WO 2005/ 062187 PCTI US2004/ 038977 ADAPTI VE LAYOUT CACHE ORGANI ZATION TO
ENABLE OPTI MAL CACHE HARDWARE PERFORVMANCE A processor based systemt hat
accesses data on a hard disk drive s nay achieve inproved perfornmance by

utilizing aﬁ?ﬁ il enented in solid state nenory. Th [ocessor
popul ates the cgg?%{%th data from the disk that is accggﬁg%%%’/‘”?%é system
Since the cache uses a smaller, faster storage device to provide a | ower

access time, system performance nmay be inproved by speedi ng up subsequent
accesses t CADABTHAE BAYOLS BCACIHE ORGANIZATION TOENABLEORTIMEES EACHE t he

di sk. A well known design for caches Lal |y disk caches, is an N- way
set associ ative cache whose M@W@@E ﬁé’%%@%%@@ based on a conputed
mappi ng function. In such a design, the cache nay be inplenented as a
collection of N arrays of cache |lines, where each array 15 represents a set.

Thus, any el emeAtpreBessdt isdsaiyy temBR ce8sds 88ta bR a hAfd dah@rivdo | ocate
an elenent in the set associative cache, the system uses the address of the

dat a ors t headiaskiaue topaved perdoraancebynitiizinche casheniorlemsnted irsi de, and

t hen search,,thr h th rr. representin he,, set unti.l mat.ch i s found,
or 1t is e TGy e pEERSS borete o onhd it Ul oo © ook
caches do thetdigk ttREPIs hOcE8dNbY ehé BostumDBinoé th¥@adhenesdseslgntdiier, There is
a need to reduce the nunber of wordline accesses per disk request and

i nprove t HASEErStoragmeevier tnerawjde anpwes aRREES IESCRY FTENORETPrMaECERAW NGS
and di st el pecion oEae B FRESa b AR B BiRBh: Y Bt sl e
i nvent ion, inhpeedhe iPEtdaddf aecesganiozeid arkand nethod of operation, 30
together with objects, features, and advantages thereof, my best be
A well known design for caches, especially disk caches, is an N-
way set associative cache whose addresses map to a set based on a
computed mapping function. In such a design, the cache mayl be
implemented as a collection of N arrays of cache lines, where each array
15 represents a set. Thus, any element on a disk may be mapped to a set in
the cache. To locate an element in the set associative cache, the system
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
20 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.

25 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,

30 together with objects, features, and advantages thereof, may best be



WD 2005/ 062187 PCT/ US2004/ 038977 wunderstood by reference to the follow ng
detail ed description when read wth the acconpanying drawi ngs in which:
FIG 1 illustrates a nenory controller and M cache storage chips 5 where

features of W@soRk t cache mapping algorithmmy be | rparated; FIG 2
i|lustrates an enbo ?’nrrent of the cache nemory mappi ng akﬁi&’??ﬁ%@”ﬁ"& 3

shows a free list of cache lines available for each of the 10 cache storage
chips; FIG 4 shows a prior art file systemthat addresses nultiple disk
sect ors asuriddretaydsbenefdreaterts;thandiléiving desdipasdesdriptidre whekremct ors as
file systemclusters addressed i.n accordance with the present invention. 15
It will beW&Bpﬁh@c?%oéﬁp?’h\é!f‘gf‘ﬁra“@F%m Whigh:and clarity of illustration,
elenments illustrated in the figures have not necessarily been drawn to

scal e. For exanple, the dinmensions of sonme of the elenents may be
exaggerated relative to other elenents for clarity. Further, where 20

consi dered appridEritatikistradee rememarymaratallenand bMeeachepteragd chiphg t he

figures to indicate cor ondi ng or ,anal ogous_ el enent s. TAI LED

DESCRI Pl OWNSES FeRtirss phIRE et tieh o ed: PIgeT o™ TiaeRous speci 1 c
details aricoffrafedf:th in order to provide a thorough understanding of the
i nvention. However, it wll be understood by those skilled in the art that

the present i gnty fimtebarPsBhiifithtbf HbatheRfmBRP Hdgpisptai [s. 1

ot her instances, known net hods, proce S, conponents circuits 2
algorithm;

FIG. 3 shows a free list of cache lines available for each of the
10 cache storage chips;
FIG. 4 shows a prior art file system that addresses multiple disk
sectors as file system clusters; and
FIG. 5 shows multiple disk sectors as file system clusters
addressed in accordance with the present invention.
15
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
20 considered appropriate, reference numerals have been repeated among the

figures to indicate corresponding or analogous elements.
DETAILED DESCRIPTION

25 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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WD 2005/ 062187 PCT/ US2004/ 038977 have not been described in detail so as
not to obscure the pr esent invention. I n the foll ow ng description and
clainms, the ter nms "coupl ed” and "connected,” along with their derivatives,
may be used wo QO%Q%{AO' be 5 understood that these terns are not intended as
synonyms fof ¢ Y Rat her, in particul ar enbodi nefft$USRYEEELL ed” nay
be used to indicate that two or nore elenents are in direct physical or

el ectrical contact with each other. "Coupled" nay nean that two or nore

el enent s haee inot dieeacdesquibesl inadetail sel ashot calobseotathe priesevter, " coupl ed”
may al so pean that io two or nore elenents are not in direct contact with
each ot het“"eﬁ‘ﬁ‘to“yet still co-operate or interact with each other. FIG 1

Illustrates a y fifd ?élwmaryeé&%tman&'%va.ﬁe tﬂe%vmeg'c%upté&nﬁﬁel ver 14

that either receives or transmts a nodul ated signal from one or nore
ant ennas. ”cwnmeunladé’nblmdngnwmttl’stheuméerawomsatmaiy et wsath hlayhcltﬂdlize a dipole
ant enna, heldl C @Qé ﬂaé g t he he, apal o front f transcei ver my
be provi d¥8 ?a'ss %0 At 1gssh efl—“éb?d?fc? 'Tt?‘e e ("’ﬁilf:) nonY I, Flt RFTL ALY
circuit, @atmdrt ¢ RAHINELY enttodmAEK etonnbBtdd"0RRSSHE ukéd RSindidBtged- mode

I nt egrat ed circuit. The recei ved nodul ated si gnal 'is frequency

down- conv ghatettyo farlmeraedlermmﬂ,tn arerin efitest ptttysacadi|og|etle¢tr@|agnahtaczmﬂthe di gi t al
data for thﬁebglﬁebanglf si gn rocess ﬁj é rocessor na be ransferred
across an®ffit 8%ce ¥8YP VdB%arb$ Fhpw 9%8%'3%@ ry card.
A Net wor k, hg&eatapen&@f.ean(%rﬁhcfmmﬁ@vér' 8bApldde rh%@rhﬂé@rm@;tn g across
interface 1 may i ncorporate a Peri phera Conponent 25 | nterconnect

(PCl) bustae Qtempneeletmentfeammt_mnéllre@teorﬂ@et ivitl seicbrgthedabetyeh June
1995, or ahter nat e uch.as_the PCl Express bus or any other high

banaui ot noHl€ G aYe ok intéagt Wit gadh Stier ne

FIG. 1 illustrates a wireless communications device 10 having a
transceiver 14 that either receives or transmits a modulated signal from
one or more antennas. In such embodiments, the associated antenna may

15 be a dipole antenna, helical antenna, or the like. The analog front end
transceiver may be provided as a stand-alone Radio Frequency (RF)
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.

20  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

25 Interconnect {PCt) bus as defined by the PCIl 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

30 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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managenent system for admi nistrative purposes, along with the data
processed by processor 12, may be stored by cache storage chips. By 30 way
of exanple and for ease of description, the nmenory card shown in FIG 1 has

four cache ng?% %gl ps 20, 22, 24 and 26, but it should be 3 WO

2005/ 062187 5804/ 038977 noted that any nunber of RGIWROMEHTEs may
popul ate the nenory card. |In one enbodi nent, each of the four cache storage
chips has a nenory size of 256Moit, but the size of the nmenory is not a

limtatioRotddihdtesny neaths of E4AELISVILES 8y pdRulaté tABthEMoTR)abE. Separ at e

packaged 5 devices or integrated together and addressable as separate bl ocks
of nenor yn oAeramMbeginsHy reacheaf the fonr Gashawtoragec ahigsi kasc amMemoed vi a

I B L

28 inple I'ng per f o mance of

Wi rel ess ¢aBRyRitERIgeOtipd0,C22,194 ahdy %%%M@Waﬁé‘b@éké@ad 22, 24 and 26
may be a relatively large non-volatile disk cache mem)rg adapted to cache
i nf or mét i devices of inegrated deaeiber apd adiiapgatie @s sararatpblaekssfr 12. The

e e i

el ect r oneadardssaandaoetrbd sijriils 6&ME Yache steidgeathigsskvertaryy, or a magnetic
di sk nenory, although the scope of the present invention is not limted in
this resp&eptrollph 28nEnRIgAAAFrEntacheaRREPRGOAKIGELRRY i improvethe4 and 26 may
be a pol yaps, RURLY, M \3Yie saccﬁﬁﬁ{tﬁlgc?atma&é\%eolf at least about 250

megabytes"and may I ncl ude terroelectric nenory cells, wherein each cell 20

i ncl udes a fer Caehecstorageohipse20,M22erkadnd QGainag hebtwekdtivadly laget t wo
conductive lines. In this enbodinent the ferroelectric polynmer material nmay
be a ferr&enalatile diskgachgynemesy Adagtedite casbe datoraatian &y @M3ssc

storage {not shown) coupled to processor 12. The mass storage device
typically has a storage capacity, for example, of at least about one
gigabyte. The mass storage device may be an electromechanical hard
15 disk memory, an optical disk memory, or a magnetic disk memory,
although the scope of the present invention is not limited in this 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
20 includes a ferroelectric polymer material located between at least two
conductive lines. In this embadiment 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 polyviny! chloride, a polyethylene chloride, a polyacrylonitrile, a
25 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. [n this embodiment, the plastic
memory may include a thin film of polymer memory material sandwiched
30 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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pol ymer material conprised of a polyvinyl fluoride, a polyethylene
fluoride, a polyvinyl chloride, a polyethylene chloride, a
polyacrylonitrile a 25 polyam de, copolyners thereof, or conbinations

t her eof . Orﬁ,@goo%gﬁ:&nate enbodi ment, cache storage chi pf’ﬁﬁ@é%"é‘a%-ﬁ?%ﬁ and 26

may be a pol yner menory such as, for exanple, a plastic
resi stive change polyner nenory. In this enbodinent, the plastic nenory my
include a thin filmof polynmer nenory material sandwi ched 30 at the nodes of
an addr egmotential supplles amissttaeqml‘ameamyemoqemmynbleanchlat positiveraom a few
hundred ohns to several negohns b\{)pg,n electric 4 WD, 2005/ 062187

|

PCT/ US20018965§ 21 rent: Hawing s the, pebdnelc rderialhal Altars thELRBISIEMR eri al  and
2, Posi L1 Yl pAIgRRk iG] Akohligy ricloht R ORNEB e bR lstbhal 2l Lers

the resistance of the polynmer materia Potentially, different resistance
| evel s nmmevetarbits peveelilandi datapdansityl inagrizke dmraammfttg:em’ay steckingr eased

Chi e S0 Tysrs™ Sl AiBonaorBSIvEeT SARER by CRERD SEPADR COPe i 20 2Bached uo
DRAM Nbaﬁﬁﬁé%a?%edamﬁrdrw,&wamaaﬂl 9H‘B'a¥te@9|qfa%§§d5ﬂ;?DMM bl ocks of data

at atime, commonly called a disk sector, and accordi ngly, the disk cache
i | lustrated orMase shenage\diskddives aﬂnrmhlquelycmhdmmss(ﬁaﬂ brsme #éodkseof | 0 10

t [ t th | t bl
P sk eIt HHngR. GHeTRYY B81e] & WAR SHCEls rdaegker Al oHte B e st or age
chips 20,cxhe ifdsBBEEELEn tAEAREMYIY RaPP R GREIREs RndddhfatioNs ddJiget array

may be set in system nenory where the nunber of offsets in the array may be
sel ectted 1@ tywricatiy maintains dhe diagie sédt@smmsranlﬁaw\b'r dMulgpteor the di sk

cache. oL ARG ol HG0C N B9 shoth o Bl Bl
entries tQcharstdpsdy chipd B0dpak 23e84@2%, along with some cache metadata.

An offset array may be set in system memory where the number of
offsets in the array may be selected to be the number of disk sectors per

15 wordline for the disk cache. For example, for a disk cache having 4 KB
per wordline, 8 disk sectors may be stored per wordline. Thus, the offset
array may have 8 entries to represent the 8 disk sectors.

FIG. 2 illustrates the cache memory mapping algorithm 200

enforced by memory controller 28 (see FIG. 1). In this embodiment, data

20 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

25 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.

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

various sets. For instance, set O (indicated by the reference number 110)

5



FIG 2 illustrates the cache nenory mapping al gorithm 200 enforced by

menory controller 28 (see FIG 1). In this enbodi nent, data 20 structures
and search algorithnms ensure parallel hardware operation of the M storage
chips, where Min this exanple is four as shown by cache storage chi ps 20,

22, 24 and 2BNE#H G 1). The data structures and calf& NP Happi ng

al gorithm define the mappi ng of disk sectors to the appropriate cache |ines
to provide an inprovenent in system 25 performance. The mappi nhg al gorithm

first cony@réspatidekidelipChl i.8!, adcheAstdifss eRip( RBAR)FIGO 1SeSetdBhadanwn by set
0, set 1, ., set M etc. Logical block addressing iis a techni que that
al | ons a ¥sagfindlist thadackses an athitrapy skmbgafecachesings 118a Vtue al | ows

mappi ng tﬁ1é‘a$\%e?‘l§ that G8l gﬂSﬁaQSar@sﬁﬁ%\% c84M8 ?@%?QP Lhﬁ dhgls of0 FIG 2

further s the correspon cach I nes map vari ous sets. For

i nst ance, clsipt1 (sdd Rlt.cay. ele@WlEéI,eseteu G(i‘r&n@aeﬂmmeme téf¥renbe WONREHI5/ 062187
PCTI US2004/ 038977 corresponds to chip cache. storage chi 20 |n
FIG 15 skEObcayespendsite gbied. | @s:tcecm S‘i%@%&éb‘) & B biGr br Y&ty

cache |ines %é%ttéc%‘bd listlh "i”i‘ﬁcléﬂl%s tag}aérbft?@ffﬁ@r%gr g Jf%?gq dgV$25¢ ache. ' | nes

0, 1, 2, and chip1 w se, set cated by the

r ef erence1 226 &nd 328 ﬂmtrcaﬂmymdtm wsppcliveicaehe lowsh@, $t @ age chip 22
in FIG 1, Set 1 _has an_ attached list that includes an ar&: Irary nunber of
cache |iné®Melip 2 {see FiGg1hn&onsipuing: theprttachrsh st f)orr%% #8@e cache |ines

o, 1, 2, F UI it I st for
set M al S@Bﬂ.}dﬁgléjgggﬁ]gr%r\gpgftﬁeéréﬁau% @t‘ ggcr} i nes aiﬁgz?@?gﬁajt 136 and
138 t at dmrmndreistmn@bpte@twemtel WeescQchie 2, iames3Mn ¢hip2M ésed BlGn chip M

(see FIG é %I ndi cat ed by the referen(ée nunber 140) wraps
around to'la erécﬂr leg\&@ gd Dy thei rgfearencenumper: hé &W@Q@@@HPB %0 in FIG

1. The i gdain correspond to chip 1, i.e., cache storage chip 20 in FIG. 1. The list
attached to set M+ 1 includes an arbitrary number of cache lines 142,
144, 146 and 148 that correspond to respective cache lines 4, 5, 6 and 7

15  on chip 1 {see FIG. 1). This layout of sets and attached lists is repeated
until all the cache lines have been populated into the various sets.

In accordance with the present invention, a hash function may

receive a continuous user demand request that spans multiple cache lines.
In this case, the cache memory mapping algorithm 200 controls the hash

20 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

25 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

30 substantially one memory access time.



attached to set M+ 1 includes an arbitrary nunber of cache |ines 142, 144,
146 and 148 that correspond to respective cache lines 4, 5, 6 and 7 15 on
chip 1 (see FIG 1). This layout of sets and attached lists is repeated

until all %%@%ﬁ?ﬁ i nes have been popul ated into the @E’bgﬁé“é&%ﬁ' In
y of

accordance 'W e present invention, a hash function erve a
conti nuous user demand request that spans nultiple cache lines. In this
case, the cache nenory nmapping al gorithm 200 controls the hash 20 function
to provide magpGn@ sknavsspiree lisdr80hobeacbetineslavailablda fdrusdatabethe mappi ng

schene, adj acent sets, have_ cache lines for different cach S age chi ps.
Not o haiCaChErAIOrqaRENIPSr SICR 1DEICHNE MEBIEY MAPENGLAIAER D0t hat each

set cont §jrBgidedCdif atdiftafy hURBRUYcatMe IHdSolBED Y freBNist is ek igF note that
contiguous addresses are nmapped to adjoining 25 sets, or put another way,

sequent i aachi cachecmesywy chip. nEppedche lingadioeatioalpdicysensurakitbat st or ed dat a
to be retrieved, sijultaneously from different c St e _chips. By way
of exdnpiieW GoPhP R ALER, 105 XAPIo CEFM G URER d 1o S Ut BBt | Guous

addr esSesdm%iéaﬂ?%éé?téoolﬂtoCtﬂBtdngekl%etsS@ﬁé cofed pBhaUtodthed@éRedt Om f our

di fferent cache storage chips in 30 substantially one nenory access tine. 6

WO 2005/ Geehe mponryshim4/ 038977 FIG 3 shows a free list 300 of cache
he cache nenory

| i nes avail able.fgr each gf the cache storage chips.,. Since, t

mppi g al gor Ao HE e 6 Yate i e foduss TAMGS it BEERERdes per st
a free ligdchiinpleRutp@ {I/GREUeRENSs ARITAPY §BkecltR SRCAGINEsBEd @ls! ocat i on
policy ensures that 5 new cache |lines such as, for exanple, cache lines 312

and 304 ane filgysusteonrivptemaermallyiinteyenheeqiobpareBw@ngs 4adnindmizespond to the
correct o&%iﬁ%%ﬁnmm( gr%'a%izaﬁo%. 6n?@r?\tﬂ\ﬁafce'hll,ethseyfsl}s?%erg%té%q&%g{erwl tiple

di sk sect
may not start at sector zero on the disk drive but at an arbitrary sector

offset. Thus, additional cache wordlines are accessed if the mapping of
disk to cache address does not naturally align to Operating System ({OS)

15 file system clusters. Shown in this example is a request serviced by the
cache for OS clusters 3-6 that requires two memory cycles to transfer the
data since all OS cluster 1-8 are transferred {entire cache lines are
transferred as one unit).

Another case shown in FIGs. 4 and 5 which is also common is a

20 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

25 single memory cycle read using the disclosed method.

FIG. 5 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

30 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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each input/output (I/0O request, as nultiple disk sectors are addressed as
o one file systemcluster, normally in even sector increnents to mnimze
overhead in disk organization. Unfortunately, the first file systemcluster
may not start at sector zero on the disk drive but at It sect or
of fset. ThUQ20%RfY¥?B7 onal cache wordlines are accessed ia’%h?g%bar‘r‘éog%%\é%g of

di sk to cache address does not naturally align to Operating System (0S) 15
file systemclusters. Shown in this exanple is a request serviced by the
cache foth@Sagithe ngmbed-& chins (Mgocresseswbheronababiliyycireseases thatsfer t he
dat a si ng@ %I.I IOseedcl u%ecrj h1-8.arﬁ.trgnsf$?rred %enti re cache lines are

t r ansf er F8% %' 07 ? Aot HBIMCARS £ eSYRSMIANCR 'FIRRYe N et én Pch is also
comon i £ade o2GFolPGHRSE! .allf PossPsiaNgbRing @S Elastérdsiora fdurdcluBtdiot h cases.
This results in one nenory cycle to get the data, but that case may only

occur abdtansfgoggrvbetqmmpleiied W onetmemeiny siveld. chi ps due to alignment. All

ot her _ cases r 3 uster read (for ex le, OS5 C ers 3-5) results
in a >t wo nen%?\?“@‘{,@ﬂ%?&&?dg'fﬂasf ﬁé""?fpflﬁwag'gﬁsrpeetvﬁ%%1ﬁ%enay still be a 25
singl e NpEREYsATYEl R e85t cHEhe tinkhehdlil® bleasR@nelttao®tribl éthe shows the same
request for two 8Kbyte cache lines serviced by the cache for OS clusters

3- 6 t hat metadatasddidhe dagiafitheheagheckirsmshouldveérreenvered; pBbothestadl by cache
menory nmapRi I ' 0Q in..o 210 | e t t,. data transfers
are nade SBBEWB%P%%&%&%? t% %ﬁdg%ggiptgﬁc?ntdh@%ﬁgaqag c%?ecss"ggsb% n one menory
cycl e arégndertdd saGhadbprOpribtOsettENOry cycles as necessitated by prior art
service requests. Further note 7 WD 2005/062187 PCT/ U52004/ 038977 that as

the ridnber of Byha@w it Shoukt beapparenthithaitbpaprent inviestioastos theat  t he
! e R IARHRE ) RO PR BT g L1 L oo o
advantages over prior art disk systems. The hashing function maps cache
lines in a manner such that each set contains cache lines from only one
cache memory chip. Sequential disk accesses are mapped to sequential

15 sets to allow stored data to be retrieved simultaneously from different
cache storage chips. The cache line allocation policy ensures that new
cache lines are dynamically inserted into the proper sets and correspond
to the correct cache memory chip. These and other features provide a
performance improvement.

20 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
(WLANS), Personal Area Networks (PANs), 802.11 networks, Ultra Wide
Band (UWB), among others. In particular, the present invention may be

25 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.

30 While certain features of the invention have been illustrated and

described herein, many modifications, substitutions, changes, and
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transfer can be conpleted in one nenory cycle. 5 Should a reboot of wreless
comuni cations device 10 be necessary; (1) each cache |ine should be
scanned to retrieve the netadata; (2) the tag of the cache |ine should be
recovered; g%% the tag should be converted to the set pointer; and (4) the
cache shouW %5/06?1ﬁ§erted on the appropriate set. 10 BPGISR2PM0IMRTI d be
apparent that the present invention for the cache nenory mapping al gorithm
and associ ated hardware has advantages over prior art disk systens. The

hashi ng feqopialéritsnmisnéacoecur i01efodensiallddimetie aHChitiBattheagbresab contains
cache lines fron1on|§10ne cache nenory chip. Sequential disk accesses are

mapped t deswnflasptqosi thas thet appandad eJairas greintgadadite erverall pecled

simul tan f £ ne
aIIocatigﬁ&§h¥?ﬁéR€hggﬁg %ﬁ%t hew PS@%@ﬁéﬁgﬁﬁggggig(ﬁhﬁhnﬁﬁgﬁpbhlnserted
into the proper sets and correspond to the correct cache nenory chip. These
and other features provide a performance inprovenent. 20 The principl es of
the present invention may be practiced in wireless devices that are
connected to operate in a variety of conmunication networks that include
cellular networks, Wreless Local Area Networks (W.ANs), Personal Area

Net wor ks (PANs), 802.11 networks, Utra Wde Band (UAB), anpong others. In
particular, the present invention may be 25 used in smart phones,

comuni cators and Personal Digital Assistants (PDAs), nedical or biotech
equi pnment, autonotive safety and protective equipnment, and autonotive

i nf ot ai nment products. However, it should be understood that the scope of
the present invention is not limted to these exanples. 30 Wiile certain
features of the invention have been illustrated and described herein, many
nodi fications, substitutions, changes, and




8 WD 2005/ 062187 PCTI US2004/ 038977 equivalents wll now occur to those
skilled in the art. It is, therefore, to be understood that the appended
clainms are intended to cover all such nodifications and changes as fal
within the true spirit of the invention. 9 CLAIMS: 1. A cache nenory
conprising: a first cache storage chip to store a first set of data; a
second cache storage chip to store a second set of data; and a cache mappi ng
algorithmto map sequential disk accesses to sequential sets that allow the
first and second stored data to be retrieved simultaneously fromthe first
and secon&LAdMRBe storage chips within one memory cycle. 2. The cache nenory
of claim1, wherein stored data fromthe first and second cache storage
chips is retrieved sinultaneously in one nenory cycle. 3. The cache nenory
of claim 1, wherei nAtchehe atdmonyapopiprigingal gori t hm hashes cache lines fromthe
first cache stor cache lines fromthe second

cache storage Eﬁ'?% R?Eg)rg%%stﬁlgtg@?ore@ fIrﬁ\ti"g(ﬂﬂg sory conprising: a first

cache storage sfsbeoﬁ@céérw@tofagéém&% Storéla SBESMYIs SO atS Hpge chip to store
second data; and a menory controller coupled to the first and second cache

mermory chips @®&achemappignlgativm tgmap geauential diskragsesseptoraacaientials k
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of the sefroanthedirststidssevondsaehe sttrage chips withit ans mamaorgrgeles! y from t he

second menory chip within one nenory cycle. 5. The cache nenory of claim4
wherein the first set has an attached

2. The cache memory of claim 1, wherein stored data from the first
and second cache storage chips is retrieved simultaneously in one memory

cycle.

3. The cache memory of claim 1, 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.

4, A cache memory comprising:

a first cache storage chip to store first data;

a second cache storage chip to store second data; and

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

data simultaneously from the second memory chip within one memory cycle.
5. The cache memory of claim 4 wherein the first set has an attached
list that includes an arbitrary number of cache lines in the first cache memory

chip.

6. The cache memory of claim 4 wherein the memory controller keeps
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list that includes an arbitrary nunber of cache lines in the first cache
menory chip. 6. The cache nenory of claim4 wherein the nenory controller
keeps 10 a free list of cache lines for the first cache nenory chip. 7. The
cache nmenory of claim4 wherein the nenory controller ensures that new
cache lines are dynamcally inserted into the first set and corresponds to
the first cache nenory chip. 8. The cache nenory of claim4 wherein the
first cache nmenory chip is a polyner menory device. 9. The cache menory of
claim8 mhereln t he pol yner nenor evice includes nenory cells having a
ferroel ect i 6e§)ﬂﬁtﬁ§?°%f"éﬁ*§ for the.Lé'St FHdeCHEROTYBBry of claim 8 wherein the
pol ymer nmenory device includes nenory cells having a resistive change
polymer material. 11. The cache nmenory of claim4 wherein the first cache
menory chip is &. FLABelcaeh@ngerd@\yiafe:laim’A wherirt thehmemeamp coniodiiec] ai m 4
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correspondldaqegpomqnélﬁaét cAch& niEe§TRp. fromtwo or nore rrermry chi ps
within one nenory cycle. 14. The method of claim13, further conprising:

usi ng a cache mappl ng algorithmto map sequentl al disk accesses to

sequential setsg B ERL %&& d?'canW41w e fh%' ﬂs{ %h%%gﬁtog}ﬁ?mbf Com a

al gorithm furt her corrprl ses ashing a set t0 access
first caches atpoiyes rmémpnadeviee.

9. The cache memory of claim 8 wherein the polymer memory device

includes memory cells having a ferroelectric polymer material.

10.  The cache memory of claim 8 wherein the polymer memory device

includes memory cells having a resistive change polymer material.

11. The cache memory of claim 4 wherein the first cache memory chip is a

FLASH memory device.

12.  The cache memory of claim 4 wherein the first cache memory chip
is a Dynamic Random Access Memory (DRAM) device.

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

from two or more memory chips within one memory cycle.
14. The method of claim 13, further comprising:
using a cache mapping algorithm to map sequential disk accesses to

sequential sets.

15.  The method of claim 14, wherein the cache mapping algorithm

further comprises:
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second set to access data froma second cache storage chip. 16. The nethod
of claim15, further conprising: accessing stored data fromthe first and
second cache storage chips sinultaneously. 17. The nethod of claim 16,
wherein accessing stored data fromthe first and second cache storage chips
Is in one nmenory cycle. 18. A system conprising: a transceiver to receive
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 nenory bl ocks coupled to the processor; and
a nenory cont rolh@ghing firghset t@@@ﬁesmaiaufmgn alfggrqachenstayagaghipeanibat i al  di sk

accesses t QeRBANEH hUccsel BalyahBAdRNEUENY sRssEs Tyt 2 [rom the flrst and

second cache nenor one menor The system of claim
18 further conprising accessing data fromthe first and second cache nenory

bl ocks in one nqréfpry_r%\e/cl eethog{ of claim 15, further comprising:
accessing stored data from the first and second cache storage chips

simultaneously.

17.  The method of claim 16, wherein accessing stored data from the

first and second cache storage chips is in one memory cycle.

18. A system, comprising:

a transceiver to receive 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 to simultaneously access data from the first and
second cache memory blocks within one memory cycle.

19.  The system of claim 18 further comprising accessing data from the

first and second cache memory blocks in one memory cycle.
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