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FOR SUPPORTI NG DELAYED TRANSACTI ONS OF MULTI - FUNCTI ON

PCl DEVICES IN PCI BRI DGES FI ELD OF THE | NVENTI ON 5
wO96hklosskhe field of invention relates genera|11(yr/1§sﬁoos/oozo45
conputer systens and, nore specifically but not
exclusively relates to nethods and appar atus for

portin nmul ti-function PCl (Peripheral
ERESD AR BN B iR SRS IR (LT Fomron
RCRFREAES &N B PBHRYEP Since the |ntroduct| on of the
personal conputer (PC) architecture in 1981 and the
ubi qui t ous PC- AT (advanced technol ogy) architecture in
FIEBBTDFFFGE gﬁéENTWputer systems have been continuously
evol vin concurrent evolution has |ikew se, occurr
5 [000th PP Beldoofonuertianlates .ggnggai]véwom Agibieins Bt fore
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ménﬁébr.ﬁéﬁ»fa?éc?@%ﬁp&e'rﬁ%?qséw"r{e%?flrﬁ%a%ﬁﬁgeex}“ﬁsvgﬁ‘?%@fm pridges,

popul arity of PC s, which represent the vast mgpjority
of conputers used worldwide. It is estimted that

upwards of 100 million PC s are sold per year. [0003]
B/-TGKGRQBNDJMWQBMM(&ONM reason for |egacy provisions,

10 (082N  Strcer Be En?n%guﬁt?@')fgi%?nre%g nab o g, Aidspture in
B RSB BB B8)  84,
TN Tl e
o Rfdioni it (R oSyt Wit BRSGSShstrel Sper Eﬁ'ﬁ’@ S73(Bhs> Aihough
d%b‘%\’c( o} A %%@Pbsﬁév%e'@sgf\qg%@é‘ﬁ?baém théseh aRdatd)the evolution

errp nponent | nterconnect), the

15 pl%\:!é%se'P\"asdt?eérf"%b&e%\?h%@%ﬁﬁcted[ 80946 I@@@:}Dbrcgllsﬂ@rhs PCrhe legacy

Itecture was desi gne to sol ve several pr obl ens.

t;
prgpg}?gfgﬁ%bﬁh in P& Hoen e Wlm%sﬁ@hdmuwmtyvaﬁm ,whieh depresent

i zed architecture woul d sinplify chipset
thanvhohAIBFtYOST Corfpaiens ased orldaiderast idesstigrated ttbat upwards of

100 million PC's are sold per year.
[0003] To better understand the reason for legacy provisions, consider that the
20 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
platorm. 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
25 include such variants as EISA (Enhanced 1SA), 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. It also was designed to
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1 WD 2005/ 083578 PCT/ U52005/ 002045 inprove data
transfer rates. Furthernore, it provided an abstraction
nmechani sm that enabl ed transparent support of |egacy

?ﬁ%)(%q)g In fact, PCl is nore of an |nter1;‘(9[r)&ez%5/002045

ence 3 name) standard than an expansi on bus
standard. [0005] A key tenant of the PCl design is
processor i ndependence; that is, its 5 circuits and
ignals are not tied to the requirenents o
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uéﬁﬁ‘%%‘?ﬁdb{a\& yé\u rib?r 'ais%cﬁg DE%d’fd)b’d) ?_a' pHiebf PGPBEséseaF’or the

ridge.” The read burfers

uﬁre bﬁ@%@'@?l@/ géﬁérﬁﬂy ad |ﬁ\ﬁ3|8ﬁ3 interfdcatisdiwben teb busveystdims. The

so  known as del ayed transacti on buffers.

Pb@@ﬁbﬁteéﬂuﬁ‘@ alsadddouples frotestor Ao ubisy stephscromiatibordinate

used to greatly increase transfer rates, the original

b, gnabitry 4 prapessor arid 4 bedgé & opdrata mgjaeaI(Htannel dat a
streans. As a result, recently introduced

[0806] | - furardenio Hatredee i effisientyatof siepBCl bus(es), bridges usually
mul ti pl e-channel data streans are restricted in their

emptyet duffering $o fadilitatadeng datatmansiary (datatsiieens): @ support this
aggregate transfer rate of all channels for a

capability,f thec architestare paenides intelligentyegadyand dwite yffarsdn a PCI

si ngl e channel rate for th evi ce.
bristgscRI Irer read @pfferﬂ@r [63%@1? tOrﬁ%pf%r%é@{a EHHGFS Which are

ﬁ)(ects an of t he %H&endant advant ages of this
algg NRYBAS {ransaCcligR PHER'S.  eadi |y appreci ated as

e Wﬁ@‘) ?ﬁ%@%@qﬁs&9"63@55'&3§w‘5’¥05k§%§4 Behebty Hifase
tr%xi%‘}ép % 3, e gﬂmﬁ %g@@%gpﬂ}ééfég AP RGSof YRGS HANNe data
streams. As a result, recently introduced multi-function PCl devices that support
multiple-channel data streams 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 unless
ot herwi se specified: 2 W 2005/083578 PCT/ US2005/ 002045
[0009] Figure 1 is a schematic diagramof a conputing

aving an exenplary bus configurati 2045
\?g2§J5@?jr§g§1a plurality of PCl bridges; [0010] %Télasrzoeosg)o
is a schematic diagramof a typical host-to-PCl bridge;
[0011] Figure 3 is a schematic diagram of the

[0533 -CE&E’%I ok Gamaieciie efaé%r?ﬁe%?cré’ta‘hﬂe@"bﬂ@aﬁgﬁifﬁ] figling an
RSN 5%‘@@3335%}1@@ B¢ (Pridastes or dara

[08!@1“(:27&59@’3%?9? Bbll g gt %“?@@?Lhéo S g

0'0'111 S ‘ E@ré‘% %pgur éé@gﬁ% o r%’%f@fr tWe ?’Cﬂadéﬁige of Figure 2

fu?th@n“uﬁ@fbﬁ'i %dga &%brrﬁgé ?gﬁo Mwi]%vic%oﬁﬂg 8% e PCRbus:

convent| 0 Fi'gure 5 s a schematic

OQ '@a‘ lB'%§élﬁe@ﬁétf&9dn@§%’n@‘ilh@f‘r§tlﬁ§ cB 1pfoﬁél“ﬂs infiffemented

ers Figure 3a“using a pair of del ayed

tot é@ﬁaﬁr@hﬂm@nwﬁo@wﬁﬁnb dys@emﬁﬁénbi’%t&méléﬂél%mmdl PGl SCSI
accordance with one enbodi ment of the invention; 15

déwést5] Figure 6 is a flowchart illustrating further

details of the operations performed during the data
[00r3sT Bigureid i @sckerdatic flowodidgrag illustating: opersitioas tto ierform
the invention; and [0016] Figure 7 is a schematic
thei d@taatramfecsm Higure 3a tmmna aey ofodelayed dransactions using a
register to store a buffer fill watermark, according to
tesheiquerirogiemented withteeconventiena MG dwidgBETAl LED
DESCRI PTI ON OF PREFERRED ENMBODI MENTS hOOl? Enbodi nent s
[0914ret Riste &nis 2 sehematic ﬂpwrdlag.r@ﬁbflwﬁ gling PPeLatigRs tp ggrform
Vi C r es ar.e cri ped her.ein.
theﬂat%ﬁpn@f%asegﬁﬁgafq %?qus' 52 finel e e EnedctotE pefPirhetfoy a

PEh B eatio|se InSRRAE Bir 0% SHERE i yBAucH,

[Oro%fvap gufete V! b AKFGYN fifistrating further details of the operations

performed during the data transfers of Figure 3a, according to ohe embodiment of
the invention; and

[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
PC! 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,



10

15

20

25

however, that the invention can be practiced w thout
one or nore of the specific details, or with other
nmet hods, conponents, materials, etc. In other

WO3RERS 3 WD 2005/ 083578 PCT/ US2005/ 002048 musasiaoss
wel'l -known structures, nmaterials, or operati ons are not

shown or described in detail to avoid obscuring
aspects of the invention. [0018] Reference throughout

wl bR Atk i@ BT o5 QPBIRC A e i s, o sgrped i
b poraT et oRgnvBali®hone enbodi ment. of
AL OB, S ERP S i Bl or o

erﬁ@é iﬂl%?\t”%gﬁrz? fhté? QA f‘egﬁﬁ%,%‘fﬁféhf rb CGtt é@?aé‘t%ﬁsﬁl?&escribed

ssari referring to the same enbod nent.

in?éhh@@@d?%ﬁh.tﬁ@%nﬁ%cﬁhém Rlincli@ed I §6least 686 BHILRRHMERt of the

aracteristics may be conbined in any suitable manner

prleQent]iﬁvémf?),n‘?rmgh@ G’B?é’érﬂﬁé?é§of heGHPdseds impne \ibddiment” or

attention is ted to Figure 1, which shows an

SEXRRIMBodIReRt dinaiions pilces Retougheed thisatpeifitation are not
architecture 100. In general, platformarchitecture

nek@8sardly idll rsfefrivig te thid sBfde embbdignemtt | Bahernadrerihe Iparticular
enpl oyed on various types of conputing platforns, such
featunes, lstruchaes, drichacactésisticsendy ke combineddntany syfitableemanner in
architecture is a processor/system nmenory sub- system
ored@. motre embodimeids. t he primary processing and nmenory

conponents of a _platform including one or nore
[0919E es&sr an 1auerviaw, Gtiesiion s ditaried, §% Figue Jywhigh shows an

exBaNa COMEEATb ah o Errbased GUAIIB(<0 lao6a { Ogualr general,
ol DS So°F JRADALER! S5 B chRudliSnshg 3t 5AY e
oo 3 SRR ks e o B BRSSP P 101 o
o B B 5P 504, BRI ikt memory sub-
S AORL)THE s, iy OSSR b Yy o of s
platform, including one or more processors 104, an external cache 106 and
system memory 108 (e.g., system RAM (random access memory)). Each of these
components is coupled to a host bus 110. For example, the host bus represents
the address and data lines between a processor '104, 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,
PCl buses and PCI agents connected to the buses are enumerated during the
pre-boot phase of a computer system's initialization. The first PCl bus that is
encountered is enumerated as PCl bus 0. This PCI 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 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
system s initialization. The first PCl bus that is

Wfi‘é&iéféﬁﬁﬁfd Is enunerated as PCl bus 0. This gguduss/dotoss
also known as the root PCl bus. The local bus to the

host CPU (in this case host bus 110), or to a PCl 4 WO
2005/ 083578 PCT/ US2005/ 002045 bridge | ocated nearer to

o b e R8P B iy o
TEREFE RIS T8 4 TS, M g oot b
argz@%F@n%cteée\@é’a%sm-PC@B @%“?‘i‘?.s may be connected to

us on a given plat m For a PCl bus, these

[08%??25‘6@’3&@9?2%'df@ﬁo@QoW iy cdiiiettedito E5¢h bus on

or éexanple, the PCI agents of architecture 100

a g%htﬂéﬁ&mﬁ@ﬁk a(FBghblis,Ghebs cemporehtsrarerdaliet sRE) aberts (also
dapter 114, and input/output (I/0O unit 116, a

kritR¥ings IPGINirits.aFer example\lthe PCIGgeats aelaichitecture 120 incude a
graphics card 122, and a notion video unit 124. 10

SC80EShal Conliten Bystem Interface) hostedapterPti4, agdrinpyut/sutpat (1/0)
as those describe above, PCl agents may al so conprise

urRCl 16)r a dpetsvorkiridterfackecand GNKE)I118CIan @agliayrunitil2G, oat graphics
PCl agents coul d be connected to a given PCl bus.

cardri@dgand aanolipnevideo pait-124- PCI bri dges, additional PCI

[08%3hp! & 2eioR deprempongiitioaspd it agis. Bughceo Miase daspribe

S T 0 A S8 B0, G i o

VSTt 8 5 SSELSRESR Bk SR o, con o
t i . i i et s

BN BCEEE o Sl R b4t i e s

pl%ff@mrt & leRE e,d%' ekem Fat?)? ﬁéﬁf‘”&’ &clt hps8sNgedpd 00 and
€3 ‘mechani sm ror SUBPort] ne | egacy” blses. such as

c%rhép?ﬁ??r&%%@@?@%ﬂi%@é and 2! 26 3AYWRYS Fiduré 1.1 ncl ude a

expansi slots, such as deplicted by |ISA

[0%'29’ s hBdisaiished13BSve, tRESHimAyaasdaavos ofttheedalBispers of the
peri pheral add-on cards insertéd into the

original PCI standard was to ease design efforts for chipset and motherboard
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
di rect support for one or nore | egacy bus types via'

wo 20608RsRsat form chi pset, there woul d need t o peg/ys2005/002045
respective sets of data and address signals for each

| egacy bus type included in a given system This would
create chaos, as each | egacy bus type requires a

it eeme e TheE BB b BT 5 e, e
el 0 g R 16 s BRI

oS RA08S HgRitiol BEAR] I I BEMRREIn Ghops e
osBarE-bIBRRY Bl syq e pepeudcp) o - Bigieey e 192, I
o JCPIEA s g b Rt e tetvoon

twgg%fﬁgé?gireeﬁﬁ%‘o g?%gm%n whekee eertns nobistcal kohnédtionesetdata the

y connected via various control and

busk] K& raffRA et pathsHirs Icyiedilyednretted wia Vaimeycontrol and timing
conmponents connection to | egacy bus 126, such as

mé&drey, cammtdhibies esrious degidd/d conthanenislvenabctia de B@acy
connected to | egacy expansion bus slots 128A and 128B,
buiso1 267 - eyctlst as niegyaByl compatiblepiresdurces 184 handnperpleral cards
conponents. [0026] The PCl bus and its bus cycles use a
comiktied! exieggcy expansiom busi gotst128A Bnd 288 4o o-exishained PCI-
used as address and data lines. This saves on the
basedipiatiast with goailegaoyaompanentsed, but i ncreases the
nunber of clock cycles for each data 15 tran fer..FoH
[0826hp| Ehe ARlivg ancids BUS FYHes bpe BrBOYBIRAIGESahee in Which the
transferred duri a, first cle. wite data du
e e GRBIAIEINMICH a5 Rdiss Ansk 4ig Thes. I Sves £ the Humber of
.conpensate for, this, the Pl bu SQ | I
SRR bt hOt o "l i) 2 R 988 TP geth cae
foll owed b var, - . .
o Bl i &L HEDPE e BEE b Tihstqred curng o
i N € e ) tthird, T
S RIGES S s TP Ge ocdtlo” ehlg fedt B8 defing dpsttnird.  To
cBEASBH AR hishie el BuParYiinitdes a burst mode in which the address
is only transferred once, followed 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, PCl
bridge 200 is illustrative of various types of PCI bridges, including host-to-PCl
bridges, PCl-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
i nstance conprises a host-to-PCl bridge. The PCl bridge

Wﬁz&g}dfﬁs'?% between a host bus 202 and a PCl sy eBdosobidas

general, PCl 25 bridge 200 is illustrative of various
types of PCl bridges, including host-to-PCl bridges,
PCl-to-PCl bri dges and PCl-to-|egacy bri dges As such,

oA i ol G B 1 e
d b I I h
log#GYeF {1 BB EuSIRPO B9GP el US20057 002096 bus' and
R bt o 5 T 1 s r
sq‘cﬁepﬁ%@u Cbbp %E%%?@Sﬁgfegb%yum? thﬂgigg gﬁggfragl interfaces to
I
QU FIE . i otespRfiffiol 8Bped L ¥ ord Exclffpte;P Y it exemplary
ccﬁf?gﬂfa?ﬁ%gpér?owﬁ th F ’?@Bbé‘r‘idérg%@ SHi 2448 %uﬂ“@éﬁtohﬂgured to

secondar ué uni t 8 woul d be configured to

inLé?‘fa‘%Ef i ‘ﬁbtﬁbla oS! havi havw@fv%?urﬁﬁbﬁ i gafinetli Oy @) iPEId bus

speC|f|c tion l e primary bus unit

;gélfnc\éﬁerh dyvhife ﬁﬁﬁfaw BUS Hnft 206 WaNd deeonfiiiredte intepiste with the
ined by the platform's processor architecture

héd1®usdefihgd byltAe pRARMN sTwosesspoatchitectrd (gestesallyys vel |
as asynchronous data transfers, each of the primary

[0820] seTorsippyridata borsts, Z0Belhas aspichronousidatprieartséargheach of
buffers (also known as del ayed transacti on buffers

thenatirparyt and) secdridary bueeJmtséﬂOByand 2@8 fndlude pre- fgg@ gmzf@rs also
will include a sin pre-fetch buffer 210P and

kidwrgae dpwedrtgansagg nabufia_ra):encépeﬂmggtwﬂq&%r @qmpa'kyethﬁﬁféﬂaw
t han one of each of these buffers. condar

bughi wnitiwill inghiden|a ySlﬁ@leep!th ei¢he- *?léff%&qgé’ saarﬁ!f‘ KPOS““Q

o 12 afdodh herd e Peusts 154 BR8 qrech gihesd Bufters. The
%«m 8 RS GE Gy 28 R st

erBr g(s) fdgiﬁiq%é'('gﬁ)grugjg g#cﬁgﬁ%!ﬁr% g;§§ H&?O@Préd“bhﬁe?‘é"@l 25% In

some implementations the numbers of pre-fetch and posting buffers will be the

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 216P and 2168S.

[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 PCl 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
represented by request queues 216P. and 2165. [0031] As

Wb senessreeg above, a PCl bus is generally recordorgis2eusloa204s
The particular configuration to be inplenented is
defined by val ues contained in configuration registers
214. Also shown in Figure 2 is an exenplary set of PCl

10GZ1epaBiroer by St Forlrst CisSe 18 YerBLO TG Hhepls coupled to
2 7 fon LU 158 PC) AEhiAGEAorABR IaRRLS B naRser FisBhatisms,

appear t sane.

mé@%ﬁé%@’ﬂé birst Wéﬁ%@@%@ aldV@32hese h@fiestémploy timing

ri- concurrent access to various PCl agents coupled
OrarfsacSMBRIdHEY intd frdifkr &1zt Prdveptslnswantedi snrlitions) such as
anga{aa traﬁﬁsrper @chanlﬁsm&, in?l udi ng the data burst

loStCHSIEE of | Gaiic@. ahaviaded eReng the nethedray Gy d imecimnism for

and transaction ordering in a manner that prevents

suFbﬁmmgqyelgpéwWém&ﬁomch as 5 lost data or deadl ocks.
ncl uded anong the schenes is a nechanism for

[0083]p0r Delagedefraysmttifnaesacusednby thaess|tha@lecayeet complete the
transactions are used by targets that cannot conplete
intibledafanphase vdthira théaequirdnaents of HberRGlLispesifigatiorer Theee are
PCl specification. There are generally two type? of
gahevallyctwor typeswifideviees thal willaser delayadtraasactionso /O controllers
controllers 10 and bridges Typically, 1/0 co trold ers .
ang bridgesntirpicaliy, YOacantiejiees wilihapdle erly Assiegiedletayad fansaction

tinme, while PCl bridges may chopse to handl e nmultjpl ,
atchsenpe Whilp SHsieRTasiSsoY SMDUSH 5 BAYs TR Bl eAVieh rgnSactions

[[0034] On adv%nt aae of a delayed transaction is that
tofimar YSIPMPETRENEN®S wait states while conpleting an

OFSEF 7B PR bl Lo ol ot o
VLSRG h, JAEEE o] T g

S5 BATANER B0 Bkt tenRaLER e ke L e he s
bArRAIHER! thaf wiftfE PoRflally be wasted holding the originating master in wait
states. Another advantage is that all 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, 1/O Read, I/O 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 I/O controllers, the term destination

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

' resides. For a PCl bridge, the destination bus means the interface that was not
8
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[0035] Al bus commands that nust conplete on the
destination bus before 20 conpleting on the

originating bus nay be conpleted as a del ayed
Wwoaisasishen. These include Interrupt Acknow ®eges2005/062045
Read, 110 Wite, Configuration Read, Configuration
Wite, Menory Read, Menory Read Line, and Menory Read

N th pl e commands. Menory Wite and Invalidate conmands

AR RPRASHBA 3 i Dol e ! EordtRTe il SABRUEH £ of o
AR A0 AP S o
th%iﬂg}ég e{ﬁ%rttahie% ﬁ%’dﬁrré&% IS deViEatt&HBd8Sh lcbRGary Bt of the

na us where t e resource addresse

brilgel NEoWRBE 25 tRaclisip tSis MdVing ifGhe WBpptate Gll‘bﬁ:tlon would

stination ’'bus means the interface that was not
ha%fé%é%ﬁw’%??bﬁ@éé%@l@%%%ﬂ%s acting as the target of
the original request. For exanple, the secondary bus of

[0836]" | A0GelaFed h@r@@@ﬁmmqu%’ey@mra;ommetm gid tree steps: (1)
originates on the primary bus of the bridge and

RéquUasttly (s dnastereyR) Catapletien aff tthe reduest bietheetargetarand (3)
bus of the bridge. However, a transaction that is

Completigniof theetransaction ebydtheemasmn vdwling tiee Hisstestepethe master
primary bus as the destination bus. [0036] A del ayed

geneaateaca transactiogr on $ke bus, thentargeti decodes t ﬁr&f@%&e\@@hes the
§Q§ Request by the master; (2) Conpletion of th

infascnatien rsguwb to parapletenthe @gyessoam tarminates thﬁerequest with

rég&??%?"%:” s tacuSt ORI GHIGH oL R ReIGYR fogufat. The
mEBlCE i ep@hdnalolsolefmien P faln Bl (Rulg Bahfden =

retr

e A e A,
ahd AP SRt nih, éim@ﬁ’n%%f RS hpieter i e eBR AR Gurent e,
Sﬁjlﬁle al?f&‘i’néét&“?&ﬂdt‘lﬁll HLﬂ'é?éric‘én it rﬁglﬁoﬁuéas{%bgﬁiey Mbldéla,t that has

€ trahsac rent

béérﬁﬁ‘}fmi'r%t& 0RR réthp uﬁﬁsthé"re ﬂ@émﬁl@tés the difference,

must rel ssue any reques hat been term nat ed
[0‘(9‘317]1 I @lufivig Yhé béc&hﬁsﬂé@%l@ﬁargé@ intlepepdently completes the request

on the destination bus using the latched information from the Delayed Request. If
the delayed request 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
9
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[0037] During the second step, the target independently
conpl etes the request on the destination bus using the
| at ched information fromthe Del ayed Request. If the

wieh@smshsigquest is a read, the target obtai ncigs2005/002045
requested data and 20 conpletion status. If the del ayed

request is a wite, the target delivers the wite data
and obtains the conpletion status. The result of

SR ot RO oo PP o B s
A Al AP B ey o
(ch B PEka e edtefifedty e ComP! el L ons Ul e e her et

[ogﬁgprefrhs EBRekitiofHC éc'l' lpank8atdhst 'sthemef %"m\ha@s bySod to

issues the origindl request. The target decodes

excBfiehteBaeRlidf dsthe/ s §IH§|e fimeties dbbi@egogm&rebscg?aph@gt@rds

(and data if a read request). At this point, the

SIR@Q%%%IWQRC&SM&QI@%/ Single4sort drhwyiRdcadeplett. OHolA@ver the

retired and the transaction is conpleted. The status
sdneé i nedtrtie formanpshdti-fisctionsRCl gevides. sThis issluehin part, to the
target obtained when it executed (conpleted) the
oritphalyBE| repgeification 0@s Froviding: speeific i teclaniques apddinterfaces for
transactions schene provides good to 5 excellent
suppodingimiitiiiiagiion BE dewge@ function devices, such as
gra hics cards, single-channel disk controllers
[0840L1 e Geveraliyeavmvlfi-fdrstion Pet deviepydlbe embedied asa peyipheral

ek Bl SR 5 i

AR5l SRINED oA Bl 11 s
e B %%9%% 5 may pRah e 7 BRYESS e Eﬁ?i%?%délﬁﬂ the
plgﬁcgr_?r; d%lft?\ ofg&cteﬁg tgﬂle %ﬁ i-f) Ph%c@aﬁ tegffect*(/%fysbr%ﬁ}ides

speC| |ca Ion (curren

mhfﬁéi = Pé?&% YHttidris. bHNGE! SAmBtardeyt %ﬁt—?ﬁ%oﬁﬁ'p%ﬁent For

evices that are Integrated on

@nﬁéggﬂdtﬁgfaﬁ%@eﬁisdéls@Q:grngran&f MRENTHS LA - cﬂdﬁlt%hlaﬁﬁel SCS! host
adapter (e.g., expansion card), performs in a manner similar to two separate
single-channel host adapters. Other common examples of multi-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 PC| agents that may be
coupled to PCIl bus 204 are not shown. The dual-channel PIC SCSI controller 302
provides two SCSI channels 3044 and 304,. SCSI channel 3044 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.p.

[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 nultiple PCl device functions on the same card or
built-in conponent. For exanple, a dual-channel disk
controller, such as a dual -channel SCSI host adapter

W6 26bsisgfPansi on card), perfornms in a manner wimiid2e6s/00845
two separate single-channel host adapters. O her

common exanples of nmulti-function PCl devices include
rrultl channel USB cards, nulti-port network cards,

TS5 TR, T R gkl
PRSI B, e B g o
ol ﬁﬁw'gssév%@%%ﬂépﬂ%%@%soe@%g?zer@eaE%xe;etesdcgagica'
blé@%%’?@%& Bpgﬁgﬂ?% ng%flgwgrl Ves 3061 Nﬁ &éﬂ’lsecond

o@% oﬁwﬂﬁﬂ@blvé%ﬁggg dé‘féagﬁé th é’f‘ﬁﬁné‘mo?aﬂdtﬂje% ¥paée 312to a

drives 004 Fi gure shows a pair
séPéct ?d;g?éélrb‘fod@(édcﬁeés!@hgémeqﬁﬁscm aRkReiE@0sRd by PC

con ation 300. In particular, each operation

[obggrfpl VINGtH refesdrie t Figlaes 3alandthat,2f@5L0maFTdNal technique for
/ US2005/ 002045 (e.g., a file) from system nmenory

pekfAndiry &orcakredr write dramsactidnsdplneedds asc fallows.  Fedl illustrative
SCSI host device 302. In further detail, a first

purpesed, i bothwidfl thmwémlampgpeﬁgtlonmtsaowno COBYNIBG | dglaued read
system nenory address space 312 to a selected |ogic
transackions gensrated hy ¢has SL S epnigalier om tor Rl Rus. 3kbmn0ted that the

Meanwhi l e, a second 5 t [
tine sealesaianiciey $1 Eiauiend %EZ@'aSE@i“cgrﬁgf@&V&év%r@v" S%ace% events

re:ﬂffﬁei%?ﬁ@ﬁ%@?%?%b%%'&% Gred sepal 'xmé'm%ghci%\? 454 St as 2
R PQQ%ZTQT P ROBE R Ersact i ons
[0934f | b‘j:ng ﬂrgfr? ;ﬁ&n@al o 532{)%%% d&li‘ea ’ﬁé% B@sﬂér&rﬂ gust is

p@)ﬁid&ﬂtto %rlsbﬁta\ﬁeﬁto Ev%dgggﬁé}ﬁfe‘?t he"?@SﬁcontFélFePh%ﬂqth is to

e even sequerices rst and second
s&URB ®le dRigBest. In response, the PCl agent will attempt to retrieve

appropriate data by generating a PCl read transaction to the PCI bridge 200.
Once the request is acknowledged by the PCI 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 PCl 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 reqdest will

typically specify a starting address. The PCI bridge 200, can identify the
11
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request sequences are to be considered separately,
al though they are shown as a comobn sequence in
Figures 4 and 5 for convenience and clarity. 15 [0044]

WwHhhR@sagg i nitial portion of each operation, ﬁ:1?€§2@05/002045
i.e.,

trans er reqgeust is provided to the PCl agent
dual - channel PCl SCSI controller 302) that is to
service the request. In response, the PCl agent wll

attenpt_to retrieve appropriate data by generating
reR@estingsRICt deviea(duab shamnal k! G Sianggiendy. momé\g@fblffaﬂon

SiGHAs abiowey e Cabe GEALBIMARIOR PEHARIFG kT 55 A abphasel PCI
SOELIBTT00 4 et B 42 PR, o e e specit

opﬁraGLh agdb't'a%&}?r med b o%claﬁg%ﬁg Fedd i%ﬁf%s?lfqﬁ)ggﬁpf)“dmg fo
StSHi hafd gt “s‘kérg?@?é%e&f’e?@t gt g epitte i BRLFE 2 s
cHigfp! Eradiititsthegin retr oving the data This oo
o ST el O bt o
b erféébﬁ fér’lghde > Uty a{oe%gﬁcéw ! FoWdBn%hieY\cé,Pﬁﬁ‘s fpfeaetch

arti e 200, can identify t
bLi‘f?erYQa%%ib'if WEF’@TEQTBUSEE%QQM 1Y fOFigaie B9, A dlscussed

devi ce (dual channel PClI SCSI controller) by nonitoring

atvel thatPON bndg?]@ vill sactidoyenetr assotiatasthe dbufferl witth nchammel in
PCl device such as a dual channel PCI SCSI controller
prattices babwilpadiseridssotiate it nithRQarticulaoteansior teguesent i fy
the specific channel that initiated the request. For
[0043) i t Dual-charewl RGlgdedices: ere espliaditagsuppost dater remgests from
data on disk drives connected to channel 1 are depicted
twonclrannels 4nagarticulahdhase data mmu@%ﬁypww@ww more as
response to the read request, PCl bridge 200 w ||
steaanoeat eaneisdhar individya| requesisin, f or the del ayed read

4B bk S e B P e heail ok i
re%'gérg%qs eg %e?p@% Sqﬁgyeﬁgqﬂaﬁﬁﬂﬁltﬂ%us %Cééw d¥tan§f6 to disk
drive 3084. Accordingly, this read request is labeled as a channel 2 read request
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 PCl device is connected to the PCI bridge. In this
context, the term "connected" means data may flow between the PCl device

requesting the data and the PCI bridge; of course, the PCI device is always

physically connected to its PCl bus, which in turn is physically connected to the
PCI bridge.
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practice, but will rather associate it wwth a
particular transfer request. [0047] Dual -channel PCl
devi ces are enabled to support data requests from two

"f&%%’%}?m In particular, these data requeStSPWr}dszoos/oozms
ypi callTy appear nore as streans of requests than

i ndi vidual requests. 15 [0048] For exanple, Figure 4
shoms a second read request invoked in response to a

45 °" ot & Sapierdionch 1osanisne: g gata I the Sasrieldh uter is
tr%m?te{ﬁaﬁ@ feEiasBe SR BT dasfe iR icwl e 5o tete
trqnﬁfeg‘@@?ﬁcﬁﬁ ao;gflegfﬁlc ttﬁlifgeglé?p ﬁrggﬁ I&gﬁ&’é 462 @%}‘tﬁ%péﬂ request
AR S A0
re L?%ét%ﬁo@g#@%g‘% BBtndtrbﬁlygféaW @xlsg! aRéJUESd Hehgih for

initial uest Suc request

ilILEsTr‘a V& gu?p"o%ege Rh Cdrééhceaaa@ wﬁ%'é':?\écéweb WM@L%haRnBET(EiYSCSI

I'n Figure 4. Once data is present in

dlec% 50% &hd Fefi&rtedt &ie aRChpplepiiste diaannen ke deestored thethe disk
bridge. In this 25 cont ext, the term "connected"

er@&d@ntﬁ%ﬁabyT&)e bligiwvabsiquest ThesePtansfer bperatioas s tinternal to
the data and the PCl bridge; of course, the PCl device

the PCIl 888$ depivesandibt PQSirdisic teves and ase ROtside dhe wieops of the
in turn is physically connected to the PCl bridge. 12

pre€@20entiess78 PCT/ US2005/ 002045 [0050] Once a

connection is established, the data in the pre-fetch
[0851} er Geserally ansgiven elata gansfer froqy @s@rﬁrfgtqhogufweway continue
This is depjicted in Fl%ure4asad sf.er
A Duffet

uryti aml%colsnectfcm QYL PCEUTS: §9¢) as ARe pacely. &Oe fill rate
ot hEfHE3ho e x99 o, BB 51 ot bo e
sof R A8, CABPRR TG PR Pndan oETYRahAY offhcHronous
S BEEGh' 4, B PP B LGN of W L8RBRl g Srosut, e
R B g B S s o o
bufak &fdidthé cbrlmary side of the PCI bridge. As a policy, the connection is
disconnected when the corresponding pre-fetch buffer becomes empty.

[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 PC| device can "see" only one pre-fetch
13
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the PCl SCSI device and/or SCS| diék drives and are
out side the scope of the 10 present invention. [0051]
“%egerally, a given data transfer froma pre-fetch
0053/58351:}§y continue wuntil a disconnection e
CCurs, such as an enpty buffer. Typically, i‘ﬁgﬁllg%olo?/ooms
rate into a pre-fetch buffer and the transfer rate out

of the fsarre Euffer W II not be the same. It is nost
common for t e tra 0,b what h
R

e zﬁg@fzmag@?%%t o 50 A Bl Por s
deﬁ,@p‘ﬂg elggcfg e B Ex(eRE I Brldetf bt 96205t iiFpoint in
%"ﬁ@i"ﬁéﬁ‘&qu?‘go%gf e o poenca o & ol S Puneti on
[o{i’g]t hg‘we" P B Wil gtq?}iﬁfﬂ‘gtazﬁﬂﬁﬁﬁféefé%h BuFFErBEG U that

deV|ce| is results fromthe

pré-?é‘t&h lb@f@? rﬁrpse&?t ﬁatg%ﬂmé trbleting ECI deviée (dUzt2hahnel PCI

pre-fetc fers allocated to the sane

Sﬁysde@ﬁci?gpﬁﬁscéﬁﬁé&§ i @atdertrdngferns UGhoatthal niregsdctipn is
under Cl  specification's consuner-provider nodel,

distovihéétea! the' Bl Bfigde Mdyfretryithe esad maedst reshiting\from chbnnel 2
pre-fetch buffer is depicted by the dashed outline box

untinthel ROT Bidge hasldai 6. stan tentzarsfen dEventually, dataywilk bexpresent
pre-fetch buffer is controlled by software (i.e

in ftihe pre-feetih ibuffer atioeated e tRCChannel gereguest aspieRjeteariaya pre-
logic. The virtual pre- fetch buffer is used to nmap

fetcar bufier $20sstiel instancecd@h buﬂf@ﬁsPEQ?eﬂﬁfPr%fs;S’@Fﬁn'ngre'fetCh

pufise820p i gé‘%ﬁ%d,i)%iﬁkéw{n‘é?éﬁﬁéﬁéégg&‘e@%aggvre&?nnected with
PCT/ US2005/ 002045 f

rprech S bpcamiag tberidial Ry e &gﬁ%dﬁ* G4 fteton
oo 533 Y B hbEd e hab2 5035l By B 6y e

e. exi s
bqu SRl B GRT b e e 4B 2 o e age |
ol  EFE i k08 Ry il B, 0 et gt

e requesting PCl

reflB¥4(CEoredpiBhaing 30 RRENEF 1's first read request has not been filled. Thus,

while other PCI agents are being serviced on the secondary side, 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-channe_l PCI SCSI
device 320 to fulfill the request originated by channel 2. Similar buffer flushing
operations for each of pre-fetch buffers 3204 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 FiQure 4, upon receiving data at
channel 1 request virtual buffer 404, dual-channel PCI 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
the read request resulting fromchannel 2 wuntil the

ﬁ&bo@fo&ﬁﬁebhas data to start the transfer. E@?ﬁ%%ok%ezms

data w | e present 10 in the pre-fetch buf
allocated to the channel 2 request, as depicted by a
pre- fetch buffer 3202 tine instance 404. In the ,

LG TGRS T PN r NEN T
R 8 AR TOT A oS4l € €54 homne
+ EHTBATRRTELL , AEAPRRgs aguest Vi el store 0o

oB3H1S1 5S4 Foid Bl BEHSGPPGRRP B, W cple dcad roquest,
oL YEBH il ehEn AR ekl oA AU gten,

dats fréh&red ufifi Blifer $E ERPEANdHBRne Pt B repaked for each of

corresponding to data 310 continue to be provided to

chBRR&ISND apdf 3 erEabh2faquehi fd3uRS in ranbten slivet bfidata hddéd fd the
pre-fetch buffer 3201, as depicted by a buffer instance

cofrb3ponditgenanneltdvitualastere, sisedapittod byyddta demsieré d4 and 416
i nval i dated) when the PCl Bridge start providing data

foit chameelrgashd dgtefrangferse4 t8 addbd2@ for chaninet ﬁanﬂbﬁs process is
SCSI  device 320 to fulfill the request originated by

repbated eintitheSintire portionfof dre origieali deja requeshis 1eseivedr each
of pre-fetch buffers 320, and 3202 occur in resggﬂqse to

[0857h e conveniional schasme jllustateqonigure hdas myoblems.
o 15 ol 0SS IR B
ughedt 5o resRoSade epkh ey ieRireRtestor 1y ARate fEBTanGiFs (G5 the
SR AR g b S5l 88 AR P, pro
o R TR e B0 P L8 ShofBgnhi v
oA RN o i il 0SBl chrBdf tgan o
re5ifH ‘B sérvedNthat YiRbfe ¥ quR@da rsfiwSdvernead for each cycle. This
corresponds to bus cycles that are effectively wasted. The result is that a
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 coﬁventional 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
buffer is enpty, and channel disconnect is repeated for

channels | and 2. Each request resul '
"g‘ﬁg@ﬂg&%ﬁ iver of data added to the correspé’m{dﬁgoomozms
channel's virtual store, as depicted by data transfers
414 and 416 for channel 1, and data transfers 418 and
420 for channel 2. This process is, 10 repeated ¥nti |
franméhechuffere Tag DiToneehanisie canikg vsad wilh any swimber of dunctions or
recei ved. [0057] The c¢onventi onal ene ||l ustrat

cronnd i ma-Ssvuradodi st ol BiEHRskandhnaL b o
SuRpet MYltiEIR aaUIPHeBa S as SODTEReHR, e Seme ETidus: Thi s
10659idgeOpatstio: 6t Bk nieneRim A achbieaRcs Wit SpRemBSairient is
SRR OUEE o 01 OPRTA I TebEbY bIsEts R ieleh SEORRS 4 and 5
pe R maiBylls Bhcfigie? ASHln|FgdreI e tiiEtodteh T BRfilte 6 are not
e@ﬁM@gg:gBi En{?gh%égérggﬁﬁjs Bioéma‘ﬁﬂéf% Fﬂl‘ét# ?-aré_ Bs$nchronous.

nas’ cycles that are ectively wasted.
[oﬁﬁfﬂ re?H%tpl‘gﬁeéQ‘?sttar?s i$1 881 §drh@nhamesrt benthaf distuss¥e!fes the
rel‘ated to da

ta transfer do not nove any data, 20

a{%@ﬁ%ﬂa‘?%éﬁérﬁ@d&c FRréhe dai aespaeef & respectiven datc transfer
aboratory observations have neasured the data size

rebjli@sts fter dwsl-chiahReeRCh SESIddeicr 862, gt Chahnebd ared ©inahhel 2
as 8 or less data phases. This yields an aggregate

redtl| felquestaares Imati antrcorefspondiagepretfateh buffarstarel aodateds In
than that observed for a single-channel device. [0058] |
cdnjurmtionr it tke vallohaticrp of tlhe Pre-feteh huffernta icanfiguration register
Del ayed 25 Transaction (DT) mechanismis now di scl osed
(defiped & furthier catail helow) v peagramemediie defingnbuffar watgrraarks 5004
transfer rate produced by the conventi onal schc?rge o{
ata that must

ar 0= Hhe watermarkHs HEed e detineaaiginaym  ameuntp
transfers by inplenmenti a programmabl e, pre-fetc
o At T TRICPVRNT A PEROTRL 80 St DELTBngBUEd digm the
be transferred 15 WD 20051083578 PCT/ US2005/ 002045
byftm t he buffer. The DT mechani sm can be used with any

BT AR5 80 gt AR o B b fiBning t
the first read requests. In contrast to the conventional scheme, a retry request
when any data is present will not produce a connection. Rather, a connection
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 nmultiple multi-channel devices connected to the
sane PCl bus. [0059] Operation of the nmechanismin
accordance with one enbodinment is 5 shown in Figure 5.

, |ike-1abel ed objects in each of
vggggg&%gélforn1analogous functions. As with EF%@?gﬁﬁﬁnm“
the tinescales in Figure 5 are not evenly spaced, and
the operations of channels 1 and 2 are asynchronous.

(006 Zc. LU ProroIci ohien 328 AMEY it fUoR: g, Mgl 500;
duiaatoe Rest FDRMPeY | Seacin; (Bal SEAI¢ ot Mo Rgr A thffr 3202
WiﬁﬁgP 5?5@2@3&65?@'%5%39? goigf ?Eig?ai% A SRS Rl ngre the
A B R4 5 g i
préTeichbyler SREHAPERIEIR $0. sea to Getime a m i mm
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ef or ata may be transferred from

sePEihg! oth@0FEhd ATeRIRS  prodidell Mdreié s saffcient adadd dn the

the PCl bus corresponding to the first read requests.

corfespORding Prefetch sufRPN VUS| ii1thé pse-ftok buffer éom 3 givenuersnnel

en any data is present wll not produce a connection.

exdatheits wateromaTR eihilera éshneegiorofdrianbthes chabhélds éaking place, that
the anmount of data in the pre-fetch buffer has net or

chennekbwitibe tennextedt antiie filsb reaskenpest, retry dter dhgiethes channel is
corresponding to pre-fetch buffer 320, tipe instances

disamnaoteds OBhigisituatien isedepietad inmiguee & foethe fiest dakytransfer 512
i nstance 506 wi Il produce a-connectjon. Dufi

om0 iAol o
ecg@é gwg\eﬁnﬁq?tr?q@% pregent indhe EE@'@%&B@"&%&% s ftiated
(8T ARG B b PRl L S s B (o
cririel P SEHE chllydle gkl B At Bibcohect fhe el Fansfor due to

sdrie %m)etrlrggson].ﬁ WD 2005/ 083578 PCT/ US2005/ 002045

[0064] Returning to channel 1 operations, shortiy after data are transferred 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 thé amount of data in pre-fetch buffer 320, 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

connection (not shown), data from pre-fetch buffer 3202

%%@E@@ggbe transferred at this point. This ?k?@sg%é’/ooms

situation where the anount of data
pre-fetch buffer exceeds the watermark 5002, as
depicted by 5 pre-fetch buffer 3202 tinme instance 510.
[0063] After a given connection ig disconnected, the .
rems@gduggﬂ:wam, 4 aew?at@érfqn RiohETORANE g Taangtadfer unti
provi de ere | ficj ' [
th@p@inattﬁansagfcp@rs?cg’rﬁ%@% 4 g P st darascap cHpE B fh of
i ven channge [ j i
d V?ﬁaaghﬁneéeive%f i reciieslig FE BRARG 4 nbEf s ERaRRge 2
M | e connected on.th ' . . .
™ o wg?erewapﬁﬁaﬂ m@d?eﬁedsE%hﬁ%ﬁ@?%@sﬁ?@%ﬁh*%@?f%ﬁ'&e“""s
icte L gur b fid
o Rl BB BB PO R L 21
nsferr :
robéfla” frareiapilic, ipbentiplo 2hecBfidfiad Rudst MRAZINAT2 (CH.2

AT oot S MR DR O e
is less

| RRPLAEIRErkIDR). dRRfevep! thei sronmtest datactrateferred to
transter due to sone other reason. [0064] Returning to

ERaRAYuffer 8085 Bdd SREWN Pyotirhé insthne 5Bt willdnelude the remainin
pt<ransferred toeéchannel 1 request vi1rf?ual store 404 |

si¥é 818 PRisPart LA awriiom obG8ta SlSaneadedniocleaplziwatgusark 5002 An
controller 302 determnes that not all of the data
arfeutastiataliat ipasb egual i the reeiniigasire (and pessiblyapgiiding some
were returned. It then issues a second channel read ..
orr efiuefsthe iextra, partiampsisqtiansferred ddyringudrq \change! iy qeppeeion.
the portion of data 310 that has t to,be recejve -
Génoraly ftheitequestion EGhaGRIt il cisganae suet RcEES i Bmadning
are retried until the amoynt dat g | v
siba [ dowee, nesustions aisgadge (il Seiteffif itsficohgeet upon
this point a second channel, 1 con | O W
e L R af e eRGRIPHarEihatdS Hehsidfey o tis
request virtual store 404, as depicted by a data
S'fﬂpghg‘ls%?rdg;dm. [0065] This cycle of read rgquest, dat a

R P 2 R AR, hen sl o i st
and Io%'iEpf)é(rf&Fned during the process of Figure 5, according to one embodiment.
in-a block 600 a determination is made to the initial size of the 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 inciude but is not limited to 64 bytes, 128 bytes, 256
bytes, etc.

[0068] In one embodiment, itis 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 Will.become 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
simlar manner until the original transactlon i's

“gfm%&%% During the | ast transfer, an exL%?T/UBR)B%/bOQ&s

a may be received at the requestlng
(e.g., PCl SCSI controller 302). This is an |nherent
result produced by the PCl transfer architecture
itself. This 5 extra portion of data is_sinply

rem:a@dar)dd%pr@(amme ruppagetite apdmss starks ate3h hyfes | Intpn':\ 128-byte
i R B kT4 e e ey v
eiaééﬁfe; S B BRaVirEhln cortmst Sippage 47% puftess et
ol o 1B TR VA P B JORUR 468 54 B 58 bytes.
Thggg?w bl b8 750 728 RS20y O, AffeT™
00" 0 B 304TR 83048 e REAARRCR oL g Rues
is %ﬂﬂ@ﬁ&& 'irP? blodREE. At this Eﬁﬁlt re4ehed bﬂ@)oggar@g)%ﬁbrrﬂbb luntil all

i sconnect one It recelves the remalnin

of 4 hal8 @éénuﬂbhéi‘éﬁewftércﬁ)rﬁ;ﬁlétepﬁe astanfrafRBoAOt First, the
i sconnect upon 15 receiving the renaining size, any of

amidifit K tiat iRARé baffert (BY s Evedkedns beyldckB06? Adetermimatioml iy then
di scarded. [0067] Figure 6 shows a flowchart

madd ind dedisiog bloukt 608 todetethesthefarhtunt @b eatet meets orexteeds the
| ogi c performed during the process of Figure 5,
wateraardiiiy. t if ibdees nbt dhergne-fetch uffebisonat ferwugh to cause a
determination is made to the initial size of the nenory
conpectiost t@dnitidte) . and toe geadbratjueshis tratriedi i @& Hocki61d. | sThe
rounded up or down so that the actual ampunt that is
opeeations df ibipaks6M6a s, and @%arwemlnaegﬂ@acﬁén&arnﬁnﬁeaer until the
boundar For exa he boundar e hut
angwer tp Fecision blosk 655%3\( 22 BdicAling | tx%%'xmﬂi}t%fs atg;lp. "hP pre-
S sired to align on a
fef%bglug‘%f @qe?%%f e’tﬁ’%&&?rﬁ Wé‘erﬁ‘@’%mdi ment, if the
bt addr ess, i . 64- by, I t -
1o flte, purBSbos o e YES pbiehRinatalihBlod hroregsigaisticer2
in WISt tuntPRRRESH A3 HeiteSs' dofifigctéd and the data in the pre-fetch
buffer is transferred out until the buffer is empty or the requester disconnects 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 PCl device
next generates a PCI 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
subsequentreadrequestbthenlaunchedh1alﬂock620.
[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
19 ’




10

15

20

25

remainder). If the initial address is nore than
64-bytes into the 128-byte line, the R value is
rounded up (i.e. 8 64-byte lines will becone 9 64-byte

8 WD 2005/ 083578 PCT/ US2005/ 002045,
véldfb%@os 57 For exanpl e, suppose the address s?/US%OOS/OMMS
32 bytes |nto a 128-byte line, and the fetch length is
4-64 byte |lines (256 bytes). The anount fetched Wil |

buﬁérpﬁsagﬂég ﬁéhém%ﬁfé?&q%%m( e, Me&%%&ﬂ&@ﬂf?ﬁ B 4L ggeat is
coawﬁgganDettar%ezetCh Gansid ot the Pudd’ & e fays5fito ggpnt in
b'qcééﬁs?xlﬁ&ee Pani, Sesibed, 2Dree: nitniemiaiyy dhp ofansdtn s

|s Iagnched in a block 602. At this point, a series of
J)eﬁ are perfornmed until all of the data have been

[Olﬁf nSflﬁD@ﬁj ehfoogﬁ;rﬁgﬁt?\/ﬁnéﬁ? BF?‘F et ngfétagér‘ E.Fg ér%t stored in
coﬁﬁz@ﬁ'ghgﬁ q%gfggﬁggggqlg%v%éé?mg) rﬁ@r‘& %Opr@é’s% r{?oareglster 700 is

I'SIon e anount 0 ta neets

us84 W&F&%Stﬁé‘%aﬂéﬁﬁmnwm Vibe! T 1h tgslnesl, k. rddister may be

pre-f buffer 1s not full enough to cause a

prG@EHﬁﬁéd Bz the sy stefrl BIGS. RNahdther émBadinemties portionr(ke . field) of
a block 610. The operations of blocks 606, 608, and

a GAdredr pocfistBl ieuRddi to Stord tihé avatemmarirvalne i(hot showa)sviarone
to decision block 608 is YES, indicating the anmount of

entsddiment, t the watermaik valuehcdmpfises aedbit ragister eedield.hdn one
wat er mar kW [0070] In response to the YES

enumidiment aheowatermark vajue iprasteredsed dased|asc Rbsaryatiom of data
whi ch the multi-function PCl _device is connected and

tranisters foraa ipartianiar pReltifienciion Ffelr deyica in qarabigakion with auparticular
until the buffer is enpty or the requester disconnects

platfasm garfigeration. Fol | owi ng” the data transfer, a
deternmination is nadeC| on, 20 bl g 14 t 0 .

oz heEr@@eumWﬁaa%pwawvea o Shod grifice Mprcggpent in
the P de next .geperat es

wagsferdaisn e 3 e T IR b EaReliapa!SErieh BHSHA it The prior

sact i on e
arky, 407 [ gxaraie) alEERang bincii HkdsBleifiorts, (et BlighBEdted an
I 183, n

nBRREFKIT et o8 by’ ner S0y niEKed é@?é“?%"‘%eé’"%"m"a'

schBin® to 140-160 MB/sec for dual-channel PCI SCSI controller cards on which

an embodiment of the invention was implemented.

[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
| aunched in a block 620. [0072] At this point, a series

are perfornmed until all of the data

Vﬁiﬂh%&@??%d to conplete the data transaction.I)E@(Jlrg|20r(1)§;/8‘(%]45

each |l oop, the pre-fetch 19 WO 2005/083578

PCT/ U52005/ 002045 buffer is filled to neet or exceed

the watermark WM and the PCl agent is onnec%&d. Da{a
spesffication andnéteeclaimss r Jiathae her seera Hft Hie iryanlien; isgto be

agent in block 612 in the nner descri bed apove. .
defeyEashlanyirely ey ¢ ian Salowih GAMSe MG 8t 18 paosastivgd in

one, enbodi nent,  various, pre:fetch buffer paraneters are
acgpigiaBee Mih esteiishER SOFBRES S pBrE tepioflioR "o ne

enbodi nent, a pre-assigned register 700 is wused to

store the watermark WM val ue. In general, the register

may be programred by the system BIOS. I n anot her

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

enbodi nent, the watermark value is determ ned based on

observation of data transfers for a particular

mul ti-function PCl device in conmbination with a

particular platformconfiguration. [0074] Enbodi nents

of the present invention show significant inprovenent

in 15 transfer rates when conpared with the

conventional scheme known in the prior art. For

exanpl e, | aboratory bandw dt h neasurenents have

denonstrated an inprovenent from 30 negabits per

second (MB/sec) under the conventional schene to

140- 160 MB/sec for dual -channel PCI SCSI controller

cards on which an enbodi nent of the invention was

i npl emented. 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

forms disclosed. Wile specific enbodi nents of,

21




and exanples for, the invention are described herein
for illustrative purposes, various equival ent
nodi fications are possible within the scope of the
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 ternms used in the follow ng clains
houl construed to limt the invention to the
BEiSc '%e ﬁbodlnents di sclosed in the 20 WO
2005/083578 PCT/ US2005/ 002045 specification and the
claims. Rather, the scope of the invention is to be
1 .dfetrethod rfedpeefot mingl| aydelayed hensactidnovemigrisidgai ns, whi ch are

to be construed i accof danc i th.established
doct @ REEENORS @) 5P f?%@%r%?'@taa?’ pﬁ”@er Vﬁaéoni‘l’é’“é'i‘talf‘rﬁ%onnem)
adedt cdupled {381 bed bfrlg e REFARVRIP 3tk on‘ﬁ el @R 0m fn@ %C{E%%l agent,

conprising: (a) reCeiving a rea uest ro
wlhéreini tpheﬁralre@brqqoemmefeientcesranomnsad:tst)artmg@ldtess auphetl the data is
PCl bridge to transfer data fromsystem nenory to the
logiig ‘agent, wherein the first read request references

an Iamotcw% asl&«arf&tmeu@é%%e@é déh é@}ka%ga& iBg; data is

| ocat ed l'ocating a pre-t etc buffer for the del ayed
tr ar(@és,etti\ma b fiar fébwatemglrhtcbanf lhmal Ydlld foneteerenfatéh buffean

2 td“??ﬁ%/i%iﬁ‘%?at‘{“g{‘?“{)“po(??‘ﬁbOf&g‘i Sfingt e oChbicati | age: (d)

t r ar(ﬁ SahdfBgindtat |leea§‘t55 p@rtlBF?rotf 'tl%nc&f‘en% B@rtl%h' rorf R dRL b Wk pre-
the data into the pre- fetc whil e nonitoring

fe@hthIfﬂer weilemooitoringsa foll @—Vﬁledfcthﬁ mraffételn bUQf@) connecti ng

th t t
ot dERoag ek P Rent e e Sl rile [P EBREREH huprpuine e il
leVE R $heQre-FtEIEBETer iniRts ek @kdd thb |buM§Ifﬁ[ Whteknark! )

enabling data to be transferred fromthe pre-fetch
buf f(é}ertabhmgnéatpcq bagensferisddewm theerd-fat¢h hudteetto the RGHegent once

TS B aRN B QSRR BE DHELEDo b i
pr@@étclﬂg@ﬁﬁér ifleBpOANRGhSPCI agent disconnects;

(g) receiving one or more subsequent read requests from the PCI agent, each
subsequent read request having a starting address corresponding to a remaining portion of
the data that has yet to be received by the PCI agent; and

(h) repeating operations (c)—(g) until the data transaction is completed.

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.
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(g) receiving one or nore subsequent read requests from
the PCl agent, each subsequent read request having a
starting address corresponding to a renmi ning portion
of the data that has yet to be received by the PC
agent; and (h) repeating operations (c)-(g) until the
data transaction is conpleted. 2. The nethod of claim
1, further conprising programmi ng a configuration

regi ster ont PCl bridge tq set the buffer fill
St e PRI DT CHE kv hesandhe &Giagent, compriseiep multi-channel PCI

SRR B REASE T P 8 ! pUROBIIPES Pl
patdriner enta wat eiluralitys ar @f usecbncdirenfthe ndtlhgd of alaabattions.

3, further conprising dynamcally setting the buffer
fill watermark value. 22 5. The nethod of claim]1,

6V\’herﬁ'1@mtsm d chlaﬂg%nkwh%w{h'e ti&nTHef PcP BQ\H Lo seg a dual-
1

devi ce, a respeétive set operations (
clpandlor rred formmch channedtorta@ per f or mievigd ur aI ity cxfntroller
concurrent del ayed transactions, 6. The nethod of
claimb5, wherein the nmulti _channel POl devi ce conpri ses
a dugl J@Jbﬁﬂ@ s storage device controller. 7. A
E th%dmecon'prl |“r?gm§Srecei ving first and second data
t r anet@vingefisesingd fecomd aiamutrar'nsfccrhaaqneslts AGim a( Redti-phenal PCI

Conpone I nt er connect he first data transfer
(P@egﬁeéglt@%?%gwmw@egti g evices ﬁwﬁrst&ﬁms fer feneg ceppyponding
todﬁﬁét éﬁaﬁﬁ@ftﬁé s&cBAY S 1SRRI RYsJoRd R g8 E W nd channel;

channel; initirating respective first and second del ayed
t r anma(attmgrrsspccimeeﬁtpbamﬂ nepond dehaged fransttiadcosesmmding to the

tatra r ests at ridge; setting up a
ﬂfs ?‘%qseﬁ?'éjs‘{agattéws F‘?Oé’FStEBtra?%@SQSHgF’ng to the first
del ay@th ﬁ@ﬁ&ﬁ@ﬂpreﬂetch biffer édrbpdildfine BHAE T deRiyed &¥hdABtIoN,
a first buffer fill watermark; setting up a second

thefest fpee-titchoutfee hadog » émbnfﬁq:rrfgl watetneek;second del ayed
LT e 2B.s DR RPSST L S SR g BLLRY s, e

tr?n?slﬁcl&tongfh@ s8R Nek-RE@r fudtef Ravit 4 &1cnd Bu B RINAEhA; t he

monitoring each of the first and second pre-fetch buffers to determine if the fill
level 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 PCI bridge;

mapping a virtual buffer to the first filled buffer;

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

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

8. The method of claim 7, 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;




| evel of a buffer neets or exceeds its buffer fil

wat ermark, that pre-fetch buffer being a first filled
buffer; and in response thereto, connecting the

mul ti-channel PCI device to the PCl bridge; mapping a
virtual buffer to the first filled buffer; transferring
data fromthe first filled buffer to nulti-channel PCl
device until the first filled buffer is enpty; and

di sconnectin tpe mul ti -channel PCl device fromthe PC
brldﬂglnrﬁmo%ﬁé H#Efhod of claim 7, further conprising:
det et gHnBling hORblRelRifel PR GRviBLIRE POl Bikdec! ian the
first fill fer has been filled to neet or exceed
its imapfieg tffel\fhdtualvhuﬁcrrtanhe seecaldd'llbdebuffem ch buffer being

a second f.ill.ed . buf response .t here
c onnBUITSHNS AE AT 06 RsRRGT By oo B HOTRE PCI device

uﬁﬁmﬁgﬁxoﬂﬁﬁuaﬂﬁ@ﬁkﬂﬁmﬁﬁ?zMHrtUa' buffer to the second
filled buffer; transterring data fromthe second fill ed

buf f discanoedting ‘theintlti-caanel @CI Beticafroindlee P@hridget he
second filled buffer is enpty; and di sconnecting the
mul ti -channel PCl device fromthe PCl bridge. 9. The

omet hoge RfetolidifMafm We?énﬁ"tﬂehﬁulmﬂhﬁhne‘i: ‘P@m 'a%cé? Q(Bm h‘ﬁ%ass
Cor’rprl Ses a nmass St orage controll .

stofagel ai m 9, wherein the nultl-channel PCI deV|ce comﬂﬂhr
conprises a dual- channel PCl SCSI (Small Computer
System Interface) controller. 11. The nethod of claim

10, WIRE RlethoBaFIfh 9 Reheldik fle ANE-HEHRNPCUJEACE ESNSHRE 8 dual-
comprises a transfer of data stored in menmory to the

chanheli - ch@hneSCBECI dawilte. ComputeThe Systehod biterédcal m gontroller.

wherein the PCl bridge conprises a host-to-PCl bridge.
13. The nmethod of claim7, wherein the PCl bridge

1 €ONMPTh @fetifodP6f vladm PL! whértid0&ch dfdthe Ats@RRAKEIOHE  data transfers
conprisin
comrr)rrrl)ses a t?ansfer of data stored in memory to the multi-channel PCI device.

12. The method of claim 7, wherein the PCI bridge comprises a host-to-PCI bridge.
13. The method of claim 7, wherein the PCI bridge comprises a PCI-to-PCI bridge.

14.  An apparatus, comprising:

an integrated circuit comprising circuitry to effectuate a PCl (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;




an integrated circuit conprising circuitry to

ef fectuate a PCl (Peripheral Conponent |nterconnect)
bridge, including: a primary bus unit including a

primary bus interface; a secondary bus unit including a
secondary bus interface; and progranmed logic to

perform operations including: receiving first and

second read requests froma nulti-channel PC] device
coupled . to the secondary bus jnterface, the first read

r equidStating rewseibyedfineg 20 S%Fomi rdetayedh ARRwCtiofsdcorisaRANdiNEale the

f}s@la,lidg dﬁd xﬁ:gd regpgtssecond read request correspondl ng to

gecond channel and having an initial size; 24 11

| ni t seinghgp aefpeptiforeh buffet carbparognd welfeytettlayed transaction,
transactions corresponding to the first and second

thedugf W%&qy@sb@feréwﬂg ﬁ@rfd ﬁugerffill} wateHpaks et ch buf fer
v LERRIL PR ool ol BLENBILERRRECR] O ppRE o

tmﬁaetrmiatHe seaﬁntitpm@tdpbﬂfe:s asangla paroend bl ffdr fbu\ﬁzzﬁtemnark

corresponding to the second del a transacti on,
secom@niserang @cb of Bl flest aphigeRpd aresf@%rtwffetﬁr WOeCFetffrm”ve i the il

0Bt & m#ge é?&ée'ag i€ 3G el ! ?er{gl\htrksh]afﬂ é&%%?fer being a
pre-fet ers to determne | fi evel

fibsti fifled bunfieet mdon resporsedberetbs buffer fill watermark, that
pre-fetch, buffer being first filled and in

r esp%‘ﬁ%‘éCtt‘lgéL%t“&lt‘ e*&eﬂ%@”tqlﬁgww F?q‘)“%ﬁég%ﬂ'mb@l‘

devi g RELSE ad  mapping a
V|rtu§Pﬁg%%fEP§tg 26 FﬁgngQP%Uf Bbuffer; transferring
dat atrﬁrrsrﬁermngldathlfrcsn tHei firstefil | dolutiifter td thetrmdtirohhiriel €0adeate until

ntil the first filled buffer is enpty; and
”ﬁggggﬁH@gWﬂubSFH@UhﬂP@l-channel PCl device fromthe
secopddmelig thombilti-tHannd PCI HRGICARBARE ﬁoﬁarfb@ i 4,

further conprising programmed [ ogic to perform
operati ons incl udi ng:

5. The apparatus of claim 14, 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 PCI 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.

16.  The apparatus of claim 14, further comprising programmed logic to perform

operations including:

receiving a subsequent read request corresponding to the first read request;




W
determining that a pre-fetch buffer other than the
first filled buffer has been filled to neet or exceed
its buffer fill watermark, said pre-fetch buffer being
a second filled buffer; and in response thereto,
connecting the nmulti-channel PCl device to the
secondary bus unit; rmapping the virtual buffer to the
second filled buffer; transferring data fromthe second

filled buffer to the mul{i-channel PCI device unti
t he iﬁ‘é%ramng.wheéh?r l?uﬁ’r""ﬁeePft the suhssayent dpRel (FRYRSH A e m@@ the first
PCl device fromthe secondary bus
b&ﬁﬁfﬂﬂ%%&~ é apparatus of claim 14, further conprising
pr ogimarwpetsd dgieto,tseitipgrthosetond peffat filomatdrmatkuetjuabto the size of
rece|V|n a ,subsequent read request corresponding to
thesRbsey read Aefluedquest ;25 det ermi ni ng whet her a si ze
of the subsequent read request is |less than the first
buffer fill watermark; and in response thereto, setting
11.he Secgnpdranufdfetairhillol funheredomprisinggual to the size of

t he supseque ad request. 17. The app tus of claim

16, wﬁ&réﬂgv Oga%ﬁ?g%?twg registsrsy £2ah; wuemg@ofﬁﬁ Juflslineonsize of a

st% RhEESd re éé‘s*ﬂbbf’f*&'mﬂw&% ki el d to define a size of a
equent read request bufter fill watermark. 18. The

apparatus of claim14, wherein the primary bus
1gnte face co interface to a host bus and the

ecoRpmApPHEAY iGf drimadd: MRS s PHRaRN ey fgdaceotomges an
mrté?%tce RYS hostlhis aﬁlaeché‘ﬁ%ﬁéérysbug’ﬁntgf&'er@o i)rlsé@é?{ fkdM£8%a PCI
of the first and secondary’bus interfac conpri ses an
rgoht erface to a PCl bus. 20. The apparatus of claim 14, bus.
further conprising a configuration register to store a
buffer fill watermark value. 21. A conputing platform

16.0MPThShgiatus of claim 14, wherein each of the first and secondary bus interfaces

comprises an interface to a PCI bus.
20.  The apparatus of claim 14, further comprising a configuration register to store a
buffer fill watermark value.
21. A computing platform, comprising:

a motherboard including a host bus and a PCI (Peripheral Component
[nterconnect) bus;

a processor operatively coupled to the host bus;

memory operatively coupled to the host bus; and

a host-to-PCI 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 PCI bus, the
host-to-PCI bridge further including programmed logic to perform operations including:

receiving first and second read requests from a multi-channel PCI device coupled
to the PCI bus, 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;




a not herboard including a host bus and a PCl

(Peripheral Conponent |nterconnect) bus; a processor
operatively coupled to the host bus; nenory
operatively coupled to the host bus; and a host-to-PC
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, the

host -t 0-PCl bridge_.further |n%GFd“£g.Fro rammed | ogic
to pEIYaPE IBIPEF A first and seqone slglave Lanspe QS §HEEPORRNS to the
fif€s gmgﬁpgaaﬁﬂugﬁ§s froma multi-channel PCl device
ed e ’

coup to t PCI" bus, the first read request
cor r esoene adirstopre-fétch Suffehemrmrespordimg toahe rfigstadelaynd trasdaction,

size, the second r.ead_.request.correspponding to a second
iRt S PR NG e T, e e T GREERIBE | ot i ot fn

' fi ti ,
reSp?e@ﬁdogng hréko:t?cﬂgréfei@&ﬂ%uﬁﬁﬂ %Mﬁé’sg(ﬁg&%ﬁngg tH2NSecond delayed

corresp ng to rst and sec requests;
trgrestittiamg thepeenflipres tetgr mHfee hahndasdcend bidifar égipoateinrgk;t o

the first. delayed transaction, 6K th ir pre-fetch .
but £ 8PP FerinEoh o th frhan sond me—%&u FIo derpingif fyp il
legelscﬁﬁaolﬂﬁL P el S rGR c L il bu Y £16 SRRRALRI tHaP plelBrch &0 PRAbeing a

el ayed ftransactlon, the second pre-fetch buffer
firatillegbidtespecond buffer fill watermark; nonitoring each
of the first a 8 second pre-fetch buffers to determ ne
i f tﬂE“PF?WOW?G §°%f a buffer meets or exceeds its

buf f @Jnnkdtldg tHem B MneltHta e REE S tBE SRo R4y Blis BRI N a
first filled buffer; and in response thereto,

conneeppinga vhmahbuftar te thadng|filleCbutfeyi ce to the

econdary .b it [ i rtual buffer the .
£+ oDaRrahgt ot teg RSl RY b B SlrieL B pefoe und
tHeilrb a7l B WG e is eMphyagnaiul ti - channel PCI devi ce unti |
the first filled buffer is enpty; and disconnecting the

mul t disesmaesiiol tRonulfieshagee! PCO detipretrem domstaeydabulsusumitt .
22. The conputing platformof claim?2l, wherein the
host -t o- PCf bridge further

22.  The computing platform of claim 21, wherein the host-to-PCI bridge further
comprises 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 filied
buffer;

and in response thereto,

connecting the multi-channel PCI 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.

23.  The computing platform of claim 21, wherein the host-to-PCI bridge further

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




conprises progranmed | ogic to perform operations
i ncluding: determning that a pre-fetch buffer other
than the first filled buffer has been filled to neet
or exceed its buffer fill watermark, said pre-fetch
buffer being a second filled buffer; and in response
thereto, connecting the nulti-channel PCl device to the
secondary bus unit; nmapping the virtual buffer to the
?econd filled buffer transferrh%% data fromthe second

i 11 &e sampaing glapRen Af| ¢amc A hnieherpegmprising @n 1piggrajed multi-

secon ille fer i d di ggonnec g

c%ﬁgdnultlﬁcpanneﬁ gg% dewgu on1tﬁ£ secgﬁﬁary CP bus.
unit. 23. The conputing platform of cIa|n121 mhereln

he host-to-PCl bridge_further  conprises
2§onf B canpy e Rigifant pf £lgim 24, whereuihe éPtegrareud Retieshappak PCI

%’\ﬂ!:éj ompiisks & df-chdi@l @@@PS 1515?19&}6'@#{&9@95 anne g&f%ontroller

urther conprising an integrate ti-
device coupled to the PCl bus. 25. The conputlng

| at f or m of clal 24, ein the, i
Rt &ﬁ%mm&ngm&j Or@éxf% F?rg@stﬂ%\ﬁ%% %gﬁaﬁﬂ%q is digtegrated
of ¥Rk forTRABEr Systen1|nterface) controller. 26. The
utingﬁglatfornmof claim 21, wherein the host-to-PCl

bridge is integrated on a platformchipset. 28




