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20 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. Even slower has been the increase in operating speed of
memory controllers coupling processors to memory devices. The relatively slow speed
of memory controllers and memory devices limits the data bandwidth between the

25 processor and the memory devices.

In addition to the limited bandwidth between processors and memory
devices, the performance of computer systems is also limited by latency problems that

increase the time required to read data from system memory devices. More specifically,
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25 data to the processor. Moreover, this architecture also provides for easy expansion of

the system memory without concern for degradation in signal quality as more memory
modules are added, such as occurs in conventional multi-drop bus architectures.

Although computer systems using memory hubs may provide superior

performance, they nevertheless may often fail to operate at optimum speeds for a variety

30 ofreasons. For example, even though memory hubs can provide computer systems with



nodul es are added, such as occurs in conventiona
mul ti-drop bus architectures. Al though conputer

W@ yEsens7usi ng nmenory hubs may provi de superi OPCT/US2004/021993
performance, they neverthel ess nay often fail to
operate at optimum speeds for a Yariety 30 of
reasons. For exanple, even though nenory hubs can
provi de conmputer systens with WO 2005/ 010670
PCT/ LaJS@@ﬁéh/ 0iBH3 bardiwadB S} Gkl NRIFRF YrohA MMt RbIERE Vs the type
still gfer from |l atency problens of the type
desc ﬂFS&E edAbeVe . Rﬁ?rsee%’%fé&lmlfémhyhe PIPEASERT gAY tcRmmunicate with one
proc
i | Aoty WBMcl ST e oty Mo TP RRPRAE NS Spater qata, it i
dat asomgtinies negessazy itore®eive clesiony dne nicaRy \dewdabafofer e data from

Ly devi .before the dat fron1 anot
o s £ o By o B B ramIF rstecsbesd from ome
I eceimendryl d&MBeObEore RADIYeiARAVEGE R6MHeT ﬁleﬁilﬁfyadervﬁ%edaﬁ% used, the
from anot her nenory devi ce can be used,

i nt efNREYATLON o thetmreeepiop eemisnes toglaw ﬂl@e@etabng breed tofisuch computer
0 pe r 8kicR. SR8RE: Qe (ﬁ‘ W LORPULEL ?mﬁ&ég'r sggpfsm% ?ﬁé 8}9%{1’(8 e optimum

of tHhe reasons such conputer sys
at omeﬁdmrthatsplaedmml mhtaOrydth/aebsSemﬁlllyrsﬁglércylalhiéb@s@ﬁﬁ since all
channel syste si nce al

Cgf} teeé})o a a%‘!{%lé gﬂé g‘ﬁ?j SIa%&lsamyt é)ﬁs(ﬂt OH%(EOHB%%IHPIHPIBGHH circuitry. As

COMM® FestR Whoh fhebnéhér§ Uub! drcud§ is BulyE Sothnuni M}ﬁ;ﬁ Jvﬁ? one memory
menory. hub circuitry 1s busy connunlcatlng\mt

menofeyicedbipinekires tp coymppieate with anesher oremeny device. i t h
anot her menor Onl g?ééhﬁlﬁue &H?hats %%Q{] us ‘?12 %%@gutqqgiﬂgtgs ga qvgrcome the

used in conputer systens OVer ¢
proasws&wﬂhmhabmenHmemnm1nnmnﬂggdabaobﬂi&&ﬁxﬁ&ﬂ&yaswmnasﬂw

nnr s t 15 singl e channel bottl enec
i %?maﬁl :1’8 ﬁﬁgf‘&ﬁ‘? usecRf glirect mpgpory wessm%ﬁ)sope@mm DMA
op e r@étaﬂﬁh% are SinplaRhRR N oh NhOURH Jrhsnus %oﬁf‘o\}\%cluded in the
controllers included in the conputer system
enalfORPYEE systesn whichsnable faia to bnniovaed intsf andeowd 0 metriohowrithout the
t he S cess
oper ARt he ol Jrbitsitt o I PR R o ST DMA Fonrollrs are
ar t ,wedlnkhosymeinghd am andpkeﬂ%mt #@tblenientedri @BAveRAdtal computer systems.
yst ens. he DVA controller renoves the
% ggllf’f’ erng fran E@E“%‘?s the;ngsd fordhegroesgsos trbeatnyelyrseand manages the
I equbquitdd dah &aﬁs&'@@ﬁft@&ﬁ duPbfth D'\A%ﬁteﬂyheﬂt)?é %’a?l] IRid! when a DMA

menory. For exanple, when a suppor
t r aifeAneFted gatity trapsfetsedagay s @m systenr ynembiye tlﬁl\/BMA controller obtains

ConsaiSy SPL0 8 P el o L 50CHE T e

entity to the system memory, without involvement by the processor. In this manner,

25 latency issues resulting from processor intervention can be avoided during data transfers
across the system bus. However, in many instances, even after data has been transferred
to the system memory through a DMA operation, the processor nevertheless must move
blocks of the data from one location to another within the system memory. For
example, the operating system will direct a DMA operation to transfer data from a mass

30  storage device into the system memory, only to have the processor then move the data
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memory operations in a computer system having a processor, a system controller

coupled to the processor, and a system memory having at least one memory module
coupled to the system controller through a memory bus. The method includes writing
DMA information to a location in the system memory representing instructions for
25 executing memory operations in the system memory without processor intervention,
obtaining control of the memory bus from the processor and system controller,
accessing the location in the system memory to which the DMA information is written,

and executing the memory operations represented by the instructions.
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without these particular details. In other instances, well-known circuits, control signals,
20 and timing protocols have not been shown in detail in order to avoid unnecessarily
obscuring the invention.

A computer system 100 according to one example of the invention is
shown in Figure 1. The computer system 100 includes a processor 104 for performing
various computing functions, such as executing specific software to perform specific

25 calculations or tasks. The processor 104 includes a processor bus 106 that normally
includes an address bus, a control bus, and a data bus. The processor bus 106 is

typically coupled to cache memory 108, which, as previously mentioned, is usually

static random access memory (“SRAM”). F inally, the processor bus 106 is coupled to a
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25 The memory modules 130 are shown coupled to the memory hub
controller 128 in a point-to-point arrangement in which the high-speed link 134 is
formed from coupling together the memory hubs 140 of the memory modules 130. That
is, the high speed link 134 is a bi-directional bus that couples the memory hubs 140 in
series. Thus, information on the high speed link 134 must travel through the memory

30 hubs 140 of “upstream” memory modules 130 to reach a “downstream” destination’
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An embodiment of a memory hub 200 according to an embodiment of

the present invention is shown in Figure 2 that can be substituted for the memory hub

25 140 of Figure 1. The memory hub 200 is shown in Figure 2 as being coupled to four
memory devices 240a-d, which, in the present example are conventional SDRAM
devices. In an alternative embodiment, the memory hub 200 is coupled to four different
banks of memory devices, rather than merely four different memory devices 240a-d,
each bank typically having a plurality of memory devices. However, for the purpose of

30  providing an example, the present description will be with reference to the memory hub
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nedegis &ngwminché art alt wdlhbe appretcmdrtha’mhq%e htsﬂhnazlboskﬂbd in the art have
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Furgbgfic 1yps bEgainikicd:os Blﬁnﬁfd)khitl-ﬁbc}z&@dlﬁbz&mhs Bkthe link interfaces
interfaces 210a-d and g 212a-d for coupling, the

lﬁera;pg-d;@@mdeca@ e Jide Hithorg dﬁ%*%‘?%/ 9l hexsepg &f thoRigsepyinvention.
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di soptissl @dmwduhitaties mmht ﬂlbdnnEntgerfa&es]_ﬂOaNQZtﬂaghwgbme]Qde an optical

data |jnks 220, 222 can be inpl errent ed us

optiFREOUBHt Pk #RY JHIl EHS n? 2l 8’&“%1& ??“Bireggg’ﬁ%uggt fhe, optical

t Y R@niHunie8 inGalole®BtRaldnaithe i nk interfaces
210a-d, 212a-d are conventional, and include 10

28ircuitry us@be fliok inteefaees &1Pa-ag2tard arecenied o aep switch 260
addth %@Q u%%@gf B atn? %Eaﬂ lfngéjg Te gnte@hgpléé&eﬁq dﬂﬁ:%usses 214

[in as we nown exa
tr ans mttvéﬁ’fon@m ghd iaclede/ewritel dagi tms kmbavread dath bes, atthoughta single bi-

¥Mh Ql@g@eoqgggég %Iug tmeagf a ttc]gltatntre yo ls)ee p?orvgdeg 6{0 coXplg l?iia{al i%%oit}p directions
through the link interfaces 210a-d, 212a-d. It will be appreciated by those ordinarily
25 skilled in the art that the busses 214 are provided by way of example, and that the
busses 214 may include fewer or greater signal lines, such as further including a request

line and a snoop line, which can be used for maintaining cache coherency.
The link interfaces 210a-d, 212a-d include circuitry that allow the
memory hub 140 to be connected in the system memory in a variety of configurations.

30 For example, the multi-drop arrangement, can be implemented by coupling each
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2" e 5 50 s bl R SRE B SR 8 B ppetion. e
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| ind @ RGvRE, Shyrt 6i@bRlphiag each WO 2005/ 010670
PCT/ US2004/ 021993, 9 nenory nodul e to the nenory hub
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Moreover, the busses 274 can include a greater or lesser number of signal lines than

25 those previously described.
In an embodiment of the present invention, each memory interface 270a-
d is specially adapted to the system memory devices 240a-d to which it is coupled.
More specifically, each memory interface 270a-d is specially adapted to provide and
receive the specific signals received and generated, respectively, by the system memory

30 device 240a-d to which it is coupled. Also, the memory interfaces 270a-d are capable
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pr essniertlhicleserani conple drclomemirall yf tha fliak frtertacas’ Da-d) 21 B-d to each of

special |l y adapted t he st.e nory devi ces 240a-d_ .
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282 and the cache memory unit 284 include the normal components of a buffer and

cache memory, including a tag memory, a data memory, a comparator, and the like, as is
25 well known in the art. The memory devices used in the write buffer 282 and the cache
memory unit 284 may be either DRAM devices, static random access memory
(“SRAM”) devices, other types of memory devices, or a combination of all three.
Furthermore, any or all of these memory devices as well as the other components used

in the cache memory unit 284 may be either embedded or stand-alone devices.



menory interfaces 270a-d can be any of a variety of
conventional or hereinafter devel oped sw tches. For
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can simultaneously couple link interfaces 210a-d,

212a-d and the nenory interfaces$l 270a-d 10 to each

other in a variety of arrangenents. The switch 260 can
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same | evel C b
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respective cache noyy unit 284 The nenory

cont PoTareredn gty Srdvee PiRoBatrad Jadency Aioes f4d requests can be given
CONVERE pRGRY SFRMANSY of Al HrbRiiodidhl BERY! GoPdx raogerles of write

address and data signals to the system nenor devi ce

A0 arequests inteispdrsadtwithsread raghests candbersére ini the walitet buffer 282 to allow
sig r he .syst em.nenm vice

t :’]tgie 2egd r?qga&s bey ervn:ted ia P*pélrme%jgazmg f4 H?‘ﬁeéd lt%ya%eﬁ\gcmg the stored
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dat &LORRHRE Yyrite Jequsstia tha @FmO%(rfEPVtCﬁ%9Tqakde?n%a§1bﬁe§ugsly\/9§pphng read
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buffer 282 and the cache nenory unit

&b t rvpidBRAM devi ces, st atl ¢ random access menory

(" SRAM') devi e pes of devi ces,

conbi nat i on O?E Pﬁe otf Cé'lC rgﬁp?rﬁgnﬁg?i% %i’ﬁki ng:trnogf }nteagce 270a-d
t hesdlowe v procbesor 404 t@igeceiwt datd Sespbasivel 1361 rea® IRAMEM Sirected to a
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and then perform other functlons 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
25 memory device 240a-d to which it is coupled.
Further included in the memory hub 200 is a DMA engine 286 coupled
to the switch 260 through a bus 288 which enables the memory hub 200 to move blocks
of data from one location in the system memory to another location in the system

memory without intervention from the processor 104. The bus 288 includes a plurality

30 of conventional bus lines and signal lines, such as address, control, data busses, and the
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nstructed to tetch and execute the first command block through the I/O space command

et
e

register. After performing the requested data operation, an address pointer in the first
25 command block is used to point the DMA engine 286 to the next command block. An
address pointer in each successive command block is used to fetch and execute the hext
command block, forming a linked list. Each command block in the linked list is
executed until a NULL pointer is encountered. An example of a NULL pointer is
defined as an address consisting of all 1’s. Upon detecting the NULL pointer, command

30 block execution will halt, and a status bit will be set, indicating the command stream
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Fonmmand st r ealmoperation, at the beginning of a block transfer, the starting address for

the block is loaded into the address register 310. Additionally, a destination address of
the location to which data is to be moved is loaded into the destination address register
311, and the length of the block is loaded into the count register 316. The control
register 312 contains information relevant to the transfer, such as a bit indicating

30 whether the address register 310 is to be incremented or decremented after each data



WD 2005/ 010670 PCT/ US2004/ 021993 13 has term nat ed.
Conpl etion status can be contained in an UO register
w0 poosioeosnenory hub 200. Additionally, a startPET/as008021993
al so be used to indicate that the DVA engine 286 has
al ready begun executing the DVAléperation. O her
status bits can indicate if the comand stream has
termnated normally with no errors, or abnormally due
to r. e ;
gen iefidt GBemE LRk Shiitek RUAE WD R, BB AGRR dobstorrd by the
enbodiMre phgineoI00t the cptumsegisten 316 énddcomentei andiia addgsdvegister 310 is

286 can al so be,used for rynning diagnostics._in . the
Syst BREmeRGhn SOty e ERe RS BEPERdLl if meremented (or
MENDAréentddSddpBRTRAY o HIR c3RHF0] sEHings) OWhe ARvaFYeSEAHR count register

menory, and be used to test the systemnenory. A nore
dét adlaersadhes eqrp,she blaclfransfir dag Yase completgd.agisthie timieothe value in the

provj b g SSi - i Pat en

Do DS PO A5 4060 T AR B oo,
ON- BGQANR codhifCNSThh1(esh;j «OF aryEHAIEY inkdOBelrégisters Bl @B 10)1314, and 316. A
[Filin e whi ¢h js _incorporat her ei n by

r ef e’_t“‘é‘g Bk rfia&u?@s rit_éenab%rlﬁ&e?qam&@fﬁg{m Fipreeses Bt NYLL value, as
port t@ﬁﬁus@yt dRschbbs, SROpBRNB YD thel Re@NHoilcf W18, fhel BMA operation is
bl ock diagramillustrating a |linked command |ist table

400 emmpdeteli ng to enbodi ments of the present

i nvention. Th ngi. ne n,be.substituted for .
t he DVA engin grhgggﬂ%fw he ngre?l%é%b?e %&Shﬁﬁﬁ 111( ilzi1 rﬁ’ %é’ Oﬁt)al.ns a plurality

It wof linktetries @02,0408] @l 406aéach lof gifch cdntatns fifey @Foymation necessary to
reprei)?lnt ation_of the DVA glr;p?i ne 300, and thos

h
or di TR Fapistags 3100812, Bifh-@ad 3 L Therisk sptgies 6%4%§n¢ #@6e stored in
descii ke HEhEHD ak %r&ﬁ&ﬁllry bi8cuRdcAC bhd Grd KA g:?glﬁér Y pointers

i nventi on. Howevér, it will be further appreci
tlAat comlesponding to/the DIV regigierid4. bukiguraMsihrdedinksetien#@d4, and 406

SDLL R SR AR i 8P e LR TS vy

r egi iatoethe ebters3 10312, 324,208 3 b6l 8BS DMA efHisd B0, ddfine adingle DMA
control register 312, a next register 314, and a count

r egi %qnéfi'er l;rgafgl’g oy se%ﬁf pws. ﬁﬂ}p\vg}b%Ngquogfgl_tai@ ip the next register 314,
oper ko thdlird Mk RRGYY MY, MBheOfirsyidk @glg éﬂog %Bﬁlftsetgitﬁ% Bt tink entry

starting address for “the block Is ed’into
addr49dgn thedlinked corBthand, Adbhtih duralpbints ta tiebefirtal hiak extry 406. The final

o el 8D S5l Bt rnb oS b LS ol iedfr T ot ik

entry of a DMA command list. The NULL value is a reserved pointer value which does

not point to a valid memory location, and is interpreted by the DMA engine 300 as a

pointer to nothing. It will be appreciated that the link entries 402, 404, 406 are provided

25 by way of example, and modifications thereto, such as including greater or fewer fields

of information than that shown in Figure 4, can be made without departing from the
scope of the present invention.

Figure 5 is a flow diagram 500 illustrating the control flow used by the

DMA engine 300 (Figure 3) to make a series of consecutive block transfers. At a step

30 502, the DMA registers 310, 312, 314, and 316 are loaded with the appropriate values



311, and the length of the block is |oaded into the

count register 316. The control register 312 contains
WO pdosonsio on rel evant to the transfer, such asPer/bs1004/021993

i ndi cating 30 whether the address register 310 is to

be incremented or decrenmented afifer each data WO

2005/ 010670 PCT/ US2004/ 021993 14 itemis transferred.

In the present exanple, every tinme a data itemis

trangfrand gkt Qtal AisfePMACRE MG 308er bEeCAYHer IGIR 8L reqi
316 i ; decr enent edsaend the a ?’eés}@eﬁ e%?rgt e%ﬁé | énsg 6 rogisters
i ncr émestly.cal ofndid infprmpgioh ynecessaey theghé hlt eruriesafdbd tes Sransfer must be
regi ster,.311. i 8 .increnen r . decrengnted,. . .
depeﬁog | erﬁlgmt(}))#h%_ ﬁ“ekeg 8?1?1“’8}1& E%ttéq?‘?léj%% H1ERfEH- %Lﬁédlg%%@e gggisters 1s at
the fhewsinia@dofiterpréeedbh 10LaGHAS 1%91{@1@&1'&@ oPiheQifiked command list
transfer has been conpleted. At this tine, the value

in ¢ H indsystea gresiosy s 3qepnipdished b iaacprogessor {04usiwalks t o
a valid [ ocat AR s{eg Sbm,%n§ﬁ%%g§g%{s¥eﬁeg,%%ﬁ at ?Ltgf §?6é It ¢ value in

contained in that object are ere
310, thg toynt Bpibter 3halis JitGeméntedrierindibdtothlt chatiata itemnas Been transferred.

t hen.begin ut ti.cally. wever, .if a NULL val ue,

as  pre ?poagqawcglg%c??lﬂtﬂ%éoﬁ“g? BIreLiehting oF dqreemeaine the'value of the
regi addedss rehister B G debdddRRIHBA HRMebifed dHActeARIsEIL iR thel Qfitrol register
l.i nked command |ist table 400 shown in Figure 4

dBnt HiZnsAb apiepr 48 the coynt valhk isepheekadstosdptermirgwhethat the count is
406

s T e -

ent rdogst ¥ GRmple@is aacunplikedasyecietkingd dafty ouhbit $y@!sB&Wn) from the

menor as. previ ous di sgussed, and are |inked )

t oge"coﬁfétrre t%bgd’lt rtgg TENE ierupotithenglides e thedata transfer is not
r egi @hilete3 bontrdl Rethring 46 eheAstef 0L HolwlbereRithd 8Sunf Qe in the count
404, and 406 are shown. These link entries, plus an

iL?i tTegipten 3 10nis Paual fetdracantsyl nagses tng stepl5 U svigie the tviklpe in the next

i U 015 e L Rob s
separMUEL palut $.nof hesanglatie stdEX12 tl%ﬁﬁf{ﬁh% %doa%d&d Elgg ;Hber_xi_ isters 310,
I n entry . e

[ 314, ints to the first . _
{1 P2 {1 M shrotes 20 oeike Hinkagicoermeang spiable 400
404 : ’ . c ! o
71 2h0 O LA G, (MR 1P L B W 514

Edntagiindicatipreis uaide to/the pevcessord 0p dhian thetransferds canpletg. t hat
it isthe la A nt r.y, 0f . a C d, Jist. The
NULL val ue i ?‘5" i gg%‘?p\%eé’l t%do?yn%sre%mfggn\iﬁﬁ%m&ﬁ%éﬂ Eﬁb‘t“e DMA

poi rhgih® 380 \nabletients MDTsyatte®-gathdrd tapadilfy ifsr @selifrBE @Y®&n memory.
by W%Q eglgicg(;e 2(90 as a pojnter to nothi n?. It

wi | WHE hieeet ekt dlaihisito bRacad il wmepnseaitiyg blockpaf memory, the
406 pRdcBssBY o4 Sftates the memory and sets up the linked command list table 400

25  through the DMA engine 300. A DMA transfer is then initiated, and the DMA engine
| 300 handles the entire transfer until it is completed. A similar technique can be used for
gathering scattered blocks of data within the system memory in order to write them to
consecutive blocks of memory. The processor 104 determines which blocks are to be
written moved within the system memory, and their order, and sets up the linked

30 command list table 400 through the DMA engine 300. A DMA transfer is then



25 by way of exanple, and nodifications thereto, such
as including greater or fewer fields of information
WO b@s/oidsad shown in Figure 4, can be nade w t hBOT/US2004/021993
departing fromthe scope of the present invention.
Figure 5 is a flow di agram 5001¢| | ustrating the
control flow used by the DMA engine 300 (Figure 3) to
make a series of consecutive block transfers. At a
St efhiti is hidieedMApledy 5§ BE DIBA Cngiskl#o Lﬁﬁﬁti@d@ﬁlg&l&l. Since
areﬂ?%gggg&ﬁf?% t he aSS?%%?%ate valdgfawo 2005/ 010670
PCT tedizbodit@enggddist thlorgp is shaed inribe sygipromemanisit érpossiple to keep

this ti it he t I ' t .

¢ ogreblal Tk W Fp g, BF ofty Bl bR Y 3no DMA epgine 500
f or Mdi¢ovki, Bincetht linksl doarmantiilist tablade6 & stored in the systeaanhedory, the
into the linked co d list table 40 Fi gure_ 4),
Soa@midiTeit Op e PUBPE A rseparalo ansters & h e dfkidhiato one larger
Pr OGEREQ  forl Q4hkfHb O Be hhimB&dod RAINAG Be Lbfoky REARNs within the
command list 5 400 in the systemnenory is

acceystem whmdryby t he processor 104 as well. At a step

504, one data.item.i ranst.err at e .
the value in aFr{’ emg oﬁoﬁéfgo?’gg |1ts %Vrél r? q@l gﬁhq%m%%cg rﬂzgrtr’e %%tg(g%‘ oSpeclﬁc
i NndemBédEmbftabf thednebation hdverbebindesosieud Heke $drafufpades of ilestration,
step 506 ing¢ludes si Itapeq sly_ increnenting or
WecV%?Pé‘ﬁt“i"t‘FbécﬁF@S\}%ﬂY[% mpgderriEhoubdayiatiag fiomythe spirit gadyscope of the
depgReina., %9&dﬂ1@? 6 FvERdndd A HidiRA eASp SR by M dpPéhded claims.
control register 10 312. At a step 508, the’ coun

value is checked to determ ne whether the count is

conpl ete. In one enbodi nent of the present invention,
determ nati on of whether the count is conplete is
acconpl i shed by checking a carry out bit (not shown)
fromthe count register 316. In the event the count

val ue indicates that the data transfer is not

conpl ete, control returns to the step 504. However, if

the count value in the count 15 register 316 is equa

to zero, control passes to a step 510, where the val ue

in the next register 314 is tested to see if it is

equal to the NULL value, as previously described. If

a NULL value is not present, at a step 512 the next

tag is loaded into the registers 310, 312, 314, and

316 in the DVA controller 300 fromthe |inked command

list table 400, and control returns to the step 504.

Once the last Iink entry has been used, at a step 514

20 an indication is made to the processor 104 that the
transfer is conplete. It will be appreciated by those
ordinarily skilled in the art that the DVA



engi ne 300 inplenents a "scatter-gather" capability
for use in the systemnenory. Wen a |arge bl ock of

W@l 2008/01876 0 be read i nt o nonconsecuti ve bl ocksP@E/US2004/021993

menory, the processor 104 allocates the nmenory and

sets up the linked command ligt table 400 25 through

the DMA engine 300. A DVA transfer is then initiated,

and the DVA engine 300 handles the entire transfer

until it is conpleted. A sigridifs techni que can be used

for gathering scattered bl ocks of data within the
systemnenory in order to wite themto consecutive

bl ocks of .menory. T . .104 determ nes which

bl ocks aré'to ééne%g}ff'{agﬁg’enc%%g’ém\%gthi n the system

menory, anglirkiey bf medey deviced; &gt s up the |inked 30

command |ist table 400 through the DVA engi ne 300. A

DVA t r ansParemosy ifhe fOMRESB805/ 010670 PCT/ US2004/ 021993

16 initiated, Qpﬂk {nforfi ik ?&ei@ﬁ%ﬁﬁ&&&if Yoqhstst 16£adebde to at least one
engine 300 until 1t is conpleted. Since the |inked
afdhemadotyidstic¢sabl e 400 is stored in the system nenory,

it is possible to keep . se i [ .

exanpl e, for e3®F"¢ a‘%ﬁlézﬁ m!%%%%?‘%“@% Iag‘s“{eﬁ‘z&mﬁg‘ﬁ%efﬁ‘ée remory
&fLe intbfBice Q¥ling Hieosy st itdrihe cheamanduvites fos bedestab at least one of
400 is stored in the systemnenory, the 5only limt
BaMERONIfYiSET: of separate transfers which nmay be

l'inked into ong J|ALO%: seleb@tdf BbupliRg 1R GhlARAG ac Snd MR memory
nunber of remaining free nenory l[ocations within the
dysednenieaand. From the foregoing it will be

appreci ated t hat | t hough speci.fi enbodi t f .
the invention ﬁgygca‘l%eél}?"gg%’ggi @é\@‘)ﬁ%n IRt Blggg’dﬁ‘%’s%‘% switch to
@E nidnlodp Héddd iaRkrface] theVIBWIAC AR hérhtirp! hansry Teuekte foraudeess to at
W t hout deviating fromthe spirit and scope of the

Tewsy eng 9idhe mppery dgyiegsity perfosm DMAORERENS s not |inited

except as by the appended clainms. WO 2005/ 010670

PCT/ US2004/ 021993 17 CLAIM5 1. A nenory nodul e,
conprising: aThé meaiory ynaiilenefrolaym dewiherin tlenchegory hub is an

S SGn 5o RS inedule X M8, G RAnECBE WA and e

DMA engine residing in a single device.

D=

3. The memory module of claim 1 wherein the memory device interface
comprises:

a memory controller coupled to the switch through a memory controller bus
and further coupled to the memory devices through a memory device bus;

a write buffer coupled to the memory controller for storing memory requests
directed to at least one of the memory devices to which the memory controller is coupled; and

a cache coupled to the memory controller for storing data provided to the

memory devices or retrieved from the memory devices.



of the menory devices; a nenory device interface
coupled to the nenory devices, the nenory device

WO ndosimece coupling menory requests to the nmendCT/US2004/021993
devi ces for access to at | east one of the nenory
devices; a switch for selectivwgly coupling the |ink
interface and the nenory device interface; and a
di rect nenory access (DVA) engi ne coupl ed through the
switch to 4the TRMENSMIER dftfaGh hatkereit BE APh ERBMSEs a cross-
generating nenory requéests for access to at [east one
dfar swigchnenory devi ces to perform DVA operations. 2.
The nmenory nodul e of claim 1l wherein the nenory hub is
an enbedded system having the link interface, the
menory device iTHeefnbR6s, mbli€le OM &My 1awkbrdiR &he PMiality of memory
engine residing in a single device. 3. The nmenory )
fistiGesds apank ofmpmpryraicss Fmulaneapsinrogessed Jusiag ja meapory ereration.
conprises: a nmenory controller coupled to the switch
t hrough a nenory controller bus and further coupled
to the nentry déei memotyhmoduh off aldmmi ywitkeain ke Pplisalitpa of memory
g%iie buff.er cqupled.to the gennrg controller for

GEFFGTRERG YT R DremiciApdon agesgemoy dvliesone of

the nmenory devices to which the nenory controller is
coupl ed; and a cache coupled to the nenory controller
for storing datEhepremorymgdyle of glaim hwheseip thpgMdeangine comprises:

retrieved - .
et Ussooal b SRise e oy e WanEHORORIORT BoMA operston;
wher ei n t hetasget dddrese otiondesstaingradaet didressofl d l1oéatioh to which data

The .menory. npd of claim1l wherein the plurality of
ﬁﬂﬁﬁ?§m“@%9ﬂ£%§kﬁ§qﬁmﬁﬁﬂk of nenory devi ces

si mul t aneoysdunt ASHERS SR Gt aNtguR VARBREMcaARE bAThE A0mbE: of memory
The nmenory nodule of claim1 wherein the plurality of

AeaaBens to Bedcessed iadhlPMeeonstatienradious dynani ¢ random
access me @ﬁ%ﬁ%@&e‘f 85 stofin IbfglugFegPeranta{mg %% fhe %Emﬁie%nn%flthe DMA
Engi N8 Conpri ses:

wherein the
operation or representative of a memory address corresponding to a link list including a

starting memory address, a count value and a next memory address to be loaded into the

address register, the count register, and the next register.

8. A memory hub for a memory module having a plurality of memory
devices, comprising:

a link interface for receiving memory requests for access at least one of
the memory devices;

a memory device interface for coupling to the memory devices, the
memory device interface coupling memory requests to the memory devices for access to at
least one of the memory devices;

a switch for selectively coupling the link interface and the memory

device interface; and



an address register for storing a starting nenory

address for a DVA operation; a target address

wo omaniwm f or storing a target address of a | oPEL/USIVO4/GR1993

which data is to be noved in the DVA operation; a

count register for storing a déunt val ue indicative of

the nunber of nenory |ocations to be accessed in the

DMA operation; and a next register for storing a val ue

representative ofirdchmemofPictéss gPMA) dnpRc LbplePREGR tRNswitch to

or representative of a_nmenory address corresponding to

dhg mgtmory; dsivicp fpringeife RMAeaBine generting memody Faggests for access to at
émyﬁ, o be | oaded

?ﬁ?gﬁ?xghﬁg%dresgwgggﬁgter, ?ﬁ@gggﬁaﬁn%égister, and

the next register. 8 A nenory hub for a nenory nodul e

havi ng a pjural4,ty of r devj ces,. C rising: a
li nk inter#acei?%fn?%%gﬁggﬁéCkﬂﬁﬂivﬁﬁgﬁdggggﬂPGP%MW’ﬂw’nmnmy
dedesintedfacd, BRSvitRendfhe DRRA SRIRIYe HRYIIAESsysRmITERIN; in a single
device interface for coupling to the nmenory devices,

@ﬁ@“lnennry device interface coupling nmenory requests

to the nmenory devices for access to at |east one of

the menory devices; a switch for selectively coupling

the |ink il6t er fThe enemuy thok ofediaimy8 vievdic ghd Memiofya@&iice interface
and r\llss\%)S_ZOOSI 010670 PCT/ US2004/ 021993 19 a direct

nenory ‘access (DMVA) engine coupled through the switch

to the nermesogevhesler Bb@dPeehe SRBHOMOUER Y PHénory controller bus
generati ng nenory requests for access to at | easr%, one

#id fupther caunied to thememrary devigss throngh DMmapdevits loms. 9.

The nenor ] ' erein the Link interface,

t he menor i/é 20 ?f:fglcéloﬁ#)@ri %@e%,lﬁ?ﬁ%ry SHTOURT Foér? TR SNBIQRY requests
dirgteddo afrleastorbed dednenysy devices eswhichn the nfenfrpédidoBer is coupled; and

device. 10. The nemqr Eub of claim@8 wherein the
mermory dedi ¥&M ﬁ‘fug[éga%et © QH9FY sedroller fopiripg data provided to the

Bembfyaeviess of atidved b thiRemWlyideictdr ough a nenory
control |l er bus

11. The memory hub of claim 8 wherein the switch comprises a cross-bar

switch.

12. The memory hub of claim 8 wherein the DMA engine comprises:

an address register for storing a starting memory address for a DMA operation;

a target address location for storing a target address of a location to which data
is to be moved in the DMA operation;

a count register for sforing a count value indicative of the number of memory
locations to be accessed in the DMA operation; and

a next register for storing a value representative of the completion of the DMA
operation or representative of a memory address corresponding to a link list including a
starting memory address, a count value and a next memory address to be loaded into the

address register, the count register, and the next register.



and further coupled to the nenory devices through a

menory device bus; a wite buffer coupled to the
woresnsioyeednt rol | er for storing nenory request SPCT/US2004/021993
directed to at | east one of the nenory devices to

whi ch the nenory controller igocoupled; and a cache

coupled to the nenory controller for storing data

provided to the menmory devices or retrieved fromthe

menory deViﬁeSJ&ﬁénmﬁn@mﬁﬁﬁgkﬁnﬁﬂgzOf claim8 wherein

the switch conprises a cross-bar “switch. 12. The

menory hub? BEmeAusPE whithmesmory fequasiviaremgyided; altad N

conpri ses: r i.st.er storin startin

romory add easr eyl RRGRouel 0 Whe S, B inedfbry module
Ihaviag & plurdlity ofstemtdry devices aﬁ@ﬁmemg@ﬂﬂﬁh@ﬁeﬁofyflﬁlatcbﬁﬁﬁéiﬂg:
which data is to be npved in the DVA operation; a

count register % Tk wieziacs, goupledda feceing HemPH dPEEsts vier ggcess to at
1dag o BPAE nRinoREIRHcEs of BEMEMBR SRR VRGERS Bk in@erf‘apgis located;
DVA operation; and a next register for storing a value

repr esent at i ve a@fendip dexigephietiaaseoufled foshdDimonypleviats, the memory

: | address .correspondi ng.to

Sy ARSIk lord SRR RIS GFOCG B5PB0L ot o
deummorgtiericessnd a next nenory address to be Ioadedd

into the address.reqister, the count register, an

the next regisfeic TZG?E@PMY)G‘??PIP@'@‘UQQ]@MP@@E%Q the memory
d8ick3nteAaddEdAar Y system conprising: a nmenory bus on

whi ch nmenory re uests are provided;, and at |east one

menory nodul e ésUpétatemary pbassn@MAY efgings, cdulpled ieonghythe switch to

| ralj ty of nenor vices,and a .

UL org B SR A58 ol 5 e IR S i ey
Tequestsifacaecase topdt &dstione bEHE mémofEd®RicYs to@akest DM bperations.
access to at |east one of the nmenory devices of the
menory nodul e on which the link interface is |ocated;
a menory dgvi Cepd %eﬁ{ofrya_‘éﬁst&ﬁ WYl Gl 93 tvbl%rc{ff R ¥nemory hub is an
devi ces, the nenory deviCTe iInterface coupling nennF?
qaheddask systery hewiag thentinkyintiefedec the nienrorpdodesnterfacat thbelamh, and the

. . TR0 eyvices; a switch for selectively
B gine %Edéﬂglg%ks}/ngge dt

coupli'ng Enterflce and the menory

15.  The memory system of claim 13 wherein the memory bus comprises a

high-speed memory bus.

16.  The memory system of claim 13 wherein the memory bus comprises a
high-speed optical memory bus and wherein the link interface comprises an optical memory

bus interface circuit for translating optical signals and electrical signals.

17.  The memory system of claim 13 wherein a plurality of memory
modules are included in the memory system and a first memory module of the plurality of
memory modules is coupled to the memory bus and the remaining memory modules of the

plurality are coupled in series with the first memory module.



device interface; and a direct nmenory access (DMA)
engi ne coupl ed through the switch to the nenory
walewsoeernt er face and the |ink interface, the BNXUS2004/021993

engi ne generating nenory requests for access to at

| east one of the nmenory devicds to perform DVA

operations. 14. The nenory system of claim 13 wherein

the nenory hub is an enbedded system having the link

i nterface,st hethemmorgayitae éMmileinf asewhdrbia swilirsliyy of memory

and the DMA engine residing in a singl deV| e. 15.

mpdulepepingludedsinghs wemerysyyien andrash of e Plyguodules are
[ menory

GORR hEI Ty 4D AT RE ?%ﬂgﬁéfp%%sﬂ%e%%’ﬁsﬁ%ﬁ%gnm. ses a

hi gh- speed optical menmory bus and mhereln the |ink

interface _conprjses an optic |nterf

Cioui & 1o0 1 T RO RPPHGSBpbRaleE g et rhphy e imerice
St Rbie %ﬁbc&hﬁlﬁemry system of cl ai m 13 wher e| n a
plurallty of menory nodules are included in th

nenory sy $teemaygoiraliey equpled dp the Wﬂ’ﬂ}l@r"éﬁh 9|apgpmory controller bus
Stk batuofla to HE HREOrTBEANCE Srduibh GOUBRP ad Red i, TETOT Y
us and e renmai ni ng° nenory ules of the plurality
are coupl edvrite beffer @spled tdthe meenfary sentrolemfoy steridg imemoWCrequests
005/.010670 PCT/ US2004/ 021993 1.18. The nenpry .
CipeRe f B1%01 9 A 8 RABRORTIE BUFS T BBy s cowpled; nd
modul es a&Q:abHéC&dﬁgﬁd tb thé hﬁnﬁ%f‘f@chﬁ‘roﬂbi’sfo@ RKoding RACHroPided to the
the plurality of nenory nodules are coupled directly
m@ni’lﬁéeﬁ%@ﬁﬂffﬁhkﬁﬁdﬁﬁmdéﬁwe@%/&ﬁé@t ive link interface.
19. The menory system of claim 13 wherein the nenory
device interface of the nenory hub conprises: a
menory cof6@.r ol Tiermemwenylsgsten of dldim ISwilierdin tHersaitgln ofthe memory hub
menory controller. bus and further coupled to the
a&@?ﬁ% %Pough a menory device bus; a wite
buffer coupled to the nmenory controller for storing
menory requests directed to at |east one of the
menory de¥l-.cesTheomgmoshsysiser festsry 13orherein) e plaality of memory
GESHBY 2 BBty odiBe BErRINPY B ohclRor RO oG B acocasod
dueihg b exceddryf sperativlie nmenory devi ces.

22. The memory system of claim 13 wherein the plurality of memory
devices of the memory modules comprise synchronous dynamic random access memory

devices.

23.  The memory system of claim 13 wherein the DMA engine of the
memory hub comprises:

an address register for storing a starting memory address of a memory location
in the memory system at which a DMA operation begins;

a target address location for storing a target address of a memory location in

the memory system to which data is to be moved in the DMA operation;



20. The nmenory systemof claim 13 wherein the switch

of the nmenory hub conprises a cross-bar switch. 21.
wab@soesor y system of claim 13 wherein the pl upel/Us3000621993

menory devices of a nmenory nodul e represents a bank

of menory devi ces sinultaneouslly accessed during a

menory operation. 22. The nmenory system of claim 13

wherein the plurality of menory devices of the nenory

modul es coapsins esgiyi Thir ARdisS CRRWELE iﬁﬁ@ﬁﬁi@b@%‘%ﬁ%‘iber of memory

:;‘Ermry devices.  23. The nenpry systemof claiml
efiafsto bpaceeived Evibe R beparatien; sndnory hub conpri ses:

an addr ess, (89St f rJ | mory...

addr ess ofaa ne S?{f %%Eoé‘tﬁ]%g# aﬁlgﬁ&{%éﬂértyﬁg’?flﬂ%%?é%o%?fm DMA
winéiehore oDMfpresprdatiei alia loegions addeest abgedpordinl & & link list including a
|l ocation for storing a target, address of nmenory )
SN o aclies®, e VSRt PR RRNY adir8SS @ Yeolopded into the
avded rédistér e %t%@}dn@‘ﬂier}é&}rgg%{.01067o _

PCT/ US2004/ 021993 22 a count register for storing a

count value indicative of the nunber of nenory

| ocations 40 beg %g‘tﬁéég tdn chil n&[}é& operation; and a

next register for oring a vaf ue Tepresentative of
t he conpl et deomalgpiocessingDiuls (“CRIEDAt i on or representative

of a menor ddr es orrespondi n o,alink Iist _ )

i ncl udi ng %Sygtg?ja(ipfl&ﬂ rﬁ%??i%o glﬁoﬁg%é’st}le systegyeantroHer hgving an input
podlaml aneatpubperr y address to be | oaded into the

address register, the count register, and the next

regi st er. apanpuphdevigeseerled oyha @MY throughrthessysigm coatroller;
central opr, i g unj ! P S emcontrol | er
coupl ed t gﬁt% E@ﬁ{éﬁ%&? ﬁ@lég)}gtﬁleg n(%Pc[{)n Or“éﬁltt RIS

i nput  portstogags davicoeduplet! tgthe CPUahrougtpiit spk®nh Eshtroller;
coupled to %h% CPU t hrough the systemcontroller; an
out put dedt E& OB BPRAY P dRlcethe plomoRt Badie eqmeprisigt em

control ler; & ShargeenlRvh Rvicotpied to the CPU
t hrough the system control l'er;
a memory hub, comprising:

a link interface coupled to receive memory requests for access
to at least one of the memory devices of the memory module on which the link interface is
located;

a memory device interface coupled to the memory devices, the
memory device interface coupling memory requests to the memory devices for access to at
least one of the memory devices;

a switch for selectively coupling the link interface and the
memory device interface; and

a direct memory access (DMA) engine coupled through the
switch to the memory device interface and the link interface, the DMA engine generating
memory requests for access to at least one of the memory devices of the plurality of memory

modules to perform DMA operations; and



at | east one nenory nodul e, the nenory nodul e

conprising: a plurality of nenory devices; and a
woreess/oyehub, conprising: a link interface coupP@ruszm4/021993

recei ve nmenory requests for access to at |east one of

the nenory devices of the nemigy nodul e on which the

link interface is |located; a nenory device interface

coupled to the nmenory devices, the nenory device

interface geshhRiGaPBIBALY cdupRE BSteh ﬂletsyﬁmﬁ%&ﬁfdﬂer and at least one

devices for access to at |east one of the nmenory

@b hecplarality glmepiery Boduley &vtdoviling wempilyi muestsenflj date between the

[ vice interface; and a

5?%@@?9%§#§?§d2§§225 E@kﬁyﬁgngine coupl ed through the

switch to the nmenory device interface and the |ink

i nterface,,the engj ne gene I n menmory. requests . )
for acces szé 0 ﬁ'gﬁé’ teh ﬁ%sg 0% ﬁ%lrﬁgﬁo‘mﬁrﬁ’é\ﬂi‘f‘c gamgpnications link
tbiipfdesis Bighispecdmdippbys, nodul es to perform DVA

operations; and WO 2005/ 010670 PCT/ US2004/021993 23 a
communi cations |ink coupled between the system

control | erygand ural ity of .
mmwno&%@ﬁ@%ﬁ%%ﬁ%ﬁ%%ng qT§Eey hub is an
prabeddedsytsteen havypt theriinloiitarfabd, dhie rértlory ldevioe s facd|BkbMvafh, and the
Eﬁmﬁgye<§onguter s&ﬁtgﬁtof cl aim 24 wherein the
commim cart ong 1 ¢ fike' ¢8MGri ses a hi gh- speed menory

bus. 26. The conputer system of claim 24 wherein the

menory hub _is an enbedded system having the |ink

i nt er f ace 27t he The rfempuige wystam j olgier 24 odjerdim ghs womotupications link

. j | di |N.-a.single, device. .27.
SR MR 888 B 0l SRS o o
eomumTises anaiptical snenonk busdnteyfide Sisuitfoh irgi1a5iRg 6piaPEib %A and electrical
JBopry bus and wherein the link interface of the

n%hnry hub conprises an optical nmenory bus interface
circuit for translating optical signals and el ectrica

si gnal s.
28.  The computer system of claim 24 wherein a plurality of memory

modules are included in the computer system and a ﬁrst\ memory module of the plurality of
memory modules is coupled to the communications link and the remaining memory modules

of the plurality are coupled in series with the first memory module.

29.  The computer system of claim 24 wherein a plurality of memory
modules are included in the computer system and each of the plurality of memory modules

are coupled directly to the memory bus through a respective link interface.

30.  The computer system of claim 24 wherein the memory device interface
of the memory hub comprises:
a memory controller coupled to the switch through a memory controller bus

and further coupled to the memory devices through a memory device bus;



28. The conputer systemof claim 24 wherein a

plurality of nmenory nodules are included in the

W@ op1®ro system and a first nenory nodul e of PEEUS2004/021993
plurality of nenory nodules is coupled to the

conmuni cations |link and the ré&daining nenory nodul es

of the plurality are coupled in series with the first
menory nodul e. 29. The conputer system of claim 24

Wher ein a plti@biffet cofpleDthy mefdeH b SroBl ot %ﬁﬁ@ﬁl@mbﬂi requests
the conputer system and each of the plurality of

Fq oy éﬁaﬁté@e obihe MEBGR! devices tpé@metE@ mempyy qvemilsy isnegpled; and

t hrough a C I f 0, C ut er
Syst om of oiias syt b Me kb AaGonctor SiEng B Eliged to e
afienidre devages oy relridved fop theseemorp desdeasr y control | er
coupled to the swtch through a nenory controll er bus

and further coupled to the nenory devi ces through a

menory devite brig; colfpu %@&&i@ﬁ&%ﬁ%&%ﬁ%é QAP §]; the memory
24 a wite buffer coupled to the nenory controller

b eomprrissppprops-hasauiddt s  directed to at | east one of
the nenory devices to which the nmenory controller is

coupl ed; and a cache coupled to the nmenory controller
for storin. dat']?hemomputéedydtm toh elanﬁmowheréhﬁvth@ PHurfllty of memory
detrle ed fromthe nmenor |ce 31. The caonputer

Bt B Smend mosieyRRe & EROIeVioRE STBfpTegusly accessed
ngmﬁﬁhb 1§®Perdtié, 0SS- bar swit ch 32. The conputer

system of .claim 24 wherein the plurality of nmenory

devi ces of a nenory nodul e represents a bank of nenory

devi ces siqyul t se dur,i,n

oper ati on. 3r§u %f‘}ﬁ%ﬁ%xmag}%%ﬁl gf B gf eé?‘ﬁ%pm%ioﬁ memory

ﬂ‘h@ceplcﬁ rthé Imqm(ﬁjl maatube yompiﬁ?dl @ﬁc&]r(ﬁfoui kI nABIB T NP dble€s memory
qPrlse synchronous dynam ¢ random access nenory
evites. 34. The conmput er system of claim?24 wherein

the DVA engine of the nmenory hub conprises: an

address register for storing a starting nmenory address

of a msrmr3§ | od¢ icomputimsystem efeclainy 24 yeteerin alte DM A lengine of the

MRoQREE binPikcRel NS;

an address register for storing a starting memory address of a memory location

in the memory system at which a DMA operation begins;

a target address location for storing a target address of a memory location in
the memory system to which data is to be moved in the DMA operation;

a count register for storing a count value indicative of the number of memory
locations to be accessed in the DMA operation; and

a next register for storing a value representative of the completion of the DMA
operation or representative of a memory address corresponding to a link list including a
starting memory address, a count value and a next memory address to be loaded into the

address register, the count register, and the next register.



a target address location for storing a target address
of a nenory location in the nenory systemto which

w@ 2408/01®7¢ 0 be noved in the DVA operation; a CPCIUS2004/021993
regi ster for storing a count value indicative of the
nunber of menory |ocations t@sbe accessed in the DVA
operation; and a next register for storing a val ue
representative of the conpletion of the DVA operation
or represepsat i xemgho® fSFEAREMIBIHERSS %?&%ﬁm{‘q} Eb%ph%r system
alink Iist including a starting neffrory dr ess,
dBuing a/Blogessaing staBxaonfielies roytudd% te gl procemorl matjechystem memory

[ he..cou reqi

Rt fort BCE R0 (81 Blapish 05 6 ke GRSl BB memory bus,
mﬁ&hoﬁcammsmg for executing nenory operations in a
conput er syst.em hawlr%g a processor, a system

cont r ol | er VBBt SmORACKs (RN infogmafion tg pdpeatipn in the system

MR rephdd¥itiig i@dtricBAR ! fof BB M¥m e?dtlﬁf?é"&lhﬁlg shflem memory

the systemcontroller through a neno

Nﬁﬁlﬁwf@,@ﬁmﬂfﬁwﬁowul ng di rect mermry access (DwR)

informatio

repr esent fﬂ)gt;; ni%ﬁ (!an@fl i fgﬁgm mory ut%%x]tnlt egprﬂ%eﬁﬁoﬁ?}{d system controller;

oper at i onsaccessihf éhedy@tieminROBEEM Mérhd19 td wRICRBRISMA information is

initer_ve tion; obtaining control of the nmenory bus from
PBCessor and systemcontroller; accessing the

| ocation idxedudti® ﬁié%ﬁe@rfﬁrjﬂgﬁ@e{tﬁbnéﬁ f@gén%a b?l'lﬁe 1%%01‘10115

information is vvrltten and exe ut| ng th

oper ati ons represented by the instructions. 36 The

met hod of gl ai 5 nglsoJatln t he

system msm)r yqbgl‘l r%olﬁ;xecu %g)oﬁlﬁt‘ TSI i55lating the systom

mpwostdusing exedutionldfeherrdrhag opefrattzinal m 35 wherein witing

DVA information conprises: witing a starting nenory

address of a menmory |ocation in the systemnenory at

whi ch t he 3menonye RRGLALF QiR ﬁ%e nw\%h% bREA ﬁxf&r%lrag 1 comprises:

address of a menory location in em menory 1o

whi ch datvaiting atstarting naemyvary addness bﬁa menmr;ylocumen at 1th B®tem memory

i.ndi cative of the nunber of
M%dga;’cﬂ oca?%&)era ons%sgl

writing a target address of a memory location in the system memory to which
data is to be moved in the memory operations;

writing a count value indicative of the number of memory locations to be
accessed in the memory operations; and

writing a next memory address value representative of the completion of the
memory operations or representative of a memory address corresponding to a link list

including a starting memory address, a count value and a next memory address value.

38.  The method of claim 35 wherein the system meﬂlory comprises a
plurality of memory modules and wherein executing the memory operations comprises

accessing a memory location in a first of the plurality of memory modules to read data



accessed in the nenory operations; and witing a next
menory address val ue representative of the conpletion
WwW@Rooslo®0670renDry operations or representative OPCHUS2004/021993
menory address corresponding to a link list including

a starting nmenory address, a ggunt val ue and a next
menory address val ue. 38. The nethod of claim 35

wherein the system nenory conprises a plurality of

RdFBfiom BRTIAHCE:8ind B ehethdey RERioBXLE WebMBof thEpIFRIRY of memory Igodules to

operations conprises accessing a nenory |location in
fyritg theglptay he plurality of menory nodul es to read data
WO 2005/ 010670 PCT/ US2004/ 021993 26 t herefrom and
accessing a nenory location in a second of the
plurality 3§ meAmrethodufottrasteitng ditd withih hesystahanen®®y iddluded in a
method for transferring data within a system nenory
P V1o HaviR  BERCERO% DT RAALer-£OBPISE da St progessor, and o
S0eBidRhRABLHIRS RS syserRbREb iePro! ; ising:
nenéfgbbus %Qgpling.the s;%?gﬂgﬁ%ﬁ%rgﬁ?€§5%¢§$¥%§hcommnﬁng
syst em nmenwrjng DMA restiveiibns dopr iesating: innthiet systgmDivBmory, the DMA
[ [ ' in the system nenor t he
RRRCARL RSl e dnie R b i !GP Lo hatter the data
exchulitgi mgmoBBddressgec@ickunging oot fidhah@lsedol@ 19@idns in the system
i ncl udi ng nmenory addresses corresponding to first and

T8Rd 1 ocations in the system nenory; obtaining
cont rol  ofobkdndBHRbYofibSmeR bt LUt Pprocessor
i ntervention, accessing the [dcation in the system
menory at Wiientprogsssor Divéntionragedssiog the docation intthesystem memory at

[ he first |ocatjion.in the system,
Gﬁlg%g rtgeggn \?\&}Sl ’la{r%g e A RO et fLqrp the &%ﬁ:é’ﬁ“&‘? ip the system
tbmosyamt] evriting ierdyta té the sddd@d MRbiwAdn #e sGétath MeaRDryher ei n
obtai ning control of the nenory bus conprises
isolating the system nmenory fromthe processor and
system conpr ol Irgg mafbh 8f cik ' ol b Pt e
syst em menory. 41 The n%tﬁ%g§o &%#g?ﬁggggﬁﬁ%%gPﬂﬂwInmnmybus
Gomnrisefyisphering et syststi owmoryofipmi the sprocewdor tand Gry@tem controller while
AW’ DEIRL; address of a menory location in the
@%@?@#@%@nnr&lyg?s¥ TEHPRR t ransfer of data begins;
witing a target address of a nmenory location in the

system nenory to which )
4l. © 'The method of claim 39 wherein writing DMA instructions comprises:

writing a starting memory address of a memory location in the system memory

at which the transfer of data begins;

writing a target address of a memory location in the system memory to which
the data is to be transferred;

writing a count value indicative of the number of memory locations to be
accessed in transferring the data; and

writing a next memory address value representative of the completion of the
data transfer or representative of a memory address corresponding to a link list including a

starting memory address, a count value and a next memory address value.



the data is to be transferred; witing a count val ue

i ndi cative of the nunber of nenory |ocations to be
wa@ewssswd i n transferring the data; and witi NBCHUSE®N4/021993

menory address val ue representative of the conpletion

of the data transfer or repregentative of a nenory

address corresponding to a link list including a

starting nmenory address, a count value and a next

nmenory addgess Tl method\Or2905%/ 9 QBLRiPHE 0 i

27 42 The method of claim 39 Merégnwﬁe%gtg%%g’%&npms 2

rRiyrality of sepionswedydes gduvherdin yeading etedtom thsdrktdacagin in the system

vhsk &l ' fi.rst tion.in the
SNEREY Dorh 3R e 2 R i 3 o RE R AR gl oy movdutes
ito readf dates themfromhandpivtiting ihe ydaaf tonkesécsndriabati@sin the sy&ad memory
data.therefromand wjting the data to the second

ICGWBESES AT R TSORR IPC RO Seeddnti theRlusdibealsmergory modules to
REf®thy dh@cation in a second of the plurality of nenory
nodules to wite the data.



