; é&evs : 06, TKT24 CVO 001 26752 COMPUTER SYSTEM W TH POAER MANAGEMENT, ﬁ%ﬁ%:ﬁ

+ FOR DRAM DEVI CES FI ELD OF THE | NVENTI ON O APR 2003 PCT/ US99I 25627 Thé

present invgpijoRkshel ates generally to the field of conputerpsygsgmse7Or €
specifically) to nmethods and apparatus for. managin ower usage wi thin such
syst ems. BACKGROUND OZQ‘P-IEPVRRE%WWI?’Y'THSPQ\‘MFR&N&‘?%M%”hat t he newer,

hi gher - perf or mance conputer syt rFdRDRARMNEEs! arger data handl i ng
capabilities at higher speeds, require nore operating power. The | arger
power requirenments of nodern conputer systens can easily strain the

avail abl e power in_|lapto not ebook, and ot her portable conputer devices.

I n respons&&%&ﬁ&m the conputer industry have devel oped vari ous
mechani snms ai ned_at efficient managenment of the power resources of a
conput er system TARR'ESANHBYUP@IAAS §8NALANY 1o dem el Rl ComRUer Stefénent
of power u oA e i i ; I ystem
desi gns ha\?ﬁgged r%‘é@@f %%&%ﬁ%ﬁ?b%ﬁﬂy o‘folr%}ag;rH)g([)r\]/%?bg’tEP yﬁ%g,enemxﬁrrf/ sub
syst em | evelucbfsysteroaput er. Yet, newer dynam cs, random access Nenories
(DRAMs) have significantly higher power requirenents than conventional DRAM
devi ces (such as FPM EDO, and SDRAM . For this reason, it has becone

necessary f®AcRQABUNSOERUPRBIENTRSN gNS t O i ncl ude sonme nmechani sm for
managi ng the power states of tThese newer DRAM devi ces. SUMVARY OF THE

| NVENTI ON The priegembt éd?FﬁﬁthHatﬁh@We@%’i, ﬁgﬁ@#ﬁéﬁ@%cé@@ﬁﬁ@t@?m scheme
for . a conputer systemthat “enpl oys DRAM devi ces at the nenory sub-system
| evel . Accovgienst shicheprovigeraigsh dapRranding capabities git Akaherisre8dappr opri at e

power consuygi e r ; i ry devices
Pha ar e mocroreudterp taiag colel! TRUFADE, Sbue Refice e mdTRIRCY TV ©!
, . . Wher earipvtec systehat cdraeesihyottrdiedre acaiesdedotver inslaptop, inotgbadk, at al i,
are ~~, ~ ~ -1 *GOOOO%* *166166* . 0 ,IAPR 2003 ~0 0ﬁ'~67s~. CT/ US991 25627
mai nt ai ned 31 iher #P&abls CoRBUES deyicern I FREPONEEIPTRSHECNES 7 i%r medi at e,
standby st ajdginpateirfustiyodidedevelisers Hitlistehalsik Githal dt Biceemnt at i on of
the present invention the conputer systemincludes a processor that
oper at es t dN3BREETEREPYthecReker @4PHICEF DRHRIMPWRHFYHEEN BN stored in the DRAM
devi ces. The conputer includes a stack structure and assignnment of devices
into particul ar Yhdphuraeiosssivanees havelbeer mate ipdhe MaBFEAMPAi An st at es.
A nost-rec - L Ce i i ool and the
A oSt - ! Ceeﬁsﬁsw%rl Gy gfﬂ?f(g/é(j@}%gﬁ&é‘s%.@um&t@@ﬁ%mve@ Bt dyserh

designs have addressed the problem of controlling power at the memory sub-

system level of a computer. Yet, newer dynamics, random-access mermories
(DRAMs) have significantly higher power requirements than conventional
DRAM devices (such as FPM, EDO, and SDRAM). For this reason, it has
become necessary for computer chipset designs to include some mechanism
for managing the power states of these newer DRAM devices.

SUMMARY OF THE INVENTION

The present invention provides a novel power management scheme for
a computer system that employs DRAM devices at the memory sub-system
level. According to the invention, DRAM devices are placed into appropriate
power consuming states based on frequency of usage. That is, memory |
devices that are most recently accessed are placed in a fully active state,
whereas devices that have not been accessed for some time, if at all, are
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. 1
suck (TQOS) position. The active pool has a predeterm ned size with a' 0 APR 2003
certain MackoRgskishon representing a | east-recently-accessedpt/gidosigy Cce
in the active pool. The LRA device is evicted fromthe active pool and
pl aced in a standby pool when the active pool is full and the processor
accesses namatdiesd texh ihe, N Ghstase. NBi oselenrtdidineas ahdnedmiedidtbe active
pool . The, standby pool also has a LRA device that is identified by a
poi nt er . SYHEIQYFRAEeviadeo ingbistad i ed by the pointer gets evicted fromthe
st andby pool ' I j: I DEOUL; jt#@n occurs.
I n one enbodi ?rp[e;%to',rapﬁégt%?%er{éu IgE:o Ieﬁf%!ﬁrt]atmrtﬁg?é a ndrrlr%ée)r?mgfﬂhgl ock cycles
‘of the processersystaotiheludeay proatssdrahbfipatatdsce setectivelyeadadsedidtaom t he

t andb . to th |7 t he st d acti | full
o the BF atisdnloiGaban sTueaibime PRV davicaan e FENREE iRt By asei gned
to eitheriddnesiacdtingeadd a§§i?ﬁﬁh@ﬁt BPAL $ice BNt EPaRERER FBUI b FEs g RRAW NGS

The present invention is iTlustrated by way of exanple, and not by way of
limitati & dffatenthroweeonssmstiarhdatase iraeerivaagaegsedulyitA);  Figure 1

illTustra : ' odi nent
of the proLSHIAORRE R gL PEr S R s MR SRR W B FIG Ple t ne
st ack andtsi fOPpeositiormnThatactive pdol havagreddtednmentsiod withea peeaent
invention, -2 . W0 00i267s2 0 APR 200% PCT/ Usg%{ 56%7 Fi gure 3 IS

det ai | ed "t1HRATILL FRAMEESHING B F3ShBFCh YR GERERA % bAeYce iR {E 8C¥E: one
enbodi mepipopf the present invention. Figure 4 shows one circuit

i mpl ementation for sel'ection of a |east recently accessed device in
adcordance wi tThet HBAStayicens §victea(ioon theDEqtiveL | BESERRFEY ONe BtasiRyhout t he

fol | ow n%o@?ﬁﬁ@iﬁgﬁé %@ti%’ﬁgi)lfiis%lgﬁ;laitil]é ?(EC%S%SII iéégstsgsiar?\o%éjr%e\)i&..pr ovi de a
nore thorough undefstanding of the invention. wever, the invention may be
practi cedvhwih soudt duresselypesstgrnad tartbe dotivepbel Tims siandey,post blsokdmeasna

el enent s ve not been.sh r describ i etail t 0i necessarily
obscuri né’%geﬂ?%éaﬁ'si'm&féﬁgﬁ a R_@HB?Hieﬂ@? gﬁﬂt‘%ﬁv'%epg%”?'xﬁgg’lygﬁeand_ _

drawi ngs paiMet get?@,ee\n@garfdﬁmhéls@ﬂdbwwa BAd iv/Blace@idem |avHe&shrictive,
sense. Figure is a state diagramrepresenting the different power states

t hat ar e 'EVRAYt §BNEitiPHroacHEs.- DRAM devi ces in the nenory subsystem of a
conputer constructed according to the present invention. DRAM devices are
assi gned to tHhesaedimbedimentsthattisseowrcondiios catepessi aguBbeiohclaskent |y t he

ticul j : . CP f
Phe conpayare &l e BBAGHREE hARGERT S et I CRARIRYrERE At fom 00 o7
and " st athed stanelbyge| totrer cd@mpgeliblwhen the ftagdivyeadd attivepodivaredulpool s are

shown: a iLve pool 20, a stan oal 21 nd a na ol 22. en the
conput er LESPRTPERor 2etnthan Ay BaReepdnchiad ARBaRossSane L

devi ces aitae'rmetmiv@c@rig(gnm)ab@ms!?at her, all of the DRAM devices are in the
c&?f ault pool until the CPU (or sone other processor in a nultiprocessor
sh¥sten) has accessed them The default state may either be standby state 21

or nap sBHiEF g%schh;nén%%{q?gpm(;gescri bed herein, the default state is

nap ' state . ; M devices are in the nap state until

they have . 1 Thg preselt vention ks ifustrated by way of example’ andnot by way of
limitation, in the figures of the accompanying drawings, where:

Figure 1 illustrates the various power management states employed in

one embodiment of the present invention.

Figures 2A-2H are examples that illustrate the stack and shift

operations utilized in one embodiment of the present invention.
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been accessed by a processor of the conputer system Wen the proces$@rapR 2003

* accesses a V, it is brought out of nap pool 22 ~~ and pl
active pool - Od.Oﬁmzs occurrence is denoted by Iine 25 in Fi 95?3%9!)/%_697_

-, - ~ 0 APR 2003 WD 001 26752 PCT/ US99/ 25627 1 In a current

i npl enentation, the nap state represents a powered-down operational node in
which only the internal ring oscillator of the DRAM device continues to
run. The ring Kigare [3dt aetgileaviided sehematic hifsgacuof thg gaietalrmdalesh of the
core nenor ell.s. DRAM devi ces jn standhy poql 21 are in an internediate,
r educed- p%%é?f“@tfﬁf Bn?ﬁnﬂt?ﬁ(ﬁmgf‘gﬂ']dtﬁ? Rk ,’”Vaer&QRM devi ce has certain pins
turned of f; however, the device still provides power to circuitry is
responsive to the systemclock signal; also, the internal clock generator
of the device Figukegishawmbmg cirpgiverplemealationdonselsetion af aheastnput / out put
(110 portli . devi ¢ IV 0 : ents the normal or
full- pométrekgrﬁ@?écé%%teﬁw'%&ba g\élrdc@%tevmg} &%&rg%%n@ﬁ?éﬁlﬁ?rﬂf unctions are
conpl etely operational As shown in Figure 1, when the requestor accesses a

DRAM device, it may either be in standby pool 21 or in nap pool 22. \Wen a
devi ce i@@%&%&mi s accessed, that device is brought into active
pool 20, as shown by directional arrow 23 in Figure 1. As will be described
in nore detai IT@HHQKP% thedollemsiagide sstiptitibsPesditn dotilgare Ret @ in ardee for a
certain t j i n V: y tyrned to nap
pool 22. ‘W‘é“(@%ﬁwﬁs“?“’nfﬁ.“%%t“@%eﬁs?ﬁ‘?’?%@‘f i ‘ER%@@Adi ﬁg“?géﬁﬁﬁéi nventi on,
DRAM deviicesnitdmatnagrbe practigéd withbutothesapapaolard? lanthghastadceantwelact i ve

pdol 20 are stacked .and shif%ed according to the order in ich they
brrived iMTQREEEEEMS ARyt Mot been Fger s escdnetiudsrl 19 AVRK! ch four devi ces

have beenrareess&ily obseufify the e AEME8ForVEAECcHERRMS 8He sPetifitafied | owi ng
order: Device,, Device2, Device3, Device. |In one enbodinent, both the

active pd¥id 9@WIRGs fakriby regRired in ARvkishalivtrathariean girgelictive, t he exanpl e
of Figurege for 'exanple, the size of the active pool is set at four. This
si ze value may be progranmed into the conputer systemin a variety of ways.
By way of exanfpgere 4is egitateatiagrint tepregantimathedifiarehi pedet states thiahe nmaxi num
size of t acti I Al ternatively, a nan:volatile nenory. |location - -
in the ba%lgca\’iar’{%@l@ﬁﬂb%ﬁ%étdgmcf‘%l"&)e BN SUBRAIEE O\ RGOS Tt on wit h
? val ue wfsinggtddw@Tngwgaop@@braéﬁminvShﬂbr?.aDI?AMam/ﬁdi@rar@?ésegrwd @r nenory
ocati on utilized to set the sjze of the stan pool 21. -4 0 APR
2003 W0 dOFS% Pl TRRsHat S8p00'S) H%@f@lm 88NAIGEHB def PafiRyaTedn iqeer
fields anedibéd 2666s¥yNeTReidf 138,51 EP LYo Lyg pool and
anot her whi ch 1 ndr cat es tyrll\@let o_teal (#):)QO_ caprggigts’yepfﬁ K mf‘:@n@ 'gl , the standby
pool si zesYisteraqutl theccamextiad this deseliptiomp #ig teymsi ‘pas!"tang “statevareussd si ze.

In the ex i t pagci i | ght and
the acti o @atly P dhiase bk daves il <RpShafhas elut poBl 881 515 oo
ehual t 0o 4 standbg\picok 21, hed airnapoeoai@Red t hat the size of nap pool 22 is not

set or trackecw n gﬁcordanuze W tth thﬁ (tenbodi ngnt descri bed herei n, Rather,
devices that a QeRdNeromRYier XS'</8 'p UGt POYEET '_é‘PaﬂHB@o'bB%?ethi‘)%Q{_, by
defaul t, the DRAVRHeVIBES afelin thenictitel st agritieall bf tHreDRrRIeRicels dregure 2A,
the nost recently accessed ( evice is Device. The |east recently

d (MRA) d . .
accessed 'PE’P@\FGWW\PQ@\H@%WW?LHO&Eﬂ'ﬁﬁt%hefsv'@@éﬁ’i;@fs'”@emU&RFQC"F-’rSOﬁhe
F OCESSO0rgy S i : b Fi gure
DA F onas Y TP a8 ebPRedERT TR RN SHe aFRuPOFRE SRR 20 RO e
Devi ces v#rnarstate@2d In dhe embodimerit delserisedibkreamaheajafagieatade iheap/RA of the

.active pag . Si_tuatd o viced and. Device3 will shifted down . -
t he stacksq%tﬁeé%oipsf ﬁn,ah\%? {I’}g @@ﬁ%g?v'?%ﬁﬁf%“%et%@ ’f;t\é\\'}f H'é@ﬁt?@y&?"?he_ active .
pool . It tewnbccddsedisies prarrdsdhattht keniditedgsten. i n active pool 20 s " =7~
.sinply determned by the size of the active pool. On the other hand,:the; -, -
MRA device is \M?\%v\éeﬁmf%q%c?ﬁs-% '?ﬁ)é?‘ﬁitb'ﬁiig'l\kﬁlé af P R9R 350t t om of
the st ackariSprlr@Ysto!didive OHLY! This fdairiench i aehéte@qsoflriﬁg B5Gh Wg%tfrge actives
pool size. In the exanple of Figure 2A, the active pool size is FOuUly; SO, -
position #4 is always the LRA positi o_gz_ This means that no device is -

desi gnated as the LRA device for the active pool until the active pool is
full. It should be kept in mnd that the active pool size is programuabl e,
whi ch neans that a pointer is not needed. For instance, if the size of the
active pool is set to 2, then the second slot or position in the stack
structure represents the LRA device. Practitioners in the art wll
appreciate that the determi nation of the active ~, - . . and standby pool
sizes is typically nade based on system considerations. For - :~ ~ ~ ~ |
exanple) different systens nmay be configured in ways that require | arger or



0" APR 2003 ' O 00l 26752 FCT/ US99125627 DRAM devices to remain in the adiARRI0
~ state. Such may be capabl e of having | arger active p 5do8BSs2h han

ot her syste?r‘s%y@?%g?ﬁhave relatively poor heat dissipation capgﬁﬂ?étgﬁes. The

determ nation of the various pool sizes therefore is primarily based on the

t her mal d [ vel.opes  of t parti.cul ar system configu ion. Turning
our atten igﬁgﬁ\;&eﬁglrﬁpﬁﬁ}e@ta@n,r{ﬁg rga[pa%gtesrtepﬁ%%/%rﬁ%a&owigrag-r A ~s shown

f ol I owi ngopavasddiitrhoa@in aeeassnit ah ORANHR vingeschlesditng DFAMsvice
stack-and-shift principle of operation, Devices is placed at the

t op- of - stERKINYESe N, The rgasciliator providesviRAMeehaedying sell-5esheChool

Each of tipe { b ices is shifted down one position in the stack as
a result of ﬁ‘ggﬁgﬂteﬁelgﬁ}é{brought into active pool 20. However, since the

active pool waBRéhvewicekyn fstdndbyDevdldd, argan sinanierinediate oimdacedywowssol 20
and is pl d jnto standb 0ol This is _because .Device as the LRA
devi ce | n&tgﬁ‘e ’zﬁ‘%fs\éaﬁagy%b&ﬁ%? Eﬁ#%%evﬁ%ﬁﬁ%g@agmt%nﬁé{m@gé)%l n ot her
words, oncewbher, 8 dydcoeall peabass bywes td eralegis le‘@ﬁoﬁl@i\éé geshabgstesnoved
fromactive pool 20 and put into standby pool 21. These DRAM devices are

st acked atlBCERIGNAERISR dBE dtegal¢ladiedendiatorioh ththfeyice iekerlrHNB8- i n st andby
pool 21. , A t : active
ool 20, exman AR o ah i B A B B8 ™ o e
current LRAdepode0 fEpeessrasphe nofmBi guiud-r@ erepatesdnits DifeMsdeavide, st r uct ur e
of Figur eﬁ? f.ol howi ng adc{i tional aﬁ@e@es tot.Devli ces, Device, and Device,
in that orderc™ OCITSUR SRS HEP SOMRIRIEY OR&I?98Rksses, Devices is now t he

MRA of the actAyenhp@@linangufeey]wiesn itise tdtRickRM Rkebds ACIRAR dvde, iDevi ce,
Devi ce2, Device3, and Device4 have been shifted into standby pool 21. Note

that in tReYSIRLpPE idptandhy rOUET hid nap PRIR2 RXNEBianERYICe H] RigsdPYy

Devi ce, . s ial Fl bk ; t ive and
st andby p%%??‘b‘gi%esﬁwhgggéwg%g%b%@ﬁt mté%ﬁ‘% ??loérp,)' E{%féﬁgﬁvljrﬁi devi ce
that is atirectidnai arrovel3iot Figerpdol Ageilsbendessied iagaome, detaif sbektiyces, then

the order  of. active ol i inply shifted., This situation j.s i.llustrated
byt he exSeraS iy SEnBRF posBrTidher EPrikER o B b iRE SRR He-vRa

posi tion, nod ddvebewtceferandllar RSrMR Bthaphpddied. duve c0s6t iBasditated i n the
active pool. Note that Devices still remains the LRA device in the active
pool . TheP%PHaW 2%- the st andby pool is unaffected in this case. If,
however, a CO”ﬂE@ér@ﬁr@ RN OROM (1Y I BRANSIAREES Y 28 Br RIRE Bt bnaf® 0 APR
2003 ° 1VO 00l 26752 PCT/ US99/ 25627 the active cFool, say "Devi ces, then

Devi ces weePlRbhendpiaseddnimactieheosli2thaisystpeksd amishibed agserding tathendby
pool is f A0 S. 4. : Ste: e in the
st andby pgﬁerérﬁawg%é{\:ﬁ%geac{w%{j (')'Ji pﬁeebﬁgib Fﬁ%{%{é%{\ Hmfﬂg%gmf%ﬁptes@ descri bed)
t he st andbhighdolr sevicks $iavediaencacumsisdd b&herfder BRANDeeivices vierBevi ce 4,

Devi ce 3, _and vice 2. The ex es, proyi ded to this. point have shown
hdw t he a@??%gﬁdﬁ?@? Q@wn%&gg@ év'%(hpé?ﬁ?@d%%ceéxbleéﬂcﬁed, once a device
has been aCCGSﬁﬁ@né‘brr&%cﬁmbﬁi'.%ﬁt% g?]?i\féhﬁé‘&rzdé‘@d BRiAd8Y pto'&ﬁlzl‘ﬁthgggbgnpom S

and is placed in the active pool. e active pool is f

access ockifdetermigedsizese InHae sxamde ohFigsue A, fortex@mpdei e sisPfthene | east
recently 3cHRs : i ro i i i i t he st andby
pool . O di nar yﬁ(ﬁ%d€§¥t§ﬁg&ir.t W%@éggﬂ :@B%ﬂehb'?ﬁ?@{?\%?ﬂn!s%%ct ure tracks
bot h t he eemputeraydtesn imdbsarigtpbbwapsy BpRédy deexareplehatregistarediitye accessed

has its | red 1o the devjces already present.in bagth the active and
st andby pggﬁgm)a?/rﬁe Pé’éﬂe to\/\?ﬁj tbﬁi“%a’f'g‘uﬂbﬁ'éeioé%Eeeéﬁtﬂjv?ep?(ﬁ ew y accessed
- devi ce coAltdrradtiveRdd rdfi-Gblatire @ekitay I6d2iondh itve basicimsutduapatyyspeml s. i f

the device . is already in the active pool) the stack ordering in the active
pool is sf%?%) Qfihe cemputer may be writteg wilhnal vatugesedtingtherglive ROl SRE- st andby
pool does i : VhCe IS

al r eady prsggi?{f’bi%ﬁgﬁheﬁg?%ﬁb@l’ggfﬂ‘%}?%ﬁ“gf‘r’ﬁﬁg\?gg‘%?%%&fﬁ%ﬁ@tgén b?/fcpool

and pl acethd stapdbyneoat®ive pool. The LRA device in the active pool is then
evicted into the standby pool. Devices are renoved fromthe standby pool
and put into the nap pool one of two ys. First, if both the active and
standby pools are full, and a conpletgﬁy new device (one that is not
already in the active or standby pools) is accessed, the device in the

st andby pool LRA position is evicted into the nap pool. DRAM devices can

al so be evicted fromthe standby pool to the nap pool based on the
occurrence of a tinmeout condition. As previously discussed, . ~, the

st andby pool LRA position noves up and down the stack depending on the. . ~
- . , type of events that are taking place within the pool. A pointer is
utilized to, . -. . . identify a current LRA device in the standby stack

o Y - B T .



~ 0 APR 2003 ~~~0 oan~~sy PCTI US99I Z5627 predeternined duration of 10 APR 2003
inactivityjd.tdesstandby pool, the LRA device in the standq,)tmblz%gs
evicted into the nap pool . When this happens, the pointer noves up the
'stack and begins counting anew. This operation is illustrated in Figure 2E,
whi ch shows th hat it stet fiptd P\WnRAVRick ! meout
event. In thi se%rgﬁﬁgﬁ}%?‘@g\glrﬂgdéggf@ﬁl Et gglasra?)%utlhe stgndbycpool and put
i nto thendeptgmoible sizé o6 the aetnmpoolmdmbewhmb indieateisfthe Detel pecl2 as t he
current LRA device.. In t nta i.on, the pointer_continual noves
bt he. STt pdn saRobeh e GBnGREApS! e s i BF T Cla G sRE 2 ¢ ne
decodi n%frﬂfsﬁheaadtﬁétpcgﬂ@%eatIﬂ&hé%xbm{ﬂ’éd S mghrefsozA DBN\Atr@@tUtﬁleéod enmoved
fromthe standby pool pl aced into the nap pool oi nter only noves
down t heCaragiy Im@ht@é\ﬁ @@@céwe Pg@loéélég is fos. tBYeS@tlréﬁtlw gsitanetym t he
active poi nt er

2 ehes Ifdl snfea&%&b [‘{osfotﬂﬁ(@%@n?gs ngtlt?])s'@ie(? ﬁwaﬁ?ﬁ@grzeﬁ?ﬁx ‘gtfoén dby

pool ) |t2%tsaycx stdh@T&raukEdlmactoMuue véthethe encoadisent estrwdddhereso be
under st t.he 0| nt er mai_ns anp icu 0S| er than its
ot o TRREr Gieir e FaHAR ne GED e Ve B b sh ot piarod 23 ipufalla 1ot he
active pgmbunTtb@ﬁqﬁgsryooqggets the tiner. In one enbodinent, the timeout
event is based on a number of clock cycles of the central processor of the
conput er systepntimpingagaie withiee lexagite of Figure2foihermest fegedtlY conditi on,

t he rramé’e.&rgls es pool s)
etc. re a llsgﬁét all%\)tsa i:%hJ]Beﬂc\é/ar}R%erh&;& r']?(I’;E!}](?ltyga(\ctscl%( Q%&%%%

i} | ustratescd metheveanhpoteralystaRAM Bevnceeslfme)mddeesrsrtuaetdég/arp@mler based on

mul ti pl d.tinmeout events. . Fi ur . 2F represents the stack structure
of i Gurie SRS iR aNs ey et B pek sharh Fishie 2BVERANT MAPRER: Mo act | vi ty
occurs vwd»{re\reesaﬁéthetr%déeys C@@emeg becértsamélayomeémm&rxwob@@t@mml e of
Figure 2F illustrates how the poi nt er wal k up the stack in the standby

pool ) nUfPIRY *ﬂ%ét%a%a@mreﬁem thﬁéﬁfﬂmfmﬁ@@q POQlhén thamistiovol up one
ositio nap pool .
Rlote !th;tt) @ﬁg&i%}%&‘g)reggeﬁ,\o?;ﬁ6%%&%%@%&;5@8%&%@% Irrwgltrho?éagﬁ] ypulto ilized
to evi ctreDRANNGehe d43A fdevivet dféhstaatidbpoplool to the nap pool, and has no

af fect on deyj t he .ac t her odi nent,s,. the tinmer may
be utilized tlhgﬁ?'f‘féjr\?e Pﬁge%"ﬁ cﬁgpaggn%lEb?‘c(g%v'?%'nb%éqwetpr?éﬂg@éﬁawlﬁnd active
pool s. Bletemyinet Wﬁ@én@e dieeatihie sésindhytheosthet BasdheMRAtdig®i Nt er can
be made to g R 2003 w0 00l 26752 PCTI US99125627 continue mnmovi ng up
the stadR3'RE ?h@ea’&pi QeStasloPOSHRR. YR thatune PPHEMIRINE 429K 1Sm t he acti ve
pool i ntawkhe tid prdbYepies! W%%ﬂsﬁ'&ﬁarﬁﬁﬁéﬂ B?Wa&fv@péél%tlncond' tion.
Once placed into the standby pool, the tinmer may further be utilized in the
nmanner dé@@%amie@tﬁcﬁr@une&@\ﬁh@tacaée|p@ebsmma)fowmfesmacpsup@w4 IFAﬁM’qW@r

aI t er nat, nt i I ol ,

dvent ual f‘é%ﬁ ?gg'%g‘evT@gzn%%}fse@taF%fd@g,é gjeg F\{;éteoo%éogfe egncﬁé;p pool
based orfor treecadtivet goolruriti trenastive Poelds full. dne}nmJIWblelkemm enmditmatttlhlat t hese

vari ous enbodi nents are s I ter of gate cost and eI at,i e circuit
Conl oxiSVEBERL ke Biroatammablh. WHidh means SRt Papier Rt RESE | known
techni qURordhstanee S the sRB2TIAE a&lle BBolk skt %ed, thanithPlseABRd sidter pr esent
i nvention. .This techni que allows registers that identify devices in the

active ﬂ?ﬂﬂ'“qu'”s‘hﬁrﬁt?dbé‘rﬂéﬁﬁéﬁrﬁpfﬁée@ﬁé'ﬂ@!}ﬁ“p@@‘{’m? egisters; fromthere, a
timeout mechasysgh Wrﬁ?ﬁ tﬁg%lrﬂx@%ﬁp‘?e&gféethg?me%&ei fﬁ@tlbﬂ%f?ﬁ@%?@é pool to

the nap pool. Yet another possi eV| ce dire from t he
., active @i standby pool sizes is typically made based on system considerations, For " o
example, different systems may be configured in ways that require larger or

smaller active pool sizes. Various power or thermal requirements may dictate - -

the size of the active pool or the total pool capacity. For instance, some SRR

systems may have better heat dissipation capabilities thereby permitting more -
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t he- nap pool -- essentially doing away with the standby pool altoget h(‘ier.APR 2003

~ Figure 2G r\ggg)%‘@;ggs the scenario shown in Figure 2F follow ﬂé’Tﬁ}‘é@)dE@W
accesses to Devices and DevicelO, in that order. Follow ng the new accesses

by the processor, DevicelO is the MRA device in the active pool and Devices

is the LRAAIRHeGResBEGaMaRm hRe a3GtilY &tNEOISURSYEIdrhs magde @dpathe diew
accesses causes a DRAM device to be evicted fromthe active pool into the

st andby pR6ng IH@aE activehpodtsizafijiapsinebsyfeMAadhaliitang 'ElatiFelyureor2G has
Devi L CE i E WO i i i . db | . As
o vt oSt PATGCEEHINI T G BRI RIoRTS ohe RFIS0S 288 Y ne i rer

mechani stimersfore geprimahiybazeans theahetrhal aud ppwer emvditygesoiaheby pool still
identifies Devices as the LRA device. The device identified as the current
LRA deviR¥PH A RYSSMHAEMEYSBPN r emai ns the LRA device until one of three

t hi ngs happen: i : LN i By} i ivity and
I ng pp E%\r(m%oﬁiéfﬂ@r‘ino% ﬁéxﬂg@:ﬁ%lgeii@, thé’@ta‘&R%WuétLﬁ'é'%fF@gdr@%&'V' y

the current L Ice s evicte n he nap pool; (2) the standby pool
is fill ed $ovoaipdoiving amddditivoal awsssdo dddhisDevces. desdasdingtiiodhei s nei t her

in the agtive pogl.nor the n paol.s; Qr 3) .t evi ichis the
curront SRR grREE" S ari oRaana DRuEeef Matr g P e SRR §RAL ot ve

pool . - 9osifoAPRsHRB, It YHROUEGY 82viPETH 308t ReGH00! AERENal trexanpl e

illustrati n% t he theory of_segﬁerati on of .the present invention is shown in
Fi gure 2HTENGF ELVEPT Bl eawp O SRRURT B 1BE S A% 54 bPI owi ng several
new evenbayickloBlrgHs@udht inldIScRIOFESY. Haneascertedhs we nepobRA devi ces:
Devi ce" and Device 2, th Device, 2 being the nost recently accessed device
"in the aewwaishobll, DBetaugets tractactirans asbue paak2p redioplecgdfiniol ) Devi ces

and Devi ifted. d ck into,.t tandhy | ...Because the
addi ti on%?ﬁgggégghgi‘czgﬁs'g\tﬁ%%p g? ﬁe%%mwé:sa%‘ggﬁﬁ d?é‘? Btl%gr?eggfb }'\?eg and

st ande pooll )or tPaVé ?ewﬂedc&sﬁmm@dlc?gl Imbtﬁdmvcstj@,rwﬂmyéh tﬂecﬂctiaalcbd@khevi ct egb
into the nap .pool. After eviction of Device; into the n pool ,. .t he standby
pool 1 e AE A ceRdNEth bAAJBYFSS Pon THAYCLHEBRRVE RGO FREBGPYVBKR s, These
two ti rregaha@y@%ﬁzn.mmtegéi@mwéﬁ@& arddstBeNd £8nd skl tlcB8rding® back to
the nap pool .  The exanple shows that the pointer has wal ked up™the stack

and cur r'@gtorgdepin whichttbepaviivassingiandley peal 2fevbieadby ppak2 s oassaigspool .

Fi gur e i i i i i i S i ool

Gt Pt ur w4 S8 S0 Sl Bidrd oL RA1AT0N| 20 4cBbl A LORGEEREAIR00 ¢ a1,
whi ch stiockiddava peintdy teaf shiifts kothe duentBZ®A delvice. represents a position in
the stack structure. Each_nultiplexes 31 is coupled to a,data |atch 33
havi g o out LGt SxBimeTe of Eiliket o Batesats dinSRER shichfe Bt 68 e B Tl h o yes

31 in thelieWinsaldisbRhl RekELOHL DENReQUDSUE QTandAbvidaat FthdB okderal SO
coupled to one of the inputs of the nultiplexes 31 in the next slot

posi t i onfolowiagithe thyge additinnal pscessas Do vicss ichow et phthe ativehput s

pr esent Lipke; -0k S Dash S~ An L nacy cl ock

si gnal ie‘go%'gaerg&"t:%wiegf ?éﬁlﬁgé_ﬁf\ Pﬂtth% %gg’% Fg%lo"t %' at 'a[b%g%%’gsg @%@3 Eﬁg h of the
val i d | ol@viceghave beenshitbd inta stangby ool 2 hphiote tfat inulhtsl gasrplesof33 may be

Do0T & anidts A%, e ERRENLORASTRE PRRS I btk FEnt e HnE B TE Y T h vy
accessedrideve @€sillustrgtes doth tite activer and standbemablscodlhgfiigmpopulard. In
ojnter utilized.in the standb ol in

i npl enment ation of fthe devi ce
accor dants fityafioen 4 %P% ﬁ’@l‘f’(cedhgﬁ Iscalrradydnthe Acte PR geks ﬁﬁF?gﬁ'ﬁpches 35

has a seigsh, k ' ;r@g hgie (not shown) that
is used t%&traggqeﬁgeggﬁkcgﬁg%gaﬂgﬁd%?/e oollﬁéjhglj‘r‘a?l vair?die%us i nputs into

mul ti pl exes 3Fhisgituationtis illustratedaby thfeoexarmplero! Figure 2D whRre OByic i901 26752

PCT/ US99 7 ' Lvar | A Lt : shown in

the pool W6 aoeFbyiag tas MaReSR WA DA R RIS AR enr o he

out put oflownldnepp@sitien #bthe active pool. Note that Devices still remains the LRA :
device in the active pool. The order of the standby pool is unaffected in this

case. If, however, a completely new DRAM device is accessed and placed in
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based on sel ect | nput signal 36. -11 ~ 0 APR 2003 W claim A corrptheAPR 2003

- system compyppRgis; @ central processing unit (CPU); a nmenorypSHp %gﬁm
t hat i ncludes DRAM devi ces coupled to the CPU, the CPU sel ect | veF
accessing information stored in the DRAM devices; logic circuitry that

assi gns iieabiRAM &@vgg)gﬁewe@%bﬁqae\ﬁé@gwwd Uére\ﬂé’\lédl?rﬁ’t%'tﬁel%?érﬁibyon t enpor al

access of each device % U, the active, standby, and nap pools
cor r espopdPhgBulbgnanse erséamﬂhw raplds atlethismaans theiiedeasicesentind neans

for storin l.ve. ppol fy.devi ces of
the acti 06 pond SeitE IF BR.siEh0By bEr G &V dREy MR ERE I iper ot
devi ces ekatripge fisaadbyritpam the whaiddlyrpddi etdoh@ittichire G it Yeiorderedies a st ack
structure assoclated with the active and standby pools in which a nost

recent | y Re8ssBgVichmAyedess @odildefered in the active pool at a top-of
stack (T0S) patieldinplbclchaniiod 869 LAY @RRARALHIRNoUINL GRrIaZAhe act i ve

pool being evicte st andby pool 'when the active pool is and t he
CPU accestasibyrmdiegetipopdatedinine hxml@m&ﬁ tohee aadiigmbas been ﬁécg$%ﬁ¢tjby nor

por nt 1 ng iS5 TR ER TR EinS R ety By #4801 EieeR e 120t andy

pool bei aguea/bobed/vmntthe detipe rpool :sm&anum aeisg @ cands t@teadel\hye ploatl s are
full and the CPU accesses .another device that is in the o?]l. The
conput er 'Syt dfsasy iBItAEACiVaREPhkithe aast r%fg%nélvacpea%etwe\r'a% 'HE’}‘ €cl udes:

timer negegvé?[)gﬁglé;,thgg ittBans BRI fsoii n the standby pool to the nap pool

after a selected duration of Inactivity. 4. The conputer systemof claim3
wher ein the ti%rnmmCevcwtry askheciarAd withttihe steckisieicposltracks ®odi t her t he

aur at 1 on 57 SPGB e sl RB) BHAREE A U BT e A s Er T hES e i
a{\ aggisiomonﬁdsuareﬂl?wm@devndesiad}ea'tmptémaracm bug tpeclctideoandrmvanddyf ect the
stan

r ools. -1 R 2003 6. Th uter systemof claiml
whor o 1 PRETS TR feAFQmLVAY I 58004 FbeeAUSy |EBREML BCCas IR ! c otk
cycles Of:ohfbealfepééﬁ/ dxistlinCeitRTME 8&1\/’@’&@\@@%%6‘6@ Weeielidehge storage

nmeans Co‘gﬁrl ses one or nore regl sters of he corrput er syst em Of
claim1 wherdymn theeactive perl, theasiack orgatingds the astivg 90<D|d§étm@|M shdtasti at ed

Wi th a baghend. MUK Biter BY HEHuA BB oPdodd ot HIRYEE O ¥ 6tRer

hand, if the newly accessed device is already present in the standby pool, it is
removed from the standby pool and placed into the active pool. The LRA
device in the active pool is then evicted into the standby pool.

Devices are removed from the standby pool and put into the nap pool
one of two ways. First, if both the active and standby pools are full, and a
completely new device {one that is not already in the active or standby pools} is
accessed, the device in the standby pool LRA position is evicted into the nap
pool.

DRAM devices can also be evicted from the standby pool to the nap
pool based on the occurrence of a timeout condition. As previously discussed,
the standby pool LRA position moves up and down the stack depending onthe. . -~
type of events that are taking place within the pool. A pointer is utilized to
identify a current LRA device in the standby stack based on the order in which .
it was placed into the standby pool. Once the pointer identifies a device as the

current LRA device in the standby pool, the timer starts counting. After a
-7-



' 1
9. The conputer systemof claim1l wherein the storage neans is ' 0 APR 2003

pr ogr ammably@o ¢dMs75AA conput er system conprising: a bus; a progerssd2eenipl ed
to the bus; a plug ality of DRAM devi ces coupled to the bus, the processor

accessing the DRAM devices via the bus; a controller that assigns each DRAM

devi ce t gréedmefhinadrdutafdn an@Etnﬂ@Dthhél@ﬁaﬁdﬂinﬂJdl Qh8 LIFVEEVIEeYs tHEpt | on
state of the DRAM device, the plurality Eﬁ’gl s includi n%%an active pool

t hat confENPYRAA! gess ewct@dhn@hthsdwap%néﬁ\i tryp happgs.dhe PRIMED pool t hat

cont ai ”Serﬁ%a' &ﬂg n state, the controller having a
stack, wt Sﬁt'ﬁ]?tgg‘é%%%%ﬁ sse i ‘devi ce being assigned to a
t op- of stack (I'ﬁ@&)p@mohns)rﬂusnatteldenfcgtireeeﬁommchlshaweelse;ednme\m oks being

assigned to th pool The conput er temof claim 10 wherein the
pl urgl i tJ"%?taﬁg&?}o@ﬂfﬁt%FOJHPM‘%”QJB&“ W eyqabh g;'s”ptg‘bﬁ Scter‘i‘éf'ocg]ﬁf’“&fghge evices in

an inter gehéd ﬁoﬁPWstSRnF&“H?%l'% SLEhE the ABASdalT genNthy pafftessed (LRA)

device of the active pool being evicted to the standby pool when the active
pool is fuvesamita identifydRedsasasaibecssent Aith Hevicdeln tus impleotentationi t her

ass 9ned L opb IS L ANIBN BoVBER AR sdlupd 18 SOTRHE S Seal efpgl ol aim 11

further resing ocatfton fe an active pool size
t hat def poeserisrdso psumdﬁuhié)els-c@dmgé(vnnmﬂa thatrgdrizeat@stanvievaabbit for13 0 APR

2003 13. C uter s stemof claim12 fuyrt er conpri si ng: cond

st or age IDﬁéM‘g% %GB da%’i’dﬁ@tﬁ‘ﬁ’%ﬂl p%qu tpﬁﬁ‘fe Bfq ﬁ‘@s’q%f’ 989 num nunber
of devi cemefﬁmtfeh%nw RRJBY dBRA! the KackTWBe & @BPIESars Yiicemiflo kai m 13
further conprisin a pointer that points to a LRA device of the standby

ppol . 15startby, dirosn theyaetivie refol ¢ IEichtirae this hRpPerDIDE HB1aTdS resati ner t hat

evicts t bfqde%egfovh@? r@g%@qtﬁhﬁﬁggl mREoA Ic}c%tlbﬁ?d?@egchr?%l) gﬁ%\ﬁfzeaofsel ect ed

duration of 1na nputer tem'o érein the
timer neMsmndbyqaddn)elt htB»Qsmer’ehmtmettmva)mebm otecurei t her the standby or

nap pools vvhen t he stan and the sel ected tion of
inactivity el & 'gf?s %%Hgg%fﬁﬁﬁde&ngvé BYDIS "eMdi R ‘D4 R ’FBFaﬁ the LRA
devi ce l@otsn@nstaﬁcfédbuam@lmamam cRadot¢&idavHAPa BEOLe WheHe $tRAdBEti ve and
standby pools are full and the processor accesses another device that is in

the nap PO8Iis urgragpd te heprative rolt dhisoventdesats theHevesi i BReaccess by the
pr ocessoreng AmBRY tRE i dut BVt IF‘bga'sgﬂcgn %‘ﬂ HaP ot RlR Sl cfeB&r $h@ndby or nap

pool s. The conputer systemo re| n-upon’a reset condition
of the c@ﬁptrabprosysssmf ta&tonfpméresﬁmm deiarese ahelemgih@tﬁed\etf@rttl'hﬂa nap

DO 2y a8 B DR PR TR BBl A SR Bl P ST °
conpri si Bearduy sdspsetef, ard all dassisgohiol naawwty-m VS Y @,@@ﬁs\sed ( IVRA)
e L o bt b on it Bl i e e st 00,2 °
Wi) th a cenkay 'bnsrhﬁﬁlblé),%béét‘éa tines RERBhtdIOFBuleas rep RGBS theats@esed (LRA)

structure of Figure 2E following two additional timeout events in which no

activity occurs with respect to devices in the standby pool. Thus, the example

of Figure 2F illustrates how the pointer walks up the stack in the standby pool,

moving the designation of the |LRA device in the standby pool up one position

each time a device is invalidated and evicted into the nap pool.

Note that in the presently described embodiment, the timer is only

utilized to evict DRAM devices from the standby pool to the nap pool, and has

no affect on devices in the active pool. In other embodiments, the timer may be

utilized to affect the status of devices in both the standby and active pools. By

way of example, once the standby pool is emptied, the pointer can be made to
-8-



device in the active pool; (b) evicting the LRA device fromthe act i viel ﬁBR)iZU%

- into a stangdbyypesd, when the active pool -14  ~ 0 APR 2003 pgrfushéstpd the
processor accesses another device, which is not currently assigned to the’

active pool; (c) identifying a LRA device in the standby pool; and (d)
evi cting cfo‘ﬁﬁnb%&ﬁmﬁﬁ tﬁé%mém'ﬁt&frwawegm, drftf Bedin ARAR Hevian 2
n e st andby and

ti meout condition; eln the active, ap pool's correspondi ng
to power feonsherpriivmpsoldntsthal standie paelthasedppothecanousgpeadif sgtimgoudt hi gh

power co tio d_t n of.l i . r
Consurpt 1o aBieay 074 br nls s aeda bedlo e BPEMAY 3utBelre HIHRE"S: andby
pool is ahsite ARSOR Aeelrivéd Bbbhe tebaickdeddes fﬁlttetnmhm?oaccordi ng to claim
20 wherein the tipmeout condition conprjses a nunber of clock cycles of the

processor. 23.ANMBehaitepalve estadigenbhas hietimer vaiineHP fYRgPESCHYC t he

initial ; cal ; 1 ) i i haber. 24.
The. ot hod hoasr PR ARG elitBs BECR) RO BeaTue pool i 1ashRee’
pr edet er rased &) pactivdtydof idlantess. conpri sing the step of: evicting the LRA
device fromt st.andby ppol to.the n 00l .when the.standby an ctive
pool s are ful :Ergﬁhﬁ?rﬁaégN'@éggﬁﬁjaﬁg@@g@&gegﬁB?H%F"EP@\WTé?{] |csr¥mi%yanot
current | ya asisteg 6e dateOc st i@l reldiiveatiicuit € oipletign dbyrspagbos skitl 1l further

AL Ay, A LA A A A+ AS5 L AF, L Af, AR A A{3% AUL. A. L6AFNe g’?# HWa, > AB

E }val f 2\ AP0fREptS AN welAnenUpsRaIayp et e@ﬁf'@/‘é?'&%[]“lf@jlz g ilizedita) ca
Ul c”a] caleplabhrthe Fbsa indd st ol rRthaHiGae hidFs M disters that identify
| devices in the active pool to simply be renamed to standby pool registers; from
there, a timeout mechanism may be employed to move devices from the
standby pool to the nap pool.

Yet another possibility is to move a device directly from the active pool to
the nap pool -- essentially doing away with the standby pool altogether.

Figure 2G represents the scenario shown in Figure 2F following two new
accesses to Deviceg and Device,o, in that order. Following the new accesses
by the processor, Deviceygis the MRA device in the active pool and Devicegis
the LRA device. Because the active pool was full, each of the new accesses
causes a DRAM device to be evicted from the active pool into the standby pool.
Hence, the standby pool ordering shown in Figure 2G has Device; and Devices
occupying the top two positions in the standby pool.

As previously mentioned, when a new device enters the standby pool,
the timer mechanism is reset. This means that the pointer in the standby pool
still identifies Device, as the LRA device. The device identified as the current
LRA device in the standby pool remains the LRA device until one of three -
things happen: (1) either a timeout condition occurs due to inactivity and the
current LRA device is evicted into the nap pool; (2) the standby pool is filled to
capacity and a new access occurs to a device which is neither in the active
pool nor the standby pools; or, (3) the device which is the current LRA of the
standby pool is accessed and upgraded to the active pool.
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51| 48 1C | zc}xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU] ca] ca]0cAPR 2003
U] c’\a] cal cgy 6(:79,] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!” US99/25627
" SHHH] %) vl gb] Xi d_ZU] c] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca c cal ca] ca] c
aJ cal] ca] ca] ca]ca]ca] caU calca UV caV]ca]ca]ca]calcalcajcra & & (W)*,,,,,;
. K22+3344Gh- Bl eeh(pld aIL8aatidy thathed bﬁabédtm]&ai@ﬁimhca] cal] ca] Ca] ca
] c ajca]ca] ca] ca] ca] ca] ca ca] ca) ca] ca] caica] cal] ca] ca] ca] cgclo{cFaél]cgcal

Usl <<<=&¥VWENEB IRPre§anke 29§ AUP ] ca] ca] ca

Lyos ?L??Fﬁ?@k&ﬁéﬁﬁe{%ﬁﬁ@@% R L e B B R ot ey

ca] ca] cajwahea] BEANdezicea] Dayica]car ¢ Bevitesa Mt Raficalc&)galheaneal ca] ca] caj
I f a\i\t bl | 4’\’\’\ b bbb0 d'd

o 7] o) | A R detkp b pelic bel Reglisp dnf e PUANAY oy o caf el

.ca] ca] cabeallc@dlpMlcaj&ﬁ&égadr@béabeg?dd@laﬁéa deRgothe) Irkekiky e Shhntby ' nPnmmn

nDozoo| w mhc”Y] cU] ca] ca] ca& ca] ca]calJca]ca ca] ca] cal ca] ca] cagca] ca] caj ca]

gglvgglv}?fwﬁl cBfeailsniheaqddifond eacyeapyeq rs]a] ]éia@‘rci?rp]ércrvia%f glstc ;} yt } cur
oL} et sl faloe) ou el cobpslia el nghaniad)sabeabs

109& () - bSL0SRING) thyd Oal popt.  109& ()-L 109& ()- 9109& ()- ep#? A

, 2109&' -& 1Q9%&' - 109K -1 11710% # BL$
100 O) ki 1 e Dy Baics i o A g S5 Sl

[ 9! VF13Wﬂc%é@oKarﬁlrétﬁorﬁ¥ﬁféQ8@ec(s)W@ fimedat-d s ( Thadse 4\/&@%&16(0).& L 100 ()-
le%sw/(iO%& (? > ?

#10%&6(/)90 teagali qate Dﬁvlm [Peviges @yetinp-them baak teghe nap pool The

Devicegas the LRA device in the standby pool.

Figure 3 is a detailed circuit diagram illustrating the general pool!
structure 30 of the present invention. Pool 30 comprises multiplexers 31, which
store device |D's for slots 1-N. Each slot represents a position in the stack
structure. Each multiplexer 31 is coupled to a data latch 33 having an output
that is coupled back to one of the inputs of multiplexer 31 in the current slot
position. The output of data latch 33 is also coupled to one of the inputs of the
multiplexer 31 in the next slot position. A valid load signal is used to select
between the two inputs presented to multiplexers 31 on a slot-by-slot basis. An
ordinary clock signal is used to latch data into each of the data latches 33.
Each of the valid load signals coupled to the select inputs of multiplexers 33
may be generated by an ordinary state machine that tracks the active and
standby pools and compares the device ID's contained within those pools with
newly accessed devices.

Figure 4 is a circuit schematic diagram of one implementation of the LRA
device pointer utilized in the standby pool in accordance with one embodiment
of the present invention. A multiplexer 35 has a select input signal 36 coupled
to the state machine (not shown) that is used to track the active and standby

pools. The various inputs into multiplexer 35 represent the data information
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IS A e 4T O oo 4
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logic circuitry that assigns the DRAM devices to active, standby, or nap pools based on
temporal access of each device by the CPU, the active, standby, and nap pools corresponding to
power consumption states of the DRAM devices; and
means for storing an active pool size to define a maximum number of devices of the
active pool, and a standby pool size to define a maximum number of devices of the standby pool;
wherein the logic circuitry includes a stack structure associated with the active and
standby pools in which a most recently accessed (MRA) device is placed in the active pool at a
top-of-stack (TOS) position, a least-recently accessed (LRA) device in the active pool being
evicted to the standby pool when the active pool is full and the CPU accesses another device,

which is neither assigned to the standby nor nap pools.

2. The computer system of claim ! further comprising:
means for pointing to a LRA device in the standby pool, the LRA device in the standby
pool being evicted to the nap pool when the active and standby pools are full and the CPU

accesses another device that is in the nap pool.

3. The computer system of claim 1 wherein the logic circuitry further includes:
timer means for evicting the LRA device in the standby pool to the nap pool after a

selected duration of inactivity.

4. The computer system of claim 3 wherein the timer means evicts the LRA of the active
pool into either the standby or nap pools when the standby pool is empty and the selected

duration of inactivity elapses.

5. The computer system of claim 1 wherein an access by the CPU to a device in the active

pool does not affect the standby or nap pools.
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8. The computer system of claim 1 wherein the storage means comprises a memory location

associated with a basic input/output system (BIOS) or the computer system.

9. The computer system of claim 1 wherein the storage means is programmable.
10. A computer system comprising:
a bus;

a processor coupled to the bus;

a plurality of DRAM devices coupled to the bus, the processor accessing the DRAM
devices via the bus;

a controller that assigns each DRAM device to one of a plurality of pools according to a
power consumption state of the DRAM device, the plurality of pools including an active pool that
contains devices in a high power consumption state and a nap pool that contains devices in a low
power consumption state, the controller having a stack, with a most-recently accessed (MRA)
device being assigned to a top-of-stack (TOS) position in the active pool, unaccessed devices

being assigned to the nap pool.

11. The computer system of claim 10 wherein the plurality of pools further includes a
standby pool that contains devices in an intermediate power consumption state, a least-recently
accessed (LRA) device of the active pool being evicted to the standby pool when the active pool
is full and the processor accesses another device, which is neither assigned to the standby nor nap

pool.
12. The computer system of claim 11 further comprising:
a first storage location to store an active pool size that defines a maximum number of

devices for the active pool.
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The computer system of claim 13 further comprising:

a pointer that points to a LRA device of the standby pool.

15. The computer system of claim 14 further comprising:
a timer that evicts the LRA device of the standby pool to the nap pool after a selected

duration of inactivity.

16. The computer system of claim 15 wherein the timer means evicts the LRA of the active
pool into either the standby or nap pools when the standby pool is empty and the selected

duration of inactivity elapses.

17. The computer system of claim 14 wherein the LRA device in the standby pool is evicted
to the nap pool when the active and standby pools are full and the processor accesses another

device that is in the nap pool.

18. The computer system of claim 11 wherein an access by the processor to a device in the

active pool does not affect the standby or nap pools.

19. The computer system of claim 10 wherein upon a reset condition of the computer system,

all of the DRAM devices are assigned to the nap pool.

20. A method of power management for a computer system including a processor that
accesses information stored in DRAM devices, the method comprising the steps of:

(a) assigning a most-recently accessed (MRA) device to an active pool associated with a
stack, the MRA device being at a top-of-stack (TOS) position, the active pool having a
predetermined size with a certain stack position representing a least-recently accessed (LRA)
device in the active pool;

(b) evicting the LRA device from the active pool into a standby pool when the active pool
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with the active pool corresponding to a high power consumption state and the nap pool

corresponding to a low power consumption state.

21. The method according to claim 20 wherein the standby pool is also associated with the
stack.
22. The method according to claim 20 wherein the tuneout condition comprises a number of

clock cycles of the processor.

23. The method according to claim 20 further comprising the initial step of:

programming the predetermined size into a register.

24, The method according to claim 20 wherein the standby pool also has a predetermined
size, and further comprising the step of:

evicting the LRA device from the standby pool to the nap pool when the standby and
active pools are full and the processor accesses another device, which is not currently assigned to

either the active or standby pools.
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