1 17 August 2006 OUT OF ORDER DRAM SEQUENCER FI ELD OF THE | NVENTI ON [ 0001]
The present invention relates to the architecture and operational nethod
of a nmenory controller for controlling nmenory access operations t hi eve
an increased effective nenory bandwidt h. BACKGROUND OF THE”IWET{IE%P@I
[0002] In nost conmputer or data processing systenms, the main active

menory, or random access nenory (RAM, is a dynam c random access nenory
(DRAM . The structure of a DRAMis generally conposed of a nunber of nenory
cells organized into a plurality of banks. Each bank corresponds to an

array of the nenory cells wWlih. C | : L,vel y associ at ed
. Wth a unique nenory ad wowﬁégntmsﬁ;m resses within a
bank are each designated by a row address and a columm address, wherein

each row addr ' ' qﬁwﬁrwry page. Each page of nenory,
. therefore, con |12§)§§'f/%rﬂa nenory locations corresponding to the different
columm designations within the page. [0003] Wen performng a series of
access requests,{0001d CTheppéselit invetion reldtesagehe architecmre and operagiobahk
currently having anot her page OES_n, such condition is known as g ,"page

lop r

conf | i ctméthodeofsaipremornysoptrolien ngiedingimemary #6cAsS OPFFASIONS KO agueYs
"precharged." After, precharging, .the requested page nmay then be opened, or
"act i vatlﬁﬁﬁmeﬁﬁhéqcﬁgﬁ“%%o?fg%@%a‘ﬂé&ri te operation is performed. A "page

m ss" occurs if the currently requested page is found in a bank whi ch has
no page open,palhis | 2 ' procedure to be perfornmed. A
"page hit" is sald ]f{o occur €n a current nenory access request is for a

page which is already open froma previous nenory access request. [0004]

Due to the extra[(o02Jes ih Agostbsipueetssr duta pesdessing systems,thgenais antive ct and
page miss nenory accesses relative to page hit requests, the tine needed to

per f or m mkmokryy orerantiom FCOSTREMOTY i5 2 dymamig rapdomcaccess PEPOFY t he

atter. (IQRgi/rl)l.yT Z. séldgtldlsrg o%gquAM is generally composed of a number of memory
cells organized into a plurality of banks. Each bank cotresponds to an array of the
memory cells with each cell being respectively associated with a unique memory address.

In particular, memory addresses within a bank are cach designated by a row address and
a column address, wherein each row address is defined as a memory page. Each page of
memory, therefore, contains several memory locations corresponding to the different

column designations within the page.

[0003] When performing a series of acccss requests, if a currently
requested page is found in a same bank currently having another page open, such
condition is known as a “page conflict,” whereupon the previously opened page must
first be closed, or “precharged.” After precharging, the requested page may then be
opened, or “activated,” and then the read or write operation is performed. A “page .
miss” occurs if thé currently requested page is found in a bank which has no page open,
thus requiring an activation procedure to be performed. A “page hit” is said to occur
when a current memory access reqﬁcst is for a page which is already open from a

previous memory access request.

[0004] Duc to the cxtra processing which must be performed for page
conflict and page miss memory accesses relative to page hit requests, the time needed to
perform the former two processes is significantly greater than for the latter. In carly



page, for both read and wite operations, were received and fulfilled on a
first in, first out basis. Such processing tends to be very inefficient,
resulting in a | arge nunber of page m sses and conflicts, and thus
requiring an extensive dedication of processor and/or mendryPuEIFk90! er
resources to precharging and activating nenory pages. (0005] More recently,

nor e ad\mgepfbribathassad ﬂgdmitb_??rim , Westreceiesd hng fulfilled wini < firstrinfirgt

access is based on priority e pr|or|ty of the access request nmay be -
based orPukchasisuSuchqrocessingdnndsta he vesyjpeliricat,acswltinginialgracrumbetief |

the type of access re sted,, the nemory address desjred to.be accessed by
t he reqRAgE Mis ﬁ??g’%&%f@rm "b‘f‘ﬂé ﬁﬁ‘qfé‘ffo&gd‘m f Rrocessp FOFEPFy on

priority 4% %?{,%g%e,ﬁ{ adNth o ess for
unaccept I 'ong gerl o%@ﬂof tine. ‘?;O%%. eovcgr as lﬂﬁﬁngﬂpﬁlﬁer ation

of corrputers evol ves, nmenory dock speeds, arc |ncreased significantly. As

the speed of a n{&)ﬂn&]s Mode recarithqasore adencerd prootssing methodsdnve beed and
the tine penalty forcgage m ss menory operations, bank busy conflicts, and

ot her cokveioped iniwhich semery acsessds basgd\orsprienity. cHee priarigapf thaacsess ¢ he
data bus used to L nsf.er information t fromgach accesse cQ/
oot Lomreiacyt andy bé B P T ton surd e g HYRF Of GG Seorne themeduest

| ab t
Y abacibE e 8 Skt fhedted Uit fiokP &@&%%‘Df?‘}%?’%?%g%@?ﬁfl‘%?%@%‘%ﬁom d

be greatdy. MhHerproblenm witthprovidifig héiabryiccdsssaikthne gﬁ‘o ritgdewekr i thity

access requests could be rearranged to avoid or uce conflicts. By

avoi di ndowpmmwmcqgcmmylhuchmtﬁmmmﬁhlﬂmg penieds of finei ent | y
utilized in that idle time m the nenory data bus is reduced or elim nated,

whi ch thereby ef t|ve I ncreases . the nmenor dwi th of the nenory
system and ena %ﬂﬁ?rya%iﬁ‘&cé's%c“(gﬁ?&% ?9&2@?’(9%6?’0"!?3’&3@% er

& THE |%#H%a%?%&§{'&fhﬂﬁ%ﬁ&%ﬁ?" Aihe sed oo et )

| dent i T igstehfial occurrences of and the time penalty for page miss memory operations, bank
busy conflicts, and other conflicts also become increasingly significant. In particular, the
data bus used to transfer information to and from each accessed memory location is idle

during precharging, activating, waiting for bank availability, etc

[0007] A solution is therefore needed to mitigate the drawbacks discussed
above. In particular, memory processing efficiency would be greatly improved if the
order of a sequence of received memory access requests could be rearranged to avoid or

_reduce conflicts. By avoiding or reducing conﬂicts, the memory data bus is more
c&icicnﬂy utilized in fhat idle time in the memory data bus is reduced or eliminated,
which thereby 'cﬁ'cctivcly increases the memory bandwith of the memory system and
enables maore memory access transactions to occur in a shorter amount of time than

previously possible,



the prior art by rearranging the sequentially received order of DRAM access
requests to mnimze conflicts and del ays such as those discussed above,
while returning the requested information to requesting units in the samne
order in which the requests were originally received. [0009]Aygst Y06
present invention, nmenory access requests arc successively received in an
| nput queue of a nenory . ook S arranged after

t he request i nput queueF#ﬁ%ﬁé&ﬂ%&pggﬁFﬁ?g?gggﬁ“g%&i% Fgl'delays bet ween
sequential requests are identified by a conflict detector. The conflict

detector re-ordgpepgie THEEPHS& ERvenaGit Sécks €6 ddafss theOpribléniis identified fih ow of
data to and fromthe data bus. For exanple, if a bank busy condition or

_ ot her d¢hepribs artdyyorparmagingythe isequentially ceceiiedeatder of DRANbacoesprequests ty
recei ved nenpry requests,, the nory controller rearranges the qrder in
whi ch t@%i@%@rﬂﬁé*&ﬂﬂ%ﬁc g@“@ﬁ@@ﬁ%@a@&l*ﬂ%& “he
~conflict_or del i f ssible. or othenw t LA e 0010]
wite r dxaessrelRimico B RabeSipglinBh 1 S orelt ) Prich HHelRER wetd 0
addr essid}%ﬁﬂxf&jﬁ;a‘with earlier requests. [001.1] The re-ordered sequence
Is retain I h an execution queue, wherein each request is tagged to
I ndicate its location in the original sequence so that returned data can
be properly re-{0869¢d Imthepreserminyentiont nwneny dcoessaeqiestsharesndeessivaly t he

i ncom ng nmenory access requests. [0012] A _conmand sel ector selects a
command regeivesiRandapus ausuc ok s seamanisanvalles. Acequenemmatiix is armanged sfigand

coner anthe SBIFSTRRIE Sustie-EarebRor Bl oteRtal T Hebwia bdiRalial
i t hout ' . - . _
e Tk o ot S o

associ atrRémuiyt tore actess eéquiastotsitinize the flondof ditito agd dtem the Hataongy) For2006
return the read data to the respective requestors in the original

sequent icxampleg fia bardp busy canditign on wsheredelayLis irerpgnizeshby thecenflict deteetpein ag

associ ated with e returned data ,
the scqncnﬁtaﬂy rccctlvcd memory requests, the memory controller rearranges the order

in which the pending memory requests will be executed to eliminate the conflict or

delay, if possible, or otherwise to minimize the delay.

[0010] Whrite requests can also be executed out of order as long as there

are no addressing conflicts with carlier requests.

[001.1] The re-ordered sequence is retained in an execution queue,
wherein each request is tagged to indicate its location in the original sequence so that
returned data can be properly re-ordered in the memory controller to match the order

of the incoming memory access requests.

[0012] A command selector selects a command or commands to be
executed from the cxccutiodqucuc. The command selector contains interface timing
characteristics which enables a constant speed DRAM sequencer to interface with
multiple clock speeds without complicated clock phasing operations.

[0013] A read return queue tracks the returned data obtained from the
DRAM. Based on the tag associated with each returned data, the read return queue

3



corresponds with the read request having the |ongest latency in the nenory
controller, the returned data is returned to the systemunit which
requested the data. If the tag is not associated with the read re est
having the longest latency, the returned data is stored in74E&00unt | |
returned data for all read requests having a |longer |latency arc returned

10 t heirenirh§ BSE dadadats 60 thé RispectiveGequicstoisth Hhé bYiginal s&quchtiabardee! can be
assigned a buffer location based on‘"the received request sequence. Wen

retur népedﬁcall)qmlmnﬂtcﬁungutrhmi mt,sfthml tag assaciatesd with thefreairned dati on
correspondi n read, request receiv earl i est t he |nput eue
Chat - dooAsEoRds withehe pead FRAUSHORAING &%ﬁns&ﬂég y infhe.mgmary coprralter

1 1 e e R B SR i pBbsBE e SR RG2S
return giteidgsdisted With Hie Ral'requdsk GHEEtﬁE lo:!ﬁﬂhtéﬁt? thit ict@rned’difi is N V\fhl ch
they were originally received. BRI EF SCRI PTI ON OF  THE DRAW NGS [ 0015]

Fur t herstbreatinracsyfferaptil treturned dativian all gead riquests havimgenlongen lattriayrare | |
beconme apparent fromthe follow ng detailed description of a preferred

embodi rishimed totheir respeFiveN¢qUEESES: i bed with reference to the acconpanying
drawi ngs, wherein: [0016] FIG 1 is a bl ock di agram of a nenory controller

i n accordance f n 171. K F t
illustrating t t{ewotp}aclce 'S aiﬁF%’f ug&ecc?bcei’%tae%'ggé%l 0 %gllﬁcegiogx"&{igﬂ
re- or degrf thelpe8&ivéd Pliist wgséncé ewmi &tﬁ&eaw ob&Rar Fokfthe DRUGHLOr s in
the originally received order of the requests. [0018] FIG 3 is a first

enbodi rpladeddhta tiobhfferciocation comesponding et read réguese dedeyvedrearliesy iethee
load logic unit in the nmenory controller upon detection of a cobffict or
del ay iiAPut queucs shatdata igreneiner,to the appropsiase requsstor] (atherwise, czrcrlynad

d di t, of flict d
cequond it Bestay B i Gt et slriiey e AR R TogrYecl B Beane Gy
conf i Glav@ihefly! i‘&d@d%ﬁ%{ﬁﬂ&ﬁ&?‘ fift %Gl réturn quene returns data from the buffer
locations in the order in which they were ongmally received.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Further features, aspects, and advantages of the present invention will
become apparent from the following detailed description of a preferred embodiment of
the invention, described with reference to the accompanying drawings, wherein:

{0016] FIG.lisa blpék diagram of 2 memory controller in accordance

with the present invention,

| [0017] FIG. 2 is a flowchart illustrating the process for returning
requested data obtained by the re-ordered execution of read requests to their respective
requestors in the originally received order of the requests.

[0018] FIG. 3 is a first embodiment of a conflict rc-ordcﬁng'process
performed by the sequence load logic unit in the memory controller upon detection ofa
conflict or delay in a current timing matrix;

| 4



[0020] FIG 5 is a diird enbodi nent of a conflict re-ordering process
performed by the sequence |oad logic unit in the menory controller upon
detection of a conflict or delay in a current dmi'ng matrix; e‘£0021 FIG 6
is a dmng diagramfor illustrating the operation of the 006

I nvention. [0022] FIG 7 is a block diagramof a processing systemin which

EEECRFE%% G RSN 43 pSp epbOitae 3 o FROARE o hng iy 0 o

enbodi ﬁ,hg. ehte 1 218 m:ﬂ&c%aﬁwednmmmpm dckaion'eps in
Ion WI yna

conj un C ran ccess menor (DRAM devi ces.

Neverth@{;ﬂﬁ&,oﬂdel@hma%ﬁewﬁﬂﬁlghﬁmﬂx,t hat the present invention is not
~limted to applications involving DRAM Rather., it is enphasized that the

menory controller and net hods™ of the present: |nven lon may be used in

conj unction wi t PBMHer H@p@sﬁseﬂiﬁl{ ﬁ&ﬂ?ﬁd&@é@%? wE b EC-ORGRIMERIOCESS | ¢ RAMG

-%25?%&%%%%%‘3% S8 a e ihedne mon rorel i deto BEET,
y S c éwgmgoubl e data rate DRAM ( DDR DRAM ,
Ranbus %I{Fw w e] shows a nenory controller 10 in

accordance with the present invention, and which includes an input queue

12, a comand ppEXY] 1H(a6xsaqﬁﬂmydlggmmforiﬁustmmmhem;mmo thts, a
confllct detector 20, a command sequencer 22, an execution queue 24, a

commandpmeetngdnvent®By. an i nput/ out put -buff-er 28 a read return queue 30,
and a returned data buffer 32, 17 August 2006 [ 0025] Menory access

requests enter nt rql l.er. 10 an receiv Jfeue 12
on a first-in ft@ﬁgmﬁé? diageam ofi2 P fﬁgﬁgi&%ﬁ{}ﬁen sequent ially
process fgm tqi nformation frome%h
requestE‘s(li'frg(‘%x%8 suc rgg&?fcg ry a‘g res M)sl:giﬂtg Cla chip select (CS
command (indicating a requested nenory bank to be accessed), a row address
sel ect (RAS) DETAILED DESCRIPTION OF THE INVENTION

~ [0023] For case of t:lescﬁption, the preferred embodiments of the present
invention are discussed below as being used in conjunction with dynamic random access
mcmofy {DRAM) devices. Nevertheless, it should be understood that the present
invention is not limited to applications involving DRAM. Rather, it is emphasized that
the memory controller and methods of the present invention may be used in
conjunction with other types of random access mcmerics, such as static RAMs (SRAM)
and the many different subspecies of DRAMs, including, for example, fast page mode
DRAM (FPM DRAM), extended datz out DRAM (EDO DRAM), burst EDO DRAM,
synchronous DRAM (SDRAM), double data rate DRAM (DDR DRAM), Rambus
DRAM (RDRAM), etc.

[0024] Fig. 1 shows a memory controller 10 in accordance with the
" present invention, and which includes an input quene 12, a command parser 14, a
sequencing unit 16, 2 sequence matrix 18, a conflict detector 20, a command sequencer
22, an execution queue 24, a command selector 26, an input/output buffer 28, a read
retum queue 30, and a returned data buffer 32.



command, and a col um address select (CAS) command, and a wite enable (V)
state for indicating whether the request is a read or a wite operation.
[0026] The information obtained is then provided to the segluggci nﬂ (ﬁ) it
16, which places the received memory access requests into a’/se¥ht®Onatri x
18 in accordance with a clock signal received in the sequence matrix 18.

| oaded i nto tno O0PRT, FlethontosPles reultiRREs ehd EnRhf EbRmDIG 0 ad A

sequencirdgeivét in ihPut Giedd 124 hirstlin BRéteoiBasit) ThBire&dived fRQuests afedhchon i n
the sequence matrix 18 and checks for any conflicts or delays that may-
occur i fsejhentiallyprocessed by command pamer hé torabtdin relevantiinfdrmatioadftomeach t he
current order jn the sequence matriX. ny conf]jct, or ay detected by
confl i ctreABests ,zgdassmcwxb'éalds@é@(@ h:msglcceﬁgg ] h then

rearrangesthe order of the re ' trix t 1l gl

G nar g EdusStedEmioTa Bk Bo bR Ab0iedl: f v R s aAs),
conflict n%,gg I HﬁFE HGless Yl frfshe itk Qi 'WEﬁcﬁQtor
20 i ncl ucg)e, _ uf&’%ir(gaﬁ%t |lF1nted %‘,&&% p g:‘]:g conf‘lg’l cts g%ﬁéeggﬁ%bbusy

condi t i cfas indicadrigoWwhethee the yequeskisiaxeld oy ayaiteasparaiion.anot her read or wite

operation, for exanple. Delays identified by the conflict detector arc
conditions which, while not necessarily a conflict wth the execution of

anot her nenory [&’@3@5 quﬁaﬂeﬂlﬂ’féaﬁﬁsr eORICKKICH SP IR SeARsDAng m:t
el bys 1 T A Blases e fro Ve heldoly ahdess RN, iR frcliBabe plablif 18347
Cener al | oilﬂa%htb?]mda a&kyg%fr&xﬂsdﬁms@re&sﬁqusstﬁ isMoted #Rat upon

re-ordere e sequence rix 18. Howe I's preferable that ite

request sstartiip wf e proeessatigestoess reqaesss areyloaded inoakt enmitrik imthé omlerén or der ed
sequence does not create any addressing conflicts with earlier received

r equest swhishttbey ans reegived in/theesegnencing unitgl®&t 2006 ot herwise interfere
with the data stored or to be stored in the relevant nenory |locations in

connect on wi th At el RO Y 35 55 SnbSRUS e deBrblBoff Bl bié'soquence
matrix 18 and checks for any conflicts or delays that may occur if the sequence of

requests in the matrix were to be executed in the current order in the sequence matrix.
Any conflict or delay detected by conflict detector 20 is reported back to sequencing
unit 16, which then rearranges the order of the requests in the matrix to minimize or
eliminate the time the memory data bus is idle due to the identified conflicts or delays.
Conflicts which may be detected by conflict detector 20 include, but are not limited to,
page conflicts and bank busy conditions in which a irncmory bank is busy performing
another read or write operation, for example. Dclays identified by the conflict detector
are conditions which, while not necessarily a conflict with the execution of another
memory access request, would require the performance of preparatory steps during |
which time the memory data bus is idle. Such delays include, for example, page
conflicts, page misses, etc.

{0028] Generally, bath read and write type memory access requests may
Bg re-ordered in the séqucncc matrix 18. However, it is preferable that write requests
only be rearranged if necessary to the extent that the re-ordered sequence does not
create any addressing conflicts with. earlier received requests in to the input queune or
6



[ 0029] As additional nmenory access requests arc noved into the sequence
matrix 18, while also being rearranged to resolve conflicts or reduce

del ays by sequencing unit 16, the requests at the front of the sequence
arc noved into the execution queue 24, which serves as a ti7ahagust 2Qx f er
where the rearranged requests await execution. Depending on the conflict

resol uti on process_used in the sequencin unit 16, the requests- may, be
moved i ig v mzwreﬂpﬁm%sﬁtqcéemmmtgmwlﬂcmm
accor dan Wit 1 ignal . .in che f 2.bnedet e m ned nunber of
access l@g%%éﬁu?%‘gﬁﬁéﬁgggﬂ%r@%i fﬁqﬁsﬁsb‘gﬂ{ﬁ@% Ve size of the
requests. Preferably, the dock (CLK) for the execution queue 24 is the

_ same dock (CLK) [0029]U Ad'gddiSadildembry SQeLTGAesiRire movéd intd WRO dedurmpand
sequencer 22 arranges the various conmands associated w th each request
t r ansf ematrix 18, svhilealsoobeing eemrréhgetitorretdlivee confliets or redmee deldy@ byas it  may

be necessary fo insert and/or tenporall parate data control conmands
" from t h&cqueasingornifAp; the rmangsta aggh‘agﬁﬁgl?f |SSAUCRGPATG MRVEddatg Buest . For
2

exanple,_jif read ite r e ti 4 reguires a
or echar STHGTRR <4 Vhieh SR e leRBH! viferPREE T Pl i

I nitiat %‘w"aii%x@&ﬁ%}ﬂrﬁicggn&ﬁg/dﬁ tlii:‘-‘édn‘ﬂét'r@%luﬁ@&m;)?édegdhéea iRl the S ehcipe :
execution queue ahead of the relevant read or ite operation, “wth at

| east ommitak@jehe requtstsrmay bt encwniate tlssecudor dueirt R4xithief barasminthmoss s
request positioned between the_ precharge and/or activate command, and the

associ abasis Heargopdan a gnal [ igdwiches of apredetegningd nusebaraf acagess
i tion i i zed by ting th d it f h
it o coRMSRS, SR PRRICOT § EFFAE RIS cutarere 06 o redudsph gl ot o

i

the pre%ﬁﬁk\l\gﬁ &&h@%&éﬁ@&nﬁh&ﬂ&%@&itﬂgéﬁcmgﬁgﬁ) fidi the 168ding ‘of

per f or ne e the read or wite conmand for ano access gequest
can be seqmdicensdtyixe8ecut ed. Thus, the menory data bus does not have to be
idle during the time the prc-charge and/or activation operation is

pcrfoncd. 7 17 August 2006 [0032] Wien each read request is transferred to
the execution qi@030] a Cammand sequencer 22 arranges the various commands associated

with each request transferred to execution queue 24 from the sequence matrix 18, asit
may be necessary to insert and /or temporally separate data control commands from the
read or write command of a particular memory access request. For example, if a read or
write request sent to execution queue 24 requires a precharging and/or activation
operation, 2 data control command to initiate the precharging and /or activation
operation is placed in the execution queue ahead of the relevant read or write operation,
with at least one other read or write command associated with a different access request
positioned between the precharge and /or activate command and the associated read or

write command.

[0031] An advantage of the present invention is realized by separating the
read or write commands from such data control commands in this manner. Specifically,
in the above example, the precharge and/or activation operation in the above example
can be performed while the read or write command for another mémory access request
can be immediately executed. Thus, the memory data bus does not have to be idle
during the time the pre-charge and /or activation operation is perfomed.

7



Is tenporarily added to the data control commands for that request~ for
identifying the original relative placenent of the each request as
received. in the input queue 12. Alternatively, each read request nay be
assi gned a respective buffer location in a read buffer 321788t 20061 be
described in nore detail later. [0033) In accordance with a command sel ect

acoess. roquost & (00FRT  TERER sact Rl YEIEEE iERBGRY (1 the Dol WhBnalBle)

for exegdiehipbririly'ddded 6t dad @nief¥ontiadidstbr tﬂlﬁc@dﬂﬁfdﬁ idédtifying thenmand

select clock sighal is four tinmes the speed of the Clock speed at which

r equest origiral relativedplacemersicafithe eachratquiest dsSrectivedhinf therinput gueue F2quests arc
renoved from execution queue 24 for each ¢lock signal _of queue,k 24. | this
case, covteERatively se@hﬁcaaecqwa mayche m&m@w SBﬁgbl?%ﬁF%é%é 14 ¢ hat
die fou CHRSSy! S wWhi.ch I I ed at one tine from queue 24
are exebﬁﬁggtam%ﬂﬁﬁﬁﬁ%gc%gﬁ%%ﬁs are selected fromthe
execution queue for execution at. the sane dock speed at which new requests

are entered intppyss] STAURBERIABS With o EMBOCDK) 2fgnaby be

mhideid s
omtted fromnenory controller 10. [0034] 1/0 buffer 28 is a transition
buf f er fiskihtd commyanchselearari26; ome ot more pamaoiyTcesacqhestsifiom thedrontoofess

request If a current access request .to be execyted is a wi eration,
the dat she exasutigpiquens 24s mhﬁe@@é%m%ayn&@ PPP"QPF‘QFFp]é Iy

el 1 oAtk Porginhic, one TolhinRbd Kee Bk 88%E B U B SE-TEERAY,

Upon exefdkis Eb&itﬁvﬁﬁh%&ﬁ@sﬁﬁél&fdﬂ&ﬁit@ﬁ&ﬁﬁu%ﬁtﬁxﬂ@%@hé@w%ms pl aced

into a read Teturn queue“30. Read return queue 30 manages the requested

dat a r ezeqiessniré hanbRAMronpexceutioniquene @4 foh eacteddck signekofiquene24.elnur ns
the requested data to the respective requestors in the order in I ch they
were rethisgess, eegailates the vequestiselogtion Proressse shatithg four

13
t f d directly.to th t is placed 4nt t t
buf for - S5SeSeEuER Mg il sl HT 2t.8hs Bine. ol e 24 4R Srpbied 38 ST o
W Eh T hendeRald 1 hé EOMERINA Asclbirdd frﬁﬁgtﬁé exceiifion queue for execution at the

same clock speed at which new requests are entered into the sequence matrix 18, then

command selector 26 may be omitted from mcmbry controller 10.

[0034] I/O buffer 28 is a transition buffer used during the read or write
operation specified in each access request. If a current access request to be executed is a
write operation, the data to be written into the selected memory cell is temporarily -
written into 1/O buffer 28. Similarly, data read from a selected memory cell in a read
operation is temporarily stored in I/O buffer 28. '

{0035] Upon execution of the requested memory access, each read request
is placed into a read return queue 30. Read return queue 30 manages the requested
~ data read from the DRAM upon execution of the read requests, and returns the
requested data to the respective requestors in the order in which they were received in
the input queue. Data read from the DRAM is either transferred directly to the
requestor or is placed into returned data buffer 32, depending on the tagor assigned
buffer location associated with the returned request data. |



[0036] Referring nowto Fig. 2, after executing a read request, the
executed read request is returned to the mad request queue 30,, with the
data obtained by the request being tenporarily held in 1/0 buffer 28 (step
100). If the read request queue 30 determines at step 110 Phasyshg00o
returning read request is associated with. the npbst current tag or
assigned buffer | ocation, the data obtained by that request is, returned to

di e regueséor dﬂ%ﬁépBMQOWEGﬂeﬁ%cf;?@ﬁ#}!ﬂﬂémmthﬁformat}on
. 130 A ) il W
| asei GrotFecot faue shagmedq e mad et e 80 wHR thE daf'6RiHed, k”
) o?t ?Eg%@#:@@%%ﬁ%ﬁa@:ﬁg#& gubf ecrl&ﬁf)lc‘at I on, %E‘rj{sgcg?rg?g By i rﬁéreﬁrtir f?;:ng
a_countquenlk80 déteffiines At S2H1D thaedidircteniing aeadueqhedtiiesssbciawt witheheh

time a returned data is transferred to its requestor. [0038) If the
r et ur ni mgstr@ument sagios asstgned:buffey location, thedamabtained &y thatreguessds whi ch i s

not current, .the data is placed. jpnto . the read dat ffer..32.(step..140
ot i | TeERG b0t Bt 3 St yAth APl e e g ol ot B,

die ret rd%%? hRt 0 die buffer 32 in step 140 or after updating the
current&t{dz‘]i‘g&io? 11:5? | ocation in step 130, the read return queue 30

det ermi nes whether or not returned data corresponding to the current tag or

buffer |ocati OF[OOSV]beAftﬁg@lﬂHuﬁ‘efhﬁaﬁehti& tagreal af iclisissiphed 20 orfassociiged t he
process returns to step 120, where the current returned datais
t r ansf ewith ¢he readirequesy heving theflongest latency inthg memonueonireller 0. Reasif f er

L. curFaiih Qe i0 BaY Rerb track oF Pl most el ok OF REEE O BHPR PO AaniG
0 ,' | h
Cocut 1 reyofntidl € FSac s SiGRpiaehahe BOUAERE SSEIR BT cath, ¢

pr ocesstimpQWenirfed iddta i3 tranbfriedad ibaequestof.et urned to the respective
requestors in the order in which the requests were received into the input

queue 12. (0039] If tags are used to indicate the originally received order
of the read re&@%ﬂﬂs,ﬁMmmmémmhayata&@rmwm dat a

P
et ur nclgEAan kb 808 orsat ahe rai s Elcedine i feed dae bl e 48f urn
queue 30, §Mfle AlsokiAEed gg“&?ﬁu@&tl%cﬂgrf Blcotfiestubrent. After placing the returned
data into the buffer 32 in step 140 or after updating the current tag or buffer location in
step 130, the read return queue 30 determines whether or not returned data |
corresponding to the current tag or buffer location can be found in the returned data
buffer 32. If “yes,” the process returns to step 120, where the current returned data is
transferred to the requestor of that data, and the cuﬁent tag or buffer location is again
updated in step 130. If returned data corresponding to the current tag or buffer

location is not found in the buffer 32, the process returns to step 100 to receive the
returned data obtained by the execution of the next read request in the execution
queue. Duc to this process shown in Fig. 2, the read data is returned to the respective

requestors in the order in which the requests were received into the input queue 12.

[0039] If tags are used to indicate the originally received order of the read
requests, the tags are temporarily inserted among the data control commands of each
request, but are not included in the read data returned to the requestors. Preferably,
the functions of the read return quene 30 and of the returned data buffer 32 are

9



9 17 August 2006 performed according to a clock speed corresponding to the
clock speed of the DRAM or an integral nultiple thereof. As such, returned
read requests and returned data received in the read return queue_30 and
returned data buffer 32 can be coordinated with the updati hg Bgust 406
current tag/buffer location and the transferring of the returned data,
respect | .1 0040],. A fi nbo M QAN - L CSs
whi ch tﬁg&i’égﬁ%gﬁ:(? %ﬁ{%ﬁm . %d%ce&@n%morg’?é‘é%g)s%quest
due to ardﬁti@&gEAmﬂﬁEIéﬂf&o&r AlhiH, Withincdredd Toqiudifhnd fcbusmelicdatace to
the flowmhart Shown i1h Fig. 3 At step 200, the |last nenory access request
to be prrcebediia the peaelretm dperec3fliand ectomted data Bhiffept32tanbOddbrditimeedt at us
of the nenory bank desired to be accessed is checked to, determjne if apy -
conf | i cwithothendating ofithe cosrent tag/bufker lecatipn.and thedransfrarps of dhe & est
I s execyted at ‘its}present position in die sequence matrix 18. [00411 |f
sequenc ‘a,ﬁﬁfPFC'i"él detects a conflict or delay with respect to the newy
arrived request, sequencing unit 16 determ nes at step 240 whether a nore
sui tabl e dnvi ng 9?@0 i Rofbodifich Aflice QHHIE Brovesy WHRhth@ccess
requests ahead[o |¥sqg§?$ent posi tiggﬁ.g‘&gpeci ???gl ly, Efaquenci ng uﬁit 16
first dedcichicingsunibdthaay usso resclegiile £ themaofyl dcces requebelday Toardetpetedent in
t he sequence ahead of the new access request, and if so, whether or not

t he newcerfister delayiadll beadeserbaskwith refegensig tortielawchart shown imBige 3c84f | i ct .
If th di f1ict d i it 16 check
whet ner SERU e BRE NG HotasS iytese 67 bE Prisnil FEHRAR B Hstamhes SAREK S

| . . | e
matrix yal tAQeL ﬁfﬁ,sﬁ&gstﬁﬂéht}é @%ﬂ&%ﬂéﬂgm‘ﬁuﬂ%w%w& ﬂech% sty

schedul &d’ requésts. ss I's redirect 0 step

wher eupdeterinindifangconflicty eFd€ays wouldeddcud if thehewlp drivied! faempiy aédess ti m ng
sequence with the unresolved condition. If a suitable timng position can

be fountegitestid executhd ag ity peescat positondmithe sequense mastitd$t is inserted into
sequence at that position (step 250). The process is then returned to step

on the ot her " hakIOAHE EAFIH<DEg UHiEH yToscech B oPERIY Chieo HEh Spspect (o the

newly arrived request, sequencing unit 16 determines at step 240 whether a more

suitable timing position can be found among the sequence of memory access requests
ahead of its current position. Specifically, sequencing unit 16 first determines whether
any unresolved conflicts or delays are present in the sequence ahead of the New access
request, and if so, whether or not the new access request can be performed during that
time without conflict. If there are no pending conflicts or delays, sequencing unit 16
checks whether l.:hc new access request may be rescheduled at any point in the matrix
without causing anir new conflicts or delays among the previously scheduled requests. If
not, the process is redirected to step 230, whereupon the new access request is left at
the end of the current timing sequence with the unresolved condition. If a suitable
timing position can be found ahead in the sequence, the newly arrived request is
inserted into sequence at that position (step 250). The process is then returned to step
200 to be repeated for the next incoming memory access request.

[0042] If, on the other hand, no conflict or delay is detected with respect
to the newly arrived access request, the conflict detector 20 next determines at step 220

whether any unresolved conflicts or delays are present in the timing matrix ahead of the
10



to the newy arrived access request, the conflict detector 20 next

determ nes at step 220 whether any unresolved conflicts or delays are
present in die timng matri x ahead of the 10 17 August 2006 current
position of the newy arrived request. If an unresol ved conf4egust?0lfe| ay
Is found, the process is redirected to step 240 di scussed above. If no

exi sting,.con éé &? : Wﬁrdam 'éﬁﬁk‘@ R GtBidlvelcoriB¥esr ddldy isequest i n
its current posi ‘?%%T?r‘lcéeq encgmna rlxnllrlgaat stelﬁSO, and then realns to
step 20@oiusd,the pedcesdd rRdivectsd th etept 240 diswiissed above. rlf nueexistingaomflicts are

request. [0043] In this enbodinment, any unresolved confljcts or delays may
or may found,the sequencinganitd6 leaves therequicst ipqifs @rrentpORUQNBSEqHERM st Wit h

. a subsequent .iterati of , the sequencin [t 16. If no suitable request
BT ves DA 1B SRS 0 ep EFADS st 200 fo e e Prockis SO tHE 3L, <
will co %olﬁ!ﬁﬁ E%QFSS . the designated order, but there wll be

. sone ingé I Cl gtﬁgflmlsﬂpu | |§§tq|¢é(§'n of the nenory data bus |line due to the

unresol ved conflict(s) or unmtigated delay(s). [0044) A second enbodi nment

of the conflict [0e43] ddni this dihbedinsentpay arreolved conflicts o ddaysnhiy dfmiay
illustrated in the flowhart shown in Fig. 4. As another nenory access
request niot bedatetiresolvediwith thesamgivahefsa new aksess sequsst witheacbsequeat ilgration 24,

e 2 3 Sl LB, TS e GRS B Al BLAEHYC,
ot ho. Sé heodti SELR o BRIl bl co 1 pibee G4 BY the dRREA ofterybiespec

ear | i esicheeyill bedsdiiWincMieRyuasitlization of th@indndry datd buslitodit te the s
found, the access request is passed onto the execution queue 24 at step

320, anawidselyedzoafict(s) ormummitigatdadel®@s). [ 0045] On the other hand, if a
conflictor delay is detected instep 310, the conflict detector 20 turns

iis attention t he. next accgess, reguest Jin the,sequence. matrix, and

det er ni nes at si@{%‘*‘glao %M‘%P%‘Qtﬁg{t[}?&ﬂﬂ@ﬁg‘ig BROFESed at t hat
time pogjtd ' L et ; L tiarf iUl g be
creat ed%&oﬁggwgg&? a%%mmtdegsm?g%lﬁg%& Q%Uftl(?]‘gt tl-%héag%???}%\%? 1:j'she
request andtife® MerhOrydRe@XRguéstdNmoved out of the sequence matrix 18 to the execution

queue 24, the access request next in line in the sequence matrix is moved into the first

=

location of the sequence matrix at step 300. At step 310, conflict detector 20
determines whether a conflict or «_dclay is present with respect to the access request at the
head of the sequence matrix (i.., the earliest one in among the requests in the matrix).
If no conflict is found, the access request is passed onto the execution queue 24 at step
320, and the process returns to step 300.

[0045] On the other hand, if 2 conflict or delay is detected in step 310,
the conflict detector 20 turns ifs attention to the next access request in the sequence
matrix, and determines at step 330 whether or not that request can be performed at that
time positioh without any conflicts. If no conflicts or delays would be created by
scheduling that access request at that time posiﬁoﬁ, the request is sent to the execution
queuc 24 at step 320, and the process returnis to step 300. If a conflict or delay is
found, the process repeats step 330 until a request is found which may be suitably
executed at that time position. '
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gueue 24 at step 326, and the process returns to step 300. If a conflict or
delay is found, the process repeats step 330 until a request is found

whi ch may be suitably executed at that tinme position. 17 August 2?06
[0046] In this enbodinment, if a conflict or delay is found /g e8us6400% ¢ h

respect to the r cess of the request at the head, of ,the sequence
matrix, and apyﬁggéiegﬁbﬁ{“ F@&G@%@M@&r . %@W&ﬁ'ﬁ? ‘ﬁn their
the' r oquEect e ety a0 GPAR ke oF it hEAELF it {BEiyShdl bty b
execut i gibstdaat Aehuekdsthd | felquedts f@hain iathelr chfnt PbsiflonGathe M €quest
Is given priority based on Tatency, and will be executed at the earliest
possi bl sequensesintil aisnitabledime slot dsfouindtfor dnriraguest. | Withr this prbckss, hbe ti mi ng

of that request. (0047] A varjation of the enmbodi ment di scussed abgve with
r ef er endREMGIVAGEESS c3eahto the exegution queae Z4with acanfligt ordelay; conditign, s

IﬁE”ﬁeé“a*'%q,rceﬁi?éaéﬁéﬁﬁ@wﬁé@%%& SpirisRen e e PXoEuREl eSS back
of the W@%cm%wm&?ﬂotas t c6hdi Oi% E@:aﬁ?@*‘%@%g braz&%gxg&&.i .

| ocatio Specifically, i1f aconflict 1Is step 4
executed in which the request having the conflict or delay is sent to the
back of the sed004Z¢. Alveriatimwof thecémbedintdmrdiRfssedabove avithh eeferente ascess
request in fin .determine if any conflicts or delays arc found with

t
respect B 41 OWgé'cfﬁe%‘ . pswhereirsif)a canflictor delayt is ifewnd withaespecs tathe
detected, the.. t..J t toth t,i 24, . iml | to th
or ocess CURSHAtimitEpsiaon ol the actess FEquéstat the boad Of thesehienc MRS, Mt cos
e N A

i nvent i eequenie abits camenplozationadpedificillysifa dWadictROfourthsk e 320¢step @0V ed
in the input queue in the order as |listed. Assume that a page conflict

condi t | #rexeguteddarwhich sbe renudist having phe confictioaielanis sehtito tirtbackref the? ar e

bot h page hits ih other,.menory banks. Because a del ay woul d have resulted

r Ry St Fhel, FoPaRE IRkl U Bprts B asdt resstesd " the
determine if any conflicts or delays are found with respect to that request (step 430). If

no conflicts or delays are detected, the request is sent to the execution queue 24,
similarly to the process shown in Fig. 4. Ifa conflict or delay is detected, the process
returns to step 420.

[0048] Referring now to Fig. 6, a timing chart is shown illustrating the
result obtained upon the operation of the present invention. In this example, read
rcq.ucsts RD,, RD,, and RD, are received in the input queue in the order as listed.
Assume that a page conflict condition has been detected with respect to RD,, and that
RD, and RD, are both page hits in othér memory banks., -Bccause a delay would have
resulted if RD, were allowed to execute to completion before RD, and RD,, the
requests have been rearranged so that while the precharge operation is being performed
for RD,, read memory accesses for RD, and RD, are executed. Rcamhging'thc
commands in this manner minimizes the time that the memory data bus would have
been idle while waiting for the precharge operation for RDO to finish executing, thus
resulting in a more efficient utilization of the memory data bus. |
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requests have been rearranged so that white the precharge operation is
being performed for RDo, read nenory accesses for RDI and RD, are
executed. Rearranging the commuands inthis manner minimze the tine that
the menory data bus woul d have been idle while waiting forltfBgst&ear gc
operation for RDOto finish executing., thus resulting in a nore efficient
utilization of the nenory data bus. 12 17 August 2006 .[00491 AfbrZ the
data for RD anf0049iha ¢l dazfor RDyrandhBDRbave bepn read from thenDBAMat i on

fbr RD. ,is perfornmed, .and.then the yead,access command for RDO sperformed.
The r exthecsbyation operasign fop Riyis Pasfarmmedy ADCLER dhe PascomRAnd ok o
buf fer 4 2 t I ekpiy & ecllt e . " data
S obt%pﬁégs ?ér&(g)lgnﬁ 'eﬁgﬁﬁro (rhlﬂgt eﬂnielfrnoﬁﬁc%?@g %V\%g:esfé,ﬁ%dqu g%fraet@%g& :

* 1 et ur negath ibuffer iPtlic\6rdef ele R WpepdtidasQre dnitdd1cAftet the 40000 da is 2222"
are returned to their respective requestors, in that order. &rgt(zwotlhhlzl g. 7
i || ust r ebtainedrfremetimp lappyopriaie exnony ceilshoweeapthehdath ismepurngdifirstzio thiee

troll 10 of th t i ' Th ' t 900
nCl U aBAEOB oL Rie Thebdbs G S0 IS P45 HeirERuRes ¢ thenIRRriy
controller 10 an%bﬁogrgigrrary bus bridge 903 arc al so coupl ed the |ocal bus

904. Th{fqmﬁssﬁ 'em 900 may include multiple nmenory controllers 10
and/or multiple primary bus bridges 903. The nmenory controller 10 and die

prinmary bus bri Etnm@%f(i)gaw Ristrhtet 86 eRéMpladf proceisiil Systai 1909 WARh rhap51)

The nenory control | ér Is al so coupled to one or nore nenory data buses
907. Eontilizecthermeinosy eomerplla Meobthe prosont ievention) SThvh prdcessing sideem 900l east

one rrerr_géi/ ‘devi ce 902. The nenory conponents 9 g ma}s beyiormed as menory
card oringludesong osgaercprocesans mumecm?lwg pe @04 s o Memory Et em

) 055 R G SRR ™
Gevi co. RS8P IR AR inHile Ay Ay onuiblfels 10 fhd oL Multpe ety tRa°
detect bSdEds 96310Tie memory controller 10 and the primary bus bridtge 903 may be

integrated as a single device 906.

[0051] The memory controller 10 is also coupled to one or more memory
data buses 907. Each memory bus accepts memory components 908 which include at
least one memory device 902. The memory components 908 may be formed as a .
memory card or a memory module. Examples of memory modules usable in the system
900 include single inline memory modules (SIMMs) and dual inline memory modules
(DIMM:s). The memory components 908 may include one or more additional devices
909. For example, in a SIMM or DIMM, the additional device 909 might be a

configuration memory, such as a serial presence detect (SPD) memory.

[0052] The memory controller 10 may also be coupled to a cache memory
- 905. The cache memory 905 may be the only cache memory in the processing system.
Alternatively, other devices, for example, processors 901 may also include cache
memories, which may form a cache hierarchy with cache memory 905. If the processing
system 900 include peripherals or controllers which are bus masters or which support
direct memory access (DMA), the memory controller 10 may implement a cache
coherency protocol. If the memory controller 10 is coupled to a plurality of memory

13



[ 0052] The nenory controller 10 may al so. be coupled to a cache nenory

905. The cache nenory 905 may be the only cache nenory in the processing
system Alternatively, other devices, for exanple, processors 901 nay al so
i ncl ude cache nenories, which may forma cache hierarchy wit AugsR80¢renory

2?2. bLTs b%m%&s%ﬂmf%hncl ude Heri gh@@ glgsI ﬁh fco?t]r | | errsm\rM;i ch
: " o
cont r of Fagse] fhdfe iABpBHEH differElf Bitmarp WEISUZP 01271 17 L0t 2006

buses 907, each nenory bus 907 may be operated in parallel, or different

address ranges[0@§3pe Thppeitharpbds biidge 203 ovuplesd €6 At I€de’ond 9&5@11%’3]19

primary bus bridge 903 is coupled to at | ent one peripheral bus

Var i ous bye91@e Variowsideyic ichae periphemlsaraidditiond] bus bridgiesi guy beagoupled
coupled to the,periphe s 910., These, devj ces nmay incl yde st or age
cont r ol @ theRarp E?H’séﬁl MC‘E%WFPEE' 1Y SLOLR; é&?ﬁ'ﬁ!ﬁ%ggﬁs%r“i dge

915, a [ ' 9 ' V] L.} : . The
or i oy y PR UEHAR ICPERIREOLA, KeccitlnyiBus GHAEY 9154 BRuKBN fietesgl. T"
speed polBsaRkPzn ldgicy desics ARHEOIRO! The prith Bidge 903 niylicitodplédose
port m ght§be the%@a erated G aphics Pgrt (AGP), use?d to coupl eoa hi gh

per f or mtmove or dearecpedial puxpose pighcspesd pyris\222: nlind persppdbetimifater sfoor age
controller 911 coupIFiaf one or nore stor.

e e, deyi ce 913, via rage bus
630, | oCTAmPIScHiE MEFAI PRIRSS port mightcrhe Accelamaicd Grplics Bk AGE)crstd: ;
may be pLiQl Ler emi C | discs. The
1/% dev?c(’:g@ %r"a?%e&@ﬁly so?@%@%quwgréﬁ%%ﬁ?@ﬁt he 1/0 devi ce

914 nmay be an |ocal area network interface, such as an Ethernet card. The

secondary bus [0Skl "Ehie &Brigecdbrtfollen D21 fdaple Giicldraniote &eﬁc%e&&vieca
another bus to the processing system For exanple, the seconda. ry bus
bri dge %49, vie astorage baxs Sd12, s@ theperiphdaral husr910.c Fot exdmple, theestotagecoupl e USB

devices 917 yig . to the pr sing system 900. The |.timedi rogessor 918
may be aogrsaﬂrd%clalr maybea §C5T Eantraher ang sorage %’f}ccsg‘ﬁérm@syge%& discs.
The 1/0 device 914 may be any sort of peripheral. For example, the I/O device 914

may be an local area network interface, such as an Ethernet card. The secondary bus

bridge may be used to interface additional devices via another bus to the processing
system. For example, the sccondafy bus bridge may be an universal serial port (USB)
controller used to couple USB devices 917 via to the processing system 900. The
multimedia processor 918 may be a sound card, a video capture card, or any other type
of media interface, which may also be coupled to one additional devices such as speakers
919. The legacy device interface 920 is used to couple legacy devices, for example,
older styled keyboards and mice, to the processing system 900.

[0055] The processing system 900 illustrated in Fig. 7 is only an
exemplary processing systém with which the invention may be used. While Fig, 7
illustrates a processing architecture especially suitable for a general purpose computer,
such as a personal computer or a workstation, it should be recognized that well known
modifications can be made to configure the processing system 900 to become more
suitable for use in a variety of applications. For example, many electronic devices which
require processing may beé implemented using a simpler architecture which relies on a
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of nmedia interface, which may al so be coupled to one additional devices
such as speakers 919. The | egacy device interface 920 is used to couple

| egacy devices, for exanple, older styled keyboards and mice, to the
processi ng system 900. [00551 The processing system 900 il | Ushyaustd0l6n Fig.
7 is only an exenplary processing systemw th which the invention may be
used. Wiile Fig. 7 illustrates a processng architecture, esgeC|aIIy

sui t abl €RE902 cmpledito memarycompanents 908 smbﬁotamemqm or a
workstatjon, |t should be recogni zed that |1 kpno nDdlflcatl s can be
made t o SleSHPAY fevi @E&E@FE t%‘i’s‘i‘gr”r@'ﬁ‘\é& ‘B@E’?H’é’l e for use

in a varj f igces which
_requireg%g%éggt ng &ﬁ%e |hp nen e u5|ﬁg a si vﬁﬁgagﬁkﬁ?tecture whi ch
relics Qavigatdn azweewﬁﬁélu ﬁBUb&Qa cﬁpdﬁlgdbﬂcpdsﬁmuiugewmr(ena 908

and/ or menory devi ces 902. ese el ectroni c devices may include, but arc
~not I|nnndﬂbtmumnduanmdeuNmmﬁxﬁpﬂ&emmmu$amd%hnmmwmkmgéﬁhhguxbﬁgﬁxwﬁ

di gi tal teIeV|S|o set s, .ed or wireless te hones at ,on devi ces
(i ncl udmay Bglyde ‘Lﬁg“ f ﬁ?’%} i-and/ or

modi f i'a?%‘%wﬁﬁ‘?aﬁ'f%e?ﬁlﬁaﬂ%ﬁﬁ@éﬁaﬁ? ﬂ"‘?ﬁ‘*@?f’&?&%"%ne&isar y

‘conponents, addition of specialized deV|ces or circuits, and/or

integration of fpps&] al Aliowsh Hev/presént iR Mioh isttees alesértsedinaehiion to

i nvention has been described in relation to partlcular enbodi nent s
t her eof particujarenissdimmnitathevest, avuy rtbiérf vagiationsn sndimbdificationsand other yses

t:ﬁzi’”?ha" %L%?{@ﬁiaﬁpmt 7o ép shosseRilhip: fa%{tsg,smrgrﬁtdx byt B o
i AIMS 1 .
Aerrrglmr;r}’li2 ¢ ﬁ@¥n§:§ﬁgpﬁ§$ﬁ§%§ﬁﬁ+% (ﬁ%&é&{%ﬂ recer vi ngQ%Y urality of

menory gﬁﬁ&ﬁ&dnggﬂﬁ§ts in an originalty
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recei ved order fromat |east one requestor; a sequence matrix into which
the plurality of nenory access requests can be arranged, wherein the
sequence matrix stores the plurality of menory access requests_ in a
sequenced order; a sequencing unit for é?ranging atimng seq&%ﬁ%@“&%wa
pluralityrgﬂgiggggry access requests in the sequence matrix; a conflict
detector f cting whether a conflict or delay would occur anobng a
sequence of nenory access requests arranged in the sequence matri x by the
sequencing unit, said conflict detector reporting a detected conflict or
delay to said lsequehoiempryepnirglesgompuasingai d sequenci ng unit rearranges

t he storeqmge e%c%goo;der. of th.reguests wi thin the .se uencelnatrix when
a conf i ctMOPPHAIES® o5 rEEta 2RI ST RSy %‘E"G%Srre&‘éﬁsffg}n CLES Y om a
conpar i solre@fivedngda frdhat FRSYNY r&fefss requests in the sequence matrix
with a second nenory access request in the sequence of nenory access
requests arranged in the sequence matrix or with one of a plurality of non-
execut ed memory, saegﬁe%%% rﬂa%?)l(l 610 Sorldiathe E%\Aﬁitg [‘1’%‘381%% Xﬁc%?seﬁgﬁ&w&ﬂ%%d in the
sequence matriX; an executlon queue | [ a plurality conmands are
extract ed arranged, hderdiie thersgqeaice fftrhesones tis, pleatity efnenyrya@cessequesisest
conprising either a read or wite conmand and data control comrands, the
plural ity Bf SeHieRestuddsei ng arranged in an execution order determned by

t he sequence matrix, the execution order further arranged such that a data
control command froma nenory access request is executed before a read or
wite command farssgquencprzauiioios amenging/ a Gotesequersgwd atpluraligyodaudmaty a r ead
return queue for keepi track of the original received order of the
menory acé@@?sF@Hﬁ%%ﬁ%ggﬁﬁﬂwn@&gﬁﬁﬁﬁon of the nmenory access requests from
the execution queue in the execution order, and for returning requested
data to the at least 17 17 August 2006 one requestor in the originally
recei ved or der agfonflint detector foraleteeting whethesa sqnfhetdbr slelagtwoubddeatat a buf f er

for holdi gﬂlorng us%altle%g:e g? ;[naemro%(?gcc]:egsor@ql?esge arrrroaglge&j Hltthcla Séqrgleence matrix by the

sequencing unit, said conflict detector reporting a detected conflict or delay to said

sequencing unit such that said sequencing unit rearranges the stored sequenced order
of the requests within the sequence matrix when a conflict or delay is detected, the
conflict or delay arising from a comparison of one of the memory access requests in
the sequence matrix with a second memory access request in the sequence of memory
access requests arranged in the sequence matrix or with one of a plurality of non-
executed memory access requests that have previously been sequenced in the
sequence matrix;

an execution queue in which a plurality of commands are extracted from the
memory access requests, each memory access request comprising either a read or
write command and data control commands, the plurality of commands being
arranged in an execution order determined by the sequence matrix, the execution
order further arranged such that a data control command from a memory access
request is executed before a read or write command from a previous memory access

request is executed;

a read return queue for keeping track of the original received order of the
memory access requests after execution of the memory access requests from the

execution queue in the execution order, and for returning requested data to the at least



data is to be returned to the requestor of the associ ated access request,
wherein said controller is configured to interface with nmenory havi ng
mul ti pl e nenory cl ock speeds. 2. The nenpry controller accordij;lg to ({?ai m
1, further conprising: a command parser ‘for parsing memory acéé ‘ég“?éé ests
into at |least read or, w. telcormanas an? data control cormta_nds; and a
command s EBGSFEEROF B thy OrigthgiIK gecqiied o5 of e TRERNRAFSSSATIEAS ¥%hd o

wite commands for each access request in the execution queue. 3. The
menory controller according to claim?2, further conprising a command

sel ector for selwbirnedydaia bufferdor beldingareqnesigd datazead emfa mempreui deut i on
queue for gxecution. 4. .The nmemory comntroller .according to claim3, wherein
the nunberib < & Bfrwaed i Pe Srlie e ot By boptiled B Re SRS of time 1 6
dependent on a wierERReid @)ﬂh@ﬂéﬂi@ﬂomgm@dﬁt%iiﬁﬂaﬁhcéﬁdhhﬁlﬁdiﬁhﬁﬁﬁgand sel ector.
5. The nmenory controller according to claim1, wherein the detector is
capabl e ofmyEplscnemeryLlpdispaedsal bank busy condition arising fromthe
sequence of nenory access requests arranged in the sequence matrix or the
plurality of non- executed nenory access requests. 6. The nenory controller
accordi ng to clai m Thewnhdicrly sohtaslled at@ediap to slaint dpfipther afmstédieet i ng a
potential page conflict condition arising fromthe s_equer]ce of . nmenory
access request < SMMEAYLPATSH PIRATHBE MSMOLY AgRes sequests IRE Fleashread r of non-
execut ed nggsar C ry controller according to
claim1, wher eci&rllﬁtgaﬁgg etﬁggjfﬁgcr%hlﬁglgoc%%ghgqsé o# detecting a potential page

m ss condi ti on agdnsmanyl feqoencehfor seguging datafcontmelrmommacis @sd theagadst s
arranged in.the sequence trix or the plurality of non 18 17 August 2006
execut ed nBHGEY § 407,530, LSS regueshl Frﬁ??FuE‘BﬁﬂPﬁer er conprising: a

sequencing unit for receiving a plurality of nenory access request signals

3. The memory controller according to claim 2, further comprising a
command selector for selecting at least one command at a time from the execution

queue for execution.

4. The memory controller according to claim 3, wherein the number of
commands selected during a fixed interval of time is dependent on a command

selection clock signal fed to the command selector.

5. The memory controller according to claim 1, wherein the detector is
capable of detecting a potential bank busy condition arising from the sequence of
memory access requests arranged in the sequence matrix or the plurality of non-

executed memory access requests.

6. The memory controller according to claim 1, wherein the detector is
capable of detecting a potential page conflict condition arising from the sequence of
memory access requests arranged in the sequence matrix or the plurality of non-

executed memory access requests.

7. The memory controller according to claim 1, wherein the detector is
capable of detecting a potential page miss condition arising from the sequence of

memory access requests arranged in the sequence matrix or the plurality of non-



froma plurality of requestors, the sequencing unit receiving the nenory
access request signals in a sequence corresponding to an order in which
the requests were received fromthe rquestors wherein the nenory access
request signals conprise read requests dnd/or wite requests”éu 5t 2006
rearrangin éhy for rearrangi ng the sequence of the nmenory access request
si gnal s ba¥8d Sﬂnggtégﬁgﬁsﬁﬁﬁﬂ?&%access conflicts between tenporally

proxi mate non-executed requests in the sequence, whereby execution of the
menory access requests is to be perforned in the rearranged sequence; an
execution unit $or elRtmemenyrgnaolgreoriprisingof conmands from the nenory
Fequost compr i S aeiEg it B rbclfiiB YRl of el B usfRC R 700"
commands, fréva apluitatityi éﬁkeqlw‘sto@@mﬁwbq&elﬁﬂtm&@baﬂﬁgdhé Medidreyest i on order
correspondrng to the rearranged sequence, the execution order further
arranged sie¥est Hgnals ity sequeRsstqoBIcSROSERE an Osdar iy whishdhg requeds yerequest i s
execut ed t ccess
Fequest i o cestedt folARE et o eHTIRL hedobl hCbeRl St B andTE TR G 22
request s imeadreghestoamor writewhdiuests; the requests were originally received,
wher eby the data obtai ned b t he execuhed read requests are to be returned

to the requesto‘?t’éeafrﬁnglﬂ%“?]é THeER S eﬁ%enwﬁrthrwemawm%r%r is
cont 1 gur edkigrnd Bised b Atetiell oiRIED hccB¥dritc g&% y clock speeds.
9. The rrerrtl)érrgl controll er3 acco ng o ch?CmS wher er'n the rearranging
unit rear rerogisste hen-seguedcequebts nmﬂmrqumcesdmrdmmtrﬂ@mf&hmhﬁmrjd et ected
bank busy condltlon bet.ween. t enpor al | roxj mat e non-executed requests in
the sequerft€® ftﬂ“e%‘ﬁésmftf%g%ﬁ %I‘E%E%?d"?fﬂhﬂm?o claim8, wherein the
rearranging unit rearranges the sequence of nmenory access requests to
mnimze a delay caused 19 17 August 2006 by waiting for a nenory bank to
becone avai l abl'@mcutmﬁouwumnga@mm@dcmmﬁsm thomtimdrpn bet ween
terrporally n n- ex s in the uence. 11. The menory

control | er g%sg)é%‘%n%%tg g Sy Qle gﬁg’e#CP RS adh eH}j’rY access request

comprising either a read or write command and data control commands, the plurality

of commands being arranged in an execution order corresponding to the rearranged
sequence, the execution order further arranged such that a data control command from
a memory access request is executed before a read or write command from a previous

memory access request is executed; and

a reordering unit for reordering executed read requests into the order in which
the requests were originally received, whereby the data obtained by the executed read

requests are to be returned to the requestors in the reordered sequence,

wherein said controller is configured to interface with memory having

multiple memory clock speeds.

9. The memory controller according to claim 8, wherein the rearranging
unit rearranges the sequence of memory access requests to avoid a detected bank busy

condition between temporally proximate non-executed requests in the sequence.

10.  The memory controller according to claim 8, wherein the rearranging

unit rearranges the sequence of memory access requests to minimize a delay caused



unit rearranges the sequence of nenory access requests to avoid a detected
page conflict condition between tenporally proxinmate non-executed requests
in the sequence. 12. The nenory controller according to claim@8, wherein

the rearranging wunit rearranges the sedﬂence of nmenory access”rA@%i’a‘e?Q?% to

mnimze del ich woul d. be. caused b jting for. a nory, .bapk to be
or opar e 1% Vagedd ftemie bR ettt bttt P R SR Roen
tenpor al | Yoy @shdiibe bBees X@RpUrallly pofiRst fon-eRecduftR rEQEHIRNA She skduenkle Menory
controller according to claim 8, erein the rearranging unit rearranges

t he sequence of nenory access requests to mnimze a delay which would be

caused by waiti fo r k. 1o bg epared f.or .access _during a

et sct ed” page. s cIRGTERIR tuliérdtanfnd GRIGRS U ER Sho gl
requests iumit feh@arfeq e Rquenkd of AelRIFP hicesPRE TGS BlaveiNddtedtetbpagan | nput
circuit for storing.in arrival order a plurality of rrermr%/_access

request s: niGEPYdIter beween trmporalbepiox unaie Aen-erecutadirequssisiesha angi ng t he
stored ma%aﬁéhcg_ccess requests into a nenory access request execution
order, sai rearranging circuit rearranging the order of the stored nenory
access requests into the execution order based on detection of a nenory
access conflict _present in the order of . the stored nenory access requests,
t he menory acce]s£ coﬁgﬂn@@o‘é}‘i’%‘i@ ef 3c5Ading st § JoKTHR e 1sapanging
plurality @it REFRIdEs ﬁfecs%gé%tfc@gf'ﬁl%}rﬁr%éééssaregﬁ&mg iAhizE % Getil &hish or ed
menory access request, each nenory access request conprising“a read or
wite conmuenddrdagkethyomitingfor acnemorydank hebapeparyd fraesss derngst
rearrangi ng circuit arrangi ng.a ,data control. command from a nory access
oquest ! e st oPRRE g P G G iRy SRR R S FRUM D
NMeNDry acGasie sdqfom@st is executed; and 20 17 August 2006 a sending
circuit for outputting nenory access requests in the execution order,

13.  The memory controller according to claim 8, wherein the rearranging
unit rearranges the sequence of memory access requests to minimize a delay which
would be caused by waiting for a memory bark to be prepared for access during a
detected page miss condition between temporally proximate non-executed requests in

the sequence.

14, A memory controller comprising:

an input circuit for storing in arrival order a plurality of memory access
requests;

a memory access request rearranging circuit for rearranging the stored
memory access requests into a memory access request execution order, said
rearranging circuit rearranging the order of the stored memory access requests into the
execution order based on detection of a memory access conflict present in the order of
the stored memory access requests, the memory access conflict arising from a
comparison of one of the plurality of memory access requests with a second non-
executed stored memory access request, each memory access request comprising a
read or write command and data control commands, the memory access request
rearranging circuit arranging a data control command from a memory access request
to be executed before a read or write command from a previous memory access

request is executed; and



said rearranging circuit operating at a first clock speed and being
configured to interface with nenory having multiple different nenory cl ock
speeds. 15. The nenory controller according to claim 14, wherein the
rearranging circuit rearranges the storffd menory access requédt¥eus8ed on

detection of a bank,. busy.conflict. arising fromthe non-executed stored
NMENDry access. i%‘?n%%%%%fm%m%megw gessereAgestoindhe pxrerdon gilskei n t he

rearrangin Ci i : I : t.0 avoi d
gl ng {8t dartaR@h g %ﬂgﬁﬁoﬁé?%@té? ﬁ%stf@?é@kr she&f &S 1%@9%@3% |t§g

the detected bank busy “conflict. .~ The nmenory contro to

cl ai m 15, nrefaed withimeememyrhaxing myjtipls differient memoriaclgdsspebds. st or ed nmenory
access requests to mnimze a delay which would be caused by waiting for a
menory bank to becone avail able for access during the detected bank busy

conflict if thelsTeNDTNe ARERBPcHRMNUESidoBEtol Daile] £XAHiR thel Rarrkd}n st Or ed
order of menory access requests. 18. The nenory controller according to

clai m 14, WaHarHTanges thestorehgemgry adcessuequastsdiasetheredetedionsiforbadk menor y
order of -+ hES ePuftRERnln0 (BE bR dld PR ARl e SO et “Condi 16

order of the stored ne condi tion
arising fromthe non-executed stored nenory access requests. 19. The nenory
controller according to claim18, wherein the rearranging circuit

rearranges the dPor eBheBEBEYY epptller scsqiding to damal mberdie thegparsanatngpage
conflict. &Rm&%ﬁg@&)&% sl fngfnloﬁé aRESIEQIE b Qv&ih%‘{r&e]tgcted'\&gg([edgg{{t he

rearranging circul rearranges t stored nmenory access requ o]

m ni m ze aodélichy which woul d be caused by waiting for a nenory bank to be
prepared for access during a detected page conflict condition in the order
of the stored nenory access requests. 21. The nenory controller according

Lo Claim 1, wher ol n1HBGRALEANING pcthAikd o457 15 ADRES e ah A Ge =0T Y

access requests based on detection of a pa August
condi t i on dugutt earmngdes the ktordtemsmoreatcemmequestade edsimiegja delhy whidke page ni ss
condition arising fr t he.nopn- execut ed stored nmenory . acgess requests.
wou1d be Taused lg]y waiting I%r a memory%ank to become ava1¥ab e for access ur?ng
the detected bank busy conflict if the memory access requests were to be executed in

the stored order of memory access requests.

18.  The memory controller according to claim 14, wherein the rearranging
circuit rearranges the stored memory access requests based on detection of a page
conflict condition in the order of the stored memory access requests, the page conflict

condition arising from the non-executed stored memory access requests.

19.  The memory controller according to claim 18, wherein the rearranging

circuit rearranges the stored memory access requests to avoid the detected page

conflict.

20.  The memory controller according to claim 18, wherein the rearranging
circuit rearranges the stored memory access requests to minimize a delay which
would be caused by waiting for a memory bank to be prepared for access during a

detected page conflict condition in the order of the stored memory access requests.

21.  The memory controller according to claim 14, wherein the rearranging

circuit rearranges the stored memory access requests based on detection of a page



22. The nenory controller according to claim21l, wherein the rearranging
circuit rearranges the stored nenory access requests to mnimze a delay
whi ch woul d be caused by waiting for a _nenory bank to be prepared for

access during a detected page nmiss condiition in the order of {H¥eE%t3P%d

nmenory access requests, 23, T nory controller according ta claim 14,
furt hgr co%ﬁsicgfl%&m llhﬁ‘eé’{%‘?f@?ﬁﬁ{%?%’?? ory grcesSRegHESS GBS IS} ed menory

access I eqeslitor] MHstdpfro IR H-Sft el SlorePRMEmByt 43646 Bgucsis! cui t for keeping
track of the arrival order of the stored nenory access requests after

execution. 24. The nenory controller according to claim 23, wherein the

tracking circuid asspciates a tag Wth eac no ccess, request.
correspondi ng t%i'i ts%g? EIS?B]&KX F?}gr _85?%05 o %%q?efgl %ﬁrw%éefln@?edrg%ra%r}g The
menory congireit redrrageothdistged ﬁleﬁiogy AR céss redlitseto AnihitgizE b deleyRehiclei rcui t
includes a buffer for organizing data read fromrespective nenory | ocations

upon execut'PHg bercausediuryaiting bss memerdask twbepispgied feracapssaiiger ai n t he
buf fer cang t&?e%é%@i}tlﬁ%gcﬁ{glg?cw inQﬂeI) & {;(ﬁﬁg ét%%ﬁﬁlﬁ%ﬁ?& zﬁ:@eésr}e%ﬂ 15Ol ! 9 nal

arrival order. or contro CCeSs operations,
conprising: receiving a plurality of menory access requests in a received
sequence; detecting nory access confljcts anong tenporally proximte
non- execut ed reﬁﬁ:est ‘?wem%y%ﬁ{?&lﬁwcagﬂ%%wh@,é%h%mmﬁ@%gma| ity of
menory access requests wth a second non-executed nenory access request
fromthe plurality of nenory access requests; 22 17 August 2006

rearrangi ng thearsegoemnoecitfitfegerestiingdihs edbrahmeiherydaicestrequestsas thed |
executing the nenory access requests in the rearranged order; parsing each
menor y acceé@gutm’q‘lfgéﬁa? to at least a read or wite command and a data
control command: in the step of rearranging the sequence of the requests,
separately arranging the read or wite command and the data control
command for eachtrackengatcuitfor keeping track of the arrival order of the stored memory

access requests after execution.

24.  The memory controller according to claim 23, wherein the tracking
circuit associates a tag with each memory access request corresponding to its

respective position in the arrival order,

25.  The memory controller according to claim 23, wherein the tracking
circuit includes a buffer for organizing data read from respective memory locations
upon executing the memory access requests, whereby data arranged in the buffer can

be transferred out of the memory controller in the original arrival order.
26. A method for controlling memory access operations, comprising:
receiving a plurality of memory access requests in a received sequence;
detecting memory access conflicts among temporally proximate non-executed
requests in the sequence by comparing one of the plurality of memory access requests

with a second non-executed memory access request from the plurality of memory

access requests,



rearranged sequence such that a data control conmmand for a request is
executed before a read or wite command froma previous request is

execut ed; and selecting at | east one conmand at a tine fromthe rearranged
sequence for execution at a nmenory cl 0ék speed, 27. The net hddAupesPH ng
to claim26, wherein.the nenory access re es%s jncl.ude wite requests to
wite data to Jgﬁr@%?%ﬁ‘er‘?ﬁ eﬁﬁ@ﬂ%@%@sgﬁﬁn hedgtectigRirsits o read data
from desi gnat ed nmenory addresses. 28. The nethod according to claim 27,
further conprising ourputting from the nenory controller, in the original
order in the reerutsy e mesnee acetas reqoeataintbelreafrangadidrderdesi gnat ed menory
addresses by the execution of the read requests. 29. The nethod accordi ng
to claim 27, further conprising keeping track of the received sequence of
Menory access readestschahéory 368 ¥éduRsy inRn 1dateihe bf Wit ésmmesPasd | ve
requestors requested data obtained by execution of the read requests in
the rear r #dpddcadmphepmmangher ein the requested data is transferred to the
respective requestors in an order corresponding to the received sequence of
the respective read requests. 30. The nethod according to claim 29,

wher ei n keepi ngntthastkp of rebfigngin g theiseQibns e alihe e€queite) degMatelpak@iginigear r angi ng
t he sequenge of requests, associating a 23 17 August 2006 tag with each
read requéﬁ? rgag of pdfite spremepd aad thgshcontolgnmamand, or eachrenuest B5ts wer e

originall ye H@%legée suzﬂ?hﬂ%tdaﬁcﬁoﬁ{SSP&qﬁrﬁ%& for Gl dgbt%?ex%}ﬁéde' n keepi ng
track of the ecel Ved sequence 1 ncludes, arter reartangl ng the sequence of
request s, réwegmeapravritebimenanddoa apreviiisaequescis ededutedyahdi ned upon t he
execution of each respective read request is to be stored, wherein the
assigned buffer locations are indicative of the sequence in which the read
requests were Qgidi ' : ' aim 26,
wherein the step ofﬁ%ﬁ%ﬁisﬁgb?&gﬁlla%g%faog%mmgg?@géﬁbéﬁggr&aﬂ(-:onfI i ct
woul d be @xeattion afporenexwclacksgeadne nost

27.  The method according to claim 26, wherein the memory access
requests include write requests to write data to designated memory addresses and read

requests to read data from designated memory addresses.

28.  The method according to claim 27, further comprising ourputting from
the memory controller, in the original order in the received sequence, data obtained

from the designated memory addresses by the execution of the read requests.

29.  The method according to claim 27, further comprising
keeping track of the received sequence of memory access requests after

execution; and

transferring to respective requestors requested data obtained by execution of
the read requests in the rearranged sequence, wherein the requested data is transferred
to the respective requestors in an order corresponding to the received sequence of the

respective read requests.

30.  The method according to claim 29, wherein keeping track of the

received sequence includes, after rearranging the sequence of requests, associating a



recently received nenory access request in its current position in the
received sequence. 33. The nethod according to claim 32, wherein the step
of detecting is perforned to detect whether a bank busy conflict would be
created upon executing the nost recent@§ recei ved nmenory accé%é“?@ﬁ@@%t in
its current position i.n the receive sequence. , 34.. The ,nmet hod according to
ol ai m 33, BRERD ool Fead dpqysStle ESHF theseAince I rbichshead FERUSVSIFE he bank
busy confl@ﬁ;nmgﬁmcahalnethod according to claim 33, wherein the step of
rearranging 1s performed to mnimze a delay which woul d be caused by
waiting for a nenory bank to beconme avail able for access during a detected

bank busy confljct. d _accor.di o claim3 wherein the step

of detecting isgl'per o?%@ggggtgc?g?@gto g?Rg,?wlgerglgdcge@gﬁﬁa%ff%ul d be

creat ed upeteiesdeytiéntg idigdesPafter ré LG Pink)hé @@ﬁéﬁ&%fﬁ'ﬂ}ﬂé@tﬁé, BGigHHS & equest in
e

its currergméogti_on_ in the received sequence. 37. met hod according to
cl ai m 36, F ecatipm mte whirhglata ehfpipedhuporythe exeqyiipn of easbdetnsciavaiead t he page
conflict. : t ing. | ai 6, wherein
tho st ep aFealistSiords Wherchfihe bR IR, REGABE e oltnd’, | 3"be
caused by seaudricadn Whichahensat tequestakverd erigiralprepared] for access during a
detected page conflict. 39. The nethod according to claim 26, wherein the
step of detecting is perfornmed to detect whether a delay would be created

upon execut ing e Mgimeth6d 8ikokding & B 9o, WPHRE REGES SF AU | N 111

current position in the received equence. according to
cl ai m 39, pehferreédta detect wéypthef a derftict woudd bs creatxdfupomededutindeliecmbstwhet her a
page m ss wou be.creat ed upon execut.ing the nost. recently received

d g
menory acd 8%‘?1‘1?’@&9.%"&1 MEMORY ACEGTS FEMEstyn ét? EHIsENtiPRsAR 1t Bedesrived sequence.

sequence.

33.  The method according to claim 32, wherein the step of detecting is
performed to detect whether a bank busy conflict would be created upon executing the
most recently received memory access request in its current position in the received

sequence.

34.  The method according to claim 33, wherein the step of rearranging is

performed to avoid the bank busy conflict.

35.  The method according to claim 33, wherein the step of rearranging is
performed to minimize a delay which would be caused by waiting for a memory bank

to become available for access during a detected bank busy conflict.

36. The method according to claim 32, wherein the step of detecting is
performed to detect whether a page conflict would be created upon executing the most
recently received memory access request in its current position in the received

sequence.

37. The method according to claim 36, wherein the step of rearranging is

performed to avoid the page conflict.



41. The nethod according to claim40, wherein the step of rearranging is
performed to mnimze a delay which woul d be caused by waiting for a nenory
bank to be prepared for access during a detected page mss. 42. The pet hod
according to claim26, wherein the step*of detecting is perfbroHst Qo

det ect whet her conflict uld be created ugon.executing the ear]iest
Fecei ved menor  Sacoddie eSOt LR S IS A P § I ERERES! vod
sequence. pédornldiftoRiniRGe ACERNAI16h Would B Fudd bmﬁiiﬁg @oﬁﬂ%eﬁ%%pba&ic

detecting is performed to defect whether a banK busy conflict "woul d be
creat ed up@he psepergtiforaccess dusiaglaidetctedgage vardliotenory access request in its
current position in the received sequence. 44. The nethod according to
claim43, wherein the step of rearranging is perfornmed to avoid the bank

busy conflict. 395. TR m@hbPsccodifg b dind 26, GldkdTh fid st 6f Ridttinges st ep of
rearranging is erformed to mnimze a delay which woul d be caused by
wai ting f ®ff detashykethern ¢edanveulihe dreatedurasrexgednedheimoshg a det ect ed

42, whor oo Epixed eklor AR, o0 iy 1Pl PRLREI B FRAER, 2 DG

conflict weqletlcdhe created upon executing the earliest received nenory
access request in its current position in the received sequence. 47. The
met hod according to claim46, wherein the step of rearranging is perforned

to avoid the page coffelhbhog é&qdﬁgrteo[}ﬁ%iﬂp?b,%ﬁ&?&ﬂh{ég% oﬁde\?é?ﬁh € Wwherein
the step of rearranging 1s pertor O mnimze a ay Ich woul d be
caused by pedotmetpofdetecawhether ypdpenhiss vouldeeprreped egbnf execatrpahs nthist | ng a

det ect ed Fa%e confligt. 49. The nethod according.to claim42, wherein if a
conflict FECHEY LEFEAd MEMHY PecsIereauesd It iy cwrent pesition Btbe §&Vdmor y access
request i@eidgﬁce{ecei ved sequence, the step of rearranging includes noving
the earliest received nenory access request to the end of the sequence
correspondi ng generally to a position follow ng the nost

41.  The method according to claim 40, wherein the step of rearranging is
performed to minimize a delay which would be caused by waiting for a memory bank

to be prepared for access during a detected page miss.

42. The method according to claim 26, wherein the step of detecting is
performed to detect whether a conflict would be created upon executing the earliest

received memory access request in its current position in the received sequence.

43.  The method according to claim 42, wherein the step of detecting is
performed to detect whether a bank busy conflict would be created upon executing the
earliest received memory access request in its current position in the received

sequence.

44, The method according to claim 43, wherein the step of rearranging is

performed to avoid the bank busy conflict.

45.  The method according to claim 43, wherein the step of rearranging is
petformed to minimize a delay which would be caused by waiting for a memory bank

to become available for access during a detected bank busy conflict.



recently received nenory access request in the sequence. 50. The nethod
according to claim26, wherein the step of detecting is perfornmed to
detect whether a delay woul d be created upon executing the ear]iest
recei ved nenmory access request in its ciirrent position in thel7&tRfe¥4

sequence. 51. The hod accordi to.cl ai 0, .wherein e step of
detecting is i rfgﬁfpgdnqtﬁ0<§gchgﬁgmqlﬁg}4@@%@%%@3,\5{&6&3@%% eat ed upon

execut i Ng peHBrRad fol REdct wheherl ¥ S5k BRARIY WG RESScrEA8HESIn dxfdchilisy YT T ent
position in the received sequence. 52. The nmethod according to claimb51,

wher ei n t karlisptagpcaved mamprhasicess reguesiparfseurment positionrin themeceivetkl ay whi ch
woul d be g@ci{lseﬁge by waiting for a nenory bank to be prepared for access
during a detected page mss. 53. The nethod according to claim50, wherein
if aconflict is detected wth respect to the earliest received nenory
access request in the received sequence, the step of rearranging includes
novi ng t he ear ¥ est Thecesthediaqearding tosdains4S, vdgrie the step efrearsanging ist he

seqguence gglrf&r%ze?e)cﬁ%ivgﬁtgggig%eg%)lnﬁi&o a position follow ng the nost 26 17

August 20 y rec nenory access request in the sequence. 54. A
processor system conprising: a processor; at |east one nenory device for
exchangi ng data wi th_said processor; and a nenory controller for nmanagi ng
MENDry access agques'[f}@ mgthod 3qserding WdyaL16, pherava theystepfgearsmeingifor v

devi ce, t e -fRiaN % nGAhE0 b a8 oy SHIRN bohid%be ﬁu%ﬁ%@ﬁﬁﬁ%f&@ ehBfy daake! Vi ng a
plurality of menory access rec‘{uest signals froma plurality of requesters,
t he sequetebaprepaict foreceessidugng heleteeredpyge eadbss request signals in a
sequence corresponding to an order in which the requests were received
fromthe requesters, wherein the nmenory access request signals conprise

read requests @pd/ Ofrnamhdifod SRURR Stodnliet %vh‘éﬂa]?ﬁ {1 c RPN S ecté

rearranging unit for rearranging the sequerfice of the nenory access request
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to the end of the sequence corresponding generally to a position following the most

recently received memory access request in the sequence.

50. The method according to claim 26, wherein the step of detecting is
performed to detect whether a delay would be created upon executing the earliest

received memory access request in its current position in the received sequence.

51.  The method according to claim 50, wherein the step of detecting is
performed to detect whether a page miss would be created upon executing the earliest

received memory access request in its current position in the received sequence.

52.  The method according to claim 51, wherein the step of rearranging is
performed to minimize a delay which would be caused by waiting for a memory bank

to be prepared for access during a detected page miss.

53.  The method according to claim 50, wherein if a conflict is detected
with respect to the earliest received memory access request in the received sequence,
the step of rearranging includes moving the earliest received memory access request

to the end of the sequence corresponding generally to a position following the most



conparing a nenory access request signal w th non-executed nenory access
request signals, whereby execution of the nenory access requests is to be
performed in the rearranged sequence; an execution unit for executing the
nmenory access requests in the rearranget® sequence, the execul?&#utiA?
configured_ to executﬁ a data control co nd froma nenory access request

si gnal  bef eBIE JET e MiPraoty 25ePss Fedppstin thesRave™Me r om a  previ ous menory

access request signal; and a reordering unit for reordering executed read
requests into the order in which the requests were originally received,
wher eby the dat4 obtfhpmdSSbyS)tSmnemapmmgi read requests are to be r et ur ned
to the requestors in the reordered sequence, wherein said controller is
configured to interface with nmenory having one of nultiple nenory clock

speeds. a Processor;
at least one memory device for exchanging data with said processor; and

a memory controller for managing memory access requests from the

processor to the at least one memory device, the memory controller comprising:

a sequencing unit for receiving a plurality of memory access request
signals from a plurality of requestors, the sequencing unit receiving the memory
access request signals in a sequence corresponding to an order in which the requests
were received from the requestors, wherein the memory access request signals

comprise read requests and/or write requests and data control commands;

a rearranging unit for rearranging the sequence of the memory access request
signals based on detected memory access conflicts between temporally proximate
non-executed requests in the sequence, the memory access conflicts detected by
comparing a memory access request signal with non-executed memory access request
signals, whereby execution of the memory access requests is to be performed in the

rearranged sequence;

an execution unit for executing the memory access requests in the rearranged
sequence, the execution unit configured to execute a data control command from a
memory access request signal before executing a read or write command from a
previous memory access request signal; and

a reordering unit for reordering executed read requests into the order in which
the requests were originally received, whereby the data obtained by the executed read

requests are to be returned to the requestors in the reordered sequence,

wherein said controller is configured to interface with memory having one of

multiple memory clock speeds.



