpggsadratinshe ongiei memgry, rm/aescvfeo rthe cache memory is
dete ether a first nenory address for a first
ﬁuﬁiWﬂL 5@%@% e MPBPTYr ocessing unit is currently

in a cache menory; neans for determ ning whet her a

second nenory address for a second nenory access by a

second processing unit is currently in the cache

menory; and nmeans for allowing the first and second

processing units to concurrently access the cache

menory and a second nenory, respectively, if the first

processing unit encounters a cache hit and the second

processing unit encounters a cache mss, wherein the

cache nmenory and the second nenory are nenories at two

different levels of a cached nenory system 33. The

apparatus of claim 32, wherein the neans for

determining for each of the first and second nenory

addresses includes neans for parsing the nenory

address to obtain a target tag and a cache |ine

address, neans for obtaining a stored tag froma cache

tag RAM for the cache |line address, the stored tag

indicating a line in an external nmenory currently

stored in the cache nenory at the cache |ine address,

and neans for conparing the target tag agai nst the

stored tag to determ ne whether the nmenory address is

currently in the cache nenory. 34. The apparatus of

cl ai m 33, further conprrsrng ~means for updatlng cache
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