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[003] Although the operating speed of memory devices has continuously increased,
this increase in operating speed has not kept pace with increases in the operating speed
of processors. The increase in operating speed of memory controllers has also lagged
behind the rapid increases in the operating speed of processors. The relatively slow
speed of memory controllers and memory devices often limits the speed at which
computer systems can function.

[004] The operating speed of computer systems is also limited by latency problems
that increase the time required to read data from system memory devices. More
specifically, when a memory device read command is coupled to a system memory

device, such as a synchronous DRAM (“SDRAM?”) device, the read data are output
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[006] One approach to increasing the operating speed of memory devices to

provide faster memory intensive operations like data mining is to use multiple memory
devices coupled to the processor through a memory hub. In a memory hub architecture,
a system controller or memory hub controller is coupled to several memory modules,
each of which includes a memory hub coupled to several memory devices. The memory
hub efficiently routes memory requests and responses between the controller and the
memory devices. Computer systems employing this architecture can have a higher data

bandwidth because a processor can access one memory device while another memory
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module then compares the read data to the search data to determine if there is a data

match. In the event of a data match, a data match indication is coupled from the -
memory module, either as the data match occurs or after being stored in a results

memory.

BRIEF DESCRIPTION OF THE DRAWINGS

[010] Figure 1 is a block diagram of a computer system having memory modules

in a memory hub architecture in which embodiments of the present invention can be

implemented.
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includes an address bus, a control bus, and a data bus. The processor bus 106 is

typically coupled to cache memory 108, which, is typically static random access
memory (“SRAM”). Finally, the processor bus 106 is ceupled to a system controller
110, which is also sometimes referred to as a bus bridge.

[016] The system controller 110 serves as a communications path to the processor
104 for a variety of other components. More specifically, the system controller 110
includes a graphics port that is typically coupled to a graphics controller 112, which is,
in turn, coupled to a video terminal 114. The system controller 110 is also coupled to
one or more input devices 118, such as a keyboard or a mouse, to allow an operator to
interface with the computer system 100. Typically, the computer system 100 also

includes one or more output devices 120, such as a printer, coupled to the processor 104
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system using a shared command/address bus, may also be used
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information to and from the high speed data links 220, 222. As well known, such

circuitry includes transmitter and receiver logic known in the art. It will be appreciated
that those ordinarily skilled in the art have sufficient understanding to modify the link
interfaces 210a-d, 212a-d to be used with specific types of communication paths, and
that such modifications to the link interfaces 210a-d, 212a-d can be made without
departing from the scope of the present invention. For example, in the event the high-
speed data link 220, 222 is implemented using an optical communications path, the link
interfaces 210a-d, 212a-d will include an optical input/output port that can convert

optical signals coupled through the optical communications path into electrical signals.
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are, in turn, coupled to the memory devices 240a-d, respectively. By providing a

separate and independent memory interface 270a-d for each memory device 240a-d,
respectively, the memory hub 200 avoids bus or memory bank conflicts that typically
occur with single channel memory architectures. The switch 260 is coupled to each
memory interface through a plurality of bus and signal lines, represented by busses 274.

The busses 274 include a write data bus, a read data bus, and a request line. However, it



to a processor, or systemcontroller, wll be coupled
thereto through one set of the link interfaces and

wo awoshetsecoupl ed to anot her nenory nodul e t hr opghUs1ve4/025523
ot her set of link interfaces. In one enbodi ment of the
present invention, the nmenogy hub 200 of a nmenory
modul e is coupled to the processor in a point-to-point
arraqgﬁyent in which there are no other devices

wilk b pndegptaad thate siiglerhi-dirpgiony) detadunor someithss b9 of busgystem
ma$ nﬁteﬁﬁﬁveﬁ% BRI Msed HitedQ Qo o Qép%ra&ey ReiteLbath BHu§ raﬁ@ NBRC Hitd bus.

provides better signal coupling between the processor
Morenvernrile bissesrdfifoney thalidexogrester orslesser nmbes 28 sigmal lines than

ﬂKFgﬁ%y%hﬁgdggﬁﬁﬁlvely | ow capacitance, relatively few

Iscontinuities to reflect signals and rel atively
[024] short Ishm maboqmaelhwf tl[e@i@]ant'ﬁh@nhmm kaahnna&mcfra mfaz& Q#ad] is

212a-d, ar led to 0 throu allt
sy ek G HRLRetndif VAL DS E MRS 1P s 2ollY
spe'gﬁ‘&all)jg %ﬁmﬁﬁéryaﬁﬁrfﬁagmﬂeﬂﬂll@ E}&blj.allylzt ﬁdhpteﬂ(tb peteide amﬂlrécewe
ata.bus and a rea at a al t.ho si ngl.e . bi
R R R PR oy O D
to GALEAliLisduplell.N AN, BhethE06d | iRBFadel ROV atch@pAHIOKF o eratlng
interfaces 210a-d, 212a-d. It will_ be appreciate

withperaory davifes 3403 ppiafingyati ditfergnt clack Tregugnciepe A g€ Y the

medibfly Al@fabisD04la kolie 18 Yrddbsse< ARt ciafgbstiiatm rb@cur at the
busses 214 may include fewer or greater signal I|ines,

intesfpen batvepn thenmemprchibu?Hyand merawsdeviden4émd caurierb fptihe
meHo huMUOC Qrtcﬁ"flg &@ﬁy§%ré gcﬁl s Mir?ﬁ:ﬂ&h @@%ﬂﬁh memory

erency e swt 0 is further coup to
dﬁﬁ@uﬂ4Weﬁnmyﬂﬂﬂﬁ@¢faces 270a-d which are, in turn,

[025] COUP! ﬁ‘ﬁ *s&n!éﬁféd‘é% ﬂ@ﬁﬁl&’gmﬁarﬁ g%ﬁa- 0T BSRAGKH Y Yorm &

providing a sep ara nd | ndepen menory i nterface
int@¥%0es d70Gaet caabh anyemﬁrayvaﬂew ofecczwe)moml mrelsqyeuaftev eleyqlor)ed

sw%tcﬁu? t o CXPIP?lCZQlQC sw?t@:l? S26Bu§1a R Qa%n ls(w1‘fc(?1n alt Cc}a%

ypi ca bccur ' wthsingle chann
sinantaidonde toupdslinkhterfases 2t on- (2&02&-3 andthp Inmmdry)umfabes 270a—

nmenory i nterface t.hrou al i bus
to Fihodther 7 aBSY of Mtigmedsl' i svikche 2o, S0 a0 P % €%e
muilt[jﬂé)déﬂﬁhzlﬁ dembt Iﬁgﬂaé the RaiBe le_ﬂTl lof gﬁméagv&y hsis pl;jc@@'ﬁhrawnch but
request |ine, wever, jt . .be under t
nevaﬁﬁf}@é A7 CopplGtbe SRS T ﬂL?fZﬂ%{}@ Bieresg @% ﬁ’e?rlzf@ﬁ% eg of
thelHEM Sy ShteMBRY70ald ETHRakIEDLSD ey MSE theiudsd aﬁ&@raﬁkfn Bgic (not
separate wite data bus and read data bus. ,gover

Sh"("ﬁ@ i federganepyhichmpmpry acergtes shayldgecaye RyorbeaeE Pther fEReTY
acfses| B0akbltaRES pdrffideBR TuRHBY oW ¥nFESEr dneQfilled in the

art.

[026] 'With further reference to Figure 2, each of the memory interfaces 270a-d
includes a respective memory controller 280, a respective write buffer 282, a respective
cache memory unit 284, and a respective data mining module 290. The memory
controller 280 performs the same functions as a conventional memory controller by
providing control, address and data signals to the memory device 240a-d to which it is
coupled and receiving data signals from the memory device 240a-d to which it is

coupled. However, the nature of the signals sent and received by the memory controller



[024] In an enbodi nent of the present invention, each
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specifically, each nenory interface 270a-d is
specially adapted to provide and receive the specific
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respective system memory device 240a-d without waiting for the memory device 240a-d

to provide such data in the event that the data was recently read from or written to that
memory device 240a-d. The cache memory unit 284 thus reduces the read latency of
the system memory devices 240a-d to maximize the memory bandwidth of the computer
system. Similarly, the processor 104 can store write data in the cache memory unit 284
and then perform other functions while the memory controller 280 in the same memory
interface 270a-d transfers the write data from the cache memory unit 284 to the system
memory device 240a-d to which it is coupled.

[029] The data mining module 290 is coupled to the switch 260 through a bus 292

and to a respective one of the memory devices 240a-d. The data mining module 290



coupl ed. However, the nature of the signals sent and
recei ved by the nenory controller280 will correspond
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240a-d are adapted to send and receive. The cache
menory unit 284 includes th1 normal conponents of a
cache nenory, including a tag nenory, a data nenory, a
conparator, and the like, as is well known in the art.
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processor 104, The bus 298 includes a plurality of conventional bus 11nes and signal

lines, such as address, control, data busses, and the like, for handling data transfers in
the system memory. Conventional DMA operations well known by those ordinarily
skilled in the art can be implemented by the DMA engine 296. The DMA engine 296 is
able to read a link list in the system memory to execute the DMA memory operations
without processor intervention, thus, freeing the processor 104 and the bandwidth
limited system bus from executing the memory operations. The DMA engine 296 can

also include circuitry to accommodate DMA operations on multiple channels, for



and then performother functions while the nenory
controller 280 in the sane nenory interface 270a-d
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284 to the system nenory device 240a-d to which it is
coupl ed. [029] The data nlqyng nodul e 290 is coupl ed
to the switch 260 through a bus 292 and to a
respective one of the nenory devices 240a-d. The data
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generated each read operations results in an 1tem of read data being returned to the data

mining module 300. However, before commencing the read operations, one or more
items of search data are coupled from a processor or other memory access devices (not
shown in Figure 3) and stored in a search data memory 314. The search data memory
314 then continuously outputs the search data to one or more comparators 320. The
number of comparators 320 included in the data mining module 300 preferably
corresponds to the number of items of search data stored in the search data memory 314.

In the data mining module shown in Figure 3, the search data memory 314 stores three



system nmenory to another location in the system nenory
W thout intervention fromthe processor 104. The bus
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and the like, for handling Qata transfers in the
system nenory. Conventi onal "DVA operations well known
by those ordinarily skilled in the art can be
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t hen couples signals to a nenory sequencer 306 that
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[035] ti med yHdNAl Sf the addresses in the address space of the respective memory

device 240a-d have been searched, the results memory outputs its contents to the
processor or other memory access device through the bus 292, which is coupled to one
of the link interfaces 210a-d through the switch 260.

[036] Another example of a memory hub 350 according to the present invention is
shown in Figure 4. The memory hub 350 may also be used as the memory hub 140 in
the computer system 100 of Figure 1. The memory hub 350 differs from the memory
hub 200 shown in Figure 2 primaﬁly by using a single data mining module 300 to

service all of the memory devices 240a-d to which the memory hub 350 is coupled.



menory conmand and address signals for a series of
sequentially conducted read operations. Alternatively,
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menory controller 280, and the nmenory controller 280
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of sequentially conducted réad operations. [033]
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singl e conmparator 320, and a search for that data item
woul d be conducted. However, this approach is |ess
desirabl e because it woul d be necessary to
repetitively read all of the data stored in the nmenory
device 240 each tine a new data item was sear ched.
[034] Each item of read data received fromthe
respective nmenory device 240a-d is passed to all of
the conparators 320a-c. Each conparator 320a-c then
conpares the itemof read data to its respective
search data itemand outputs a hit indication if there
is a mtch. In the data m ning nodul e 300 enbodi nent
shown in Figure 3, each hit indication includes
information identifying the itemof search data for
whi ch there was a



hit. The hit indication is coupled to a results nenory
330, which may be a static random access nenory

W@ 2®R0MSF1 devi ce. The results nmenory 330 i s al BOT/US2004/025523
coupl ed to the DRAM sequencer 306 to receive the
address passed to the respﬁative menory devi ce 240a-d.
The results nmenory 330 then 'stores both the
information identifying the item of search data and
tGeABMBIr ess of the read data for which there was a
hit. %aqqmﬂn}églsy, where the processor or other
nmenory access device is capable of identifying the
read data stored at each address in nenory, it may be
unnecessary for the results nmenory 330 to store the
i nf or mat i on. | defitmdmurndub e ust evithod neewmrc Hevda shef memory
\qﬁk)ch there was a hit. [035] Wen all of the addresses
i ECREPEY ¥ ess space of the respective nmenory device
240a-d have e fferHedMof RBsvink AR mo8piellicitsirenory out put's
its contents to the processor or other nenory access
devi ce t hr amgmorhéevinggntodare captlechto) the bjuintestace, dheomemery

the. Li. | nt : .104a- Y| 0,
B} LSRRG rERORAOR KA, LIPuRH! K68, By
tdeeicp irearéiot furtheeodtpuating ead memnry tequesig uné reéeivihigeeadadngr i
hub 350, may al.so be used as the nenory hub 140 in the
dEP9REcdhere0s™m 100 of Figure 1. The memory hub 350

di ffers frQumbhheniBmidictielpld® e HBBMR ihiBriide OhE Qak mining
primarily by using a single data m ning nodule 300 to

geedpleckeing ppegadle legeepteoit Jeadievriedtes oimarch dets thienghh theHimk
' t

TRARt. D0l oS SRR LD RS o

Hub, ®5@cdiat fead dithaespansiietta eatinofthe mediinem3QGrefu@sts eadhto

of the four nmenory interfaces 270a-d_ in e nenory hub
o8P thy fﬁﬁﬁlgeﬁé?adlq&%?/&e,a?’ﬁ?ﬁt opy ifqnp,f S&i‘rﬁé Ea%orrponent s
of the menory hub 350 are identical to and operate in
the same manner as correspondi ng conponents in the
menory hub2200 Bie sy Bulpof chysy bifethsr comprising 4 pluehysaf
Ly, . i on. qf. i .
Sk SAEl o, Y SR AREE) B Ik 2GR RAGIN R bttty
roompling ave df itles @oxa@lifyrof tlink intefioey addudne3F0hd plumatitypbfaderhary
?agl. of the link interfaces 210a-d and to all of the
W6P iGPces 240a-d through the switch 260. The data
m ni ng nodul e 300 operates in the nmenory hub 350 in

essenti al I%/ the sanme manner that it operated in the
menory hub3200. Thagugmasy hub paEelaiay! whergin thosty mining module

2%1 gﬁ&%@@t‘?ﬁ g&lﬁga‘?ea{h% he ﬁémwg(i(g[gg@ L%a 98 %66 A4 9% a%nemory

nmory “devi ces
requests from the memory hub.

4. The memory hub of claim 1 wherein the data mining module
comprises:
a direct memory access engine coupled to the link interface, the direct

memory access engine being operable to generate the read memory requests;



are separately searched in sequence. [038] Fromthe
foregoing it will be appreciated that, although

W@ p@siot4561 enbodi nents of the invention have beremr/US2004/025523
described herein for purposes of illustration, various
nodi ficati ons may be nade §hout devi ati ng fromthe
spirit and scope of the |nvent|on Accordi ngly, the
invention is not limted except as by the appended
cl ai ms. CLALNG, M @hta i rfentdrRicBBSed & tht- lulﬁ 1%{:@(!6\’ toldBeifhnd
use with a nenory device; the nenory hub conprising: a
Iﬁmkﬂﬁﬂtéﬂﬂ@meﬁﬁnpfﬁ%@bﬂ%@h@dnennry requests a nmenory

ﬁ:}%f; 1;12:/?120%%%%{1&)?? egd% 1t?r6u? search gata tstoFed Cd?ei/ setapc?l data
I REES] SachBEmPrhibhehRt Eouplel €0 feemer y rdépechee it o€ kdadhedata
further outputting read nenory rﬁguests and rece|V|n%h
risem thasspreth dpfa SpaREE anddiedizocourlsg 19 §SRYP Mentead data, the

maﬁlt %‘éﬁg gerﬁlﬁe cr&nﬂﬂafelﬂhé L8 ulaes hetgIS ?ec‘#l% el sii%ch

el n perabl e to recelve at e one Itemo
séada ot poertide 4 It indigdtionhe theiemdat bfit mpfthce, to
repetitively cause read nenory requests to be out put
fromthe nmenory hub, to receive read data responsive

to each of sthe TRAGhNRIPMYbI SOVREE 4 vaeebid QnC@L[fplQFQf the
the received read data to the at | east one

s@amartorgs goupted trrke Haknintspfape b euplel the Rt 1nd1$3tﬁlf>t1 ﬁe ﬁhe link

Pﬂy&&§|ng a plurality of link interfaces, a plurality
menory device interfaces, and a switch for

sel ectively coupling one of the plurality of |ink

i nterfaces and gms of t evi c

pl.ural ity of
|t or f acesS 3. Siranitamstye R Hofh 4 ohefein B2 MRk e pirgul
dattBerBoRipAgks mﬂ&h&y dsviepgadics dodple@ fehatifedt Aeni@Rtccess

menory requests and to output the read nenory requests
fengiet He meme ylelan seqenceh @enpirtigye #iliof spmenapd wnd address

VRELR Br daBRoARL Radlddhiies, modul e conpri ses:

7. The memory hub of claim 4 wherein the search data memory
stores a plurality of the search data items, and wherein the data mining module
comprises a plurality of comparators corresponding in number to the number of

search data items stored in the search data memory.

8. The memory hub of claim 4 further comprising a results
memory coupled to an output of the comparator to store each of the hit indications

generated by each of the comparators.

9. The memory hub of claim 8 wherein the results memory is
operable to store a memory device address corresponding to the read data that

resulted in each of the hit indications.



a direct menory access engi ne coupled to the link
interface, the direct nenory access engi ne being
wop@sabiseit 0 generate the read nenory request SPET/E8A0EMS523
data nenory coupled to the link interface to receive
and store the at |east onelkten1of search data; and a
conparator for each item of "search data stored in the
search data nenory, each conparator being coupled to
receive a {©spefiel Membylaith U BHA'FIhdahant 1 Bemory is
search data nenory and being coupled to receive tﬁ%
rfextitbr dpdrable tohstore avithaeactt off thbmiemgryojseica blidresses € oompapanding
t%e read .d %9 to the respective itemof search data
ARE FPRTHES hit indication in the event of a match
5. The menory hub of claim4 wherein an output of the
conparator is coupled to the link interface tao couple
the hit inbi catThsrmemory b qf pleipnk whergimethe dink pigrface, the
pi'?é?i?c{wry dBHR. Rri5d20R e H\AE&%{&%&H&@&E Pabic Aty Amﬁfégﬁted
urther conprises a nmenory I ce sequencer coupled to
telrevitonr 2odmmenemyccadedssubstgiene, the nenory devi ce
sequencer generating a set of conmand and address
signals for each of the read requests. 7. The nenory

hub of cl ajzn 4 ARRAEBIMbAR:, S6@pEsedlat @ Nenory stores a
plurality of the search data itens, and wherein the

dat a mi ni nyPlwsditn o mecsasy fevises;@nd| ural ity of
comnpar at or ondi.ng..[.n nunber to the nunber of
SoERLE ARl

search data the search data nenory. 8.
The nmenory hub alinkchigifacedof ieedivieg memoryriegiesiy for acesss kd &

menory coupled to an output .of the conparator to store
each of th@aﬁ’ii‘)’f‘eﬁ’fﬁ @%P’gtﬁllﬁwéeé’ner ated by each of the

conparators. 9.a h&RorfRBREY infdRcOdoupled tdthS 1iMk 8@ Fale hrtEro
results nmenory is operable to store a nenory device

addr ess cothe eBpoNHi degices thh@ement deritealniaiiec ceunling strite

claim o wiErarn FheefaERHEmE S 0% FRIRER, Mhhor

to store widviveeatdrfacd futiker nenpling dendi cemaddressss ta the

corr espondrinrellgmiyt &g}cgsf ar?de ggu%ﬂngdgegg ‘data from the memory devices;
and

a data mining module coupled to at least one of the memory

devices, the data mining module being operable to receive at least

one item of search data through the link interface, to repetitively

cause read memory requests to be output from the memory hub, to

receive read data responsive to each of the read memory requests, and

to compare the received read data to the at least one item of search

data.

13. The memory module of claim 12 wherein the data mining
module is operable to generate the read memory requests and to output the read

memory requests from the memory hub.



11. The nmenory hub of claim 1l wherein the Iink

interface, the nenory device interface, and the data
waoreovsogisapdul e are fabricated as an integrat edPCI/US204/025523

on a common sem conductor substrate. 12. A nenory

nodul e, conprising: a pIur@Hity of nmenory devi ces; and

a nenory hub, conprising: a‘link interface for

receiving nmenory requests for access to at |east one

of the menpyy d’ﬁi/e' ﬁ'l 0 HRAD LY cBfY 11§ Gyileif 'ﬂ{eaﬁ:lgmory hub

coupled to the link 1nterface and to the nenory

dexthar esomprkes aeplwmlitydely lidle intefases, ax phoditpl dfngempiyt device

d wi d h ' ,
TR FEEYT R0 Sl B oY Becpeiien

r&ﬁ@&% Jne W @it SludaBty! dPeinkEAMIfICeseNd SRSofaREl pReiHd} bM@lemory
read data fromthe nmenory devices; and a data m ning
rAsdige e1tetget ed to at | east one of the menory devi ces,
the data m ning nodul e bei ng operable to receive at

| east one item of search data through the Iink

i nterface, 15.0 rBpetmetmbryelydudaws elaimad whersinyoneeefushs tdata

to. be oufput. fro e no hub, tq recejive read data
Bl R i PleRitRd S RO} s RS o7 oSS, Siha 18
CRP@ gl NEdNQCRINLESupRAth HRteniddy UBAcRto WEBH theOB&ective
itemof search data. 13. The nenory nodul e of claim 12
VIPRIR@Y Aevieraintgebes inPMPY- nodul e i s operable to generate
the read nenory requests and to output the read nenory
requests fromthe nenory hub. 14. The nenory nodul e of

cl ai m 12 wher ei Thetrhemorp mokiyle hidainit4 Wherein tiranées@s naodule

pl yralit f link.interfaces, a pluralidt f menory .
qesTides o thels el D ing B e syl iacnrty & the gty device
deieRs tRf@haesiWilcgh for sel ectively coupling one of
the plurality of link interfaces and one of the

plurality of nenory
17.  The memory module of claim 12 wherein the data mining

[

module comprises:

a direct memory access engine coupled to the link interface, the direct
memory access engine being operable to generate the read memory requests for
coupling to the memory devices;

a search data memory coupled to the link interface to receive and
store the at least one item of search data; and

a comparator for each item of search data stored in the search data
memory, each comparator being coupled to receive a respective item of search data
from the search data memory and being coupled to receive the read data from the
memory devices, the comparator being operable to compare the read data to the

respective item of search data and provide a hit indication in the event of a match.



device interfaces. 15. The nenory nodul e of claim 14
wherein one of the data m ning nodules is provided for
weawk/opfs6t he nenory device interfaces, each ofpPthesmat/eess23
m ni ng nodul es being coupled to the nenory device to
whi ch the respective nmenory device interface is
coupl ed. 16. The nenory no&éle of claim 14 wherein the
menory nodul e includes a single data mning nodul e
that is copple F i
interfacesy$hrgﬂ%ﬁmgﬁgggﬁﬁ?%ﬂsfg@ﬂp%zég%%%%§§(ﬁg)ngﬂw
chmphraiomis] Couptedrteitire hdeinttaface toi svuply theotilisdictiopte sedink
a di.rect nmenory access engi ne coupled to the link
iMF8Cace, the direct nenory access engine being
operable to generate the read nenory requests for
coupling to the nmenory devices; a search data nmenory
coupl ed t ol%he Thenremeryepedide of glafne ddi wherein dhe defe anining
%oolﬁfe?ﬁhhé? Q?mkﬁ&gna %egfb?fﬁ%e%@ nce??ﬁuéﬁed:tg 'HR a&l%g?ﬂalm{lgrgf

each itemo earch data stored I'n searc

raecess yngireaal te drpoenadrp deligisnte apupedevice se@reacergederating
respective ite search data fromthe search data
R o R e Sreatl® £ tPReEies e ed fetisraor Fisth
tof e TBIMEYucEigVi ces, the conparator being operable to

conpare the read data to the respective itemof search
data and provide a hit indication in the event of a

mat ch. 18. e TR0 ARCHbGIO br &laBh 7L FpUBR! Bl NeAlh data

out put of e comparator I's coup elin

inneny atweestoplooilipt of thhesehith datadiesn) ainwha@einhie ldhtaknining
interface.. 19. The nory nodul e of claimwherein the
B PP T Gy PLE IR o rarpeaging ThEHENS g pber
eI R ifeRidRIoRA ih thelsBRcIHiALHmEmPBNDry access engi ne
and to the nenory devices, the nenory device sequencer

generating a set of command and address signals for

coupling t 3. th eﬂfﬁﬂ@ﬁ&y gn%ﬁﬁlg oF cfaﬂﬁ 1% %ﬁ{hep onﬁ&%ir{geaq%sults

requests.
memory coupled to an output of the comparator to store each of the hit indications

generated by each of the comparators.

22.  The memory module of claim 21 wherein the results memory
is operable to store a memory device address indicative of a location in the memory

devices where read data that resulted in each of the hit indications was stored.

23.  The memory module of claim 22 wherein the results memory
is further operable to store with each of the memory device addresses a

corresponding item of search data that matched read stored at the respective address.

24.  The memory module of claim 12 wherein the plurality of
memory devices comprises a plurality of synchronous random access memory

devices.



20. The nenory nodul e of claimwherein the search data

menory stores a plurality of the search data itens,
war@snbssei n t he data mining nodul e conpri ses BCT/US2004/025523

plurality of conparators corresponding in nunber to

t he nunber of search data itgerrs stored in the search

data nenory. 21. The msm)ry1 nmodul e of claim 17 further
conprising a results nenory coupled to an out put of
the conparasor R RLALS Rekb Of cl’éiﬁ‘?lf%eﬂeﬂl%ﬁg Fhk Seface,
generated by each of the conparators. 22. e nmenory
ntbel mhesnagy deviaé mmt@facehardeihn dakremirgsg) integluleeare riybricated as an
olg{%raaFél ec.tq store a nenor dgovi e atddress i ndi cative
GPUCEAeS SHPYILR F FOmpReR SHRFSPIHCRE Y& her e read data
that resulted in each of the hit indications was
stored. 23, The nmenory nodul e of claim 22 wherein the
resul ts mef®ry The msmonemasigler ablcdeino26 twheein they eomapen

ot B TRIR N Vi QRN nis/deGRRONTI NG 1 t e of
ata

S .
searc that matched read stor at the respective
address. 24. The nenory nodul e of claim 12 wherein the

plurality mepory devi ces conprises a plurality of
synchr onouzs'ra &%’E&@giﬁﬁﬁﬂﬁp Sfevi ces. 25. The

menory nodyhRnlfy &vRbjand2 wherein the link interface,
the nenory device interface, and the data m ning
nmodul e ar e2 fgBONCEbeePIESisiag: | ntegrated circuit on a

comon semni con . \ e
of claim 26 V\hgérjgll-ﬂ?l fqt%fé@% g%(%i%%gnmgglﬁg’u@g%&sfgEggcr%gést té)
further cofiemesesy ddvicenenory devi ces. 27. A nenory

nodul e, conprising: a menor evi ce; .an nor.y hup,
conpri si ng:npa Iar]i’i‘%“?rﬁtdg‘flf;%’@ge B?CQHB{?QFQ/&‘F@“%W%‘? and to
requests f gk @6EeFSidvRe! IR MBNBEY d68 Gforfade BIRMY write

device interface coupled to the link interface and to
t he nmenor ymgeeTycequests andrsmiby gatel o, the endmpre devese the memory

coupling \Aﬁévtlc% interface further coupling read memory requests to the
memory device and coupling read data from the memory device;

a direct memory access engine coupled to the link interface,
the direct memory access engine being operable to generate the read
memory requests for coupling to the memory device;

a search data memory coupled to the link interface to receive
and store the at least one item of search data; and

a comparator for each item of search data stored in the search
data memory, each comparator being coupled to receive a respective
item of search data from the search data memory and being coupled
to receive the read data from the memory device, the comparator
beiﬁg operable to compare the read data to the respective item of

search data and provide a hit indication in the event of a match.



menory requests and wite data to the nmenory device,

the nmenory device interface further coupling read
WOorResny4s6equests to the nenory devi ce and couppPCTgSI088025523

data fromthe nenory device; a direct nenory access

engi ne coupled to the link jnterface, the direct

nMenory access engi ne bei ng ‘operable to generate the

read nenory requests for coupling to the nmenory

devi ce; a ggar chhdabBoryBBRALY of SlRh S wh@etliBe bty module

interface to receive and store the at | east one item

ofompeisgesch phiwaldy ofmeprzpry dayiegsarnd whereine e hmémenn lmfo further

S d eal

(%%{ grgeast %&)ﬂ%&ﬁ%ﬁ °§2181ﬁ q?tg’gacfe % I lgnéalhgg a'r eg%' éf’ %eemlt‘?gaﬁ?s
chouﬁle& tc[::hreé;&abﬁveflﬁﬁmrg ldevice 31&(819 sﬂiﬂ%’lﬁbf@ﬂﬁﬁfl}felﬁl Bﬁhplllﬁg Bk of
coupl] ed to receiye the read data_fromthe neno

e ﬁe@%tst Hlamg ?fﬁca%a&ﬁ OBl BiyEiG gnampry 6%%léte¥fﬁ‘§s
read data to the respective item of search data and

provide a hit indication in the event of a match. 28,
The menor y2%odulte mﬁmgﬂyamﬂd@ﬂ ofppleine i2ﬁ W}h:eemmnmuyput of the

TR RSB DAL . R L5 7T o

ohtetfhdtk I nterfaces, a plurality of nenDry devi ce
interfaces coupled to a respective nenory device, and
a switch for selectively coupling one of the plurality

of 11 nk i nter { apgs:and 4Gl of BRiR'A Fhirlik B SR B

device interfaces. 29. "The nenory nodule o alrm
vihedudd fyrther conmppses amiemwﬁedwmpsaqmw couplasion plhee@iracmnemery
I&Qk |nterf Ge gl.0  coupl.e dhe.hit indication to

ekss er}ﬁl 2 o] thes;Be.mCﬁrﬁ gevmeﬁbtlhe mngugm %ev(l_)cfe sgﬂtgapfzﬁr;gneratmg
Wh@lt ef Ebnﬁrhzﬁld%tl addresi sﬁ@aMdMa&h bithe hedd 1equests ifsieupling to
nmenory devi ce sequencer coupled to the direct nenory
e W&Rowl§Yise and to the menory devices, the menory
devi ce sequencer generating a set of connand and
address signals for each of the read requests for
coupl i ng t 3l.t helTheemenyrydevdue of 3lhim TAYewherinr the rsogtulh data

olIlelI(for? S[Qres a I\S\Ilglralil%rl ¥ tﬁlg %ea%&aéa%y 1t9n%§ and wherein the memory hub
comprises a plurality of comparators corresponding in number to the number of

search data items stored in the search data memory.

32.  The memory module of claim 27 further comprising a results
memory coupled to an output of the comparator to store each of the hit indications

generated by each of the comparators.

33.  The memory module of claim 27 wherein the results memory
is operable to store a memory device address indicative of a location in the memory

devices where read data that resulted in each of the hit indications was stored.



menory stores a plurality of the search data itens,
and wherein the nenory hub conprises a plurality of

W@ owpaestor s correspondi ng in nunmber to the nuPQBUSIING/025523
search data itens stored in the search data nmenory.
32. The nenory nodul e of cl.aim27 further conprising a
results nmenory coupled to ah output of the conparator
to store each of the hit indications generated by each
of the cOMBAT Al o Smoridry nlifald 2RI 330MM S Bl 1EhAL Hebry
wherein the results nefory 1s operable to store a
nie nfwrtherd @pérelele athd s@ss withdieadt iof ehef meményc dévion aiddresshe a

. oht NI NN

nodul e of claim 33 wherein the results nmenory is
further operable to store with each of the menory
devi ce addPéssethamemopeawdHeidglametd sthexsin thenplaustiy of
t t i a SS,
BTG ARl CPRMIR! oF o RRE oy 406 fromory
pleniiced. i ty of menory devices conprises a plurality of
synchronous random access nmenory devices. 36. The
menory nodul e of claim 27 wherein the link interface,

the menory3gevi T mBin6f dedie M @aif 12 Ghe@RMRE YinRGRESRe,
engi ne, the search data nenory, and the conparator for

ciie inamasymndgrice dafpiéasediie alisgelomerionnaccers agiec hegeepgh data
[

ol Bl BREALER: SRn il O REERUR kb o B

ohemdrgi e 3Gbiidedade ps ah hmtegoutaip piraginbe cnduntmon  snbieindadter

fugth r conprises the nenory device. 38. A

pt W% or - based system conprising: a processor having

a processor bus; a systemcontroller coupled to the

processor bus, the systemcontroller having a system

menory por 87-andTie pesiioph apeguled ef) ickadmpdf twhezgin | the sqomapa

{%@%&@%ﬁ@%ﬁ?@ %}wﬁ%; I;':o‘?n}hﬁ?s REMLRBE/ dlicdevi ce port of

38. A processor-based system, comprising:

a processor having a processor bus;

a system controller coupled to the processor bus, the system
controller having a system memory port and a peripheral device port;

at least one input device coupled to the peripheral device port of the
system controller; ’

at least one output device coupled to the peripheral device port of the
system controller;

at least one data storage device coupled to the peripheral device port
of the system controller; and

a memory module coupled to the system memory port of the system
controller, the memory module comprising:

a plurality of memory devices; and



at | east one output device coupled to the periphera
device port of the systemcontroller; at |east one
wa@la10a/03456r age devi ce coupl ed to the peri pheral PABPVSNE4/025523
port of the systemcontroller; and a nenory nodul e
coupled to the system nenory, port of the system
controller, the nenory nodule conprising: a plurality
of menory devi ces; anda nenory hub, conprising: a link
interface for rgeaeh%iNEL! ¥ngequests for access to
at | east one of the rmenory devices; a nenory device
i nterface coupl ed t @ lihle ihterficei for gedetving methotyo raguests for
menory devices, _the ry devi,ce interface coupling
wnemmwrﬁ%ﬁﬁ%@mﬁyﬁﬁqwﬁ%mmw
devi ces, the nmenory adewdnesy i ddvidel ag@fidcelr édapled Clihd Ngnk
read nmenory requests to the nenory devices and .
coupl i ng read d#feaoss ap {hdhenBrBRY devisesetie BAMoY doyice

m ni ng nodul e cRUPh& 4B #ASEmS8 festsNEid " BER'
devi ces, the data ﬁ?ﬁfn 1?%#15’] eﬁlbléll 1ﬁ)gmgpeesra e toéélta o
recei ve at | easthe gnemairy edevivs, thamemodpa tdavich igerficet fagher
link interface, to.repetitively caus ead nenory.
request's to be SUPHLE A GRS R B BEAenis dedersand
read data respofmip@ read @tLR6H tRfmdntey B&acks;mEOr Y

requests, and to conpare the received read data to the
at | east one item ofd $¥npuKngFodule ouplahfo at least one of the
processor - basedygysh A ks, Mt At HALR delify Gt
mning nodule is o%grab é%to generé%% f%e reg%(&%ﬁgkym
requests and t orecaitepat leakteomrcesen ménwargh rdapuihsoughf the rink
the nmenory hub.. 40. The processor-based syst em of

ol ai mwher ei n{ HETAE? §RSHEY Y FEREFoad Y dEaupsts to be

Sl urality of |igpuitfioe fhaeRmorphud, by Rtdite/redd d4E M@HYnsive
evi ce

/ to each of the read memory requests, and to compare the

received read data to the at least one ttem of search data.

39.  The processor-based system of claim 38 wherein the data
mining module is operable to generate the read memory requests and to output the

read memory requests from the memory hub.

40.  The processor-based system of claim 38 wherein the memory
hub further comprises a plurality of link interfaces, a plurality of memory device
interfaces coupled to a respective memory device, and a switch for selectively
coupling one of the plurality of link interfaces and one of the plurality of memory

device interfaces.

41.  The processor-based system of claim 40 wherein one of the

data mining modules is provided for each of the memory device interfaces, each of



interfaces coupled to a respective nenory device, and

a swtch for selectively coupling one of the plurality
w@boosiopdsei nt er f aces and one of the plurality oPCTYERINY025523

device interfaces. 41. The processor-based system of

cl ai m 40 wherein one of the,gata mning nodules is

provi ded for each of the nenbry device interfaces,

each ofthe data m ning nodul es being coupled to the

NBRDANa dfiMinG CmbOuIN b&iRg (RBHIELIPARE InYEndFR RN ¥e AEVIVEEL the

interface is coupled. 42. The processor-based system

ofespacHyeangponyteyies micrfaee ivsenplsd. nodul e i ncl udes a

single data mning nodule that is coupled to each of

the nmenory. devices through the switch. 43. The

pr ocessor - Bias ed Thy pioedss@fbasddaiysred &1 \ohaan @) Rvhehen flat@mory

m ni.ng. ule conprises: a direct nmenpory access_engi ne
calaslﬂg &Ef'%e% hengle (i Fiag medule takis comPled o stehor §re memory
ag&ARS IEORh IR H8IcAY operable to generate the read
menory requests for coupling to the nenory devices; a

search data nmenory coupled to the link interface to
recei ve ang,sto the at least one i.tem of, search

Gat e and Scomits HEepp SR bRtE o phoia B Ghimg cas
siniriggimbduld benmRes: ch data nenory, each conparat or

bei ng coupled to receive a respective itemof search
dat a from PiEeaaREY deeess SHeRprpPieddo Beilink interiase.dbe dirsct

r BERbNCadBE dngRd b@ﬁl'gaopte{agf@ fo"RndRITO%Y rﬂa%vﬁl&ﬁgry d%!@\gestts for

conparator being opérable to tonpare the rea
t pruphiegsiodlet imgmonytdevivesf search data and provide a hit

indication_in t vent of a ch. 44.. Th .
processor - Bas %faﬁ g?@t%?ﬁl%? 0811%??‘11%[04%6\/5}?1?1&6&%%%”0{?%‘6& and
Oftorke fiig> ot WaRp@haiten of Seaftldplagghdt 0 the link interface to
couple the hit indication to the link interface. 45.
The pr oces@deMpaeiog fanaeh femrof sparhida sigresl igjthe sesech data

datAo Bich QOHBQ%{%J&% {pled $PPREVS S %esgeﬁ'@gﬂéﬁi P Sk Sata
sequencer coupled to the direct nenory access engi ne
afiemttee sehrshrisisomgmete\and bsing tcheplerkivorseidethe cardsitpuizens dire

memory devices, the comparator being operable to compare the read data to the

respective item of search data and provide a hit indication in the event of a match.

44,  The processor-based system of claim 43 wherein an output of
the comparator is coupled to the link interface to couple the hit indication to the link

interface.

45.  The processor-based system of claim 43 wherein the data
mining module further comprises a memory device sequencer coupled to the direct
memory access engine and to the memory devices, the memory device sequencer
generating a set of command and address signals for coupling to the memory devices

for each of the read requests.



generating a set of command and address signals for
coupling to the nenory devices for each of the read

WO e@a®e34t561 46. The processor-based system of clBETUERI04/025523
wherein the search data nenory stores a plurality of
the search data itens, and erein the data m ning
nodul e conprises a plurality of conparators
corresponding in nunber to the nunber of search data
itenms stor in 4
processor-%géedT%?g?%ﬁ?%?ﬁ§%§%%ﬂ$?§Qﬁ%ﬁég“%%%%ﬂ?%ﬁ%@m
adatemgingy seerr glusbiyplf € scacladatoii¢qs, endvhdérbie the data mining
C tor.t10 stotr. ach of the hit indicatjons
o BRRE Eebist Bl ot P Resmis P s prnitin S 1 the murmber
pofaeRsis ddta hasedorsy iltRéRepich @h@intbufbsy. Wherein the results
menory is operable to store a nenory devi ce address
i ndicative of a location in the nmenory devi ces where
read data yhat [ f ik Bndi cations
wme st or oc' a9, TERHb B B3R bt ) Rk PGB0
wigeligi memdrg coesled tos amenipntyof thefaontphmtor dp atoab kscht 6 the hit
store.with e of -t nmenory devi ce addresses a
6%&?@%%6ﬁ%Fﬁﬁgﬁ?éﬁﬁagiﬁﬁﬂmﬁﬁ%%&a that matched read
stored at the respective address. 50. The
processor - based system of claimwherein the plurality
of menory devi cBE wesgstardaspd sygemrodiclain AJf wheyein thaoresults

r : ' . e D - spr - base
RO PERE: (IR Y O R Fice afert PP BRERL RS e
remoety dieieecwhermn treadf date thatiredultedein datia ofribei Higindizditide was
ar e %abricated as an integrated circuit on a conmmon
SEFtonduct or substrate. 52. The processor - based
system of claim51 wherein the commbn sem conduct or
substrate further conprises the nenory devices. 53. A

pr ocessor - bas ed igyreeassor-basep sysem of glapn d8exhsarin iepyiesuts
InBRAS 65 BHheL eratie B0 | ichQ
proaggso?ggﬁs?&?%e gi%%%ﬁ%@b%%ﬁg)f@%n%§@§h§S5£§§§%§ﬁ§a
reerresppngiog iteranfisearch dath fhematchalavidstorpbattthe rpettbasiidene
i nput device coupled to the peripheral device port of
t he

50.  The processor-based system of claim 38 wherein the plurality

of memory devices comprises a plurality of synchronous random access memory

devices.
51.  The processor-based system of claim 38 wherein the link
interface, the memory device interface, and the data mining module are fabricated as

an integrated circuit on a common semiconductor substrate.

52.  The processor-based system of claim 51 wherein the common

semiconductor substrate further comprises the memory devices.

53. A processor-based system, comprising:



systemcontrol ler; at |east one output device coupled
to the peripheral device port of the system

wa@omsnpisber; at | east one data storage devi ce POLPE®A4/025523
to the peripheral device port of the system
controller; and a nenory rmg_ynl e coupled to the system
menory port of the systemcontroller, the nenory
nodul e conprising: a nmenory device; and a nenory hub,
conpri si NG, Rodebkndvitle®l friessof Bs; r €cei vi ng menory
requests for access to the nenory device; a nenory
devi ce i nt er systean conpdllsd ¢ooplethetol ihek prontssof dag thadsysem

t ry. device, the menory device interface

P pt § shnph v tany s KRR FEURaRn to ¢ ne

menory devia¢Rastiofe ifpel@vice @6Mil&Etoi thd BerfpReal fdtidefRkt of the

coupling read nenory requests to the nenory device and

c%yagmq?@tr?lbe&d data fromthe nenory device; a direct

. menory acc ' LRk | .f ace,
The a1 r oot “peaE B A AR EbR b e phel S URIL I ot e
gemsiemaioetrélleg read nmenory requests for coupling to the

menory devigce: ,a search data.nenory.coupled . to_the

i nk 1 nt er it PaS Fa EPRES GRiFSPBpiEd fo b6 geripheml fevisreport
| bfame Skiemedtgblicdaba; and a conparator for each item of
search data stored in the search data nenory, each
conpar at or 2y 89die seunles to decesyiemamemenyawtt of ghg system
Aondif Gl Aghn/ FOMd DpagaECh datanenory and being
coup ed to recdive the read>data from the menory

devi ce, the conpaembyrdebiee;agd oper abl e to conpare

a memory hub, comprising:

a link interface for receiving memory requests for
access to the memory device;

a memory device interface coupled to the link
interface and to the memory device, the memory device
interface coupling write memory requests and write data to
the memory device, the memory device interface further
coupling read memory requests to the memory device and
coupling read data from the memory device;

a direct memory access engine coupled to the link
interface, the direct memory access engine being operable to
generate the read memory requests for coupling to the
memory device;

a search data memory.coupled to the link interface to
receive and store the at least one item of search data; and

a comparator for each item of search data stored in the
search data memory, each comparator being coupled to

receive a respective item of search data from the search data



the read data to the respective itemof search data
and provide a hit indication in the event of a match.
W® 2005056 pr ocessor - based system of cl ai m 53 wheeBUR20041€25523
menory nodul e conprises a plurality of menory devices,
and wherein the nenory hub E rther conprises a
plurality of link interfaces, a plurality of nenory
device interfaces coupled to a respective nenory
device, and a Swichioh Aflbedf @bl & béca@élﬁie'r% &@fﬁ% the
the plurality of link interfaces and one of
plurality of nemsmprydeice thm@@m@&d;%sbw%omﬁb@ to compare
processor - based ysyste f cl aim.53
of the conparat i ?a%l ({:%uolﬂéare?peafvﬁéte}n Or%ﬂlgearﬂ}(galt? %Pélé’r?vdde
couple the hit amﬂmiadananmttneédaﬁtdflamxkatdhnterface. 56.
The processor-based system of claimb53 wherein the
data mining nodule further conprises a nenory device
sequencer cupl gge fn‘acésl&ﬁ' b%erd%%terﬂg?%ﬁn 3¢ GRS I hidfho
and to the nmenory devices, thé nenory device sequencerry
gaadHe comprises gepluntitycefimremoryadvicas) nd sehesdiyg tial sefaory hub
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winerfabas ddupled arara esphatice HRADEY dSlia) @8d & Pitthator tsyle@ively
the earch data itens, and wherein the nenory hub

iplrs e of the plurlitg 9f lik inlsHpces andpee efohe @b%m phgemary
nmqmg@acgg}e nunber of search data itens stored in
the search data nenory. 58. The processor-based system
of claim53 further conprising a results mermry
coupled to 5an OJIIl{l utcecs) i) e .conpar tlor tore each
of the hit “Indi c SSOLORES SYLd™ By 18 8 erifygn output of
Cthﬁ'panpdrﬁmsls 5&1ple'ﬂh6 ﬂmrlmeﬁt&wce kasRgicINShieMdRhticH 9 ithD 15&
wherein the results menory is operable to store a
HB%@V devi ce address indicative of a location in the
menory devi ces where read data that resulted in each
of the hit indications was stored. 60. The
pr ocessor - bésedThey sroessswibagddasystedOofhieingisA whereinethelldhs

mining module further comprises a memory device sequencer coupled to the direct

memory access engine and to the memory devices, the memory device sequencer
generating a set of command and address signals for each of the read requests for

coupling to the memory device.

57.  The processor-based system of claim 53 wherein the search
data memory stores a plurality of the search data items, and wherein the memory
hub comprises a plurality of comparators corresponding in number to the number of

search data items stored in the search data memory.

58.  The processor-based system of claim 53 further comprising a
results memory coupled to an output of the comparator to store each of the hit

indications generated by each of the comparators.



menory is further operable to store wth each of the
menory devi ce addresses a corresponding item of search
walaioa/oe4sat nat ched read stored at the respect i RET/US2004/025523

address. 61. The processor-based system of claimb53
wherein the plurality of nmeppry devi ces conprises a
plurality of synchronous random access nenory devices.

62. The processor-based system of claim53 wherein the
link interfsgce, ThE@:d¥BABdasIEYstemh SNIBRS € GhedeliChe results

di rect nmenory accesSs engi ne, the search data nenory,
amegmptyas operplde tot ore anenwa Hevideadlos indiastive ofl at@ateinghe

 Rebf - ER-E MR R ey B 65 i By Hasions was

sstbstir ate. 63. The processor-based system of claim 62
wherein the common sem conduct or substrate further
conprises the nenory device. 64. A nethod of searching

¢ it . .
or items @p Segpe Brog@sts&—ﬁag&irnéérgtﬁ*ng?factlﬁgjn?e%fﬁ%gf‘ﬁl € results

that is |located in"a nenory
conpeiysis dgrthep apsiablg tastokewsh earheofi the menforg davichadiizdsses a

gcgozg}regﬁong%tgn%%% rogtrgrga\lﬁc}h?%ﬁih? rﬁ@?cﬁgcﬁ[{t}sg, %lg %fl fil"é re%?eectiivé g dre%g.

sequentially initiating a plurality of read nmenory
requests in_the_menory nmodul e; sequentially coupling
the read méhoryThepigesty-basdisydemehplain gk vhesein the plurality

r SCALMbH YR i |
SRt oditfRelh phBRTRERIERTO Bnd &R ARSI HEnb
ré&ywesed read data to the at | east one item of search

data within the nenory nodule to deternmine if there is

a data match; generating a results indication

responsi ve 620 e@kd pehatRomBubah sysandl of QUdhi 130 whbRin the link
results indication fromthe nenory nodule. 65. The

rBteHaer, Bre reqmeanndevica st faren thetfiregiateresity geases aginagithe search

data memory, and the comparator for each item of search data stored in the search
data memory are fabricated as an integrated circuit on a common semiconductor

substrate.

63.  The processor-based system of claim 62 wherein the common

semiconductor substrate further comprises the memory device.

64. A method of searching for items of search data stored in a
memory device that is located in a memory module, the method comprising:

passing at least one item of search data to the memory module;

storing the at least one item of search data from within the memory
module; ‘

sequentially initiating a plurality of read memory requests in the

memory module;



results indication responsive to each data match

conprises providing a nenory device address indicative
w@booa/obkes6nti on in the nenory devi ces where reabPCTHEBR04/025523

that resulted in each of the data matches was stored.

66. The nmethod of claim&65 erein the act of

generating a results indi c&i on responsive to each

data match further conprises providing with each

menory devi CRLI qﬁn&b '

dat a t hat \%\/éaﬁgelﬁn%?%%ég?&g?%ﬁg@net (gg Ijg(%d%gqs gqomﬁlg}% Qljﬂory

fdewtcleer conprising storing the results indication
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pearasaey 1hpsgd system having a processor coupled to a
system control | er having dta ;%st em nenory port, a
g

. ) port,
met hod of swapaeing iy Teenivadt tend dige toBrrat ieaglaeng b pkeparch
adagayéi'ﬂﬁm o}l;hﬁgéfdlg & deRdhine S th6 ?ﬁtaecﬂltd lﬂatgl'll; menory
nodul e, the net’hod conprising: coupling at ['east one
i tem of seperetatidgt eestltsinditdteon pespasstsds edch data enatahnmidy

nodul e; stori he at |east qgne jtem of search data
o the, mentrp Rt festitsintianton 1o RETORt RO
plurality of read nenory requests fromwthin the

menory nodul e; coupling the read nmenory requests to
t he nenor y6devibhie; mebop|af rdaimeed vdhgrein theomttdfeganaiabng a

BSOS ) B b8y S L s
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there. is data,mat ch; generating a results indication
rrég’EfS‘iilg’ie\? Pdhedatamey; eﬁ%‘f?éts@’r‘?fl' and coupling the
results indication fromthe nmenory nodule to the
processor. 69. The nmethod of claim 68 wherein the act
of generat g alheemathed of rdhiwabi aereas fonadtvad ganeraties) 2

dr@éu?ts rfl?&iccaﬁog 9%58&&&:@% %EC%V&EQA Rl ATkl rcmerises providing with

each memory device address a corresponding item of search data that was matched.

67.  The method of claim 64, further comprising storing the results
indication responsive to each data match prior to coupling the results indication from

the memory module.

68.  In a processor-based system having a processor coupled to a
system controller having a system memory port, a method of searching for items of
search data stored in a system memory device that is located in a memory module,
the method comprising:

coupling at least one item of search data from the processor to the
memory module;

storing the at least one item of search data in the memory module;



devi ce address indicative of a location in the nenory

devi ces where read data that resulted in each of the
walados/ozsbches was stored. 70. The met hod of cl BETUSH04/025523

wherein the act of generating a results indication

responsive to each data mat further conprises

providing with each nenory devi ce address a

corresponding item of search data that was matched. 7

The meth . ' f Qs .
the resul tggqu%%?aglgﬁn g}rzliﬁ% tah%ﬁ{r#a{n ﬁ{a O?rg%!gr %/n% #r%%'u?éél%gtp From
r edipotisi mendry nedoks; data match prior to coupling the

results indicatign fromthe nenpry nodule to the
processor . c‘?‘ﬂ’ilm%ﬂ? rﬁ@tlﬂ%’&or%feq}}?sgﬂ %tlﬁeén%wgfaﬁc? he act
of coupl i ngodptiag r@adat BRI the hRHISRSEVideQedpBRsiVERIBREM of the
devi ce and the act of coupling the read data fromthe

MSAbIEMEEEQUSStEr e perforned entirely within the nenory

modul e. comparing the read data to the at least one item of search data within

the memory module to determine if there is a data match;
generating a results indication responsive to each data match; and
coupling the results indication from the memory module to the

Processor.

69.  The method of claim 68 wherein the act of generating a
results indication responsive to each data match comprises providing a memory
device address indicative of a location in the memory devices where read data that

resulted in each of the data matches was stored.

70.  The method of claim 69 wherein the act of generating a
results indication responsive to each data match further comprises providing with

each memory device address a corresponding item of search data that was matched.

71.  The method of claim 68, further comprising storing the results
indication within the memory module responsive to each data match prior to

coupling the results indication from the memory module to the processor.

72.  The method of claim 68 wherein the act of coupling the read
memory requests to the memory device and the act of coupling the read data from

the memory device are performed entirely within the memory module.



