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WD 2004/ 021194 PCT/ US2003/ 026243 PRECHARGE SUGGESTI ON
BACKGROUND [ 0001] Conputing devices typically

W@ e0aneEe4 a processor, menory, and an ext er naPCTVERDINY/026243
controller to provide the processor as well as other
conmponents of 5 the conputing device wth access to

the nmenory. The wé&rméghgﬁ ngd?,@rrputl ng devi ces

is strongly influenced b nenory read | atency"”

ry wite Iatency of the conputing device.
BAC?%%HM, the "nmenory read Ilatency” is the length
of tinme between when the processor requests the
[0001%xt er Bamputieguleyicestypichllyecomprise Brpregesseat memaryn andkan
menory and when the external nmenory io controller

exterrﬁéIQﬁérﬁ@ﬁ/ édrardilep & pRiderheprobessar aisaselbds dttier.components of
Simlarly, the "nmenory wite |latency” is generally

the ccg.ﬂguﬂ.@%ﬂc fmth'd@%e?@i&@?enml%t'hﬁe BERGARSMe HESMEST S

erna nmenory contr ol owite data to the

compﬁl | @é 88 1 o P ER Bynd RE gi?@éi%stéfﬁé LA

W e t to the 15 BRI EF CRI PTI ON

memPRE WA RS B SF ORI detice o e BE%‘?" HRFErEs
iII.ustrat ed b ){) of exanpl e and not

latengy"i$ thet leogth of tinhe bebwesmwhenibe Profasser remes WSIQ’@‘PW'
and clarity of illustration, elenments illustrated in

memdryecontroliect® retrisveadata éoes e hieyncd’yamd wihers theel extefr@al memory -
exanpl e, the dinmensions of sone el ements may be

contr&?@%@hé&@%é FloRbsy@ With fidRiquébterl ®&NBNSBnifaply, tHeXmémory
her, where consi dered appropriate, reference

write !a‘;{]‘%ﬁ%‘yg |§‘§¥ﬁeraﬁ§ gﬁgan %ﬁgﬁ?&?ﬂn@ 'ﬁé‘ﬂﬁeéﬁ FhhaHe ?J?gééé[scc)){) 6%<1uests

te¥corre g or anal ogous el enen

the eglg(cﬁaé @é+grl§séorn?roﬁer i wrl{Tb 8actar{e nhe %Ien?o&%rﬂ%‘%&? the external

memory controller indicates to the processor that the data has been or will be

written to the memory.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The invention described herein is illustrated by way of example and not
by way of limitation in the accompanying figures. For simplicity and clarity of
illustration, elements illustrated in the figures are not necessarily drawn to scale. For
example, the dimensions of some elements may be exaggerated relative to other
elements for clarity. Further, where considered appropriate, reference labels have

been repeated among the figures to indicate corresponding or analogous elements.

[0003] FIG. 1 illustrates an embodiment of a computing device.
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WD 2004/ 021194 PCT/ US2003/ 026243 [0004] FIG 2

illustrates an enbodi nent of a hierarchal nenory
wareeoangaoent of the conputing device of FI G RBRCT/UODOSD26243

FIG 3 illustrates an enbodi nent of a nmethod that nay

be used by the processor of FIG 1 to provide the

xter

1000457 e LR AHRIrHisGaH poBinetch g ainemony amangement

be used by the nenory controller

oftheoqorwlg\englg@gc%ptggs 'a menory request based upon an
associ at ed precharge suggestion received fromthe
processor. DETAILED DESCRI PTION io [0007] The

[0005( 0! | ORIGR AEstratdstarrembedinéntes ot rmethudithas nfayrbe used by the
processing nenory transactions. In the follow ng

proce%lgércéf‘ Bd. A% FH0REAHE &?ﬁél%énﬁ)?}'/ abhﬁol%#%traﬁrécﬁarg‘e

I'npl enent ati ons, opcodes, means to specify operands

rce partitioning/sharing/duplication
Squ%ﬁi’%ﬁgmnt ations, types and interrel ati onshi ps of

system conponents, and |logic partitioning/integration
choices are set forth in order 15 to provide a nore

[0006] hor oByb. 4iiidetratesrah embotintdre afleermettiod thaentaydre used by the
will be appreciated, however, by one skilled in the

mem6'5‘1';?cotnlﬂ%iIert &eF I@W%tbrﬁaeéﬁid n’&ﬁn@fyﬁ%ﬁb@@ﬁbaé@d lﬁkS&H aguch

ecific details. I'n other instances, control

assolétre C&r&%ﬁaﬁge g‘éegﬁé’ﬁa c‘é'i\fe?juﬁc%rﬁ théﬁ%%égsbrsoftmre

ruc ences ave no n detail in
order not to obscure the invention. Those of ordinary
skill in the art, with the included 20 descriptions,
DETAILED DESCRIPTION npl enent appropriate functionality
wi t hout undue experinentation. 2 WO 2004/021194

[0007TCT/ U‘?’%Q?&{o%ﬁg d%scription describes techniques for processing memory
transactions. In the following description, numerous specific details such as logic
implementations, opcodes, means to specify operands, resource
partitioning/sharing/duplication implementations, types and interrelationships of
system components, and logic partitioning/integration choices are set forth in order
to provide a more thorough understanding of th'e present invention. It will be
appreciated, however, by one skilled in the art that the invention may be practiced
without such specific details. In other instances, control structures, gate level circuits
and full software instruction sequences have not been shown in detail in order not to
obscure the invention. Those of ordinary skill in the art, with the included
descriptions, will be able to implement appropriate functionality without undue

experimentation.



10

15

20

[ 0008] References in the specification to "one
enbodi nent", "an enbodi nent"”, "an exanple
weendpadeiment ", etc., indicate that the enbodi mTEPCT/US2003/026243
descri bed may include a particular feature, structure,
or characteristic, but every enbodi mrent may not

[OOOSEGCesﬁéfér Mcdd 'tHg%ﬁ%B?CQﬁ’éﬂ % n%rerﬁﬁ iHeht", Séﬁ'é?ﬁwofﬁnent"

characteris reover suc rases are not
‘an oRTRRI AT S el “&t?ﬁ%?m?@g‘?ﬁ%ﬁ‘fe@éscnﬁ%%
characterlstlc is describe canne |on

includerb Batticaly Teatire, SRIGHITe: PeharASlENIPHC. (it GVeR H smbagment may
know edge of one skilled in the art to effect such
not nécessarily incdlude theiparticular éeatues stiurkire con ¢haraetgastic. dioreover,
Wi th other enbodi nents whether or not explicitly
such Eﬁ&@eis laegl noflAe¢x3adly refdradg e tHessarhetemebodimmemt.i Fourthexywhen
e inplemented in hardware, firmvare, software, or

a pad@élﬂaﬁ@ﬂﬁ!r@ aéthRﬂur"eh%f eRraracierRadigeadsibed ihtonnaEkdt With an
al'so be inplénented as instructions stored on a

emboﬁﬁﬁghtnﬁ dg g@&ﬂmeﬁ tﬁﬁfjit Wit 8 anﬁ/Yeo%% 6ﬁ§ﬂ'lﬂen§ﬂﬂjed in he art to

xecut nore processors e- r eadabl

d h.
oroc A thf%{ @MOW&?R@? PR bl by a
nmachi ne a conmputing device). For exanple, a
emboﬁﬁaﬁntﬁgvhqt@g@%{mcg Eﬁ@JjP'U)hd%ﬁ?”t?%l ude read only nenory

(ROM; random access nenory (RAM; magnetic disk
storage nedi a; optical storage nedia; flash nenory

[0009?6‘” ¢ ng}bod‘ﬁlnﬁﬁttsrdfqgé 1n\}é‘i’ﬂ|Fﬁ ﬁ%y BE fHplentette@'in AhRfNare,

pro agatea signals , carrrer waves,

985 oL el 0 o o

als0 RRpPRENIPS POt atorsah SqnEh AN o gty .

menory controller 104 via a processor bus 106.
may trireaseand execuiad byraiie oranore Procensars| Adnadlyneggdaiie
coupled to nmenory 108 via a nmenory bus 110 to provide
meditifien3y include any mechanism for storing or transmitting information in a form
readable by a machine (e.g., a computing device). For example, a machine-
readable medium may include read only memory (ROM); random access memory
(RAM); magnetic disk storage media; optical storage media; flash memory devices;

electrical, optical, acoustical or other forms of propagated signals (e.g., carrier

waves, infrared signals, digital signals, etc.), and others.

[0010] An example embodiment of a computing device 100 is shown in FIG. 1.
The computing device 100 may comprise a processor 102 coupled to an external
memory controller 104 via a processor bus 106. Further, the external memory

controller 104 may be coupled to memory 108 via a memory bus 110 to provide the
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WD 2004/ 021194 PCT/ US2003/ 026243 processor 102 and

ot her conponents 112 (e.g. a nouse, keyboard, video
waeoovnoiiber, hard di sk, floppy disk, firmwarepPCBUS20)3/026243

of the conputing device 100 with access to the nenory

108. [0011] The processor 102 may conprise a processor

proce8¥sr 168 Shé %%r}%ﬁ‘n entd 309l & gt hIRGISE, KePBosrY, Vl@féo controller

TOCGSSOT bus e DTOCGSSOT bus |nterface

s GELERE B4 o AR T s o v

processor bus interface 114 may respond to and/ or
memeryald8. transactions that other bus agents such as, for

exanpl e, the nmenory controller 104 and other

processors (not shown) issue on the processor bus 106.

[001 1%0 [ 09h&lprdisssF 902584y cAMBris@Y froeédior busniterfage 114 to
recharge suggestion l'ogic 116 to generate precharge

handl%l{%es%tchgﬁsc‘ n'tl'ﬂe Bl‘lb%gg dé"F@é THAP &%Eg&%wmteﬁ age 114 may

gestlon ern1ne ased upon pen
s AR SRR 6 Bl T e csor o

2 na be beneficial to nmenpry performanc
106. E@@vanﬁee procasssiniefaceat141may respeny @p%reA/abHégk 118
may be beneficial, the precharge suggestion logic 116
transaetionsthatethehbup agertssuchiass forexanple cthermemsry contralier 104
the external menory controller 104 with a precharge

and olhEIsBEESSbrS Wdt ghows sdstiet dretheeprocgssaribusol Ogr 104
cl ose a page 118 of the nenory 108. [0013] The nenory

108 may conprise various nenory devices conprising 20
addr essabl e storaas Ioc tions that the

(00123 ont 1 GHEAORRRFORAD2 ek TUTIe COMBHISeMBFU g Uogegtion logic

to. The nmenory 108 may conprise one or nore different
116 to geesraté precharys suggéestionss iconeembogimentaths Breciaragi c
random access nmenory (DRAM devices, synchronous
sugg?tfﬁbgfcmmgmine asgd UPDRAENdiheymeswry tramisbetions of
at a
the processor 102 whether closing open pages 118 of the memory 108 (See, FIG.
2) may be beneficial to memory performance. In response to determining that
closing open pages 118 may be beneficial, the precharge suggestion logic 116 may
cause the processor bus interface 114 to provide the external memory controller

104 with a precharge suggestion that requests the memory controller 104 close a

page 118 of the memory 108.

[0013] The memory 108 may comprise various memory devices comprising
addressable storage locations that the memory controller 104 may read data from
and/or write data to. The memory 108 may comprise one or more different types of
memory devices such as, for example, dynamic random access memory (DRAM)

devices, synchronous direct random access memory (SDRAM) devices, double data
4
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4 WD 2004/ 021194 PCT/ US2003/ 026243 rate (DDR) SDRAM

devi ces, quad data rate (QDR) SDRAM devi ces, or other
woreemnyiidevi ces. As shown in FIG 2, the nenorpClO82008926243

be arranged in a hierarchal manner. The nenory 108

may conprise one or nore ranks or channels 120. Each

rate ( %5@'{} SjtglgAiWéfe Igp B 18 re (ADR) SBRM Héice8Ner St‘h%h.

rrse one or nnre pages or rows 11

memoewfaa?rféeslég el S A LI ehe ey

rriorlse re or fe hlerarchal | e
hlerareea eBRer. | DeimemSTY 6 18y S9BPHS B o gikdanks Oisﬂan"e's
y conprise a request interface 126 to handle

120. Baguetks] 2 meyEOpIRSEESHS OnURre ANk $eAANLRBRPABR{ 22 May

the request o0 interface 126 may further handle
comprisgong orenoresiagesfortrowsdit e Fudben @ashtpage118 May comprise
request interface 126 nay conprise a processor bus

one of M&EicfiinA2 824 0in ctReMdvmbeainterits | hetrhgmaini M08 heay comprise
processor 102 via the processor bus 106. The request

more kﬁﬁ%&%%@r&%@%r@)’elé tHdr§EpiERMAIFE, gOmponent

aces communi cate directly with the other
conponents 112 via buses 132 such as, for 15 exanpl e,
peri pheral conmponent i nterconnect (PCI) buses,
[0014hccel Ehatreemgragdriteliepdpé mpyE@Mmptise agequestiptesiace 126 to
serial bus (USB) buses, |low pin count (LPC) buses,

handlaHémbry pduessts 6fehbypsesesson 102hl$rar&1tbeﬂenmbod$nenthme request
request interface 126 conmmunicates indirectly wth

interfAd196 W@%eﬂﬁ%cﬁ@%éﬂ%rﬁ@&‘é@%ﬂhé Bheti @driponents 112.

processor Interface 128 and conponent interfaces
o R T PR B P e
commn e b S B sk T e e SRS T,
requers(ta(iqnligrsf;ce -1”2qg rr?adydfru?tigr ggr%%?ig{a cér%%orrrlg)r/\t interfaces 130 to
communicate directly with the other components 112 via buses 132 such as, for
example, peripheral component interconnect (PCl) buses, accelerated graphics port
(AGP) buses, universal serial bus (USB) buses, low pin count (LPC) buses, and/or
other I/0 buses. In other embodiments, the request interface 126 communicates
indirectly with the processor 102 and the components 112 via a processor bus

interface 128 and component interfaces 134 of a chipset (not shown) that may

comprise one or more packaged integrated circuit devices.

[0015] The memory controller 104 may further comprise an address decoder
136 to decode an address of a memory request. The address decoder 136 may

decode the address of a memory request to generate one or more selects that
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decode the address of a nmenory request to generate one
or nore selects that 5 WD 2004/ 021194

wE0502003/ 026243 correspond to the hierar chedT/US2003/026243
arrangenent of the nmenory 108 and that may be used to
sel ect or address a particular storage |ocation of the

corre % th%ierafcHi &r H‘g@ﬁll'eﬁ?ﬂf ﬁ@nﬂ?ﬁ@ﬁ%n@qﬁggﬁay@used

determne a ran el ect sel ect

Iect and_a co t
to selgdh A aflssS= 5,2 he sé%ggé%t&% of iRl iéﬂs@fo
nory 108. ( See, 6] .Th
embodereRtesAddibas ﬁﬁyowﬂfﬁegn SR Z mﬂ%ﬁﬁqtn%nkf select,
138 coupled to the nmenory bus 110. The nmeno ¥
page seleet, fandea ¢algmmselaptthat ms@e@mvelyrﬁelectalreek 320 kankat22,
for exanple, the rank select, bank select, and page

page 348 eand tolumm¢24mﬁﬂ'reymbumr31108t (Sexm &Gt Be) page 118 of
menory 108 associated with the io nmenory request. The
menory interface 138 may further apply one or nore

10016 e e PTBRG Gonyielar SA7 Bbay TorbeE sPmAEe somepiory jdertace

opened page 118 for reading and witing %0017 The
138 cwmisd;to e masneryrbusol! Grejpermemesy mieﬁawé 8 sRay: Applyone or
decision |ogic 140 to determ ne whether to cl ose open
more paigets duidh ad, fohexarapiey, thel@k detecinkank Seleoh adidmage, select to
t he precharge decision |logic 140 determ nes whether to

the mehf¥§ bab 1aPaB dpr@chBpAGE MIBOST REMVMRN 08 as¥aciatsd Witls the
received fromthe pr ocessor 102. The pr echar ge

memcg'ﬁ%%ué’si 4I'F?Q'n‘fen]\g il g@%sl%Sdr%Wﬁr‘tﬁ@r otr%é}’e(s%@ects

en page urther” upon ode addresses

suon B4, FF R YR A AR ARITE E RE o B BIGH3 Gttt

may utilize 20 different al gorithns to i nprove aspects
124 opthenepriias pRge 6? d@aawsw%w'@a&rc. ng nenory |atency

and/ or increasing nenory bandw dth. Generally, such
al gorithns

[0017] The memory controller 104 may further comprise precharge decision
logic 140 to determine whether to close open pages 118 of the memory 108. In one
embodiment, the precharge decision logic 140 determines whether to close an open
page based upon precharge suggestions received from the processor 102. The
precharge decision logic 140 may also determine whether to close an open page
118 based further upon decoded addresses of memory requests received from the
processor and/or the components 112. The precharge decision logic 140 may utilize
different algorithms to improve aspects of memory performance such as reducing
memory latency and/or increasing memory bandwidth. Generally, such algorithms

attempt to increase the number of "page-hit" accesses and/or reduce the number of
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attenpt to increase the nunber of "page-hit" accesses

and/ or reduce the nunber of 6 WO 2004/021194
weEonANRA003/ 026243 " page-m ss" accesses that PCDUS20831026243

attenpt to do better than a "page-enpty" algorithm

that cl oses pages 118 of the nenory 108 after every

"pagegﬁﬁsesﬁ;%ccégégsst}waf\oeaﬂ'eéﬂa AERFERUPBEMESthAR 4 PHRNSADE

Mmenory request accessing an open page 118 't hat was

algor A e AGeld 4 Ot BRTRBob 18 s SO R BRRR, "o

118 open after accessing a colum 124 of the page 118
for the previous nenory request and nmay access a

[0018]ii f f epngrHgeshit noted2dcauirs irhespprse fagendrhdry mequelstaccessing
current nmenory request. A page- m SS access occurs in

gd%@%s fhat WHRBYehdeBH 8 Prei6 G AidmEryaregLest ¢ oPagsage-hit
an Oprf? ofﬁag baaﬁk 1;(%5”]6“ ha?r%not her pargg %18 openegj.ég

Do . | _

acceds) R BBt 98 b 6l QUTPRERY 1340080 i atdssng =

coluriRPARaF elpe 14818 mb pre Bne e PG50 B hocess a
current mam)rfébrequest. A1pa e-m ss access generally

differentscalypnt 24rafdbe opepwagent! 8 far tie guraentmBmeEY Fpquest. A page-
access. A page-enpty access occurs in response to a

miss BECENSYOCOROS FEeSponsa ) agnemotyoegueptarcesshgod clospdmage 118
122 that has no pages 15 118 that are opened. For a

of a Hapger2enhhy has aasther phge MEBwpenedn FophIpzigelibisscauess ahe
cl osed page 118 of the bank 122, and accesses a col umm

memc":@"to?‘:ftroilgﬁ@@No\éegﬁﬁé‘%gen @%96 1485 f(tAE bERR 1P2TBb¥ns another
request. A page- ty ces I

e- enp C general 'y has about tw ce

e 15 S Bt 22O B G0, 204 e gl Beoe

20 processor 102 to provide the nenory controller 10

118 o5 1R G BYBOSUSGUBES AR0s ISR GRase ARgiergRenas aBolt three
precharge suggestion |ogic 116 of the processor 102

timesrithg lateooyl@s @ page-hit access. A page-empty access occurs In response to

a memory request accessing a closed page 118 of a bank 122 that has no pages

118 that are opened. For a page-empty access, the memory controller 104 opens a
closed page 118 of the bank 122, and accesses a column 124 of the newly opened
page 118 for the memory request. A page-empty access generally has about twice

the latency as a page-hit access.

[0019] Shown in FIG. 3 is an embodiment of a method that may be used by the
processor 102 to provide the memory controller 104 with precharge suggestions. In
block 200, the precharge suggestion logic 116 of the processor 102 may decode or
partially decode a first address of a first memory transaction. In one embodiment,

the precharge suggestion logic 116 decodes or partially decodes a first physical
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partially decode a first address of a first nenory

transaction. In one enbodi nent, the precharge
waaggestibon | ogi c 116 decodes or partially decPdEESm03/026243

first physical 7 WD 2004/021194 PCT/ US2003/ 026243

address of the first nenory transaction to obtain a

addrefssé{ozgr%?ﬁé? on{jﬁ?ﬁ%s%%h@mo obt ﬁé?frstp‘?'h ﬁﬂa??én]lﬁé’é]gct a first

physical page sdrect

LY O e e o

virtual addresses to access storage |ocatjons th

in SOTR@ PHkP dimgntstRay gugpggé@g@j agggasgﬁ}g/ igwhig & processor 102
controller 104 may translate or otherw se map the

uses virtualaddredsestosaccass sionagedescationsrat shesramary Hi% The
ultimately decoded to access storage |ocations of the

processont(2 ahdor heraoiycontrolleni 04 dibyetsansiatecortutbervise snap the
the precharge suggestion |logic 116 may decode or

virtuaPaddreabéy trismadial %dﬁkés%‘es\thétt arel ultlrﬂﬁt@ﬂ)?aécé&ed feadddsst

nmenory transactl on instead of a first physical address

storag%/éjlo%gatﬁ‘hﬁ FHO?)tf 148! %Uﬁjchr\?ﬂﬁal%@d‘?é%sm@efﬁtfo%‘lments the

ect or a rst vir

prechBfs Sugaestip Mgéﬁéﬁ'n%f Gd ot PeyBliE SERA0E aTHEERLLC"

address _of a second nennry transaction that follows
addresp of the first mamenytransaciar instead oha it Pysisal address ipebtain a
precharge suggestion logic 116 decodes or partially
first vitte@bohrk seleetica fidstplinual dainkseteatsandior a fiestyirtual pagerasisct.
15 transaction to obtain a second physical rank
sel ect, a second physical bank select, and/or a

econ hysihLeal ,,.pa ct. In.v' t a '
10020] 75 0 BRYR 26214 B B o gB SuiogmBid ldelf 1B SSi gy
decode or parti al | decode second virtual
partially degede éé@ﬁ@"ﬁ@ﬁé? SQ aﬁw%%&ﬁﬂddﬁem Fapsagtiop g@é%ﬂ'&ws the
physi cal address to obtain a second virtual rank
first masenyttransactionl lnianeembodimentethedqirechargesuggestion lngio 16
virtual page sel ect.
decodes or partially decodes a second physical address of the second memory
transaction to obtain a second physical rank select, a second physical bank select,
and/or a second physical page select. In virtual addressing embodiments, the
precharge suggestion logic 116 may decode or partially decode a second virtual
address of the second memory transaction instead of a second physical address to

obtain a second virtual rank select, second virtual bank select, and/or a second

virtual page select.

[0021] The precharge suggestion logic 116 in block 204 may determine a
precharge suggestion for the first memory transaction based on various different

algorithms. For example, the precharge suggestion logic 116 may be implemented
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[0021] The precharge suggestion logic 116 in bl ock 204
may determ ne a precharge suggestion for the first
WOorRemnY1194 ansact i on based on vari ous differentPCT/US2003/026243
al gorithnms. For exanple, the precharge suggestion
logic 116 may be inplenented 8 WO 2004/ 021194
with a v\ﬁ gkﬁ?ﬁ%@p@é@ﬁﬁ% inWhiBh $hé Bfé}haﬁ‘gébgq%sﬂi’oﬁ%gfbmﬂ

arge suggestion logic 116 genérates a
gone B BB AR AR Bl BB PR Bt 101 g cose
ook LSTR85t T et Sl S0 B 8B oven

~suggestion |ogic 116 nay be s inplenmented with a
criterig eframot satisfieda Cgpversey, the prechargesuggestinariggic 116 may be
suggestion logic 116 generates a precharge suggestion
impletriented with esdefaul eper m@goritbmninvdiicke thel prechargd suggestion logic
page 118 of the nenory 108 open in response to

116 gBAbRItES Bigiechdrge supgesksrethat reglestotrR ety icantrokermd4 to
satisfied. In yet other enbodi nents, the precharge

leavega;‘g%?éﬁ h813¢ “%g@%r - 108 R% ih'@é;ﬁdﬂ'ﬁg BUAbIRinfY that

mat1ve min 1o which the precharg

uggestion logic 116 gener rechar Lon
predefiaineg cest e i ar e Aoy Lot Pt e i RS e
page 118 in response to detefm ni n ,hjhat , . . .
prechgrgRiseegestinadogis J48 neay bermgp emeRieH i 2 affismatiye algorithm in
generates a precharge suggestion that requests the
whichntbemrechargersviggestiorolpgico 1g % geecratema radwrgg shggestion that
response to determning that predeterm ned open
requests thermenioay eobtesiier sidditefdlesk a pade 13 8dn oesplamseto determining
precharge suggestions in response determ ning that

that pF&H%Eﬁ'ﬁian%lod@ &slefig hEVe dReh | RESfiéd, et AteB prtebﬁaré;e
predeterm ned open criteria have been satisfied. By

suoo AT B RE EABCEUSESEL 104 1 ZEABE 436 open
respol%géég idg%hﬁr%igéﬁ%q &8&@{92&};}%{5%}1& re]trig\ Ialvg rbe%a%4sattf§fied, and
provides no precharge suggestions in response determining that neither the
predetermined close criteria nor the predetermined open criteria have been
satisfied. By providing no precharge suggestion, the precharge suggestion logic 116

may defer to the precharge decision logic 140 of the memory controller 104 to make

the precharge determination.

[0022] In one embodiment, the precharge suggestion logic 116 determines
whether the first memory transaction and second memory transaction are directed
to the same page 118 of memory 108 based upon the decoded first address and the

decoded second address. For example, if the rank selects, bank selects, and page

selects of the first memory transaction and the second memory transaction are

9
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20 [0022] In one enbodi nent, the precharge suggestion
| ogic 116 determ nes whether the first nenory
W e@adziab4d on and second nmenory transacti on ar ePdi/UsDE0R6243
to the sane page 118 of nenory 108 based upon the
decoded first address and the decoded second address.

equal e eﬁééﬁ?ﬂgﬁt gfgfetsﬁﬁn Tof@'ﬁﬂ $6& 5/ detehite that Bfel tfang¥iétons are

pag st nmerory transaction and the

dlrectégcg &%‘2%%5?6%&% @h‘@&@gﬁi&fﬁ g8 % g? gg&@% ifgei?rocessor bus

et erm ne tr actions are
interfager LA wﬁh&p%ﬁﬂawm riifsata?q»ﬁﬁa?@e PR er 104
provi de the processor bus_ interface 114 wi
to Ieam thmpage 138 gpestaften acaessing Hiverage 1 H8 %tnsrfvst memory
controller 104 to |eave the page 118 open after
transantioasBi heaimg theapgagd 188 bpen the decostd memorytrgnsaction is likely
transaction. By |leaving the page 118 open, the second

to resUR P& Y algeaiis a6ddsewhish hielpsl redut® theeavéragenatenppoe nfenhory
access which hel ps reduce the average | atency of

y transactions. [0023] In another enbodi nent,

transﬁgﬂérecharge suggestion logic 116 determ nes whether
the first menory transacti on and second nenory
transaction may result in 10 a page-m ss access based

[0023lipon Inaandther embodissentf therpretharge suggestien tagie h#6 deteymines
menory transaction and the second address of the

whethee tiea firstenarmynyt traissietion @nd sedong anémony teansadtion may result in
precharge suggestion |ogic 116 may determ ne whet her

a pagbr}ﬁlsfs'afc%bss BEEEd Vipbh %B?t%ﬁb@@déé‘gf t%%%é‘ldadﬂiwé ¥f the first

transaction may result in a page-m ss based upon rank

e i i 6 666 A 28] B ol FRRRLD P elzon i
prto G i SERREE0 RS 9D Afeoe M B e

toresult in a page- mss if the page selects of the
memgry teansastien and sgaerd mesroryi@nsaetien Brydsestld 9 page-miss

based upon rank selects, bank selects, page selects, or combinations of rank
selects, bank selects, a page selects. For example, the precharge suggestion logic
116 may determine that the second memory transaction is likely to result in a page-
miss if the page selects of the first memory transaction and the second memory
transaction are different without determining rank selects and/or bank selects for the
memory transactions. Conversely, the precharge suggestion logic 116 may
determine that the second memory transaction is likely to result in a page-hit if the
page selects of the first memory transaction and the second memory transaction are
the same without determining rank selects and/or bank selects for the memory

transactions.
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transaction are different w thout determ ning rank
sel ects and/or bank selects for the nenory

wo cem®andi ons. Conversely, the precharge suggeBCT/0R2003/026243
| ogic 116 may 20 determ ne that the second nmenory
transaction is likely to result in a page-hit if the

[0024@«396 g'?)hégcér%tﬁér diiBodihett, t%??é%ér@é%@@bét%h RRfE 118

nory transaction ar t he“sane™w t hout

R L
oo AN G e a3 S8 el OB

one or nore nenory transactions that follow a first
basedepon pelectsolthetfirstrmameryirassadigntand the seleets phdhe angor
as the first nenory transaction based upon sel ects of

more ishbséqueatt memprytransacdians.i ot exadnplacthegirechargef suggestion
one or 5 nore subsequent nenory transactions. For

logic ﬂ@??&dfdetbhﬂ.ri@rwdé@rmrss&gastfomur higrheryltitdnsaeyions that
det er m ne based upon selects for four nenory

follothh@rfﬁQt%keeﬂ{b?y irﬁﬂg? ! ctidd ﬂhgggéﬁ@ of fHe%uFEUBééng]nzgi?ﬁ%rhpn

at non ur subsequent nenory

v R P SR RO AL 58 ) R

t he four subse uent transactions are i
respogse de deteNIng h%td?ﬁé‘epgfg@g faur SbseAuSRt memar frgngactions are

~ transaction, the char suggestion | ogic 116 may
directpd do thie same pageet mgrrsynmmwdrar@racnm thetpreeharge
prechar ge suggesti on that requests that the page 118

suggdtiol logied 1@ ay provide sisé exterridi endrnosyt cordraliey 104 with a
transaction. [0025] In block 206, the processor 102

prech'af%eges éé&ﬁloﬁ'théf réﬁ%@@fsythéf AR PIB B8 closedtdfRer processing

bus 106 and provides the nmenory controller

thefl%?é’le&(g&t?an% ﬁgﬁll‘ge suggestion for the first menory

ion n one enbodi nent, the processor bus

[0025] In block 206, the processor 102 issues the first memory transaction on
the processor bus 106 and provides the memory controller 104 with a precharge
suggestion for the first memory transaction. In one embodiment, the processor bus
interface 102 generates signals on the processor bus 106 that request the memory
controller 104 to process the first memory transaction and that provide the memory
controller 104 with the precharge suggestion for the first memory request. In another
embodiment, the processor bus interface 114 provides the precharge suggestion
during a transaction type phase of the first memory transaction. In yet another
embodiment, the processor bus interface 114 provides the precharge suggestion
during an address phase of the first memory transaction. In other embodiments, the

processor bus interface 106 provides the memory controller 104 with the precharge

11
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interface 102 generates signals on the processor bus
106 that request the nenory controller 104 to process
WO b@4fo2risd nenory transacti on and that provi dePt@s2003/026243
menory controller 104 with the precharge suggestion
for the first nmenory request. In another 20

sugget%ﬁgﬂgﬂriﬁ ide-bAsd Bﬁggﬁétsé?fomhﬂihéﬂk %b{)ﬁﬁaﬁte Hrbin HeO@iddessor bus

echarge suggestion during a transaction type

1. Q355 9ot BB ACRBIFL hor Oy BN e

t he prechayge estion during.,an addres hase of
memarygontiplir 1wy it RIECNE(9% SUIYSSUBNE? ol darhiliaies such as.

the processor bus interface 106 provides the nmenory
for example. cather phaseswafithe fifet mermensirgrsactiones separate busa

PCT/ US2003/ 026243 suggestion via a side-band bus (not
transadtionthat pratedes thepfinstireniory ransactiorn oFsssapdrate buoe.

It should be appreciated, however, that the processor

transd@dniR4t BNEWS dee fiFe memOB/ tyarsaictionl | er 104 with the
prechar ge suggestion via other techniques such as,

for exanple, other phases of the first nenory
transaction, a seBar_ate bus 5 transaction th

t
[0026}r ecediBe ProRessPF 392 ik Rk aoﬁaﬁemsusﬁheé@%@@w%&ye
bus transaction that follows the first nenory
transactimnsarctheqproc¢ Sz djusTHIS glterdbe diost mermorntransegtiorogurher, the
i ssue the second nenory transaction on the processor

proceBysr 106yt ovideené inferhonecantsolier 404 adth @ predhargd suggestion
the processor 102 may provide the nenory controller

for the Yécdhd Metnd tEftRa8gors BESES LipOA altRird gr'ierhbl%/ #assdttion that

nmenory transaction based upon a third nenory

fotowy B SEEbAEFreiGh el G be”appr eci at b that the

second nenory transaction may not in fact result in

the likely accesses indicated above due to various _
[0027] easohishobilf be appragiated tiat the secynd ovemary|teansagtiomayay not in

elect to either close or open the page 118
fact result in the likely accesses indicated above due to various reasons. For
example, the memory controller 104 may elect to either close or open the page 118
based upon criteria in addition to the precharge suggestion received from the
processor 102. For example, the memory controller 104 may elect to close the page
118 and process another memory transaction from another processor (not shown)
or component 112 between the memory transaction and the second memory
transaction. Further, the memory controller 104 and or memory 108 may elect to

close the page 118 and dynamically refresh the page 118 or other pages 118 of the

memory 108 between the memory transaction and the second memory transaction.

[0028] Referring now to FIG. 4, there is depicted a method that may be used

by the memory controller 104 to process a memory request. In block 300, the
12
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1s based upon criteria in addition to the precharge
suggestion received fromthe processor 102. For
wezeapbka4 t he menory controller 104 nmay el ect POT/TRTI®®026243
the page 118 and process another nenory transaction
from anot her processor (not shown) or conponent 112

requeSfin %| %6 urtrﬁ 28AtrbIRE 1®2%mh ?ecfef? B4nERGR) Yequest

tra he nmenory con 104 and or

v G5 TR RLET ol B, B0 A8 Wy

the nmenory 108 between, th t[ans ti and e
one eGRRAIIONL i PAGEARCERES BHETAqED bk ecauies e aschees P the
FIG 4, there is depicted a nethod that may be used
prechbyge seggastion\of ths memonyrrequastivia proemesy areaatiop of the
request. In block 300, the 12 WD 2004/ 021194
proceBEaY biss? 006/ IA6RvET, as épliested iabbee fimoegatd do &Gt Betheepreciharge
controller 104 may receive a nenory request fromthe
suggdytienansP be Havitibdto HEMenss§ contransh roxsviasihér techniques such
precharge suggestion. In onhe enbodi nent, the

as, fof%g&‘ﬁg @%ﬁs bRLEGE T)Sn&%ﬁ]ﬁrcﬁcaeé np:eﬁafehl‘?aﬁé%f@'tlﬁﬁ%rﬂ'ﬂ@

e suggestion o nmory request via a

rrerm%%gnsactl on of the 5 processor bus 106.
Procesgleet 'Y%s i ndicated above in regard to FIG 3, the

precharge suggestion nay be provided to the nenory
controller 104 via other techniques such as, for

[0029?”( anpirfe adidestd decvded 136 de bldrRBO2umagdedode v atidress of the
ransaction on the processor bus 106. [0029] The

mem&ggégﬁéstq GBESA a]@&dd@adkﬁd&gsés%nﬁﬁé’ng%‘éd@r hbR memory

SsS o the to nenory request btain a decoded

e e T

he address a decoded addres ?
addre§é|aefé@cod@ driclzess FRDPIIS ROk el ity 2 ahR s18ckar age select,

sel ect and may provide the precharge decision |ogic
and alemumndelent and may provide the precharge decision logic 140 and the

memory interface 138 with the decoded address. In another embodiment, the
address decoder 136 may provide the precharge decision logic 140 with a partially
decoded address comprising only a portion of the one or more generated memory

selects such as, for example, only a page select.

[0030] In response to memory controller 104 selecting the memory request for
processing, the memory interface 138 in block 304 may generate page address
signals on the memory bus 110 that open a page 118 of the rhemory 108. In one
embodiment, the memory interface 138 may generate page address signals that
comprise a row address strobe (RAS) and the rank select, bank select, and page

select associated with the memory request. In response to the row address signals,

13



10

15

20

menory interface 138 with the decoded address. In

anot her enbodi nent, the 15 address decoder 136 may
w@ra@mMioae9t he precharge deci sion |ogic 140 w t hP@r/US2003/026243

partially decoded address conprising only a portion

of the one or nore generated nenory selects such as,

the mfeﬁ{orf)f@g% oP?rl\ ¥% &g@aﬁﬁq 8th8GhemoBP 303 thdt is asHEIarRdiWith

y contro sel ecting the menory request for

e rof R5FETL i A TR Yob it 202 138,11 Dlock 04 ey

t hat open a page 118 of the nenory 108. |In one

enbodi ment, the nenory interface 138 may generate page
[0031?ddr eThe sharnehsintdrtce 13&niprbleck 306 maydddhes gesenatd eolumn

RAS) and the rank sel ect, bank sel ect, and page

addre%glsﬁﬁhws'ﬂéﬁ@%bmn%d/\hwe%!a%ugm@w @ fiepadry HUs TREDRRSEleCt 2
e row address signals, 13 WO 2004/021194

Ao 1D S i o
memc?&m,t%‘yapﬂﬁ@%frﬁ&‘é%é%rq oRBedFsS kel T oBBrisea o
col umm dress signals and command addresayﬁﬁgnals on

columrheddress rsgrobegéci\ﬁo apAdhe salusen sglectassadiain 1Be pE@ory
opened page 118 for a data transfer. In one

requestrindesmortse tolbe wolupnry addressfsignals.3Be memgento&selects a
col um address signals that conprise a colum address

colurrif 120 6f (HeAPermiidpadie1 t®thinis asdeutdted seithcihet mémary heduest.
menory request. In response to the colum address

Furth&f wh%pag byl 3808 picdEsiE nid é/ detlerate cotmahdtsighals on

opene that is associated Wth the nenory

f
the mgﬁg)r}@y %g)eﬁﬁg é&? %{éﬂge 2t ae}ﬁsdd;t?]rﬁﬁ fﬁP& d%@trbﬂ%@lﬂ%ﬁ'
0 that confi et sel ected,colum for dat
examp E?em%{r'"t%é{@&ﬁﬂgg Mg GORERF #hariue Pyt EReBie,(OF)
generate an active output enable (OE)
signal to cause the selected column 124 to provide the memory interface 138 with
data stored in the selected column 124. Similarly, the memory interface 138 may

generate an inactive OE signal to cause the selected column 124 to receive data

provided by the memory interface 138.

[0032] The memory interface 138 in block 308 may access the selected
column 124 to transfer data between the memory interface 138 and the selected
column 124. In one embodiment, the memory interface 138 may write data to the
selected column 124 by generating data signals on the memory bus 110 that
comprise the data to be written and a data strobe. Similarly, the memory interface

138 may generate read data from the selected column 124 in response to receiving

14
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signal to cause the selected colum 124 to provide the
menory interface 138 with data stored in the sel ected

wa@odomi19P4. Sinmilarly, the nenory interface 1BSI/IE3001/826243
generate an inactive OE signal to cause the selected
colum 124 to receive data provided by the nenory

data 'igﬁ}ﬁ)%it)g\gtge H@mobﬁ@@@h 1(?: Beat TS el dHtS FloRs ﬁwé%&sgﬂéd column

nmay access the selected colunmm 12

transf.er t {Rgory interface 138 and the
124 agg%eiﬁtgét%ggﬁﬂﬁ:ﬁw%%r{]%one'enbodi ment, the nenory
interface 138 may wite data to the 20 sel ected col um
124 by generating data signals on the nenory bus 110
[0033] hat |nclsiopk 340, theegrashargealdetsion ldgieh4 @ te oenzory controller
strobe. Simlarly, the nenory interface 138 nmay

104 takrRineSARethal & élb@éﬁﬁ@ﬁa%@ﬂ ¢8RdosiatadWitA e hiemory
response to receiving 14 WO 2004/ 021194

e T e v O
data.strobe fromthe nmemory 108., 0033]. | n. black
one ofTdREBh AT BrREIST BROFBH, 9% A4 S ERBnsB ABF{IRS midfory
_ controller 104 may deternine whether to close the
interfanet38 isgtodesk the: Ragen 18 uniess harBrerharge suagestiondeguests
upon the precharge suggestion associ ated the nmenory
that theepags 1 18 Iremaimepemiodinether enthedipent Hhe peecharpe idegision
| ogi c 140 determnes that the nenory interface 138 is

logic 140 gbrsmindicthaadre mbhotyinedatd¢3picthleage tiseipggstiiiBropen
requests that the page 118 renmi n open. |In another

unles§ Wf@??é@ﬁ%g? %tﬁﬁgﬁﬁﬁh@&@&tg %@ét%hf@rﬂ)agboigliacbéléfésed.

det erm nes e menory interfacé 138 is to | eave

the page 118 open to unless the prechargé suggestion

requests that the page 118 be closed. | .0034J [n yet
[0034hnot hbryeira:rmlnereemgo imenbrtbe secfiarge desision logig t4Q amy

may further base its decision upon other informtion
furthes babe @s .ddcigioeypom bthertifferrdatiordiedch as, for example, the decoded
or partially decoded address of the memory request and/or the decoded or partially
decoded address of other pending memory requests. As a result of the additional
information, the precharge decision logic 140 may choose to leave a page 118 open
that the precharge suggestion requested be closed and/or the precharge decision
logic 140 may choose to close a page 118 that the precharge suggestion requested

be left open.

[0035] For example, the memory controller 104 may have pending memory
requests received from other components 112 or other processors (not shown) of
the computing device 100. The precharge decision logic 140 in block 310 may
determine to leave the page 118 associated with the memory request open until

after the another pending memory request has been processed despite the
15
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or partially decoded address of the nenory request

and/ or the decoded or partially decoded address of
wotdan2pendi ng nenory requests. As a result of Pehes2003/026243

addi tional 15 information, the precharge decision

| ogic 140 may choose to | eave a page 118 open that

prech"aﬁie Quﬁt%"{‘ibﬂere H@&ﬁ'@tﬂhgf‘fﬁ ’i%jbg%lc‘icéh RS Simitaly, Ahe

arge eC|S|on ogl ¢ 140 may oose to close
prechiidy %cdé“'ﬁ% 109340 AT My YR30 oﬁs%;*??a%‘ber%

104 have pendin 0 ests recej.ved f
assoRlRg WO IEIE 1adast Ogehits (g, RIBEES DI CHESOR ghestng
of the conputing device 100. The prechar%e deci si on
that the gage 146 remain open FLEspapse tedetarmining hatsremor, interface
page 118 associated with the nenory request open until
138 iafd ialtiatdra dynahtie refpestdofithe pageriy & erptbst pages Hé8of the

processed despite the 15 WO 2004/ 021194

mem&’r?TVO@%?eré’é%% tHY eehadry @e%tmest i on requesting

hat the page 118 be cl osed mlarly, the precharge
deC| sion logic 140 in block 310 may determ ne to cl ose
the page 118 associated with the nenory request
[00363espi tfbquﬁénﬁ‘? ie Helegeinng desioseine egaesilBnihe Memory fpferface
page 118 remain open in response to determ ning that
138 imblook 3 12mhay tause the 8@nmaryt108itoiddse thesalgetedipage 118. In one
refresh of the page 118 or other pages 118 of the

embodRhBrity tHfhedidr§linterface IS8aay Henami® pyechadge sdbmnhdritBsignals
In response to determning to close the page 118, the

on th%eﬁn%%ry 1%%5‘9{ {®Ghic éer‘thelrﬁé}lﬁoﬁl?osrﬁj’ clpaei8e bBfe 118. In

_ to close the selected page 118. 1n one
oo EH TR ok ARGl Al 8l e e
118 aeR GRS TITE! 1 AERSHoR (Rl SVeGAeSUPBE AT Prpcasaing of
the mrgemrgorwec}l?gst?sl; ggrln?) etteg eanda}o;3 prior to the memory interface 138
processing a subsequent memory request received from the processor 102. In
general, the timing and the manner of generating the precharge command signals is
dependent upon the implementation of the memory 108. For example, in one
embodiment, the memory interface 138 may generate the precharge command
signal by inactivating the RAS of the first row address signals associated with the
memory request at an appropriate time such as, for example, after the data signals
have been transferred or possibly even sooner for some memory implementations.
In another embodiment, the memory interface 138 may provide the precharge
command as part of the command signals generated by the memory interface 138

in block 306 to cause the memory 108 to close the open page 118 after transferring

data between the memory interface 138 and a later selected column 124.
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118 after the colum 124 is accessed for the nenory

request, after processing of the nenory request is
wa@eovplogtied, and/or prior to the menory interfaPer/LSR03/026243

processi ng a subsequent nmenory request received from

the processor 102. In 15 general, the timng and the

[0037&’222ﬁ[51er%%p83§@ tRlbteemirify &S RED81IE pagaTB 8L ) iRé gléalrﬁory

nt "upon the 1 nplenentation of "the nenory 1
, r I ' ' rk i
interd 31 F o 217 R7 rifEREALTE e mleTor TR S LRl e lectea
i nactivating th AS of .the first rqw a ess signals
page 138 el ot rBORTE R i eriniantpraes JHBRRY SpFRE no
time such as, for exanple, after the data signals 20
precharge-cormmandrsigrals or sy genrrats Bage-epen coptnand signalsogm the
menory inplenentations. In another enbodi nent, the

memargrbusy! i0nvhichasaeisé3Be megmoryol0&ite lehee theepage d48 open. in one
command as part of the command signal s generated by

embotifife M IAY AbddHcerdfgsiecHaBe dofmrhbng kighlfs feultdnisite trieenory 108
menory 108 to cl ose the open page 118 after

leaviry 8P ee | op T LAl lfEiae! oy RE skt 8 35155 or 2

e PCT/ US / 24 g ni

difersry HAg, bl HaDedBamons |t 0PerEs AEABPY e RMFiet e

ek araine Bl 14 BREp 8 ST Rt o 6 g oy
menory interface 138 nay generate no precharge

requestraftendhe memadry requestyis gempleted, gndier prentodtomaaaory
signals on the 5 nenory bus 110 which cause the nenory

interfdd¥8138® ptaeeeinghe splospnukh8 nemeory requestaun|essihei nmentory
t he absence of precharge command signals result in the

interfAG P88 pidiided BRVMBEGNPA0B3dMH Fdde-6pem cominmandEiRPARS gtean
command signals are received or a different page 118

sporigt e P4 A LOTRR 5 aBELE]g8FERHgTA pageopen
commlazn% isianaalgclse gsgncfieor{t utp%% tﬁgr{%Wementation of the memory 108. For
example, in one embodiment, the memory interface 138 may generate the page-
open command signals by maintaining the RAS of the row address signals in an
active state. In another embodiment, the memory interface 138 may provide the
page-open command as part of the command signals generated by the memory
interface 138 in block 306 to cause the memory 108 to leave the page 118 open

after transferring data between the memory interface 138 and a later selected

column 124.

[0038] While certain features of the invention have been described with
reference to example embodiments, the description is not intended to be construed

in a limiting sense. Various modifications of the example embodiments, as well as

17



i 0o request, after the nenory request is conpleted,

and/or prior to the nenory interface 138 processing a
wG@amgoguent nmenory request unl ess the nenory Pel/gsitaya26243

138 provides the nmenory 108 with page-open comand

signals at an appropriate tine. In general, the

otherbhmdwganf% dtfRe | bn OfvhRANGE gpageriths p@?élﬁfs%l@l[éd in the art

conmand signals I's dependent upon the inplenentation

TN e T e

command signals by maintaining the RAS of the row
inventigfir ess signals in an active state. In another
enbodi nent, the nmenory interface 138 may provide the
page- open connand as part of the command signals
generated by the nenory interface 138 in block 306 to
cause the nenory 108 to | eave the page 118 open 20
after transferring data between the nenory interface
138 and a | ater selected colum 124. [0038] Wile
certain features of the invention have been descri bed
with reference to exanple enbodi nents, the
description is not intended to be construed in a
limting sense. Various nodifications of the exanple
enbodi nents, as well as 17 WD 2004/021194
PCT/ US2003/ 026243 ot her enbodi ments of the invention,
whi ch are apparent to persons skilled in the art to
whi ch the invention pertains are deened to lie within
the spirit and scope of the invention. 18 WO
2004/ 021194 PCT/ US2003/ 026243 What is clained is: 1.
A met hod conpri si ng:
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determning that a first nenory transaction and a

second nenory transaction are directed to a sane
woreomnyiibank and to different pages of the s BeEES2003/026243

menory bank; and requesting the nmenory controller to

close a first page to which the first nenory

What???g?'?ﬁéa% is directed in response to processing the

menory transaction. 10 2. The nethod of claim1
wherein determ ning conprises: decoding a first
1. addy esthed comprisingst menory transaction to obtain a
first bank select and a first page select; decoding a
s edeternsiditigethat a first meersenotnansastion andraseewtd memary
obtain a second bank select and a second page sel ect;
trandB&tidiP afLliRécteaitea dantd midmsorlibahk dranto diféresit pagds bhthe

second bank select are directed to the sane nenory

ﬁmg hat e first page select and the second
sa"ﬁ%ﬁ"éﬁl se et%?&é?éadi rected to different pages of the

sane_nenory.. bank., 3. T f.elal i .
o tEnEHane s moBLeI MR SitsRia frSfbAad Bl Be st
the first nenDrY transaction to obtain a fi{S% r ank
memgneansaction,is dirgglied 18 ZpsRansedRPracessing e lifst mamey.,
decodi ng a second address of the second nenory
transpgti@@mcti on to obtain a second rank select, a second
bank sel ect, and a second page select; and 19 WD
2004/ 021194 PCT/ US2003/ 026243 determ ning that the
first bank select and the second bank select are

2. di rafd SRR b @aFRTHERERY detbAtinircbrhpased:he first
page sel ect and the second page select are directed

t0 fUHHHPRTird 2P of tRE fifd FReMBAPE-InLRM6N to obtain a first

bank select and a first page select;

decoding a second address of the second memory transaction to obtain a
second bank select and a second page select; and

determining that the first bank select and the second bank select are
directed to the same memory bank and that the first page select and the second

page select are directed to different pages of the same memory bank.

3. The method of claim 1 wherein determining comprises:
decoding a first address of the first memory transaction to obtain a first rank
select, a first bank select, and a first page select;
decoding a second address of the second memory transaction to obtain a

second rank select, a second bank select, and a second page select; and
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5 4. The nethod of claim1 further conprising:
providing the nenory controller with a first nenory

WO equ@3t194 hat requests the menory control |l er POT/US2003/026243
process the first nenory transaction and that requests
the nenory controller to close the first page after

Pr Qfeh 'in&tgttha fHe ikt Wéd?cl:ttérﬂﬁﬁécéédéﬂd Mt deffect are

provi ding the nmenory controller wth a second nenory

LT f t flit st r

arecfidt o3 e e ik prFRL e B0 §RR0 RTHRSSekon
transaction. 5. The nethod of claim1 further

PageRHRGara g.*re%dptpcfﬁﬁf%ﬁeﬁgp?%%s QLIS SRS MSRPERanl ¢ h o
first nmenory request that requests the nenory
controller to process the first nenory transaction and
that requests the nenory controller to close the

4. firMdte metwdef daien prfodtkersiamgpridimg:second nenory
transaction; and providing the nmenory controller with

a $R6AamgMBIHEFMOBHEGRFollehlith 2first etBinclyTetjlestBaDrequests
controller to process the second nenory transaction.

the ?nerﬁ@@ ngg & ngf&c@%@tﬁ'e firdt or§rEHsastioN 'anF1 éh?t' requests

requesting t nmory controller O process t I rst

nmenory transacti an nd.. fi r
the FrSBaY ARG 4 e M ST poof Hieh Bacsisshy RTE o Fory
2004/ 021194 PCT/ US2003/ 026243 requesting the nmenory
transgrtiemIat to process the second nemory transaction
after requesting the nenory controller to process the
f i rsovidingdhe memanseentraller witha seeandhenudy sequesdiafter the
further conpri sing:
first memory request that requests the memory controller to process the second

memory transaction.

5. The method of claim 1 further comprising:

providing the memory controller with a first memory request that requests
the memory controller to process the first memory transaction and that requests
the memory controller to close the first page before processing the second
memory transaction; and

providing the memory controller with a second memory request that

requests the memory controller to process the second memory transaction.

6. The method of claim 1 further comprising:
requesting the memory controller to process the first memory transaction

and to close the first page after processing the first memory transaction; and
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requesting the nmenory controller to process the first
menory transaction and to close the first page before

w@r@aesapng the second nmenory transacti on; andpPCT/US2003/026243
requesting the nmenory controller to process the second
menory transaction. 10 8. A nethod conpri sing:

detrgé%rg r H@%QWIF@]%Q{ eorﬁt'hﬂﬁ) tﬁms‘tﬁégééﬁd Renh@y 2

pre e I ons one or nore nenory

rariaRoy ot e ion e el SBLBERT 6 e el i HbfEhy

to precharge a nenory device used to 15 satisfy the
transpeti@n.nenory transaction in response to deternining

that the first nenory transaction has the

predeterm ned rel ationship to the one or nore nenory

transactions. 9. The nethod of claim8 further

7. confhd miettsd @0claieg d datthergcanherisiegrory control ler not to
precharge the nenory device used to satisfy the first

NeBhYe st theGhbRidry BortesiRe 16 Procesd eheé first Mhédohmanddetion
first nmenory transaction does not have the

and HSABLEE RSFoigh ShERO TR ALPIRE L0BnmerBPinsacion: an
det.ermi ni ng_conpr i Ce 21 / ;
reque NGSPBIP SR aaN TRy &9 RlgeRy TS PrPQTd by ranspction
froma first address of the first nmenory transaction;
determ ni ng second page sel ects from addresses of the
one or more nenory transactions; and 5 determ ning
8. t hai metiod coswprisitghsact i on has the predet erm ned
relationship to
determining whether a first memory transaction has a predetermined
relationship to one or more memory transactions that are to be processed after
the first memory transaction; and
requesting a memory controller to precharge a memory device used to
satisfy the first memory transaction in response to determining that the first
memory transaction has the predetermined relationship to the one or more

memory transactions.

9. The method of claim 8 further comprising:

requesting the memory controller not to precharge the memory device used
to satisfy the first memory transaction in response to determining that the first
memory transaction does not have the predetermined relationship to the one or
memory transactions.

10. The method of claim 8 wherein determining comprises:
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the one or nore nenory transactions in response to the

first page select having a predeterm ned relationship
wowndi/obhes second page sel ects. 11. The net hod pPET/TEE05026243

8 wherein determ ning conprises: io determning a

first page select froma first physical address of the

Fi tfter Vit pAGE SbicRbfrofith AFTIaat R sSEFaRE firstafémo

seF%ctgﬂﬁﬂgnf%%y@&Qal egdresses of the one or nore i

[ transactions; and determining that the first

"anﬁﬁgﬁ§ﬁction does not have the predeternined IS

rel ationship to the one or nsacti i n
r eSietarguning 'serend PRge SEgpds T OB} addenses Abfie one of More
pr edeterm ned rel ationship with the second page
merseheirarsactions;/@nrd net hod of cl ai m 8 wherei n det erm ni ng
conprises determning that the first nenory
t r aleterotiniag thaietherfinst thansactibe hps dke peadetemnined relationship to
relationship to the one 20 or nore nenory

the bhaby atéreFREMo frﬁﬁmmstlﬁ résprises therfirstpage select having a

transact! on an | east one of the one or nore nenory
pre&ét@ﬂﬁﬁéﬁ'r@fé?ioh@h@%m ft‘f’ecéé?fenﬁg)oaﬁ/éese‘?% page 13. For
use wth a processor and

conprising: 22 WD 2004/021194 PCT/ USZOOS/ 026243
receiving a first nenory request fromthe pr ocessor
that is directed t fir nenor recei ving

a 1| e of
1.2 prhechaigs ohegess rborer te RN ARAURRETOR hat
requests the first e of nenory be cl osed after
pr cletersiniggtenfirst page s ﬁyme@c@%ysnsab@@fﬁﬁg of the first
first page of menory to process the first nenory
memefukansactiod; closing the first page of nenory in
response to the precharge suggestion.
determining second page selects from physical addresses of the one or
more memory transactions; and
determining that the first transaction does not have the predetermined
relationship to the one or more memory transactions in response to the first page

select having a predetermined relationship with the second page selects.

12.  The method of claim 8 wherein determining comprises determining that the
first memory transaction does not have the predetermined relationship to the one
or more memory transactions in response to the first memory transaction and at

least one of the one or more memory transactions being directed to the same

page.

13.  For use with a processor and a memory, a method comprising:

22
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14. The nmethod of claim 13, further conprising:

recei ving a second nenory request froma conponent
wobéan2tiban the 10 processor; and determ ni ngp¢DUS2003/626243

the first page based upon the precharge suggestion

and the second nenory request. 15. The nethod of claim

13, _ _ Syt o _
- e qeedVmBR s fRmoy Hequcet e pRcSeanhalfs RiEd to 2
first IR ; request; and processing the second nenory
Irst RANGLMEFPLY: ¢ osing the first page of nenory. 20
16. For use with an external mer%a controthl fr couPI %d fi
t o "BCPINGrd Preghapge,sYagestiop fipm the RPcepsAchal [rAuests the first
suggestion logic to generate a precharge suggestion
pagereftmemenuks closedrafies procassingsthedirsi rmamary Fequesty st
menory transaction be closed in response to
detoprening the firbiapadenef miensdry iee process teen fiest memotereqaest; and
predeterm ned 25 relationship to one or nore

SURs&SG f AHETAGTY 9 RespaRE to 23 PRecHAPGE €d ion.
PCT/ US 8%/%%6 é1%6ban interlfacepto p(r)ovi E?getheéé agod

external nmenory controller with the first nmenory
transaction and the precharge suggestion. 17. The

pragcessor. o | ai 6 erein the precharge suggestion
14.) ogi V‘?Iil?%fg&d%'ﬁgﬂ%’tfé'\p{?'ﬁécﬂmggﬁ'gpge suggestion to
request that the first page remain open in respﬁns
t o r@eeingi heerPnchEemans requast fiegkacpmnonesd othesihar
not have the predetermned relationship to the one or
prooessorsamdequent nmenory transactions.
determining to close the first page based upon the precharge suggestion

and the second memory request.

15.  The method of claim 13, further comprising:

receiving a second memory request from the processor after receiving the
first memory request; and

processing the second memory request after closing the first page of

memory.

16.  For use with an external memory controller coupled to a memory, a
processor comprising:

precharge suggestion logic to generate a precharge suggestion that
requests a first page associated with a first memory transaction be closed in
response to determining that the first memory transaction has a predetermined

relationship to one or more subsequent memory transactions; and
23
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18. The nmethod of claim 16 wherein the precharge

suggestion logic is to io determne that the first
waoreenany11v4 ansact i on has the predeterm ned rel aPCDUSIN0F026243

to the one or nore subsequent nmenory transactions in

response to determning that none of the one or nore

su kﬁf?ﬁhmce%ﬁwipb RE exerh ANhe oy @bﬁl?&te?@vlifsrptfg\‘ﬁ‘grthrgemory

sane page as the first nenory transacti on.

B B0 6 R RGP om0 sugest o

transaction has the predeterm ned relationship to the
one or nore subsequent menory transactions in response
to determning that none of the one or nore o
17. subByprasessemafcjain ¥ ydereioribe prech#rge svagestion lngic is to
sane bank as the first nenory transaction. 20 20. The
geneeatedtie grechageslifgestorsioregbesipthat ther first saggy earnaioropen in
logic is to determine that the first nmenory
respbREBREdéteminiy thae thy fdehrRimbryararsalctidn a0e8inpt have thee
one or nore subsequent nmenory transactions in response
prelBisBEh il RhshiAlo nBYE, & mbREs ARl Richary fransggtions
same rank as the first menory transaction. 24 WO
2004/ 021194 PCT/ US2003/ 026243 21. For use with a
processor and a nenory, a nmenory controller.. .
18.confhie atpd af ¢lana{6iereingdbe Rrgchargeisigarstipn lagic is to
processor a first nenory request and a first
deteugigedhatatheifirsti amony trahsadtion hasctherpredetenminashiadatianship to
that the nmenory be 5 precharged, and to receive from
thelde (i roRsSUseyueAtmeinoTy ENgactonsintresporese tohdetefmindng that
menory request; precharge decision logic to determ ne,

norRP&tfle@ind Sanbrd SuRRGUeHPRIZMAI tfdnsaktions are directed to the

same page as the first memory transaction.

19.  The method of claim 16 wherein the precharge suggestion logic is to
determine that the first memory transaction has the predetermined relationship to
the one or more subsequent memory transactions in response to determining that
none of the one or more subsequent memory transactions are directed to the

same bank as the first memory transaction.

20.‘ The method of claim 16 wherein the precharge suggestion logic is to
determine that the first memory transaction has the predetermined relationship to
the one or more subsequent memory transactions in response to determining that
none of the one or more subsequent memory transactions are directed to the

same rank as the first memory transaction.
24
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suggestion, whether the nenory is to be precharged;
and a second interface to access a first storage
wo owanep4 of the nenory for the 10 first menoPgT/US2003/026243
request, and to precharge the nmenory prior to
processing the second nenory request in response to
the precharge decision logic determning that the
menory is to be precharged. 22. The nennry controller

e T e

u on_a first address uest, and

+ b R b ipRaEAE tcens EoDAie RIOTEOT 5 TC8 mETON, Igst and a

upon a second address of the second ne request,
firshpggastiontindicating:wheger éiee;pmc‘@ﬁsw@qeles@%é@bm mgmory be

whet her the nenory is to be precharged based further
prechargedhand te receivefrenf thegirocessor ya sexioadtreemiody tégueshafter the

20 or nore second nenory selects. 23. The nenory

firsE@ehidtylrequedt; cl aim 22, further conprising a third
|nterface to receive a third nenory request froma

| 2004 P00a R P EbiohkR i BB Hsed atRstibaaptiriho first
b
suggEbfin, §utPEELE MBI i B pd RRdTERH Afthenory
 ariBAv e BiTane G arce B TS| g asigaeation BFibedelion It the
generate a precharge suggestion for a first nmenory
first memnry trequestaand toplieshatge the memery nﬁﬁbtq/prpcaﬁsagﬁh@n

and the precharge suggestion on a processor bus; and
second memory request in response to the precharge decision logic determining

that the memory is to be precharged.

22. The memory controller of claim 21, further comprising an address decoder
to generate one or more first memory selects based upon a first address of the
first memory request, and to generate one or more second memory selects based
upon a second address of the second memory request, wherein:

the precharge decision logic is determine whether the memory is to be
precharged based further upon the one or more first memory selects and the one

or more second memory selects.

23.  The memory controller of claim 22, further comprising a third interface to
receive a third memory request from a component other than the processor,

wherein;
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a menory controller, external to the processor, that

is coupled to the io dynam ¢ random access nenory vi a
wa@20vopriy4 bus and to the processor via the prPCEESING026243

bus, the nenory controller to receive the first nmenory

transaction and the precharge suggestion fromthe

pr‘ , " . « f i N 3
YRS 48 pomen astyaientl b vt
A | irst page of
ooy beseRARAG: GPon #nlrd fiofofy [ehfiel St PROE P! |

part upon the precharge suggestion. 25. The conputing
device of claim 24, wherein the processor is to
further issue a second nenory transaction on the
24.pr Rt 698MUtIpE SlexfoEGOMRIRINGIg t he first nenory
transaction, and is to generate the precharge
sughawmiomafidomtaoeess mamonyroonyprixing pagesict i on based
upon a predeterm ned rel ati onship between the first

EN® pbcelst6inagdrieratedd freédharge soggestiontfoy a tfirstraagionpn.
he conputi ng device of claim?25, wherein: the

26.
trarf2idn, isHYE B first HUIRGRAFARBLiIOR BREYXhE bfechar
raa réggié%dgjjlsat 25 liseast page sel écts; andrpZ6 ©
94 P 03/.Q26243 the processor is to

sug@%gﬁér&%ﬁla érofc?gé(%f'srgl%gén el ect for the first nenory

transaction and a second e select for the secon

e RO RoROligh exnnok © e prgsnepn Bt s CouPECR e

suggestion to request that a first page addressed by
dynamic randemmaseesy menaery aid RdRemeny: bys aadite thepiasiessot ya the

the first page select and the 5 second page sel ect
probessuy hdisf ther memorf tonffokkerdompoeive ghel kst ceerobrydransactién and

wherei n: the pages of the dynam c random access nenory
the Prectrtgearugaestidh fibm the processor bus, to open a first page of the
dynamic random access memory that is addressed by the first memory
transaction, and to close the first page of the dynamic random access memory

based at least in part upon the precharge suggestion.

25. The computing device of claim 24, wherein the processor is to further issue
a second memory transaction on the processor bus after issuing the first memory
transaction, and is to generate Vthe precharge suggestion for the first memory
transaction based upon a predetermined relationship between the first memory

transaction and the second memory transaction.

26. The computing device of claim 25, wherein:
the pages of the dynamic random access memory are addressed by at

least page selects; and
26
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| east bank sel ects and page selects; and .10 the
processor is to determne a first bank select and a

wo pog2page select for the first nmenory transBCT/USI003/026243
and a second bank select and a second page select for
t he second nmenory transaction, and is to generate the

pr gﬁEEHrS@e%*&t‘i’fﬁ)t d&Brmin@ d ABYBaHe sBRict forfthé SitstiA&ory

ressed first menory tFfansaction remain open

trarLsg]ﬁL:Sr?%ﬁ izfs Sorld 6a é§ Ecﬁapﬁes%ﬁﬁﬂfﬁﬁﬂl&g?raﬁ%& and is

e|n and age se
to 993‘%5%}? §%3§ et e%ﬁgé&%ﬁﬁ@%‘éhaﬁ%ﬁﬁeﬁa f‘fﬂ@aﬁgg%fdrﬁsed by

t he dynam ¢ random access nenory are addressed by at

the fissignemank trapsaction bealopag in espepse o thayfirsh page select and the
processor is to determne a first bank select and a

secbnd stagessplectdiaing differentt he first nenory transaction
and a second bank select and a second page select for
the second nenory transaction, and is to generate the
precharge suggestion to request that a first page

27.309r1RS &6 pBiing By fcbof oldANI Yytlerameact  on be closed in
response first bank select and the second bank

I
¢ nan e pades o 8 bnp Ak rehim Akt Mot RO SR gPhs T By o
/ US2003/ 026243 29. .Th t d f cl
leagiparly Rt A STk RAGsARECtS Siche. Gynan c ?2h8§m°ac§e2;m
menory are addressed by at_|east rank selects,

seltbetrsocessor inipedeternive firgh hank salechand afish pagse wect for
determne a first rank select, a first bank sel ect and

the dirstfmesiorptrgasactioncand asecdred bianlstseleetmndr atgemond pagerselect
is to determ ne a second rank select, a second bank

for R SsdondNflemdiE GaRsadtRHe afglie s gémeratdthesreengrgerstiygestion

to request that a first page addressed by the first memory transaction remain open

in response to the first bank select and the second bank select being equal, and

the first page select and the second page select being equal.

28. The computing device of claim 25, wherein:

the pages of the dynamic random access memory are addressed by at
least bank selects and page selects; and

the processor is to determine a first bank select and a first page select for
the first memory transaction and a second bank select and a second page select
for the second memory transaction, and is to generate the precharge suggestion
to request that a first page addressed by the ﬁ'rst memory transaction be closed in
response to the first .bank select and the second bank select being equal and the

first page select and the second page select being equal.
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transaction, and is to generate the precharge
suggestion to request that a first page addressed by
WO b@4fo2risd nenory transaction be closed in respoOnEs2008026243
the first io rank select and the second rank sel ect
bei ng equal, the first bank select and the second
bank sel ect being equal and the first page sel ect and
t he second page select being different. 30. A machi ne

re bl i i Sl i tions, that in

29'r e:‘ﬂi‘%ggm{sgﬂnqge&@%ciéxlrgngu%,&ﬁ‘?Jr?@Sult in a processor;
determ ni ng ether a first nenory transaction tha
SdheRages i ihe gynamicraggem %Wdﬂemp%%ﬂ@wsa%i by at
predeterm ned rel ationship to a second nenory

leastrrank selaats, hand sederis candpage seleetsi a8dor age | ocat i on

of the nenory; and requesting a nenory controller,
t hatheipsoeassaristo detetrnimepa fist sank seledt, adrssizankgeletteand a
first storage location for the first nmenory

first page a6letofor sl fits? nisraéRaFAIfsactien, isrtdelerafit€a second rank
accessing the first nenory page if the first nenory

selé@?%%%%ﬁ%&%aﬂﬂ%eléc‘?%nﬂrﬁé@ogl?rﬁd%gséléét%}ﬂ{ésﬂ ndGnéRBry

nory transaction. machi ne readabl e

medi.um of , ¢l .ai m 30 rejin.,t [ t] .
tradRgesif, S o8 GRresa B Brforiatfe sUBbRA B aolst Mat a first
controller to access the second 2?) Vg 2%)(8_4/ 021194 i
pagecaddieseed by e lisst MemerK rangactip Pe; ¢lesed fiegPRRsR I3 the first
transaction after accessing the first storage
rank seladt andftbe sehend rank seleetieing egualathe tist bank sglest and the
machi ne readabl e nedi um of claim 30 wherein the
sedongtbankt sedect Yeing bqual dnd thedirst paye select arwktheosecond page
requesting the nmenory controller to refrain from

se|@(§tq5‘épﬁg difftgertre nenory if the first nenory transaction
does not have the predeternmined relationship to the

second nmenory transaction.

30. A machine readable medium comprising instructions, that in response to
being executed, result in a processor;

determining whether a first memory transaction that addresses a first
storage location of a memory has a predetermined relationship to a second
memory transaction that addresses a second storage location of the memory; and

requesting a memory controller, that is external to the processor, to access
the first storage location for the first memory transaction and to precharge the
memory after accessing the first memory page if the first memory transaction has

the predetermined relationship to the second memory transaction.

31. The machine readable medium of claim 30 wherein the instructions further

result in the processor requesting the memory controller to access the second
28
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memory page for the second memory transaction after accessing the first storage

location for the first memory transaction.

32. The machine readable medium of claim 30 wherein the instructions further
result in the processor requesting the memory controller to refrain from
precharging the memory if the first memory transaction does not have the

predetermined relationship to the second memory transaction.
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