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WD 2005/ 083578 PCT/ US2005/ 002045 METHOD AND APPARATUS

FOR SUPPORTI NG DELAYED TRANSACTI ONS OF MULTI - FUNCTI ON
wOeChosHR347€ES | N PCI BRI DGES FI ELD OF THE | NVENPCONS2005/002045

[0001] The field of invention relates generally to

conput er systerrs and, nore specifically but not

MERHGD WRb VﬁJPXRi S%QPMIQQ%L?PHI A%E'ﬁf'&qsf @F muLTI-FUNCTION

pcSUPRAEES NG pAY BtRE[D ghction PA eral Conponent
I'nterconnect) devices in PCl bridges. BACKGROUND

| NFORVATI ON 10 [0002] Since the introduction of the
r PC) architecture in 1981 and the
FIEE@@E%W&WMCM technol ogy) architecture in

[00 }qﬁgﬂgﬁ;‘&e% ﬂﬂBHtrSIrRt géﬁgﬁéll %%o er systems and, more

evolving curre utio

speHﬂ%?fg Pt &6? W ERdive (}{ %Iﬁf&cﬁsﬁiﬁtﬁoﬁ‘én@p@é@éréﬂﬂ; for supporting

hough amat 1 ¢ advancenents have been

l tidh eés (P&ipHdras€oriponent Iniérceraeet) devicsb imPaldskiges.
muﬂg %een sog?av\hpat restrlp??ed due to Iegacy provi si onsg

The | egacy provisions result, in part, fromthe
wi despread popularity of PC s, which represent the

BAdR@R@?N? liw PORMAADNters used worldwide. It is

est at upwards of 100 mllion PC s are sold

[oopff Y8fHce {r@ﬂ?z}odmnbﬁtéﬁthéip@%@faarwmmer ¢rS) narkhitecture in
€gacy provisions, consider that the 20 PC AT

198ﬂr§ﬂm tr%:hbrqautbgs FC-ATe(advanbed ¢sthrictogyyl drahitegiure in 1984, PC-
literally 10's of thousands of peripheral conponents .

basadd ceafpier systaphs chaverisedrn domtinsiedslyn exoRMGAT- Faseahcurrent
pl atform Now consi der the aspect of add-on

evohioinpiees itewisd loecCed Withaprasessasans opareidg syatene Although
i ndustry standard architecture (1SA) bus and

dramaticeaangemgnishas peers) biadg it sac-idhesemreps: the evolution
architecture has evolved to 25 include such vari

progesEhsa. pesm semayvhaiajestiigted 4y in 9 Provigians; ug?‘ﬁ legacy
pl ay, and PCl Per| er al ent ter ect t he

prowigiansresalb- ina rERa%mdesq“Baaﬁow S WE‘»EP represent
architecture, was d ned, t o .sol Ve b

e et %Pr@ § SPpOSab IR bBeRplde, éﬁhﬂ%’%ﬁ e Tpuerce o

d|z ture that vvould S|n'pI|fy

10@@&) %ar ?Ia@reggés designs. It al so was desi gned

[oobg] To better understand the reason for legacy provisions, consider that the

PC-AT architecture is an open architecture, allowing literally 10's of thousands of

peripheral components and software applications to be used on a PC-AT-based

platiorm. Now consider the aspect of add-on peripherals. The PC-AT

architecture introduced the industry standard architecture (ISA) bus and

corresponding ISA expansion slots. Expansion slot architecture has evolved to

include such variants as EISA (Enhanced ISA), microchannel (MC), ISA plug-n-

play, and PCI (Peripheral Component Interconnect), the current de-facto standard.

[0004] The original PCI architecture was designed to solve several problems.

The explicit purpose of the PCI design was to provide a standardized architecture

that would simplify chipset and motherboard designs. [t also was designed to
1
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1 WD 2005/ 083578 PCT/ US2005/ 002045 i nprove data
transfer rates. Furthernore, it provided an
wahasdsrast7s on mechani sm that enabl ed transpar eRCT/US2005/002045
support of |egacy conponents. In fact, PCl is nore of
an interconnect (hence the nane) standard than an
expansi on bus standard. [0005] A key tenant of the PC
impt&7d Gatd %raﬂ%fé??ré%%f FGHW”%JQW&H & absirBctidn mechanism

circurts and signals are not tied to the requirenents

thapénﬁgléﬁ%énfst)éréﬂt SUPPHR Of Sseficy WmpEHEnty. I st RSl Bmore of an
provi des I nterconnects betweén various di sparate bus

interydiftfect seie el iigre) stAnbaidipanray egparsidrebus staridard.
couple a pair of PCl buses. For the wuser, bridges are

[0008her A key demaniofshelRCI desighads erbeesserindeperrence; that is, its
systens. The PCl architecture al so decoupl es

circpite @eskssignatsnaneynaiuied, i thes réquinensends rafiien apecifia nicroprocessor
buses, enabling a processor and a bridge to operate in

or fpanilsil 1Téle dg¢sion pTovidemingRiconaecishatween ¥afipes dispprate bus types
the PCl bus(es), bridges usually enployee Euff rin

using bridges.i PelEddRIRYRIPA berusast o soyria eaPaif P Eﬁﬁi?{uwg- For the

su rt this capabiljty, the chitectur roovi de

Use nbUiges aF SPRsaTL AR TVISIRIC HRieriace Rawaepdvo g Sitems. The
The read buffers are commonly referre - .

PCh ARG Ales Ias BirTas BTy ey SsisBind frBm ShiiGrainate

oA e U g 7 o
000851 e BB 1 HECEES, Bl SETEf oS usaly

emﬂr)rlgpée %%ﬁﬂgﬁéﬁ ﬁééfciﬁ(jtat@lbhgrad?&kra%férg ¢8atalHeatiPPOTd support this

tiple-c ata streans are restricted 1'n their

capebfpf fle BAHRRCtUre pravides! intelfyemieadnah@nes®e bbffers in a PCI
aggregate transfer rate of all channels for a

brid@el. t Thé rewd baffer8Gre cddvnonlyi refereéditd by pregsich hafferd)avhich are
singl e channel rate for the sane device. BRI EF

als®kAGRh BB dNa¥d Trelesaidiavl DidERrs0008] The f oregoi ng
aspects and many of the attendant advantages of this

[00QB] i ndthougin thisl buist accessroapabilitydcaly beppseditatgreatly increase
the sanme becomes better understood by reference to

transifier fades.oifereyiginaldesign wasclargetedrat tignsier aksingleschannel data

conjunction with the acconpanyi ng drawi ngs, wherein
strgam@ Ast areside recarihaingroduced mulii-function PCI devices that support

multiple-channel data sireams are restricted in their transfer rates. In fact, in
many instances the aggregate transfer rate of all channels for a multi-function PCI

device is actually less than the single channel rate for the same device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] The foregoing aspects and many of the attendant advantages of this
invention will become more readily appreciated as the same becomes better
understood by reference to the following detailed description, when taken in
conjunction with the accompanying drawings, wherein like reference numerals

refer to like parts throughout the various views unless otherwise specified:
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refer to |like parts throughout the various views
unl ess ot herw se specified: 2 WO 2005/ 083578
WOCHsWSZ085/ 002045 [0009] Figure 1 is a schenBCTAIS2005/002045
di agram of a conputing platformhaving an exenplary
bus configuration including a plurality of PCl
bri dges; [0010] Figure 2 is a schematic diagramof a
ic -2 or b ; 15 H i3y | i
[00D5P " FIgUIBY 15 7 mohe Pl HaglehpSFla Cibing patirn having an
exefmplany b figuration inttuding vadluingneEPCPeld§ss;! device
co%nre}{:ltbue%atsg quge PCl bus;gi ?OOlZ]gnFi gure 3§%Ss a
[0030) enEiguted BY sthérhatistingram ®f otypizathbst-toAPCEbRAGeEd
to concurrently transfer data from system nenory to
[00d e dEdurerBiis el sdP@magicStiagaami afethel Bastdp-ATChbridgd aof Figure 2
a schematic flow diagramillustrating operations to
further ingluding @ duad-canpeltPGhSECSI device Riognestesbiobe RClbus;
pair of del ayed transactions using a_technique
[00i b efrigureBanis: & sgheoaliertiagiam illosirating cgepgremts jmplemented
Figure 5 is a schematic flow diagramil | ustrating
to eonerEEenty dransieredatafremisysteraraeimosy &9 dhe dypl-ghannel PGl SCSI
using a pair of delayed transactions performed by a
deviss: bri dge configured in accordance with one

TS £ ST A b N e & oo

BBy QAT o B Ao g

tecléﬁéﬁ@'i’rhﬁfémé’r‘i’t d[\@mg]convgﬁt%ﬁal? PCI ib?id%es‘:he”a.t I C
idgrantillustrating an exenmpl ary Coffiguration

[00{‘1%}3i SFEeur 5 i Qr&hépﬁ%&t{[g:feﬁdwfdié%ra\‘\’ﬂlﬁ:‘sf@fiﬂ%_r | cMSHs b perform

one odi nent o 20 1 hventi on. LED

the [ R3feENoEFiguiEBERISHY E\ailddeyed #8Addctions performed by a

Enbodi nent s of net hods and apparatus for supporting
PChiilidge éomfijured in BEtordartce @sthi andPéinbodindgetsofghe invention;

descri bed herein. In the follow ng description, 25
[00hG]rer Bigure pécisf ac flowthart sillasteatiet flirkherh detailspobwthdeoperations

t hor ough under st andi ng of enbodi nents of the -
perfarnedt dwing theedatkitransfersroftfiguneeda\ancording taione embodiment of
therir?\fe?\ iglrl;zghd
[0016] . Figure 7 is a schematic diagram illustrating an exemplary configuration
register to store a buffer fill watermark, according to one embodiment of the
invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0017] Embodiments of methods and apparatus for supporting multi-function
PCI devices in PCI bridges are described herein. In the following description,
numerous specific details are set forth, to provide a thorough understanding of
embodiments of the invention. One skilled in the relevant art will recognize,
however, that the invention can be practiced without one or more of the specific

details, or with other methods, components, materials, efc. In other instances,
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however, that the invention can be practiced w thout

one or nore of the specific details, or with other
worRbismdss7s conponents, materials, etc. |n other PCT/US2005/002045

i nstances, 3 WD 2005/083578 PCT/ US2005/ 002045

wel | -known structures, materials, or operations are

not shown or described in detail to avoid obscuring

welﬁﬁﬁ&%sstﬂjcttﬁr'é% iY@l or bPErbn&eArer AL 8hbivhose kiREribed in
this specification to “one enbodi nent” or "an

detSIMRPEV OB HosclBig aspbatts of tialriveatibar feature,
structure, or characteristic described 5 in

[0088]'NeRefgrenvkt irdlighautbibil mpetificatiomdo Ubed iemisdditneatt or “an
one enbodi nent of the present invention. Thus, the

embpgiemmhoeans fthate paticatarfediune,strickureo or chatdctenistic'described
an enbodi nent" in various places throughout this

in copeectiorn atthotheagrabadimentds éncluded in at leasébeerembodiment of the
the same enbodi ment. Furthernore, the particular ] ,

presenttinvertjonst Thus.thesapraaraneas:eh e pirages rigyonsembodiment” or
conbi ned in any suitable nann [

. ny, , 66 in, 10 [Bne_ or qprﬁ

in eqﬁ)(ﬁmh@wfr@nt[ 40 1 Yrious aq{aqg,eért rasighoyt 1Bl jspecification are not
necSsy AT o6 5 er S90S mIPTTGim BOCRPHBRIG, e particulr
reafps, st eiigs. O cheRcbRbg IR RETHIE g, uitable manner i
on BT BHEPOBRAIENR! S, 15 Tne (ke At "the top of ine

[ooigg“ S%E%Hrsvﬁ@gp%g&mﬁé ey 15 "Piglre Up- whiht SRbws an

isinc € primary processifig and menory

ién ¢F 3!POI-Pasd ' : |
oxRSBE oy 1 2180LELAT DTS AOMRAIEND, i gorera

platfS®r ¥rchf8ciufe 400 $¥ Sillas&tAM (dfariSIMcdffgamtidRED tat) .may be
Each of these conponents is coupled to a host bus

empibQed Fer vanau ltgped be cbhnplutihg platipmes esich 20mbtiteerboard 101 or
address and data |lines between a processor 104,

theeliteer nat tiomdbp aDE6he aardhitextsiteeis e PoogesEOd/spstemn memory sub-
particul ar notherboard or the like. [0020] The PCl
systhsi192. sTipipdnclades lthe pamsty eadceasity ard thoemonhgomponents of a
couples various simlar and disparate buses via
platieringg éncluding t ere t@fp NaRret PECGESEPET thd: AB AYEMalhgacha 406 and
The next level of architecture 100 is a PCl bu OE
sysigipdrempey He§ (48sisystem RAM (random access memory)%. ach of these
components is coupled to a host bus 110. For example, the host bus represents
the address and data lines between a processor ‘1 04, external cache 106, and
system memory 108 on a particular motherboard or the like.
[0020] The PCI design supports a hierarchical architecture that couples various
similar and disparate buses via bridges. At the top of the hierarchy is host
bus 110. The next level of architecture 100 is a PCl bus 0. Under the PCI design,
PCI buses and PCI agents connected to the buses are enumerated during the
pre-boot phase of a computer system's initialization. The first PCI bus that is
encountered is enumerated as PCI bus 0. This PCI bus is also known as the root

PCI bus. The local bus to the host CPU (in this case host bus 110), or to a PCI
‘ 4
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25 PCI buses and PCI agents connected to the buses are

enunerated during the pre-boot phase of a conputer
woeyetsasswsi nitialization. The first PCl bus thaCTiU$2005/002045

encountered is enunerated as PCl bus 0. This PCl bus

is also known as the root PCl bus. The local bus to

the host CPU (in this case host bus 110), or to a PC

bridh 6L 220 L78Pit3hBHds 200 SisUheRPas ke ﬁﬂmdry)@ébf(ﬁllorthbndge)

nearer to the host CPU, is known as the primary bus

The Mot HRIrbtgie)knowihas tieeseetiddry Huiss Keohostasus brd PCI root bus
secondary bus. The host bus and PCl root bus are

areiimeeconmectadt wd a/hestetoHeSt btidgd”Ci2br i dge 112. [ 0021]
CGenerally, zero of nore conponents may be connected to

[002%kh Benecally, 3eep gf mnone gompanenis May ke mnmtgd tomb bus on
conponents are called PCl agents (also known

a glivggt rslytfclarr:gr Fotapcd, bttssvné?m cg@@@ngntssf argr @wletdeE%uagents (also
ongs B Rilpuidls)1 FBT SATPRpUS 8%9%% bEprchistiure Q0 taoiude a
SORP LS NS5 Ol Ak ol SR lortBunsi o)
s L S i, s
Car‘ggkzgé}éﬁggﬁ%#ﬁ]gﬂgot&ﬁt psaginal PCl design, up to ten

e connect ed to a given PCl bus.

[OoggLO“iEITI aHBEnon“ﬁ)e 8otk 5’&5 20, gggﬁbs %%htéQ'?ﬁb?:éD describe

es can be suppor dvvlt In the s 'at f orm

a I f
R B PR g1l MRS L Bigha 7o

des'ég”h Ripoterten PCI &4Ehis coslddbs ebnrssiea e vegivém e QgusRI Through the

eavor of the devel opers of the original PC

usestfPOpicP B britiges asRiititrs] T Idfusestcanf sy sepparéed withih the same
not her board designers. One of the principle

platfamnsi deéfat iecampi@r dmotéxemiplahesgmidesfi diClgrbuses weend 2 and
support of | egacy devices. For exanple, there needed
cortaspbadiagrRChtoaPEhbfidges d anqo%@re shgwne@ﬁdgureukes such
as an | SA bus 126. Typically, r!qu bus wil |
[0023k | ude dlspwﬁe@l ab9V@,f twwmﬁmm eaver of ke developers of the
depi ct ed | SA slots 128A and 28B. These ex
orlggrpajtPCb%{@rﬁgya@ﬁgr%@s%@l@sm @é@'&% for &Bised %ﬁf&‘qtﬁﬁrboam
designers. One of the principle considerations for both of these design groups
was support of legacy devices. For example, there needed to be a mechanism for
supporting legacy buses, such as an ISA bus 126. Typically, a legacy bus will
include a plurality of expansion slots, such as depicted by ISA slots 128A and
128B. These expansion slots enable peripheral add-on cards inserted into the
slots, such as depicted by an ISA card 130, to be accessed by the platform.
[0024] If there were to be direct support for one or more legacy bus types via '
the platform chipset, there would need to be respective sets of data and address
signals for each legacy bus type included in a given system. This would create

chaos, as each legacy bus type requires a different set of signals having unique
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slots, such as depicted by an | SA card 130, to be

accessed by the platform [0024] If there were to be
wdiosos3zsipport for one or nore | egacy bus typeeTAIS2005/002045

25 the platform chipset, there would need to be

respective sets of data and address signals for each

| egacy bus type included in a given system This would

tlmlﬁ{; ‘??fa‘?acl‘éﬁ Sfien rb%ﬂ%ﬂi’erbﬂé%aw Rftis' lé'srelsuﬁhermore the

ent se o S|gna avi ng unique

bus%@@% 36?@@.&&}%#@2&&95{)1@52% htfbma@mglél@kpaﬁﬁbnmscs

from ot her | egacy bus types. Furthernore,

[00251  WHSprovidieasuppuit fdrge?ac;abugesiyth@oml exclitzotwe émables the
a ‘si ngl e expansi on bus 0025] To provide support for

usel FRCl-tPleR@sy bridgeBChucir adidepitted yenBillds-ledacy hridgeo132. In
PCl -to-1 egacy bridges, such as depicted by a

effeBCla PClHtedegacydrridipeprosiziesian absteddted jogiaal interconnect between
PCl -to-1egacy bridge provides an abstracted | O?I cal

twoumsmr@mmbemsysmm&ewh@w therpds arcephysicalyeanaestion between the
wherein there is no sical connectiqn between th

buspaskut rather cﬂ%tarmthsaarea ogigaly canperisg \eawpyloe%ﬁﬁet;r%and timing

via various control andtlm nea re Thi
messipsus TigaejRBmuAIS ISAde araronas cgonieciis t6 Mlegacy

as le and.

busp*lé%ﬁ,psﬁﬁg | a@agaﬁi‘% GOFRALIE eSS RRR IS o A i) carcs
S S A - .
i b e
asglibIARHL Wi i BYRE BolfBOnBn | P L% dar ess and
[0052}&3 H’h I B_G% and "i‘l’éeﬁjs"&h&l&@ uﬁ%@ﬁlhlﬂ?ﬁexﬁ%%ﬁém@ iR&%hich the

urre I ncreases t'’he nu cycles for

line§ &8 a‘F't@h?até@/ U ss a8dres8ramddtalifes dahig18avesiah ahe number of
transter thé address is transferred during a first

sngrﬁ?édclirﬁas Yéduiedlahit idurdasest ihe Aembded,ofacidck endletafer each data
during the third. To conpensate for this, the PC bus

trarife0 Fockxa®plesd dwingta datke transfehitiod addlessaisr tearssfeired during a
only transferred once, followed by a variabl e-1ength

firsts egelenewitef datat duringariisé evecong inderasd date iduripgl the thlrd To
This effectively doubles the data transfer rate of th
conmpensat@ fonLihis, the Réhbus[alep rcludrs adusstynede i whwethesaddress
enabl ed by confi qurabl e hardware provjded
is only transferred once, Tollowed by a variable-length sequence of data transfers
with each clock cycle. This effectively doubles the data transfer rate of the non-
burst scheme.
[0027] The data burst scheme is enabled by configurable hardware provided
by a PCI bridge. For example, Figure 2 illustrates a typical layout of a PCI
bridge 200, which in this instance comprises a host-to-PCl bridge. The PCI bridge
is coupled between a host bus 202 and a PCl bus204. In general, PCI
bridge 200 is illustrative of various types of PCl bridges, including host-to-PCl
bridges, PCI-to-PCI bridges, and PCl-to-legacy bridges. As such, the top-level
(upstream) bus will correspond to the primary bus, while the lower-level

(downstream) bus will correspond to the secondary bus. In general, the primary
6
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by a PCl bridge. For exanple, Figure 2 illustrates a

typical layout of a PCl Dbridge 200, which in this
woneisaseEs conpri ses a host-to-PCl bridge. The PCI/US2005/002045

bridge is coupled between a host bus 202 and a PCl

bus 204. In general, PCl 25 bridge 200 is illustrative

of various types of PCl bridges, includi ng host -t o- PCl

busgérﬁdi%éon@ ﬁ%’he bﬂa%paraﬁta%fsq reaﬁa dst-t0-PCI, PCl-to-

top-lev us wil

|eg5§{2ro¢%ﬁ@%§n¢é>b@@ﬁ/p@rqmrm DS, whi e the buer -1 evel

wnstream bus will correspond to the secondary bus.

[ootgrgem@b@idm Ihe ATl BHbYe 260 VIBCR@RS/ @8E|5r'h&ry bus unit206 and a
] US2005/ 002045 bus and secondary bus may be of

secdndapr blie umits208; p Eacheofghesd dsis- uritsPi@icludeSl physical interfaces to
| egacy) or the sane bus type (PCl-to-PCl). [0_028%1@

coupts owith ndihgir E@irespandtig 200@sdsac| s exapmplearin e exemplary
unit 206 and a secondary bus unit 208. Each of these

configyrationt showie lin ddgurens.sseeandary Susasus208 wanld hgpeenfigured to
wWith their correspondi ng buses. _ For _exanpl

intesfasapMainy & JRE gensat HaNgs HaveeNTiguERiien ed@fme@ectahdgey PCI bus
sooplEalh e AP AR G TALR el TA TSl i o
nost B cstined Dhe ilatdats piiassBharc it (adAiita by

oot 6, SO PR AL ST b oo o
a8 A P s B TERY  BPE s o

kncﬁﬂf?&é ] %‘nerﬁ%c‘i‘l?ﬁ[bﬁg‘ééé AUhdPBStRgDufR. I@éﬂérﬁ% the prlmary

|mary bus unit wll includ

bus? meghuﬂ mcﬁucﬁ@téhsiﬁgf reddfR Emﬂfe@ZS()Pg'a‘thQﬁts:lﬁ?Ie postlng
buffer 212P, although there may be nore than one o

buff@ 284, difhesgh tbhédeemay bEmolS tisare ond af wedehsofuthese buffers. The
typi caIIy have 1-J pre-fetch buffers and 1-K posting
sedontitipr Husasinitepilc tygricdlly baee f tic brésidttler sufarsSangd &id posting
posting buffers 212S,-K In sone inplementations the
buffersbas slepicted dyf precteten bufferst 2 i bhuamnd posting Ibusiers Bé281 K- In
same, while in others the nunbers will not_ be unequa
somedsplemantatianarbeiinbgrshok pe-feteh @ndppesting bhﬁgrﬁdWl" be the

posting buffers, a UGUIH%
same, while in others the numbers will not be unequal.

[0030] In conjunction with the use of pre-fetch and posting buffers, a queuing
mechanism is provided to arbitrate data requests. The operations of the queuing
mechanism are represented by request queues 216F’ and 216S.

[0031] As discussed above, a PCl bus is generally reconfigurable. The
particular configuration to be implemented is defined by values contained in
configuration registers 214. Also shown in Figure 2 is an exemplary set of PCI
agents 1-N coupled to PCI bus 204. From the -perspective of PCI bride 200
operations, each PCI agent, whether a peripheral component such as a SCSI or

graphics card, or a PCI bridge, appear the same.
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20 mechanismis provided to arbitrate data requests.
The operations of the queuing nechanismare
woeprs@asersed by request queues 216P and 216S. pPOD@%2004802045
di scussed above, a PCl bus is generally
reconfigurable. The particular configuration to be
i npl emented is defined by values contained in
nfigu ' hat heaMdu [ '
L0053 bRl 96 SLBRLR' RPugift adkdes B b €l gfisiedupled to
a coMmotlus, therPEthardmicsrre ioruddes vBEbuS e tRPefer mechanisms,
oper ations, each PClI agent, whether a peripheral
inclGOIRg ane @t bafst asheme@bcussedgabvel CEhesw schames eR{ploy timing
bri dge, appear the sanme. 7 WD 2005/083578
andREIMd48800 Dr@edtg in a[raasaér that prelents anwapped conditions, such as
concurrent access to various PCl agents coupled to a
lostc datzoor bdsadlotks. PCncirdsd tagrang dher sshenaes viar aomechanism for
transfer mechanisnms, including the data burst schene
supgpgingslelayad dvensantiegs. schemes enploy timng and
transaction ordering in a rmgner t hat pthevents
t

[003#hanbelayedniipnsagfionssatn usedsdy Jardeis taabcaneglcopmiste the
i S B o LR i BRG] eblon. Ther e

genfdly B bpgs Sife Rt iR Faier L yaione "B uroters
e R ol RO b B orscto
at a\fmﬁrﬁ’lH Qi rFSCfLBTiGEQs Prﬁé}@?@éo&éyﬂ f dlémhl‘t@é@@fa'yg?'tgefr%actions

handl'e"onl'y“a" si ayed transaction

oA [ ihdges nmay choose to handle nultiple
to lrggffgfyeéy%'ttérﬁ rorkiahee

sactions to inprove system perfornance.
[0034&034an%@1@%@ ¥ Bblagedatanseetion ag3aat iNbus ih Mt held in
e

t He bus in not ld in wait states while conpleting
waif Btates adfilet corapletiny alewccess Whial sloWwhdevicegi Widilenthe difginating
master rearbitrates for the bus, other bus nmasters are
masit casbittates Sor the buss dilkerdbustrhastbes ave dlidowest traluisg the bus
be wasted holding the originating master in wait _
bansinadtbsthapmaiuiek mosuhaliy thegwasted: helding they osiginatingemesier in wait
wite) data is not required to be transfered before
stateae Anethrrsadvastage isghatiall posted (memory write) data is not required to
be transfered before the request is accepted.
[0035] All bus commands that must complete on the destination bus before
completing on the originating bus may be completed as a delayed transaction.
These include Interrupt Acknowledge, I/O Read, /0 Write, Configuration Read,
Configuration Write, Memory Read, Memory Read Line, and Memory Read
Multiple commands. Memory Write and Invalidate commands can complete on
the originating bus before completing on the destination bus (i.e., can be posted).
Each command is not completed using delayed transaction termination and are
either posted or terminated with a refry. For 1/O controllers, the term destination

bus refers to the internal bus where the resource addressed by the transaction

| resides. For a PCI bridge, the destination bus means the interface that was not
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[0035] Al bus commands that nust conplete on the
destination bus before 20 conpleting on the
wonrd@ioszt7s ng bus may be conpl eted as a del ayedPCT/US2005/002045
transaction. These include Interrupt Acknow edge, 1/0O
-—Read, 1/O Wite, Configuration Read, Configuration
‘\,W:te, Menory Read, Menory Read Line, and Menory Read
iNy! s ?gém'ﬁ-mw it eFGnekdriipiel |
aCtlE{gn%Téaﬁggtac n cgngloéte or{éq%%t ori gi nat?%émgéljgég%?%arrg bus of a
brid@%“i@'tﬁé'd&tiﬁéti@bué%ﬁérﬂétt’r%d@tlén (Origtnates @m @ primary bus of
posted). 25 Each command is not conpleted using
the dgidgeeshd trgesqaddregsesardgvicenatiacheat ® thel $éwndaog bed of the
or termnated with a retry. For /O controllers, the
bridger mHiredvenati ransamiionr tiaéris movingeni theeoppositau direbiore would
the resource addressed by the transaction resides.
havEdhe prirGirybuiscRgethet drstimation basi on bus neans the
interface that was not 8 WD 2005/ 083578 .
[0086]T/ UA2dekeyed 2ramsaciion; ppaiassaseta Kogpletign (i three steps: (1)

o g b SR D bomTLBL e . EEGRRLE o e ana 0
Comalefeeot, heaassaulprbudlp JBasrachliing e HEsC Sien dap master
serpbSe WiRenRiER. PO e, AR, BB etcnes e
v TR e, Al B8 B0 ond Wbl eest i

retr&ééﬂ%éﬁé’t%@&% ﬁé’é{uééﬁnmtaﬁgh (iéféfe%oeéé A&l ytéﬁgequest. The

e'target; a etion o

ma&tre@rb?a&tréglﬁ‘eé%yth‘éh% BrhifbtedPWithnestiyneahndtslisthglisht istween a

master generates a transaction on'the bus, the target

targt2GREeR i OnAsleRss thé alpkastidmesiHg deibgedatdraction termination
required to conplete the access, and term nates the

and @ t whidh sifrggly Ycanhbe cbatpidtedtheetaiessdctionf at thee icarrent time.
is referred to as a del ayed request. The naster of a

Sincedheshasteatansot linheadiffdrenicehitrrausiyraigsueoany request that has
di stingui sh between a target which is conpleting the

beerr teninated withsietry wndil theereauesheempledes.t er m nati on  and
a tar g)et_ whi ch sinply cannot conplete the transaction

[0037] t h®usinertbatsecprrd stap, the trwet Hidepgadently saRetes the request

on Hscsestiipnauesing e el pleriaie g oedelayed Roquest. I
thecggrélyghe?équest is a read, the target obtains the requested data and
completion status. If the delayed request is a write, the target delivers the write
data and obtains the completion status. The res'ult. of completing the delayed
request on the destination bus produces a delayed completion, which consists of
the latched information of the delay request and the completion status (and data if
a read request). The target stores the delayed completions until the master
repeats the initial request.

[0038] During the third step, the master successfully rearbitrates for the bus
and reissues the original request. The target decodes the request and gives the

master the completion status (and data if a read request). At this point, the
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[0037] During the second step, the target
i ndependently conpl etes the request on the
wdesisioszt7s on bus using the | atched i nfornmati onPETMISRE0R/002045
Del ayed Request. If the delayed request is a read,
the target obtains the requested data and 20
conpletion status. If the delayed request is a wite,

t delicv ' n ' th
del%y@é:% léﬁrﬂ;ﬂbtl&‘? i5 l%’t%%%d"”th tetrar?éﬁc@ioﬂ & eBhijiéted! heThe status

etion status. The resu of conpleting the

retftAkax6 dhe hRRHeSE el thelSshb Bl thertakyet obtAlHEE Shen it executed
del ayed conpl eti on, which consists of the |atched

(complstethitieodelafed requéstay request and the conpl etion
status (and data if a read request). The target

[0089Dr eTheheodeenljarthl cdejayedi tnamsadiiors tdohemest provides good to
repeats the initial request. [0038] During the third
excetlept bahdwiddl tusage ot eirglal fupctiermdevicest sbch @s graphics cards,
_and reissues the original request. The target decodes
singlaechasnek stiska g@niplers, tsirgleraest detwak €args, eetcon However, the
status (and data if a read reguest),. At_this point,
sanpfyds not Yige fob graiysmbi-maeliorIdsdeNices s T !felsa‘&{ﬁj in"part, to the

origigaip Lt cebeiRe B PrPUUn SRS LRENRRYPS, and interfaces for
t h he t t obtai ned wh [

sugbitg bR H g Wens &l ayea request . [0039] The

1o0FBf" S B, S rMEAclOR Pl 4MPe ML ERTHrEbRRA R Pefoheral

exp%%%l j eﬁ?ﬁ\rds’cHﬁﬂs%nﬁg@@&" iﬁsargfgt%&%‘a:t}ce Wit He P{E‘(?: %Begﬂ&lggfé@ﬁ‘ (current

controllers, siIngle-por cards, e

ver§iBR. 238 Ryl the MCILX Ushd Gficat@RY (C0Hdrt- {evafdd FBviBeh_1.0). Multi-
devices. This is due, 1n part, to the original PC

fun&tist iIHCIcaéviesds mriy RISY iiktiiide FEKC déliees aRbniafy eategidted on the
interfaces for supporting nulti-function PCl devices.

plati®nh.0Bigh Gatericd sy termetuhulti-funtivh dred2Usede effeetively Iprovides
be enbodi ed as a peripheral expansion card that is

muktipte iRCIr ddvice amctionsrre the t sarmbecddl os gmaltdn camponent.  For
(current version 2.2.) or the PCl-X specification

exafapler entduabcbaonelr disks contralley) .suchl as- af dualt¢hamnet|SCSI host
devi ces may al so include PCl devices that are

adapiere (@-gt.eeXpansiore capl)atFasfarmssiicip Baneer cimilar ter gy separate
mul ti-function because jt effectively provid

single-channel host adapters. Other common examples ofersnulti-function PCI
devices include multi-channel USB cards, multi-port network cards, combination
USB and Firewire™ (IEEE 1394) cards, etc.

[0041] An exemplary PCI configuration 300 including a dual-channel PCI SCSI
controller 302 is shown in Figure 3. For clarity, other PCl agents that may be
coupled to PCI bus 204 are not shown. The dual-channel PIC SCSI controller 302
provides two SCSI channels 3041 and 304,. SCSI channel 304, is used to access
a plurality of SCSI disk drives 3064.y, while SCSI channel 304; is used to access a
plurality of SCSI disk drives 3081.pm.

[0042] Figure 3a shows a pair of exemplary write transactions to be performed

by PCI configuration 300. In particular, each operation involves transferring data
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15 multiple PCl device functions on the sane card or

built-in conmponent. For exanple, a dual-channel disk
woamisrossi7er, such as a dual - channel SCSI host PadaSt@®s5/002045

(e.g., expansion card), perfornms in a manner simlar

to two separate single-channel host adapters. O her

connnn exanples of nmulti-function PCl devices include

tfher)gf}e {/%t%gféﬁé’rg 1084d b- Sk td(%td&ftﬂbu@arw&ﬁ dual-channel

conb FirewreTM (I EEE 1394) cards,
PCleSQSI [HY:M Hevie Joe mme?faetgmré fistrapdrator3 0!l involve copying

i ncl udi ng a dual - channel SCSI  controller 302 is

dats 390Noéddu Besystemomesh Iaddrees acB@12ageat selbbiaid logical
may be dﬁrﬂjﬂed }fso PCI bu(gy204 arergr?;t shown. The

blocduéddcﬁb@@n@ngeliﬁélsw S0aI rdisk edrivé0B06gr ovildeswhiley, a second
SCSI channel s 304, and 3042. SCSI channel 304, is used
operatiare wilbinvaleacqpyingatlatayd 1 inSgystenti memory addressespaxe 312 to a
whi |l e SCSI channel 3042 is used to access a plurality
selerftedttgyicaliblackiaddress samae {8 fovICH| diskdrvesd0éhows a
pair of exenplary wite transactions to be erf?rmsd,
[006§] Pchtibrwefegam iterFigoes Pa ﬁ%@t‘},cmeapomé nal technique for
operation involves t

pe%m@msrrﬁ@fr/mé@o Shenstons o ggtsgs 2 ff‘i\)/if)cé”fsfr%ﬂﬁ illustrative
TR Aol e S s s
o SRS i vt o
hm%?lszgfégfl \ﬂé&%g@'ﬁ%@%g%aﬁ@@r@éﬁof %ﬁ@l@@fo E(?énli@%'acw events.

I''e, a second operati

FuriH%YHoV% 12%0&(5}& %égt%n%é@ fbﬂ“eé%b?'iﬁém?ﬁiréhoagé’écﬁﬁﬁchannel data

space cted logical block address range

req§é§t defueniess a% $ds b@rdohgld%ii)@o?sebé}%@%l AHdughethey eire ehbwn as a

Figures 3a and 4, the conventional echnlque for

cor@bhaeguesice M Figurest amd 5 fortconveaidncershdoeladtyeds as
follows. For illustrative purposes, both of the

[0024F npDaringoanriatiab pertkimowh eachpoperatios| aydatar teamsfao reqeust is
transactions generated by the SCSI controller on the

pro#idedblosthel PCi agaot 6. t daal-chasnet P SCSI egntneltﬂrcﬁea) ihat is to
Figures 4 and 5 do not correlate to evenly space

sereigenthe repuesher Wor@SPORSE.e it PEbqgaaente il o@tt@ﬂ[@’h tgf retrieve

the first and second channel data
appropriate data by generating a PCl read transactlon to the PCI bridge 200.

Once the request is acknowledged by the PCIl bridge 200, operations are
performed on the primary side of PCl bridge 200 to deliver data to posting
buffer 212P. These operations are generally asynchronous to the operations
performed by the secondary side of PCI bridge 200. These operations also are
competing with other ongoing transfer operations (not shown), wherein the various
transfers are arbitrated by PCI bridge 200.

[0045] During the same timeframe, the PCI agent will attempt to begin
retrieving the data. This retrieval process begins with a read request to secondary
bus unit 208 corresponding to the retrieval of data 310. The read request will

typically specify a starting address. The PCI bridge 200, can identify the
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request sequences are to be considered separately,

al though they are shown as a comobn sequence in
woi2onsr83574 and 5 for convenience and clarity. BET[US2NH4)02045

During an initial portion of each operation, a data

transfer regeust is provided to the PCl agent (i.e.,

dual - channel PCl SCSI controller 302) that is to

reqé%t}ﬂrgplgci QSVIC QUﬁﬁltchaWﬁeT PERP YR Céfrﬁr%llgﬁ tagﬁm%?ﬁtoﬁh Iarbl’tratlon

r eve” appropriate ner at

o LM 3 STp A ECAo by 268 e

SCSP@bﬁttrbmSn% 102 H s o thed POl Nsridyd PBOYtoSiddati tHeChpecific
dge 200 to deliver data to posting buffer 212P.

cha'ﬁh@IS tharpiaftite® e aequastnFonl dlaritgsainedad megaestocsiresponding to
operations perfornmed by the secondary side of PCl

stofiig dgta 8AQiskTdeses epanedtedris chiasnehi earectepietedrig Rigute 4 as a
ot her ongoing transfer operations (not shown), wherein

chanhel Vaeadrequdstansfers are arbitrated by PCl bri dge
200. 25 [0045] During the sane tinmefrane, the

[0046knt Inwasipoase denthe read erfluest.rREt Pagdge g0P vl @élpﬁate'ﬁm pee-fetch
retrieval ﬁrocess begins with a read request to

bUf%fégﬁ?pry tgﬁﬁe'%@@ read EansacipBndiFey e veRiencs; rthisy pre-fetch
bufrds T %aé?%i&%@%s TrRbleL §¥ Bl gh ks slscussed
ST T S 1 O A A
e A AT B 5

[ooggf)' B%BLEﬁ%ﬁlffél bE fpvRek Aesehdlied 8" sudiorPBhiPreqlists from

e specific anne Inrtiat

wot BfariRAsIeSh: Eﬂfcu aiHé@é aht F&ﬁ%s‘f@%ﬂ?%plcally appear more as
bto

correspondln storing data on disk drives

stré*a%@@ﬁﬁe'a@ebfs mbﬁnﬁ@imdhaaf@bu@gfy cted in Figure 4 as a
channel read request 0046] In response to the read

[0048UeFbr @@mbllel dgigud VtHdwsild asetionda rguick- fegiuebt invoked in
buffer 320, for the delayed read transaction. For

resp@rliseem ansecortchdslayed-reatd dhandactibe thak id thebpy data 316 to disk
'PREFETCH BUFFER CHANNEL 1" in Figure 3a. As discussed
driveB o vaccardinghCithisriedd eequest iadahaled psrachasselc? sead request
the buffer with a channel in
in Figure 4. As with the channel 1 read request above, PCI bridge 200 allocates a
pre-fetch buffer 320, corresponding to this second delayed read transaction.
[0049] In general, a PCI device will continuously retry a given read request on
the PCI bus until data corresponding to the request is present in the pre-fetch
buffer that was allocated to the initial request. Such request retries are depicted
as a "RETRY 1" loop and a "RETRY 2" loop in Figure 4. Once data is present in
the pre-fetch buffer, the PCIl device is connected to the PCI bridge. In this
context, the term "connected" means data may flow between the PCI device
requesting the data and the PCI bridge; of course, the PCI device is always
physically connected to its PCI bus, which in turn is physically connected to the

PCI bridge.
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practice, but will rather associate it wwth a

particul ar transfer request. [0047] Dual -channel PCI
wdenisnsss7ar e enabl ed to support data requests PCOMIS2008/002045

channels. In particular, these data requests w |l

typically appear nore as streans of requests than

i ndi vi dual requests. 15 [0048] For exanple, Figure 4

[005HPWS é:éeé%&rfe%ﬁgnri§°é§%§5ﬁéh%¥39|fﬁé' ddla ihegROPFLfdieh duffer is
secon el ayed read transaction that is to copy data

tranztéré® t6ith& requéstihg3Pall -agﬁ@x‘&orﬂii@@é Yepldted i &agure 4 as a data

request is |labeled as a channel 2 read request in

trarfsfeu4@0 Fomhs pré-féichiriffen320¢tinle instethceetZetet a zhannel 1 request
PCl bridge 200 allocates a pre-fetch buffer 3202
virteairstospéidli Ny practide, chamnehd reguestedrivabdiare diddaand ehannel 2
20 [0049] In general, a PCl device will continuously
requestr406a (djsoussede halovggde stot arhysiaadly Fexisth lpuit uatei useththerein for
_corresponding to the request is present in the
illugiradiveqaurposasuf frepragiiae, data will ke Eacsivadoby dual-ghanngl PCl SCSI

IR ST ORI CTE R E X W
o3 elie TR BB S5 B o e
N o d
o581 S, s ey ST SRR SP alk f¥hgopo of e

r - of course, the PCl device is always
preg yts'm%rﬁﬁ))?]'connect ed to its PCl bus, which in turnis

0SB, SREISEASRSEAA, i opg JReed e may contnve

unti‘gg"qj%rirfé%tibﬁ eveheBtéisesuct A€ afamptyburfes. ny?)icfaﬁl}lpfhe fill rate

uffer 1s transferred to the requesting PCl "age

intoTAipte if6tcH aniffelr ethd theHirghgrer fatdsold afah@ sahierbaffer wilPAot be the
froma pre-fetch buffer 320, tine instance 402 to a

samdainigl mbst epuesbn forrthesé tsarmsfersd @l .bel sopreadhiatcasynchronous,
channel | request virtual store 404 and channel 2 5

althoeghethey 408y bei svartappind éroa)patiomof thd yreinsédrl yAsxd sesult, the
but are used herein for illustrative purposes. In

prefetott huffer islfpicallyl emplied befire @dnext poution @Edateeils prayided to the
SCSI  device 302 and forwarded on an appropriate L

bufferidrarel theopriypart sidedobithe IRCldpddge.dAs @ peligy: ithe gpriection is

diséc{];fr@%ﬁiggg \'Nﬂgk trﬁg ﬂgﬁéépoJélﬁé %ré-g‘e gﬁfb%%e? Bgcr:grtnieg nesmgtryfe

[0052] The presence of a multi-function PCl device creates a problem
whenever a connection to that device is established. This results from the fact
that there may be multiple (two in the present example) pre-fetch buffers allocated
to the same physical PCI device. In order to ensure data integrity under the PCI
specification's consumer-provider model, a virtual pre-fetch buffer is employed.
This virtual pre-fetch buffer is depicted by the dashed outline box in Figures 4 and
5. In one embodiment, the virtual pre-fetch buffer is controlled by software (i.e.,
firmware) running on the PCI bridge and/or programmed logic. The virtual pre-
fetch buffer is used to map various physical pre-fetch buffers to corresponding

requests. As a result, the requesting PCI device can "see" only one pre-fetch
13
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the PCI SCSI device and/or SCSI disk drives and are

out side the scope of the 10 present invention. [0051]
waemsriabi7y, a given data transfer from a pre-feCths2005/002045

buffer may continue wuntil a disconnection event

occurs, such as an enpty buffer. Typically, the fil

rate into a pre-fetch buffer and the transfer rate

buﬁ%Wat %ftuﬁBe SaffR PWdied prelrbtcRBurle tﬁét&:urﬁew;/ cdrtes:pabnds to the

onmon for tHese transfers to be somewh

V|rtl§’eﬂyF§‘rétféﬁ,‘h0b|§fferl5lnaihbhééJﬁ‘of bata ffﬂMSf@E400£dUalpmmme‘l ¢Cl SCSI
a portion of the transfer. As a result, the pre-fetch

devind 862 is snlyypvam bﬁ/trm”rpkismdeebfopm-mtwtebufprBt)inat tife point in
data is provided to the buffer fromthe primary side

timethd benréCtiohraxikie. As a policy, the connection is

di sconnect ed when the correspondi ng pre-fetch buff
[0063k on&bednpt Bridgeowitl prnved@.céé%ﬁw diredfetah buff%mu ghtil that
PCl device creates a problem 20 whenever a c nn?‘[chl on
pretf@tohhl@mffejer\ulné@utsofecbettamn ’[Bﬁer@qU%hl%g Péd favice (dijalchannel PCI
act that there may be nth rese .
SCEkafipYiEs) AECHUIRIE biG cPdtenl FatPbd . PopnanSh EaNSaction is

oA Y ﬁa&g&&ﬁhg ST e
i AT 0 i B o
i B SR TS 2, SENRE o ore

fetc;%I HRiffer 3§8£ ﬁg@léghswvft% 8” 1h NP PreSéncto®raaatzlin pre-fetch

pr ogr ame pre- fetch buffer 1s

buff&s 820k 9 Hfletad | QUSI-EHBHET FCIPSES ’RicsAtdr32 ¢ $eédhnected, with

correSponding requests. As a result, the requesting

preHelchdsufer 3 8 hecdRfing Ané Wit p?ééfefoht Ieliffer STM®data in pre-fetch
2005/ 083578 PCT/ US2005/ 002045 buffer at a tine, i.e.

buffdne320h e thén radsfertarhidaf drennieh t requestevirtugl store 408 until the
corresponds to the virtual pre-fetch buffer. In the
buffeaseewniptidd; as depictdceby 40tpta dizasferdfnel PCl SCSI
device 302 is only aware of the existence of pre-fe

ch
[0064} f eFran2theapernsheciisi of the primary $Iﬁ@ of JRGL bridea 200 the data
exi sts. 5 [0053] The PCl Bridge will provide g)@p
reqpeel ¢asteapandingeto gmnelidis first Fead rqﬂk@st B@%WO& giiled. Thus,

t of dat th
whliega%qe?%g?ﬁggn%:%ré) [)elngeserr\?l%eSSt | tﬂ% secon ary sn%e, portions of data

corresponding to data 310 continue to be provided to posting buffer 212P, which
in turn continues to fill pre-fetch buffer 3204, as depicted by a buffer instance 412.
However, this data is eventually flushed (or invalidated) when the PCI Bridge start
providing data to the read request generated by the dual-channel PCI SCSI
device 320 to fulfill the request originated by channel 2. Similar buffer flushing
operations for each of pre-fetch buffers 3201 and 320, occur in response to each
new read request, as shown in the remaining portion of Figure 4.

[0055] Continuing in time with the diagram of Fiéure 4, upon receiving data at
channel 1 request virtual buffer 404, dual-channel PCl SCSI device 320

determines that its original request (which corresponded to the entirety of
14
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SCSI device) disconnects the data transfer. Once that

transaction is disconnected, the PCl Bridge may retry
woOheosr8zdsr equest resulting fromchannel 2 unPCi/uSk®s/002045

PCl bridge has data to start the transfer. Eventually,

data wll be present 10 in the pre-fetch buffer

allocated to the channel 2 request, as depicted by a -
dat®53%0), WS H?pgflﬁlérd_. 3PS, tit ARist ﬁ%@éﬁotﬂ@ﬂ&sd@eﬁhént) request for

presence o ata in pre-fetch buffer 3202 is

the A&haieg poftibdl oftdetarsalo. Plhis $6§uestasorrsspdfdsits a second channel
reconnected, with pre-fetch buffer 3202 becom ng the

1 redidrregabsiiGH.f RIRBADIREQUEST@)dat a in pre-fetch
buffer 3202 are then transferred to a channel 2

[005@&Jqueas illisttatad istthedowes halit off Figuse 4,3hbusyicte of yead request,
enptied, as depicted by a data transfer 410. [0054]

buffer diwshheatee psesanti chamielt ¢cannect,nvirtyak pee=feieh offes rasgignment,
200, the data request corresponding to channel 1's

data iressfaraudil bufferisternaly, ape dhaanet disceanectiis sepeaigdfar each of

e STy e BT AT b ARRE e o e
cormggPpRaING,ciaeiet S nirhist sfore; o8 e b8la FafSlent 14 Jna 416
for PEBGeInT A pate JLalseiEch Y R0Y 420 fal BHGRIESY 21.c T BroBess is
repheHURAE R oryrRsttlich BRI Toind qetE hfadstis Reiiver | |

[oos# I J‘I’hﬁd@ﬁéﬁﬂ&?ﬁitscﬂbhﬁ fl‘lﬁ%ﬁgte?jyinclﬁi@gﬂ?h Kas §lteg%1ﬂa@broblems.

fer I'ng operations for eac pre-fe

As Bistl8s80 2BBve 2REt3#AE 76 AlFeddy %I%Sié@él%ﬁ to aegebfeteth buffer are

new read request, as shown in“the remmining portion of

fluse @ ih eegporlseOSdadionéivrebd Jeqiest. MEhividréatebangfisigheles for the
of Figure 4, upon receiving data at channel | request

prinvariytsiaé dfuhé ?CHUbAdge]umd portimnsedf thEl seBaSidade \(i.es e @iscarded
determ nes that its original request (which

datzomuss hencetdever niareethanrenage. ofHoweventa2008 GEgoffi@ant problem
PCT/ US2005/ 002045 data 310), was not fulfilled. Thus,

relates teuthe smalkkamont of datautbet ipisansferred gt each request. It can be
remai ning portion of data 310. This request )

readibt 0bsp thal thesecignauithanridl of jovesherd dqueanch eyple. This

corpeay e s hR05E) o lohRhet Fhd sl o
significant portion of the cycles related to data transfer do' not move any data,
dramatically reducing the data transfer rate. In fact, laboratory observations have
measured the data size transferred with each read request cycle to be as small as
8 or less data phases. This yields an aggregate multi-channel data transfer rate
that is actually less than that observed for a single-channel device.

[0058] In accordance with aspects of the present invention, a Delayed
Transaction (DT) mechanism is now disclosed that significantly improves the
multi-channel data transfer rate produced by the cohventional scheme of Figure 4.
The mechanism eliminates small data transfers by implementing a programmable

pre-fetch buffer watermark (WM) that must be met before data may be transferred
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5 buffer flush, data present, channel connect, virtual
pre-fetch buffer assignnment, data transfer until
woubdsms33i78 enpty, and channel di sconnect is repeatusgn0s/002045
for each of channels | and 2. Each request results in
anot her sliver of data added to the corresponding
channel's virtual store, as depicted by data transfers

frorﬂ%@e ﬁﬁefllqhee[?'f ﬁﬁ i m ban@used Wlerﬁﬁﬁ%gﬂbstﬂf&ons or

or chann I's process is 10 repeated until
chanhBlsaRtd ﬁﬁllﬁlﬁiﬁdu@ﬁ devideheMerdavien athedIT méda@sth may be used to
recei ved. [0057] The conventi onal schene il lustrated
supportrhaltipee ﬁndlta&hémv@rc@vmsaidna&eted tBsthdisaones PE basove,
data that are already pre-fetched to a pre-fetch
[0069] f eOpwratior lofsthedmiesharispoirs eccordzace withv oracembodiment is
request. This creates inefficiencies for the primry
shosvmlm &iguree5.Pah genatgk likedapeledi ehjectsfint eachs afrdigliires 4 and 5 -
e., the discarded 15 data) nust be retrieved_nore
pe qﬁﬁhaMOQOUmmi@ﬂS Hawite Féﬁllg’ﬁl‘l‘,ltbﬁﬁtfn%ﬁ(‘éﬂﬂsem Figure 5 are not
relates to the small a nt of daatl%gér
evenia$iacad: @@dvmwp@a%twnse‘gfl%@nnest and 4-are aghrgnous.

uite bit of overh

0088 he: brovessestegis frbi%rﬁ?gn% ngnSer s Gus; HiscOssed for the
con&fgLF Qr%ﬁ{vgpp{c?rpg gggFlggPe? es trg%s%ris?eatt??ger? gfv% &ﬁﬁt fransfer

B S SR g crare
reaHEPeﬁ%gﬂ Qemggéa%rﬁi éﬁrﬂe?gﬁ@ﬁélﬁg ;?r% ffb%ﬁ’é Ira‘?édallocated. In

ues cycl e € as s €ss

co h?c?i% w-'fH't‘Fleyé |oﬁnofaﬁlﬁIr 99@fé‘7tcﬁlﬁdffer§han&ﬁ{f|g@@étﬁ)n register

rans rate I's actually less than that
(defiR&&®irY ‘ﬁﬂ’tﬁé}* détaﬁ'b%%\ﬁ) BhavogramaRd Redeflif®bilfel Watermarks 5004

accordance wth aspects of the present invention, a

andP80@y eTthe 2patérmaseaist ussl {oldefinees minirmom smoant of data that must
di scl osed that significantly inproves the

be prbsantcinaanaie-feétdha buffen bieéorer anye dataduag dbeyraniséerred from the
conventional schenme of Figure 4. The nechani sm
buffdri m nates small data transfers by inplenmenting a
programmabl e pre-fetch buffer watermark (WM that .
[Ooﬁﬂl]St he beforeciedyeaitematsnare paced psthe P bq%cvmespondmg to
2005/ 083578 PCT/ U82005/ 002045 fromthe buffer.
thenfisehEpads FeQuastde IDantigst fo é'ﬂf%/ cenwa,»tfonﬁ* REtS; o’=h§et6f Tequest

wh%%%&ﬁq!iétﬁ: %agreglélnt L tplrc()) Uce ' corinection oVISather,ha c%-l;mectlon

may only be established after the amount of data in the pre-fetch buffer has met or
exceeded the watermark. For example, read requests corresponding to pre-fetch
buffer 3204 time instances 502 and 504 will be retried, while a retry during time
instance 506 will produce a connection. During the first connection for channel 1,
an amount of data of the buffer watermark 5004 or greater is transferred to
channel 1 request virtual store 404, as depicted by a data transfer 508. In many
instances, the amount of data will be greater than the threshold because data may
continue to flow into the buffer during the transfer. The data transfer continues

until the buffer is emptied.
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support nultiple nmulti-channel devices connected to
the sane PCl bus. [0059] Operation of the nechanismin
wacoesrodase with one enbodinment is 5 shown i NPETAIS2@®S/002045
5. In general, like-Iabeled objects in each of Figures
4 and 5 perform anal ogous functions. As with Figure
t he tlnescales in Figure 5 are not evenly spaced,

o f
[00@?€nc ?oﬁg [ A 6%'? bLﬁf@r‘lﬁ@ESm%l yaBe flléd Qo jts watermark 500,

process starts in the sane

durl@”ﬂh@rfl@ﬁcﬁé}%eldﬂ E6MSSRIdNT (At BRGwN Y, W8 TtdrA prb-felehestifer 320,
of Figure 4. In response to respective data transfer

will Hot eamasdferred atuhls pdiahnFhisPilso S8 pastticeea Ration weHere the
Channel | and Channel 2 read request are made and

amouontr efsgata din reg ppe-tetéle huffebekéerds theewatdrowmak 6002, as depicted by
conjunction with the allocation of the pre-fetch

predatohebusffer 820 timeyinstanaenbtgi ster  (defined in further
detail below) is programmed to define buffer

[0068] er Adieksa Tiven conaestioR is THiscornestehr the ?Qﬂs@ﬂdg@ can start
define a m ni num anount of dat tBat rrust%é?

seryeegertthen eeas efqoé‘leﬁ?dou?’ioé{ideglef BEE alfy Qeﬁﬁyd%@ in the
tr ansf erred 006

corponiis SitateT bLHSEn 1S Bdnede ettt bafiunfa i channel
excEgfis é%{ﬁ%ﬁéﬁgﬂ%wﬁﬂéw hngtfof RidrREber harlfelis taking,plage, that

S P STl S g
dIS?CL r%%??de' Th sEﬁtLEtﬁ)n igt éﬂé&fﬁr Odlﬁ'g 57?6r Bk firska8e ®ansfer 512

r mar exanmpl e, rea quest s
of ?’n%? ARAdi Iﬂgthféjlrfé’t%cfeﬂtﬁ@ arRolirftesf A8, trandfBrredskiingitetast be
and 504 w |1 be retried, while a retry during time

equdl s eHecamotiAt v &létaﬁir@géﬁtﬂn ahé BOffechi e tiry tha@ trahbfer is initiated
first connection for channel 1, an anmount of data of

(i.ef, gt tieibEgihnivay ef therdonpetiomy proviiatethat thet reguesting ddvice (dual-
25 channel | request virtual store 404, as depicted by
chamneéaPClt 8864 foantrolier 302) deey not miscomoest thé eatandamsferf due to
data will be greater than the threshold because data
somapthargaaseie to flow into the buffer during the
transfer. The data transfer continues until the

[0064} f e Reteningta ebanne hopeciionsssbodly mfter siate aredignnierred to

channel 1 request virtual store 404 via data transaction 508, dual-channel PCI
SCSI controller 302 determines that not all of the data corresponding to the first
channel 1 read request were returned. It then issues a second channel 1 read
request (i.e., a subsequent read request) that includes the portion of data 310 that
has yet to be received. As with the first channel 1 read request, read requests are
retried until the amount of data in pre-fetch buffer 3201 meets or exceeds the
watermark 5004. At this point a second channel 1 connection occurs, and a
second portion of data is transferred to channel 1 request virtual store 404, as
depicted by a data transfer 514.

[0065] This cycle of read request, data meets or exceeds watermark, channel

connect, virtual pre-fetch buffer assignment, data transfer until buffer is empty or
17
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[0062] Although pre-fetch buffer 3202 may be filled to
its watermark 5002 during the first channel 1

woams®ssi7zen (not shown), data from pre-fetch beETAIS2005/002045
3202 will not be transferred at this point. This also
may produce a situation where the anount of data in a
pre-fetch buffer exceeds the watermark 5002, as

req@%ﬁ&fi%&gﬁﬁfec@t R aﬁé’ét&‘i‘ fouEf aVerP EREnheIN®. & HHAAE thanner until

given connection is disconnected,

the bhginﬁﬂraﬁé&% IQ%n%Iéféd BariNg HeRspiransfer @l "extra” portion of
requested provided there is sufficient data in the

dat&ﬁ’f 56 pEcHIVE Bt the Riqulesting PgI1.agenti¢e.gi,IPCh8CS1 @ohtroliér 302).
buffer for a given channel exceeds its watermark

Thigvi ba inhemmeesiloproducethbytthe RORLtransfer sarchikécigre itself. This
pl ace, that 10 channel will be connected on the first

extraqauttior qfidata issimplyadiseardetl dydhadtCloaganiel i s
di sconnected. This situation is depicted in Fig

[0066) t Rer exanspledin eegpoassfied srpnddead aanest qrwghamrielZ (CH.2

this instance, the amount of data tr.an ﬂqvvlll
REABRECLES Ehdheramowal ahiinthan feaidias o B4EhIG Arigingl request

s 13% i BeTmWeIRg B 0Bz c ST 'oﬁ;' Bl deaitristered to
el %ﬁeay?%@z%agaﬁmwg@% e S, OB i
o308 5, SER BB RO Tl LA 18 A el 00z, an

e By Py g ome
or ?Et&r Ha égFé‘?Lorﬁ@ﬁ M | réfsréhed ddlimhg Ahe cERAMEBING EBnnection.

rst annel 1 read request were returned. It

Gehdially, ieUtguastiRs POl Sgfemt el discorpect orisiitasteiles @he remaining
subs€quent read Tequest) that includes the portion of

sizélat Bowdlef, Nat sitlzABngehere lite RCEayent ddeswdthdiscennect upon
first channel 1 read request, read requests are

recéifing & rerhainindhsizemamyt ofofhedexiza iporiiore thatt ishtransfeeed to it is
320, neets or exceeds the watermark 5001. At this

smptydﬂscardedcond channel | connection occurs, and a 25
second portion of data is transferred to channel 1

[006&LueFigure i showstaflewsbart lustraiiagi fertber gigtailsqal the operations
transfer 514, [0065] This e of read request, U{Q

anm@et%p@for&@%@wwmeepr@&ﬁﬁs Ogﬁt%%ﬁ agenTHing to @nﬁ*? odiment

In q?fpchi(féqcé’asq%géﬁ%@% ion 18 Made to ?he lnltrlﬁnssiéee of lflqe memory request

(Ri). In one embodiment this initial size is rounded up or down so that the actual
amount that is fetched is naturally aligned with a pre-determined boundary. For
example, the boundary may include but is not limited to 64 bytes, 128 bytes, 256
bytes, etc.

[0068] In one embodiment, it is desired to align on a 128-byte line. Under this
embodiment, if the initial address is less than 64-bytes into the 128-byte line, the
Ri value is rounded down (i.e. 8 64-byte lines Willlbecome 7 64-byte lines +
remainder). If the initial address is more than 64-bytes into the 128-byte line, the

Ri value is rounded up (i.e. 8 64-byte lines will become 9 64-byte lines +
18
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17 WD 2005/ 083578 PCT/ US2005/ 002045 requester

di sconnects, is repeated for a given channel in a
weiznisloass7sranner until  the original transacti oRCTAIS2005/002045

conpleted. During the last transfer, an "extra"

portion of data may be received at the requesting PCI

agent (e.g., PCl SCSI controller 302). This is an

ren%a{‘nﬁkﬁérﬁgtForr %?(Hleé’r@bﬁf)%Q S:[Héé Sédbiegs%ta%aéi%fbweg into 02 ] 128-byte

ar cture 1tsel tra portion O

lineSlafBl the FebAlcABth 1RY4164ytEind8]D56 dy%éﬁﬂﬂ'?é’brrﬁ?@ﬁﬁé@hed will

In response to a second read request on channel

be 256 REBD=-REQRIEs 156 dWierdsypunicontradiisappbsé tﬁ@@ﬂdfésst starts at
fulfill the original request is |less than buffer

96 patesrinty & BBRyteHmes vad, thehfetcinizngth i 4 dElt-byte lines (256 bytes).
transferred to pre-fetch buffer 3202 (as shown by

The ameunhfstemedwilliey 266 4 (128c W)e= 288 bytasa(7i2i diyords)si ze
518 plus an extra portion of data 519 needed to reach

[006A} er Avitek tise dtial Avadaeguest ire dadeterminedisthedyitial r@%d request
the remmining size kand possi bly including sone

is laynched inrr bioekredZp ot this poind, arsmﬁ@ﬁérfrleqp%are ﬁgrfpmsed until all

o B5AE, v oo EShulie S 498 ooty P, e
wh Cl d
o T o SRRt B BgECIn AR i o

R R b e ATELOGE ek b
waqehln!e{ﬁ{w e |tf%5é§"ﬁ6t ‘iﬁ% ﬁirésfeféh Bﬁﬁerﬁgﬁ{&tfhﬁ%?ou@Hdto cause a

IC perTor rocess o

con"f\%ﬁ%ﬂ“ l’&glﬁlf?atgn%n?rﬁa?g@' reent req et aisbltéiﬁéd 6igoaaﬁlock 610. The

determnation is othe nitial size of

OpeTBIBHY of 518ERS 50806 (& and 610 @Re cBRIMEI®I sirilar mahﬁe:abntn the
size is rounded up or down so that the actual anount

ansWstttol gedisioahsidck 808ds WES| hdicatiietheMatdount of data in the pre-
pre-determ ned boundary. For exanpl e, the boundary

fetometyufferasheste dreixcesdstiie Watertretk VoM64 byt es, 128 byt es,
256 bytes, etc. [0068] In one enbodinment, it is
[00@8Fi r éddraspoake do then Y& SId&tebypirationnthe logiteprocheds t@a block 612
~enbodinent, if the initial address is |ess than
in vﬂmlbyh@gnulhtfuncttm E@&dsytc@ isigpnnectas amd thedaéa ik the pre-fetch
rounded down (i ﬁy lines will becone 7
buf@msbyta@sfqrmgsoui untll the bu er is empty or the requester dlsconnects the
transfer. Following the data transfer, a determination is made in a decision
block 614 to whether additional data need to be transferred. If not, the PCI device
next generates a PCl read request to corresponding to a different data stream, the
transaction is complete, as indicated by an end block 616.
[0071] If more data need to be retrieved the logic proceeds to a block 618,
wherein the size (Rs) of a subsequent (i.e., next) read request is determined. This
determination is analogous to that made in block 600. A corresponding
subsequent read request is then launched in a block 620.
[0072] At this point, a series of loops are performed until all of the data have

been transferred to complete the data transaction. During each loop, the pre-fetch
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remainder). If the initial address is nore than

64-bytes into the 128-byte line, the R value is
woawstess7sip (i.e. 8 64-byte lines will becone 8CBASkE002045

lines + 18 WD 2005/ 083578 PCT/ US2005/ 002045

remai nder). For exanple, suppose the address starts at

32 bytes into a 128-byte 1line, and the fetch | ength

o5 id- b
buﬁ‘e? l# ﬁgedo&emleéf‘%?j)?f%%dbﬁegg?a(t%ghﬁrkamg‘taﬁoettﬁ@qmbl agent is

conﬁ@ﬁfefdaS'Data SYRRES ardridferpsttifieps thé Auiferab th&GrdqwbSﬂng agent in
into a 128-byte line, and the fetch length is

blodide Pyt @ Itheemdnded dysaibed dboVbe aRventuallgt cthedtrmn‘s:hctlon is
be 256 + (128 - 96) = 288 bytes (72 dWwrds). [0069]
conffleld.t he initial read request size is determned, the
initial read request is launched in a block 602. At
[0073] s poione, embedimerd, yarious pse-feteh gauffesrparametens| argl stored in
of the data have been transferred to conplete the data
conflgam;@ot iagisters 244., lnrene gmhastiment, dapse assignedopiaoister 700 is
is checked in a block 606. A determnatjon is then
useﬂotm@re rtha watermask Wckalbgs 115 wRBe %ﬁer%ahtmay be

progiEAY e SR HGT ol FEotEE em"%'rem\ﬁﬁ"@moeéu%ﬁe'd> of
a shardf 2ciRlerainbSe o wblering EabRRat JEsT T taafae In one
emf???(ﬁmeiﬁgﬁ%l Wb uaRC 4 foinprideg 4o GLBBRRG oL fbld, In one
embOBnfiiR aéé’r‘l‘\;\ﬁ,a Kl \Fblﬁgq%\%{e?? @gg?%ﬁéd%ﬁf@éséﬁ&ﬁ of data

or excee ermar n response to t

tran\éfe?s%l; E ﬂ%rﬂ&ﬁlbp Muli-AhctiBl i ECPESFES i chbbindtlopckit® Jazpartlcular

e multi-function PCl device is connected

p|aﬂ9€nﬁ1 bbﬁﬁ hfohN the pre-fetch buffer is transferred
out until the buffer is enpty or the requester

[0074T coEnssddimiehes of thnpfesent frviehtivh shothsigdificant improvement in
transfer, a determnation is nade in a decision 20

trartslf@t:i’atéé.&vh@ chetphesd adithi theocamveahdioaahselteme kreown in the prior
transferred. If not, the PCl device next generates a

art. P@orr emmpmqUaboradwycbammlgﬂhmme@ewemnm have edemaastiated an
stream the transaction is conplete, as indicated by

impsevemenbifieek I enegaintsl per fsema@n@l tMBlsese déindes E@ conventional
retrieved the | ogic_proceeds to

scheme tg 240(1R9) MBYsec fandusdcaannel, lggPls%féxqgn ;;cglga cards on which
an em%u&mentsofC{ﬁ(ta ?rgvrgn%gg waTshlmpIemented

[0075] The above description of illustrated embodiments of the invention,
including what is described in the Abstract, is not intended to be exhaustive or to
limit the invention to the precise forms disclosed. While specific embodiments of,
and examples for, the invention are described herein for illustrative purposes,
various equivalent modifications are possible within the scope of the invention, as
those skilled in the relevant art will recognize.

[0076] These modifications can be made to the invention in light of the above
detailed description. The terms used in the following claims should not be

construed to limit the invention to the specific embodiments disclosed in the
20



25 determ nation is anal ogous to that nmade in bl ock

600. A corresponding subsequent read request is then
woOamwsmsedsi n a bl ock 620. [0072] At this poi nt PC&US2005/002045

series of |loops are perfornmed until all of the data

have been transferred to conplete the data

transaction. During each |oop, the pre-fetch 19 WO

speelitafias3aid t'ﬁgT/CLéﬁ%Q%/ F@Qt%@ﬁﬂhé’@d‘o?é o$ thie! iRniien is to be

meef or excee wat er mar the PCl agent is

det&@RMABE! BHtIrdRRtBY | thet Rﬁl@mﬁr@r@émﬁg eQHidiPrareheo bbvé f €dndtued in
the requesti’ng ‘agent in ock 612 in the manner

accoeicehgith abibtish&y dottiakh of cldive inteapistationn i s
conpleted. 5 [0073] In one enbodi ment, various
pre-fetch buffer paraneters are stored in
configuration registers 214. In one enbodi nent, a
pre-assigned register 700 is wused to store the
wat er mark WM val ue. I n general, the register may be
programed by the system BIOS. I n another enbodi nent,
a portion (i.e., field) of a shared register is used
to store the watermark val ue (not shown). In one 10
enbodi nent, the watermark val ue conprises a 3-bit
register or field. In one enbodinent, the watermark
val ue is determ ned based on observation of data
transfers for a particular multi-function PCl device
in conbination with a particular platform
configuration. [0074] Enbodi ments of the present
i nvention show significant inprovenent in 15 transfer
rates when conpared with the conventional schenme known
in the prior art. For exanple, |aboratory bandw dth
measur enents have denonstrated an inprovenent from 30
nmegabits per second (MB/sec) under the conventiona
schene to 140-160 MB/sec for dual -channel PCl SCSI
controll er cards on which an enbodi nent of the

i nvention was inplenmented. ' 20 [0075] The above
description of illustrated enbodi nents of the
invention, including what is described in the

Abstract, is not intended to be exhaustive or to
limt the invention to the precise forns disclosed.
Wi | e specific enbodi nents of,
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and exanples for, the invention are described herein
for illustrative purposes, various equival ent
waonaisfoseasi ons are possible within the scope oPCThs2005/002045
invention, as 25 those skilled in the relevant art
wi Il recognize. [0076] These nodifications can be nade
to the invention in |ight of the above detailed
description. The terns usgfajpst he foll owi ng clainms
shoul d not be construed rmt the invention to the
speci fic enbodi nents disclosed in the 20 WO
2005/ 083578 PCT/ US2005/ 002045 specification and the
Whél 8idBimddpikher, the scope of the invention is to be
determined entirely by the follow ng clainms, which are
to be construed in accordance wi th established
doctrines of claiminterpretation. 21 W 2005/ 083578
1. PCT bi2nod fargaafamiy Al ddbyadhimansactionacomprising: 5 1. A
met hod for perform ng a del ayed transacti on,
corrpeeiyingea reastedquesgfrant 2 B I{Bglipkeral Covmporrent Interconnect)
(Peripheral Conponent |nterconnect) agent coupled to
age@tpmiplsdit@@eECan@eg;ti ng a pre-fetch buffer for the

?E'ra"’l‘ EStir:,zé Sﬁé‘ff%%fc%uffei?é“b@gqe?@% LEhsagOBa . Tnro

Fe- f whi | ' ' fill | | of
EhZee‘ftgffeea%;ﬁénﬁE arer i BRer R et 0 e o C

o dEHsTa A det Byb e PreiiCh PlirBh M phitagfchil RN the
pregéﬁ:ﬁe&ﬁufetrhgmﬁ)uffer fill watermark. 15 2. The net hod.

of ¢

["al’'m’L, Turther conprising progranmng a

co Héa?)‘ﬂpgﬁa?é‘ td B8 itt%h%ferge."li ﬁlgﬁ@l tﬁ@pr@ﬁé@ﬁ%t{%r%&t{hé PEI agent

buf wat er mar met hod of claiml1,

onceUhk e G R the pRafeten euffbnimdatobekdesdsithelbuffer fill watermark.
wat er mar k val ue by observing data transfer rates of

the PClI agent when different

2. The method of claim 1, further comprising programming a configuration

register on the PCI bridge to set the buffer fill watermark.

3. The method of claim 1, further comprising determining a buffer fill
watermark value by observing data transfer rates of the PCI agent when different

watermarks are used.

4, The method of claim 3, further comprising dynamically setting the buffer fill

watermark value.

5. The method of claim 1, further comprising:
(@)  receiving a first read request to transfer data from system memory to
the PCI agent, the first read request referencing an initial starting address at which

the data is located;
22
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20 watermarks are used. 4. The nethod of claim 3,

further conprising dynamcally setting the buffer fill
woavesrossy’k val ue. 25 5. The net hod of cl ai m 1, pEuShms/002045

conprising: (a) receiving a first read request to

transfer data fromsystemnenory to the PCl agent,

the first read request referencing an initial starting

ad SS RV oF : ' 3
5 o0bf o5 s bR Ra B Ak f(afa?i kel %ﬁédgtahe buf f er

fil(k) wat@eaming 4 BusBni pbitionlof U data dicthe'PCEbNdgE a
current portion of the data at the PCl bridge; (d)

tr qayf ertfardderfinglet dsdst pairt ofdhe tduerent portion gfatheidata dito the

the data into the pre-fetch buffer while nonitoring a
preffetch Buffeelwhile mbritenirey & dill dbved of thee prebfetel) boffenect i ng

the PCl agent to the PCl bridge in response to

det(e) m reampectieg the POl egent tof theRChbridgetnciespanse to

meets or exceeds the buffer fill watermark; (f) ,
determainirtasthei filldeveliaf the ere-feteh pulfer magis Bl exegedsotherfuffarfill

agent until the pre-fetch buffer is enptied or the
watpgnaggent di sconnects; 10 (g) receiving one or nore

%g&;ﬁgﬂ%ﬁﬁ%ﬁ@g@gﬁ%@ H%Sﬁ%*egg*%gﬁff%ﬁ ﬁ%ﬁ%ﬁ’ﬁ@%@gnthunt" the
. ni
T
005t ol apd ) g oy o 0O B s
agerpr)ﬁ:,I eégcg}eé\.'ibéé%ﬁehg ?e%% gkt hé\ﬂf(‘@;éf’s?%sﬁnﬁgdd@%é ESrrgég?%Fcﬁng to

€sp Ive set operati ons I'S perrorne

a reﬁ@?fﬂin DGYEBR of itk B8t %Fh%ﬁ Retfrbé teceed B thE PElagent;

ayed transactions. 7. e method of claim§6,
mheqﬁl N fePeatitg bpertivnsgt) PQ) wieilitiee darmpans®gion is 20mpleted.
dual - channel nmss storage device controller. 8. A
met hod conpri si ng:
6. The method of claim 5, wherein the PCIl agent comprises a multi-channel
PCI device, and a respective set of operations (a)-(j) is performed for each

channel to perform a plurality of concurrent delayed transactions.

7. The method of claim 6, wherein the multi-channel PCI device comprises a

dual-channel mass storage device controller.

8. A method comprising:

receiving first and second data transfer requests from a multi-channel PCI
(Peripheral Component Interconnect) device, the first data transfer request
corresponding to a first channel, the second data transfer request corresponding
to a second channel;

initiating respective first and second delayed transactions corresponding to

the first and second data transfer requests at a PCI bridge;
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receiving first and second data transfer requests from
a nmulti-channel PCl (Peripheral Conponent

wonovw@rossitsect ) device, the first data transfer PCEqSE®5/002045
25 corresponding to a first channel, the second data
transfer request corresponding to a second channel;
i ni tiating respective first and second del ayed

dat i l?rﬁﬁahgfrésf|r§%fee\%@&990ﬂ8r é&reéd&ﬁdﬁdg’ﬁith@ﬁﬁsﬁ@@éﬁé’d

requests at a PCl 'bri

trard@@ROR SPre fpsSre RS ARy ai‘rﬁéttbuf@r tﬁn vaatérmém(

pre- fetch buffer corresponding to the first delayed
tradet Fra séduadfpresfetabr lsuffertconrdspbhdingttethe geaond detayed
buf f er wat er mark; setting up a second pre-fetch
trartsatcfien, thersee;epd rpme-rﬁ@tch buffee haringral seedred/ kudffer fill watermark'
transaction, the second pre-fetch buffer having
s eqoanitdnirfg each df thefissbantsecors presfaten buﬁelasat@rdaiermln@ if the
first and second pre-fetch buffers to deternmne if th
fill leven ofi abeiferomegtson exseeds disdulier il yeataamatks thatmrerfetch "buffer
fill watermark, that pre-fetch buffer being a first
being pfisst HiedsRuft erand in response thereto, connecting the

mul ti -channel PCl device to the PCl bridge; 10
rra;ﬁﬂ%'@rgswﬂ% e8Q fer to the fi rst filled buffer;

TrRnERlibd the Bt-EESHR Pk ddite Jd e Pbidge:
poMERoID LYY bRt e ARG Sk T’?‘&J‘%EG e rethad of
cl atkéﬁes? r|fng (ng ifrogrﬂﬁé[ fll}%ﬁﬂﬁ’ed ﬂ@ﬁ%{ @ rﬂh@gﬁa{?ﬁ‘fel PCI device until

pre- an t rst ed bufter

the"ﬁ?&fm@@rbufp‘eﬂggﬁlpwarﬁget or exceed its buffer fill

termark, said pre-fetch buffer being a second

f I Id@@brﬁwlefchﬁg th& Aflilfi-BhaREGIFPSEdéVIes ot thROPCPBriggé.] ng
the nulti-channel PCl device to the PCl bridge; and

mappi ng the virtual buffer to the second filled
buffer;
9. The method of claim 8, further comprising:
determining that a pre-fetch buffer other than the first filled buffer has been
filled to meet or exceed its buffer fill watermark, said pre-fetch buffer being a
second filled buffer;
and in response thereto,
connecting the multi-channel PCI device to the PCI bridge; and
mapping the virtual buffer to the second filled buffer;
transferring data from the second filled buffer to the muliti-channel PCI

device until the second filled buffer is empty; and

disconnecting the multi-channel PCI device from the PCI bridge.

10.  The method of claim 8, wherein the multi-channel PCI device comprises a

mass storage controller.
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transferring data fromthe second filled buffer to the

mul ti-channel PClI device until the second filled
woubdsms33i78 enpty; and di sconnecting the multi - edamsedos/002045

PCl device fromthe PCl bridge. 25 10. The nethod of

claim8, wherein the nmulti-channel PCl device

conprises a nass storage controller. 24 WD

11.200ﬁ4ve\g§%'3_fﬂ§d ﬁgl/aﬁa@()ﬁ/h@%ﬂ"cﬁe nditi-chBRnEEPBPHefite Coriphises a

ereint mul ti - channel device conprises a

duzflepbnRERBEEE P sﬁ@fﬂlcérﬁgatér @%@wlﬁfer@céy eohtroller.

Interface) controller The nmethod of claim8,
wherein each of the first and second data transfers 5
conprises a transfer of data stored in nenory to the

12.mul The aietinod bf €16Im @ewheeein ekdh dftthe riestrerd! sdcaridadata 8ransfers
wherein the PCl bridge conprises a host-to-PCl

contprisipen trb0sfet of Thta steretbi memyrgitenttss mutiechamnel IRCIFdvice.
bri dge conprises a PCl-to-PCl bridge. 15. An
apparatus, conprising: an integrated circuit

conprisin C|rCU|tr to effectuate a PC Peri her
13-15%5%9 @ém@e@lp tbe.Pd?jémqg@&qmérﬂ@es hesEto-pe
rimary bus un|t including a primary bus interface; a
bridg€econdary bus unit including a secondary bus

interface; and programmed |ogic to perform operations
including receiving first and second read requests

Seg@ea g@ﬁ%@g?&%{?ﬂ .3 ag%?elﬁ e?@’l'q}%rg%o%% r‘i%%sg% P-to-PCI

bri %rrespondlng to a first channel and having an initia
I'ze, the second read request corresponding to a
second channel and having an initial size; initiating
respective first and second del ayed transactions

15.  An apparatus, comprising:
an integrated circuit comprising circuitry to effectuate a PCI (Peripheral
Component Interconnect) bridge, including:
a primary bus unit including a primary bus interface;
a secondary bus unit including a secondary bus interface; and
programmed logic to perform operations including:
receiving first and second read requests from a multi-channel
PCI device coupled to the secondary bus interface, the first read |
request corresponding to a first channel and having an initial size,
the second read request corresponding to a second channel and
having an initial size;
initiating respective first and second delayed transactions
corresponding to the first and second read requests;
setting up a first pre-fetch buffer corresponding to the first
delayed transaction, the first pre-fetch buffer having a first buffer fill

watermark;
25
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25 corresponding to the first and second read

requests; setting up a first pre-fetch buffer
woanrsgspiondi ng to the first del ayed transacti saT/usSkms/002045

first pre-fetch buffer having a first buffer fil

wat er mar k; 25 WD 2005/ 083578 PCT/ US2005/ 002045

setting up a second pre-fetch buffer corresponding to

the second delgys é’@?ﬁd uf.m“f]??‘frfbmré%?%haﬁ% the

buf fer having a fer wat er mar

moni t or | QG- PRACEINed tandddivh, Hedss@siensrebfetct Blifdy r%aving a

buffers to 5 determne if the fill |ever of a buffer

nmeet s orseyopeasiifartfifl iatbfrearkfi 11 wat ermark, that
pre-fetch buffer being a first filled buffer; and in

response t hermbaitodrmgeach ohthetfirst and secohdprefetBbuffers to
device to the secondary bus wunit; and 10 mappi ng a

vi rtual detefrainetibthenfil levesof @ bufferdmeets er exceeds its buffer fill
transferring data fromthe first filled buffer to the

mul ti - cheatesmarkdhaiere-fietchupifiar heirg aifirst filleid buter;

buffer is enpty; and disconnecting the multi-channel

PCl device fr@iﬁ\tfhr@SPQ@%%mﬁiﬁvaus unit. 15 16. The
apparatus of claim.215, further co I.Si,n rogr amred

| ogic to perfeRMecpe e %‘Cf]ﬁ'&rl‘%ééqe‘g%gé‘? e Fefpndary bus
that a pre-fetch buffer other than the first filled

buffer HIULENEn filled to neet or exceed its buffer

second 1111 e BapTS 2 el Bt Bbidten MePhurer”

connecting t hﬁ%ﬁﬂemn’g‘:&?@ HIm Bid ke YiIEE bliftef &Fthe multi-channel

secondary bus
PCI device until the first filled buffer is empty; and

disconnecting the multi-channel PCI device from the

secondary bus unit.

16.  The apparatus of claim 15, further comprising programmed logic to perform
operations including:

determining that a pre-fetch buffer other than the first filled buffer has been
filled to meet or exceed its buffer fill watermark, said pre-fetch buffer being a
second filled buffer;

and in response thereto,

connecting the multi-channel F’CI device to the secondary bus unit;

mapping the virtual buffer to the second filled buffer;

transferring data from the second filled buffer to the multi-channel PCI
device until the second filled buffer is empty; and

disconnecting the multi-channel PCI device from the secondary bus unit.
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mappi ng the virtual buffer to the second filled

buffer; transferring data fromthe second filled
woubdsms3t7® the nmulti-channel PCl 25 devi ce unPCi/usSkms/002045

second filled buffer is enpty; and disconnecting the

mul ti -channel PCl device fromthe secondary bus unit.

26 WD 2005/ 083578 PCT/ US2005/ 002045 17. The appar at us

of ' Oftihie? CBRpRS ;%g?&\m | ool rf
17'perﬁ§?én§g%r%teur§; i%ﬁ@q i1§bm=eng: rpgcggl ng a bﬁ@s@glﬁtr?tpe orm
oper&Rsh iRBi@Rig:cor r esponding to the first read request;

5 determ ni ng whether a size of the subsequent read

r eGHesivingsa |sﬁ§§e<%d€”m rb&@ redugss tolrespeding td thvefist read;
and in response thereto, setting the second buffer

reqliédtt watermark equal to the size of the subsequent
read request. 10 18. The apparatus of claim 17,
f urddterminimgowhsiheg a size biithal subgeqfienbreEidyeqaesbis less than the
regi sters, each including a field to define a size of
firstbuftew $il onatarmatka@ndequest buffer fill watermark 15 109.
The apparatus of claim 15, wherein the primary bus
i nterespansedhpretées an interface to a host bus and

the secondary bus interface conpris n interface to
. BelinGihe SRepnOuter il WaBRPEIR RIEH @ 16 HPeS! thesHBseauent
gach of the first and secondary bus 20 interfaces

read 5eQHees an interface to a PGl bus. 21. The appar at us

of claim 15, further conprising a configuration
register to store a buffer fill watermark val ue. 25

22. ' r | Si.lg- a not herboard
18'i ncﬁ@dé%mg{%%gfta%mqZh@ﬁggggpmgggﬁ%pher al Conponent
a plurality of configuration registers, each including a field to define a size

of a subsequent read request buffer fill watermark

19.  The apparatus of claim 15, wherein the primary bus interface comprises an
interface to a host bus and the secondary bus interface comprises an interface to

a PCI root bus.

20. The apparatus of claim 15, wherein each of the first and secondary bus

interfaces comprises an interface to a PCI bus.

21.  The apparatus of claim 15, further comprising a configuration register to

store a buffer fill watermark value.

22. A computing platform, comprising:
a motherboard including a host bus and a PCI (Peripheral Component
Interconnect) bus;

a processor operatively coupled to the host bus;
27
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I nterconnect) bus; a processor operatively coupled to
t he host bus; 27 WD 2005/ 083578 PCT/ US2005/ 002045

wornsrog3oper ati vel y coupl ed to the host bus; aRdTAS2005/002045

host-to-PCl bridge including a primary bus unit having
an interface coupled to the host bus and a secondary
bus unit having an interface coupled to the PCl bus,

t h‘?né\%[y Baéﬁglr/%?fd fod 4 thBeHost Bakushd'g progr ammed

|l ogic to per perations including: receiving
fi I5hoRE-FE émmmrﬁu@?m IbUR uhithidihg ehdnteeface

PCl  device coupled to e PCl bus, the first read

coupR@Ueshe 5t BEPandiangedahdary bus siitdizaingean interfhes icogpled to

an initial size, the second read request corresponding

the PCldbuse trnlkosties @l bradge furthienincuding iprogiiansmed;lodio to perform

initiating respective first and second del ayed

operatiomsancluding: corresponding to the first and second

read requests; setting up a first pre-fetch buffer

cor r espaaeeimiggtiist ard speend radaipsyests iaerga mudirchaneel PC
first pre-fetch buffer having a first buffer fill
watdaviagr goupledia thegPGh bblssféégﬁ%i ePE reqyest qanfespending to a

¢ ndrSanaehied Rkt LT shayfiy Sk oS
fill mark; [ ' . th i ..and
fie&&ﬁr&\é%%’@%g{teﬁ S e AR LB e
£ . :

wat or e AL e gRi et s BRREERE ey R rnfitacons, o
bufd Sespbldiifda i fifs doh@r8LG re gcting the
mul i -cRannep E’gﬁ cfevi ceto tﬁe secondary bus unit;

: . » . . ¢
Cranst oLt Gl R PR e P Cof PO e Tt delaved
MulttdsaBadm ehe Ffdt prgﬁéf&l%u#féririavtr@ea firgt wuffer Fill @htermark;

buffer is enpty; an

setting up a second pre-fetch buffer corresponding to the second
delayed transaction, the second pre-fetch buffer having a second buffer fill
watermark;

monitoring each of the first and second pre-fetch buffers to
determine if the fill lever of a buffer meets or exceeds its buffer fill
watermark, that pre-fetch buffer being a first filled buffer;

and in response thereto,

connecting the multi-channel PCI device to the secondary bus unit;

mapping a virtual buffer to the first filled buffer;

transferring data from the first filled buffer to the multi-channel PCI
device until the first filled buffer is empty; and

disconnecting the multi-channel PCI device from the secondary bus

unit.
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25 di sconnecting the nmulti-channel PCl device fromthe
secondary bus wunit. 28 WO 2005/ 083578

WOCHIsWSZ085/ 002045 23. The conputi ng pl at f or nPOT/USE@B002045
22, wherein the host-to-PCl bridge further conprises
prograrmed | ogic to performoperations including:
determ ni ng that a pre-fetch buffer other than the

23.F 1 rpfhe Ebl'n' gwétﬁmh@ﬁclamnz %hbnteemﬁ@haﬁeﬁo PCI 811888 further
its buffe wat ermark, sal d pre-fetch buffer berlng

corﬁp@sé@p@@ﬁaﬁ‘nhiddeldghﬂlbf;%rforﬁrndper@tlb% friohsding:her et o,

connecting the nmulti-channel PCl device to the

s ecdatdaninirnythab ai gre-fetohppuffey dther thanttbealfirdtdflledrbuffer hiag been
second filled buffer; transferring data fromthe
fillesito aneletf orl exed et fsfrffar dilltwatermatk, satdapnesietchiouffesi being a
device until the second filled buffer is enpty; and
seaginddiledduifierig t he nmul ti - channel PCl device fromthe
secondary bus unit. 24. The conputing platform of
cl g prespaesethereite host - to PCl bri dge further 15

i1 wat GRacknY 4T, 81U ShanGe dopeviee s sehandsry bus uni

2'hZ'nnmefzrbé%@b{}ﬁ%a'@%QU§&P?%9{’%§®eﬁrf@'&?%%r§%' The

ﬁﬂ{‘?.“f e PR i o d DELOfrin 'S thd Hig 2hEfne
CSbef §00Lb WHIB' SlooRUHEIHAEPTS Al £FA 01T e

e conputi ng ormao erein the

ngt to- (E’ %orﬁ{écﬁﬁﬁ thé miif-chBhREINBELdeRBe Frofh fid 88&Bndary bus

unit.

24.  The computing platform of claim 22, wherein the host-to-PClI bridge further

comprises a configuration register to store a buffer fill watermark value.

25 The computing platform of claim 22, further comprising an integrated multi-

channel PCI device coupled to the PCI bus.
26. The computing platform of claim 25, wherein the integrated multi-channel
PCI device comprises a dual channel SCSI (Small Computer System Interface)

controller.

27.  The computing platform of claim 22, wherein the host-to-PCl bridge is

integrated on a platform chipset.
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