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FOR M NI M ZI N%ﬁé\% RONOUS TRANSM T FI FO UNDER- RUN AND RECEI VE FJ EO
OVER- RUN CONDI CKGROUND OF THE I NVENTION 1. Field of tHEYERARE¥dn
The present invention reI ates generally to the Geld of conputer systens,

and spe a nethod and apparatus for mnimzing asynchronous
transm ﬁ"l lll || mm n)run and receive FIFO over-jrun conditions. 2. Background
| nformation, gneral pur pose uter systemtypically includes a

0
processor, rrem)ry, and one GVEW%DMDM@M&E@BMNMZINGget her by
one or ecent | yASYRIGHROPED UP Tt ANSMITEIFOeUYDER-RIAN ver sal

seri al EWH w[m ,,wr 1394 ser AND RECEIVESHFBOVERIGUNQINDETIONSance Seri al
Bus | EE ) have becone increasingly popular in conmputer systens
mai nly becatfewot hey offer a | owgQekGROUNIYOF PHIANOEERTI@NNat i ve to ot her
bus architectures. A serial bus architecture typically rncludes transmt
and receive first-in/first-out devices ("FIFGs"), an interface nodule which
interfaces between tile conmputer systemi bus and the FIFGs, and a seri al
interface nodul e that operat E&é&é}flﬂﬂmce bet ween the serial bus (and
one or nore peripheral devices on the serial bus) and the FIFGs. These
serial buses transmt a t i ous
dat a dependi ng on the pg‘r;lfg e%g?{ \é%‘@?%ou%ﬂégq? 8 %egéch 85@99@&9&
Asynchronous transmidsieoificplipges rmthnitbmd&ppmagudmmMmmrrgealsqunooﬁ traastat

over guaranteed tim wher eas i sochr s transm ssion places enphasis on
guar ant eed tim ng g*%&f‘%“&)@r“ @CFVES&O@PVHQWQFO?%F“&M a transnission) the

host processor creates a context programin nmenory, the context program

i ncludi ng data and conmands. The conmmands direct how the data is to be
assenbl ed for transm ssion, the destination of the data ~' s . ~t
SUHST>TUTE SHEET (RULE 26) BaAcBexbudll I3{Hemhain991 41864 _7_ PCT/ US99/ 112148
packets, etc. .The interface nodule retrieves the conmands and data packets

fromnmenory and pl aces themlnto the transmt FIFQ However, before data
can be read from menory A 89ET3! REBPOSSEQMPBHIT Sy e KRIcH W BElUFes ZRIBESSAT gai n

contro] Of L, SYSURMAY SndTAE of ke blithela) ol i LobeHREANER Sl orhg or  ed

to as "system bus | at enc stem bus 1's non-deferm nistic and
depends on sever al bfisest Reseritlycbarti perighkel bussxéqogedunrb/trealrsmﬂehuswsaém 1384

< praced i n the trai et PR Srdhe Hith Bkt Soom bl e 10081k ™! 2

become increasingly popular in computer systems mainly because they offer a low

cost, high performance alternative to other bus architectures. A serial bus
architecture typically includes transmit and receive first-in/first-out devices
("FIFOs"), an interface module which interfaces between the computer system bus
and the FIFOs, and a serial interface module that operates as an interface between
the serial bus (and one or more peripheral devices on the serial bus) and the FIFOs.
These serial buses transmit and receive asynchronous data as well as isochronous
data depending on the peripheral device coupled to the serial bus. Asynchronous
transmission places emphasis on guaranteed delivery of data over guaranteed
timing whereas isochronous transmission places emphasis on guaranteed timing of

data over delivery of data.

For data transmission, the host processor creates a context program in
memory, the context program including data and commands. The commands

direct how the data is to be assembled for transmission, the destination of the data

SUBSTITUTE SHEET (RULE 25)
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circuitry requests to transmt the data on the serial bus. Si m'IarIyZ, BtI#AN 2002
time that it r a serial bus grant (referred to as "serLi
{1 atency") is \Er\{gri?-g/alet{sgrm ni stic and depends on a nunber of fac%?;?}sUSP%@Ilﬂsdi ng
the serial bus speed, the nunber of serial peripheral devices on the serial
bus, and the anmobunt of isochronous traffic. Once access is granted, the
data is transmtted on the serial bus. If thepdata packet size to be
transmitted is greater than_the transmt FIFO size) portions (or the
bal ance) of the daPaekpigeRe: Thesierse modpieagaigvesitbartoremends aad dath @acketelrom
drained fromthe t ! E . r] ) ver, . 1.f. 1h stem
bus | atency for re{nrg?g)\% %%gélﬁgsgg%@hnggﬁg %{ghggft@' Hg%g R t|’€”sfmjérdtza'%ltcgrr‘%%han
the tinme that it takesronomibariry) thidiickfacnmotiile MusQeqaest sovessito prin contmeli dfithd
wi |l occur. The chances of an under-run condition occurring rapi dlg\-‘ib

us. An

increases in a conpiFteER bus sThstmaRhY akehiogan santpt (refegad fovs "sysame
under-run condi ti ofyd ggqﬁ' S Barhd i al i dt h,
t hus sl ow ng the s%ﬁng?# ovvn% £§%(%§?L§?%§#f/?m% el}r{\{g&lE %ﬁa&ﬁéﬁe %n%%Q%&Ws

t echnol ogy for a netchaihgpihd bap preedtthsndroberiofi denizea/rpquestars acaess asydin bomrad wf
transmt FI FO under-run congi &},Lon due to systemlatencies. Data that is
received froma peﬁep?r‘l‘éf%dt &Vice on the serial bus in a receive FIFOis
placed in menory for processing by the processor. In this case) if datais
not placed in nmenory fagls s8hQHOHhta B pRRERIOKE trafidilt EFTH itdah @it FERO S&itM!
(i.e., when data is received by a full FIFOto cause data al ready in t he
FI FO to be overw i EFeily rephvestdépransmit thhdata ee deseri e Pinitanly, tha simerthatrit

determ ning the sy bhus_l.at.enc the FILEFO.can handl.e.w t hout an .
over-run conditi on§%g€ﬁ°rrra| sﬁb‘.gl bfﬁéy%n'is&gftecr%? ﬁﬁﬁBéﬂ#%’fﬁ%ﬁEﬁi1S(rﬁl9|’_%lilefg‘)‘ms“°2 8
JUN 2002 w0 99/ .| 13dtddpends B nlin8& BaclatS irk)isligimhb uidl Bhesperd, itise number of
exacerbated by the fact that the interface nodule nmay need to fetch
conmands from menofSFiabpraphary dsyiceseoraibe seriab byg: prdthgameunt frisachenpucErife.
FIFO i nto nenory. j ' Ve - ' .
command fetch, dat ?@% Sé%éseg gg%rgéag?rl é:tdg% gﬁ?;ﬁ%@lgg@@g@%&%ﬁggfgfggé;%a{tfp&ket

| ocati ons in menor yize kd bérgaysnsited Is goedyen dlahahousnspaclEOssiz portiensfoved i n t he

receive FIFO the systembus |atency required to fetch conn?lglﬂiafrom_an
conpl ete the stat uS2APFe) &F Harcdata pRCke Pisy DoisIgyee FommeRewes t3 js,fgaine

required to drain ghe, gﬁtnaa[ngrﬁﬁrptllf@%n{o%@%]e\tﬁl BlsE PovRS 05 AhO Y stern bIBERNLY fR
further need in the technology for a nmethod and apparatus to elimnate
over-run conditi onsetripviag tiecEilaree Bf ROJaSPhAERY cDEadritian tRe/ENEIUGRIX it takesrie
enbodi ment, the present, i hventi is acircuit adapted to first
T/ Tirst-out devi c8 MMkl E0L R Bget i fordas Al assiie dhe Siess Afienst
end of packet det egh@ér-fuR@bndifiof OLLRIEE rﬁ?idtyhiﬁcx‘éﬁ‘sié@h?ieorﬂ_ﬁlﬁerfs'yh&'fn R0

[

packet detector increnments the counter an end of packet 1S detected at

an input of the FI Beavyinafficiondhs syswistoisi Aol undesrua conditne iscindessfablgaierause it
detector coupled to the co{_gg)t eh. dT,hg S@coqd end, of {)ac(l,féet det ect or
decrenents the counfasiesseriaPugRapdyiditipsslovine ths WECYM ™ an out put of the
FIFO. A detector circuit is coupled to an output of the counter and
requests a bus transactiAdtordingdlgpeB$ea ficedtif theaedhpologp fortahaethadinidedappafdRisEF
DESCRTPTI ON OF THE DRAW NG The features and advantages of the present

i nvention will becdPEBITYEF BTEYCH @B APHGRIONBLS FARSHY Fcﬁg@é‘i“ﬁ"éd“aé%‘tdr‘i‘?)‘t desrtoot

t he present invent is%iehr]aéé’ﬂ{;]igg: Figure 1 illustrates an exenplary conputer
system suitable foruse wth the present invention Figure 2 illustrates an
enbodi nent of the south bridge in accordance to the teachings of the
present invention. SUBSTDaTizt BHEeeivied(fRidh E pfipheral device on the senal bus in a receive

FIFO is placed in memory for processing by the processor. In this case, if data is

not placed in memory fast enough, a data over-run condition may occur (i.e., when
data is received by a full FIFO to cause data already in the FIFO to be overwritten).
The depth of the receive FIFO is one factor in determining the system bus latency

that the FIFO can handle without an over-run condition occurring. The issue of
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Z 8 JUN ZUU WO 99/ 4t 864 PCT/US991 02148 Figure 3 illustrates one 28 JUN 2002
enbodi nent of chronous transmt nodul e of the present | i

Figure 4 iIIu\EI@?%/?@épone enbodi ment of a receive nodul e of thg&%@g%gﬁpss

i nvention. DESCRI PTI ON OF THE PREFERRED EMBCDI MENT In the foll ow ng
description, for purposes of explanation, nunmerous details are set forth in
order to provide a thorough understanding of t3he present invention.

However, it will be apparent to one skilled in the art that these specific

details are not re8&Meeius HiencH ey exaecrpaiedby the fadighapthesatarfadermaeduld may nggsd to
di scussed herein, "C ut er stend is.a product, including.circuitry .
capabl e of process?ert]%h %%@%%J%W%P“%rylgtb&%ﬁév ? hﬂ¥%%gfrﬁﬁt f'f%ecﬁ%'
limted or restri CFHD iMp nfeng@V FRAtQARY piEAATBHcRIonb S hcket Inddytreguiredeskt op,

pal ntop, server, mainfranme, etc.), hard copy ‘equi prent (e‘jég. , printer,
plotter, scanner, feRmaadetal datstorage, prhiatgvairubashemnt todifleent logatigns iBmat ed

teller machine), w S Eggpggi I, L . j ; el
illustrates an ex\gﬁnn%ﬁac’?g' é%ﬂnp teraqlzsa%{slt%grn?% %%B%EP%E elarggef%éraqﬂ#ecuvc\n #:%‘%?
present inventi on. theEhysteonpustletengysgersd 10 Octt madnrdasls dropr adessmpletd the scanupl ed

to a host bridge 1 1 ~ ereinafter referred to as a "north bridge" way
of host bus 110. P%E%?é‘g?ml'ﬁm%y“adegr%v g B “@Fé@é‘é’g‘gf"’ ‘g'ﬁ'é‘ﬁg%@z%%m
m crocontrol |l er or @ @6416L gfFpgpur pose microprocessor. In the enbodi ment
shown, the north bridge |I 115 is a host-to-peripheral conmponent

i nterconnect ("PCl") bridge, although other bridges may be used in lieu
thereof. The north bri ddecetdngly thase pladiurther reed ysthe rechmatogyyfol 2 etlwdgnd
dynam ¢ random access ntengr DI%M stati ¢ .RAM " SRAM' F c.), PC bus 130,
and a graphics int EPYARES c?émﬁtu‘%er?éFranﬁPpcﬁﬁgnsﬂaéc‘icévcr éE{BOnsi bl e for
bridgi ng processor transactions to either systemnenory 120, PCl bus 130)
or graphics interface 125. The north bridge 115 al so bridges graphics
interface 125 or PCl nastered tra TP WL 120 while
initiating processor 105 cache snoop cycles. SUHSTI TIJTE SHEET (RULE 26)

2 8 JUN 2002 WO 99/ 4184 OEQIA,UCQ@%H?@pagg;reémﬁn&nﬁ% is%uarcéﬁggzgﬁéafﬂg%%s@
conmruni cati on path between processor or system nenory and one or
nore peripheral devuw/fies-olB8evicel SBYRO"].€Tle circaitrisdiwdes k couriterdnd aeirstaand ofa SCSI

controller card, etc.), where "M is a positive whole nunper. The PCl bus
130 further provi d®acket dgisrioRHRhIsIcaYPIhOHNG e MEN B r%Ff?f@%{s@s‘fiﬂfe@dar
system nenory 120 I L r,ef

Touth bridgy) . | o el (f9F cheRE ) P GT M SEHERIES. The
t hi ngs) serves two crajiorlspumqbadse s sedond sid of prekgautchtobedupipal tb4lge dountgedhe

transacti ons between the PCl. bus 0.and an expansion hus 145. 1n t.he
erbodi ment | shown. - SRS, PaHeb et aer R RAT LRy R s B atelel
architecture ("I'S Mejecttdst arbhpUShaFIF 0t A ket ¥P@rcRft iPetfuphiiad ah 8GHUT SFthEBY
be used in lieu thereof. The expansion bus 145 provides a conmuni cation
path between the PCPubigsandGquess abusitignsaciery ingtspenisain sheoputpd of gigeoanter.
devices 150 r 150N (e.g., a disk drive controller, a sound card, a nodem a
serial and parallel port controller, etc.), where "N' is a positive whole
nunber. Second, the south bri dgRIEEOHSOCRIPTION ORSRHIEE DREWINGS t he PCl bus
130 and a serial bus 160. In the preferred enbodinent) the serial bus is a

1394 serial bus in accor ant{%e with "| EEE 1394-1995 H gh Perfiﬁr mance Seri al

Bus", published in |995, AYLRg R AV aptages ofdhs prasenhipyentionny ifl PEEQIPe 2PRAE e
used. The south bri b i At ' idHiendae 1 . The
physi cal interface %tlﬂeﬁf&é%%@é%%&’g&%ﬁ?% ?@{/}e %yﬁggggmql%ﬁr %gp (where
"P" is a positive whole nunber). It is to be appreciated by one skilled in
the art that the specifiEigarechillugiotesrap es¢mplary commuter systery stitable1pouseswitlpthe
critical in practici n%é& he ﬁtr esent invention, as ,variations nmay be nade to
the conputer system 100 WEARNY departing fromthe spirit and scope of the
present invention.

Figure 2 illustrates an embodiment of the south bridge in accordance to the

teachings of the present invention.

SUBSTITUTE SHEET (RULE 26)



Figure 2 illustrates an enbodi nent of the south bridge 140 in accor dgnQ:é,UtNo 40z
t he teachings resent invention. Referring to Figures 1%, be
-sout h bridge 1‘3&9{9}%&68%3 a PCl interface nodul e 205 which interfacség/owgfh
a PCl-tol SA bridge 210 and an arbitration nodul e 215 The PCl-to-1SA bridge
210 allows transacti ons between one or nore expansion peripheral devices
150 1-150N and SUHSTTTUTE SHEET (RULE 2fi) 248 JUN 2002 WD 99141864
PcTns99i ozt as -6 devices_coupled to the PCI bus 130) processor 10~, and
system menory 120. The afiBREerapgrissoaaeabodimensolan asyedironpus Spnentt sieduls of
transmt nodul e 22 r: .0 as "ATX nodul e"), isochronous transmt
nodul e 22~ (referrggé?gésgrglﬁ\%ﬁ] 6)?h)dul e"), and receive nodule 230. The
arbitration nodule 21 ~ perforns the necessary arbitrati on between ATX,

| TX, and recei ve nodul esFigi2@,4 il@Gratande 2R0odimeacefsctihe mdGliclmishd f@senthe
ATX) I TX, and receive npdul es 220 230 and 230 are coupled to a 1394 |int:
interface 235 whi cH™¥ 8P des the necessary interface to the 1394 serial bus

and. I n one enbodinent, the 139-i lint: interface 235 serializes and
deserializes data streans. The 1394 lint: interface ?35 is coupled to the
physical lint: interface I which is connected to the 139-1 serial bus. In
particul ar) the ATX nodul eDE2 ON OF THE PR ~ 3 Tto

peri pheral devices on the 1394 serial bus i I e te | TX nodul e225
transmts isochronous da . L.p A -t h 4 al
bus. The receive nodul e @B??Oglﬁ%%eécgfﬁg{o'"hg%@pf’ g%‘edlf\%g@a%gfoh’ g‘é“i‘%‘?ﬂ? %cﬁgolltljss
and i sochronous datae padiseh & drdenopedvigeethatoudR vindestanding bethe PPebenteinivaltion.
bus. In another inplenmentation, separate asynchronous and isochronous,
receive modul es mayIBWEYRSClVilhsy pRAMFhORICISKiARE iR dsiadingthtse sPehadiails asp
guarant eed del i ver Vnfiredlfied iPYRk: QUAARL BE DL NGRS a3d-a0chTonAS
transm ssi on places enphasis on gudranteed ‘'timng of data over delivéry of
data. An exanpl e of"campugneystandbus pseducaincipdingireniaty cdpatile ef procassohiggiataal The
canera used for video confer enci%g. lIf ﬁp jsoc%on{gus dat a ,packet is.| ogt
(for any reason), i$°RRHHYHE T Cinelyds FEEEEt Wher a‘srCF‘r‘%?ﬁ ‘SASPOHTSREE
data packet is | 0Stgomhput&d®.ohapiéy, dEAHThAlhsh, sdiv8f, Faifamd, erd )ShaMacBpy
inmportant to assure that isochronous data packets are not lost or mSsed.
Figure 3 illustrat etAuipraen fbpdpnetat, piottcn scansym fv machine, cicanbankingnsppdpreend
the present inventign. Referrin o Fiqures .1-3, the ATX.nmodul.e 220

i ncl udes a direct n@erﬁ)’rv aﬁ%zggcg?ilma%ﬁ&qﬁ%e%ﬁg%qaganF%mgmf:ptaﬁ%qﬁhp

FI FO 310 and the arhid.ration nodule 215 of Figure 2 by way of address,

data, and control signal |ines 355. In one enbodinent, the transmt FIFO
310 is four bytes wide (referred to as a "quadlet"” of data) and 1 kilo
byt es deep) although ot hgl’é%lr‘élh‘&éafﬁﬁrﬂﬂscxﬁﬁyla@écmlédcrgwsgl'liﬁQl%“@IﬂIE@T‘{SRME‘E
2fi) 2 8 JUN Zz0QZ t P W@r i holih8Ladshes 6 184
transm ssion to a pgﬁéﬁgégf’@%@@%?gn t égségtlg%ll l’bgud%ﬁ t%e%ﬁrsoése(gggr% Cﬁgés of
Figure 1 creates a wanhestbriggeodrighertinafierefested Rascohwrth thridge ') by ceaynafihdst bus
descriptors and dat? (ﬁafkets. The pr.ocessor Jf CS t hen ites, to an jnternal
regi ster of the DVA Hhghi9sessers! QprnayiPecay S8 o PECISRART 81 43¢ TIFEOSPRTP ¥ éve
the command descri pp&ietal Pithod@icrBRERIS, 1 MeMRFRIent Sbwr, i6e A3V Sidbend s
305 asserts a request line (one of the signal lines 3S5) to the arbitration
unit 215 to request isschasso-pariphhal ROipdnest ih@Gon@rat ¢'ACHE brudgaealthough gthant ed

by the PO b bi ... the.north bri | .. the. DVA engine 305
Pot ches the commanababes it oS ifereat, JE norbRbiet D BNORERBISE 18 g
pl aces themin the keasyito foldQyvadic HQYRY Sicksd MBmbHATHAM"FUER BAM does

not request access to transmt the data on the serial bus at this tine) a

wi |l be explained i nSRAML ete.)oREHUYS 1B@Iandia graphinptcepe 1Fo- 0% nosthdiridge 115

coupled to a first of. cket, ("EOP") defe . Whi .S J

coupled to a count e?crlgalbs.'blﬁ)' oerl%fnldg’lé’t’ pﬁﬁszsgreﬁ é?:sf% %t?grg%églnt%%nissz%?xg%?%ngo%g?g’ pcl

placed in the transgus 150,bOs2pRics BigRicam Ehaorhasidpt 1MBalsebridgedigtpidted,

the first EOP detector 315 increnents the counter 320 by one. Q‘fei“out_put of

T
the transnit FIFO 3iweifaced3da or 8F! mastared Fapsrguemspio gyHtere fimary d 2(ivhilednitiating
out put of the secon LNg coupled to the counter 320. The
second EOP det ectorgf),%(%&r?gﬁléfggrcgé %@ggég‘?ggdrai ned fromthe transmt FIFO
310. Once an end of packet marker is drained fromthe transmt FIFO 310,

t he second EOP detector 330 decrenents the counter 320. In one enbodi nent,
the first and second EOP detectors 415 and 330 detect an end of packet by
readi ng a packet header to obtain the packet size and counting the nunber
of units of data that pass througPUBRTITUARSSHEEFIRYLB 250. The out put of
the transmt FIFOis also coupled to a translation nodul e 325 which

provi des data bus width translations. For exanple, the translation nodul e

~N/Ar- 2 o, . o r r o " I e .

S
s
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The output of the counter 320 is coupled to a zero detector circuit 23&5
|l ong as the o f the counter 320 is greater than zero) t 5
-det ector ci rcﬁﬁo? % asserts a signal on signal line 340 whi cwgg%tless
that at | east one conplete packet (or at |east an end portion thereof) is
fully contained in the transmt FIFO 310. The signal line 340 is coupled to
one input of an OR gate 350. The output of the. OR gate 350 is a link
request line ("LREQ') which signals to the 1394 link interface 235 of
Figure 2 to request accé&ssPEbbusHe0 proddesar ¢ammueationipath, beRivedn procesgard 880t

invention, a reque [ gated until an
ertire data packet stegrgg‘tﬁ a| neé)ta‘nqa&1 °95"r §cr%pt% {‘3?{1%}?%% ‘8§tg ge"r"??rghgte
system bus | at enci g&woAsinttefaes teh SOSIdarbREKAfDER], WREE "M 8RAPYStive whole
Moreover, the transmit FIFO 310 includes a FI FO FULL si gnal on signal line
345 which is coupl eembes. a"hsé’ted)husiwpﬁmhafprpwdemcgamemw@n pmieb@rwm e L
signal indicates that

a predeternined t hPré’gﬁsé?ﬁl(}ssingy%‘smeo%gg)ﬁ a%‘?&.sﬁc.omli H“%ﬁ §4 c%‘ﬁ?ei’ F%‘t"f%tt?d

t he LREQ signal i stoa@saerst,,gq byyagyr)t he FIFOis "full". In one enbodi nent,
data in and data out pointer regi sters may be used as markers to track
whet her the transmt FIFO 310 is "full". This gives the DVA engi ne 305 the

maxi mum anount of tine Hoomesmpdimmntythgsoush bt‘ﬁ@ 9 ameRERIBET things SEIRH FyO
before a data unde it ion
on the 1394 serial F“p{rs fl%%r ar?t”gg ﬂ%csl‘éwhma?gﬁgptﬁgg%%gﬁggﬁnfﬁsﬁées&%%??&%
to keep the transnbts B(]—'z@d&i:&xpdrmioln 'busr1451p1rt trhe eimbodioient sholeer, Ehetdxpard&ina)us

packet is compl etely_contained th Thus, ,the LREQ si line is ted
until either the trlé?t’ssrﬁ“tm srfbs':?_“t §I°hftEﬁt}“e (oItrsut gﬂ “%g@%t"‘}tebrylﬁé oP bus
transmtted i s complegiiednesRAY 8k 184 xWInE!i"tHbrédTeTBE @ﬂﬁﬂlxbn BLER BhBvideds i ng
LREQ in this manner mnimzes the possibility that when an asynchronous
packet is transm ttemmanicatien wath b%twebuthea’rﬁthudéwumpiomﬂnt}t pbexpandidn exi st .
In addition) the pres hr onous transm FILFO |

|nvent| | s
to be | ndependent " BFORTER SEUERISHiT3pu e 5 S ERTE PR kT 23RM srbgrameodse
the 1394 serial bu r " Iy Al4Bel 394
serial bus utili zat§| %ﬁﬁ&%g&”é@l ﬁ%gﬁ%& ea‘%}?(f;’%"'}ﬂﬁl{p d@P%?bg@(‘)’Eg{@?ons et
wi t hout dropping | arge asynchronous data packets Mor eover, the wasting of
1394 SUBSTI TUTE SHEET (&umgdzmy soutl bedgeUN Qatizewpagattions $8un e PIIbEs 93 Cand

148 -9 bandwidth is m. PCl t can Q kee

weh thetl Sos sor i Brtrtoms FAE BNELuR e sohoRieoD dctendh ot Aighs SEROpICY
filling of the trans¢grdankt EQhEm—:wBdmomsamgﬁ%rtbﬂﬁmrc@guﬁatmnel;nmhﬁeatm

whi ch maxi m zes PCl bus bandwi dth. Figure 4 i]llustrates one enbodi nent of a

recei ve nodul e 230 la?b,taﬁémtghe@émhermre«hbpwcfumr%n@yaspé%ct Dte soHd Ysidggent
invention, the rec [ | e.to
TEXi ITi Ze the or oba§4§%[£gagﬁh% g%%@ﬁ%cﬁf(:@?ﬁr%cé ? ‘ﬁ'ﬁ: atﬁrkggal 1ﬂtc?fa§ct 1’%3 1S

i sochronous data packpit:d tod plurafiot ofmodes 1640 - tdoe (w&cei‘Vetslél;i%;@uv?mr&lnbmetmtj.ve
is met by creating a progranmmabl e upper bound value in a register for the
number of asynchr odbiggo pacnm%ated bsonmkulrpdtlnéheraét@wée Fpecdic arakitacajreef thag
asynchronous packet

t he receive nodul e §§]@Gt% E t¢b°§ n%% ycagln@éﬁrghgﬁgggrca&?s'gc trlgrgtc%ggl (?Igtma)

streans. Referring vtaﬁatlﬁjrgu:tae%madaeo I}&Qﬂnmtmyhﬂérﬁ 126 0ithoad depesing febai the
packet decoder 405 which is co ed to the physical lint: interface 235 of
Figure 2. The dat a SBHERBY SPBES @‘FP&@S“‘dé\%’d’@g dat a packets received from
the 1394 serial bus and determ nes whether the data packets are addressed
to the receive nodule 2 e
nodul e 230, the data pagﬁ%xézé@%§g§§%§eﬂgg§ﬁg§h§m§%gﬂgg?ﬁ&%ﬁgﬁgpgﬂﬁgﬂﬁﬁghy
recei ve FI FO 410, chbenviisgs dfitee ptateat paetains Rafaringtokigdresd ande, thetsoadthnent |

the receive FIFO 410. ] s uadl et dat.a w de dt kil o-byte

al t hough ot her arri’tﬂj@ﬁégt)g’ éspggif%‘f °°ﬂPéi“t°2~Jcb iwmqﬂn#’('j?aﬁ% @éﬁgg
asynchronous and i SQANRRRYIO dAd #h ABAIELA niddam 21Be The PE136MS Albriaps 210 A fkvs
data is received in the receive FIFO 410, a receive DVA engi ne 430 requests
to access the POl DrISAGONaPRIWEeNONE artmore eupansien pragheza devisesbiforhp0n20d The
dat a packet decoder 405 is also coupled to a first EOP detector 415 which
is coupled to a counter 420. Wen the first EOP detector 41 S detects an
end of packet received, it increnents the counter 420 by one to indicate
that an entire packet (or an end portion thereof) was received by the
receive FIFO 410. The output of the receive FIFO 410 is coupled to a second
EOP detector 425 which is al so caHPRETUTE RBEESURULE 28)0. The second EOP
detector 425 nonitors SUHSTTTUTE SHEET (RULE 26) 2 B JUN 2002 w0 99/ 41864
PCT/ U899/ 02148 10 the data packets dr a| ned fromthe recer ve FI FO 410 for

. o



To- limt the nunber of asynchronous packets in the receive FIFO 410,2§ JUN 2002
regi ster 440 fooR1dgMOry location) is used to provide a progr b2 upper
-bound val ue. The output of the register 440 and the output of the counter

420 are fed to a conparator 435. |If the nunber of asynchronous data packets

in the receive FIFO 410 is equal to (or greater than) the upper bound val ue

in the register 440, the output of the conparagor 435 is asserted to causes

t he data packet decoder 405 to assert an _acknow ed§@/ busy signal to the
1394 1ink interfacéeyisss coppiedorholi bbtgel30uripeesseyridp- ang system ragmend 28; dhal s
bet ween the data pagket.: r - i j r

acknow edge/ busy c%\tﬁlﬁhl%ﬁ&?g |ec,g:r;t9 zss&?l lc:dﬂga%‘%géoké%klﬁ#%gré(g@ge @gr%fﬁgﬁd

t he data packet decodel!ATRmoddel)yviestHrér@uasumedit moduls 205 (rafep@d keds "IDKt t hat
t he data packet coul d, ngt be accepted a his time. The 1394 _link interface
235 wil1 Lhen inf orfA4HIE ) ROCFERTR ™Y ”1Fhé‘g-ajgﬁﬁ%h‘r“éh%?%‘a\‘?%lb&E“E%‘?“St £

re-transmt the datgcdga %bitrm&{‘bér%em‘b{ﬁ?ﬁ)@.faﬁné%’ RRIREMIS 298! 2 SPIFEIcS

in the receive FIFO 410 falls below (or is equal to) the upper bound val ue,
t he out put of conpde atasss 48FPGldbudda@serted which causes the data packet
decoder 405 to deassert the acknow edge/ busy signal. As such) the receive
FI FO 410 can now again ce a chr,onous data pa S. This aspect, of the
present invention all ovvsaﬁ’é: ’g?s(i W’nﬂﬁﬁt“/‘"&b“tcdﬁ? “ng‘rg‘rkﬁe“’t(J" g}dcgkfarf S&Q&’dutgta

| 394 performance on3a4sinktigwifhce BpSbieoh basides teheaddirl iiRBrfadchb $healSPe ¢ériddf

t he present invention enables future desi gns to | ever age, t he progranm ng
registers to sinmul &usapdy [noere eradiment the 489-bhnkoirsizse 35 seaiativgsread dghi s
will allow design t - Qf j ih7e j, Or5-tQ. LIl ' e
Wil e certain exeﬁ%g%eg%%ﬁemﬂgsmi\@ 413‘&%%"@@5‘%1}8356&%&%5&g’&ﬁ}{lyﬁﬂ?lﬁ’eﬂk
acconpanyi ng dr awi rigerfacd 1§ Bwhizhliecanmderstotiel | 39vaderisinfs. enpaticuer) s ATX
SUHST1TUT' E SHEET ( RU I% %g& z a ~u~ zooz WO 99/ 4186 PCT}'WQQJS9910214 -11
merely illustrativePSfUadal HBRSRIEASY RUYPRANS B2 PR Cre RENPHSIH HEYiSss ondAg L $3tht

this invention not fg.| Gk &le?no?ﬂ?ecijS!tFan&gﬁ§{§é€rﬁEﬁ i 4ad Hackets to

arrangenments shown and described, since various ot nodi f1cations may
occur to those or dipeaiphtr! ddii¢dsead tha 13 Hesearlt bus SUBSTCTivE Eno8kIERB 0 GAUDE oSy

2 8 JUN 2002 -12 at is claiymed is:, 1. Adapted to a first-in/first:out
device (FIFO, a m& &cceeﬁ?ﬁp?qtgW@F?ﬂgnwﬁ*ﬁéﬁch@nws@%ﬂ RAfl s fropueaeipheral
detector coupl ed t QjeSfded ofi W B4 seBA Whs 1 SouRPmPEmPRGHST, seRkAE hmckBnous
increment said counter if an end of packet Is detected at an input of the

FIFO a second end afd ipeahk@toud etcetveanodudasphaycbetused ai sy nchonbies transmiisdios gpéasas

d of ket detector, to d t said ter if f ket i
ot ccted at an out RREPSREURRAR SA0 S BEPUR Shv SbrPst PRV G Fo an

out put of said counedhrofaisdradlehRSibAplakd EbipHasit @n pBAHEMASE] AmHpSofidagnsact | on
in response to said qutput of said counter. 2. The circuit of claim1l _
further conprising:deiyeorofgiata Angrarepls of an isechirenous serml prrarhera deviee Waydgitad,

circuit, a second igpyh, &kAYideo conferencing. If an isochronous data packet is lost (for any
reason), it cannot be re-transmitted whereas if an asynchronous data packet is lost,
it can be re-transmitted. Therefore, it is more important to assure that isochronous

data packets are not lost or missed.

Figure 3 illustrates one embodiment of an asynchronous transmit module of
the present invention. Referring to Figures 1-3, the ATX module 220 includes a
direct memory access ("DMA") engine 305 coupled to a transmit FIFO 310 and the
arbitration module 215 of Figure 2 by way of address, data, and control signal lines
355. In one embodiment, the transmit FIFO 310 is four bytes wide (referred to as a

"quadlet” of data) and 1 kilo bytes deep, although other arrangements may be used

SUBSTITUTE SHEET (RULE 26)



output; and a signal |line coupled to the second input of the OR gatze,8 ',H1Ne 2002

signal line h FIFO full signal thereon, said FIFO full | Ng
-asserted to i %Jc}%tl%"t hat the FIFOis filled beyond a predet erIﬁé—[ﬂﬁe\%lyoggé

threshold value. 3. The circuit of claim2 wherein the output of the OR
gate is asserted to request a bus transaction in response to said output of
said counter being greater than zero and altempnatively said FIFO full
signal being asserted. 4. The_circuit of claim3 further conprising a DVA
engi ne coupl ed to thiey thgigel. of ordaea trsissiogtea m“@ﬁéﬁﬁ‘é%@“%ﬁm%gés,m

pl ace one or nore i ' ) 5 | I ¢ Ul fincl ai.m 4
wherein a data pacg%gﬁgg?gﬂ)gﬁé%ﬁﬁaﬁg {861?625?%;?%Qn&%}héré"gltzﬁ%gl?gl{aﬁé of

FIFO. 6. A nmethod oémiradddesvgiptursiand datnpakeor She prodesbor 5-the Wites to- ot
("FIFO"), conprisi nl% 2 8 JUN 2002 -13, receiving at |least a portion of a
data packet in the!TE¢Pa) regisisr obieiyMArenging 305 srughrrauses ths P Ajeneira 380 end

of the data packet; | . | LE 1B '

the FIFO 11 Lhe enifarq RecorianBaleriial dlifck s boAtadhin 28 95 B4, |,
6 further conprisiagginoddi assenga emqueatiipe{onefof theaignh Ahes G 5 Aetoald arbiwatiemdniof
t he data packet at output of the F . 8. The thod of. claim®6 f er
conpri sing de- asse?ﬁ‘| f’fbmﬂﬁ%“ peRgseothe F Eg"isprhg“é‘h eSpAUehies 85‘5‘&&%&@6{15
detected at an out pyg m@tteﬁ@@g.,ﬁhEﬁb@nsﬁ&% 1@;&@13:@%&&%%%@&% B | S

not detected at the input of the FIFO e nethod of claim®6 further
conpri si ng assert i Agscripeors arfidasa padkats from syserPnEOoiys] 20j dnd pdpchetpomdn the

redet erm ned t hreshol d. e, et hod, of cl aj ein nitoring.the
Pt of the Fi RO Canpi B0 3H0r HARERG we ashnl 5D TR0 Ral RRickBe i T
received by the Fl hehsRtierditdbithe sbfal Huz & th riiteahii Pbedplddiediin ofeafeP OISR

to detecting the header of the data packet; and counting the nunber of
units of data receP?e®-by the FI FO.

The DMA engine 305 is also coupled to a first end of packet ("EOP")
detector 315 which is in tumn coupled to a counter 320. The first EOP detector 315
monitors the data placed in the transmit FIFO 310. Once an end of packet marker
1s detected, the first EOP detector 315 increments the counter 320 by one. The
output of the transmit FIFO 310 is coupled to a second EOP detector 330 with an
output of the second EOP detector 330 being coupled to the counter 320. The
second EOP detector 330 monitors the data drained from the transmit FIFO 310.
Once an end of packet marker is drained from the transmit FIFO 310, the second
EOP detector 330 decrements the counter 320. In one embodiment, the first and
second EOP detectors 415 and 330 detect an end of packet by reading a packet
header to obtain the packet size and counting the number of units of data that pass
through the transmit FIFO 310. The output of the transmit FIFO is also coupled to
a translation module 3235 which provides data bus width translations. For example,
the translation module 325 translates data buses having different data widths (e.g.,
quadlet to byte bus width translations). The translation module 325 is coupled to
the 1394 link interface 235 and provides the data to the link interface 235 for

transmission.

SUBSTITUTE SHEET (RULE 26)



‘11. Adapted to a first-in/first-out device (FIFO, a circuit corrpri%iBné;UNaZUUZ

counter; a first of packet detector coupled to a first in i
-counter, sai de9t9“1}8%énd of packet detector to increnent said %%ﬁ{yg ,§ﬂ?§1

end of packet is detected at an input of the FIFQ a second end of packet
detector coupled to a second input of said counter, said second end of
packet detector to decrement said counter if gn end of packet is detected
at an output of the FIFGQ a register to be |oaded with a predeterm ned
value; and 2 8 JUN 200he-outpusof hrpanmtrai20tiocaipiaddr e zeroglstastorcatuie335. As

i ded by said cqunt d th d d val d id
egi ster and fo- asl SR RRHOW BuGE buas? BT 4 PEebneso AHEra Breuiy

The circuit of claiyyshiserharsiingl Grdighat ARPMEHRIch ark@tdsIhaat RastWhBevngRas
busy signal if said count value is equal to said predetermned val ue_and

al ternatively if saiagkatéurit loapst apesndpogioagheseof) sdhlly egruaipecinethe ransmeit FIFED ue.
13. The circuit of ?ﬁba:'[gE %éﬂglq Jerﬁ'b %gJﬁgfe'd% D% %p%aﬁr&{gﬁgggﬂpkﬁ P{np*lrom

out put of the FIFQ™ 'sa rai h one“or nore a~pac

the FIFO 14. The ah4 ORi gatmso::kaummaqu&herneu(mmb\mcﬁhgnaom B¢ 1397 kenk
packets includes asynchronous data and alternativel égl sochronous data. 15.
The circuit of cl ailffedace i afdricwerpe repeyy aeecarie shpbdRserialdecps, dttghed

to the input of saigd.k J:ht':g)vcrgi%bl %%Q]%?stﬂ?ﬁ; ShidBLESHAL s 15&91@}%5 G Q]émﬁc

or nore data packet’'s to sal sal d one or nore data ets ar

addressed to the Flda@ paskdias verssinshindhdairampitiket3 1ded emhmatetsyslcgnbuse sal d
one or nore data p cket.s. 8 t hod, o lpre enting data over-run errors
inafirst-in/first at&ﬁ‘i‘cs(‘a?: 7—5@6‘3"3 ‘Ed]fﬁ)}?qc SERYR $5HPT VA an i nput of the
FI FO for an end of packet to determ ne a nunber of data packets received,

noni toring an output of NBRoW I Refihshi FET 3 1 inBRE%E! FIFD FEtLers nﬁﬁoﬁ"‘sn%h‘ﬂber
of data packets drained; and asserting a busy acknow edge signa

di fference between lins45ovielr issbuplad to ekt isputed die @R gach%)heThmEﬂr%rFLHiL
data packets dral ne?gnlafm 1Ica es?hattthh nangx?lq F‘?’ll:&) ﬁg%t Jf'ulF'l (YeeﬂHaé beyon

predetermined threshold such as 75%, 90%, etc.). In this configuration, the LREQ
signal is asserted when the FIFO is "full”. In one embodiment, data in and data out
pointer registers may be used as markers to track whether the transmit FIFO 310 is
“full". This gives the DMA engine 305 the maximum amount of time to fetch the
rest of the data packet from memory before a data under-run condition occurs.
Once the request for transmission on the 1394 senal bus is granted, the DMA
engine 305 continues to attempt to keep the transmit FIFO 310 "full” or up to the

point where the data packet is completely contained therein.

Thus, the LREQ signal line is gated until either the transmit FIFO 310 is
"full” or the data packet to be transmitted is completely contained within the
transmit FIFO 310. Gating LREQ in this manner minimizes the possibility that
when an asynchronous packet is transmitted on the serial bus, an under-run
condition will exist. In addition, the present invention allows asynchronous
transmit FIFO fills to be independent of the system bus latency until transmission
begins on the 1394 serial bus. As such, the south bridge 140 achieves a maximum
1394 serial bus utilization under medium to heavily loaded PCI conditions without

dropping large asynchronous data packets. Moreover, the wasting of 1394
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pr edet er mi ned val ue. 2 8 JUN 2002 -15 17. The nethod of claim 16 ftzjrﬂt

conpri sing de-@g@§§51t8¥pg sai d busy acknow edge signal if the di%{.ﬁ{,_&%_ 4
er at

‘bet ween the nu of data packets received and the nunber of a pac %ts
drained is less than said predeterm ned value. 18. The nmethod of claim 17
wherein said predeterm ned value is user programmable. 19. The net hod of
claim 16 wherein asserting a busy acknow edge _si gnal conprises asserting a
busy acknow edge signal to indicate that the FIFOis busy and to prevent
further receipt of wadwidihiseingmized mien aiPCl or amcethtsduseanmot kespripniitr thofl 394

dat a packets receiv er. of. dat kets draj | S.greater.
than and al ternati vsgﬂf/la%%ugllﬂgtp ge%gﬁ[em‘berné%?%?%gara?zeﬁ ‘51"389&2@?1“5‘ ﬁggﬁ&’ﬂ Lof
claim 16 wherei n noFIFO03 i0NGithdif ai 18P busakqiidiebdi HC &nV @hich kax raizey PClEsis
detecting a header of the packet; determning a size of the packet

responsi ve to det echapﬁy!%e header of the packet; and counting a nunber of
units of data to determne the end of the packet. 21. A conputer system

conprising: a first bus;g; ué%ciﬂﬂﬁrﬁé%ne%&gp@in@n{ &84 ztec&@é'xB}) ¢98h WQBFJE&t

first and second buses, the circuit including, a first-in/first-out device

(FIFO, a counter, iavéitiost letids afpepad ketprebeticovaniooabpteseive omaglale@36ount er

said first end of packet detecto .increment said counter. if an end of
packet is detect edprg?mg'r‘f“q’l ’Wﬁﬁ?'v%? IFECEE‘ e RaKNZ{e B al?ig“yptg@l?gf“gﬂet ect or

coupled to said cowﬂ&@mnfg&maoba@eaqag.,&m@ogﬁomlﬁ%ﬁgse@pwmrn&ev&erﬁﬁﬂféent
said counter if an end o Hpacket I's detected at an output of the FIFQ and

a detector circuit w€etipt EHQ.olkia obigeibystis olet Bufgating mpregramenable whperbound
circuit to request us transaction on the second bus,in responsg to said
output of said coun éllt;)c_ ima regngtscr for' B niifber o?async orious packcps AlBWRE P the rekei2
FIFO, and rejecting asynchronous packets once this upper bound is exceeded. In
one embodiment, the receive module 230 is used for both asynchronous and

isochronous data streams.

Referring to Figure 4, the receive module 230 includes a data packet
decoder 405 which is coupled to the physical link interface 235 of Figure 2. The
data packet decoder 405 decodes data packets received from the 1394 serial bus
and determines whether the data packets are addressed to the receive module 230.
If the data packets are addressed to the receive module 230, the data packet
decoder 405 forwards the data packets to a receive FIFO 410, otherwise the data
packets are ignored. In one embodiment, the receive FIFO 410 is a quadlet of data

wide and two kilo-bytes deep, although other arrangements are possible.

The receive FIFO 410 receives asynchronous and isochronous data packets
from the 1394 serial bus. Once data is received in the receive FIFO 410, a receive
DMA engine 430 requests to access the PCI bus 130 and drain the receive FIFO
410 in memory 120. The data packet decoder 405 is also coupled to a first EOP
detector 415 which is coupled to a counter 420. When the first EOP detector 415
detects an end of packet received, it increments the counter 420 by one to indicate
that an entire packet (or an end portion thereof) was received by the receive FIFO
410. The output of the receive FIFO 410 is coupled to a second EOP detector 425

which is also coupled to the counter 420. The second EOP detector 425 monitors

SUBSTITUTE SHEET (RULE 26)
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2 8 JUN Z002 -16 22. The conputer systemof claim21 wherein the fi qu Jbus

conprises a ri pheral conponent interconnect bus. 23. The erg}!# sy.stem
-of claim21 \??/ﬁledrg;é)‘i1 *the second bus conprises a serial bus. 24. ssiegglctgb’r"ﬁ%uter

system of claim 21 wherein the circuit further conprises: an OR gate having
a first input coupled to the detector circuit, a second input, and an
output; and a signal line coupled to the secgnd input of the OR gate, the
signal line having a FIFO full signal thereon, said FIFO full signal being
asserted to indi chedathpacketdrameddrang theiredeig FHEQTHE far pr enteafqpankateBach

threshol d val ue. 2 I stemaf .claim21 wherein the gircui
further conpri sesageﬁgk%\éﬁcgjﬁnéhggzﬁ% %C&C{Tl]a%fa%eq?ﬁr?rgt%h%ﬁg Ogﬁ'ﬁ TFHRYS lﬁ%&ﬂo(#
the FIFO said DMVheaagintcEOP dpleetoes Badedreptatsahe £@GRErvIQQ blyrope) #n ske@vi ce on
the first bus in sajd FIFO 26. A computer system conprising: a first bus;
a second bus: andc@bedimegt thehisiandgesrnd fcdhdgtemonsi4l s and A2° d8eE 7@ eBASEs, t he

circuit including L4 St 0/ f LG F ol first
end of packet det 8%%8{ b%i‘%’ﬂi“@é dta(%%h?#trﬂs@eol\gr[lagﬁ%}{eﬁa Eséisg@gggggﬁeﬁ{ng% d first
end of packet det eahber dfamitmof éaretiiat s dhrephnhereceive #F@Ad0.0of packet is

detected at an input of the FIFQ a second end of packet detector coupled
(0,2 oecond | hpUL of sqi Ut st 5l seeond snd, of Rackel, Sekertr 1o,
FIFO a register tdidie 440ades mtdoly RcRicRfRlREIIREvivak YrograRthableZipBer UN
200z bound value. The output of the register 440 and the output of the counter 420 are
fed to a comparator 435. If the number of asynchronous data packets in the receive
FIFO 410 is equal to (or greater than) the upper bound value in the register 440, the
output of the comparator 435 is asserted to causes the data packet decoder 405 to
assert an acknowledge/busy signal to the 1394 link interface 235. The
acknowledge/busy signal is part of the signals between the data packet decoder 405
and the 1394 link interface 235. An acknowledge/busy condition indicates to the
1394 link interface 235 that the data packet decoder 405 received the asynchronous
data packet, but that the data packet could not be accepted at this time. The 1394
link interface 235 will then inform the initiator of the asynchronous data packet to
re-transmit the data packet. When the number of asynchronous data packets in the
recetve FIFO 410 falls below (or is equal to) the upper bound value, the output of
comparator 435 is deasserted which causes the data packet decoder 405 to deassert
the acknowledge/busy signal. As such, the receive FIFO 410 can now again accept

asynchronous data packets.

This aspect of the present invention allows a basic input/output system
("BIOS") to adjust 1394 performance on a system by system basis. In addition,
this aspect of the present invention enables future designs to leverage the
programming registers to simulate various 1394 utilization models in hardware.

This will allow design trade-offs to be visualized prior to implementation.

While certain exemplary embodiments have been described and shown in

the accompanying drawings, it is to be understood that such embodiments are
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-17 a conparator to conpare a count value provided by said count erZ;ﬁnéuNthUZ

pr edet er m ned_val rovided by said register and to assert a ge
. busy si gnal owoﬁﬁ)g%ggcond bus in response thereto. 27. The co%pcﬁ{i}egr%@;?tjem
of claim 26 wherein the first bus conprises a peripheral conponent
i nt erconnect bus. 28. The conputer system of claim26 wherein the second
bus conprises a serial bus. 29. The conputer_gystem of claim 26 wherein the
circuit further conprises a DVA engi ne coupled to the output of the FIFO
and the first bus, msmly ilinymaeyegiinad not rasmastiveemdhe brogd invedtion apadieethds f rom
the FIFO to a devi ce.on th& bfeil{msitedgéjéi 39? cTche comut erdg%st%m of gl aim 26
wherein the circui t"FOrTher conprrse e3P aQa °[5‘§(§‘I’<e OT3EY LTI B ?5&&3!5 Wt 3% he
i nput of said FlI FOdésaeibtd)8irmzevatishsusr modifications may occur to those ordinarily skilled
Auy. AL A A A& A A9, AH As. AAA[.A%AU .AAA *h&m 1 ? KO _
VN Jzupkf a\ W ca] ca]fb'é’Féﬁ] ca] ca] ca] ca] ca]ca]ca] c"a] ca] ca] ca] ca]ca] ca] ca]c”a]
cal] ca] ca] ca] c”a] ca] cMa] ca]ca] cTa] cTa] ca] c. al Jhuwp” Sw'i t w~zupj e [ V] ca] ca] ca]
ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cMa] ca] ca] c”a] ca] ca] ca]
caljcalU)calcalc"alcal Wy""""""=83$& )) 6+R+U+b+n+| ++- - 22i 4445* 82=M=P="=| wr mhb
1X]c
a) cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c"a] cal] ca] ca]ca]ca]ca]calc
a] ca] ca] ca] ca] ca] c" a] ca] ca! *=k={===" @A DFFFFFFFFG2HgJJLMOOO0OO. PQVMXXz upkf
a\W]ca]ca]ca]calca]ca]c a]calUlca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]calca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal XXX Y*Y{YY Z, Z&ZIZW2\ ZpZZZ
[P[[$\\\\BI N ]1~, A~ v zupkfalW ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] caU] ca] c"a] caU] ca] ca] ca]ca] ca]ca]c.a]caU]calv "~ "agagaa¥Y
bbbZcccDdPdddd: eeeUf _ffffg _gghAhhh| wmnmhc”Y]]]ca]ca] ca] ca]ca]ca]calcalc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]c
al h;
i di j kXkj kKkkl'I'I'l mhrmmmXooo( poppppp”g-g~aq-rrrr}xsnid_Z]]]]ca]ca] calca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]c
aJca]ca] calcalcalca]calcalca]calr; sHsMss tXtttuyuuSvvvvvw2w=wwKxXXxxy
yQyyy<zzz|wmnhc”Y]]] ca] ca] ca] ca] ca] ca] ca] c. a] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]
ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]calU]ca]c a]ca!zy{|s
t Xttt uyuuSvvvvvw2w=wwwwKxX XXXy
yQyyy<zzz| wmnhc”Y]]] ca] ca] ca] ca] ca] ca] ca] c. a]ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca
*sS1JsS10% & ()-$10%N & ()-s10% & ()-9S10% & ()-LmOo%n & ()-3(10% & () -
shaBsf 10% & ()-10% & ()-910%N & ()-gl0%n & ()-9 10% & ()-!s10%& ()-&m
dE 8 10% & ()-L3710% & ()- &510% & ()-&10% & ()-10% & ()-10% & () -
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/ 012 KO-~ @ 10%R ()-10%4& ()-0(10%4& ()- 10\ 10\ 28 JUN 2002

10\f>10% & ()-!$S, 1098\ 8\ & ()-O _
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What is claimed is:

1. Adapted to a first-in/first-out device (FIFO), a circuit comprising:

a counter;

a first end of packet detector coupled to said counter, said first end of packet detector to
increment said counter if an end of packet is detected at an input of the FIFO;

a second end of packet detector coupled to said counter, said second end of packet
detector to decrement said counter if an end of packet is detected at an output of the FIFO; and

a detector circuit coupled to an output of said counter, said detector circuit to request a

bus transaction in response to said output of said counter.

2. The circuit of claim 1 further comprising:

an OR gate having a first input coupled to the detector circuit, a second input, and an
output; and

a signal line coupled to the second input of the OR gate, the signal line having a FIFO
full signal thereon, said FIFO full signal being asserted to indicate that the FIFO is filled beyond

a predetermined threshold value.
3. The circuit of claim 2 wherein the output of the OR gate is asserted to request a bus
transaction in response to said output of said counter being greater than zero and alternatively

said FIFO full signal being asserted.

4. The circuit of claim 3 further comprising a DMA engine coupled to the input of the
FIFO, said DMA engine to retrieve and place one or more data packets in said FIFO.

5. The circuit of claim 4 wherein a data packet has a length that is greater than a depth of
the FIFO.

6. A method of reducing under-run errors in a first-in/first-out ("FIFO"), comprising:
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monitoring an input of the FIFO to detect an end of the data packet; and
asserting a request line to transmit the data in the FIFO if the end of the data packet is
detected.

7. The method of claim 6 further comprising monitoring an output of the FIFO to detect the
end of the data packet at an output of the FIFO.

8. The method of claim 6 further comprising de-asserting the request line if the end of the
data packet is detected at an output of the FIFO and an end of a subsequent data packet is not

detected at the input of the FIFO.

9. The method of claim 6 further comprising asserting the request line if the FIFO is filled
beyond a predetermined threshold.

10. The method of claim 6 wherein monitoring the input of the FIFO comprises:

detecting a header of the data packet that is received by the FIFO;

determining the size of the data packet in response to detecting the header of the data
packet; and

counting the number of units of data received by the FIFO.

11.  Adapted to a first-in/first-out device (FIFO), a circuit comprising:

a counter;

a first end of packet detector coupled to a first input of said counter, said first end of
packet detector to increment said counter if an end of packet is detected at an input of the FIFO,

a second end of packet detector coupled to a second input of said counter, said second
end of packet detector to decrement said counter if an end of packet is detected at an output of
the FIFO;

a register to be loaded with a predetermined value; and
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12.  The circuit of claim 11 wherein said comparator asserts said acknowledge busy signal if

said count value is equal to said predetermined value and alternatively if said count value is

greater than said predetermined value.

13.  The circuit of claim 12 further comprising a DMA engine coupled to the output of the
FIFO, said DMA engine to drain one or more data packets from the FIFO.

14.  The circuit of claim 13 wherein each of the one or more packets includes asynchronous

data and alternatively isochronous data.

15.  The circuit of claim 14 further comprising a data packet detector coupled to the input of
said FIFO, said data packet detector to transmit said one or more data packets to said FIFO if
said one or more data packets are addressed to the FIFO, otherwise said data packet detector to

ignore said one or more data packets.

16. A method of preventing data over-run errors in a first-in/first-out ("FIFO"), comprising:

monitoring an input of the FIFO for an end of packet to determine a number of data
packets received;

monitoring an output of the FIFO for an end of packet to determine a number of data
packets drained; and

asserting a busy acknowledge signal if the difference between the number of data packets
received and the number of data packets drained is greater than and alternatively equal to a

predetermined value.
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17.  The method of claim 16 further comprising de-asserting said busy acknowledge signal if
the difference between the number of data packets received and the number of data packets

drained is less than said predetermined value.

18.  The method of claim 17 wherein said predetermined value is user programmable.

19.  The method of claim 16 wherein asserting a busy acknowledge signal comprises asserting
a busy acknowledge signal to indicate that the FIFQO is busy and to prevent further receipt of data
packets if the difference between the number of data packets received and the number of data

packets drained is greater than and alternatively equal to the predetermined value.

20.  The method of claim 16 wherein monitoring the input of the receive FIFO comprises:
detecting a header of the packet;
determining a size of the packet responsive to detecting the header of the packet; and

counting a number of units of data to determine the end of the packet.

21. A computer system, comprising:
a first bus;
a second bus; and
a circuit coupled between the first and second buses, the circuit including,
a first-in/first-out device (FIFO),
a counter,
a first end of packet detector coupled to said counter, said first end of packet
detector to increment said counter if an end of packet is detected at an input of the FIFO,
a second end of packet detector coupled to said counter, said second end of packet
detector to decrement said counter if an end of packet is detected at an output of the
FIFO, and
a detector circuit coupled to an output of said counter, said detector circuit to

request a bus transaction on the second bus in response to said output of said counter.
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24,  The computer system of claim 21 wherein the circuit further comprises:
an OR gate having a first input coupled to the detector circuit, a second input, and an
output; and
a signal line coupled to the second input of the OR gate, the signal line having a FIFO
full signal thereon, said FIFO full signal being asserted to indicate that the FIFO is filled beyond

a predetermined threshold value.

25.  The computer system of claim 21 wherein the circuit further comprises a DMA engine
coupled to the first bus and the input of the FIFO, said DMA engine to place said packet received

from a device on the first bus in said FIFO.

26. A computer system comprising:
a first bus;
a second bus; and
a circuit coupled between the first and second buses, the circuit including,

a first-in/first-out device (FIFO),

a counter,

a first end of packet detector coupled to a first input of said counter, said first end
of packet detector to increment said counter if an end of packet is detected at an input of
the FIFO,

a second end of packet detector coupled to a second input of said counter, said
second end of packet detector to decrement said counter if an end of packet is detected at
an output of the FIFQ,

a register to be loaded with a predetermined value, and
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on the second bus in response thereto.

27.  The computer system of claim 26 wherein the first bus comprises a peripheral component

interconnect bus.

28.  The computer system of claim 26 wherein the second bus comprises a serial bus.

29.  The computer system of claim 26 wherein the circuit further comprises a DMA engine
coupled to the output of the FIFO and the first bus, said DMA engine to drain one or more data

packets from the FIFO to a device on the first bus.

30.  The computer system of claim 26 wherein the circuit further comprises a data packet

detector coupled to the input of said FIFO and the second bus.



