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WD 2005/ 062187 PCT/ US2004/ 038977 ADAPTI VE LAYOUT CACHE
ORGANI ZATI ON TO ENABLE OPTI MAL CACHE HARDWARE
WOEEHRFORVENCE A processor based system that accRSBEES2004/038977
data on a hard disk drive 5 nay achieve inproved
performance by utilizing a cache inplenented in solid

Aot T OliTCAGHE PREARIZ AR SR EplAIR 2 REIMAL Cacne

Since the cache usgHw HERPEREORMARIGS Storage device

to provide a | ower access tine, system perfornmance

may be i nproved by speedi ng up subsequent accesses to

the data stored 1o in the cache instead of accesses

t OAt o catisskr basudlsyskawwmiem%ssfe@rdmoesa hard disk drive
speci al.ly di sk caches, set assoql ative

e N .
may eV ABRSOUEE L Hes 09 WILRIROLA SaBhgrplomented in
solicE STRE! FlnfEI0R el YARELBr pbBUBHER RedsF vy theI8R%REm

be I npl'enent e ection of arrays of
the dakhmdtneemcedsedeb;em@ S&Bt@fyi 1Sinrozptleseatheaiseat a smaller,
Thus, any elenent on_a disk may be mapped to a set_in
fastemgtaraBRIOVIEO| LocROY &M eloAYRINACTES HENG ety S168b BREIAriance

e SR s D B TR NEETo S ROLR e ReCbab it g v

in tHeeshélge ir@:&@abh@ﬂaé@@éﬁs tdtesiglsit.he array representing
the set until a match is found, or it is determ ned

t hat wellekreo wimediesigs fiestcacheso espheciadly. diski eachms, igiatkN-
ches do not atte m ze the nunber ,of
way it T P eaere Whase FAaSHESMals PRk bered on a
comp%@&fmg;{,%wﬂ} ForRC IR SHEH zﬁ%lresijd@kthé egeﬁétmav%e
npr ove e per ornmence of the syst'em 25 BRI

impl|DECREBTAON <&leBlorDRAW hitEy S hef sald:i]\ed:lhesralvﬂmre each array

regarded as the invention is parficularly pointed out
repragRN @tsleﬁctTQ/U%,| ANEETNRNE RE 2 St AN FepaRPeS T a set in

the E8hEPR aci fd &l mﬁrﬁgﬁt '(i)r?‘fﬁé‘tée?rbssBBYﬁtY\% caBREN RS sy8tem

of gani zat i on an oper at
uses the address of the data on the disk to compute the set in which the

element would reside, and then search through the array representing the
set until a match is found, or it is determined that the element is not in
the set. Prior art disk caches do not attempt to minimize the number of
wordline requests.

There is a need to reduce the number of wordline accesses per disk

request and improve the performance of the system.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed
out and distinctly claimed in the concluding portion of the specification.
The invention, however, both as to organization and method of operation,

together with objects, features, and advantages thereof, may best be
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t hereof, may best be WD 2005/062187 PCT/ US2004/ 038977
waesnexisiod by reference to the foll ow ng det ar¢EUS2004/038977

description when read w th the acconpanying draw ngs

in which: FIG 1 illustrates a nenory controller and M

cache st hi 5 f f the
ona S gy 1 1R b T g B
o U ' : h [
with gngeiteThPEpPbe BPARLTE D Whibh?; SP°0F Cache I ines
avai l abl e for each of the to cache storage chips;

FIG 4 shows a prior art file systemthat addresses
multiple disk sectors as file syst(im clusters; and

Fll BG.51 dihestsatas @ impe@ogy QorgeRliesrandd achesgtorags chips
cl ust i 1 b
e S5k oo pAR BRE BB, HAd e Rar e

incofddraké@i ty and clarity of illustration, elenents
I'llTustrated in the figures have not necessarily been

dran 3 0uSEates aRUmBX@TRESe of RRe HERRSINRMS0S! mRPIFR

of }eﬂe elllémen S ?r?ay rBe exagggrat%d rel ativeor?{) ot he?g

algofitiements for clarity. Further, where 20 considered
appropriate, reference nunerals have been repeated

anpg 3Nois AirRe 1t dMEaGR Bneord\esiROsIfdgeath of the
anal ogous el enents. DETAI LED DESCRI PTION 25 In the

cacHeobtaragegehdpsai | ed description, nunerous specific
det ai li are set ,forthﬁiﬁg order rovide a

b < s opriphart ALY G hAbAdokySSog PRy ARk
sectgp%ggﬁ,gc&g%n; hasgeskidd®d in the art that the

FIG. 5 shows multiple disk sectors as file system clusters

addressed in accordance with the present invention.

It will be appreciated that for simplicity and clarity of illustration,
elements illustrated in the figures have not necessarily been drawn to
scale. For example, the dimensions of some of the elements may be
exaggerated relative to other elements for clarity. Further, where
considered appropriate, reference numerals have been repeated among the

figures to indicate corresponding or analogous elements.
DETAILED DESCRIPTION

In the following detailed description, numerous specific details are
set forth in order to provide a thorough understanding of the invention.
However, it will be understood by those skilled in the art that the present
invention may be practiced without these specific details. In other

instances, well-known methods, procedures, components and circuits
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i nvention may be practiced wi thout these specific

details. In other instances, well-known nethods,
Wpewseeses, conponents and circuits 2 WO 2005¢@BRIDT4/038977

PCT/ US2004/ 038977 have not been described in detail so

as not to obscure the present invention. In the

naveqfiet BERBAISSET BRI PR ¥ BT dRoro OREPhEL e AHBURREC

inver$@§l. 1t should be 5 understood that these terns are
not intended as synonyns for each other. Rather, in
pdnttiheufadto wingode seintion 'andhelebnedthedgrns ‘iesatbled” and

“conp ok aroigh St S SRR TR Sl hgfobid be
underSO%Y ﬁﬁ’é{%ﬂ?éé e B nbWn@ndder §s &\AIRYHSs #86€ehbh other.

direct physical or electrical contact. However,
Rath&goimpp adicutay eal sulimeants t heaonnectedd maynpe ersedetreimdicate
are not in direct cont ag(lg] wi th each

. . ot her, butI et )
that §yiq pr EeprEpeleaINtSranenNed 5REt RN HICEhOR eg%ﬁféwa ﬁ()@tait with
eachgéér}%ﬁg " & Epfd™ @%ﬁaaﬁm%&m9ﬂ5réi@vérpsnésﬂar¢m Q¥ect

erver 1 hat ei t her receives or ransmits a

physigyl Wragledtist Anedniacem HoWe ver, Nosepledt’ anagsalsbmednithat
enbodi ments, the associated antenna may 15 be a di pol e
two gnieortaciameentsabreanptithairest condact nath peehapthesg but yet

.. front _epnd transceiver rovided as a
St”'%?é“ﬁ?ﬂﬂ%ﬁé"ﬁ%ﬁ?S Epgaﬁgﬁﬁﬁaﬁﬁg) i ntegrated anal og
Cipj@ui f i1 dtrfddsLs NAréE8s Yoo rk@ LRTTELAERS dévide nroon_eﬁmgr a
12 as a mxed-node integrated circuit. The receive
transusivéat ddthstoeithen ecefvragae ttansmoits -acorpdedatat] signal from
filtered, then anverted to,a di %%%pal

a digital . 20 The
one gf §iqrg artaFSor I AUCH KRBT n&ﬁep? @é%@&*z gytenna may
be aQ%B?@Sﬁvc?{er{lr?a, icaP@ntl NS 6f gﬁ@_liﬁ‘éf O$fiec &hdlBg FFRCENd

1 or storage by the nenory devices on a nehory

transxdivler AdYebagrovidddeaé acetdalk-dlansl Badimfréqodndyt tRke)
i the transfer of data i )
integrated analog circuit, or alternatively, be embedded with processor 12
as a mixed-mode integrated circuit. The received modulated signal is
frequency down-converted, filtered, then converted to a digital signal.
The digital data for the baseband signal processed by processor 12 may
be transferred across an interface 16 for storage by the memory devices
on a memory card.

A Network Interface Card (NIC) may facilitate the transfer of data
across interface 16 and may incorporate a Peripheral Component
Interconnect (PCI) bus as defined by the PCl Local Bus Specification,
dated in June 1995, or alternately, a bus such as the PCl Express bus or
any other high bandwidth bus. The metadata used by the cache
management system for administrative purposes, along with the data
processed by processor 12, may be stored by cache storage chips. By
way of example and for ease of description, the memory card shown in

FIG. 1 has four cache storage chips 20, 22, 24 and 26, but it should be
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across interface 16 and may incorporate a Peripheral

Component 25 Interconnect (PCl) bus as defined by the
weglosheadl Bus Specification, dated in June 1BOBUS1904/038977

alternately, a bus such as the PCI Express bus or any

ot her hi gh bandw dth bus. The netadata used by the

cache nmanagenent systemfor admnistrativ ur poses
noted| thvag anvt hufrHerdelt eachs dexkcssamay B?BE@%&?‘GQ@?P'}FH)Y $rd-

st or ed t j
i o e BB AL, PaenE gt fap T emory
size Elf tczaélviw, 5 OUFhe aEeo Sty agsmeby s n2@,a Bditatibrandudter,

ut 1t should be 3 WD 2005/ 062187 PCT/ US2004/ 038977
cacheosetaphathips 2 huaBeR40ind Lhenalebieckeparaye Posirdee

th d. '
devigat 96 1STORTALR SRRRET A SHERBISP OIS re e See e O B
menicg}thAzﬁ\e%oW@%Hﬁﬁﬂéb’ZBSOHQhe&anB athieNis Conbhdered via

storage chips 20, 22, 24 and 26 nay be separate
address kagedohtraésigreals dp tihet eaghe stortaggeeihios. aemory

addressabl e as te bl ocks of .
contsefer 4 DI EresTIS o GoREROR G EaNIO0 R BN LR ADATOVS the
addr . j ; t
perfGNREES (i ets Sorih fiEatight dVicERroe S ache:
NMBERCRE Sbesgé Chipd 20i A,0¥4 drite 2 6pevafyobeenoBatifely large
W !rel_ess_ comruni cati ons device 10. 10 Cache stor age
nonmlmlelz@l,sklzz@cdfmmmowaa%gt%t% caghgtipt@Inatigpfer a mass
non-vol atil e di sk cache t :
storpigs dhhengos 4 R P RREDL Woio T hfae Ehape fevioe
typiAIRF B8 sidragbCapisity, SIR G PRY I dfeat legsit Gldut dies a

" storage capacity, for exanple, of at |east about one
gigabiygabyflee nThes smagstdavige r@l@mb@eaMe@’@om@chamcal hard

BT S e
alth?tgg%gg\te%c,eoﬁfé"of LAY §IELORY irvdMiod idThbedinhied lh Shis respect.

In one embodiment, cache storage chips 20, 22, 24 and 26 may be
a polymer memory having a storage capacity of at least about 250
megabytes and may include ferroelectric memory cells, wherein each cell
includes a ferroelectric polymer material located between at least two
conductive lines. In this embodiment the ferroelectric polymer material
may be a ferroelectric polarizable material and include a ferroelectric
polymer material comprised of a polyvinyl fluoride, a polyethylene
fluoride, a polyvinyl chloride, a polyethylene chloride, a polyacrylonitrile, a
polyamide, copolymers thereof, or combinations thereof.

In an alternate embodiment, cache storage chips 20, 22, 24 and 26
may be a polymer memory such as, for example, a plastic memory or a
resistive change polymer memory. In this embodiment, the plastic
memory may include a thin film of polymer memory material sandwiched
at the nodes of an address matrix. The resistance at any node may be

altered from a few hundred ohms to several megohms by an electric
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In one enbodi nent, cache storage chips 20, 22, 24 and

26 may be a polynmer nenory having a storage capacity
W®200an6iigast about 250 negabytes and may i ncl URKET/US2004/038977

ferroelectric nmenory cells, wherein each cell 20

includes a ferroelectric polynmer material |ocated

ween at onductive |ines nthis ..
poteRfibahRitd PRI EPDANET SpHanaaridlAn = Hagjtiyg or
negapvfeeémsh@%wm nﬁl e Eé‘R)n?er”ﬁfaEithl tﬁékdanafé H‘i’@ré‘mstance
erroel ectric 80 ymer mat er conpri sed
of thquqlvnnyrl miattendali. dBotentpalyy,ediffdrene resﬁlbtmoe:itavedts may store
yvi nyl chlori de, a pol yet hyl ene chl ori de,

sevemﬂ ik PPT Gl and Bata deBSY| Pav be IneiGasPY T ATy sspoking

oyorl SESBURR Q05 ELERombly STt heURPls, ERRREEnS2, 24
and 26!ERrbeTaNMOR 6LBIAND, FIbeh, exvmptary @acﬂ&emsnpcommw
or a resistive change polyner nmenory. In

erfaas miatage Hiskpirives cannemarglyragdrers 5&8 lavt%bwcks of

f d hed
data g AL SR oeh R ProSk s PETHd BReRrdlnoll, Midisk
cachgqﬁugﬁ'até’di tofy 8tk hM<nvey taw B*ﬂﬂ)@fr@%s@%hﬂnﬁ@&ﬁbﬁb device
megohns by an electric 4 WD 2005/ 062187
10 tﬂmbm:mamemgrm pmn&d@essmgrmlaumsd\ﬂulwme

’ d t tive.
addr@%ﬁ%ﬂ%t ARFUIGTE Ot RS itk BRtar o sah Gechpaine of
cach%rﬁ %%‘?’1%390 oo thg Wberalgﬁ%;%ltﬁlsorﬁ@tc?dHHeaMéfadata

19 resi stance levels may store several bi

An o}ﬁ&;retcﬁkéy angly et setdiansydtg mmayemery veh ess gk humusmroby
stacking 5 layers. In addition to polyner memor

offsetgdRethst @rrragenawtwssqlect@ tozoe theMupsberagt S@I%Sﬁmrérper
sh
Woml\{lb\sk Od'rﬁ?egls?(r ni qtﬁél’%%(g%'grlgggogw é\ga(%feo é\(?{nyﬁ KB

per Waidird, & dislrBectsr8aal b& atdred é‘etdl/\fd?dﬁﬁ@t OThu&hthe offset
accordingly, the disk cache illustrated on the nenory

arraycenray baveid entrdes tomanressati ihvesS dlisk sectas. 10

{AC%h Lt R AR SR o 55 2b
enforced by memory controller 28 (see FIG. 1). In this embodiment, data
structures and search algorithms ensure parallel hardware operation of the
M storage chips, where M in this example is four as shown by cache
storage chips 20, 22, 24 and 26 (see FIG. 1). The data structures and
cache memory mapping algorithm define the mapping of disk sectors to
the appropriate cache lines to provide an improvement in system
performance. The mapping algorithm first converts disk Logical Block
Addresses (LBAs) to sets as shown by set O, set 1, ..., set M, etc.
Logical block addressing is a technique that allows a computer to address
a hard disk, where a 48-bit LBA value allows mapping to a specific
cylinder-head-sector address on the disk.

FIG. 2 further shows the corresponding cache lines mapped to the

various sets. For instance, set O (indicated by the reference number 110)
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addressabl e ' di sk sectors' or blocks may be stored on

each cache |line of cache storage chips 20, 22, 24 and
WwWQa0s5aé208y W th sonme cache netadata. An of f SeRCEHU$294/038977

may be set in system nenory where the nunber of

offsets in the array may be sel ected to be the nunber

COrraRgONGRAIBLEID flof Car BTSRS GLRHSG0INGATKEC pby 6t O has an
attadﬂé’odhét”ﬂnatsw%'lé&essQﬁtaffbﬁré‘RNnQF‘n éoafee'a&% nmgdi ipe114,

Thus he offset array may have entries to
116 aaprb’s@rﬂhatthmrﬂes:b(ﬂid secespectiFe GacBeilinassOr 4t 65 ar 3 on
he mermré mappi ng aI i thm 200 enforcg%_ by nenory
8 1{

chip éofﬁ%ﬂ%ﬂ Likawise, get1) (indicqtgdsbytpede Ced'&%'%ﬂbef
120)ﬁc90|§5§b'&t\ﬁ'§ ) %’?g fqaé Ch:a%p%%f&r?é@ c?ﬂ?uiflrp%r@l I1eI Set 1

dnar e operat o of-t ora where M i

has émlama&mmh@t tisatf idludes éhCanIBnba(ryCﬁGhﬁ)erSdfOﬁE@(gﬁe d:nhl9951 22,
22, 24 and 26 (see FIG 1). The data structures

1 24,aha6 and AR Sréhalr gorrappeng tal r@@pepﬁrted@rqfwelmﬁ% OrappZngnd

3 on 6 s8R FlRon by re L Y RBLARSEnBETRE Soh RER Mo

.ncluaeemmgr@k%él Adbéi b$lcachBVIEdsS 1 les k 3901 g8l al oucae that
dr esses to sets as shown y set 0 set

correspondstd r%pea;ttme caolge dialesbd o k 2acm‘mb§s<mmg,hns N (see FIG.

th t t
1). §SEM I Bneliad  the Erfarante rmBas TAdISVERSS 6raand to
head h i sk. :
agairf BEFleshnaCid LREFT: REATCaERS YioREiH ERD 20 MR B TR list

attadiaiepes sko Mhel wcalndeawsatlatrﬁwmumbémte;,achethr(bs 142,
(i ndi cated by the reference nunber 110) 5 WO

1442066 awb 18 stzeemm@sgwwsptlygpwdse tigeg i 016 and 7
on cf"npt a’ ﬁggcﬂ% Slt Or?ﬁ% By o Zoq é&SFAI’% a{“tac‘?'\eetd ﬁ%t@al% %'E)eated

'St 't ha es an-arbitrary nu

until GACHiRe thbRE 1hEE, hd\ﬂébeeﬁ]&)mﬂdtéd&tbhﬂ{e oaribaspeg. to

respective cache lines 0, 1, 2, and 3 on chip 1 (see
Fllz.acgordankewihb, th@emre_se(nt v entien, pyhasiefurdiéor meay

recen%lénéo%ontmuous user demand request that spans multiple cache lines.
In this case, the cache memory mapping algorithm 200 controls the hash
function to provide mapping that spans continuous sets. In the illustrated
mapping scheme, adjacent sets have cache lines for different cache
storage chips. Note that cache lines for each set are mapped in a manner
such that each set contains cache lines from only one cache memory
chip. Further note that contiguous addresses are mapped to adjoining
sets, or put another way, sequential disk accesses are mapped to
sequential sets to allow stored data to be retrieved simultaneously from
different cache storage chips. By way of example to illustrate this point,
user demand for four contiguous addresses would map to four continuous
sets, and provide data from four different cache storage chips in

substantially one memory access time.
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5 120) corresponds to chip 2, i.e., cache storage chip
22 in FIG 1. Set 1 has an attached list that
WO pwbloekas8? an arbitrary nunber of cache |ines 1R2I/US2004038977
126 and 128 that correspond to respective cache |ines
0 1, 2, and 3 on chip 2 (see FI G 1) Cont i nui ng,
i nclud

{9etd BBRA bselo oF 528 oMalB 1l YRS Yo cachgf the

S f Cnl
o o AR, Iy GRS 40

provides arefoebiérasy number oi_zt:ca)chsrlapes aeoset, adreadiat ns k_ept for
oach SR e obl-" heis 1EEHooHEBHET e
new %%Ehterlﬁ{é‘s Qé\’&p%%f obr 626REGILT BEShd Fives. éf'ﬁ ﬁ&g@p rel48

correspon o respectrve cache Ti

dynahlﬂ:Ellxbrinsdmth In{céeee l|5lr6:‘per1)setsTbhd dc&y@&ﬂom tseahs camdect
attached lists is repeated until all the cache lines
cachggpema¥rchiBpul ated into the various sets. In

25981 20BN it LDRARTEREN LANEN ol BRRSLUagt 137

e| ve a nuous est

eachﬁﬁeus/dmbht K’i/@)%‘éb@sﬂ i d¥efultiple Hwksséfﬁ‘éﬁs drbeadheBsed as
menory mappi ng al gorlthm 200 controls the hash 20

one filegnsy$tem rchugienviaumaliy b ey enhsectopaneretoenisnt@mainimize

h .l d
over3gad n, kK SlaanicHinhe PaTo R En e SERL (1S ERPLyR cluster
may Fldk Rart\ef §eét‘3ﬁtze‘?3‘3]? thé sk bPiveeBGhab ah é’frb‘FtrﬁF\PB%@!tor

in a manner such that each set contai ns cache |1 nes
offseftr ohhos) yddnmrtadicclaehmmrdlmmape aEBuesdexd ifnthee mdmping of

cont i addresses are nmapped.to adjoining 25 sets
disk g o3¢ ea?fiqrﬁé? degp, nakpabHElly aligns ko LRergdied ayatem “os)

file s?@?&ﬂdclhgterﬁ‘?q$ﬁ8\tl\/’nain 'Fﬁte. )Ia(?nai& %‘f"%?éﬁ{lggtagﬁlt\ﬁ %cgr the

etrieved sinultaneous from

cach6iop0 S Byuseys J- 6@k@meUir@slﬂW®I$ﬁémb¢ythc$e§% rﬂransfer the
user demand for four contiguous addresses would map to

data séife el Prlesier k& are tiadspersod dentise gacherlinasuare
a st or age chips in 30 substantially one
transfbizgfl, AL bod N e

Another case shown in FIGS. 4 and 5 which is also common is a
request, for example, for OS Clusters 1-3 in both cases. This results in
one memory cycle to get the data, but that case may only occur about
50% of the time with two physical chips due to alignment. All other
cases for a 3 OS Cluster read (for example OS Clusters 3-5) results in a
two memory cycle read using the prior art method but may still be a
single memory cycle read using the disclosed method.

FIG. b shows the same request for two 8Kbyte cache lines serviced
by the cache for OS clusters 3-6 that, in accordance with the present
invention, is processed by cache memory mapping algorithm 200 in one
memory cycle. Note that data transfers are made from both chips 1 and
2, and thus, data accesses in one memory cycle are realized and not two

memory cycles as necessitated by prior art service requests. Further note
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WD 2005/ 062187 PCT/ US2004/ 038977 FIG 3 shows a free
list 300 of cache lines available for each of the

W@ 2wh@e6d8br age chi ps. Since the cache nenory nREEUSRY04/038977
al gorithm 200 provides an arbitrary nunber of cache
lines per set, a free list is kept for each cache

e I ion I|c ensur e
that SEEIGAER: SFIBRETHD ifedld BB MRSt
the disclesedidetist Bid sagﬁmdafﬂm&@#manwswptr@dehmst he the

proper sets and correspond to the correct cache

case g Q’pré aftipgssibleraasting | @S ojustens fony faquelsister

h t/output (1/Q
transﬁghtﬁg be gé%?%%ﬁ{e%& s@egi(%t%’o?\léqglrje ggdfgss(ed az‘, 10
orsihdfulaea PRSI E WHIBE s duhiiRirldarti I SYRDIRLG00be

increnents to mnimze overhead i n di sk organi zati on.
necespdny; t{lh@aehygadheeline rsdtould lbe syatreed ¢b ustrdeve Ay not

metafdns (4 S 8F tharaailie [ skouKde teseioredc ) the tag

shoulPbgld r?éc?t@ctﬁgssstﬂdpblkt%&earrﬂ];? ﬂge%%ch %L{Ia be

cache address does not t erati ng

inser8yd oamHeOSppddpriateesetyst em cl usters. Shown in this
exanple is a request serviced by the cache for OS

o0 ReFs itastpylf e ﬁaqamrefsthamotheemnéyam@tlpa for the

cachbrABHEY habpiriF pRGHHAER afri acd S BireiifesPls as
advafteydibler pﬂﬁﬂtalﬁﬁﬂlél@ggsfefh%m THe ﬁbgﬁlng‘lf@(&“';’h \f‘ﬁ‘é&@ cache

is also commpn is a request, for exanple,
lines @n @stfwmel-sslqmthﬁ:tt%d’aset comhainsreamhe Enes frmmeonly one

l.e b hat
cachgTRRmosE ti- sefan e R aasehs le PApBREAD eedyantial
sets %’%llb@\/ §{d|‘éﬂr@z§‘tta tdbk r‘étthsfled %ﬁa&%ﬁu@léf%%%‘f@ﬁt

read (for exanple OS5 Custers 3- result's

cachm&orqgecybips r@bd cmihgglibdalipcationapsliceehedrdyithamyew
Ie menory cycle read using the

CaCh%t"é‘@F‘o%f@og i F'mef@dsHﬁﬂéheh@r%ﬁesqtécﬁj&tmfr@ﬁpond
to thb WorPsEE & HA¥mbH 8Ri € Hes8%nd other features provide a

performance improvement.

The principles of the present invention may be practiced in wireless
devices that are connected to operate in a variety of communication
networks that include cellular networks, Wireless Local Area Networks
(WLANSs), Personal Area Networks (PANs), 802.11 networks, Ultra Wide
Band (UWB), among others. In particular, the present invention may be
used in smart phones, communicators and Personal Digital Assistants
(PDAs), medical or biotech equipment, automotive safety and protective
equipment, and automotive infotainment products. However, it should be
understood that the scope of the present invention is not limited to these
examples.

While certain features of the invention have been illustrated and

described herein, many modifications, substitutions, changes, and

8



by the cache for OS clusters 3-6 that, in accordance

with the present invention, is processed by cache
Woremwsoe218mppi ng al gorithm 200 in one nenory CREI/ES2004/038977

Note that data transfers are made fromboth chips 1

and 30 2, and thus, data accesses in one nenory cycle

.are real.l.zed and no WO ry. cycles as .

eaui RBotE llridivigieulitly tifhe SEIGHYn HE fs B ispaperafore. to

be uRBEAstoWRNRQQAREOSZIETI R HSR0N4 H389ddd trBatodsr sMduch
nunber of chips (M increases, the probability

modifimatmassesnd ltdtangelseaslif it voisleich theet troe $yaisit Kifgriief irosmtion.
performance i nprovenents. In the case of four chips,
all possible starting OS clusters for a four cluster
transfer can be conpleted in one nenory cycle. 5
Shoul d a reboot of w reless conmunications device 10
be necessary; (1) each cache |ine should be scanned
to retrieve the netadata; (2) the tag of the cache
l'ine should be recovered; (3) the tag should be
converted to the set pointer; and (4) the cache should
be inserted on the appropriate set. 10 By now it
shoul d be apparent that the present invention for the
cache nmenory mappi ng al gorithm and associ at ed hardware
has advantages over prior art disk systens. The
hashi ng function maps cache lines in a manner such
that each set contains cache lines fromonly one
cache nmenory chi p. Sequential disk accesses are mapped
to sequential 15 sets to allow stored data to be
retrieved sinmultaneously fromdifferent cache storage
chi ps. The cache line allocation policy ensures that
new cache lines are dynamcally inserted into the
proper sets and correspond to the correct cache
menory chip. These and other features provide a
performance i nprovenent. 20 The principles of the
present invention may be practiced in wreless
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devices that are connected to operate in a variety of
communi cation networks that include cellular
We2awdo6K8] Wrel ess Local Area Networks (W ANX(T/US2004/038977
Personal Area Networks (PANs), 802.11 networks, Utra
Wde Band (UWB), anong others. In particular, the
CLA@@ sent invention may be 25 used in smart phones,

ni cators and Personal Digital Assistants (PDAs),
nmedi cal or biotech equi pnment, autonotive safety and
protective equipnent, and autonotive infotainnment
prbductA cagbeewvemoryt cempuisinde under st ood t hat the

f th t..| ti ' ligmted to th
<A ngrBe magele AR ol spuBRtel ek BrigbRerd
sequUdRY@| Reen i llustrated and described herein, many
nodi fications, substitutions, changes, and 8 WO

2005/ 062187 PCT/ US2004/ 038977 equi valents wll now
occur to those skilled in the art. . s, _therefort%,e

It
t &2 be UHIERShBIREMLY afglaippbnydigreinaf firshset of

e e
sec o054 10823865 3[4 1dSHIOHHa0SEDhE Chéhd/Btodage Ahiyache

menory conprising: a cache mapping algorithmto map
sequenti al disk accesses to 5 sequential sets. 2. The

ceruent céefe fefdlhar daf°sraRerbT huiEldig ibm the
first Hn@r s&orid cBchBktdrag@ eAllsh RetetAieved samultde Ui’ one

second cache storage chip. 10 3. The cache nenory of
memgryiaycle. wherein stored data fromthe

4. The cache memory of claim 2, wherein the cache mapping
algorithm hashes cache lines from the first cache storage chip to the first

set and cache lines from the second cache storage chip to the second set.

5. A cache memory comprising:

first and second cache memory chips; and

a memory controller coupled to the first and second cache memory
chips to map sequential disk accesses to sequential sets, where a first set
of the sequential sets accesses data from the first cache memory chip

and a second set accesses data from the second memory chip.

6. The cache memory of claim 5 wherein the first set has an
attached list that includes an arbitrary number of cache lines in the first

cache memory chip.

7. The cache memory of claim 5 wherein the memory controller

keeps a free list of cache lines for the first cache memory chip.

10
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first and second cache storage chips is retrieved
simul taneously in one nenory cycle. 15 4. The cache
woreews0e218f cl ai m 2, wherein the cache nmappi ng PCT/US2004/038977
al gorithm hashes cache lines fromthe first cache
storage chip to the first set and cache |lines from
the second cache storage chip to the second set. 5. A
cache nenory conprising: 20 first and second cache
NEIDr Yy THY pachaidem ol rafr Nakars fehémin GAERhBFdrY ddroller
first and second cache nmenory chips to nmap sequentia
ensuges khak bevws eache lieguaret dunasigally yisertedairttor e Hegt set
he s ential. sets.,accesses data fromthe first
and élré%%p?r’éﬁ%&9qh‘ﬁ ﬁrssca(f‘}%crhe TRy g@fp'accesses data from
the second nenory chip. 25 6. The cache nenory of
claim5 wherein the first set has an attached |i st
t Hat i Adleudeshamemioiry rodrglaimotbevherkirc abbdirst mashiermemory
hi the first cache ngnnry chip. 30 7. The cache nenory
chip &5 a ROlVRY MREPYYndeRiEemenory control | er keeps a free
list of cache lines for the first cache nmenory chip.
10 WD 2005/ 062187 PCT/ US2004/ 038977 8. The cache
merr y Tofe chelhennbemioey eifrclbime 9revitargire @hé (pdly@¥er memory
.ensures that new cache |ines are dynam cally inserted
deviggingludes meory gellshayvingra fpenigsttie nalenar meateriahe
menory chip. 5 9. The cache nenory of claimb5 wherein
the first cache nmenory chip is a polynmer nenory
devi .ce ThiOcadie nééwlbey BB Man & wHerem PhavipRy@iner tthémory
pol ymer nmenory 1o device includes nmenory cells having
devige inplyudes segmpcy pellgrgvinatarésistive change polymer material.

12.  The cache memory of claim 5 wherein the first cache memory

chip is a FLASH memory device.

13. The cache memory of claim 5 wherein the first cache memory

chip is a Dynamic Random Access Memory (DRAM) device.

14. A method comprising:
simultaneously accessing data corresponding to sequential disk

accesses from a plurality of memory chips in one memory cycle.
15. The method of claim 14, further comprising:
using a cache mapping algorithm to map sequential disk accesses

to sequential sets.

16. The method of claim 15, wherein the cache mapping

algorithm further comprises:

11
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11. The cache nenory of claim9 wherein the polymer
menory device includes nenory cells having a

WO 295062182 change pol ynmer material. 15 12. ThePCHUSRH04/038977
menory of claim5 wherein the first cache nenory chip
is a FLASH nenory device. 13. The cache nmenory of

oy iR R ST b BE 6 oREn B¢ ARty Pkt EEh8 Asdide ghie
and HRlelRoAdCOIMPLd 2obbss YaldllfiRePdeLYnaRIY Btbrédgbachip.
corresponding to sequential disk accesses froma

plurality of nmenory chips in one nenory cycle 25 15.
nmethod of  cl ai 4 rth conpri si.n using a
ﬁﬂlﬁam@h&dggﬂgﬂ%m 55 &’é&“?é&&é’?ﬂ”%ﬁr‘ di sk
ac&%%%%ﬁﬁq ts@on%%qHﬁfH frdhm Stﬁésl‘irs%@nd-r@@cm edhel stokagdn
wherel n the cache mapping 30 algorithmfurther
chipgsimultasasoukly . WO 2005/ 062187 PCT/ US2004/ 038977 hashi ng

a first set to access data froma first cache storage
chi p and a second set to access data froma second

e S ﬁ%h%%l' Bf cfafm 196 WS /RaY aBkeS %jlgll gl:tfjo(?ed data from

fur her conpri Si %acceém ng St éred rom

the ﬁﬂs&sdncﬁﬁdcéﬁ@mma@ﬂmeagé ehigeis ihope memdiyaceces! y.
18. The nmethod of claim 17, wherein accessing stored
data from the first and second cache storage chips is

Rt e b A
t hg QHHY clePPdteEd Fé@eive first and second signals through respective
first and second antennas;
a processor coupled to the transceiver to receive the first and
second signals;
first and second cache memory blocks coupled to the processor;
and
a memory controller to run a cache mapping algorithm to map
sequential disk accesses to sequential sets that access data from the first

and second cache memory blocks.

20. The system of claim 19 further comprising accessing data

from the first and second cache memory blocks in one memory cycle.

21. The system of claim 19 wherein the first and second cache

memory blocks are integrated together on one substrate.

22. The system of claim 19 wherein the first and second cache

memory blocks include polymer memory devices.

12



first and second antennas; a processor coupled to the
transceiver to receive the first and 15 second
W R@aaea$7 fi rst and second cache menory bl ocksPCHUR0841038977
to the processor; and a nenory, controller to run a
cache mapping algorithmto map sequential disk
a Ss o t ss . data fromth
FEE: 13 SraRl B i IR FvtsiShn BRB R o SR

sets &ysat@iﬁscrfaai@nﬁed@rcfmrdmwor@aﬁ&héIrﬂsrrafrs;qﬂéblag dat a
fromthe first and second cache nenory bl ocks in one
menory cycle 25 21. The systemof claim 19 wherein

t fi sec nmenory, bl ocks are
| e I S5 RIS BT el UL Hhg casbe RRpriga plggrithm
dynaﬁflcﬁil‘@'lﬂééﬁsmQﬂa’éh%hﬁwéé ntb é\“@a%?%‘?{édof:%ﬁé‘%oqﬁ%ﬁﬁ%y
| ocks include polynmer nenory devices
set82005/062187 PCT/ US2004/ 038977 23. The system of claim
19 wherein each set in the sequential sets contains
cache lines fromonly one cache nenory bl ock. 24. The
systemof claim 19 wherein the cache mappi ng al gorithm
dynami cally inserts new cache lines into at | east one
of the sequential sets. 11
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