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FOR DYNAM CAL&% %’-IAQGI NG DRAI NI NG PRI ORI TY OF A RECEI VE FI FO BACKGROUND OF
“THE | NVENTI ON 6168« 1. Field of the Invention The present i RGEMSPYUROZ &’
relates generally to the field of conputer systenms, and specifically, to a

met hod and a r nam cal |y I r.ai ni, riority of

recer ve FI Fosss TR MR HCGRaY ARG i By st B,
devices ("FTFGs") arc used to buf f BECHVE FIEQ ori gi nates from one bus
architecture and is target e%A@K@; deTWWEI\%@@r chitecture. For
exanpl e, a conputer system mrrnm-prmm y, and

peri pheral devices coupled together by a first bus architecture l@&@ﬂﬂ”‘"”ﬂﬁ"ﬂ,ﬂ"’
system bus). A second bus architecture may include a serial peri

(e.g., a universal HUYF tEhvelSh ) @ 1394 serial bus, | EEE 1394- 19986¢§ gh
Performance Serial BUS TEEE,” 1995, etc.) wth one or nore peripheral

devi ces coupl ed thereto. A bus bridge containing FIFOs therein is typically
used to bridge Emgrdsefifiaventibandaes paesalhabuweenclt e chinpsier S3ENECEWMEhebiRally,
architectures. Data that is received in a receive FIFO froma peri pheral
devi ce on te henalkod ald dpperaws $or dysaplcallp dhangingedremyngd priorpy of @ skivg Al§OL he
processor. |If data is not placed in nenory fast enough, a data over-run
condition may occur (i.e., when data is received by a full F1FO to cause
data already contained therein to be overwitten). Typical prior art

recei ve FlI FGs gfnr;erate a re%uest to drain the FIFO into nenory when the

FI FO becones alTost 343 nfo 1) and do not appear to have any
programuabl e features to change this. However, before data can be drained

e 0 g By Rt 0 R 8 e b v
- det 10T L G | fact incl udi t h d,

the number"aruesr R d EAE Bdbele IR BEee LERED by Balit e’ Pl

since the Bhpupk §)t§'u:tn¢ﬁ{a>’gﬁch5& ésél?&%%ﬂ me%oﬂ'ﬁ, g?iﬁ'%ml: a1 frfard @E&%xy%él&_%&%h&'cd

peri pheral device that ari,[mur uanut tuasa

uot | duosapogaldr bl amirauuiRrdhbdurqé. g Al sudy] B auQRa Gk YR
~uasa~d a~[g~m%o gaoel uEnpE pug %glé %éS Sg%%‘%aosgﬁNF?llei E%SHF{{CFHI%%&E helude 2
NO , Ldl 2i s&ris] péripfdrali bug te.8) a hinivedsalaerial blsSUBER a N B4i9u4ht bay, IEEE [394-1995 High
outuasse pry 'anon ~[~uvatt; myon[ pauruttal apaid a pat[aeai s~~[ p,~ ay ur
panr aaai &krfoRngee Sarialle EEE, U38frerchtvidtidosdor e payiphéral devires tapMthefeto.

nut >sasse 'per ac[l ur pantaaa.r El Ep outlaa~ap ~o0 sda~s ar~~ sapn[aur pot;
| aw ar | Z ~APoubridge ¢onmimong BEOE. thaleios apicaip uééduersidgenod psffer-trantactishSbawgen

the first and second bus architecrures.

Data that is received in a receive FIFO from a peripheral device on the serial bus must be
placed in memory for processing by the processor. 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 contained therein to be overwritten). Typical prior art receive FIFOs generate a request
to drain the FIFO into memory when the FIFO becomes almost full (e.g., 90% full) and do not
appear 10 have any programmable features to change this. However, before data can be drained
from the FIFO into memory, access to the bus is required. The time that it takes to gain access to
the bus (referred to as "bus latency”) is non-deterministic and depends on several factors
including the bus speed, the number of devices requesting access to the bus, and the like. Thus,

since the bus architecture is susceptible to bus latencies and the serial peripheral device that is
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PCT/ US991 02092 .Figure /1 illustrates an_exenpl ar uter system suitable

for use with t(ﬂ‘é‘:g Rt “H%h—‘t‘iod%ﬁo‘”gﬂj @Sﬁchﬁgﬁr&\é?féﬁmé&@?ﬁyﬁ

enbodi ment_ of t br.idge in ac to t he

present p’n\‘/:%rr'?ﬁ B & L #éﬁ % the ‘igz\“f ffsthr'ﬁf'%iwé ws%ﬁﬁvkgﬁ%énmé&rmas

receive nﬁgxyé&rqu &o%sx%ﬁcessoefmlon requires two buffers which adds complexity to the system and
decreases the granularity for draining the FIFOs. Morecover, this solution may still cause an over-

run condition when using a high speed serial bus (e.g., 2 1394 serial bus).

Accordingly, there is a need for a method and apparatus to dynamically change draining

priority of a receive FIFO to prevent data over-run conditions.

SUMMARY OF THE INVENTION

In one aspect, the present invention is a method of dynamically changing draining priority
in a first-in/first out ("FIFO") device to prevent over-run errors. The method includes the steps of
detecting data received in the FIFO, asserting a request to drain the FIFO, detecting when an
amount of data received in the FIFO has reached a predetermined high watermark value, and

asserting a higher priority request to drain the FIFO.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention will become apparent from the

following detailed description of the present invention in which:
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' invention. Figure 4A illustrates an exenplary enbodi nent of tg,?:%s%%ﬁ%&ig“ an

i nvention. FMWU4B i || ustrates an exenplary timng di agram various -
~ signals of the_priority gtjenerati opn circuit. Figure SAill ust,ra%es a state
di agr am whi ch FigpicesidHbraeRAngsemAENGEPBPUtE Y S 5 W@P@f%‘ﬂfér"éﬁh RPESSFRUI t of
Figure 3.. Figure SB illustrates an exenplary priority generation circuit of
the pr eséﬂf’erﬁ‘ﬁ’\?enti on in accordance to the state diagram of Figure SA.
Figure 6 is a flowdiagramillustrating an exenplary process for
i npl ementing t r I nventi Pl O - |~
E~~f | 30DI NENT ﬁ%‘?h@%%ﬁ‘%ﬁnﬁ%@% %ﬁ%‘? %@h%ﬁ?uégggcs’g“? 38%‘% AP S
nuner ous debald S @&t fnQkddbnl N order to provide a thorough understanding
of the present inventron. However, it will be apparent to one skilled in
the art that these specific details are not required in order to practice
the present irmguxteipmust&sescumuﬁlgady E8b&diMhenPof £RBNUE flodBlt T &Y presend
product including circuitry capable of processing data. The conputer system
may i ncl udeentiort is not Iimted or restricted to) a conventional conputer
(e.qg., laptop, desktop, palntop) server) nmainframe, ete.)) hard copy
equi pnrent (e.g.) printer, plotter, scanner) fax machine, etc.)) banking
equi pment (e. ghigumrtt Aniituewratt eah ¢xehipdary prabhdimen; ofvihe pressst iovantiani cat i on
equi pnrent, and the like. VI' O 99141670 2 8 J~~d Z~~~ PCT/ LJS99/ 02092
Figure 1 illustrates an exenplary conputer system 100 suitable for use with
the present i nkignte4hillusiseecymgramplary ygtiesdingom ofcyagiqus signyls elbe peorinns
coupled to a host bridge 115 (hereinafter referred to as a "north bridge")
by way of8HeSHOBGEU10. Processor 105 nmay be any type of processor such as
a mcrocontroller or a general purpose mcroprocessor. In the enbodi nent

shown, the norgh brid 11 ~ is a host to peripheral conponent interconnect
PGy bri doc eut b UERTAERa SRR g BR RO Ar P TRT Rl R The
north bri : [.S,,: I o system nmenory 120 (e.g., dynam c random
access rre‘%grg?%gﬁkﬁ}l“fg@éﬁgci RAM "SRAM') etc.), PCl bus 130, and graphics
interface 125. The north bridge 115 is responsible for bridging processor

transactions tg@ofiel S1efuS¥AEEM RMMy bAityeheisn di3khit SMthdpRRIH: Gvention in
interface 125. The north bridge 1 15 &l so"bridges graphics interface 125 or

PCl mast efscedrdbhédioand gtg[@sjigg@a,ﬁygspgmcrmory 120 while initiating processor
105 cache snoop cycles. The PCl bus |30 provides a comrunication path

bet ween processor 105 or system nenory 120 and one or nore peripheral

devi ces 135 r Higbret6 (se. fipy dagraet Nostkatingtaarek eraplacapideesa f&GGSiplanntinglthepresent
card, etc.), where "M is a positive whole nunber. The PCl bus 130 further
provi des @vewmruni cati on path between the processor 105 or system nmenory
120 and a second bridge 140 (hereinafter referred to as a "south bridge").
I n one enbodi nent) the south bridge 140, anobng ot her things) serves two
maj or purposes. First idge 140 h 'Wﬁﬂgetmen PCl
bus 130 and an expans < 25 OL b PRk \P 2% Ra expansion
bus 145 is an industry standard architecture ("ISA") bus) although any

ot her type of rchi.t ectur.e. may be used in lieu thereof. The expansi gn
bus 145" brovi obahe REbe BrtEPulT Yor R bBRt el dheiacitiph JOREEus R ls BERIFfiin
of expansjQp ' j Ty di ' :
a sound card:tB. rlr’r%gg%)%Oziglg%ﬂr'ﬁ’gFrsgaaﬁgmﬁao;fi%%g‘F&&g? }%tgor?fro Iéel{el,r'\{g‘fvgf)?% 5%%%
"N is a ResmelskNRIMD HeSrtHEINREse sPREQO a1 Ehotbrrcggigﬁi hfdd1td BERRce the present
transactions fromPC bus |30 and a serial bus 160. In the preferred

embodi meninvedttd. SOY digdduskadshetdif), d ‘TompdidPdystedn igh photfuct hcARIGH daans, sdphble of
"I EEE 13941995 Hi gh Perfornmance Serial Bus" published in 1995, although any
ot her serpmteshing datc I Heaoimpuer spsyerh enaydadudel bet is aot hmibed dgesttid@dits, < oupl ed
to a | 394 physical interface |55. The physical interface 15S is coupled to
a pl ur al i ¢esnpvoRtionadesmp@sr (e.21.68p oK. \dasktep, mimiog, gryposintinfremghet-o hagdhbeny) by
way of 1394 serial bus 160. It is to be aplﬁ)'reci ated by one skilled in the
art that €HePBHEJE B @rigter, plotier, scanner, fax machine, etc.), banking equipment (e.g., an

1S

automated teller machine), wireless communication equipment, and the like.
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WO 99141670 2 8 J ! 2 PtyT /US99/ 02092 hitect f tp Z %JUN a2
: ~~~1 c~~ yT' architecture o B9 bRr
system | 00 WO PH6¢titical in practicing the present inventi on,ér/gg

{he opirit anbebfe oG na 5 EQERY Fimae] SReritgebede For GE R Boretl
I di | j h hi
of -t he. SRR TSt SRl 100 BELAAE g0kl RETARIROES s Wi fet Flige

140 i ncl FePH el &Y ¢ e dmasth j j rfiac ' SA
bri dge o RandhcPedtelrBl B 46 ndFIMH e S oA o Db T 1) g%eg%%ogégs by ok Ay

transact {ypasf pRICKROR shesQ mitRbEoreoRarttiaQiRneRl hpeseahictb&Bsor 1Ptz - 150N
and devices coupled to the PCl bus 130) processor 105, and system nenory
120. Theembbditreat stywnyothat2BAddes] IGasRhesl 1b peaphend Rb@pennt inledsmret: (rpduh e
220 (referred to as "ATX nodul e"), isochronous transmt nodul e 225
(referredridge, ashsughXtharduidgey jnagivd usariailica tihadofl 'h230rthpriday 1 05 isaoppled &d i ty
of signal lines 240. The arbitrati on nodul e 215 perfornms the necessary

ar bi t r at systenbetewesy 1201&. ATRyndniic Xandandaccessansreonyd R AW " 2240 ic RRBL "SRWM230 t o
access the PCl bus 130. The ATX) | TX) and receive nodul es 220, 225, and 230
are coupted. Pel kus1394and graphies enteeece 1235 Thainerh briggs dEsis responsile darridging
interface to the 1394 serial bus. In particular) The 1394 |ink interface
235 ser i BIOCSSSSr URRPARIROTSEP cdPe ystiegnamen: BAnECl pry 130 angrehics peertpsg 2. e
interface 235.tra tes .data byses. havin i f ent data widths (e.qg.,
quadl e TR TBBTEERLE bR hieaes o Riorpiel Tt inpr o do bt &
coupl ed tg. t I%AI@I]C&I' I[| nk interfzﬁealéé whi ch li s connected to the 1394
serial bus. e VAU RS BRCEY]h SR T a%%ﬂ?@ﬁlyﬁﬁ%us data packets to
serial peripheral devices on the 1394 serial bus while the I TX nodul e 225
transmts iso t i al i i e 1394
serial bus.  ThA foadry e o Bt Sh S uicioh patPhdRRabeatd (PB3r Biorh

asynchr orerHrantd hs@e SMRBE slalheRR8&EEes 1B BSQI(E 8], a ReRid alt@facd@MidCeS On
the 1394 serial bus. In another inplenentation) separate asynchronous and

i sochr ongus] e&fAj1Mee caradete 9 swhEY e i 39dsitife Whoh inties. ThAPSIbE&SI30Tuftherdat a
pl aces enphasi s on guaranteed delivery of data over guaranteed tim ng

wher eas psvides arousnidianizm mth davwekn detproqesar 495 enpysish meatory 120 ant 2edond
ttmnb of data over delivery of data. An exanple of an tsochronous seri al
peri pher fidgieidc@erdnadtedirefetrad teaneisauthdedgéor vi deo conferencing. Fio re 3
illustrates an exenplary enbodi nent of a receive nodule 230 of the present
invention. In particular, the present invention describes a circuit that

i ncreases t he lapps emhedigigns the Yot oridaestAY. pmong othgr things o2 TYasTY UEBHI PROIPBES-

iori f | Fl FO f dr ai ni d d bl hi gh
AR RN R A S s TN

i nt ai ni t he,. ar bi ti iority for. .drainj th L) FI E I
TRl 0 MG SER Sob! A BekerbL N B CER IO LG8k Ve. KL P B

I . R j t i i l.e . i I t
value. B O s LSRR 2000y s ot Ruptese

2. The d ; ket A6 eced : 394
e Al D D T R P A PR B AP e
recei ve dedotsel SIG0LS0N (elgher digk dripacditioteRb8odttilt 26 seflodetn tdRrible@dipaealleDpiH e
230, the data packet decoder 305 forwards the data packets to a receive

F' JFO 310pnindlleerert.5owihdie "Hatda pasitied Shae auingeored. | n one enbodi nent) the
receive FIFO 310 is a circular buffer being a quadlet (four bytes) of data
wi de and two kil o bytes deep, although other arrangenents are possible. The
recei ve Fl FO 3tCondkceithdsidgs \iA0 bridpesusansantions frohr Db 1d8tand pacrkad bes 16Gnin
the 1394 serial bus. The output of the receive FIFO 310 is coupled to an
asynchr oftuRretfiried embpdiment, ecess! usibisa B3R seaiaBas i aeqosdanas with "Flled 3%d
to as an g; nc DVA engi ne") and an isochronous DVA engine 320 (hereinafter-
r ef er r ed 1P@° FighRerfompncpiariangin @uplished im kgt athahsaY RRKE scripbpes arpbileciufs
DMA engi nes .may be_used. The oytput of the r ive. FI FO 310 | | so_coupl ed
Lo an i s o 1e soup e JHO teicteied 'S nd T8 BN (BB pASE el Buadba
(e.g., a ' 4S) >} B0 10

L EG 111 THoae o 15 cBlolkd 85 ARRaEt ndhR AT Ib S ere o W agPstier Pag ifEn
FIFO fill ' r I Stier 0y : {-adi L QRN
he FI FO™S 0 are RaTEt 360 PP (SPblEHakn AR ARY R AR RETE R

FI FO drain pointer register 325 is a marker that indicates the location in
menory where the next quadlet of data ig to be drained from The FIFO fill
poi nter register 330 and the FIFO drain pointer register 325 are coupled to
a quadl et count circuit 33~ which determ nes the nunber of quadlets
contained in the receive FIFO 310 at any one tinme by mat hemati cal

Y M 1~~~ "1 e o -, oS o - ~—~ O~~~ 1 -



2.8 Jul 200
WD 99141670 PC TNS99102092 predet et zni ned anount of data (e.gP fgsgggﬂq e'
line or 8 qYeP¥4$70f data) received by the receive FIFO 310, TRE Rt er nal
arbiter 38? ei t her, si gnal s the asx(gﬁ, DVA engj ne 315 by way of an | AGNT

si gnal off 8ilgRiue afitheCagpuiss sysisan LAbis nevIUAYINRECHSTBZ AL RIASENDINVERIQN, BT
signal on_signal line 395 dependi ng on t&&/t. e of dat acket . recei ved.
AsSert | one PR AR TGS iorar CoBpuBcssete vl fensfiietudta i pistasdar oot
not Tnal n uest (AREA) signal on signal line 36S to access the PCl

bus 130 gf%le—‘i%égusrgg[ lf.w"af(g)?nr‘esI)ondi ngly, the assertion of the |1 GNT signal
causes the isoc DVA engine 320 to assert a normal isoc request (IREQ

signal on sigefld bRBusdimesif e@@fx?ﬁﬁy LRBodifenttsnd %Qm%w'ik%b% decorfdficd ONT
I at thé

and the 1 GNT signals are mutually exclusive Int y are never

assert eduticidighgS TR piBent MVeRQURINRERRIBSS Fidur@N £l 2t TR sbAE¥Fiask 9s@! or
the 11 GNT signal necessarily causes the assertion of the AREQ signal or the
| REQ si ghludes @ Pt hieyfaky motbie 28s witiciiier20€s wigh 3281 U8 Adiiipe 2 | A\Rian

i ndependent of whether | AGNT is asserted and the isoc DVA engi ne 320 nay
assert | &bQritiodapeduderzt] SofTheiP€ll heISA biadge 119 aisse trieydctiohbibstwezn bee atimerd he
DVA engi nes perform other tasks besides draining the receive FIFO 310. In
parti cul 8¥Pangiop peFipmal eiitasd Shmy D Omatrhdevaten 6punied wagke PEEbushi 30opraessser (.
command descriptors) fromnmenory, wite-back status information to nenory,
and per f arhiysiyn Bemaryréh- fhraistimnadodulngts isssuplathie asyncpranons tratsmigquad| et
count circuif 335 is also cou_&léed to a first input of a first conparator

340 wi t heRuisPUTelsrred thagit b meaduts k iScBpRavsEasr@it magule 225 (sfereskiorns
| ed d i nput . of t i st tor 340. |r di nent
Che i gh BRI anGreadnras o BY Y ShepRisiy sl Fatidge The sty
i ght -25 i f 2K- by Fl FO I h hi gh I
or Sl ar Moty SR FGEER o bR isa REREUPT ot e AT it it e des 288 <

64 quadl ¢4 j i gh wat ermark progranmabl e regi ster 345
is pr ogrgm%eagav%ngt@hggcgé}yﬁﬁeeg egiqrgfgl, the high watermark pro' anenabl e

regi ster output is 448 quadlets of data, which is referred to as a high

wat er mar k_bourdararX Seex FindYERivdAhoduids 10082031 6R4S3(Pfre EOBIALRA! B4 GaYNt
circuit 33S is greater than (or equal to) the output of 'the high watermrk

pr ogr amiteface @35S igch PAS)iddshie Aetepaty intkdidke @f thé IED4f deriFtbug O W4r, RO 1S
asserted (e.g.) active high) on signal |line 343. The output of the high
wat er mar k394 by anerfidadec? ISegrisltizes add Beiserdizendaosiphmd. For exafiples thel I3pditlinkf a
subtractor 342 with an output of a hysteresis programmbl e register 355
bei ng coup¢@ateZ3S tmnslajes~dnta-gsts-hanin Qi 4 a7 G PETNSO@ B0 2083 et to bytedmis ovidth

i nput of the subtractor 342. The output of the subtractor 342 is the

di f f er enEanPtRsbnThpd3btiplyintesface B35 kS PuPlRd te e@hksigh bk Hterbase 457 adiadht isr
34~ and the output of_the hysteresis progrannmabl e regi ster 355. The out put
of the sEBAIAEHG? theas334scciglpited PR T Madule 29pUSrBRS YRdEeinys danpasistof

350 with th t.put, of .th t t Gl i 35 I | ed

250 i DL oSO G0, SUERLELSOUDL LI 1032, eV SO S0l
i ster. 35S.] { i t 1 t o, defi ight -3

o 00T L Skl B AR SRt e IE R U5 R SRR g e

thereof. o Haghadf re RAGR ﬂo’ﬁ%s@ﬁéﬂ%gﬁ?éﬁkg?&gg@ngﬁﬂﬁa O&gﬁgi frbth sgl;'iﬁlq%hﬁt}qryws)

if the hysteresis progranmma I's programed w

hexadeci B@ticestdtethRYiSbarse8AIHuB! GOLRINERMIBlchREIaBbE sefiddiO iyntisrorbustad! et s of
data. This value is subtracted fromthe high watermark boundary and is

r ef er r edisooh@aows feyéive misdBeshpanstadised ( $8endhrgioueirddinission df igtagiidcesiemphaside
quadl et count circuit 335 is greater than (or equal to) the hystercsis
boundar ypnigheraoetpdtli ¢¢fySf deta ovbregsmeanoeed toninp avhatcas is@horions assenitsch ¢Edaja,
active high) on signal line 3S3. Both the first and second conpar at or

out put s PI&WP%‘HEPWS en gudrenieecoimingrafsialagreydelveatdf datac iAncxampBgy.anThe
priority generation circuit 360 asserts a priority drain ("PD"') signal on
si gnal 1 1596ehrepousytraial pREpkpsadesice doufigitilrameea trse@érwedcmcmemnemgs equal to
(or greater than) a high watermark boundary (i.e., the value programred in

he hi gh ' k mmabl i . W h | i h
L AR ST b et L R LR B IR
ti . . ' ~ount . ) . i
ot SR, BSELEAM: 1R brschl f ANAH Elsc GO Heick Ll REI QUL WIS AALBA CST ©

boundary, si gna easser ine 363
of the priority generation circuit 360 is coupled to the async and i soc DVA
engi nes 315 and 320. Wen PD is asserteg, either the async DVA engi ne 315
or the isoc DVA engine 320 (depending on the type of data that is on top of
the receive FIFO to be drained) dynam cally changes the draining priority
of the receive FIFO 310 to the highest priority, as will be described

o o o o o . 1 . Y b1 - -~



IRl
Figure SAillustrates a state diagramwhich represent the opg&g;uig o;jg%g'tﬁéz
pr7ority geMerdetiEgh circuit 360 of Figure 3. Referring to Figlres 3, 4A,
and 5A, the state di a%r am comrences in an idle state 505. As long as the
HWM si gRERTI%Olfetsseive kY farslaiping dataBasesonet posmruastie tigh veBormahyris. i n
t he idl% shatgéeSOS as.shown .bg rrow S 10. Hn the idle state 505). the PD
signal TYTHBRNERTEPL inNRRYPTY B RrgiRaism for maluipig the HEEAN Ry kAT he

guadl et count has rea the high waternmark boundary), the state changes
o s eranmeanE e 58 T phion Be e PRt o ST RERH bl B R ETED
signal is.,asserted. As long as the HWM signal is asserted, the state
remai ns Waattg%agk&m'state 520, as shown by arrow 525. Wien t he HWM si gnal
beconmes deasserted, indicating that the quadlet count in the receive FIFO

310 has fall Q g { : ] t
S otate 530 AeTERdo s Al WRLSE MRt R M Tis 167P RFRUEPENTES iR

In the W&)xﬁﬁéﬁ@tﬁ@%hysti&?limrﬁérﬂﬁ@ms 8MRigh® SRS da@fipacket de@BBerBDStdRBoddYS
signal remains asserted) the state remains in the S state 535, as shown
by arr oWa4fhckMBirdRived ftdnetheM395 teiia® bbs3ind deferinives iVttt ghieadatd fackgRiane
asserted, indicating that the quadlet count in the receive FIFO 310 has

ri sen t ad@mssedhovied recbiee fioghleid0e ifrthe Hath pacidarayy addressad @i the chxzingemothdek to
the HWM state 520 as shown by arrow 545. On the other hand, if the HYS

si gnal i280ddasiserpackst denatiec 305 frgwaidatthe dnta packicts eo 2 casaivt HIROtXO, odepiivethEl FO
310 has fallen below the hysteresis boundary, the state changes back to the
i dl e st alaer BEkets ase ighowd. byonrenahwdEBent, dipeecetve FIFO SilQ ied ciFademifer being a
deasserted. Figure 5B illustrates an exenplary priority generation circuit
360 of taHadlst dewnkytes)wé detr gride #nddweds wdyess dF%D-taﬁBO%&hact‘%”&Fé‘@B'éfﬁW}F i gur e

SA. Referri, Fi gure d SB, the priority .generatiqn circuit 36

Chel udedorTipe: e e REOH IR eqarins e nchiooys anda¥Sieraun Salamciets fromine

si gnal) c | ed,to the ock .in hese FEs (e, Q. 55 and
S50 ar o OPBeRE] Wiy 0 Suleu e e R P P ERp e o pEadue nBrblPBhest *Che
priorit r.allan.§i LYo ' b far,. a
008 RS RN O O IR PRGNS SRS RS di8ne,
the secqgtsi:hﬁﬁm‘é%w&&@clﬁggﬁer%awrafehe&lotailamg'agober)wﬂX%n@mgI InCdhoftiegnal
line 353, AND gates 565 and S7/5, OR gate 570, and inverter 580 coupled to
the i npWmtfdithb®, Ho"réihaE't:w@@'MA|eﬁ%ih9@rnh¢b@u§5.at[ﬁk ohipRt SthPwécedfe EFIFE) Ffbsis 55S
and 560 and the HWM and HYS signals are | ow, thus proving a | ow output on
t he PD silgnaupleBaoWihiceReabhediss whitpodeds goegpelifgiataqackhigceexdd @lgock,
thus driving the PD signal high. As HWMM goes | ow and HYS renai ns high,

out put Bsguesodams oaligbebishpus). A goes high (on the next clock)) thus

mai nt ai ni ng PD hi gh. As HYS goes |ow, output A follows on the next clock,

thus driving PD low. Figure 6 is a flow di agra_m illustrating an_exenpl ary
process 600 fbie chweﬁg@ah@lsm@plsﬁ&éﬁ{mﬁ SAteFegises 310 ke FE Qg e 6,
t he process 600. comrencges ep.60S wherg the quadl et .count in the .
recei ve ROIHES feglsaeét%Smgfﬁeﬁ%ﬁﬁlstoérﬁcrerfalftcﬁ%oe%érwﬁa&tﬁadn iSaigadpe lgeatiog in
whet her th et _count is great than, (or. equal t redet er m ned
amount | (RS ST Th el e nex r TS Tavd 30 b ST on] B PR HEARPER e 1 5
not greater,.t .(or equal 't h redet erm ne t I

Fo Step B0tz & 1 ettt retriPrelo s By Th Benag TRene b5 SaBRFOELPHRE
deassert : roc J o ~~rye 00~
V0 00/ 41575 B REEoTBEBHS T P fRE sEdf A0 pRe £80 ok poirke regloiersagalt
to) the dbru?g:%tlgra ua8H; B Bkuit 113 WHiek 8SemRR&GRE dembér o?lg@Rd RiSconfinedtif Rhe
615, a further determnation is made as to whether the data on top of the
recei ve retdit FEEF@SY0@NER¥HYSintkalemathe ndOe franpukatida o the FIFON@11 gaingerirggister
asynchronous data) the process proceeds to Step 620 where an async DVA

engi ne i33(0sarginat EFQ sledin bAGNT regigarad250f Figure 3) to assert an async

nor Tnal request for accessing the system bus and draining the asynchronous
data fromthe receive FIFO. On the other hand, if the data is_ isochronous
data, the protbseuipubebwdguadietSoep desit Ahtiscoupied sothc NRpMahaibiter 385 Epgnal ed
(see |1 GNT sign_al of Figure 3) to assert an isoc nornmal request. for

f o)
accessi nyhichéhaipseranl ashier 384 can detpmpige HsauMbecpl BrREFS d4ie $avHPEhE thecei ve

FIFO As nenti bove, the ) AGNT and || si gpal s tually

exclus! vEeTE FAES Wb i Gt b teaaroad G rEiLamier Ty s 1o be
di stingui shed fromthe AREQ and | REQ signals which may both be asserted at
the same tinme (see discussion above w 6h respect to Figure 3). The process
then continues to Step 630) where a determination is made as to whether the
guadl et count is greater than (or equal to) a programred high waternmark
value. If so) the process continues to Step 63S, otherw se the process

v ~ res ~ P — - N . - o Y b1 o 1 P~
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hysteresis on the FI FO which reduces thrashing of bandw dth rgg,gﬁéi%bg, t he
quadl et courWwOis/4t4i¢ WD 99/-A670 2 8 J~~J LO~I ~ PCTI US99102 -
oscillates around the high waternmark bgundary. |n addition, having

pr ogr ammBRIds qravnesk aneuns pf aia (csbfa GRePe ling onthawadists plidsatdrestivedhytheseceive
e tundTega e aneehadte R e Serltin iR na sreisyd tretes o e B
that | suchienbetaEn e 300 B BRARSTIA bl AN oPan pen AN LA BORIGA O, e
conot r uct P aratandRRRnELpL Bt dud PURRE LI AR rloh B AN T MesRE B e

rodi {1 catyianen ARSI & Rsendntl A3RLLEK KRath) Sl Ssbal 142 3670~

Jf~~J ~0~2 \What is Tlalne od ‘conpr etecfing data

recei ved 3858 tfd PEI buisY30i0F FHgurdt, CEJTE@):\IHB%IS‘] %%s%nié@éﬁh@%b@‘?%igfxél%ﬁs
first bus; asserting a request to a bus arbiter that is coupled to a second

bus havi nige Bo®DMAldnkiheBR0 U YisER S n6ANAlIQR rEREEIRERY s sl Ssighie 1in€ 305 bus
for draining data firomthe FIFQ, the bus arbiter receiving one or nore

ot her request shd PO NSO Rigure | 0The A QR Tiaae shd DGAICsgmld &re naacandedzlsive in
determning a difference between a | ocation where a receiving unit of data
i s to be thatith¢yeare anderasiesed i tha sashetimea draining unit of data is to be
drained in the FIFOQ detecting when the difference has reached a
predeterm ned hjigh watermark val ue by conparing the predeterm ned high

wat er mar k val udlteepghrbe efsertigp @F\E‘é;mé&%ﬂgﬁlﬁgf theigNdrsignal peaessarilepnsestthe o

the bus arbiter gai h_access to_the second bus over oth pendi. ng
requests ,35$GF“%9% S’Fe”gﬁp'gﬁéwél qréheg FiBRY WARSTUVRY. BE PR FRedng dldRay

the pr ed%tssecrnmAﬁ%% ﬂl'd%‘cn‘ﬁ?é‘ﬁleorf %%hlek’ﬁ‘idfﬁ'r i? Qs(gened and the isoc DMA engine 320 may

assert IREQ independent of whether IIGNT is asserted. This is because the DMA engines
perform other tasks besides draining the receive FIFO 310. In particular, cither DMA engine
may, among other things, fetch commands (or command descriptors) from memory, write-back

status information to memory, and perform any other non-FIFO related functions.

The output of the quadlet count circuit 335 is also coupled to a first input of a first
comparator 340 with an output of a high watermark programmable register 345 being coupled to
a second input of the first comparator 340. In one embodiment, the high watermark
programmable register 345 is three bits wide to define eight-256 byte increments (for a 2K-byte
FIFO), although a higher or lower granularity may be used in lieu thereof. That is, each
increment represents 64 quadiets of data. Thus, if the high watermark programmable register 345
is programmed with a "7" hexadecimal, the high watermark programmable register output is 448
quadlets of data, which is referred to as a high watermark boundary (see Figure 4A). If the
output of the quadlet count circuit 335 is greater than (or equal to) the output of the high
watermark programmable register 345, the output (HWM) of the first comparator 340 is asserted

(e.g., active high) on signal line 343.

The output of the high watermark programmable register 345 is also coupled to a first

input of a subtractor 342 with an output of a hysteresis programmable register 355 being coupled
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requesting a highest priority to the bus arbiter by a DVA eng&% ;Q%Bk%&a{i n
the FIFO t wwa ppat16e or nore devi ces coupled to the second bus, tfs'ue

engi ne bei ng ope of an asynchronours]_ja_‘and i sochronous DNVA _engi nes.

met hod 8 LFERMNPUYQfitht ByDIEasIRs PR nihe QP thsgubimastor: 3 18 eff%ifférﬁg*é EQE

hyst or By et iyt of s hig VAl aEs oIt P beeRE: 2 1rmd B SHEY! Bbbeen a
and = ARG RERRTURIs HEFORYL TR R R B ERG ers SRl Pl 1
boundar. =08 BHRoBHBE ST i hOSUB{ oFhERERL Touk RELP 15 BEBLSHLER'S ) e

in a hi e | ; ' ] 1 ' hi gh
e i e b e

conpri s3gxisherRe bRYwiieSB R Aifle ¥ AhtS2 brednbéfleRisRihSu PHIABIENbReF SdhRASY tO
provi de the predeterm ned hysteresis value. 5. The nethod of claiml

wher ei nmhjr6e dsddeinmenitingedhertdt {sf eqcBnaerenRAPepeedts digitliquadleidbfdafal ITthus, if

| ocation in the FIFOusing a fill pointer where the receiving unit of data
IS to bibenybtbiesnd;progisinaableggRted 385 fs progaimmed with & W' Helx k€2 diial) thechysie misiz

poi nter where the draining unit of data is to be drained; and manipul ating
a fill pogrmnablakagistamoitputds a6 nuppbietnbédaaalbs vihine ¢adubtracted ftomethdihigher ence.
6. The nethod of claim 1l wherein the detecting when the difference has

r eachedwalsempikdpandanriané ¢ tefggreduane hasiRrosialbgundaccesFighed A hdf terquemenée
Is greater than or equal_to the predeterm ned high watermark value. 7. The
met hod 'Of GEPAFHTONNE GHFQUE?3 Xis Eratesithrg: (0g WA £9)Re Msksrgsesy bYREAYoReOgPUbf t he

FIFOis nchronous . data or i.sqchronous, data when, t he differ e_reaches
the hi offl it & REEOD4 FREPRIOr A DA FRPACL S o't Rihbon signal line 353 Both the

first and second comparator outputs HWM and HYS are fed (o a priority generation circuit 360.

The priority generation circuit 360 asserts a prionty drain ("PD") signal on signal line 362
when the quadlet count in the receive FIFO 310 is equal to (or greater than) a high watermark
boundary (i.e., the value programmed in the high watermark programmable register). When the
quadlet count in the receive FIFO 310 falls below the high watermark boundary, the PD signal
continues to be asserted until the quadlet count falls below the hysteresis boundary, at which
point the PD signal is deasserted. The signal line 362 of the priority generation circuit 360 is
coupled to the async and isoc DMA engines 315 and 320. When PD is asserted, either the async
DMA engine 315 or the isoc DMA engine 320 (depending on the type of data that is on top of the
receive FIFO to be drained) dynamically changes the draining priority of the receive FIFO 310 to

the highest priority, as will be described below.

For example, if asynchronous data is at the top of the receive FIFO 310 when the high
watermaik boundary is reached, the PD signal is asserted to cause the async DMA engine 315 to
asscrt an async priority request ("APREQ") signal on signal line 370, indicating to the arbitration
module 215 of Figure 2 that the async DMA engine 315 has the highest priority to access the PCI
bus and, among other things, drain the receive FIFO 310 into memory 120. On the other hand, if

isochronous data is at the top of the receive FIFO 310 when the high watermark boundary is



a first-in/first-out (FIFO to receive data from one or mten?%&ég%zﬁi{n%ﬂgz

first bus; av@#aétount circuit coupled to the FIFO to deterni

Fecei vi NG T PRERR] § U758 RFPEE I SO GRAET o7 BFG! 3 PRy
G er end B R TP RES? danal o Hed g SRt dleahe SURF tr o R Spere Pon
circuit Wmquo{ BMdl?%ngiRQB%%%the h%ih%s@rfrio‘?irzi fo c%?é!gﬁe??é:%hscinﬁCaHﬁcEnotther
provide a priority draifi signal In response Yo IR diTf erence bei ng equal

to or al tgppabiNelne QLo ?ﬁébmi&ﬁ%eﬂ{o‘?ﬂﬁ&r é%?@ithim'a%@rﬁ&ir‘ BRMeK (e

and a direct nenory access ( clrcult’ coup to the priority generation

circuit adatdhgidadd KLAURIABRECH lihe sBEDMMK\AEIRE b adsCr QBFEQ, dRp&diHPdn e @
bus arbiter to access a second bus having a plurality of devices coupl ed

ther et 0, yRUFAAEI tHA it Bn t}Poliht frede@CEFDE 109 The AHREQ ahd thetIRREQSignalk aBBe JU-~I
Z02 predeterm ned high watermark value, the DMA circuit to assert a

priority naitgalblexcmsivesignats iarthatteth e nacerassrctet thesome times over ot her
pendi ng signals received by the bus arbiter from other devices. 9. The
apparatus of claim8 further conprising: a subtractor to subtract a.
pr edet er ni ned Figuse éBadlsirajes areefemplary ticnipg éidgrasy of vasiguhsighalsaf e prettyval ue
to generate a hysteresis boundary; a second comparator to compare the.
di f f er enGeNSARY A3 Redemingyo dinguaesy?A st whanHbe gradigticoyntde fsiragai th
circuit Lntajns the assertion of the priority drain sjgnal as_.]ong as.the
di ffer en@&?@aﬁ& °§ @e&fsfgwelgfreﬁrktmﬂdﬁ@-&yﬁvse%@%s aﬁhQMM.S’ is
apparatus of claim rein the t t circuit conprises. a FIFOfill
o nt or pegred aflif ditlo Pt f o6 4B PR hedabaioe sSSPRA I Teag altspe ¢ 0.
point to [y cat, on irn Fl [ h ecsh Vi ' a.is
to be w ikﬁ%%s;ggm{'—cl%thh&raéfeﬁﬂ %%lgﬁ{hézrﬁ\?%\g s @r&%%ﬁhﬁ;‘@%g’ gng ‘ﬁ%tg sg{el?dj'?{]héc | FO
drai n poiji,efied G [ i ESRs iideB%o el t he
ar ai i ng e GFS BN AP, B gt SERTRD I AETIEO T dirkpy B IRL B he
drai n valgugdier @uRBiHiR We e the 1R Maferhnak®oli@ardlithd PDRNGRAI remains asserted. The
draining of the receive FIFO remains the highest priority until the quadlet count falls below the

hysteresis boundary (e.g., 392 quadlets of data), as shown at time 430. At this time, the HYS and

PD signals arc deasserted.

Figure 5A illustrates a state diagram which represent the operation of the priority
generation circuit 360 of Figure 3. Referring to Figures 3, 4A, and SA, the state diagram
commences in an idle state 505. As long as the HWM signal is deasserted, the priorty
generation circuit 360 remains in the idle state 505 as shown by arrow 510. In the idle state 505,
the PD signal is deasserted. When the HWM signal is asserted (indicating that the quadlet count
has reached the high watermark boundary), the state changes to a HWM state 520 as shown by
arrow 515. In the HWM state 520, the PD signal is asserted. As long as the HWM signal is
asserted, the state remains at the HWM state 520, as shown by arrow 525. When the HWM
signal becomes deasserted, indicating that the quadlet count in the receive FIFO 310 has fallen
below the high watermark boundary, the state changes to a HYS state 535 as shown by arrow

530.



11. The apparatus of claim8 wherein the FIFO receives one of6ﬂ§&égmuﬂbémgz

and i sochr omu®/datta. 12. The apparatus of claim 1l further c r1'Sing an
whet hor - acyncHrBhBILS Hci DS GRS U %&p%@"s@@,al refgins
(o the. MrEEGn RS foaihs g FY T pd 5?%@"%‘32@% KRy rete Bl Blign i Fy S HRe"
ooer s U D SRR e

| sochr 0%%%%&? 9R G5 RhERoh Y aterh ik d%uﬁ&%.rg”t‘ﬂe Ts:{ﬂ!% chﬂ&%g 'B?hlzk @r %_i»ﬁf/ ¢ he

i sochr orious ne fo’'generate a request Signa

drai n the, Fkh®006d 5PSREQAYS Slah@othsr Rt meh@iwtsh?gnﬂ ,E@cas%émdm?d Eﬁmod

of claim1 wherein ﬁLe detecting data received in the O conpri ses

det ect i nEadat duidEdonRtin the tdteivelFEED 10 Mhofaned babwbh@hysééesxsTtk&na&gaﬂ@tswac of
claim8 wherein the first bus is a serial bus. 17. A system conprising: a

first buhahgas tagk #o fterigle spdieI505 (ds\khe@in bexireveS50pand (REPDRPNAL Becafidsa second
bus having a second plurality of devices coupled thereto; and a nodul e
coupl ed deetssered. t he first and second buses for tenporarily storing data
received fromone or nore of the first plurality of devices on the first
bus and for draining the data to one or nore of the second plurality of
devi ces on t hEiggecBhilustrates ehexemplatyerioprppanstatign cicyii Jedtofithe piesertt inyention
(FIFO to receive data; a data count circuit coupled to the FIFOto

det er mi @ aa%ndw@rtehf@esra&eﬁiéacd?wéF&wafeﬁ%eRﬁﬁjnanajﬁwﬁw@n}:@do%@m@nnamy

whore o EEPATATORG Bt Bobfacdutd e 3o ety fis CEPEbHsaatRp or £8Rshre (ne
i 11 or enge i C 2 RLRdFLSHITLISE AN ARLORIRLE \BLer s T8k Ly 80 O

circuit c‘buple eco ara t he pri
a master clock, however, it is to be noted that the priority generation circuit 360 may be

implemented without the need for a clock signal. The HWM signal on signal line 343 is coupled
to the input of the second FF 560 with a logic circuit including the HYS signal on signal line 353,
AND gates 565 and 575, OR gate 570, and inverter 580 coupled to the input of the first FF 555.
In the idle state, the output of the FFs 555 and 560 and the HWM and HYS signals are low, thus
proving a low output on the PD signal. As HWM goes high, output B goes high on the next
clock, thus driving the PD signal high. As HWM goes low and HYS remains high, output B
goes low and output A goes high (on the next clock), thus maintaining PD high. As HYS goes

low, output A follows on the next clock, thus driving PD low.

Figure 6 is a flow diagram illustrating an exemplary process 600 for implementing the
present invention. Referring to Figure 6, the process 600 commences at Step 605 where the
quadlet count in the receive FIFO is determined. At Step 610, a determination is made as to
whether the quadlet count is greater than (or equal to) a predetermined amount (e.g., a cache line
of data or 32 quadlets). If the quadlet count is not greater than (or equal to) the predetermine
amount, the process moves to Step 660 where the asserted normal request (async or isoc), if any,

is deasserted. The process then jumps back to Step 605.

10
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provide a priority drain signal in response to the difference i equal
to or alterW&3INHFIP greater than the predeterm ned high vvaterpﬁ-'ﬁ‘?lksgg&oge,

and a direct nor ccess .(DMA) circuit coupled to the priority generation
circuit and t éed%\‘ilaé’?"éﬁﬂ‘l‘ﬁ‘ ‘ég?eéZ?irff}a“t(ﬂree%m° theqss etwr&éwnﬁf& RJRASSto a

b bi havi . pl. | i f devi | ed
Cher ot o, PPEERIESGE R (NS Fof Hae BB g e b Frtle MRE M Buetapm fea
 her STVE ¥ ef SHCE" PiiafP YHE P O

pus ar i ere 1o NREAEQ it R ERBAE Gl b SRRSREE pa MibPRMA S Rifihna R ol o,

the bus gk B}c;gggssu%r:oeé’gdgtt@g{eg@bi»ﬂ%?e antSsynd DR RXRERDY ivn%ic%i(gec%dﬁ%ﬂﬁgl of

conpri si ng. ractor to6 subtract a’predetert ned hysteresis valde from

the predgbekes)Re s alfhc notnfl Hduct m%cefs@itngnmy&em%g%na arfGnsiRt e a

hysteresi s boundary; a second conparator to cémpare the differente with the

hyst er esdsgndd@ortsiardata fb@ngd rective FBFO O Ontible SRBERA] FtheCdakLidiidocARInBEPEANS, thdhe
assertion of the priority drain signal as long as the difference is equal
to or grmatess ptdrandd foeSiéry 62 whsieanticatDislayenglitt is Fiznaled Gee MGNT sikaal of Frgure
wherein the first bus is a serial bus. 20. The system of claim 19 wherein
t he seri3ltosssrtian isohngrimas preedster agkssingshe sysetem bes dcloxidingulse isschaonous data
peri pheral conponent_interconnect bus. 21. The system of claim 17 further
conpri sifigmahreseirs SBFOc dgpnestioned abeves e dAGNuend BGNT Fignaksyace mwiuatlycl ai m
17 further conprising a nenory coupled to the second bus, the circuit to
drai n t HXCHatvE I toth DoHBarE RS tassarigd ahilegampe time. Tinieis 49/be distirguished fiom the
wher ei n dat nt circuit conprises: a FIFO fill pointer register .
havi ng akgﬁﬂa mseﬁ@w TRY POGrOSi AP At BF sprag Hide djeedischsion akoye yith
first | or%gti {)Qg‘:in t FI FO where the receiving unit of data is to be
witten; PE &r'si "pointer register having a drain value, the FIFO drain
pointer register to point to a second location in the FIFO where the

o S . . ( the . | h
rain vl o ar PREER (e ERREeCBrEad Mifle JARERURIORT: Shdd gy @\ iBuRTthe PO
cl ai m 17qaR% ebﬁhttibgnﬁlelﬁﬁlahg@ﬁéwuga%u&jrama%ﬁgma&%;aﬂndaméorf@s.qneg%cess

data. 25. The systemof claim 24 wherein the DVA circuit conprises an
i nt er nal contibéseio Step BB S biicdwidd@hd plocksstjtraps BAcRItd Step@dODi A Stelp®BIFeifelid data on

whet her asynchronous or isochronous data 1s on top of the FIFO 17
top of the receive FIFO is asynchronous data, the process moves to Step 640 where the async
DMA engine is signaled to assert an async priority request to access the system bus and drain the
FIFO (e.g., in memory). However, if the data on top of the receive FIFO is isochronous data,

then the process proceeds to Step 645 where the isoc DMA engine is signaled to assert an isoc

priority request to access the system bus and drain the FIFO.

Continuing to refer to Figure 6, the process then continues to Step 650, where a
determination is made as to whether the quadlet count is greater than (or equal to) a programmed
hysteresis value. If so, the process jumps back to Step 635. If the quadlet count becomes equal
to (or less than) the programmed hysteresis value, the process moves to Step 655. At Step 655,

the priority request is deasserted (async or isoc). The process then jumps back to Step 605.

The advantage of the present invention is that the arbitration priority of a receive FIFO
may be dynamically changed based on the quadlet count. This allows for a FIFO to slowly reach
a threshold prior to requesting a high priority drain. Moreover, the present invention includes

hysteresis on the FIFO which reduces thrashing of bandwidth requests if the quadlet count in the

11
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an asynchr oWSU¥/#DWR engi ne coupled to the FIFO and the internal arbiter,
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1. A method comprising:

detecting data received in a first-in/first-out (FIFO) from one or more devices from a first
bus;

asserting a request to a bus arbiter that is coupled to a second bus having a plurality of
devices coupled thereto to access the second bus for draining data from the FIFO, the bus arbiter
receiving one or more other requests from one or more other devices to access the second bus;

determining a difference between a location where a receiving unit of data is to be written
and a location where a draining unit of data is to be drained in the FIFO;

detecting when the difference has reached a predetermined high watermark value by
comparing the predetermined high watermark value to the difference;

asserting a higher priority request to the bus arbiter to gain access to the second bus over
other pending requests, if any, responsive to detecting when the difference has reached the
predetermined high watermark value; and

requesting a highest priority to the bus arbiter by a DMA engine to drain the FIFO to the
one or more devices coupled to the second bus, the DMA engine being one of an asynchronous

and isochronous DMA engines.

2. The method of claim 1 further comprising:

detecting when the difference has fallen below a hysteresis boundary by comparing the
difference to the hysteresis boundary, the hysteresis boundary being a difference between a high
watermark boundary representing the predetermined high watermark value and a predetermined
hysteresis value; and

deasserting the higher priority request to the bus arbiter if the difference falls below the
hysteresis boundary.

3. The method of claim 2 further comprising loading a first value in a high watermark

programmable register to provide the predetermined high watermark value.
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indicating a drain location in the FIFO using a drain pointer where the draining unit of

data is to be drained; and

manipulating a fill pointer value and a drain pointer value to calculate the difference.

6. The method of claim 1 wherein the detecting when the difference has reached the
predetermined high watermark value occurs when the difference is greater than or equal to the

predetermined high watermark value.

7. The method of claim 1 further comprising:
detecting whether data on top of the FIFO is asynchronous data or isochronous data when

the difference reaches the high watermark value.

8. An apparatus comprising:

a first-in/first-out (FIFO) to receive data from one or mote devices from a first bus;

a data count circuit coupled to the FIFO to determine a difference, the difference being a
difference between a location where a receiving unit of data is to be written and a location where
a draining unit of data is to be drained in the FIFO;

a comparator to compare the difference with a predetermined high watermark value;

a priority generation circuit coupled to the comparator, the priority generation circuit to
provide a priority drain signal in response to the difference being equal to or alternatively greater
than the predetermined high watermark value; and

a direct memory access (DMA) circuit coupled to the priority generation circuit and the
data count circuit, the DMA circuit to assert a signal to a bus arbiter to access a second bus
having a plurality of devices coupled thereto, responsive to the difference being greater than the
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watermark value to generate a hysteresis boundary;
a second comparator to compare the difference with the hysteresis boundary,
wherein the priority generation circuit maintains the assertion of the priority drain signal

as long as the difference is equal to or greater than the hysteresis boundary.

10.  The apparatus of claim 8 wherein the data count circuit comprises:

a FIFO fill pointer register having a fill value, the FIFO fill pointer register to point to a
first location in the FIFO where the receiving unit of data is to be written;

a FIFO drain pointer register having a drain value, the FIFO drain pointer register to point
to a second location in the FIFO where the draining unit of data is to be drained from,

wherein the fill value and the drain value are manipulated to calculate the difference.

11.  The apparatus of claim 8 wherein the FIFO receives one of asynchronous and

isochronous data.

12. The apparatus of claim 11 further comprising an internal arbiter coupled to the FIFO, the

internal arbiter to detect whether asynchronous or isochronous data is on top of the FIFO.

13.  The apparatus of claim 12 further comprising an asynchronous DMA engine coupled to
the FIFO and the internal arbiter, the asynchronous DMA engine to generate a request signal to
drain the FIFO when asynchronous data is on top of the FIFO.

14.  The apparatus of claim 12 further comprising an isochronous DMA engine coupled to
the FIFO and the internal arbiter, the isochronous DMA engine to generate a request signal to
15
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second plurality of devices coupled thereto; and

a module coupled between the first and second buses for temporarily storing data
received from one or more of the first plurality of devices on the first bus and for draining the
data to one or more of the second plurality of devices on the second bus, the module comprising:

a first-in/first-out (FIFO) to receive data;

a data count circuit coupled to the FIFO to determine a difference, the difference being a
difference between a location where a receiving unit of data is to be written and a location where
a draining unit of data is to be drained,

a comparator to compare the difference with a predetermined high watermark value,

a priority generation circuit coupled to the comparator, the priority generation circuit to
provide a priority drain signal in response to the difference being equal to or alternatively greater
than the predetermined high watermark value, and

a direct memory access (DMA) circuit coupled to the priority generation circuit and the
data count circuit, the DMA circuit to assert a signal to a bus arbiter to access a second bus
having a plurality of devices coupled thereto, responsive to the difference being greater than the
predetermined high watermark value, the DMA circuit to assert a priority signal to the bus arbiter
to access the second bus over other pending signals received by the bus arbiter from other

devices.

18.  The system of claim 17 further comprising:
a subtractor to subtract a predetermined hysteresis value from the predetermined high
16
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a second comparator to compare the difference with the hysteresis boundary,
wherein the priority generation circuit maintains the assertion of the priority drain signal

as long as the difference is equal to or greater than the hysteresis boundary.
19.  The system of claim 17 wherein the first bus is a serial bus.

20.  The system of claim 19 wherein the serial bus is a high speed serial bus, and the second

bus is a peripheral component interconnect bus.
21.  The system of claim 17 further comprising a processor coupled to the second bus.

22.  The system of claim 17 further comprising a memory coupled to the second bus, the

circuit to drain the data from the FIFO to the memory.

23.  The system of claim 17 wherein the data count circuit comprises:

a FIFO fill pointer register having a fill value, the FIFO fill drain pointer register to point
to a first location in the FIFO where the receiving unit of data is to be written;

a FIFO drain pointer register having a drain value, the FIFO drain pointer register to point
to a second location in the FIFO where the draining unit of data is to be drained from,

wherein the fill value and the drain value are manipulated to calculate the difference.

24.  The system of claim 17 wherein the FIFO receives one of asynchronous and isochronous
data.

25.  The system of claim 24 wherein the DMA circuit comprises an internal arbiter coupled to
the FIFO, the internal arbiter to detect whether asynchronous or isochronous data is on top of the
FIFO.
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27.  The system of claim 25 wherein the DMA further comprises an isochronous DMA engine
coupled to the FIFO and the internal arbiter to generate a request signal to drain the FIFO when
isochronous data is on top of the FIFO.
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