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APPARATUS WORIBEZOUPLI NG | NTERNAL LATENCI ES OF A BUS BRI DGEPERUBASRKICBE ON
AN EXTERNAL BUS BACKGROUND OF THE INVENTION |. Field of the Invention The
present invention relates generally to bus bridges, and specifically, to a

net hod and appdYIETFEODLANIE HIBARAY VAT RIPECHENING INTERDAL bri dge from

comput or oy RNl Es PGS BRIEEr KT TS By A0 BBV AN B o
bus, is coupled to system nmenory and one or nore devices on a secondary bus
by way of a bus bridge. The bus bridge bridges transactions between the

Jm croprocessor, one or NRPACKIBRQENDIOR TEIBEESVENTONUS, and the system
menory. The bus bridge al so decouples the m croprocessor fromactivities
bet ween the syskem rﬁﬂﬁﬂtﬁlﬂlﬁéﬁ@bondary bus. When the ni croprocessor
attenpts a witg cycle to, for ex le, s nor, it waits. for the
assertion of taﬁbeeﬁgrqssﬂ nvfﬁ‘%ﬁ?ﬁ?%g% aeﬁgr%ﬁ}s%gk}%édéﬁgpg S.Pﬁfﬁﬁcaﬁ)’ ‘ng the

transfer qf a%%ﬁxdﬂ“aﬁ@‘égﬁ%%ttu?%-déEBﬁgﬁﬁgﬁH't%rEﬂ?Et‘séﬁ@ies oR8 B KM

publ i shed 1 n August 19 Intel Corporation o anta Clara, Cafifornia,

al | ows f orfroaehassentan@xtarhallRY#, at the earliest, four clock cycles from
t he begi nning of tthe cycle. VWen the bus bridge is the target of a

m croprocessor 3-ni ti&é&mﬂ-@&m@ﬂt has to take the follow ng actions
before it can .gssert .TRDY# S o code. . the cycle and
determne its 'inlszitlyr?é?a}lcgﬂr;np?‘}r}?‘gg%é%gf% c%’;%‘thr?ae1 Jgé?s?fn@ ?ﬁléoaesti nation unit

and wait frﬁfcr@pf&é%’i‘,s@n R3Kt bYW Ebhadledes b ftai xﬂ@nw?yta?nda&ﬁje &d ioke 1 f the
destination unit is capable of accepting the data, asSert TRDY# on the host

bus. At 1GEViees drox seccadptebus by was pbabes bridiget Adedsstbhnidge bridgei t can be
received, at the earliest, in T4. This pushes out the assertion of TRDY# to
TS and, sUF¥S4aEoRT hetweasn the fRiCIORIREESEPT iChe NIRRT RHICesOmthg ock rel ati ve

to the earlLarlaInnl Bhe it 0aLarmBtlens. Thi plOWh e desbiahles f i i ze

t he amount atency i nvo in suc cle. n~i ui ~m 1

7 APR 200301009347 2r R ELUIBARS 20 7a8e SR RO iy MENT oRhg-pr esent

i nvention conprises a nethod and apparatus for decoupling internal
| at enci es bofs. Whes the mdgrepremssohatéempis aawrid cyeladd, fousxamplegpstembodi nent ,

th t hod i | ud det i it I Lnitiat tp .t it

e T ok 1P Sl o S S Caf o T ALDY BBy Baarem

det ecti ng Holig Ml 5‘{3%&\1/{?5@& SS5Efh bhNle %SEP&S’&. T@lﬂé%stﬁgf&su nitiator
ckno evice. The

wi t hout detecting an edge fromthe met hod further

i ncl udes rMReedivh Ml gublishatipiraAfygast 1996 biynintt¢ 1@ Qsrporafebth GESAHA@REAI ON OF THE
DRAW NGS Fiag_ure 1 illustrates an _exen‘&l ary bl ock di agram of a conputer
syst em suiGaifpenipcrllewsfag the asspstipp &8 dRD Y wé the eatliest ferreclock eydest rates a

bl ock di agram pf .t he bus i dge, of \ Fi e, 1l accordi o_one. enbodi nent of
the prese f°‘f‘_r¥88??€88}?_‘“$:f°8{ % 1?’IYE‘§8&§F?§S§” Cfgr?ilﬁgﬁ%l%ﬁé?ata?e&%f the data
and Contr%ic%bﬁﬂ&ﬁles?so‘rri‘rY@ﬂaV&ﬁwrﬂe‘é&ﬂEJ iNgasled akkrRBYSINGWIHLIARBIRESR! to the
wite buffer. 'Figure 4 illustrates a timng diagramof the data and control

si gnal s i nvadwadeftcFRBY#ioni thretHopt bns:t (inDedadetHerayaiet dvel deermimeoitessor to
the wite buffer according to one errb(r?%i ment of the present invention.
Figure 5 idestnpiiony @) asseand request fafeeshnation a8y anckwalifng arespasse
enbodi nent__of .t he present _|. PTI. LGure . 1
illustrat Eggc%rﬁroe et}r?r%tl %‘?sfllngtlg}é%%gil’ gg?é@ﬁ%@&%ﬁ% u-sl:lﬁgtglec% % Osf uitable

for use wigkbegdify BIeCSRR] assBMETRIDYA on THE hoOTBIL, GAt SOUNIRE) fbPRximpldidies a
processor 105 coupled to a bus bridge 115 by way of host bus 1 10. The

processor réfgonsefrasdhe slestinatian ahit ganbe setaiged; it theotardieyt, iy pé. dhis
architecture, such as a Cl SC, VLAW or hybrid archifecture, In

addi ti on, PuiBeppEheasserfion SR E L0 ilfléﬁr@«éﬂwausﬁtlxn@\eéatmstﬂ%s. The
bus bridge 1l15.is. coupl e e. i m access
menory " ?ds?tué?’ ?’cabﬂﬁ%\% %g?ﬁﬁio e":fcnéf?l ?f,?é% pé%%g% %gnséfgefgggmlg%&?g&omy of

an -2 be desirable to minimize the amount of latency involved in such a cycle.
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1 7 APR 2003 wo oo0i ~487~ PCT/ US99/ 26728 Accel erated G aphics Port), LhdPRAWI
or nore dewD®esdsrd5,-135a (e.g., a network interface card, pCBCS926728
controller card, etc.), where "M is a positive whole . nunber, on a

secondary bus 130. The bus bridge 115 is responsible for brrdgrng processor
transactions to systentnenﬁLQﬂhgﬁr_sﬁﬁﬁﬁﬂﬁdﬁﬁﬂﬂﬁligﬁﬂ or graphics device
125. The bus bridge 115 also. brid hi evi,ce initiated
transactions orfﬁ%ETgﬁgdupﬁgﬁggc %8W§ ﬁPFﬁg“gga%ﬁaBP Befa30 to the

t
syst em Menply Lo id:fial R AL 81 BLOGE: rfrcﬁﬂ‘iﬂ@aé&??x@gﬁé%%}usxflgus,

secondary re resents one or nore Busses _ _
El SA, VESAon@é@tbbdﬁﬁdnb thelgrshddisduties HEtécﬁﬁ% RUBriEoficdlOby ahShitial¥d e this
enbodiment is described in relation to a single processor’ conputer system
t he i nvent iransrodulada txeardreplcemeetdngﬁvarlmﬁegueﬁrtodbsslewccorqspoemvsycstem As

di scussed herei.n, ute stem. is a product in udln circuitry
capabl e ofd?ﬂe%%%gt%@{rd%rﬂéde E%ﬁ?f)'i&’t‘%ta r§§‘§¥ EFAYAEY 19 I’Bbtea Obh’tlgioé’tnot

limted or deskt op,
oal nt op, s%étggtﬁﬂg SRSgtgﬁ&vle%g;é%&;ﬁ%hQﬂ?lcceggt;}{%;%glthc(aehﬁtqer 1391}:‘818“ nter.
plotter, SERBNERg tHeakatigedthRe igtiatgr. banki ng equi pment (e.g., an autorrat ed
teller nachrne) Mrreless conmuni cati on equi pnent, and the Iike Figure 2
illustrates a bl ock diagram of the bus bridge 115 of Figure 1 according to
one enbodi nent. of the pr R,ferrrno to Figures 1 and 2, the
bus bridge 115 incl ud SR A ' E o3RI G 'croprocessor 105
by way of the ystem
menory 120, a ?e:l gﬁ%g?lﬂ%ﬁa&e??ﬁg%ﬁjngtl@[)@gg%éé%t%ﬁ?‘%tﬁgecegr?g%%f bus 130,
a graphi cssuifibed foragedth eloepteddnt inveeiogr aphi cs device 125, and a bus
interface 218. The host interface 210 decodes m croprocessorinitiated
cycles and di r digure Aéllusdrpiese bladk diagrapmt she bus bridgeof Fagers)l (e. g., the
bus interface 218) n& ace 210 incl ydes a queue 230 whi ch
stores an&%@&ﬁ@ﬁé‘é?“ﬁ@&ﬂﬁé@q %ﬁ BEFSEHL e ErPBr oprocessor 105 for
access to the B R guences
requests initi2¥ggﬁ%% theﬁﬁ$%%ﬁpyggﬁﬁ?gﬁ#§€§agig£%%ﬁ§% e gg%@%ﬁ%?y bus

i nterface iatdlvedtinohridihg dies fione theé mitioprogessenmontbemvitelAffferTr ansact i ons
initiated on the graphics interface 216 or the secondary bus interface 214
whi ch are tar geﬁlgerqglﬂtetratqs ¥ tiRpRg i grannod theadatr 2rpcInbss oigzees t he
system nenor ed t.0 t 230. of ,si,gnal ..l i nes 220
and 200, PBEBER OB PRGGHIE g B8 R E R esdr &S I PR e on the
graphi cs 'Hﬂf%rfa%E&dgﬁthBnE@ﬁ\biﬁﬁH@@bY tlbé'gre's@ﬁterhfv@ﬁﬁor@.l‘l to snoop the

m croprocessor 105, i ntai ning data coherency. The queue 230 is coupled to
the bus interfdigudBiswflow diagramliluatrdtipg aqrotéssascarding seene 0 the system
menory 120. The bus interface 218 is coupled to the nmenory interface 212
for funneﬁ??m@fﬂeﬁﬁééﬁgePHﬁFFéV@@“&H“the one or nore interfaces (and
destined to the systemnenory 120) to the nmenory interface 212. The nenory
interface 212 initiates cycles for witing data to and reading data from
the system nenory 120. The bEDETAIELEDIDESZHPTIONIdes a wite buffer 240
and a read buffer 242 and their correspondrn control circuitries (not
shown) . The wriHiguteu} fliustrzaes arsexemplasy -black graggqtmatﬁta qoypeUtst Sy#emnhi ch

but o 240 0D Gl ehe F BHE Wil [ Rayre: iighbcns TS PP U r%rﬁ#rmp Tace 212
as fast ag iRerEblessd B9 A5FIe 20 SULAGEER rfsmw budfigo.r ead

s a rst-1n, tirst-out type ch stores read ‘cycl e

requests rléterpxw&iotuom&;istesaytsheﬁnmtrpwce%ﬁagandt ofeariy tyg@ dfo t he one or
nore interfaces. The host interface 210 generates and controls a wite

request (' @'C}u%?aﬁ'd@haf’r(ecéﬁ@nﬁlscénwewnm hybrid apdyteghiren Ing éldumled to
the b i f 2 terf 218 t |
R8s |t e T b L R 218 IR R R
i | t host
nter f ace %?35e Sofpeq ey St e R0 Gl AYie AR BORPURERE ) O

dest i ned IDRASE ST TERAM "SRAM! @t e ruphictdiec25Xbg. waef bys i nt er f ace
218 checks the status of the wite buffer 240 and detefnines whether there
i s enough space to accept data. Once it2i-s determined that there is enough
space in the wite buffer 240, the bus interface 218 asserts the ACK
signal, indicating that it is ready to receive data. Thereafter, data is
transmtted fromthe mcroprocessor 105, by way of host bus 110, to the
wite buffer 240, as shown by dashed |ine 238 (dashed line indicates prior
art technique). If the bus interface 218 does not have enough space in the
-4 1 7 APR 2003 wo oor~as72 PCT/U899/26728 wwrte buffer 240, the bus
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signals involved in witing data fromthe m croprocessor 105 to t he Tvir ARR2003
buf f et 240woReB&7eing to Figure 3, at tinme TO, the m croproeesssw, s
initiates a cycle, destined to the system nenory 120, by asserting the ADS#
signal. At the rising edge of T1, the host interface 210 detects and

decodes th@cce}@ra@crﬁyarekne@lzpﬁ@queomaumetd@vs:regﬂnéﬂi -1ad (e ge agedvess on t he
host bus 110, ,not sh t th 230. F

i scuss; o RHBesaid. 3 pest aaneti S Sl ey WHoBa M fia pet PR four
quadwor ds r&imﬁ@:r?ﬁtﬁec‘ahdgﬂ Bus 50, aTB@EﬁL@nﬁé@%%ﬁ&p@&b?@ ?”S the WREQ

signal at tinme 1 SIng ed us in erface 218
.detects thaiasingrproessset t&h@ad%@télsga@rn mbirhu0l ﬁc@ﬁ&ﬁ?em%lﬁ;ot Ben
determ nes whet her there is enough space in thée wite buffer 240 for the
write dat graphicsievinesl25ntIavef ieebddge ¢ Bnalso bejstges lgraphics dediae d25i t wi | |
assert the ACK signal, typically ip T3. On the other hand, if_the bus

i nt er f ace 1DifEted Hagsagiqnsr mﬁ%terﬁ franfaciions on the éeconpﬁéy s 430 fukteer 240

has reach 3 ) r ce ert the RTRY
signal (no S%ﬁb%x\g{f{%%l |l%§rag§ﬁéjlscjaﬁé4|}%9 c%‘ gég yﬁeerigge 210 to

retry the geg tume,o%g%geﬁe SH@br fldRe %é'(&EmPGISIS@@%Bh?OEI'SA T3, the
gueue 230 detects-the assertion of the ACK si at the rising edge of T4.

In T4, thé’%ﬁxetcr)taadftac@g@](@l@%aned asrbelsfaﬁlt‘#llersgn&vhlmmshe host bus 110,
indicating that it is ready to receive data fromthe mcroprocessor 105. At
the ri si nGrRREmAntS e%qﬁ@eﬁ# SRR OSHHING e RIOCESSPREOMRBYEF sY§sakthen. I n

the m. My es valid data
, on t he hosﬁ{lg &ﬁ%&ﬂ ali%?rﬁe‘?{t% g if E%@ﬁ?{ﬁéé ?8@26@3%{95# “valid data
is on the host Aoyals&&%edTmed\ataacbmptuh@fs S el 1@3& preluePRiclitdihgr face and
transmtted to the wite buffer 240 fromT7 to T10. Thus, using the
mechani s mcikesigry baphatdb ol procaseingatdta e Jhe computérasystére mzqstncitniee blaie 210
woul d be ablg]rng ssert TRDY# is in T4, Y\/mch is detected Ei t he
mcroprocé,@é og restrigteflite; A GORMRUIMA! semppter{ad ¢+ ABIPP, ﬁ%kt@BrIlest timne

t hat dat h T 17
AP% 2083a 9%’ %& @Fy rt?ggéf 2%281%3;%%6@%@'8? §§ﬁq‘rtr(reg}‘n Irrrlr%stgr:ﬁn 07“ decrea5| ng
| at ency i ecﬁmq&rmxﬂacmnaemndbmmhg equipraent (@.g.en Bo®imdtad eerrfeace 210, :

alleviating the need for the m croprocessor 105 to \_Nalt for the bus
i nt er f ace Madine), #55aless qomemanicaliggrRqUiPTIENt aagpthedite- i s probl ematic

(o 0r s rrom ot Rageion BERNEH Blreh FindeRa AR RE S el A St B Dot a

require a'&cé}(ﬂr@l %%o Bﬁggﬁ{do'ﬂ(?ﬂxehf‘o? fige g&ﬂqn%x‘lﬁ&h bREffe?ﬁtP]%?? F%u'?&@l n data

coherency. ditional wite buff | so duplicates t c that is
al ready i nsiddg thdabubbmdgretléﬁfmclad@ia hcﬁddﬁexcfm&rbll(] calglled/td or the
conmparison, and increases the |atency for reads. The present invention
provi des anmnr@ee%ﬁa 18%]9&&&%9%&*\%%% AL r?gmemorérrmmﬁ(aceﬁ Zatency

| ved, t th d ext
| at ency.  SuHESE eSS ERE ARG A R I ey PP B P YR8 S Fom
those on thesd@ndabybud 190, o, t Hl@s @@éﬁfﬂéezdawu?réaudma@r@pﬁ@ﬁa@rlaéy buf f er
250 (in lieu of dashed l'i ne inside the host interface 210 (Figure 2)

for stori rl@s,taa'rq)@baxsynt:taﬁaae 2&&sﬂhné@5t iterface @@si@ndnenmrppm&sso‘fhe
tenporary  buff 2 0 re |ves ata fromthe host hus 110 onﬁgl gnal, |ines

235 and 1 IBREY YA%S 34 SITRE TE FPaUeT focthe appropriategnigriace(sh €-gathe The
tenpor ary oufAL a%ég%gfgre}gegggsatrlﬁeb&fcgrmb 4 8u8ks PLIEL bIPEHGML JEARY devi ce.

I n one enb ér canh s our-qua s or
thirty- tW@nEl&aQﬁe@ées%&ées(téi\'m&iatédsbjith?eaﬁ\h&o r&esngr 1081f8) accabd foqgh it may
be of a different size. For each quadword of data, the tenporary buffer

i ncl udes aystain ohelndry izﬁdl’lﬁmW@wﬁﬁ@tﬂm stohes amhsbﬁpxedcen‘reqaeasr s valid.

D S N S il A
Protocol | iy f QUL AGLACKP:] ARG, ara&rez%t rafsELRRK il G Wien the

M croprocessor e cy ace asserts
TRDY# i n F3apNics haifaéed By 6t merhecwmaﬂ}qrust iderPate Zlqtﬁhifcﬁ(‘a@e takBeted teapabl e

of accepting the data. The bus interface 218 provides this information, in
nost cases, in T4. Consequently, the m éroprocessor 105 is rel eased and
decoupl ed a clock earlier than in the systemof the prior art. -6 1 7 APR
2003 WO 001 34872 PCTI US99126728 Figure 4 illustrates a timng di agram of
the data and control signals involved for efficiently witing data fromthe
m croprocessor 105 to the wite buffer 240 according to one enbodi nent of
the present invention. Note that the word " _decoupl ed" at the end of a
srgnal |nd|cates t hat the srgnal |s decoupled fronrthe |nternal Iatencres

Y b1 o a A - . o o



1 7 APR 2003 WD 00/ 3487Z PCT/ US99/ Z6728 300 moves to bl ock 340, wherd ARV
data‘in tmeot@s¥gmrary buffer 250 is transmtted to the wi eThishéeg72240 and
the data is retired in the tenporary buffer 250. If the RTRY signal is
asserted, indicating to the host interface 210 to retry the transaction,

t he procesise systers mémoby 32k agAmutedhée tha qeenea?ilbbiway dfsigndléinga20i n t he
tenporary buffer 250 ar kecl as invalid and the cycle has to be retri ed.
However, BRE 2Rk fteépﬁﬁf‘feiY-n%htﬁqlﬁ‘H%gﬁﬁ??&ﬁ‘%ﬁt térﬁéﬁﬁﬁfqdh‘é‘i‘ thes suffici ent

|t er f aco BRI R Rt s b TR b B RE A £ St Very
| nf r equentneMGbeessON $65) ¥eathtainird @ath @6RBIAEP. ThelfiRLELSS Béopl¥ERS | ON
saves a clock‘cycle for 'each wite access fromthe m croprocessor 105 to

t he nmenor yhabuaintdZéce 2 ewhin aqmttdieand propittres ssasses0b the systeln cycl e
earlier to performother tasks. In an alternative enbodinent, the wite
buf f er 240n€RerY B8 buffer 242 are contained in the menory interface 212,

in which i f for h i f th
bus. 1 nter  ace 308 08 nracheRh FPRREE GUERNGY HReRE 22 Sy That the
present | RG] .ﬁgﬁgf@%ma@&pbh?ﬁe bRe WF H&eQM@kﬁéegh@hHL&ésﬁggééotﬂh@

m cr opr ocessor, so to any initiator on any other bus .g., secondary
bus 130) . systempneseny 120yenthieaneisreiprerfaed 212. UBlef mleroryrinterfacprozessor
systens which.require frequent wite-back cycles to the system nenory 120.
Wi | e cer initintes cpelps soyweitingodata ke anfaeedingednta dxm sy i SEBWAY i n t he

. b it e ung i
mor ol y 11 102 FoF PUEReriare e B LB e e 83 RO Poh, and t hat
this i nvephlQReiPbrrBSpbidink@dnt0l tiruisRES ot ShERRF I THE WNBD ARG 240 is

arrangenments shown and descri bed, since various other nodifications may
occur to alioskeinfidstraut tiype dkiffer edhich stdves antte cyge requests ARRr2d(3 tibat i s

claimed is: 1. A nethod, conprising. detecting a wite cycle by an
i ti at or SYSERTEABRY 10 he M%\t%@%f%re%%mlﬁq@eavm Sl BEY8s tPo t he

devi ce, rgsponsive. e i It cl.e; t. [ request
to the i ni BeBIoH b RahEeaRs alfsia® Y Wby e 28 e - Bt PR

det ecti ngrddiRstseathe reEURFter 22Y ié REirbtint FidétQduit typaDaffet WHith slogesat a,
responsive to detecting the ready request; and receiving the data fromthe
i ni tiat orreadl cythereqeiehisdetrieveldairomithe systeer meongnyi 120 pgdsd estined toltke data i n
a tenporary buffer. 3. The nethod of claim2 further conprising receiving
an acknowPBeIGE MArgRieTfaCein t he device. 4. The method of claim 3 further

CorErL 119, 1, A1 41 A leciam e 1l g LoyRbr g e

t enpor ar yhnd dteike 35gridl \oal dignalfliree 2Rt witichds ceapleded thaiblis énteffcd DES.

acknow ed’?}e\é bus interface 218 generates and controls an acknowledge ("ACK")
handshake signal and a retry ("RTRY") handshake signal on signal lines 233
and 234, respectively, which are coupled to the host interface 210. The WREQ
signal is asserted to initiate a write cycle, destined to system memory 120, to
the bus interface 218. The bus interface 218 checks the status of the write
buffer 240 and determines whether there is enough space to accept data. Once
it is determined that there is enough space in the write buffer 240, the bus
interface 218 asserts the ACK signal, indicating that it is ready to receive data.
Thereafter, data is transmitted from the microprocessor 105, by way of host bus

110, to the write buffer 240, as shown by dashed line 238 (dashed line indicates

prior art technique). If the bus interface 218 does not have enough space in the
-4-



6. The nmethod of claim 1l wherein the initiator is a m croprocessor. jI77 Aﬁqgﬂ[ﬂ
met hod of cWRitHBd87dherein the device is a bus interface. 8. pPCTeshodr2s
conprising: detecting a wite cycle in a first clock by an initiator to
transmt dat a; assertln% a wite request to a device in a second cl ock,
responsi ve Wgtedainfier 240 h%buwntﬁgae@%lé’eassagtééhq RAB Ysigraldipdieajingsio the t he

third det ectl ng an acknow edge response from

'Itﬂlet h:b?ge.h ag%%{ff’ﬁegﬁicﬁé) gn t@ﬁﬁgg? by the initiator in a fourth
cl ock; -9 " BRI 9N SRRSOk A%k m@ncﬂar%rm dififie LAH & E6MESL

responsi ve to d cting the ready request receiving t ata romthe

initiator. sifalyaiveddedin elriting 8afalirbiethe GORPSPBCABOL 105 tdhetdtedata in a
t enporary butfer. 10. The nethod of claim 8 further conprising receiving

t he acknowlbedfse 2ﬂ@sB@rﬁsrelrfgrt@rﬁlghee dertitivae iTA, ﬂ\leentcmpnmcessocROS nrmtlatiessyst em
conprisin evice to initiate ite ¢ e det ect
SOy T S ey Be et ing Ry Oyt B peErfilS %%%E?é%w“t it feady
request; angd; agé BF TRCRGUP A8 th% S NIPAAEY SR deHR s fi cég , the

i nterface incl SI II‘S'[ circuit to transmt an ac Vﬁ n response

to a wi tech@@dﬁ@&he@éﬁﬁ@vﬁ&ﬁﬂﬁdab&r@mdadﬂmpﬂ @lﬁitﬁe)hédl%ufsllll@tn&l rcuit, the
second circuit to-(i) detect the wite cycle on the bus, (||) assert the
wite requebewnd artbpldcesthectequestinftbe quenn 28§t ’Ebm@xsdmsapn putpnses,ithet

equest ' on THE ASEd fobhayy B e Lo § SHEMidS BhSRERIRI AR RPom t he
first oirolikouitifleGublermhabyiakavhieihe dabe e M nIiRidyshen o

claim1l wherein t iceis amecro ssor claim 11l

wher ei n t hef sigeoTs, mkrbusiihtdrfutb_ade$ieaect£ms@éryiohw‘fftné WEEQSdigﬁalng"kQat a
received fromthe device. 14. The system of claim 13 wherein the second
circuit tobupimterface 248 then determinasighether there is enough space in the write

buffer 240 for the write data. If the bus interface 218 can accept the write data,
it will assert the ACK signal, typically in T3. On the other hand, if the bus
interface 218 cannot accept the write request (e.g., the write buffer 240 has
reached a high water mark), the bus interface 218 will assert the RTRY signal
(not shown in timing diagram) causing the host interface 210 to retry the
transaction. Assuming that the ACK signal is asserted in T3, the queue 230
detects the assertion of the ACK signal at the rising edge of T4. In T4, the host
interface 210 asserts the TRDY# signal on the host bus 110, indicating that it is
ready to receive data from the microprocessor 105. At the rising edge of TS5,
the microprocessor detects the TRDY# assertion. In T6, the microprocessor 105
asserts the DRDY# signal and drives valid data on the host bus 110, indicating
to the host interface 210 that valid data is on the host bus 110. The data is then
read by the host interface and transmitted to the write buffer 240 from T7 to
T10.

Thus, using the mechanism described above, the earliest time that the
host interface 210 would be able to assert TRDY# is in T4, which is detected by
the microprocessor 105 at the rising edge of TS. In addition, the earliest time

that data would be received from the microprocessor 105 is in T7.
-5-



: : : : o 17 APR 2003
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the amount of latency involved, without incurring the drawbacks of duplicate

hardware and extra latency, by decoupling the internal latencies of the bus
bridge 115 from those on the host bus 110. This is achieved by providing a
temporary buffer 250 (in lieu of dashed line 238) inside the host interface 210
(Figure 2) for storing temporary data, destined for the system memory 120.
The temporary buffer 250 receives data from the host bus 110 on signal lines
235 and transmits data to the write buffer 240 on signal lines 236. The
temporary buffer 250 may be a register file or other type of memory device. In
one embodiment, the temporary buffer can store four quadwords or thirty-two
bytes of data (which is a cache line of data), although it may be of a different
size. For each quadword of data, the temporary buffer includes a valid bit,
indicating whether the quadword of data is valid.

Thus, by including the temporary buffer 250, the host interface 210
asserts the TRDY# signal at the earliest possible time, which, in the P6 Bus
Protocol, is four clocks from the beginning of a clock cycle (T3). When the
microprocessor 105 initiates a write cycle, the host interface 210 asserts TRDY#
in T3, without determining whether the bus interface 218 is capable of
accepting the data. The bus interface 218 provides this information, in most
cases, in T4. Consequently, the microprocessor 105 is released and decoupled

a clock earlier than in the system of the prior art.
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initiates a write request, destined to the system memory 120, by asserting the
ADS# sigr{al (read /write and address signals not shown) on the host bus 110.
This is shown in block 310 of Figure 5. The host interface 210 decodes the
write request and places the request in the queue 230. At time T2, the queue
230 asserts the WREQ signal to transmit data to the write buffer 240. This is
shown in block 315 of Figure 5. In clock T3, the host interface 210 asserts the
TRDY#_decoupled signal to indicate that it is ready to receive the data from
the microprocessor 105, notwithstanding the fact that the host interface 218 has
not detected the assertion of the ACK signal. This is shown in block 320 of
Figure 5.

At the rising edge of T4, the microprocessor 105 detects the assertion of
TRDY#_decoupled, and, in T5, asserts DRDY#_decoupled and drives valid
data on the host bus 110. This is shown in block 325. Starting from T6 to T9,
the host interface 210 stores the data in the temporary buffer 250 and sets the
valid bits of the corresponding quadwords of data, as shown by block 330.
Thus, the microprocessor 105 is released a clock cycle earlier than shown in
Figure 3.

At block 335, it is determine whether the host interface 210 has detected
the assertion of the ACK or RTRY signals. If the bus interface 218 has space in
the write buffer 240 to receive data, then the bus interface 218 will assert the
ACK signal, at the earliest, in T3 (and the host interface 210 detects the ACK
signal in T4). Note in T3, that the ACK signal may be asserted by the bus
interface 218 before, contemporaneously with, or after the host interface 210

asserts the TRDY#_decoupled signal. If the ACK signal is asserted, the process
-7
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retry the transaction, the process moves the block 345, where the valid bits for

the data in the temporary buffer 250 are marked as invalid and the cycle has to

be retried.

However, the write buffer 240 is designed with a depth that is sufficient
for the expected system activity. Thus, the occurrence that the bus interface
218 may r;ét have space in the write buffer 240 is a very infrequent event.
Consequently, the technique of the present invention saves a clock cycle for
each write access from the microprocessor 105 to the memory array 120,
freeing up the microprocessor 105 a clock cycle earlier to perform other tasks.

In an alternative embodiment, the write buffer 240 and read buffer 242
are contained in the memory interface 212, in which case the memory interface
212 also performs the operations of the bus interface 218 as the latter is not
needed. It must be noted that the present invention not only applies to write
cycles initiated by the microprocessor, but also to any initiator on any other
bus (e.g., secondary bus 130). The present invention is especially useful in
multi-processor systems which require frequent write-back cycles to the
system memory 120.

While certain exemplary embodiments have been described and shown
in the accompanying drawings, it is to be understood that such embodiments
are merely illustrative of and not restrictive on the broad invention, and that
this invention not be limited to the specific constructions and arrangements

shown and described, since various other modifications may occur to those

ordinarily skilled in the art.
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detecting a write cycle by an initiator to transmit data to a device;
asserting a write request to the device, responsive to detecting the write cycle;

asserting a ready request to the initiator without detecting an acknowledge from the

device;
detecting the ready request, by the initiator;
transmitting the data, responsive to detecting the ready request; and
receiving the data from the initiator.
2. The method of claim 1 further comprising storing the data in a temporary buffer.
3. The method of claim 2 further comprising receiving an acknowledge signal from the
device.
4. The method of claim 3 further comprising transferring the data from the temporary buffer

to the device.

5. The method of claim 1 further comprising marking the data in the temporary buffer as

invalid if a retry is received in lieu of the acknowledge.

6. The method of claim 1 wherein the initiator is a microprocessor.
7. The method of claim 1 wherein the device is a bus interface.
8. A method comprising:

detecting a write cycle in a first clock by an 1nitiator to transmit data;
asserting a write request to a device in a second clock, responsive to detecting the write
cycle;
asserting a ready request to the initiator in a third clock without detecting an acknowledge
response from the device;
detecting the ready request, by the initiator in a fourth clock;
-9-
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9. The method of claim 8 further comprising storing the data in a temporary buffer.

10. The method of claim 8 further comprising receiving the acknowledge response from the

device in the third clock.

11. A system, comprising:

a bus;

a device to initiate a write cycle on the bus, to detect a ready request and to transmit data
on the bus in response to the ready request; and

an interface coupled to the device by way of the bus, the interface including

a first circuit to transmit an acknowledge in response to a write request, and

a second circuit coupled to the first circuit, the second circuit to (i) detect the write cycle
on the bus, (ii) assert the write request to the first circuit for transmitting data to the first circuit,
responsive to detecting the write cycle, (iii) assert a ready request on the bus to the device without

detecting an acknowledge from the first circuit, and (iv) receive data from the device.
12, The system of claim 11 wherein the device is a microprocessor.

13. The system of claim 11 wherein the second circuit includes a temporary buffer for storing

data received from the device.

14. The system of claim 13 wherein the second circuit to transmit the data from the

temporary buffer to the first circuit, responsive to receiving an acknowledge.

15. A machine-readable medium having stored thereon data representing sequences of
instructions which when executed by a machine, cause the machine to perform operations,
comprising:

detecting a write cycle by an initiator to transmit data to a device;

asserting a write request to the device, responsive to detecting the write cycle,
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16. The medium of claim 15 wherein the instructions for comprise instructions causing the

machine to perform operations comprising storing the data in a temporary buffer.

17. The medium of claim 16 wherein the instructions further comprise instructions causing

the machine to perform operations comprising receiving an acknowledge signal from the device.

18. The medium of claim 17 wherein the instructions further comprise instructions causing
the machine to perform operations comprising transferring the data from the temporary buffer to

the device.
19. The medium of claim 15 wherein the instructions further comprise instructions causing

the machine to perform operations comprising marking the data in the temporary buffer as invalid

if a retry is received in lieu of the acknowledge.
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