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'SELECT BA 5 This disclosure generally relates to le&Tt"éﬁOl/s?Sdﬁal

‘processi ng and ot her processing applications, and specifically to a
programabl e bank sel ection. of banked cache architecture in such an

gnec
processing and ot her applW :
filters, inmage processi ng— = - . A gltal srgna
processi ng applications are often characterrzed by real -tinme operation,
high interrupt rates and intensive nuneric conputations. In addition, the
applications tend to be intensive in nenory access operations, which may
require the input and output of |arggceRyup es of data. Therefore,

characteristics of digital signal processors nay be quite different from

th t h that, h , in th
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separ at e, Tndependent program a IF€éS S0 two nenories

may be accegéeﬂfibamtts;a%wts Progtifmabled b%n;?Et eg%u% 1 ¢ %5 led

PCT/ USO /10573 digital signal processor arc re permts

i nstructi osaghd apchpeedttired e fRIChEH fiANJRMGY, in a singl e clock
cycle. A nodified Harvard architecture utilizes the program nenory for

storing both inat digtitels sdrthalpeiRittsddy ATTHVE &S a fddcIBIDEYrpose
utilization. Thus, the prograntand dat a

10 computer that is designed to optimize performance for

digital signal processing end other applications. The *
applicatione include digital filters) image processing and
speech recognition. The digital signal processing
applicatioﬁs are often characterized by real-time operation,
15 high interrupt rates and intensive numeric computations. In
addition, the applications tend to be intensive in_memory
access operationg, which may require the input and output of
large quantities of data. Therefore, characteristics of
digital signal processors may be quite different from those
20 of general-purpose computers.

One approach that has been used in the architecture of
digital signal processors to achieve high-speed numeric
computation is the Harvard erchitecture. This architecture
utilizes separate, indepeodent program and data memories so

25 that the two memories may be accessed simultaneously. The
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Jrenories are often interconnected wi-th the core processor by sepa@r 0:SEP 2004
progr am anglo@abssobuses. Wien both instructions and- operands éﬁﬁk&huﬁ?ﬁ
Stored in the program nenory, conflicts may arise in the fe?c ing so of
instructions. Certain instruction types nmay require data fetches fromthe
program nenory. In the pipelined architecture that nmay be used in a digital
si gnal processdral tdigrtl feiedsdeopi¢Rt Byradei gé&fnﬁ.'ﬁbi an %swiu%ttiﬁcﬁ? |
may conflict with a subsequent instruction fetch.Such conflicts have been
over come | @mngk iasr apdratid)italbeifmathed ofesmonsmbyypiavhdsiagaa i1gdrict i on
cache: Instructions '"that conflict with data fetches are stored in the

i nstructi ofYsdehe ddiedif fed Frvdrdnatrbbitestuvet wenldizeke tha. ﬁ)&'&ﬁ%ﬂiﬂent
occurrences of the instruction, during program 20 execution. Although the -
nodi fi ed HREPRRY &rhitwring hethl instoagthonsoandi bheannidss touaiddreeache
provi des excel | ent performance, the need exists for further enhancenents to
t he per?orﬁ%ﬁée“ﬁW‘ iYL F kP pr oERYS or 5he| prparemcangr dage i ncreased
conput ati on rates and en@gpced,co utation performance of ‘the nenory system

can provi dETRFARARERES Qr-en gt BRBCSERMRRYRAERSr BPKE PEFocRS SoedBnt
ooy coufTEE AL ARPHHTE HbARSOPUSIPY cache menory having & first .
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and cache griteHwifbrRIGLSSraf fehdryecond Lagl PR ilky addr ess map
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‘in the second bl ock; wherein said first region and s second region are

cont i guous aregiidfectiurd hehad diep ShavpseBRLEF aDESGREET! V@l 1THEJRANMNSS 15
Di fferent” aspects of the disclosure will be described in reference to the

the data fetch required by an instruction.of .this type.may

Sugh, .

15 conflictes have been overcome +in prior.amtsdightais;

conflict with a subsequent.instwustivrn ety

8 kgnad..
processors by providing an instruction caché: Instructions-
“that conflict with data fetches are stored in the
instruction cache and are fetched from the instruction cache
on subsequent occurrences of the instructionlduring program
20 ' execution.

Although the modified Harvard architecture used in
conjunction with an instruction cache prbvidés-excellent
performance; the need exists fér further enhanceménts to the
performance of digital signal processors. 1In particular,

25 increased computatidn rates and enhanced computation |

performance of the memory system can provide advantages.



acconpanyi ng drawi ngs wherein: FIG 1 is a block diagramof a digital signal
processor (DSP) in accordance with one enbodi nent of the present 3 Avsaft 8Q3h;
FIG*2 is a block diagramof a nenory system contai ning two super-banks z o
‘according to one enbodi nent of the present invention; FIG 3 is another
enbodi nrent of the menory system show ng the mni-banks; FIG 4 shows a
cache address map divided into cont isg}mgf ﬁgm)ry regions of 16 kil obytes
each according to one enbodi ment; FI ‘Aé: ws a cache address map divi ded
into contiguous nmenory regions of z s 8 negabytes each according to one
enbodi nent; and FIG 6 is a programmabl e bank sel ection process in
accordance wit h Aaeordingdel theenveseat inyvenrtion; Bens pravidastd ostemDEoPAIsHIy: a

DESCRI PTION_.3 o A processpr' s nmenpr V.St chi u

ot o 11 cant CGRiReRER A RERE pnBElRb B SR BIORSR e SRR Wt
executi on Ohavind 4 Fifdt BIoRRAnd @ el dl&k; Where3aid fivktibladkOandBafdlded&flblock
PCTI USO01/ 10S73 operations requires fetching an instruction word and two

data words fesriskgrly spid carespTagsseor inSEEYRYAS Wyrdlow subsprtally di gi t al

si gnal = pr OCSﬁﬁlﬂaﬁe&?ﬁg&a adocsdd %P&{i&‘é&eg‘éocte?s%tl%%&%sé Hlaﬁ‘%@é&gﬁ LRt

i ncludi ng nulti-ported nenories, S separate 1’'nstruction an dala nmenori es,
and i nstr uctdgiun aasedso thedirstidpek, tndra kédopt eeggormmibapaaeto tise sveomd hloelgcesses,

digital signal processors, use multiple on-chip buses and nulti-ported
rre?mr i es. gand a Eelector operative to cache datg. having an ad(?ress n saldeg.lrst region of the

10  address map in the first block, and cache data having an address in said second region
of the address map in the second block; wherein said first region and said second

region are contiguous regions in the address map.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Different aspects of the disclosure will be described in reference to the
accompanying drawings wherein:
FIG.1 is a block diagram of a digital signal processor (DSP) in accordance
with one embodiment of the present invention;
FIG. 2 is a block diagram of a memory system containing two super-banks
20 according to one embodiment of the present invention;
FIG. 3 is another embodiment of the memory system showing the mini-banks;
FIG. 4 shows a cache address map divided into contiguous memory regions of
16 kilobytes each according to one embodiment;
FIG. 5 shows a cache address map divided into contiguous memory regions of
25 8 megabytes each according to one embodiment; and
FIG. 6 is a programmable bank selection process in accordance with one

embodiment of the present invention.

DETAILED DESCRIPTION
30 A processor's memory system architecture can have a significant impact on

the processor performance. For example, fast execution of multiply-and-accumulate



Enhanced perfornmance of the nenory system can be so acconplished gsggp 2004
single-ported menory array having "nmulti ported" behavior. Parall el
~accesses tWOOMTi6opl e banks can be perforned by providi ng copétmdopiyse f ast
static random,, access nenory (SRAM on chip.. Alternatively,the nmenory
system can be configured with caches, which provide a sinple 15 progranm ng
nodel . A block diagramof a digital signal processor (DSP) 100 in

accor danceopetiatdipnse Heortiines fdtelimgrasehhstisetbour sord shawkvidh Fl G
1. The DSP is configured in a nodified Harvard architecture. Principal
conponent s 982t e Eymn mengry de ok espgtestostt0etian by€lpr.ocessor

| 04, a mem)r{ﬂ system 106 and an external port 108. The core processor 102
perforns t ¥ iBYPRehe REReHPeEesEPRY) f uaet RoverdetyheDSP 100.
-The 1/0 pr%ce sqr_|104 control s external, K comuni cati ons via external port
108, one oF STOPEREH §i° ACKAR HhiF ontReludbre Mhkippprsed memcgipsep
2004 (0] /Sé3607 PCT/1 1SA /10573 r;l'&e DSP 100 is confi 8ur,ed as a single
monol i thi c SPREEGES SFHRUHIOR a0 ARF2IPSUPEERE; #RE ABRbEYCEiQem Z06

i mpl ement at uppert s..f he SRAMbhas nodel .with two super-banks of 16
kilobits e%@%ﬂfa %r' a(&{ootss a‘t‘]tp e imf(ﬂﬁ%f? ss.lrgulrﬁ%‘g%o’tlﬁomgﬁ‘ gY- BEARE IS nenor y
are access (Wat) sl.y. 1 I . Support the core processor

r equi rementa gg‘i Ig!tﬂ'etrszr?'g{ln %\l}el%%d%asc%g%%] L?%ée:stguis'gbgg-gbaﬁng&gn%blge@orﬁq ured as
cache Memdgy A -Portle dTREBMY- UL, 120 i nterconnects the core processor io
102, T/0 processoOr 104, and nmenory system 106. A second nenory.bus 122

| i kewi se intercqQnnects core processor 1.02, 1/0O processor 104, and menory
system 106. In %g'ﬂ]f’@ el WManeR ¢F rshe BABPYYLEYSERD §7@ B% second

pus 800 aeronRyS SR, ) o fi fe bk T e Redatyn por ey having gl el
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us and anig g[eg}a%g?&ég rﬁ%ﬂl&ﬁ? .é'éﬁf:rﬁﬂglaﬂ.d@? B! %t%éf&%sart.cﬁé 0

parallel tran ornmati on. e Ccor e’ processor i ncludes a

dat a regi stRkeldd @d OfdTEM 0 fipsg DG Y, AUS q'{éﬁ e second
nmenory bus 12§-ss_l_ﬁpe_m§‘§;[1§. regi s)fg?ﬂf?*gﬁmpk%eg%%%%}gﬁgﬁi %%(péara %‘%ﬁ}o a
mul tiplier dyd2edGaa B | ddWBl derd@o Lt HNEhakiis(Dvict3 b ek d M bd Db L
132 and the ALU 134 perform WO~~U / 75607 single cyclé& instructions. 3 0O
S E P 2809 probradnmlinkd el . .

A block diagram of a digital signal processor (DSP) 100
in accordance with one embodiment of the preéenﬁ disclosure
is shown in FIG. 1. The DSP is configured in a modified
Harvard architééture. Principal components of the DSP 100

20 are a core processor 102; an I/O_proceséor 104, a meﬁory
system 106 and an external port 108. The core processor 102
performs the méin compﬁtation and data processing functions
of the DSP 100. The I/0 processor 104 controls external
communications via external port 108, one or more seriél

25 ports and one or more link ports.



The parallel configuration maxi m zes conputational throughput. Single,

mul ti-function instructions execute parallel” ALU and nmultiplier opdr8kf a8
‘The core pWo&HESE7 | 2 further includes a first data 5 addreﬁé.r g@ rg_} or

. (DAGD 136, a second data address generator (DAG) 138 and @ &9 h
sequences 140. A bus connect nultiplexes 142 receives inputs fromthe first
menory bus 120 and the second nenory bus 122. The mnulti pl exes Z42 supplies
bus data to dat &heRIPIBsLyentsatonsidorddbas 1385 lgomgﬁglgeﬁgram
sequences 140. The first data address generator 136 suppliesS-a aresses_ to
the first neHRIFahad 1‘2¥J¥Ctrhb-'setdndndaétabadﬂméﬁ’é,QEHérﬁéﬂbr%?’Q EEQﬁ' i es
addr esses h'cqaﬁ]he econd nmenpory bus 122. The core processor Z02 Yurt er '

i ncl udes a “?’éi'ﬁ“?‘?)‘ht‘l‘%l%lacﬁlépnﬁntsotﬂmecSRAlMt-Ba,*séd Roadnagy sgapgaces 1.4
The instru%g Q0 _Z)a(}g(ef 1%01:2 fetches an instruction and two data val ues. The

i nstruction Gache 1 oF ¥ kb JetioRitn each HotyattetabsbEushi ROSoWhesEe
instrucgi o&ﬂe%c%confl i % VYiith dat a accesses are cached. 20 For sone '
enbodi ment s, t he SHRF LTINS SO & ey crre Haceasdedr shintu2eatieousDywhi ch
the first ggmaLy.b c%{ transfers data and the second mermory bus 34
transfers both I nstruct] ons %LFRP%Fat?hW‘t’q’F%e‘b’é?%%%mprogeqniaaueﬂasa menory
buses and | =GNk i NSt i O ache 144, the core 2s processor |02 can
si mul taneougﬁfg?lgfcghlv%l\ﬁ\g’ oépake%n%g C‘??%‘?n%lésperW@k% SFB6be gosElgoped

PCT/ USA / 187 2ad@R@D ks s 110, 112) and an instruction (from cache 144),
all in a single cycle. ThHe nenory system 106, illustrated in detail in FIG
2, preferably cgn?ai %3: two super-banks of 16 kilobits each for s'a total of
32 kilobits. Thé $dp&™ REWEA D B Bitorcenrscis essedesiaubt-anegysky in
each c%(pl elbg sgpgortrthe corglr{?roce'ssor 102 requirenments. Each of these
super - banks 200,/ 2082 O5F BT orftd g AR RRMQE SRS tem/ 196 cachese@ynd

suppor ti ngpRpLh cache inpl enentations together, the nenory
archi tecture prﬁgﬁgﬁgﬁgﬁm“ﬁ%ﬁ f%?tes"i%qré‘?ﬁ%i%spr%ﬁﬁﬁgmlﬂ@,t-he

menory as alb sashe he desi gner by providi ng an easy
progr anmi ngyrm%el ofgﬁﬁ‘iggﬂa a%%%hrgeﬁoogy tﬁ%’ése?eé%tlcgq' t heR cBe®e(e. g.

oper ati ng eybbétlineftar,0reRNtE;QIler D LS %o figuring. it as all
SRAM provi des predictability an Bner 0 nabﬁ%:sg J%ZOOr @?%Jl ?%‘Fog‘?dﬁ%ﬂ‘c’w
processi ngobapplipadirensonEiunds ik \éer&iggl,meqncgc}{ h%%%’ﬁl\/l and hal f0-

cache, allows mapping of critical data sets Into*he fyrProgram
predi ciSabi hemgrynbuper trespaatd vedRs MRpPidig Gindh t he, code i.nto
¥ Rt RS AR Bt caf

the cache to take advantage of- the easy programm es.

Further, binpevepbdnegtSRANOD ghadedsc 1@%@@%@??&%%@@} The
- performance advantage can be achieved with | ow access [atencies. In

addi ti on tFFERENRhoPSYPellBamonnemts kileoliN taay athpasl SRAMEOnLS Bis
provi ded as 3 user stack to speed up data swtches. S
' 26. Each °_f the buses 120, 122 includes a data bus and an

address bus. Each of the buses includes multiple lines for

20 parallel transfer of binary information.
The core processor 102 includes a data register file
130 connected to the first memory bus 120 and the.second
memory bus 122. The data register file 130 is connected in
parallel to a multiplier 132 and an arithmetic logic unit

25 (ALU) 134. The multiplier 132 and the ALU 134 perform



_ 3 0 SEP' Z00~ WO 01175607 PCT/ U, SA /10573 In one enbodi nent, egch ggéﬁne
dat a super - banks 200, 202 is 16 kilobits in size and is further il ke
into four woldeepi t mini -banks 300, 302, 304, 306. FIG 3 1A ggre
detail ed bl ock diagram of the nmenory system 106. In 5 the il1us ra?e
enbodi nent, each m ni-bank 300, 302, 304, 306 is a two-way set associative
cache and is configured as a single-ported nenory array. By providing

paral | el aseagsescyelel ahbegutkanem. Mile B 300 cdif2d04. 3P0 i n the
memory 1. 10

two super-banks A and B, a "nulti-ported”. avior can be

achi eved. makimprexecompdl8at3bhal3throtighpi! eCclgiRie PVl e AccesSsss Of ]
t he m ni - banks 300, 302, 304, 306, respectively. #ﬁ% sel ect1ve accesses are -

provi ded tinstreucbienpr exesnge Phoadl@ll ReUs e mulHiiTase d8rasiiGhs- as
an |/ O- processor. However, since . the configuration’is is not a true

Thus, 1§ Luo' Seconsel Ry o aaaroeta o e e Tt F R ARy

Thus,if two accesses are-addresséd e-sa

resul ts  Quedpésh h&eﬁéfﬁééﬁ-s_(big@g' qyed d%?/ ggs%%?gd %ktacyc%ff%%r one

particul ar enbodinént, the first data a gener a t he second

dat a addr egengeaesat 0pad24, 1a3rd ahfe &S T 2 fs%rqe&eq_r q_v4@_e3iigd5@§ses for

two operands .and a result, respectively. "The core processor ~control s

the confi geomhéot wiilthplepper kenkeddiard Brgfudd e mRiye system 106. The
2s configuration can be defined as described belowin Table 1. -8 3 0 SEP

200 WO OILiEB60Y PGS/ USOLARGS EheMamwondCariniatyr upnSuper - ek,

ASuper - bankOSRAMSRAMReser vedReser vedCache3CacheCache Table 1 The nenory
confi gur atieobsiplendr3ldRvistppddels dupmerdeark dontdatfoddiew s bgatsratondl
SRAM and all cache design, s respectively. Each configuration provides

ei t hertof | ek36i | 13§ andesocetbe programrsspiarcdiha4®st Tie tfktrsod@atihe
menory configuration 2 supports hybrid design that allows mappi ng of
‘critical dad@resssopherathy SRAVSuRplgresiiaiddrsdaes wmdtper £ brewnuemoanyd
mappi ng. of the rest of Zo the code into the cache to take advantage of. the
easy progrEifi hgl modERewPeroRs ket a wrdrash Srenainme 138 cAupbeéest he

| ogi cal address and physical address are the same. The nmenory configuration
1is reser?ié Farel gﬁt gb& Em%“?‘?ﬁ’. angs 4%, 4 and 5 show exanpl es of

L1 cache nmenory organization. For the illustrated enbodi ments of the
. The core processor 102 further includes-aninssrustion

15 céche‘i44 connected to therrogram sequencer 140w' THe::
instruction cache 102 fetches an instruction and two data
- values. The instruction cache 102 is Selective'in that only
Fhe instructions whose instruction fetches conflict with

data accesses are cached.

20 | For some embodiments, the DSP 100 utilizes an enhanced
- Harvard architecture in which the first memory bﬁs 32
transfers data, and the second'memory bus 34 transferé.both
instructions and data. With separate progfam and data
memory buses and the on-chip instruction cache 144, the core

25 processor 102 can simultaneously fetch two operands (from



~g_ 30 SEP 200 wo ol/~ssa~ PCT/US01110573 physi cal nenory address map,
bank selection is performed to allow parallel cache accesses of d8flf 8ER 7604
buf fer si 280:01Fss07exanpl e, FIG 4 shows a 4-gi gabyte, cache address map
“divided into contiguous menory regions of |6 kilobytes eactECHUSRIAEnory
regions can be alternately mapped to one of two cache super-banks A and B.
I n anot her .exanple of FIG 5, a cache address map is divided into

cont i guous memToTy beatHNS1®f B IEoabyt SO enbodi ments, the
cache address map is progr a{nmbzi% to a%;?/ pr acﬁ{g{ﬁ’% gﬁ’ﬁ msraghe ya),

addi ti on, B84d Banlke Sizeglmmnipeler ogranmed dynamical ly so that the size can
be nodified in.real-tine according to specific inplenentations. The

programuabl e sekeet irr%ct}f’%ﬁ unless_both of the two cache
super. -, banks. . A and. B, :, aréé%ctgénré %%?'e&‘@u%%‘? YheOfrybhi #atFod. oR, L1

cache nme~~prafexablyd .cdtQaammRl 1S of eriai p advant ages
‘over fixed bank si gg. Progr amm ngest e rreérrét#})g}gi?# g‘“féﬁai&%ﬁ'—? @l Lpank

si ze offera &dtadt afe 30f KiNGEasd Ng e X t.un-optigized code
accesses both banks of cache. Large bank Zo s?;ae&$%ﬁt2°§®?$nﬁt?%saWth

| ar ge dat adBgeserd, simtile andyRARANTE e 18E e buffers into one
bank for optinmal perfornance. &a 6 shom%’%%o%n%r%ﬂba% se€PEEti on

process i nPHEEOFEANCE0RI tdecqurieetidhad nent of the present invention. At 2s
600, a bank size selection bit is queried to determ ne the -10 3 0 SEP

2004 WO 01/ p607eReR/ 7 1 § ank size. Tf the_ bank size
sel ection b!ot i's %ir g?dttﬁ%%d P%?Qn?p%{:g; %I)Ic{;l gzéc? iR R fertiarrednasy

regi ons ofalSRkM| ahy/es eaeheat : i.se, Lf the k size selection
bit is, one, the address map is %ism#gﬁb%g%rv fRgfcache

megabyttes waphement@diodt €0Gethier,S thal Gl MG a.cache bank (i.e.
A or B) is_mapped to each region. This determ naa}tﬂlygﬁ'rﬁes e W%&?\ﬁ a

bank sel ecilexibbliby fomi bysites dediginedy.ts dondy i
address. |If the bank select bit is used at 608, deg't@glxg%ygza@ﬁée, %a“n%Aa?s

sel ected a@lbieachet helpst the pystenOdeenynse: HAA AW PANK é?aég
selected at ‘612 if the bit is one. Atruly multi-ported nénory array can

provi de t RFYERAMLRE BPdehoofotbepdates sarhac fossahathat B 69te NBIRLY ZS
access (DIV@%1 t hr Oﬁ%h sych an interface' as the systeminterface. However,
the area pendd t \Phey2bengafyeteae anderaucontpolilieny cafdes, renwr)y. array can
. nore tlgan e pgt\£3i cal lgrea of the array. Furthernore, the cost of

e

ubl e th
bui | diig a }f%’bb?g affafléf EBAM prowvides euediertalsHllity 2mdhe nenory

architect i | tiple nemyry, bagks, as _described above, can support
paral | el ;rk{:{re%&sée@%“gmy? h’%ﬁf iR ﬁéﬁ&ﬁir &1gpeihPreceprdng rapmlimations.

benavi of oo S (P EERoR 8L T HAT B ot e Atk AL Lans
: ' mapping of critical data sets into the SRAM for |
predictability and performance, and mapping of the rest of
20 the code into the cache to take advantage of the easy
| programming model with caches. Furthef, by providing SRAM
behavio; at the Ll memory, significant performance advantage
can be achieved with lowlaécess latencies. In addition to
the two super-banks, a 4-kilobit scratchpad SRAM 204 is

25 provided as a user stack to speed up data switches.



a o s~P zoos WO'i) 1/ 75607-. ' PCT/USOL/ 10573 The system environnment can be
optinized for maxi num performance with ninimal hardware. |1f DVA agop$§ER2004 -
.are ‘al | owad amtseot he cache, conpl ex cache coherency issues ?I%So'i'ﬁéﬁguced
that may result.in control conplexity and s 'additional hardware.: Thus _
accesses can be restricted only into the SRAM space. DVA accesses to the
4-kil obit scratchpad SRAM can al so be restricted for sinplicity, Besides

area advant age, Imubne - sabbitilgenenoegchl of dbe maﬁazgﬁggnggﬁmgmﬁ@@, whi ch
i s advantageous for digital ~. o signal processor, performance: Wen in

cache nmode&02 B%1pké tﬂankobahssmppsn.zet wndcdse foratess elivided shet o nEgaral | el
wth a fill or copyback transfer. Wien in SRAM node, a super-bank can
support difeikikellbristeisbanksc366sesd2i n3paraliod. WRIE a D\howansf er .

Furt her power consu tion_zs_can be reduced to a . mninmm by powering only
the nini-RAHS I9edited héegkddiporam afcsbsememony givatrecytl@, Atnnost, 3
out of 8 m_ni ks are ysed_ per, cycle. Above descri bed enbodi nents are for
|IIustFatﬁ¢Eahﬂﬁg EEaBﬁﬁyeméPﬁéWeéﬁboGﬁﬁ@n@éﬁ%ﬂb&ﬁh|%ﬁ¢0h%0&re3Q®,

possi bl e. exanpl e, even though the nmenory system has been descri bed and
i |l ustrat e@)ei[ % e eV ST YR%Y PRY OFLAFEVENCATAIRK bl arPTbEFerefdsast he

Kf et Keiéséeﬁ%‘ %5*%% YBPEEL PRNERT.AERvhe Bicommcar s pasefheLt oF ont ng
goflerr;r 0CE550r %a cac}ggh?ﬁr%e%rffgr Iglggltl %?é’ljlﬁfé Cyst (g%ggg@él Séﬁgdleache
nmenory hawl 8 ilé epLthk?e%'?ogg%png hH%¥%l:§g¥éé§@J %%6 t' bl ock and

sai d secon connec sai‘d core pro essor a way as to

al | owlaub%é}mf&ycéhrryét aeﬁ%%eﬁatam% gﬁ%}to taﬁz?é?l @e gisceﬁiﬂf an

address map including to a first region nma ock, and a

second reGidTedBORETy! BrbiedseeeRd HaClor 3L el A5k OPEhat byg o cache
data having an address in said first region-of the address map in-the first

bl ock, andid, cachye despebaiiegyan AUH el ddt iSad tho@E98Es 88L0prolidlR
address map i'n the second bl ock;
to the core processor 316 and the system interface 318, such
as an I/O-processor. - Howeveyx, since . the-configurationsis
15 not a true multi—port system, simuiltaneoussaccesgsmswieng
same mini-bank are not allowed. Thus, if two acceeséﬂ*aré
addressed.to the same mini-bank, a conflict results. One of

the accesses is delayed by one clock cycle.

For one particular embodiment, the first data address
20 generator 322, the second data address generator 324, and
the store buffer 320 provide.addressés for two operands and

a result, respéctively.'

The core processor 316 controls the configuration of
the super-banks A and B of the memory system 106. The

25 configuration can be defined as described below in Table 1.



wherein said first

region and said second regi on are conti guous regi PEEPiI 2004

the.address map. 20 2. The systemof ‘claim1l, wherein said core processor

is a digi twbiheal

first

processor core.

3. The system of claim
region of the address map and said second region of t

teoiihEE op”

have a sel ectable size which is |arge enough to 25 all ow mappi ng of buffers

into a single region of said address nap.
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3 0 SEP 2004 4. The syst

em

of claim %ﬁ%n Sai df Si MUl Taneous, dal a accegses—conpr-Se—aceesses—t
both the wlrst and] the setOR@*OPBEE.in thd same Furkrdyatle. 5 5. |The
syst em of n the selector is opergtive to nonitor a :
particul a @%?Fqgﬁrggggﬁ ta address2and deternine whether t@ route the data
to the fifst block or t second bl ock based on|a state of said bit. 6. |The
systemof [CT al T rire—tucatromof—the—ger-ttettar
dat a address cor esponds to a sizeSBRMsaid first] and seconsRaMgi ons of tlhe
addr ess nﬁp 7. The system of claiml1, further'donprising: a third regidn
in the adfress p, saldf third r gL 0N Dglng mapped—tothe—first—btroek—345
wherein the second regidn and tHh ?ﬁFYﬁ regi ons |are cont#eRR¥%e¢egi ons in
the addrebs_map. -14  AUY. AE. AuL. AFr. A, Al A
9. AL. A{ 3_| AY3r. AY . Ava. j] Af &bf g oY e 1RS* (CDzupkfa\VVca]caé%@%cafcRachE]ca
]ca] ca]ca ca]ca]ca]ca]c ca]ca]ca]cg%ba]ca]ca]cc]ca]caLﬂca "a U cna
Ul cral] caleafea—-5t

3 Cache Cache

Table 1

The memory configurations 0 and 3 divide each super-
bank into four mini-banks of all SRAM and all cache design,
respectively. Each configuratien'provides either |
-flexibility or ease of programming for the rest of the code.

The memory configuration 2 supports hybrid design that
allows mapping of critical data sets into the SRAM for
predlctablllty and performance, and mapplng of the rest of

10 the code into the cache to take advantage of the easy

programming model with caches. When the'SRAM mode is
enabled, the logical address and physical address are the

same. The memory configuration 1 is reserved for a future

configuration.

15 FIGS. 4 and 5 show examples of Ll cache memory

organization. For the illustrated embodiments of the
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.a] ca] ca] cayoealewmptal ca] ca] ca] cal] caJca! _. ]%_-fLj kGupkf a\ Wealeshaassal ca] c
a]ca]ca]ca]ca]ca]ca]ca]caU]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca'l/kTyO & AP _z &!

" ##N$$IWﬁwwnhcAY]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca

]ca]ca]ca]EhMFG@Fdapempmﬂ(&ddnﬁssﬂmaﬂ(xﬂanﬂ(Eélé@@@@ﬂ@héﬂberfdfﬁﬁ&+ﬁo"
.1//000

1111} xsni da2]Ppc Bpeafldailc slasiie aded s al© al cf evd ] af fat col £63 ca] ca] ca]
ca] ca] ca] ca ca] ca] caj calgg_a c% ca]ca]cal 11334| 4s444447778U88888T999: : 3: <f ?n?

Ja PN SRR Eidnlg cotou culdses nmpoal oal o2
cal Cca] Cal Ccal ca X u
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(icadt) LBtEnsblotd FELRERER I R P et creapoe of) upoa) oo
e S e il e
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égzg‘?é‘?i)[.aég%gg«)&m(a 0 0)- & M Fods (3“%2?y%‘t5§&if?ﬁlé%§hﬁ)5ize

10 In addition, the bank size can be programmed dynamically so

that the size can be modified in real-time accordihg to
spécific-implementations; - The programmable'selection has no
effect unless both of the two cache super-banks A and B are

configured as cache.

15 ” 'The organization of 11 cache'memoumﬁa&mﬂWimgmp
programmable bank size offer certain advantages over fixed
bank size. Programming the meméry into relatively'small
bank size offérs advantége of increasing the chances that
un-optimized code accesses both banks of cache. Large.baﬁk |

20 size favors'applicatiohs With large data buffers,'Whexe a
ﬁrogrammer'needs to map large buffers into one bank for'

optimal performance.

FIG. 6 shows a programmable bank selection process in
accordance with one embodiment of the present invention.. At

25 600, a bank size selection bit is queried to determine the

~-10-
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xm{ac&lo% & (§) 10 10 10° 910% ()-5@ 10%& ()- @f 10%& ()- 1 &o%& )&Zods)émfgﬂ#
ALdEMbC1OWS0{//56810% & ()-9"10% & ()-y10% & ()- 10% & ()- 1(},@%5(0)1/10573
10% & ()-3"10% & () - o ,

% & 10% &' S10% & ()-10% & ()-_.] dEnbC F10% & () - _
12&/&&'(%) L*&log&' ()- (10%& ()- 'glo% & ()-19%40% & ()-% dE:/ 10" 10°:
10% & () - 3¢§gh@&memow bass s(izd 410% &He) YAHIS 4 select ion bit is

zero, the address map is divided 1nto contiguous memory
regions of 16 kilobytes each at 602. Otherwiee, if the bank
size seleetion'bit is one, the address map is divided. 1nto

5 memory regions of 8 megabytes each at 604. At 606, it is
determined which data cache bank (i.e. A or B) is mapped to
each region. " This determination is made by using a bank
select bit or by monitbring certain bits in the physical
.memory address. If the bank select bit is used at soé, date

10 cache bank A is selected-et 610 if the bit is zero.

Otherwise, data cache bank B is selected'at 612_if'the bit

is one.

A truly multi-ported memory array can provide the
bandwidth of two core’processor accesées and e direct memory
15 access (DMA) through suchlan interface as the system
interface. However, ﬁhe area penaltylmay be large because
multi- portlng of a memory array can more than double the
physical area of the array. Furthermore, the cost of
building a multi-ported array often increases exponentially.
20 The memory architecture with multiple memory banks, - as
described above, can sﬁpport parallel accesses with minimal
hardware overhead. The arrays are single-ported,-yet they
can provide certain advantages of multi-port behavior, as

long as the accesses are to different mini-banks.

-11-
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1 109%@& () - OMIBYNC _
>1%351;10(%u<(&') () - ! 3§OGH SN eRyigmEmERY -aBh a0 WDEL i) 2@ nBED YAl fim@ L$10%E
E& ()-" & A ~\= 10 F109%& ().~ 'kl 10%& ()- 10Z 10Z
10Z: 109z& PFEI8TRopee yinh qgrdmel haxdwary. I dIMA -aqdesse@0age() -

F3"10%&T()-$ | 1Q9&: %S 0%k ()-"10%& ()-% 10%& ()-& ]!, "x"""#dE~\=
1035310%&f? }§W%%O§££ the cachlie, compléx cache coherency ilssues are
introduced that may result .in control complexity and
5 additional hardware. . Thus, DMA accesses can be restricted
only into the SRAM space. DMA accesses to the 4-kilobit

scratchpad SRAM can also be restricted for simplicity.

Besides area advantage, multi-bankiﬁg memory provides
high access bandwidth, which is advantageous for digital

10 signal pfocéssor.performance; When in cache mode, a super-
| bank can support two core processor accesses in parallei
with a fill or copyback transfer. When in SRAM mode, a
‘super-bank can support dual éore processor accesges-in. .

parallel with a DMA transfer;- Fufﬁhenmapmwnmwﬂaﬁémmﬁﬁﬁ@ﬂm.

15 can be reduced to a minimum by poweringwonly:thewmisigsstinks

that are needed by the accesses in a given cycle. At most,
3 out of 8 mini-banks are used per cycie.
Above described embodiments are for illustrative
purposes only. Other embodiments and variations are
20 possible. For example, even though the memory system has
been described and illustrated in terms of having two
different bank sizes and locations, the memory system can

support'having many different bank sizes and locations.

All these embodiments are intended to be encompassed by

25 the following claims.

-12-
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said core processor;

an address map including
10 a first region mapped to the first block, and
a second region mapped to the second block; and
a selector operative to
cache data having an address in said first region of the address map in the

first block, and

15 cache data having an address in said second region of the address map in
the second block;
wherein said first region and said second region are contiguous regions in the

address map.

20 2. The system of claim 1, wherein said core processor is a digital signal

Processor core.

3. The system of claim 1, wherein said first region of the address map and
said second region of the address map have a selectable size which is large enough to

25  allow mapping of buffers into a single region of said address map.
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6. The system of claim 5, wherein the location of the particular bit in the

10 data address corresponds to a size of said first and second regions of the address map.

7. The system of claim 1, further comprising:
a third region in the address map, said third region being mapped to the first
block,
15 wherein the second region and the third regions are contiguous regions in the

address map.
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