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WD 2004/ 021129 PCT/ US2003/ 027003 METHOD AND SYSTEM
FOR CONTROLLI NG MEMORY ACCESSES TO MEMORY MODULES

wolAduNE 149 VEMORY HUB ARCHI TECTURE TECHNI CAL FPEL/DSXi03/827003

invention relates to nenory systens, and, nore
particularly, to a 5 nenory system having several
menory nodul es each of which includes a nenory hub

coupl ed to several nenory devi ces. BACKGROUND CF THE

I NVENTI ON Conput er systens use nenory devi ces, such as
dy BT QR AMIMSYSIER FORGONT ROILFNG MEMORYe4 CARSSES TO

e DAL T T B et

conmput er system the processor communicates with the
FEGHAMIC ARSTBED t hr ough a processor bus and a mermry

control l er. The processor issues a _nenor

whi ch i nc|%é§n‘aem&e%?l9 eeémwrygm%ﬂnasa%‘ il particularly, to a
BRAER sie A oL FRmofPRbANG, bR of ditHPEERIARE bichiBry ud
mﬁmdyoemtaimdn&rrykmﬁsest he command and address to

generate appropriate command signals as well as row

and col um addresses, which are applied to the system

b?sﬁ—?@ﬁ@vgﬁﬁ(ﬁﬁ commands and addresses,

ar(c)e ransferred pbetween the system nenory and

t he pr ocesS@hputENeysteRi¥IsY nfditry deviess, sschodst BMa@al fan@dm access
a systemcontroller, which also includes bus bridge

wemeni (IBRAMY) cdwpm,n@ sthee plus@u,@msranﬁu@at@ dhafnare accessed by a
SucC erati

B hesh Dip L g HES RS obnlatly D e At BRERE L §a computer

dyBereb tartgy iclll OEnRHET sysRET, q@ébf&eﬁeﬂam&ﬁr&% A8 the system
However , Is increase’in nenory bandw dth has not

mapOryptlnwlgm 4 Iprocessopdmiesinil e tiemoopeowirdlieg. sPeeprogéssor issues a

rocessors, roach to increasin nor
BeR G o9 SV HEBEESS oy oAb bES § Foaspppyand, and an
S48 BB Rk i e AERHCRE b BhBnst R o $E08hd. The
are rea romor witten to this arger nunber o
menoryycatiroller asesi tht comutandeamdraddesss és gendoate appraptipte command

architecture that lends itself wel|l to allowing are
yighaets WelhBerovb AndEttBry addiercesviigh Bee applind ﬁlﬁédﬁr@mynemory

@ﬁgﬁ;}??@ td ﬁleacc%%{éé PP AFGELUs! Bth YEE trahFefed BOWe¥n BHPsystem

ectur
memory and the processor. The memory controller is often part of a system controller,

which also includes bus bridge circuitry for coupling the processor bus to an expansion
bus, such as a PCI bus.

The operating speed of memory devices has continuously increased,
thereby providing ever-increasing memory bandwidths. However, this increase in
memory bandwidth has not kept pace with increases in the operating speed of
processors. One approach to increasing memory bandwidth is to access a larger number
of memory devices in parallel with each other so that this data are read from or written
to this larger number of memory devices with each memory access. One memory
architecture that lends itself well to allowing are larger number of memory devices to be

simultaneously accessed is a memory hub architecture. In a memory hub architecture, a
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WD 2004/ 021129 PCT/ US2003/ 027003 2 system controller
or nmenory hub controller is coupled to several nenory

wonadloen29 each of which includes a nenory hubpcDuptoes027003

to several menory devices. The nenory hub efficiently
routes nenory requests and regponses between the

controller and the nenory devices. Conputer systens

enpl oying this architecture can have a higher 5

bandw dt h because a processor can read data from or
SstenbCepioller @ meraomyb pniiRliRy icoupkedte seesal eamary murdples, each

FERH SRR S Bof f ET RAEERG, F s
EHBERhNy %Hte§ SfierhBryO RQuedts tdha FBRoHsYs beRtdh ethe WUrt®11ENGnd the

menory devices in another menory nodul e are preparing
mempriodedees. r Eauhputer aystoms reenphoyone sleorarchitéctate baughve a higher

BB BRI BPICcTE B BalAts THrm RUNBISAa BsoTERa module
WRE bEsih&aeBKembauldid f‘ésﬁéﬂdtmg ttooa ?IEQF ﬁkﬂ@fﬁa&c@% fﬂ’&"%xample

of command and address signals nmenory nodul
tha cbrotessorf ¢apwowputdetise dagntal Ehetmemnry flevicast xlneormerrf)ltlye memory
| es, . A nennréycontroller in a conventional nenory

no
@98@8%%%1? HermgmeR desisehiBrgioihen Bmom: moRulgppipparing to provide
&m@g&gﬁ,ﬂ%§§x%% gbsence of any control device, such as

, be

a menory tween the nenory controller and the

nmenory devAtkaighakanoiytmodiled isigg ynedasy hiibs nidyeprowaliscreased
controller to coordinate its ogperation with each of
PABOREIAY Gl Bresenas q§amtmw|®bs isthgdaoduies wnmlgﬁ it difficult

t6 Q:Béfd%#alt% ﬁlel FovPSE éo\ﬁ%%n(f o Jc@késg Ql%%? fiz ‘SIIF]%/I{P% lné?dql%s and the
i &ftdatl &Tgﬁﬁlmtﬁ et hora t the Uﬁerﬁkf 'EROAU1Ys. AAC Afenfdty l@ntroller in a
each nmenory 20 nodul e based on the signals it has

conEensionak memery syptemadiescile dcdepomemhey derirss jn methohemodules. The
e
a@i@\fﬂl&lﬁémﬂmldeﬁ ke it Félitﬁvef}pé'asﬁf&% FeinbB/ cc;nﬁoller to coordinate

determ ne 't he status menory r equest s t'o each
1t$eqmr9t1qmmtﬂ1eeashmfethehmemom noidiukes. | b particolagedince the memory

directl) on roIIi t nmenpry. accesses. For

CQQQHIEGF i g o?ﬂnrt@ﬂ?r@rt afCtiYyy| lanﬁaé?fel ofether memery gnodules, the
r

HORS ol otk UBEY, BGHARE 6 i QECRSET LS, e memry

ocahmobasde be ithw signatehie had thensmétead toerescyiveé Goasthe In$emory modules.

i ssued, it cannot _ determ ne when the read data w !l
Ip copias the Preseret e memery hwkaneach gkths mesmenytmodules to control

access to the memory devices makes it difficult for a controller to determine the status
of memory requests to each memory module since the controller is no longer directly
controlling the memory accesses. For example, the controller can no longer determine
when a read memory request will be issued to the memory devices on that module.
Since the controller cannot determine when the read memory request is issued, it cannot
determine when the read data will be coupled from the memory module. As a result,
the controller cannot determine when it can issue another read or write memory request
to the same or another memory module. Similarly, the controller cannot determine if

several memory requests issued to a memory module have been serviced, and thus
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the controller cannot determ ne when it can issue
another read or wite nenory request to the sane or

waopakherizorenory nodule. Simlarly, the control P€T/US2003/027003

cannot determne if 30 several nmenory requests issued

to a nmenory nodul e have been serviced, and thus WO

2004/ 021129 PCT/ US2003/ 027003 3 cannot determ ne

whet her additional nenory requests should be issued to

the nenory nodule. O her types of coordination issues
%inm)t detcrappawbether aldgromak iemosdreqnesthshoaitd be isFimrsh to the memory

PR O e 1 FosroinflicBh rmies HY P PRaBD o s R e in 0 art
pl ural ity pferdUbmbReRE 2 FREPFof arfﬁgrﬁl)ﬁissyﬁt@m a'::t‘clﬁf%@ﬁﬁié fifat fllows a

the issuing of nenory requests to the nmenory nodul es.
(SUMMQ&Yoﬂéth'EHEleVWWpI@J&I té. arphwality nafddbebdsad memory modules to

controller is coupled to a plurality of

Go0Einale thedsping OhRFROFY e é%hswynﬁkscoum ed to
a plurality of nmenory devices in the respective
nmodul e. The nenory hub controller stores a plurality
SITMMARYNOF THEINEENSI@Nd transnmits each stored menory

request to the nenvr%lhub in one of the nmeno
nodul es r e3IBFEPYEMP@le bpb antseliarrisicouplgh 4 atmlartah%of memory

xg&ﬂﬁéﬁa%&ql gf vﬁn%ﬁ #m:ﬁ}de?rﬁ leem%mﬁ{lﬁu oﬁ?fég V\% :?ﬂ{ ﬁﬂ\ty of memory

Ignals receive

deeives \in ltB€ weptctive Medulg tTHRNEEbhEHub ThetréTRItOtef dbplurality of
stores the received nmenory requests and coupl es

TReRoreresstreand tsingmih sachottered mﬁmnrngeq@s& taethe memagy hub in one

15 ts to t.
ORI oS FERR? yowBaay 40 % Pl Shppl halidy £orgendd as o
fRRctARSTEANa0E hqile ght\aeglgh%@e&ﬁtea ffdrRAhd AEmMIBNREY to which the
devi ces. The nenory al so generates nenory request

gemenysrequeghad being etransmmedg Theememony hub stpuessths redeaved memory

have been serviced t he nenDr devi ces. coupl ed
(PSR SO TRMOREHBEY SRULY CHFRONpECE Mresored memory

rBRIBes Yo HRAHERbryedcd$inSthd Hf'%hng rPRAJERY ThE %n?dgg Aubd tgﬁé BGnsmits

nmenory 20 hub controller. control I'er ou
wréte elatadd or eatdegiantly asvdivgersad duasrdnn duefmemoryuﬁniceg I The memory

si gnal based on the nmenory reguest status signals
hUBRSOoBENEREES TORBRY T6queshiiRys sighrls ddsnbigpg theeraer@%srequests that

LB SrARPLEY HBRR, AR AR U B B memor

hub afén oogflesathe QgHé S request &RACIRARKIAAE dng rédtedata to the memory
hub controller. The controller outputs the received read data and generates the flow
control signal based on the memory request status signals to control the number of

outstanding memory requests that are stored in each of the memory modules.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram of a computer system according to one
example of the invention in which a memory hub is included in each of a plurality of

memory modules.
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wQ@e@s/oenrd429 PCT/ US2003/ 027003 4 Figure 2 i s BRCDusmk3/027003

di agram of one exanple of a nmenory hub controller

used in the conputer systemaqf Figure 1 coupled to one
exanpl e of a nenory hub used in each of a plurality

of menory nodules in the conputer system of Figure 1.

Fi gures 3A and 3B are tables show ng one exanple for

t he for matFiglrea? is% biedodipgrasgoste ganipdt of 1 aramiry hetsl controller

fromthe nenory hub controller to the nmenory hub of
YSpQ iy Bezomppss kustem &1 Jewreybooinied igme cxamplg 9fg ggrgory hub used

FAEYE 5 OB AR VR S SPBAR RIGEE

menory  huligedes Bidgade3 R .arel Ablok Fhdwing dokeSkkinpTe ONtKdformat of a

THE | NVENTI ON_ A conput er system 100 according to one

TBSCRPRY| TEqust Parkel tansatttehires thesmemary ubrequttoderto tipmemory hub
pHLsr system 100 includes a processor 104 for

of TR 5. . . .

pérform ng various conputing functions, such as

execut i ng Fp@et HACarRIOfB We @ble® sR@Vingome SR@Gpfel for the format of a
cal cul ations or tasks. The processor 104 includes a

eTBe SISEonBe Hadkes transinittad fiem the memiont huly eentealles del thesmemory

I%gsf a coptrol bus, and a data bus. The processor bus
@f&ﬁmﬁ pically coupled to cache nenory 108, which

as previously nentioned, is usually static random

access nenory ("SRAM'). Finally, the processor bus 106

DETABHD BESCRIBTIGN QFeFHEINVENTION 110, which is al so

sonmetines referred to as "North Bridge" or, "nenor ..
Cont rol I erA conpuieh sydgm L acspiding foupno) sepraplp e, nvgntion is

SO EERL PNSTHR %Bﬂlﬁ%f%r kfem ROO FRARRS a_]p?écefsﬁ'ryl@ﬂfﬂre performing

vari ety of other conponents. More specifica

vasistecompuingr fuinbtéons] hixhi ascéxedetingaspgraiehdodisvapotd petiérn specific
is typically coupled to a %raphics controller 112,
cglspieHons or fasks udRe pERagpioad Ve dneudesfeBrocessar hug 14 dhat normally

ifdhde’Vait g«gﬁrgs%nf)&so'al %%]é&)%%ug Sandall S(ﬁf(acggs[.) ! %glet od&8or®us 106 is
nore i npu evl cés , such as a keyboar I a NDUSE,
typicalyl @wplid RNcepemémsryt 08 AtecH, &g epravibhsly kertioREWtie fusually
system 100. Typicall t he conmputer system _

static random access memory (XSRAM”). Finally, the processor bus 106 is coupled to a
system controller 110, which is also sometimes referred to as a ‘“North Bridge” or
“memory controller.”

The system controller 110 serves as a communications path to the
processor 104 for a variety of other components. More specifically, the system
controller 110 includes a graphics port that is typically coupled to a graphics controller
112, which i1s, in turn, coupled to a video terminal 114. The system controller 110 is
also coupled to one or more input devices 118, such as a keyboard or a mouse, to allow
an operator to interface with the computer system 100. Typically, the computer system
100 also includes one or more output devices 120, such as a printer, coupled to the
processor 104 through the system controller 110. One or more data storage devices 124

are also typically coupled to the processor 104 through the system controller 110 to

allow the processor 104 to store data or retrieve data from internal or external storage
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100 al so includes one or nore output devices 120, such
as a printer, coupled to the processor 104 through

wo b@4sygeem control l er 110. One or nore data SPOF/E§H03/027003

devices 124 are also typically coupled to the

processor 104 through the sysgemcontroller 110 to
all ow the processor 104 to store data or retrieve data
frominternal or external storage WO 2004/021129
PCT/U82003/027003 5 nedia (not shown). Exanples of

mggiadapt shopmygExdepicsed tymaalistaspgeideviaes d 24rincladopayl and floppy

Y ca tes ct di sk

e e AR B AR R et R0 AT bt (TR,

i ncl udes aTHE §Ptan ReBrSIALIIOl A1) inkRldes bAbmbE RABIBbAFbILer 126
to several nenory nodul es 130a,b...n, which serve as

ok iscapupledhte yeverl formeryeamerimgsult39e,bs yis tverieh 8erve Bk eystem memory

| 13 f b| d to_t
M SR e R
hdthory it EbniYled 2 Athr Qi £Riigh @ﬁeedq n‘f(Clt3r4' GAlich may be an optical or
communi cation path or sone ot her type

destriealicommiuimstipm path or isomb ethev type of bcbmnimn@lahsqmqmﬂh | Inntkie event
34.i.s i : t ed tical co ni cat.i on

R, T T I

Qe i c ARG a@PIrlaf B i HREfAM off %ﬁe ?g@m}é t1 LD b StE I3xample In

case, the menory” hub controll e nenbry
suobl ghses the 30ermdrly lhub eohtueléer 426 amptheoﬁémmnypmbdtﬂw mﬂlwil)nht:lude an
or. separate i nput and out put Eorts coupled to the

Wpicrl MPut QYRR RPIE AT SR HputrRad Ww%dm%dlgnﬂ}e optical
@nfm nuﬁi{l?%%r %Hg | &megﬁmMJ Y30halll? %?rp&; o Ideto ?Hlé:lmory hub

r al s aln arrang ems

@ntrglle tdeghr a&ﬂlﬂﬁcﬂrbp ok dhid¢ thmCMF&ﬁeﬁtOma\lvhlcﬁfthé Rihgle high-
menory nodul es 130. However, it wl be 15 under st oog
Pred hak Haft ip (Yﬁépléélt@sannﬁﬁ/ﬂﬁl mempey medeles d3eh Hewever, it will be

T e SR -
a@ﬁﬁ@erﬂém it %1dmﬂﬁe"p)ird@ﬂigh%§eeh31% @of Hﬁ)vﬁﬁq?ﬁyedht‘dtbougle J:ach of

controller 126. A switching topology may al so
thﬁmmiocmnmﬂ@leﬁé%twthh oiempoy hulpEdndrol122B26. SA sefiteling Yedojogy may

0 ed.to h t he | es 130.through a
o R D P R et D o P I 16 55 Felietivily Gipiedgo cach of
[ .
(0 Bfenih) modleR D6 ixiBhelt 2 5N Btk shétéh)! TOMEEBblosidrafidt may be
used wiltboappatdnit fegorecskiled it thefartrenor y devi ces 148,

T Ol 2 140 for
cgﬁffbl‘ﬁﬁg acéé@é’\ﬁ)v@ﬁl’em%ry devices 148, which, in the example illustrated in Figure
2, are synchronous dynamic random access memory (“SDRAM”) devices. However, a
fewer or greater number of memory devices 148 may be used, and memory devices
other than SDRAM devices may, of course, also be used. The memory hub 140 is
coupled to each of the memory devices 148 through a bus system 150, which normally
includes a control bus, an address bus and a data bus.

One example of the memory hub controller 126 and the memory hub 140
of Figure 1 is shown in Figure 2. As shown in Figure 2, the high-speed link 134
(Figure 1) coupling the memory hub controller 126 to the memory hub 140 includes a
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fewer or greater nunber of nmenory devices 148 may be
used, and nenory devi ces 25 other than SDRAM devi ces

worey4/oofi2zour se, al so be used. The nenory hub REDUBR03/027003

coupl ed to each of the nenory devices 148 through a

bus system 150, which normallg includes a contro

bus, an address bus and a data bus. One exanple of the

nennry hub controller 126 and the nenory hub 140 of
ure 1 is shown in Figure 2. As shown in Figure 2,

ltﬂB -Speegrflosydial 164 ard a Bigh-speed wplgiy @6]I§lat@®iﬂpﬁmfﬁ frowm each other.

AR PRG0S0 8ed ol B 50Hy lnte togi signat,

bptizhr sipeas rdowhals lor b oftiRel typbe irGibnaRRE thedRink. n'Thé%léwnhnk 154

that are separate from each other. As previously

aoIdink @6 matealsolm pomhm%am asihglgphighispaeddirdarecionap ligk, or the

ORI B0h ng FREE TS0 ShP T rurr SRR, S i gmber of
édﬂﬂ:h@ﬂﬁcaﬂtﬁﬁ lﬁﬂ(}é ALB 9s E’ﬁ%aﬁh@@ﬁiﬂ&% tHe c%nﬁﬁaﬂlgl %&é&%ﬁ?ﬁﬁdslgnals

bi-directional link, or the 5 downlink 154 and t

@ﬁbller V1ali§6s Wd!/bdaa)phmnt toconegskiliedenl therarto a | ar ger nurrber
as sep rate links fo

The commantiR: hihet tOlreacs a6 LF g ) Ge ey hab controller 126

I
PHLEEL )ty GRESADd sTLBsdy  fi 1

tboughr ohd ESIyst&Jﬁ6 contmi]er.l dd9 aigietory meaqoss teqqesu elgiiﬁ@ including
t hat recel romthe processor 104 (Figure 1)
GORBBYH Seg?é gdqreshseatsagdy iathe aase pf gmqnmw%mty data signals.

T}{%qﬁi%l%t)rysfegﬂ@s!tﬁ 1Lenfédjgg5]9 c%RJEE“iié ue?‘slt Qﬁas%%alsaﬂg% §a¥v control

si gnal s "an case
Wil vl that unielyndemify eacoeasd feqqm laﬁd éﬁﬁh Wili2 Qe RS PiRSe Request
Request I D signals froma flow control unit 174 that

I8 4@ 6pmpbingd ryihy gpr@@mdw&hlghéwé geadareduestscandwwriteerequests and

, e ed with .
séo%?c? gg%lon n?g'r? ﬁfﬁg\%& ciueu llé@ BO Fr@é& 1§ttf£ %WSr {Hf:iytaée received. The
mM&AG Sleguah @1 alsSétere@dni the trBGudIEAREVE 1| 60 HEFhd< H@t%eread request
160, preferably in the order they are received. The

sr@lﬁbr gndy @/qm@gcqugﬂgﬁam%s stTheeblighevdl ememauye stquepi ssiignalssond the
both re and wite request
.qaﬁSiq? S ﬁ*flEhCO?ls&bvefynB%? rfFiZ% S (NN iegueshiepps:  The
issial sl o sl el i (R g
i the samedrdartthdysseiectived.si gnal s to the menory nodul es
130 201 nl'htehn?enﬁoar%ugrcggtrroltler 1%6aarls% 15181(1:1celésvae r?qemory response queue
170 that receives read response signals and write response signals from the system
controller 110. The read response signals include read data signals as well as read
status signals that identify the read request corresponding to the read data. The write
response signals include write status signals that identify a write request that has been
serviced by one of the memory modules. The response queue 170 stores the memory
response signals in the order they are received, and it preferably, but not necessarily,
couples the read data signals 172 to the system controller 110 in that same order. The

memory response queue 170 also couples to the flow control unit 174 the read status

signals 176 and the write status signals 178 so that the flow control unit 174 can
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The menory hub controller 126 al so i ncludes a nenory
response queue 170 that receives read response

waeegnaaba2eand wite response signals fromthe sper/@s2003/027003

controller 110. The read response signals include read

data signals as well as read 7status signals that

identify the read request corresponding to the read

data. The wite 25 response signals include wite

status signals that identify a wite request that has
desamingswhishgeat teguestscansit Whihﬁ wriseroequestp laveebeen Beeviced. The flow

re ns. eue 170 stores the nmenory. response.sign
GRABRENE 194 ket s PelrEas ity comering GF SRbRcey bifs 178 to
RO R JIBER PRI den¥ratedCHH HeCBow RBnfrEREhi '

tt he egyst ;?cgontrragel F@LrJ flo in ?fﬁglt g[gg?fz@gﬁgg?.aﬂ@fﬂég%hé themory
negmst Yueuesiion sEhegiliew eodif@ witsky 4cthenp betputsaldw eotitr@wignals to the
control unit 174 the read status 30 signals 176 and

TPETROGY FqaueE ey Vgitapiow 78 Jpemeryt reiRest 1qushe At toofletermine
' { / 003

krkid, o 00 ER BTHIGIURRIR o o g e

thadtdesoBO(Fimurerixed. The flow control unit 174 nakes

this determ nation by conparing the status signals
176, 178 ththtﬁv}Eh@er&éé%qce tofigEndr Heahegryt b 4G each of the

OSSN 47 B0 EROLFS LRI TE s FINEE b 7 v

manbryabquis@ITEdns tHeOméMeryhubRoRtyl1dr 698 Bsrbughitié g sheb® downlink
al ow the nenory request queue 160 to determ ne _
\et Heg reguastvavehe 100 drduded dirsuiey sindlar tothat formebinyconventional

[ ests.ta each qQf t nmenor nodu] es 130 (Fi guye
el S el ShE B o ecteod Reedrmi S gddress
sighdlsi fse@ab\ t1Rf nichfry WBMREY 180D ARl DH3thd BFid4dE€Sh@e reformatted

menory request queue 190 that receives one or nore 10
stemalsrty themeswry déviosn t48eat Menpropehtimne eodseqicher. A&@6Gexample, the

t hrough th i gh-speed d | i nk, 154. The uesf queue
rsis Aiisalel ofe SPEey iFss Siegale st gLt dhe Temory hub
cORIMNRN 128N row BHP b¥lumANiddrdsk gfg%agp T Bk cfulaﬁe 190 can then
menory requests to the conmand and address  si gnal g

outpat! they ravh eddressosignale i tesmad8ry( dévites €l 48) alamgiwith 4 f8waddress

these reformatfed signals to the nmenory devices 148
sipog é“pg Sﬁéﬁna{ foneaush Hesiepuddeess signalsdq dgptshed o e memory

9 r ' -
P
tleenthemoky devieddr48sslond 9ital sScollig ad@@eestolBUETASTPBighdNo cause

then output the row address signals to the nenory
thtetqluma afldeesy SigRgs Bip be l%tclreéwn@d%p awgmory devices 148. However, the

nature of the reformatted command and address signals and also possibly data signals

will depend upon the nature of the memory devices 148, as will be apparent to one
skilled in the art.

When the request queue 190 has issued the reformatted read request
signals to the memory devices 148 responsive to read request signals from the memory
hub controller 126, it applies a Read Released signal to a flow control unit 194 to
indicate that a read request has been issued to the memory devices 148. Similarly, when
the request queue 190 has issued the reformatted write request signals to the memory

devices 148 responsive to write request signals from the memory hub controller 126, it
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strobe ("RAS") signal to cause the row address signals
to be latched into the nenory devices 148. Simlarly,

wo b@4neqgoest queue 190 can out put the col umm aPOT/@S®03/027003

signals to 20 the nmenory devices 148 along with a
col um address strobe ("CAS')gsignal to cause the
columm address signals to be latched into the nenory
devi ces 148. However, the nature of the reformatted

conmand and address signals and al so possi bly data _
aiplianrsWritg Reeledsgdesignal gorihe flewneantiob unit kHetoniadisate that a write

devi 48, . 1], b nt t Ki i :
FRkesE R 5 st lontber BB i Hend 800 RS BEfEaschrand Write
REEQCIBI SR hRatkede@UR M ulafd ERAteAd tAd! WEtTBARS Ysignals 192, 196,
devi ces 148 responsive to read request signals from

tebpectiegiprthat yniguetoidentofyl each k2é requestzapg wréts requBstasdrviced by each
d si |, t I nLr nit 194 to . :

P aareopipauies 03 MFRBER Rl B pEisatiol boig a4 assigns a

1%19? thadlRHGRE I@%hlcﬁ}pgérﬂﬁgﬂyéég%ds ¥R ReGHEFID %’L?‘f@d to the

has issued the re e request signha
membtyerayposrqued® 1dviromstht4Bow esponbiuuid 174, o i daeh released read
request signals fromthe nenory hub controller 126, it

agresh o 4he 2lor someet) wnth b plso Astigns 8 uajgye; wdteresqnse ID to each
| : t ' 4
RUFERAHIAIal, UL GR0ILRRU (B Koyt . Thes

eEpUDEYy/ [Dkeare cosplddid. thd hephierduiel ERSdeahghdWiitesstatus signals. As
Rel eased signals are used to formulate the read and
RieYipusly explaied, gesq sfatpe signalscre cpunlpd e itheempmoryy zasponse queue

%i g/ﬂﬁ:&ly e%%gtreg% it:lLey %§§$ gﬁﬁﬁ?%oﬁle%&er%t%%g r}g ér\{\cq%% iﬁ/gl%gt%glgonse and

sefvi ce e nenor

Rpes tHeGalthysighdietolth®Now@Bhtell unitni7s, 194 assigns a
uni que read response I D, which preferably corresponds

to the Redbgsspons® toupéaddmemoryheequest fomy theerpquest quesudo, the
160 f th | trol [ 74, t h d

Petery Blistn L8 cHAS TR P et e mchaoty Bt 4 e Tih sead data
sPoridlY AH8toMEd frfa FEINRREE 206 TRe @@éﬁhqueﬁglﬁg%ﬁgseﬁ?ﬁrgﬁl couples the

request, which preferably also corresponds to

rRshdatas sighdds toThessporse gersaton3@d, Mbsclaalso roeiptetiie readtsttus signals
response gueue 170 as read and wite status signals.

]ﬂgfp g@i fQnt Bpﬁﬁﬂ%d, these status signals are

coupl ed tay a?tHgErgﬂfeXt tfeﬁ@‘?%;fss&éé%e I ug(sjts,(\.ﬁ%rgah]s indicating that

separates the status srgnals fromany r
theedritel esjuests hivee beassusé asnstoreddn @l whtet URuS 06 .USThe write quene
signals to the flow control unit 174. In response to a

206 zubsearerly ouglss dhe Figrnls iisatiureleisiued waife raBsts fonthe response
generator 204, which also receives the write status signals 196 from the flow control
unit 194,

The response generator 204 associates the read data signals from the read
queue 200 with the read status signals 192 from the flow control unit 194, which, as
previously mentioned, identifies the read request corresponding to the read data. The
combined read data signals and read status signals 192 are combined into a read
response 210. In response to the signals from the write queue 206, the response
generator 204 generates a write response 214 containing the write status signals 192.

The response generator 204 then transmits the read response 210 or the write response
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15 nenory devices 148 couples read data signals to the
menory hub 140. These read data signals are stored in

wa@2omdaciigueue 200. The read queue 200 subsequert1/¥$2003/027003

couples the read data signals to a response generator

204, which al so receives the gead status signals 192
fromthe flow control unit 194. Wen the request queue

190 issues wite requests, signals indicating that 20

the wite requests have been issued are stored in a

24 toehejrespans GoeucTIVO imthe memopiab cdfBolerd26q ot kpecifically, the

couples.the signals indicative of issued wite
reaq dafasignels ar ar%sggﬁ% frem 1§ FRSpARsS BEDYAIOr gl iahthgresponse queue

Sy

g:‘gfr:ltei; oex%aci E&?d Wfilget ﬁa ]%Ql{gyglgg 2%21?6@ g %é&tl%l? r%g%f‘so t}aﬂ%ltted from

ths 3@bﬁde@nbﬂa&>r 28ddo das resinga ghicuef I70Neithee afod@dn tikbcase of some
ueue 200 with the read status signals 192 fromthe

¢ bovveastass sighals oo copbiaptionayith sead, dasy sigpals in the case of the
I%E&‘t ka? gxaél ?tthé differ' wﬁt Sa. s SEHIESL THAL iR pl% ns%gnse 210

to the re |ne data S|gna

dodddinsS tat te8d daginad Swell9ds aff@mm;ashlmﬁqhdlm@nﬁfﬁﬁgdhe read request
response 210. In response to the signals fromthe

wﬂeﬁeomiuew 206 readndatee apdribe wientsspanse 2104 coetaias ainégmation
Wit onse 214 cont |n|n wite st

iy BeAgSHYIE i SARGRA G Y e Shengy i 30

transm ts Fenn@@s of Q3RO Re@edd Br RAd tdRics tHae cAEBPOMSRnding in

WO 2004/ 021129 PCT/ US2003/ 027003 9 214 to the

anyspemsy module 1131Dbeﬁoret thee mmor)y réqubstcquene dloDewilll 86t issue any
ecificall rea ta s

(e s al s are ..
%&% PEBETFY E’S§B’6‘?¥ Bwa@ﬁ3%%?%F°t%aﬁ)t/@rqaﬁ@nmmg either
T, I '
tffg %Pé?x;f_%rg hib %ﬁtroﬁvf?rol% Rfh v%ﬁigf ARG E 0f il Qltid{?ab?é hsz queue

respectively, are also transnmtted from
deptipdnstheg elnematiosr cZ0dadireqidss thaspo bs eugtsadmg hid); be the same or
elther alone in the case of sone 5 of the wite status

b GiH{gtient fgom ithe RERRET QA NTERTeA eSS ﬂlétacan&swatsgangﬁw s in
the case oft, ngﬁgee@pa?h%{slg@ %89&%“ La (i q}lg %E)emory request

wite status SI g es onse

qeid ab6Min tHeememan Kt eontdlleeli16 wsthe mﬁaﬁ@@tremsum@w% in the
Identifying the read request correspondlng to the
m@a@ry 8, 148nig shawnyjni Flgmiee%orli@éhezwrmdms o¥ig in Figure 3A, the

formati o uni ent|f a t
DpORCRAE] iy N BTl CRathrebaE8oaE bafke e G severa
phckdt Svdr@f) URBEhQhe TRADrY RYUEEH GanthAdé o®h@NfoRRats, as will be apparent
outstandlng in any menory nodul e 130 before the

toene s}ylllchaqutd;g fartq (e dirgtehbits ¢fla first packesiveord 294 are a Command code
that 1dentifies the type of memory request being issued by the request queue 160. These
command codes are identified in Figure 3B. For example, a command code of “0000”
signifies a no operation command, a command code of “0001” signifies request to write
between 1 and 16 double words (i.e., groups of 32 bits), a command code of “0010”
signifies request to read between 1 and 16 double words, etc. Returning to Figure 3A,
the next 6 bits of the first packet word 224 comprise the Request ID issued by the flow
control unit 174 (Figure 2) that uniquely identifies each memory request. As previously
explained, by uniquely identifying the memory requests, the flow control unit 174 in the

memory hub controller 126 can determine which memory requests have been serviced.
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addi tional nmenory requests can be either fixed or user
sel ectabl e by progranm ng either the nenory hub

w@oonionliber 126 with val ues indicative of the pCT/OSzN0s/e27003

request queue depth. Further, the nunber of read

requests that can be outstandipng may be the sanme or

15 be different fromthe nunber of wite requests that

can be outstanding. An exanple of a nenory request

coupl ed fromthe nenory request ueue 160 in the

Hm%w QAU ibe 6151 PIckEREOI Mrrse hartugly ordetbits37:4elie memory
itt ¢ thsﬁélodlstahownln Figure 3A. In

? res& WE‘CQ QE%\%H PCRSUPE™SR% he  nenory request is

in the formofird 2MEIED6Y a KEHARTacRAGKSH 280are Rh&dTNEe packet

several 20 packet words, although the nenory requests

oampheaskown e Figuse AAt sThasew 15 bite aa@plasr &w ordep totsel5:2 of the

skilled .in the The first 4. bj.t irst p

REParosSs i Snh e tonustiehintiedist s ha S bis 1:0

{BAnsHBREY YedaBQUERHA aB@x‘eE@bﬂtsS%@l‘a R¥ect Eﬁecﬁf‘c%'i%sfn ik l’b?te of data ,

160. These comand codes are identified 1n Figure”3

dadrallorempiysccasesanerond lasdebyé of 480"  si gnl fies a no

oper ati on fommnd a conmand cgde of 8% Si f| es

request t ol Wy MEROLTeRRashAUSHE 11981 ong O fhigEnan ey tis 140 may use

tﬁé H§ 1} offcPBRS 39f163% zp'réiﬁ Wlo&pggdgpgga &%éé) as a column

SI gn les request to read and _
addrads,, oreit (tnayFiB‘e Uhese ngldtedsdsi i stﬁle%her hixghene The ekt 11 3)1ts of the
of the first packet word 224 conprise the Request

ﬁeé%rlﬂelaﬁcw vord 2B CoBpiLT-0bitethal s Snequy(th# glemberzt)f donbhe words or
sqﬁ’]ﬁ Wi fl %nltehé 'ﬁ%?n %ia%l' {ORR e 'iéH d vices 4 %V ﬂ?l Xlemory
ed; r%%ﬁ)?

quely 1 entlf yrng

m@cqnestme ﬂnlae 16 |bQ§Vo$<ﬂEH §@bnd! paakeﬁl%rd upkd B&ls%@ ofMBiERK Mata Mask
hub controller 126 can determ ne which nenory requests

154 thap earn be gpuptledetd. theymenyey/hob ropgolieTi2o3ases) alrraddata called

Db R ity Tosel” skl binB Lot dadrg S ofe siea

it t he nmenory request is directed. The first 2 bits
of a second packet word 228 are unused in the packet
exanpl e sHmlowing the ginsté Beket adn24, 228 foi 4 wrise eqidseis at least

Iow rder bij 5:. ry address_to which

Selihorogd Paf ok ey ?E%?@agg?f@@%wgr 3w kdsgend upon
tpé w§1ua ? o5 iihtiRE D8RR batkeP Wik 298583 WHRiHeP tfiPibflory wri
sel ect Ospem fic 1b| tsS'kaﬁ eg) ﬂ( byte ? and %{ﬂ,{ ory wiite
coemmaryl iadoewsidag ardouble wiord @as byta. ﬂ%&@xaﬁpﬁah Louhh8:0 value of
nenpry request queue 190 in one of the menory hubs 140
“%90 ud&-> 4) In a packet requesting a double word write will require 4 packet words
230 of wnte data. A Count 3:0 value of 4 in a packet requesting a byte write will
require only a single packet word 230 of write data. A packet 220 for a read request
will not, of course, include any packet words 230 following the first two packet words
224, 228.

An example of a memory response 210 or 214 coupled from the response

generator 204 in one of the memory hubs 140 to the memory response queue 170 in the
memory hub controller 126 is shown in Figure 4A. The memory response is in the form

of a memory response packet 240 containing several packet words, although the

memory requests can have other formats as will be apparent to one skilled in the art.
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the high order bits 37:16 as a row address and the | ow
order bits 15:2 as a columm 10 address, or it may use

WO b@gm2Haeer esses i n sone ot her manner. The nexPCHUBIWD3027003

of the second packet word 228 are Count 3:0 bits that

speci fy the nunber of doublewords or bytes that wll

be read fromor witten to the nenory devices 148 on

the nmenory nodule. The final 16 bits of the second

packet word 228 consi st of mask data Mask 15:0 that
Chafitse 4 bots if e dirstpacket wosddd4 ishaiBesponse Cbdethati@entifies the type of

PETEG{CORE HEHS BRCH I PhTES FRIRTRSE BB 204m oot Response
Qs aeishb&d in ng?ﬂ'é"ﬁ% apdr exaRipl OWIRRGdlAE c&gder SH080'PALKLLignifies a

wor ds 224, 228 a wite request is at |east one
o0 m'erastwn’d r@Bonsof antra Respopasacodehe ‘00 haignidies paRIeaad Response,”

‘\f(/\ﬁlég v@ilso ! Iez}gegﬁend T onstaathggl‘g}/}éﬁﬁgth%t cou 39:9(1 }erclluest has
Pé{? d%’fﬂ@qg o’h§eacit%ge Wi :tggvalr%e g l?c&gl%g@o{%ﬁ?% .R’esponse

exanp unt
c!bﬁeldf “ﬂl(hiamgmﬁes e (fifast iRrgpenselduitich woll @rovidd ®rive dthtus signals to
require 4 packet words 230 of wite data. A Count 3:0
L 7P deKBe BRI GoRTBlet d 2 mfi@atm which write

Ire 19%{ p&sz%ﬁnfy se?vu?écp gi:gna C*ﬁ'éﬁp\%gedf:%d%ooiofmw g (%l f‘fi%t a“ te and

a read re€ques

le Réekpoasyy” p/acdhewllmlrcdﬁe.?ra&a ﬁt@{dscm%ﬂm it whikd %tuEVWgnals in a
packet words 25 224, 228. An exanple of a nenory

naék?img@lmmre@fl datpq Pwnpmtmed abwes He waksstatgsesignals in the packet
204 one_of hubs 140 to

n@ﬂgét;apte?% %’n@s g lj‘éeni% re(huets%%s Mﬁerﬁg‘pg,ryﬁﬁguest tfor the read data

sty @l the "paék%@ I g &lRAMNIt Embtdstfigicfifo JofideRRE )étatus signals by
response is in the form of a mMenory response packet

1pcjoding e MIﬂvgeabd&ta &l a Péritk end Readi B espinsesingghortlnen@esponse is
can have o% her f or ts.as

Il be. .
T el P8 Gt RrHd B 1S Hetus e ongSiotbo Sy Tatadf data is no
Q%H%% Q24008ry hdddibe 30! feh it gﬁ{ythb}t 19&8 1{)} # oSteturn a “Write

et word 244 IS a Response Cod i es th
Reyspense’l’ to pevaleythe espons bulb esmplier 426 withtiefdribytidrhsbout the status
response generator 204, These Response codes

Oéﬁ‘éﬁm Teqye gwexg, "Poite Besnppsg, pagk ﬁé§mh%éelexrglglf&es1red until
BT o o M PR B T SERARE 0 onc o

the mleoby iolliles e.m:r n read dat a and read status signals

' ndi cat ngRé/t\Qrin(i:nhg troeFai(gjurgi lgl?}fet ner;g% bits of the first packet word 244 are
the Read Response ID generated by the flow control unit 194, which uniquely identifies
each memory read request. This Read Response ID will generally correspond to the
Request ID in the first packet word 224 of each read request packet 220. The Read
Response ID corresponds to the read status signals referred to above. The next 6 bits of
the first packet word 244 are a Write Response ID also generated by the flow control
unit 194 that uniquely identifies each memory write request. This Write Response ID
will again generally correspond to the Request ID in the first packet word 224 of each

write request packet 220. The Write Response ID corresponds to the write status

signals referred to above. The flow control unit can compare these Response ID values



been serviced to the response queue 170 in the nenory
hub controller 126. A Response code of "010"
waognriotiles a "Wite Response,” which will provPdEUS2003/627003
status signals to the response queue 170 in the
menory hub controller 126 indipcating which wite
request has been serviced. Finally, a Response code of
"011" signifies a "Wite and 10 Read Response,"” which
will include read status signals and wite status
& GaReguest valuep se determiontihiami regd e asdit@l amqnormequest issued by the

ti It 1a
Emob R, pmooliet 126 asthesh Serviche iR ORBits O BE disgpagket word
ﬁmare@mrn G&ﬂ%ﬁé thhPEpekite tHe%%Hé%Pdo@dlg %hfs dfq'e%f'&’ata will be

packet. In general, 1t is nore efficient to provi
umc]utled Bt the lpSCkBt @#ﬁal Fheofmal ilA bits df thy firkterackéttword 244l aﬂaaimlsed. If
naWite 2§§ad Response si nce one respons

ly
irg I§9OPEG Bt ke I§f 6%%@51{&%% PRQkets (B i RACkCToY LA will be
oMb REABY AR gr F%‘P@)ée%ﬁ dalf a@ﬁét%drﬁs g@é TRE 'nﬂl%bére?ldre];c[ qith packet

a nmenor € necessar

wetds will 2of 'ddtiist edepEi&B@Oﬂﬁ efalub @f D]Wbtd deuhiia thepavkyt \hcbtb 244.
controller 126 with informati on about the status

write requdsts thefpesgeing mwill ebReappeaginsed ﬁb@keﬂl@o‘éﬁh specific
Q‘?b %%g%f tljlef 1n@81§ti({ lgave l’b‘%ﬁ desc Anld ﬁgr%gnef rﬂpglfpgo&gﬁuﬂ g{\lﬁtratlon

andin € responses have accu
‘i&ﬂ@u@fnod?ﬁbaﬁbﬂs ARYDE )tndﬂéd%'tlﬁﬁlt aéﬁatlr%fréﬁlnﬂhe Gpiri® afill 9&UpR of the
4A, the next 6 bits of the first packet word 244 are
inpentiaa df oRexAsenis.calthouglethe nzaneaty lby corirdlleon2¢ best bash descnbed as

194 whi.ch h
PRe & SRR o S bradSiisablel RurgSReo MY redies o be

&ﬁ:ftﬁrﬁﬁt@ﬁﬂaﬂyﬁn&ﬁ@ry meauesso) @hérnozﬂzegzﬁm%' ﬂr§€oc@l§%¥@ﬁos‘§ﬁﬁéﬂ Also,

224 of each read request packet he Read

Risnthas sirhply clolayasuorgiiwemoryt laguastsatd aSl’namUH_y mD(jjlliaIléO having too

referre%ﬂ%o above. The next 6 b|t ‘QF

BUBIHISRI S DYHOLY LT %nﬁé@&s % CPRT %&26 ey mstga route
u

ey (G [ Mobbr il 8807 BRIk, SRR s not

lwhitdd exgeptras hgnier @ipeydedalaimspond to t he Request IDin

the first packet word 224 of each wite request

packet 220. The Wite Response |ID corresponds to the

wite status 30 signals referred to above. The fl ow

control unit can conpare these Response |ID val ues WO

2004/ 021129 PCT/ US2003/ 027003 12 to the Request

values to determne if any read or wite nenory

request issued by the nenory hub controller 126 has

been serviced. The next 4 bits of the first packet

wor d




244 are Dword Count bits that specify the nunber of
doubl e words of read data wll be included in the
w@amker11240. The final 13 bits of the first paekBPUSWO3/0627003
244 are unused. If 5 the response packet 240 is a read
response packet, the first packet word 244 will be
foll owed by one or nore re data packet words 248.
The nunber of read data packet words will, of course,
depend on the value of Dmord Count in the packet word
244, Fromthe foregoing (GLAMMMS be appreciated that,
al t hough specific enbodinents of the invention have
been descri bed herein for purposes of illustration,
10 varjous gqg&ﬁbﬁaﬁ&gﬂécgg¥ﬁgﬁ Made w t hout deviating
fromthe spirit and scope o thé i nvention. For
exanpl epluadlith ofiglentolyedevicesyandhub control |l er 126 has

been describeﬁ as permtting a specific nunber or
pr ogr aREBIoEY RthiserPEFingenory requests to be

out st andi ng,, i ”ﬁﬂi %ﬁggr : rati .
prot ocol s a? g{b pos ir e. %eggg%h?lgt]ahglg?“% hgﬁﬁ(esl ﬁ%l I?/&ﬁeggrecewed
dereyghi &s iy prenohy meaqorySteguésd et eing couplddetol 3E memory
havi.ng too 15 many outstandi ng menory requests, the

ndABFS thIBnEBHAeh memorpeeaness stared Entherraemery seavst gueue to the
Ll%g}ﬁ%&’ &evﬁé}%,s,atpg h{egﬁ%rrz E&{qlu% r(mél}/e %ﬁ%%p%?ﬁ]o?eg té’ oeu)g%uet 6tres Sective read

ccor ng e 1 nv oni1s n

bieldabal sigpgintiestiBirdl 8%ch WY 206A6M2AEd&t transmitted to the memory
PCT/ US2003/ 027003 13 CLAIM5S 1. A nenory nodul e,

cenvpees anehip outputy gsRective wote ieteasndysignel identifyingrach write memory
menory. hub.. c i Sing:; nenory request queue storing
areﬂg%%{ra%sﬁ%ttﬁg%p? n}'egg)ﬁ%g?w?eécei ved through an input

port, the npaRLY coRFIQHE CHPHA REIHBUMEAUR RYuE® JulSe, the flow

menory devices to transmt each nmenory request stored
i ¢pnttoé upik boing operpblesto rgervethe aeadeleanmheipyal daditbewrite released

t he nory request queue bei oper abl e t.0. qut put

Lo, theyrBelpOT reqiest @ B oW coBfol i hejne Resrebls dg output
VERARA ¥ich AALGNsp AR the Rlfedsy fipgagrerrory  devi ces and

to output a respective wite refeased signa

i denti f yi nga mamorywehd queneroupled teethe @sdmdry desioes, thednémory read

the nenory devices; a flow control unit coupled to the
nEHEYE };eqeé\a%gfadqgéga drom ke megipry devices and storing the read data for

coupling to an output port;

a memory write queue coupled to receive a signal indicating that each
write memory request has been coupled from the memory request queue to the
memory devices, the memory write queue storing signals indicating that a write
request has been transmitted to the memory devices; and

a response generator coupled to the flow control unit, the memory read
queue and the memory write queue, the response generator being operable to generate
and transmit from an output port read responses each containing the read data from
the read data queue and a read status signal corresponding to a status signal from the
flow control unit, the response generator further being operable to transmit from the
output port write responses each containing a write status signal corresponding to a

status signal from the flow control unit. .



control unit being operable to receive the read
rel eased signal and the wite released signal from
WO b@4oEImee Yy request queue, the flow control unPeT/D82008/027003
operable to output status signals corresponding to
the rel eased signals; a nenory read queue coupled to
the nmenory devices, the ne y read queue receiVving
read data fromthe nmenory devices and storing the read
data for coupling to an output port; a nmenory wite
queue 2oupl &be tmemeneimalue sifgukimi hdwdateimghe hatemeac hdevices

write nmenor re.ugﬁ@ has been coupled fromthe nenory
compriss] EEBFOIHS SYRITIG TEHOM HERBIIABRVIEUESS{ he nenory wri e

gqueue storing signals indicating that a wite request

has been transmtted to the nenory devices; and a

respon3e gefibe atcorory owgdiiledtotritnhe wheem the nbpualportrifithe memory

the menpry read ueye and the nmenpry wite queue, the
request GUESE A BRBPRLIBD 296 GO UPRRB & (hio1¢gRASF SERPTaia, p the memory

}ﬁﬂé L I esponses each
hubc%ﬁnta?h#%%j?ﬁgéﬁgggﬁﬁg%gﬁgg%ﬁ%a?%g[read data queue and

a read status signal corresponding to a status signa
fromthe flow control unit, the response generator )
furt het bei Roc BisBwRpMeduls af claimni Whereghiheremeryrggiest queue is

operalﬁé) {d siﬁ\%ital?eo[lﬁg Qt%%sl?&h ?e%ﬁ I?ne(}&?g%c@fegg afid #et e toﬁ; r%ﬁvests.
Si gnal corresponding to a status sigha romtne oW
control unit. . WD 2004/021129 PCT/ US2003/ 027003 14
2. The menory nodule of claiml1l wherein the nenory

devi ce® cohie msawry gagsets pl elagy nlamhereim thtoread geleassd signal is

no, evices, 3. The menmpry module of claiml o
coup Y HORYESTTRY yit seenTFe R iberrBEeey “husit Buie ransmiitipe cach
read rdqi@st'BTRE Ynehidby a8HcdshEnPWhedin PeMritefrelehiRd Fs?g%ﬁpﬁsc%u{)led to the
generator in the nenory hub conprises optical inpu

flow cantgolowtiprgspqneive 49 theempmotyi reghsst queucThmsmeting yasioetiteerequest to
of cl.ai.m 1 wherein the nmenory request queue is

the megyRry 4EYieest o si mul t aneously store both read memory
requests and wite nenory requests. 5. The nenory
nodul e of claim 1 wherein the read rel eased signal is
coupl el t o Thve nfehmny anedul®lof urlaim Seshoreii e flowt bentrol unit is
menory request queye transmtti-ng each read request

operable,to; pRUPWeisAS SBIFi Sa8! conRsPoRtipS it eachacqt ralwaspdrigaaleeach read
status ﬁhﬂ%ﬁ%nid&lfiﬁ%lf‘y?ﬂgtaoregﬂéstive read request, and wherein the flow control unit

is operable to output a write status signal corresponding to each write released signal, each

write status signal uniquely identifying a respective write request.

7. The memory module of claim 1 wherein the response generator is
operable to generate and transmit from an output port a write response signal containing

either the write status signal or a combination of the read data and the write status signal.

8. The memory module of claim 1 wherein the response generator is
operable to generate and transmit from an output port a read response signal containing either

read data and the read status signal or read data, the read status signal and the write status

signal.



flow control unit responsive to the nenory request

gueue transmtting each wite request to the nenory
waleowisozd29 6. The nenory nodul e of claim5 wherPCTUS1963/027003

flow control unit is operable to output a read status

signal corresponding to eaﬁg read rel eased signal

each read status signal uni‘quely identifying a

respective read request, and wherein the flow control

unit is operable to output a wite status signal .

cor r espondi Afe traereery imogyle cofr diign §ewherientiie, respaitse generator is

el L, 3, 83", VAT, ork S| WorCh RS Rl i
contaihi¥@ th& VPR AuISBRL Hifhoul the r&iARTAL! € 10 generate and

transmt froman output port a wite response signal
containing either the wite status signal or a

conbi nation,of the read data and.the wite status
si gnal %8 ‘f‘HBe’H%%“g C%%‘ﬂﬁeé COPPEFEEM 1 wherein the
I 8SPONg ¢hHfHf rédfuedt qt'uéue QQ&E{QQ 18ask Sn@RIGIRY Foq@Bd received through
transmt froman output port a read response signal

an inpobpodj thengemotyhequest gachedsding apatatilbdo nsae fwhatnoutput port each
signal or read data, the read status signal and the

memogy fequest stredsin the merapry rogyestpiere seepoRsi e AUy D BRtee? Fignal;
15 9. o) ' r.ei:

12 o d TRl RLONT MR S okl o g respnses
containing chclaredidataf andna @ad etatusignabidenafyigd the réalSieqiese corresponding
signal containing the wite status signal w thout the
to the readydatatthe reasponss quene furthsn beias ropplpd & recsivgrthrougly theginput port

. I . Qri l,east _one e
vt STt EEQAERHIHE S5t e O BT pore ave

being 6158 to E3ipleatledsNthe QRRY @ltd foinCeatlp £dafl réspofReaerall tdalllata output
port each nenory request stored in the nenory request

port afl;to eouptestheead /satus signdl| fown caeh resdl respgnsel andzhe @giio stabrs signal

eue. coupl ed to,receive through an input port read
from e?ék}%‘ﬁ%‘@ oné%fﬂaaﬂ?l‘flﬁ&ntggé)ﬂnr@gg data and a read status

si gnal 5 ind@ntddtddl Rditt RBple8ad re&GWe e ad rs%ﬁoﬁgﬁzﬂg and ®he write
the read data, the response queue further belhg

status sigugd$ Edmt the respeise gueds; thedtow bentiohpuit beiog bperabliette determine from
responses each identifying a wite requests that has
the stafyS RERALS (e CPeF e Waplifg BeqUEY EauBHT bR DimBeery request
Ptoef P i
aveve SOUPLE sPlrk €351 LIS e Beh PRRENERES, NSPERRI i

indicatsngathas additipral nfermony egadsty emtbe eapweheh af thetrhemavyimh@dules based

status signal . )
on the number of oufstanding memory requests issued by the memory request queue.

11.  The memory hub controller of claim 10 wherein the memory request
queue is further operable to issue from the output port along with each memory request a

request identification uniquely identifying the respective memory request.

12. The hub module controller of claim 11 wherein the flow control unit is
operable to generate and couple to the memory request queue the request identification for
each memory request, and wherein the flow control unit is further operable to generate the

flow control signal on the basis of a comparison between the request identification coupled to



fromeach wite response to a flow control port; and a
flow control unit coupled to receive the read status
waeegnaaba2end the wite status signals from theCT/US2003/027003
response queue, the flow control unit being operable
to determine from the stat%s signal s the nunber of
out st andi ng nenory requests1 I ssued by the nenory
request queue and to generate and couple to the
menory request queue a flow control signal indicating
the memmety tgadest iquend andethsripad stgiye stanalsaandobe swite stajusesiginlpfeceived
fromthg? nemr r[codul es based on the number of outstanding
rrer%?y r@éﬁ §ts issued by the nmenory request queue.
11. The menory hub controller of claim210 wherein the
menory request queue is further operable to issue
fromthd oufpemepwry hubh oorgrobiet bf daimh 1 heviergin tiegorepit prt of the

memohSEER e LG e dotot HESrebnars® R e optical output and
input S fRpdcBlelgf claim 1l wherein the flow control unit

is operable to generate and couple to the nenory

request queue the request identification for each

menory, request, and erein the flowcontrol unit is
furth e}‘{' op efg"b PEemogy Guh é"P%tf%ﬁelr 19€ claimol} WhRketb fhesmegRany request

s 5 HERHIES) 5ot SEASERCISIAEB it memor

requesBBCT/ US2003/ 027003 16 the nenory request queue and the
read status signals and the wite status signals
received fromthe response queue. 13. The nenory hub

controH'er Rff?&%ﬁjggk&éﬁgg@ﬁﬁgiﬂ t he out put port of the

menory Treques € |%put port of the

I esponsglueiliey 6f BeMmpryl rA8dude, b&ohl of ekt BbfnoANEodhIBPEmprising:
ports, respectively. 14. The nenory hub controller of
clai m 11 wheplrality pememepyrdevicesjuest  queue is operabl e

to sinult anegl%sl siore bo&eh r ead ngr request s antd ved

write memoryTFEGUESHE 48! gomt?@a )%etné one request recetve
CRARIgh SA Shipu@ JRkIMAd memddy BRIRF YuBRABLRS chpfd R tHeNRiemory
menory nodul es conprising: a plurality of nmenory

disyicee 4o transmeitneagh menponstequese s@rat wr thagnamoryeagiest queue to the
rrermfrlié/rf&r}}e reguest received through an input port, .

tem Vef’égﬁ’é@{n"&o@ﬂ%esb&?‘ﬂ’ﬁ bemgAPeErblc ot W AgPgctive read
released signal identifying each read memory request transmitted to the memory
devices and to output a respective write released signal identifying each write memory
request transmitted to the memory devices;

a flow control unit coupled to the memory request queue, the flow
control unit being operable to receive the read released signal and the write released
signal from the memory request queue, the flow control unit being operable to output
status signals corresponding to the read released and write released signals;

a memory read queue coupled to the memory devices, the memory read
queue receiving read data from the memory devices and storing the read data for
coupling to an output port;

a memory write queue coupled to receive a signal indicating that each

write memory request has been coupled from the memory request queue to the



devices to transmt each nenory request stored in the
menory request queue to the nenory devices, the

woreemanyiieequest queue bei ng operabl e to out putPer/US2003/027003

respective read released signal identifying each read

menory request transnittedléo the menory devices and

to output a respective wite rel eased signa

identifying each wite nmenory request transmtted to

the nenory devices; a flow control unit coupled to the

nmewmoyy deneessthe memary write qidugwtorgigrihe signalsfar dowpling to an output

operabl.e to receive the read rel eased signal and the
WPémpeleased signal fromthe nenory request queue,

the flow coptdsBbnsdicherafl BSIAREIARE BolvkoatbPiit, 18 AEMSry read

signals corresponding to the read rel eased and wite

r glemased ths meabry, watenpiene, the eapbnge gaeeratouding oparablnéo generate

menpry devi.ces, the nenory read ueue receiving read

GBS R e AUPY BRI FREgeSRBsS BN RENERNNG Bk qephtaa from

f ' t . ]

o ST AEHR e IRl sl corP PRI (Y bR AHHfrom the

wiow eoneolounit, tiee) tsspdnsk aendreten furtiep bemgfdperabld® thaizmityfrom the

request queue to the WD 2004/021129 PCT/ US2003/ 027003

R R ViR TSSBQISOY KT eRERInar B tecls SEnak SarEssanding to a

SUGNELiSI ok BN Gor: Ry Bl Qput - port; and a

responSe generator coupled’to the flow control unit,

t he megdkporeth contreller conthristg: menory write queue, the

response generator being operable to generate and _

transmt frdmeAPIHIRGYaL qoene stpBag) at leay ome areraeryrequest received

C {.ni.n read data fro t he read dat ueue and
AR 2 Pl 361y BRIRET sl g S ol R heques
f queik bheachf dfame ‘irfb‘ﬁidr? Imadiiek to trB@snii€ SRANEEMORRE@sPtored in the
further being operable to transmt fromthe™ out put
poemony iefeest gupumivedt least lone ofi tla memgramadiltes regpansive to a flow
Si aL.corfesponding to a status signal fromthe flow
é@ﬁ%? Y& t; and a menory hub control l er conprising:
a nenory r u ' I I
equost recorong 4 Ty gh el tadhe rEqRhsE BECRROTRY cach of the
rieerueytmodidess theetiesppnsogyedue deing cohpledntormecyive dguesd responses and
ﬂﬁeue.of each gf the nmenory nodules to transmt each

erg;e Feéﬁﬁfgg% emdheFpspopse generators in the memory modules, the response

queue being operable to couple at least the read data from each read responses to a

data output port and to couple the read status signal from each read response and the
write status signal from each write response to a flow control port; and

a flow control unit coupled to receive the read status signals and the
write status signals from the response queue of the memory hub controller, the flow
control unit being operable to determine from the status signals the number of
outstanding memory requests in each of the memory modules and to generate and
couple to the memory request queue of the memory hub controller a flow control
signal indicating that additional memory requests can be sent to each of the memory
modules based on the number of outstanding memory requests in each of the memory

modules.



menory request queue to at | east one of the nenory
nodul es responsive to a flow control signal; a
WO e@porHe queue coupl ed to the response gener apOI/UBI003/027003

each of the nenory nodul es, the response queue being

coupled to receive the reaﬁ»responses and the wite

responses fromthe respons E3generators in the nenory

nodul es, the response queue being operable to couple

at least the read data fromeach read responses to a

dat a olé.put Thormemay tswstewupf eclaile lbeadhestimt the siegoay devices

fromeach read respponse and the wite status signa
COMPIISEY, ﬁ‘?SB%&CF*rYe ynqmic FdoRhAGeess nemeny dRVigtht r ol port: and a

flow control unit coupled to receive the read status

signals and the wite status signals fromthe

respon$e quEbememorheystaamof glaimubS sdwetaimiieanputtfoet ¢4 thevmemory

control .unit being operable to_ determ ne fromthe
resporg U4 & {irMEmPRG R, ARFoLsF and dhe iMRNLPRY HeofRshymenory request

queue glﬁ gfé%érﬁoﬂiy%@cﬁﬁ& c%fn@%i@@ régﬁé'g?ﬁ/é{ og‘?&g Lrg)aite ﬁn?}?s, %ﬁ% Qﬁlg%%?@% output

coupfe to the nory reque
port ofithe menbryakdwsst quduedw thoniemoly heb goatollen ahd thiel sugpiit patt of each
addi ti onal nmenory requests can be sent to each of the
memoRgigsRanse FHWTAtYISIN i memeR mpdules ¢AsIise respesteAptiraluiput ports.
menory requests in each of the menory nodules. WO
2004/ 021129 PCT/ US2003/ 027003 18 16. The nenory

system®f cTi iehorydyeteti ¢f dldifn TERRIr¥indBY effory request queues in
conpri ses respective 'dynam c random access nmenory
the mgmpry eliub wentrailes gadroiny egghs tafnihsf negnegrin ¥®dwlesr aien opergble to

. i nput. port t he nmenor respons ueue in the nmenory
st B LT st SR P T PRl

request queue in the nmenory nodul es conprise

respective optical input ports, and wherein the output

port of9.t helleemsmpry eyfters tof qpledmel § whietein themmag rhlghsed signal is

gntroller and the.output port of each nenpr

couplei 8 15 BV oREPLYT i FAchReeRRQIYS RPeEs Ko e gaemory request

L2 REmbY ' ' dRe idel i
v OREAUE, SRSV RN, 0 30 e DO IBIA G e
memornyenoduyjie,ranld velomein ohd eritaretbased @giedh inéoupledl toeh® flyw control unit in

nodul es are operaple tqQ sinultaneously store both
each memery EREYly TesRAISYEstoatly EMPEY ARdvgsty qiauguiasths. megory module

transmﬁgﬁé %ﬁﬂm Sé‘%cg{e% ?ﬁe Iﬁkﬁhg} ci]e@ic\é@ fif tﬁie ﬂw‘nﬂ&y {n%%qle.

Si

20.  The memory system of claim 19 wherein the flow control unit in each
mem.ory module 1s operable to output a read status signal corresponding to each read released
signal, each read status signal uniquely identifying a respective read request, and wherein the
flow control unit in each memory module is operable to output a write status signal
corresponding to each write released signal, each write status signal uniquely identifying a

respective write request.

21.  The memory system of claim 19 wherein the response generator in

each memory module is operable to generate and transmit from an output port a write



coupled to the flow control unit in each nenory nodul e
responsive to the nenory request queue in the nenory
wopayhei 1ty ansmitti ng each read request to the PENUS3003/027003
devices in the nenory nodule, and wherein the wite
rel eased signal is coupled to the flow control unit in
each nenory nodul e responsﬂﬁ% to the nenory request
gueue in the nmenory nodule transmtting each wite
request to the nmenory devices in the nmenory nodul e.
respord® .coitfamime aithey tisey sirigsrstafus Gignahord 8 catbination bffi¢hd teadvdata and the
. control unit in each nenory nodule is operable to
write Haiup s#Enal- r ead status signal corresponding to each read
rel eased signal, each read status signal uniquely
identifying a respective read request, and wherein the
fl ow comt r oTh¢/mdmdri sgstein ofoRiy ISoEHErein theORsFolvt gehiddator in
output a wite status signal corresponding to each
each mgmery meduisis ogerablgriageneseie andiirpnsanit fram i ot Rport a read response
conaifl Ul 980 sk R0 BRRBI U7 o PO R ina an
the wrt6BRbhRts@al. N  each menory nodul e is operable to
generate and transmt froman output port a wite WO
2004/ 021129 PCT/ US2003/ 027003 19 response contai ni ng

ei ther .t he ite status Si | . or..a conbi pati on of the .
Fead dita aftf PREOHREms e APgRARTm B e agpgator s
furtheBYSdr S8 & g&leitdhddtr MR €I Om AOULRR PBRSLWHRNBSFRINGE cdllaining the
each nenory nodule is operable to generate and
write statansignal Withont the readtdatat port a read response

containing either read data and the read status signa
or read data, the read status signal and the wite

stat usygi gngye m%&ogl&@teﬂ?gpéﬁﬁﬁ Y5 Wale ﬁl%lrﬁédﬁ%ggcllugstt queue in

wherein the respon generator 1Is urt her ope
the maengrimbeoandlldrriafiattict operablean issue fitvin fherdutput Wortt Aong with each
response containing the wite status signal wthout
memogyyeqyeshe I ies ideprfication uniguskyidentifymgtiag respegtivg mmory request.
wherein the nenory request queue in the nenory hub
controller is further operable to issue fromthe

out put25or tTid @eghoy §y3ted@oh claifR MBI whdreiiUas tflo E@AtEShit in the
identification uniquely identifying the respective
memorjpi gonteristoperable tphgengeaigrand ceto e negragrihre@iest queue the
unit in the nmenory hub

rein the flow contro
reques!@%?ﬁ%{]ﬁng? %i)rseag glreg}glr%retqges(ﬁener ate and couple to the
menory request queue the
26.  The memory system of claim 25 wherein the flow control unit in the
memory hub controller is further operable to generate the flow control signal on the basis of a

comparison between the request identification coupled to the memory request queue and the

read status signals and the write status signals received from the response queue.

27. A memory system comprising:
a memory hub controller storing a plurality of memory requests and outputting
each stored memory request responsive to a flow control signal generated as a function of

received memory request status signals, the memory hub controller further receiving and



request identification for each nmenory request 26. The
menory system of claim25 wherein the flow control
wa@irio/02112¢ he nmenory hub controller is furtherPCpEszs/a27003
to generate the flow control signal on the basis of a
conpari son between the request identification coupled
to the nmenory request queue’-oand the read status
signals and the wite status signals received fromthe
response queue. 27. A nmenory system conprising: a
storingyegad dat thomemoty request stafus gigaals) the aleirtoyy bifib easrimilyr outputting
the stdr& ueats and, outputting each stored nenory request
e sigred 3 9P a f1ow control signal generated as a

functi 9nRhlity o2 ERINERY nTHRITRE ¥ok: Q&I?(%he%é}ﬁ&g hdb B@#bélier, each of
er ng an

the nmenory hib controller turt recei vi
the mé@4/mRLBEoPETiEWS2003/ 027003 20 storing read data
and the nmenory request status signals, the nenory hub
controller 68¥‘1§‘E}FYP Bemeppdeissettdr ead data; and a

plurality o |
controller, Empu@(ﬂylﬁgtﬁg?%ﬁﬁg ﬁ?xgesn]i Agzﬁ%%ggsllg ﬁ&&ﬂgﬁom the
pinematy hyb obntrlenr the deamag Siubasicting therrecsivdiuinesRupt@@ests and

to receive the nenory requests output fromthe nenory

heRIPEBS eI requestssi gnakioroyrempandingdio they storrd memeryisguests to the
r S. ' ry request sianals .

TR, A 0 il A PRl O B SR rcsve

NRED datad @8I 8% MBmbREdERMRI dhd el thet RREd MBADIOY tHiWhemory hub
bei ng operable to receive read data fromthe nenory

deopitreder with tho msmery Frgues sthtefatignals thhmemenp regubstistatus signals

cantroller with the nmeppry request statu ighal s, the .
ORI meclis Bprigpafapledy gl Ve gem e riieP FRE msinsry devices
r @APRALS tHatmbav@bbeen serviced by the nmenmory devices
coupled to the nenory hub. 28. The nenory system of

claim 27 wherein the nenory requests stored in and

out put,from.t he nmenory hu ontroller conprise read )

menor yzz{' eq % LAY ?%tF‘E“é’q C‘r:?éﬁ‘ft?_@"’ hezejn dag emory reqygsts stored in
and oWBHL RénS YIR! S8Ry HuB! EBrtrb1M 6HbAsd %dnﬁ'gﬂlroé' E%tgjrelﬁﬁ gand write

controller conprises a nenory request queu
memotylrequastsor y requests and out putting-the nenory

29. The memory system of claim 27 wherein the memory hub controller
comprises a memory request queue storing the memory requests and outputting the memory

requests from the memory request queue responsive to the flow control signals.

30.  The memory system of claim 27 wherein the memory hub controller is
further operable to output with each memory request a request identifier that uniquely

identifies the respective memory request.

31. The memory system of claim 30 wherein the memory hub controller is
operable to generate the flow control signal by comparing the received memory request status

signals to the request identifier.



requests fromthe nenory request queue responsive to
the flow control signals. 30. The nmenory system of
W@ b@in0ead79 wherei n the nenory hub control |l er i sPCT/us1008627003
operable to output with each nmenory request a request
identifier that uniquely identifies the respective
menory request. 31. The nerfory system of claim 30
wherein the nmenory hub controller is operable to
generate the flow control signal by conparing the
recei véd nedbe Jemegy systen pétc&yﬂ i yheseia the menwory bgbiésoperable

i d ifier. WO 2004/021129. PCT/ US2003/027003. 21 32.
o eeneE e Blron) Bale s oS FOmAEF dPRer N peaitng fom the
memobph§tP&mddeller. to generate the nenory request status

signals fromthe request identifier received fromthe

menory hub controller. 33. The nenory systemof claim

32 wheggin e menory hub i.s, operable . to couple the

r ead dgf‘a ttﬂ? H@W%Bgc@ﬁgﬁo‘weﬁm%ﬁ? H‘ef‘f?éy by gperable
to coupRANE $éadSdadd 165th8 nRARIrS hub REAEA e RaH e it Feflest” i

u?equestas, wite requethls1 and both read an ?(fbeSt s signals
indicatiegthestatus F4eadhquastsyoriye wysdsesmandfbot! @hdralwiiteeregidats.

the nenory devices conprise dynam c random access

menory devices. 35. A conputer system conprising: a

cent r aly pr OPRSHLAGnHton of i3 i ! QL; i

coupled to the CPU, ttg s?/fgé?g%)%’]o\g?g% Itgghﬁg@%%gédéﬁgs comprse
dynamicpntiompocdss archoandoudeput port; an i nput device

coupled to the CPU through the systemcontroller; an

out put device coupled to the CPU through the system

v ough -+ neJEP bRt B B HBRs B8 Toro, |, "hub control 1 er

st ori ngcentral proadsiny uaft (TEPOT)y requests and outputting
each stored nenory request responsive to a flow
cont r 0@ SYsteih eontpllaeeeupdad taghe CPURL ¢he systeor contreleri haying an input
gyest status signals, the nenory hub
rfurther receiving and storing read data
and t he iaBWRIeYick BOYAET toShatr®) BidiBRkS sysim dBRIBIY; hub
controller outputting the stored read data; and
an output device coupled to the CPU through the system controller;

por Rl

a storage device coupled to the CPU through the system controller;

a memory hub controller storing a plurality of memory requests and outputting
each stored memory request responsive to a flow control signal generated as a function of
received memory request status signals, the memory hub controller further receiving and
storing read data and the memory request status signals, the memory hub controller outputting
the stored read data; and

a plurality of memory modules coupled to the memory hub controller, each of
the memory modules comprising:

a plurality of memory devices;

a memory hub coupled to receive the memory requests output from the
memory hub controller, the memory hub storing the received memory requests and
coupling memory request signals corresponding to the stored memory requests to the

memory devices in the memory module, the memory hub being operable to receive



a plurality of menory nodul es coupled to the nenory
hub controller, each of the nmenory nodul es
weoeogneaeng: a plurality of menory devices; a PETDE3003/027003

hub coupled to receive the nenory requests output from

the nenory hub controller, .the menory hub storing the

recei ved nenory requests and coupling nmenory request

signals corresponding to the stored nmenory requests to

the nenory devices in the nmenory nodul e, the nenory

hielad [statan froop thealemono devacssi and WWOPRO G/ B2d k26 to the memory hub

PCT/UﬁZOOB 0%7003 22 regd data fromthe nenory .

dERATOEET WHE B HBeTY FRAUFE S IERTIENAY PhESRARS FofluRtfistatus signals

Cfaeﬁﬁ@ldgefhewnta&ol;w?edﬁ@apwatr&qe%fensgeg&&a B GRS dr) Yevices

menory request status signals identifying the nenor

r cooppleslite thdmembpraibbeen serviced by the nenory devi ces

coupled to the nmenory hub. 36. The conputer system of

claim 35 wherein the nmenory requests stored in and

out putsdro b rj

ety ook SRR PO ET58 LBl SR s s
in andcowtputt f#omsthetraemory kubatontdBembemnprise tdad mMaABYrefuddts and write

controller conprises a nmenory request queue storing
memopyHEqyRsiory r equests and outputting the nenory

requests fromthe nenory request queue responsive to

the flow control signals. 38. The conputer system of

clai m3Bh Whelieetdmpilier sYRERI of dhikr 89 MHeRlih @ie meSofURt8dntroller

operable to output with each nenory request a request
comprisgeA Ay redugst quele sernpg thelmamory mequesteandgyputting ¢he memory

ry. request. 39, The conmputer tem of claim 38
reques{F TGt Yo FRUCTSGIS! MIFHE ESROTN e R eV SpRrelsiedals,
generate the flow control signal by conparing the
recei ved nenory request status signals to the request
i dent i3§. er . ThtOconihetercsystput &fi claiys 8 2 mhefeirc e me@Ory hub controller
the nenory hub is operable to generate the

: wher ei . .
'S ﬁm?ﬁéﬁ%@%&%@gwugt 8] R AN Ry et tier that uniquely
identiflcd &Y fefdlivd BERL¥ALqldspm the  menory hub controller.
41. The conputer sygten1of cl ai m 40 wherein the nenory
hub is operable
39. The computer system of claim 38 wherein the memory hub controller
is operable to generate the flow control signal by comparing the received memory request

status signals to the request identifier.

40. The computer system of claim 39 wherein the memory hub is operable
to generate the memory request status signals from the request identifier received from the

memory hub controller.

41. The computer system of claim 40 wherein the memory hub is operable
to couple the read data to the memory hub controller with the memory request status signals

indicating the status of read requests, write requests and both read and write requests.



to couple the read data to the nmenory hub controller
wWith the nenory request status signals indicating the
waebaumsiied read requests, wite requests and be¢husmasi027003
and wite requests. W 2004/021129 PCT/ US2003/ 027003
23 42. The conputer system of claim 35 wherein the
menory devices conprise d>2|§am' C random access nenory
devi ces. 43. A conputer system conprising: a central
processing unit ("CPU"); a systemcontroller coupled
t o t he4dZPU, Thhecomymitee nsystent rafl tleim h3tviwlgerein thepuotemory devices
ort and an outgut ort; an input device coupled to
comprisg dypBCIARIATY A Cteﬁ%‘ggr}?glfy VE6htrol l er; an out put
devi ce coupled to the CPU through the system
controller; a storage device coupled to the CPU
t hr oug#3.t heAspsatpatar systdnm,alonerising: pl ural ity of nmenory
modul es, each of the menory nodul es conprising: a
pl ur aI?PVlt@iPWE?ﬁ’iW%\ﬁ@%é;);a nenory request queue
storin ' through .
an | npaissh EamolEF BRiptetiint CHE the HRER) Lokl hiEHan inpu
port addar (igpute@Rt y devices to transmt each nmenory request
stored in the nmenory request queue to the nenory

devi ced inpiedayisgweypled tpibs CPLbRughdhagystsprecntioler; o
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signal identifying a wite nenory request transmtted
t 0 t hea piaradity olmemerygnodulés, eashed the memanyi modwesdoatprising:

the nenory request gueue he flow control unit being
oper abl e toa&g@i’l%%%ﬁ?ﬂ@m)ryé%a‘c?%l eased signal and the
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released signal identifying a read memory request transmitted to the memory devices
and to output a respective write released signal identifying a write memory request
transmitted to the memory devices;

a flow control unit coupled to the memory request queue, the flow
control unit being operable to receive the read released signal and the write released
signal from the memory request queue, the flow control unit being operable to output
status signals corresponding to the read released and write released signals;

a memory read queue coupled to the memory devices, the memory read
queue receiving read data from the memory devices and storing the read data for
coupling to an output port;

a memory write queue coupled to receive a signal indicating that each
write memory request has been coupled from the memory request queue to the
memory devices, the memory write queue storing the signals for coupling to an output

port; and
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for coupling to an out put ort; and WD 2004/021129
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a flow control unit coupled to receive the read status signals and the
write status signals from the response queue of the memory hub controller, the flow
control unit being operable to determine from the status signals the number of
outstanding memory requests in each of the memory modules and to generate and
couple to the memory request queue of the memory hub controller a flow control
signal indicating that additional memory requests can be sent to each of the memory
modules based on the number of outstanding memory requests in each of the memory

modules.

44.  The computer system of claim 43 wherein the memory devices

comprises respective dynamic random access memory devices.



couple to the nenory request queue of the menory hub
controller a flow control signal indicating that
wadaienpal nmenory requests can be sent to eachCDiUS2008027003
menory nodul es based on the nunmber of outstanding
menory requests in each of the nenory nodules. 44.
The conputer system of clai“m 43 wherein the nenory
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Identifying a respective request, erein the
flow control unit in each nenory nodule is operable to
output a wjte status signal corresponding to each
writ e 4Bl eakhisceosmyitersysters o clgimde vehesgin shestlgpygpntrol unit in each

NhEues % Judemtd £V . Lte request . 49
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signal, @actefeat @tatusrsignal uniquely identifying a respective read request, and wherein the
flow control unit in each memory module is operable to output a write status signal
corresponding to each write released signal, each write status signal uniquely identifying a

respective write request.

49. The computer system of claim 47 wherein the response generator in
each memory module is operable to generate and transmit from an output port a write
response signal containing either the write status signal or a combination of the read data and

the write status signal.



each nenory nodule is operable to generate and
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to the nenory request queue and the read status
signals and the wite status signals received fromthe
responke quirecomgmuterssystsrheiiclaim ¢ adierein thet fow comtrednubit in the
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requests in the nenory nodul es; servicing the stored
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memory hub controller is further operable to generate the flow control signal on the basis of a
comparison between the request identification coupled to the memory request queue and the

read status signals and the write status signals received from the response queue.

55. A method of reading data from and writing to a plurality of memory
modules, comprising:

transmitting a plurality of memory request to the memory modules;

storing the transmitted memory requests in the memory modules;

servicing the stored memory requests in one of the memory modules at a rate
that may differ from the rate at which the memory requests are transmitted to the memory

module;
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deterni nation made as to tHe nunber of transnmitted
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requests have been serviced in the nenory nodul e;

58.  In a computer system having a memory hub controller coupled to a
plurality of memory modules each of which includes a plurality of memory devices, a method
of accessing the memory modules using the memory hub controller, comprising:

transmitting a plurality of memory request from the memory hub controller to
at least one of the memory modules;

storing the transmitted memory requests in the memory module to which the
memory requests are transmitted;

accessing the memory devices in the memory module in accordance with the
memory requests, the memory devices being accessed at a rate that may differ from the rate at
which the memory requests are transmitted to the memory module;

generating in each of the memory modules memory request status signals that

identify which memory requests have been serviced in the memory module;
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each nenpry request a respective reguest identifier
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controlleetorae taktyone @ esherfbgtsduésgnal s in the nmenory
nodul es fromthe request identifiers transmtted to
the nmenory nodul es. 63. The nethod of claim®6l further

FeqnestO des P8R ol B SRRty e EsEYicRR felpasise random
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of the nmenory request status signals conprises
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identifies the memory request.

62.  The method of claim 61 wherein the act of generating the memory
request status signals comprises generating the memory request status signals in the memory

modules from the request identifiers transmitted to the memory modules.

63.  The method of claim 61 further comprising storing in the memory
controller each request identifier transmitted to the memory modules, and wherein the act of
transmitting additional memory requests from the memory hub controller as a function of the
memory request status signals comprises comparing in the memory hub controller the

memory request status signals to the request identifiers stored in the memory hub controller.



