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WD 2004/ 021194 PCT/ US2003/ 026243 PRECHARGE SUGGESTI ON
woALKERIPND [ 0001] Conputing devices typically mzbcﬁ%z(us

a processor, nmenory, and an external nenory
controller to provide the processor as well as other

conmponents of 5t uting device with access to
the menmory. The pgﬁf&lﬁg GGERTI@Vnput i ng devi ces
[ rongly influenced by the "nmenory read | atency”
BAcmE’L’MﬁDry vvrite | at ency” of the conputing device.
In general, the "nmenory read |atency"” is the length

[000qf ti mﬁﬁwmypm;m 1383 ;Sr‘éﬂé@%ﬁar? gﬁo{}ﬁg% and an

ext er nal nmenory con ret rreve

ot BTN PR e SBEHEP BB e B8LA8L) Sbmporeis o

te |at |1y
the oQmBUlIEH JEHos i FReeas Ko En AL KBS BPURRUS0PS PAGUR s

the external nmenory controller to wite data to the
compyiing deviead inslsanglninfuensed dly thetmempory oead tateeey” and
i ndicates to the processor that the data has been or

"memary writee latendyt ef the computimgrdeyice 1 @ildral, DSGReRDNON4F
THE DRAW NGS [ 0002] The invention described herein is

latendy lig!iHe’ lehgth &MlM@beMeeﬁ?(ﬂﬂEthé‘ Fbddbor @,gu‘@&% f?fe external

im tation in the acconpanying |gures or sinplicit

mem&ﬂ‘éoﬁirﬁﬁéﬁt}ﬁ Birieve c{d’t‘éﬁ‘lro% {r%”m f ogygmg%érl @%%ﬁ%ﬁ%} In‘?emory :

I gures are not necessarl

d f I ts.
°°”t’°z'§§§g%"5%‘?%gher%"ngﬁQ%si’é%ﬁ‘ BenERisyed e ty. Dlemeyory
ther, where. considered appropriate, reference
write 'ﬁ!ﬁ%’ws Isgeneralbethe lpagtheef étﬂnﬁgﬁwgeqmwhen §he psoagssor requests

i ndi cate correspondi ng or anal ogous el enents. [0003]
the extgrgal memonycontroker tarwrdaidadia tethe wemore anguviheny the external

device. 1 0
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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WO 2004/ 021194 PCT/ US2003/ 026243 [0004] FIG 2
woldoagtznemies an enbodi nent of a hierarchal nmenyerus2003/026243
arrangenent of the conmputing device of FIG 1. [0005]

FIG 3 illustrates an enbodi nent of a nethod that may
e us by . : rovide the
0004, 460 o A AR AL 45 kBB A Bangement

suggestions.. [0 FIG 4 illustrates an enbodi nent
of the,eonp ,‘PQ@GWFF%&R%%;/%e used by the nenmory controller

of FIG 1 to process a nenory request based upon an

associ at ed precharge suggestion received fromthe

roces3ar 3 ilksttéshh BRpedihahidf 49\&&9@@@13&?% be used by the
tec 0

[000
E?ol | owi ng. descri ption descri bes ni ques

Proce B B o R ivbe e R0 Ftfopny ok ok B Fehpree

Sumgmqgrrent ations, opcodes, neans to specify operands,

29 e80Urce partitioning/sharing/ duplication
i npl enentations, types and interrelationships of
system conponents, and logic partitioning/integration

[0006¢ hoi CBRG a4 RIusHatdsCsrt BmbBdRhEIR of sPricthdtd M4t %‘?afbawl’sgd by the

t hor ough understandi ng of the present 1 nvention.

i, | [ illed in. th
momdcorlBlePRPE R ke OB KRRy B EKLLS phf 0
assodfiBf e trGe FhoBeptanocB e TS TG PIOFRAT s of t war ¢

instructi on sequences have not been shown in detail in-:
order not to obscure the invention. Those of ordinary

DETAIKED DESCRMPTAON W th the included 20 descriptions,
will be able to inplenment appropriate functionality

i t hoyt due experinentation. 2 0 WO 2004/021194
[OOO'IjNI *Jhe ?cﬂlowmg degcnptnon describes techniques for processing memory

transactions. In the following description, numerous specific details such as logic
implementations, opcodes, means to specify operands, resotrce
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.é 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 ifnplement appropriate functionality without undue

experimentation.
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L]
PCT/ US2003/ 026243 [0008] References in the
wapzoi/blieat i on to "one enbodi ment”, "an enbodi "ERENS2003/026243
"an exanpl e enbodi nent", etc., indicate that the
enbodi nent described may include a particular
at ur t. cl e t _ever . "
[OOOQErb I'-@efeféﬂdé‘s it! tl’? ﬁécg@é@;aﬁ Ebﬁ "@EOCH&WQ?pa?'%( emﬂo&i}ment,
waw feat st r ar ,char is Mor eover
an EmPIS SEmRBliment! S, tnaiaGufs ﬁ% F’e?'meﬁa desctihed
enbodl ment. Further, when a particular feature,
include & partiguwlar featugrapiueture, ar |cbara;:t@|r¢@@a butaveny embodiment may
connection with an enbodiment, it is subnmtted that
not necessarily inciude the partivdladizatiot, ghn@cteké,Idr@dla'rarctéhﬁicﬁl\noreover;
to effect such feature, structure, or characteristic

suchiphréssy@et AdthetketSary Refe b
epllpr)l icitly descri bedy 10rrf@(;iggﬁ %%Fmﬁdi}ﬁ%f"ﬁﬁtﬂbr when

a pal‘tleyl‘%!“féa‘i’u”re”@%u&%ré o R a?ét@ﬁst s N fq%%ﬁ‘b Slﬁlhé%%%fth an

tware, Or any conbin ereo
e VOR S et Rl PRS0 LS s oo

fand executed by one or npre processors :
e“fech%% gatureasiaisitare, ﬁé&hafﬁcﬁmstlicn% caBeection wik mmﬁrsm for

storing or transmtting information in a form 15

embadimeatsi whetheaonachexpdictly. describedonput i ng devi ce). For
exanpl e, a machi ne- readabl e nmedi um may i ncl ude read

only nmenory (ROM); random access nenory (RAI\/D
stora

IOOOQJHEQﬁEh&@@%%ﬁ@% inV ‘?'geim?reh'ﬁ‘?%akﬁmwe in Fotkere

or other fornms of g gated sj gnal s ? carrier
firmwalg, SOMWarg . f 3ty &9 h'a don thegeela| @b%@e@ s af the)inventipn may
ot hers. 20 [0010] An exanple enbodi nent of a conputi ng
also hesifiplemented as Eistuations stogd on a mhchipermpatiable mediuce which
100 may conprise a processor 102 coupled to an

may hexteadrexid exenutey by amerar rhere filodeys@rsaApnacitingaeadiatsle
106. Further, the external nenory controller 104 may-

medulg? xﬂlgbsﬁg&mwhﬁméﬁﬁfd sformgBHRansnRitfhglikfbridation 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
(RAMY); magnetic disk storage media; optical storage media; flash memory devices;

electrical, optical, acoustical or other forms of propagated signals (e.q., 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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0 WO 2004/ 021394 PCT/ US2003/ 026243 processor 102 and
wothewozcpgponents 112 (e.g. a nouse, keyboard, pHrR9003/026243

controller, hard disk, floppy disk, firmvare, etc.)

of the conputing device 100 with access to the nenory

orocer 108 HoOCHRRGRIAR 148 I BIBORE 8B 65 hoter,
naro B35 5B Rrbverace AT iEs Sl reidioies Toa mEa ads o the
on the processor bus 106. Further, the processor bus

mempmt t18.ace 114 may respond to and/or track
transactions that other bus agents such as, for.
exanpl e, the nmenory controller 104 and other

(0011 OT S PTobERgr 3UBLy b33ERsED viFe Ry B Rla LR o
handlgr&charﬁe SUQ%?ELLQ.QJ.?QLE to _generate precharge,

may

6
i UWUeﬁwoﬂv%\a‘%-, TheBIgsEasPbyinteniace 1141
. suggestion logic 116 nay determ ne based upon pendi ng
Issue dansagtionssushicas, desexgmplen mginonydransactions ahdhé @rocessor bus
cl osi ng open pages 118 of the nenory 108 (See, FIG

106. Ryrthemytheeproeesddr Giusl inteof acenoidympe résyoraintoeand/or track
response to determning that 15 cl osi ng open pages 118

transaBlBn® hAARES i Phgeitd SURR YS! ASrdSatisle Shki rABmopy bﬁn&éﬁbr 104
e

cause the processor bus interface 114 to provi

may
.t.h echar ge
and olfef pRICSBR, (rRF SRaNnERBLE LAl prbddsdds sy 8 7104

cl ose a page 118 of the nenory 108. [0013] The nenory

108 may conprise various nenory devices conprising 20

[0012]addr eBmmptasessar Himaydatthensompese precharg® suggestion logic
controller 104 may read data fromand/or wite data

118 totgenefaee pﬂi%&ﬁénge]él%géﬁﬂoﬁ@.ﬂﬁfdn‘éeerﬂbédiﬂfem pHethsfgNt

types of nenory devices such as, for exanple, dyrfamc

suoge SR 565 Bkl B g ARG pctions o
the pr&?&s@or 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 controlier 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 wiite 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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A4 0 WD 2004102 1 1 94 PCT/ US2003/ 026243 rate (DDR)

weRAMLley ces, quad data rate (QDR) SDRAM devi s@fysisinze243
other nenory devices. As shown in FIG 2, the nenory

108 may be arranged in a hierarchal manner. The

rate {B138) SERAMERCRBUE Rl Ay I QBRI RO R gBlchar pdner

122, and each bank 122 ma 5 conprise one or nore,
mempiieviees Anshaws.n Elishdhe reamanh & MesbaYaRERAIT 8e

one or nore columms 124. In other enbodi nents, the
hieranehal nyarress. rhg noemenyi €18 mayreomprisecors ohmgraranksg or channels

| evel s than depicted in FIG 2. [0014] The nenory

120. Eerehirahk @R01Ady gampeisePhiee roneasarkst 122t each Batk 122 may
handl e nenory requests of the processor 102. In

com tcﬂg oﬁmg 'g%ﬁgé or Fds 1 $8UeHhdrS eh@lﬁ papace slrady ®@prise

urt nory requests of the other compdnents
112.  The req t i rface. j :
one B SoPriret #4500 o erasfichg s, Bie FRTBGHZ Foff may, samerise
wi th the processor 2 vja.the. essor bus 106. The
more §W§%F%?$§ine€eégaﬂdﬁm%?gﬂgéﬂgdﬁpri se conponent
interfaces 130 to comunicate directly with the other
conponents 112 via buses 132 such as, for 15 exanpl e,

[oouﬂer | PR AMeRI RBRROIr0Y &axggfﬁpg{s% tedUtstterface 126 to

ccel erated graphics port ( uses, universal

i pflo D 5qd S B eb Y TSl B RFE e reqest

it B e L S e A e ot o ot fs 112
processor bus interface 128 and conponent _interfaces

The reguesgfintertagepkd may SOMENBEH pqugs%ngus interface 128 to

communicate directly with the processor 102 via the processor bus 106. The
request interface 126 may further comprise component interfaces 130 to
communicate directly with the other components 112 via buses 132 such as, for
example, peripheral component interconnect (PCl) buées, accelerated graphics port
(AGP) buses, universal serial bus (USB) buses, low pin count (LPC) buses, and/or
other I/O 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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20 conprise one or nore packaged integrated circui
wobe0hp®3194[ 0015] The menory controller 104 may 4

conprise an address decoder 136 to decode an %ﬁ%@@mmw
of a nmenory request. The address decoder 136 nay

e .address of a menory reguest enerate ope
correS A5 il B Gy fingR g ks o s aay b SR Tk ey’ BE usea
PCT/ US2003/ 026243 correspond to the hierarchal '
to selgft areddrent apartindanstonide logation ef thaimemgry 308 deanet o
sel ect or address a particular storage |ocation of the
embogdirment; thegddressdesodenihdd mmndetetrhinenal dardsseldet; baak select,
136 may determ ne a rank sel ect, bank select, page
page seleattandadoun®belent et fsspcchiadly Isefdtt @l ianr| 1205 bk 1122,
rank 120, bank 122, 5 page 118, and columm 124 of the

‘page TaBP&Nd E8Rimi $22 of ﬁi&neﬁnéry Hw;ﬁ%@@%:z interface

controller 104 may turther”conp

138 coupled to the nmenory bus 110. The nenory

interface 138 may apply one or nore selects such as,
[0016} or eXberpremonheonteaiier $84 enay, fustivek compeise,a anp@daterface

select to the nenory bus 110 to open the page 118 of

138 compied Yo I8 nassowyi taiset 0MTiHe rBendrp intBFBEY 188GHEY bppiithe or
menory interface 138 may further apply one or nore

more S81keR!fichSak HoPéxarhle, ﬁ?@ﬂﬁﬁk%ehédi?b?ﬂl nﬁ&@&é?n@?ﬁaﬁegselect to

the nmenory bus 110 to select the co

[ nd witipg. 100171 T
the m&RERFELE 338 13 HPeh o EREY 1B fieont 1P relogRl B e
deci sio | ogic 140 to determ ne _whether to cl ose open
me”“’%b%‘&'efgsﬂa DEFace J88 may fithersanal,ene o mmorersalects
precharge decision logic 140 determ nes whether to
such a8 Byexamplgethe galyBniseiaal tathmmeneenyduse! Hutmsalectthe column
received fromthe processor 102. The precharge _

124 of dee iopevad Ipagec! 1840 negdiay saddedtirgri ne whet her to cl ose
an open page 118 based further upon decoded addresses

of menory requests -received fromthe
[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 detérmines 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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processor and/or the conponents 112. The precharge °

Wit 8dogh®hie) 0gi ¢ 140 may utilize 20 different alQopitiiBoreass
to i nprove aspects of nenory performnce such as

reducing nenory |atency and/or increasing nenory
o bandwi,dt h. Generally, such, al gorit attenpt to "
PagirRiasn G CesRe s HADR s end s o doiatics Ja4r AnpegE-empty
reduce the nunber of 6 WO 2004/021194
algopithm tiet plesesasmes 1ifaefdhbaimemonctf afier evely ascess. and

attenpt to do better than a "page-enpty" algorithm
that cl oses pages 118 of the nenory 108 after every

cess - hit: C Ln.r ‘ tQ .
10018F o P ade Rl 1p 00 Y et d s BBRER s Bsing
opened f.ar revi ous  nenory request. Fora page-hit 5 .
an opea £age R JRARYES PPERRY 199 3 BrevIQUS enank seaiester g page-hit
1118 open after accessing a colum 124 of the page _
accessgiegnenesy peeliolsld Ofuney ipavedbe pagarid tneperagtiesaceessing a
di fferent columm 124 of the open page 118 for the

coluranri2dndf thepage Tiédioetite pravioagenemons reaest andanay actess a
response to a nenory request accessing a closed page

differbhBcolam1 2aBKthb2Epdrgdgd 858 ftahE @UrieAb hehddryaRanest. A page-

For a page-m ss access, the 1o nenory controller 104

miss Hces oééﬁs?ﬁ%bfgﬁ%g t%%ﬁng@ﬁbhqefg@%gﬁé acs(i:rgggggo%ed page 118

another page 1

col u 24 of the new ened 118 for. the
of a (K 3% ek nep Arbfli et IR Gndil Bor aaheMjss, dfcmsey the
has about three tines the |atency as a page-hit
memggceanroligr 164 closesithe gpeppags i of the t?aé’!l‘p&% ©ness apother
mam)rel request accessing a closed page 118 of a bank
page 1123 aftihe baak 122, padescessesiBcolhmin 324 obthenpewlyrapersed page
page- enpty access, the nenory controller 104 opens a

118 fot iheazlirgead endrhBnofequbst. Papdgel@iss acckss aily has aboonthree
124 of the newy opened page 118 for the nenory

times'tRE URBhey As RASEGEL AN Y cass %Sﬁaglaeaﬁﬂa[%% b&ccié‘?ssoécﬁﬁﬁ_tin PéF&Ip"gﬁse to

the |l atency as a page-hit access. 019] Shown in

a memohPrétflicSTHEETRY a RlosBd Balgaofh & 824 bERK 122 HEEHadNoPaGes

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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20 processor 102 to provide the nenory controller 104
harge suggestions. In block 200, the
wgiedg#}fgirlg% suggestion logic 116 of the processormﬂf’ﬁmoy026243
may decode or partially decode a first address of a
first mepory transaction. In one enbodi nment,
addrgseehthedfisngmesy trepsactipntoaBaine 5E$é§hbf$|09bf&ﬂkéel90t a first
decodes a first physical 7 0 WD 2004/ 021194
physiR@rbaigk 86lRL 2621AF afitit physicl gaue $elestt Therommyputing device 100
transaction to obtain a first physical rank select, a

in sofme 8inboBifYsrits dhaypsipdielietibl a@d}@é@.hgan fatHiH tti&]iéﬁjdé@éor 102
page sel ect. The computing device 1 in sone

usesSROSY JIRALS LAY 2UBBOGIordle dtalioRSH fRSAtdr) 148 Te

he processor uses V access
ocessor

ProCgST 30 BRI SERP L SRR PO TGO DAY Napsiata R PLRE ViR map the

ot herw se map the virtual addresses to physical
virtug] agideassss to magabacmrﬁsa@% they ape ubiratelydegasiesto access
storage | ocations of the nmenory 108. In such virtual
storagd doeatioins f dmb owimayt 8. il suchpvisuiahaddressingesmbodiments, the
| ogic 116 may decode or partially decode a first

prechargé sabgestibdr logi: P16 fizg dddodie orpaptimiyt dexiieca figst virtual
instead of a first physical address to obtain a 10

addrdds’ éﬂthé'ﬂi’éﬁﬁé ?‘Faﬁ@écﬁ% mﬁe?ﬂ ' firk{ [{)%&5‘%5%?8 {o obtain a

sel ect Irst virtual page se

frst VB S el b Maf iieaRE i S4EG, aBflier SR LT Beoe select.
second nenory transaction that follows the first
menory transaction. In one enbodi nent, the precharge

[00203 ugge st blook 120@] thelpechdrposiagyestionasdic al1bymede cedode ar
second physi cal address of the second nenory 15

partially %‘é@@é a0 coAd iR Ss 8f & 8666KH H@h%r?atfarfs‘%ﬁﬁoﬁ Qhﬁ%i’lovlﬁs the

second physi cal bank select, and/or”a second physica

first n@ﬂ&aﬁﬁéﬁs%‘btioh Ve &ﬁllboﬁﬁrq Sﬁ‘len % ﬁoéﬁ%sélromtgglp 116

rge suggestlon Ioglc
dewtf%sa% STl P Stfons BRI e %ﬁ@rg%%&i Hecaand (pgmbry

transaction to obtain a second physical rank select, a second physical bank select,

resses

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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L}
obtain a second virtual rank select, second virtual
wioembd/eetaact, and/or a second 20 virtual page Sﬁf’ﬁﬁﬁmosmmm
[0021] The precharge suggestion logic 116 in bl ock 204
may determine a precharge suggestion for the first

i SRR SO SEEIER PSP O HBEANR HobbfiBRlage 11

logic 116 nmay be inplepented 8.0 WO 2004/ 021194
genetslds BEIREAFGEEEgeRIG NAt dRAUEHS the Beaaly Gortiolier 194 to close
whi ch .t he precharge suggestion |logic 116 generates a
a page tthaf e @@mﬂgam fernonsedo determiningrthabpredetermined open
~controller 104 to close a page 118 of the nenory 108
criteriaranegxyi satisfied Gimiverselyithg préciarge edgyestiomigioned may be
criteria are not satisfied. Conversely, the precharge

impleRiea66 Witha Hefiuft obbh dTgorithf i WiEh @ ' s
default open algorit hérr[?(iyrﬁ whi ch theﬁ%%&gﬂ?f%%%”agesmn logic

1O HRAB B8t AT o T R O
1 f 108 o [
AL A W YO K IREE e RO

atisfied. In yet other enbodinents, the precharge
predelggyaad clase Gigria aresnetsatisied.dpvetethas embediments, the

affirmative algorithmin 1o which the precharge :

prechgggysuggestiondegic 1166nap berimplsnentpdevitibag affrmygivetalgorithm in

that requests the nenory controller 104 to close a

whichithg préditarge suggestitseioyie THE gémerateida ptdiHarge s_uggestion that
predeterm ned cl ose criteria have been satisfied,

requeSIBNAE FhEMofy Edirlﬂ&ﬂl%? 904 15438 hade Hgtirl E?%tggs‘ﬂo;&@ermining

menory controller 104 to | eave a page

" g . o ed
et piGEERRo S RELSHAPL AR RS B, SR A gharoe
suggeflict i HEaie s i ptnom o ol Ga L4 q evPes haGe (18 open n
redeterm ned open criteria have been satisfied. By
respor%%tﬂ deiggmining that peedpteriggd oresreriterirhpve beengatisfied, and

~suggestion logic 116
provides no precharge suggestions in response determining that neither the
predetermined close criteria nor the predetermined open criteria have been
satisfied. By providing no prechafge 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



may defer to the precharge decision |logic 140 of tshe
ntroller 104 to make the precharge
“gjg{bg%yn E%tl on. 20 [0022] In one enbodi nent, t H& T/US2003026243
precharge suggestion logic 116 determ nes whether the
first menory transaction and second nenory transactijon
equal,the gy Q‘g‘tﬁr% suggestion iegigel 15a58Y ﬁ?@erm'nﬁéh@irtbe iamspgliens are
upon the decoded first address and the decoded second
directatbitocths saree pegartpBaf némortyel Gdhard sw eproyidebthelprocessor bus
sel ects, and page selects of the first nmenory

interfatangactitton preschdrhe saggestibrBEDraqUsE RS mbrptenfolier 104
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WD 20041021194 PCT/ US2003/ 026243 equal , the precharge

to les\ABE T on1838¢>8n égér é‘&iésg %;eth@ e 1 for e £ first memory

transacti Irecte sane page

transgﬁtﬁ%}r %Bazllg%%n%hp%gg 1gl 'ecgpfggf, Erge étg(zcﬁ e rgiﬁréqnsactlon is likely

requests the nmenory controller 104 to Ieave t he page.
to fesl’i‘g" SoRpgerhitaccasewhichmpinheeqycgdhe ayerage latpnagy, @fgpgmory

menory 5 transaction. By IeaV|ng t he page 118 open,
transaetionsecond nenory transaction is likely to result in

a page-hit access which hel ps reduce the average

| atency of nenory transactions. [0023] In another

o0z 5L PSR b9 o

nory transacti on nma esult in
Whethes 366 B dnaoBs L aRsaaan diel Fasand HeMeey baBsagion may result in
first address of the flrst menory transaction and the
a pagedvinsReess dased upondastial slegodesrof the firgh sddreissof thefirst
particul ar, the precharge suggestion logic 116 may

memmrgttmnsianﬁomvlaeu Hiee sebend address o the yetorahseatorgtramsdction. In
second nenory transaction may result in a page-m ss.

pamcbmetﬂetmeahé@%tg?b@ﬁémo htanke ﬁ%ye@étérmmhétﬁbﬁﬁ’iéfrst

or conbi nati ons r ank 5 sel ect's, bank selects, a
memcf?‘%%%g%%ﬁ&ﬁ 8ind '5R8Eofd A8 Gry tH}%aE{ISH AP R stHIN 834 Imiss
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 sélects 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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116 may determ ne that the second nenory transacti on

W 20oukpliys to result in a page- miss if the pagg-r/usioesnzezss
selects of the first nenory transaction and the secon
menory transaction are different w thout determ ning

nk sel / | ects for the nory.
1002421 T Dol s int T bleriofe siaegiaiapbis 16
det | o icé{éll(? may 20 determ ne that the second nenory
e 9W§ﬁ§ qter g%e PT ROrg memerydransactkons i doligw aifirst memory
e selects of the first nenory transaction and the

pa (
tr 3"%‘3@8@“ arergitectedito dng samiepager £18 aé thes first mérhbnutransaction
determ ning rank selects and/or bank selects for the
basedapmmyselécts s ded first nerdOryWRRARH6M AhdMe selects of the one or
PCT/ US2003/ 026243 [0024] I n yet another enbodi nent,

mord SifbgRGBERBMEPSTY SRS hEMShS. FBF %xéH-lﬁ g, ‘iﬁ% l%f'éEH?ﬁS? %gé@&fon

one or nore nendry transactions t é\t oW a
: ' ' t the sa age 1
togic 138y AbIHHAS kool Bbn SRR 7 ot bl opd EnBAdrs et
the first memmry transacti on and the selects of the
follovi 1 fist Bregtipry tansochir ATat AonB Ay 1he finy FRGRBENBEMOTY
exanpl e, the precharge suggestion logic 116 may
transgelinsarpdimeteditafhersarae sage 11 8rasf therfirsememory transaction. in

transactions that follow the first nenory transaction

respanisatto determuhingtthaf mene sfihedquesubsereny mdniGmytanisaetions are

are directed to the same page 118 as the first nenory
directetiaotias s pade 1183BURE brst %aﬁb@rtﬂaﬁﬁdwohhﬂf Ors}%ﬁa@e |

the four subsequent nenory transactions are

suggelitioRq6&iE 11® ﬁnBﬁ péVTEe WSxﬂaﬁ%ﬂﬁeﬁmpﬁy é&}itgégulég‘%@%ym9

transattion, t prechar ge suggeéstiion

prechBfdR ki Sds B tieCienlrs Rl e £14 R clased Hlafeaaussing
.be closed after processing the first nenory
thef"?f%‘ﬁ itr@ﬁ‘.sa[:wgﬂ In bl ock 206, the processor 102

i ssues the first nmenory transaction on 15 the

processor bus 106 and provides the nenory controller
[00251.04 WintBloék ROECIRRISH8cessor 102 issues the first memory transaction on
the processor bus 106 and provfdes 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 th.e memory
controlier 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
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suggestion for the first nmenory transaction. In one
Yol t, the processor bus interface 102
ngr'igﬁnggﬁgn t he processor bus 106 that request q}?ﬁzﬁﬁb&%%us
menory controller 104 to process the first nenory :
transaction and that provide the nenor controller _
suggagtionyia i@ sitke-bgnddng: (et shgyekinebis SeprdiedTomtse Rresesspr bus
request. In another 20 enbodi nent, the processor bus
106. it shouldsueapéciated, iwrevdicthat Huhprogesseytfss mayrprovide the
during a transaction type phase of the first nenory
membryastiaRlleon04 Withvibk mechdrge suggbstib meiatothéhiechniipesssuch as,

bus interface 114 provides the precharge suggestion

for exdirhpIB dothBr ﬁﬁ&%&géf tﬁ%ﬁfﬁ@t '%Hfdﬁ trfahéét%‘tidgﬁ@;% arate bu%us

transacti o n ot enbo nts, th cessor

transooH B Freh e P A S Bntin B e abE R R B o 5Pasig by
suggestion via a_side-band, bus (ant shown) that is
transagjory thabfollpyin the dirgl rae@esuiragsactionps. |t shoul d be

appreci ated, however, that the processor 102 may
provide the nenory controller 104 with the precharge

uggeshi ' tRer; ) 4G IR e e,
[0026F 37 T #odksol 1D2lip RERTCUABY R e seckhd emmm) e

r te ‘ i L St '
transSGREI FebiBaget GBS0 Alel BRI ERRTY HaSabd g Further, the
that follows the first nmenory transactjon [00261 The .
procespel KR BIaY R VIcH thP CRREDBSIAOIEE 408 YA SESORRTORSNGapstion
transaction on the processor bus 106 after the first
for thersaeend mesmaradtansaction baped uppna thiyd saemony trapsaetign that
provide the nmenory controller 104 with a precharge
follows uhgestomhnindyrirarieactiecond nenory transacti on based

upon a third nenory transaction that follows the
second nmenory transaction. [0027] It should be

1002772P" S SR8 3ot B I SR B et 38k ot
fact redsltJJ?t i}} ?hg ﬁllzeiel)? %?:cggsaessoigtsﬁcatlzgé 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, thé memory controller 104 may elect to close the page
118 and process another rﬁemory transaction from another processor (not shown)
or component 112 between the memory transaction and the second memory
trahsaction. Further, the memory controllier 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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exanple, the nmenory controller 104 may elect to ei t’her
. open the page 118 15 based upon criterj.a i.n .
Wgﬂdlglﬁ??zg%%to t he precharge suggestion recei ved%#rjz?ﬁzP%é026243
processor 102. For exanple, the nmenory controller 104
may el ect to close the page 118 and process anot her
requegd interface 4rE &f the memencanbioher 104 mayseseivermmespeniTRquest
or conponent 112 between the nenory transaction and
from theeproeessal 1ighiay cotpeses atiatdressuand apretivergeesuggestion. In
controller 104 and or nmenory 108 may el ect to 20 close

one érBodiatint, the SHoR BUS GRtbiice 808 eskeivéetHeraddrbts amd the
ot her pages 118 of the nmenory 108 between the nenory

Prechl 38 3Bl s i’ BB RANERCH & RERRIP HehSBction e

t hat ,.na e ,used by th nory caontroller 4
procass Bt bUE 08 EBYer b IaTesTeR Aoy BaR radre TS 2, the pysonarge
2004/0 2 1 1 94 PCT/ US2003/ 026243 request interface
suggestiongnay he rreviged te s mamey coolfolier 104 via gtber teghpinues such
request fromthe processor 102 that conprises an
as, fonedampie, sighals pn ectide-danduganrta separate transaction on the
enbodi nent, the processor bus interface 128 receives
procesber lagsiness and the precharge suggestion of the
menory request via a nenory transaction of the s
processor bus 106. However, as indicated above in
egar% to FIG 3, the grechar € _suggestiqgn may be
[0029Lr ovi 4B8 addrassederasist J 36 dmblask 302 may decadg the address of the
techni ques such as, for exanple, signals on a '
memay deqiestdo iohtain e decodedraddsess earspiising onenon mere memory
processor bus 106. [0029] The address decoder 136 in
selects| beéndembuaimdet; tikeaddesadidreder 036 ey gerieraterfrom the
request to obtain a decoded address conprising one or

addre89 aed dBIMRGYa e ££ ESmplifing erapR e dTEA bank el 04 page select,
decoder 136 nay generate fromthe address a decoded
and a S%g{erﬁé éﬁ%hﬂ $ha prvid theSStbEfdrge i didl8n F65iE 440 Zhd 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 reSpohse 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 rﬁemory 108. In one
embodiment, the memory interface 138 may generate page address signais 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,
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and a colum sel ect and may provide the precharge°°
woeodsi2om4l ogi ¢ 140 and the nenory interface g8 wébsno26243

t he decoded address. |In another enbodi nent, the 15

address decoder 136 may provide the precharge decision

" , . . . 7 e _
e righls (Ot e FOELS 3 by EBRER o ol AR
| ect uch for, example, only a page sel ect.
fhe ra?’%(?fgscsﬁ ﬁ%‘{;g%‘%ﬁ%@%’&%&!&%%ﬁtcom rol l er 104 sel ecting
the nenory request for processing, the nenory N
interface 138 in block 304 may generate page address

003120 Si FRalremry itemEIED138 fHisiodd Bobhaky ARME felcbumn
[ gf t he msm)rynt108. In one eﬁ"oodi msnts,/ ther%e@%?@te mn

oo S B ST ALLE SRS 0 s

colurped SF ke 220K, Sel ect igﬂpgmpaag e Select jassocigted wih
HTE e hEnpy i g€ 1 1 tEHOREe 3T The PO HaRr@gent, the

signals, 13 0 0 WD 2004/021194 PCT/ US2003/ 026243 t he
memQpg ielface d 3gdyay penerate sgimn addresssignalethat consprisesa

is associated with the rank sel ect, bank sel ect, and
columpeagksiress strobe [OAS) pndike colwonly selectassuiatdd8vittHy meknory

306 may further generate columm address signals and :

requesto nreeEpbonrddte dte sbIRM Sddiest R{YMERAY nbé?ﬁo?lﬁozﬁ Balectsa
select a S colum 124 of the opened page 118 for a

oS24 8B SUREH A0 S PR ol B 005

may gener at
L o e S
the mGE-rpngryct(njtljsi.J WO ?ﬁgtrc%%%gﬁ |i'egtrl11%| sSe’IéctEett:J1 %omang g‘c))/r alggtast%r?gfgﬁ Faor
example, the memory interface 138 may generate an active oufput 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
colu.mn 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 generaﬁng 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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colum 124 of the opened page 118 that is associ at ed

Wi ZolMehessmenory request. 1o Further, the nenor , ,
interface 138 in block 306 nay generate conman T/US2003/026243

signals on the nmenory bus 110 that configure the
xanpl e, the

ot S BP0 PR BB e B

enabl.e, ( ignal to cause the selected colum 124
124 E}nga?)fjﬁkﬂ %Q%ﬁog‘éﬁﬁr‘peﬁnﬁﬂé?@%w 138 with data stored

in the selected colum 124. Simlarly, the nenory
interface 138 may 15 generate an inactive CE signal to

[00333auserd BRcRE1®C itlhrie@hd 0 %{é@ Ié@@thggg% ‘?cﬁmory controller

provi ded by the nenory |
104 Lnter 38 in.block may access the
BTG ook 1 Rhde d18 Anebolledudh thagnemory
ry,interface 138 and the selected colum 124. In
request BBt Waor i ProCharGRepHITgEStiAT @spaeiaterbbermgmary request. in
data to the 20 selected colum 124 by generating data

one eghgdiment the pecchergs gedisionlagic M8t determines that the rdlemary
to be witten and a data strobe. Simlarly, the nenory

interfacet 136 iade cldstBthemageens atless erslpfrhardd syddion requests
sel ected columm 124 in response to receiving 14 0

that th2Qskle0R14. %B@éﬁﬁ@@@%hgﬁﬁg‘éﬁyﬁrﬂ?% ?nﬁ?hzeés%ré%‘?gaision

menory bus 110 that conprise cel

osc ROEEES 0008 oo R e AR g9 11 er

[ 0033
t mory controller 104 determ ne whether to

unlessihe iR, o300 teciests Bat e pogh a1 himaigsedauest

based upon the precharge suggestion assaci ates the

menory request. in
[0034] In yet another embodiment, the precharge decision logic 140 may
further base its decision upon other information such as, for example, the decoded
or partially decoqed 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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one enbodi ment, the precharge decision |ogic 140 ot

S that the menory interface 138 is to Iose
“ﬁe]igsjlg%éﬁlw unl ess the precharge suggestion H%@P?mm”
that the page 118 remain open. In another enbodi ment,
the precharge decision |ogic 140 determ nes that t he
prechwrge spgpastien rasestiag ﬁ'@;atttbe peged 18rhe gaged 1Smnilasynthsy
unl ess the precharge suggestion requests that the page
prechdre ecisias edic 14081block 3y 6tmandeteeminentoociose the page 118
‘ precharge decision logic 140 may further base its.

| assoéi@fécﬁwm theP AierAbryaeqLBS IRt ¥k pHThaRge sﬁggeaa@mq@.esting

the decoded or partially decoded address

that @Eg}%@é df 1?3%‘?&51%%%@% ﬁ&gﬁolﬁ‘:é B‘ii:%gerrrgﬁr% ; ythb?h'lél"nory interface

ress

sul.t of the a_ddl I ona n, the p e
138 1553 iR @ Qe gy 0 i%@%ﬂ% DI BL b ades EES e,
that_ the precharge suggesti on requested be cl osed
memapd! ¢} afterepicessiag dee MmamedrqueHgi c 140 may choose to
cl ose a page 118 that the precharge suggestion
requested be left open. [0035] For exanple, the

I .

00Ty S BRI ey e

138 #h@wﬁ?@%&aé&%&%?&m oy PR Beeledtes hags 118. 1n one
determi ne to | eave the page 118 associated with the

emboghimepty t h%ﬁ\?é'@@ryd@f@ﬁfaﬁﬁﬂﬁﬁ may gepeiate PEPRIANge CRENRARG signals
menory request has been processed despite the 15 0 WO

on the cemay e RowhissoonsseObe Mampnetdditagclosadhe paigent 18. In
requesting that the page 118 be closed. Simlarly, the

general, ¢id praphaitgs icoirman @ gighalkA@sult irbtheckefidly B closmg the page

determne to close the page 118 associated with t

118 affBFeYcdIGMHeria %@a%ﬁb Sed N5 tRE B5dIAbEAeSUESE HiteP Processing of

requesting that the page 118 remai'n open in response
the mbfof F&dulst i ohpte dEIRIYr ridrab tRE fhemory 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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5 138 is to initiate a dynamc refresh of the page 118

we 20048 §94Pages 118 of the nenory 108 after pr [ .
the menory request. [0036] In response to deteri %‘31353%26243

to close the page 118, the nenory interface 138 in

| ock ;312 may cau the. menpry 108 to close the
10038}, o IR isiieTog e e TGS 10 rasNearASS § HS oRefioig memory
. interface 138 nay generate precharge command signals
interfage J98tim blasknbtdy meyfurther gavserthe suemonh08dedaaveltbe selected
cl ose the page 118. In general, the precharge comand

pagesi ghapen. iesnkterhboditentetive myerh6 sy interfdoeg! 38 enagnegeneratcBno
after the colum 124 is accessed for the nmenory - -

prechizgE @8mmahd §(f§;/nﬁl506rer_%§y HanBfate tp%gef@ig?f é’orhl?ﬁ:lgféﬁigg%s on the

conpl eted, and/or priof "to the nory inte
' ] t | V.
memBRRBES T s SRR e MRy 4P S HATE b RERls £, 0B 1 one
nner ,of generatjn he precharge.co nd sigpals is

embalfiaRh die aSTNCS PLPRRBPRAIATEOH SNam oSl g e roemory 108

_For exanple, in one enbodinent, the nenory interface
leavingthepage; tHz PREB UNKiLPIRChaFYE gRINBGRAEIgNals iage seceiyed or a

i nactivating the RAS of the first row address signals

differemtpageat thiofihehmehery 188us pperepldn anathemerappdioparit athe
time such as, for exanple, after the data signals 20

membgvVEDSEiases RNGAGS 1 €8 after BRSEIINMN BMER £R@18Ed F6H the ¥iBmory
menory inplementations. In another enbodi nent, the

requeE e tﬁé‘h?érﬁé@%g#ﬁ?gﬁ@%oﬁr{ﬁ%tggeaﬁtﬂ’Sl' @FiSF{@ﬂﬁemgnR;y

conmand as par e co sgnal § generate

ey PRI 58Py 54y By

intert3geE 3P PEavde iede e dDaMI5G0-2Bo% CADBRRA FEEERDA an
appro;P)%’:eUtiSr%g.o 5’1/ g(;)ezr?ezrgl3 tl?e E]iming and the manner of generating the page-open
command signals is dependent upon the implementation 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



[0037] In response to determning to | eave the pagé
wblBop#siuy the nenory interface 138 in bl ock %g@ﬁ

further cause the nmenory 108 to | eave the sele { 03/026243

page 118 open In one enbodi nent, the nenDry interface

138 necate no .pre connan na S

other bR Ret8 ok Moo St Simch fi SPRB B 15 Bons siiptidhe art

0 whi ch cause the nenory 108 to Ieave the page 118

to Wftb?léﬂ'e iNMertien pekdingiaie deemasktodisskitiie the spiriéendrapspe of the
conmand signals result in the nenory 108 |[eaving the

inventi@ge 118 open until precharge conmmand signals are
received or a different page 118 of the menory 108 is
opened. In another enbodi nent, the nenory 108 cl oses
t he page 118 after the columm 124 is accessed for the
nmenory 10 request, after the nmenory request is
conpl eted, and/or prior-to the menory interface 138
processi ng a subsequent nenory request unless the
menory interface 138 provides the nenory 108 with
page- open conmand signals at an appropriate tine. In
general, the timng and the manner of generating the
page- open command signals is dependent upon the
i npl enentation of the nenory 108. For 15 exanple, in
one enbodi nent, the nenory interface 138 may generate
t he page- open conmand signals by maintaining the RAS
of the row address signals in an active state. In
anot her enbodi nent, the nmenory interface 138 nmay
provi de the page-open command as part of the conmand
signals generated by the nenory interface 138 in
bl ock 306 to cause the nenory 108 to | eave the page
118 open 20 after transferring data between the nenory
interface 138 and a |l ater selected colum 124. [0038]
Wil e certain features of the invention have been
described with reference to exanple enbodinents, the
description is not intended to be construed in a
limting sense. Various nodifications of the exanple
enbodi nents, as well as 17
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WD 2004/ 021194 PCT/ US2003/ 026243 ot her enbodi nents of
wolBoddYRAt i on, which are apparent to persons ﬁgil ‘
inthe art to which the invention pertains a édeszﬁ%'”m
tolie within the spirit and scope of the invention.

Whaﬂg‘s_ ‘\;lg 2004/ 021194 PCTI US2003/ 026243 What is clai nmed

iMelddBhod conprising: determining that a first
menory transaction and a second nmenory transaction

1. ar eA nfith84 c8fhpriRirdy; Same nmenory bank and to different
pages of the 5 sane nenory bank; and requesting the

| . ,
{1 gt et &cd iR irdndadth 8395 ol nidubds
rogcessing. the first nenor transaction. 10 to 2. e

trarRafi 268 ik crta gaie M tianvchatkoaing e Qifgrent ages of e
decoding a first address of the first nenory

same gieRenyikank; endbtain a first bank select and a first
page sel ect; decoding a second address of the second

nmereqyestiranihechemont cordhalker o aloseex firstl phgealto sdlictcthedfirgt
a second page select; and 15 determ ning that the

meibhstraReddtionds efrbciadn réspsiReaBhrbassisg tRCHirsthfemory
directed to the sane nenory bank and that the first

tran@ﬁgﬁ‘mf_e' ect and the second page select are directed
to different pages of the same nenory bank. 3. The

nmet hod of claim 1 wherein determ ning conprises:

2. The method of claim 1 wherein determining comprises:

deccding a first address of the first memory transaction 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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20 decoding a first address of the first nenory °

WO 2msanyson to obtain a first rank select, a péf852003/026243
bank sel ect, and a first page select; decoding a
second address of the second nmenory transaction to

obt @i s | ect
ando2erRinAG A InE 3 3 et BgA3hE ePBT AR sEiRpy are
. PCT/ 003/ 026243 deterpm ni.ng that. the first bank
dirgFR 15 Tk 3o meameict papR AR JOAIRE Tutidbaas Salesiand thesreond
same nenory bank and that the first page sel ect and
Page selost aridirgrigd te diffarent-pagesi of dae sameomeanicng bamk.
pages of the same nenory bank. 5 4. The net hod of
claim1 further conprising: providing the nmenory
controller with a first nmenory request that requests

4. t heThe Wisthiod @R tlahl Bfurlher BHRPASTHGE he first menmory
transaction and that requests tHe nenory controller

0 g U B PSRl BOPERE t rocest
T R R PN ] -

controller to process the second nenory transaction.
thegnermpey sRiAtFRILer &9 clasgithe first pageatter pipeessingsthe first memory -
provi ding the nmenory controller with a first nenory

transagtienitanchat requests the nenory controller to
process the first nenory transaction and that requests

t heprowidingtheanbrmry eontrelict Witea sBEord frj%fmmgéghééloéﬁér the
processi ng t he second menory transacti on; an

firstth@Mofy Fﬁdgt%? tHERFBRYe S8 M RlenTory WdnfrofleSootelE ¥ ¥econd

request
memory transaction,

5. The method of claim 1 further comprising:

providing the memory controlier 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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20 requests the nenory controller to process the
wWeemwosok1menory transaction. 6. The nethod of Cllﬂ’f1’71J§2003/026243

further conprising: requesting the nenory contr

to process the first menory transaction and to close

t he, menor
tr el S e Y (B Mok e esba ey
est | controller to process the second

afyhiBH 2 shdedronng riemon AR sy bisens s frst memory

controller to process the first nenory transaction. 5
trapsacige. met hod of claim 1 further conprising:

requesting the menory controller to process the first

menory transaction and to close the first page before

processi ng the second nenory transaction; and

7. r ednies rigiod bﬁcﬁﬁﬁqunﬁ@ﬂkérﬂbhﬁh to process the second
menory trahsaction. . A net hod conpri si ng:

det
p?e gtﬂggﬁr@th#“ H‘F:T Iﬁgﬁ{gﬁﬂ"ér t{}g)?@éé’ss Jb@ﬁ@@éhﬁ@ﬁg?@%ngactlon
t hat to b d aft the first
and 5585 Hfi3LbeR fBictn rpetaRs Tho SoRB BFORs HBPBRdtR: and
to pre e a nmenpory device used to 15 satisfy the
*’EQF?%tﬁlg tg‘@rfﬂ ory sﬁa'&@lf%réﬂ Process 4pe 8eE0nd Mamenhiransagtion.
that the first nenory transaction has the

predeterm ned rel ationship to the one or nore nenory
transactions. 9. The nethod of claim8 further

8. cowpmethodcomppisingguesting the menory controller not
to precharge the nenory device used to satisfy the

I Lgt%l?rﬁgﬁi]ﬁlblr&vﬁétﬁﬁﬁ §‘ﬁ'ét9fie|‘n8r3f faRSAISRN IS bredetBiifed
relationship to one or more memory transactions that are to be 'processed after
the first memory transaction; and

requesting a memory controfler 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 precha'rge 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 ciaim 8 wherein determining comprises:
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menory transacti on does not have the predeterm nede’
| hip to the one or nenory transactio ,
W@ﬁﬁgﬁn@?ﬁgd of claim8 wherein determ ning c:orrg’?:irr"sl(iles'g903"026243
21 21 WD 20041021194 PCT/ US2003/ 026243 determ ning a
first page select froma first address of _the fjrst
mer@stormininga fiat ipgge seiad figmafgstasdsess 9%@16 fg‘é* gemory
from addresses of the one or nore nenory
transamtiomct i ons; and 5 determining that the first
transaction has the predetermned relationship to the

onedelEmimIng SEYTRHYhagetssiactsifom addreseep@htiee bne idrenore
first page select having a predeterm ned relationship

.meﬁio&%htrkﬂga&%ﬁgpgn@age selects. 11. The nethod of claim
: erern de

termning conprises: 10 determning a

first page lect £r a first Si . .

1 diteridgraffis e Fhisaciangb R g B refiondfin to
sel ects from physical addresses of the net or nore .
the pEREANYMETeIRSEINY HABSagANSIBESRRNEES thﬁglfs tRAgE $¢lg¢t having a

transacti on does not have the predeterm ned 15
predeteaminadsielgtionshiphwitlv thee secansk pageeselegtst r ansactions in

response to the first page select having a

predeterm ned rel ationship with the second page

sel ects. 12. The nethod of claim8 wherein determning

11.COMNd ﬁ%&d&%ﬂé‘ﬂrﬂé WeherBat deﬁ@?minfd;]d SSmpPREBY: Y

transacti on s not have the predeterm ned

| oPaeBTEG {4 habe Rt foRle JRSPRERR] dadreaRThihe A
| east one. of the one or more menory transacti ons bei ng

MeMPRARIPAIZNt he sane

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 élaim 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



page. 13. For use with a processor and a nenory, a

wietohgeb1oqnpri si ng: 22 WO 2004/ 021194 PCT/ USZO%@@@Z%@MGZB
r-0 receiving a first nmenory request fromthe

processor that is directed to a first page of nenory;

recei ving a.precharge su tion fromthe processor

t hatEPiR 8 St Hiemory wauesE fom he piRgessasdhat issliweted to a
fsflfter rocessing the first nenory request; 5 opening '
ISt RR9¢ P BieMAYe of menory to process the first menory

request; and closing the first page of nenory in

r esie6RMNG 8 précharge shggestionfygmsthe procdskor Tt reguibsig the first
of claim 13, further conprising: receiving a second

pageobmgnioty besdloddddafar FroBesdIag thefifke ndridry reBiestO
processor; and determining to close the fi'rst page

ha _ . .
5 SGise thd ﬁ% .
nmenory r queﬁ]‘t%.t Bé@@Bﬁ e n@&%gjﬁé é%%l tg?%ﬁi%gpﬁoﬁfﬁg&est, and
co :SLO: 1S receiving a second nmeno request from
neipvinia A Bt paGE O Fifot: gethense 5 1be Rigdarge suggestion.
request; and processing the second nenory request
after closing the first page of nenory. 20 16. For
use with an external menmory controller coupled to a
14. e nlhg/methodefodaiss 43, ftetiner compaising: echar ge suggest i on
|l ogic to generate a precharge suggestion that
receiving a second memory request from a component other than the
10 processor; and
determining to close the first page based upon the precharge suggestion

and the second memory request.

15.  The method of claim 13, further comprising:
15 receiving a second memory request from the processor after receivihg the
first memory request; and
processing the second memory request after closing the first page of

memory.

20 16. For use with an external memory controller codpled 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

25 relationship to one or more subsequent memory transactions; and
23
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requests a first page associated with a first rrerr0r°y
whrangagfoyon be closed in response to determn, hat =

the first nmenory transaction has a predeterm R{gﬁg@}o&m&“

rel ati onship to one or nore subsequent nenory

transa ti.ons; and WO 2004/ 021194

PCIHTES %‘6%%%@%"%1‘“?&’8‘?% Bampry contrgden with &he rst aremory

menory controller with the first nenory transaction
tfafa?ﬂft*pn@nsrtberme@jwrgaggegesmn 17. The processor of

claim 16 wherein the precharge suggestion logic is to

5 generate the precharge suggestion to request that

the first page renmain open in response to deternining

- 17.t hathd prcbisst of‘IﬁQH YGWfﬁé?’éﬁ‘Pl‘hbﬁﬂe&%ﬁ@e %E@N@n idic is to

predeterm ned rel atlonshlp to the one~or

§ Th t hod of
e e TR o SRl ehBL by i isTBRG8 Feein ppen in
10 dete ne. t |rst nenDr transaction has the
res ORI B TangE s Bi% FiarBomTAnSgieH08 AoRB Ot have the
subsequent nenory transactions in response to
pregRieanines fﬁ&'tpﬁﬁh'p tadhe opke amosmsubsequentmemyy dransactions.
menory transactions are directed to the sanme page as
the first menory transaction. is 19. The nethod of
claim 16 wherein the precharge suggestion logic is to

18. defftermetodnsitcliiie16 WHdreiBRB PredH =08 %‘c‘lgb@&i&iﬁﬁ)gﬁ@ Bto

predeterm ned rel ationship to the 0One nor e

deteTHRSE ik Me ﬂﬁ?@mbﬁé@%ﬁt@ﬂ%ésqhé %@%ﬁgh@éﬂeﬁe&%;lqnshlp to

determ ni ng
ions are d rected tao the

e GRS b BRI Bl FBRSAGionsan reshonser R stptgRmining that

?i m 16 wherein the precharge suggestion logic is to '

noneo he one or more subsequent memary transactions 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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determine that the first nenory transaction has the
wonredakeii ned rel ationship to the one or MO @ - T/US2003/026243
subsequent nenory transactions in response to
determ ning that none of the one or nore subsequent
menory transactions are directed to the 25 sanme rank
as the first nenory transaction. 24 WO 2004102119-1
PCTLUS2003/ 026243 a 21. For use with a processor and a_
21 refERRUSEWIHR AR FPCRSHAr @) 2 MESTRRYy ASNRIHOTY gontroller comprising:
interface to receive fromthe processor a first nenory
r euiiest intadace 10 reseivegeradhe processor adirstmentcey hequéagiand a
processor requested that the nenory be 5 precharged,

firsbsubdestiondsdivatifg whethee thy preesetr RqbeSRIAhERIRY themory be
request after the first nenory request; precharge

pre&esigBHOANd &9 récdive t‘i'@rh%@ﬁ@ceﬁ%@f %dse%bnh Qﬁértno@ rslﬁgfe{sg after the

upof the first suggest| er the nenor
; and a second interface to access a

ﬁrs‘?ﬁ?'g{&i?%i‘%gsg | ocation of the nenory for the 10 first

menory request, and to precharge the nenory prior to

or bXechard deagision logis@ dRiREPIRe; Baga et (oSt Bupahyeon dhe first

the precharge decision |ogic determning that the
suggeshany whetker the memenaisdede prechargedrendry control | er

of claim2l1, further conprising an address decoder is

t o agzavendtintetface do agvess 4 ifirstistoragenycatinesitthemse@ry for the
upon a first address of the first nmenory request, and

first heerBOREfeyue SR M6 PrEEarg84ee %éfﬁﬂ@rpfrso%%%éeél}gyﬁme

upon a §econd address of "the second nmenory requt
seodteEiRniory a6 e(if FERSETE 1R BReciRBbe dhSiitEL Bok Mpppining
that B oS 38 Ta BE ABTHRRY- sel ects, o e o

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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23. The nenory controller of claim 22, further ’

wWersBiAA9}g a third interface to receive a thigd vennsnzezes
nmenory request from a conponent other than the
processor, wherein: I WD 2004/ 021194

25

PCT[ US2003/ 026243 t h aJ ge.deci s

et LTRPTRBNRHER AER sion ol it Agler e whgthes tad fasady s to be

based further upon the third nenory request. 24. A
prechiaard Rgsediurthercmepithe meragVAaREestandom access

menory conprising pages; a processor to generate a

precharge suggestion for a first nenory transaction,

and to issue the first nenory transaction and the

24 pr ephedrBiputirk} @8@A6é comMpABing: Processor bus; and a nenory
controller external to the processor, that is coupled

& a nenory

busag%a% gﬂkég%gggﬁ?ﬁ@f&@@%QHEHBJ%gﬁibr bus, the
ontr receive the

(T ook ihgShetdle pRESHIATgR Kioggaiin B 7 fréhmamory
rocessor bus, to open a first page of the dynamc

transaclion ape & isswertbe ﬁr&t maemMPE Haasactioasnsl therrrecharge
menory transaction, and to close the first page of

Suggagﬂdpmmnapnnamsonbazenmb menmory 15 based at least in
part upon the precharge suggestion. 25. The conputing
deva etembrycdanitroliéd, extdrabPiothefotsssup sthRt is Sodpled to the
further issue a second menory transaction on the

dyrin9€ ?ﬁﬁ@ém%e% 'iﬁ‘émb A %\gmtaﬂ%r{r Eﬁ%tan'aet grocessor via the

transacti on, IS t gener ate pr ec

o P e R b A Bt o

on a p
the prgatéf'getshgggs %r% ﬁomatﬂg ptrggegs%?%us {ge oper¥ atfjr rs?tngggcé 6? t?te

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 .the 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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26. The conputing device of claim?25, wherein: the
§509]04t Ne dynam ¢ random access nenory are ,
\&% 2 29f9d PET/US2003/026243

ressed by at 25 | east page selects; and |
2004/ 021194 PCT/ US2003/ 026243 } the processor is to
determine a first e.select for the first nmor
Cr alebisRsciih o BRI b I nedfesalordpl edisbrHPTY
menory transaction, and is to generate the precharge )
transagiion: antha secead page selest fol the second qreraenyrtcansagtion, and is
the first menory transaction be closed in response to
to géreerble the preghagel furigestion td eequess tatadirpbpsges atidessed by
being different. 27. The conputing device of claim25,

thevitet RiemoryhRanaghsn BE ddiRddy RashdnderbdABIRAGRR SB188 ahd the
are addreSsed by at |east bank sel ects and page

: . : cessor is to determne a first
Se%ﬁ’r?iﬁésé‘? g@PGE%%Rg%rgbf?page select for the first
menory transaction and a second bank select and a
second page select for the second nmenory transaction,
and_is to generate the precharge suggestion to
271 eqliag compaiting devics;of igjm 2Bovberely by the first
menory transaction remain open in response to the

fi ribe pagds ofdhe cynamit tandose accessoasknasy bex adbrEssgd by at
equal ., and 15 the first page select and the second

leastaganicsilects diel pagecseistts; d8d The conputing devi ce of
cl ai m 25, wherein: the pages of the dynam c random

aC 4RE roBIRI0Y I IPIARAPRRE Arstbaftk seldth Bhd At BEYE Sbfect for
and page sel ects; an

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 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
fhe 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}st 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.
27
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20 the processor is to determne a first bank sel ect

wandopofiigyst page select for the first MENDIY bornis2003/026243
transaction and a second bank sel ect and a second page

select for the second nenory transaction, and is to

generate the precharge suggestion to request that a

first page addressed by the first nenory transaction
osed in response to the first bank sel ect and

be ) . [ :
29 he The compuiingdaviteet clgimn A5, wherin:and the 25 first
page sel ect and the second page sel ect being equal. 27

VO tieopagessl abtheRIFHADER 0ARI DR G2des2MenTivy are mudréssed by at
devi ce of claim25, wherein: the pages of the dynamc

leastratkeel6Ste SEame sEleEtsa bAd pade eeRRts;hdt | east rank
sel ects, " bank sel ects, and page selects; and s the

eS8 PEebor 8 158 FRE Brk a3f ERRF,7SF By Befet sho o
fis EHgE Selest R GR 470 ol cbe i iha B AeRas S Serant rank
for the sgcond nmenory transaction, and is to generate

selete aieceRd MgBKsiRR sndansesondRpgesseleatfor the seeend megeory

addressed by the first nmenory transacti on be closed in
transaghonsend is tohgerfaratst the@rechdrge suggestionlta rezyuest that a first
rank sel ect being equal, the first bank select and the

pagecaddresbed by 1t 6inst nhienbey eangiction el d18séd fsfesp@@Se to the first
sel ect and the second page select being different.

ranR @elctt BREMhEebEAd AtHIES '%%8 Al ﬁhé‘ﬁrsil Béfuf%%iéc? BRd the
that in response to 15 Dbeing ex cyfe , resu I'n a
; [ [
secBd AR Neled! Hefd bl Il 1t e < Qbe Bt e eeqang pace
of, ,a. nem as a predetermned relationship to a
Se'%%@&ﬁ@ g'ﬁ%}/ﬁi{}y transaction that addresses a second
storage | ocation of the nenory; and requesting a
menory controller, that is external to the processor,

to access
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



20 the first storage location for the first nenory®

WO zsenidon and to precharge the nenory afterperius2003/4026243
accessing the first nenory page if the first nenory
transaction has the predeterm' ned relationship to the

méﬁéﬂ’ﬁa@%% shaIRERErEly Epddotell Sl SR Goree
n the proce sor requesting the nmenor

Ioda B B, P B RRK S Rac b and 38 0 WD 2004/ 021104
PCT/ US2003/ 026243 nenory page for the second nenory
transaction after accessing the first storage
| ocation for the first nmenory transaction. 32. The

32 mac ihaenachine béadatbel mediuh of lckdinm ZDwhkesiritie tistructions further
instructions further 5 result in the processor

resufttin&isd pritelsber Fé?j’"éét{ngﬂm ﬁ\@Hcﬁ? cbAtrbfér B rBfraiofom

prechargi ng the rrem)ry if the first nenory transaction
pretERaiR? Ine AkEnO )& B TREET B BAnbELRH 888 ht e e

predetermined relationship to the second memory transaction.



