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METHCD AND APRARALLes FOR M NI M ZI NG ASYWN

TRANSM T FI FO UNDER- RUN AND RECEI VE FI F -

CONDI TI ONS BACKGROUND OF THE | NVENTI ON

1. Field of the Invention The present invention rel ates

generally to the field of conputer systens, -1- and specifically, to a

met hod and apparatus for miyipTHORANS XPPARNAUSFORMNIMIZING  ©' FO

under-run and receive Fl FO,QYNCHRON FIFO UNDER-R 2.

Background I nformation %&Per system

typically includes a procesélgP,RECENE nenory, mm@%ﬁ e peri pheral
N

devi ces coupl ed t oget her by onmzm ntly, serial

peri pheral buses (e.g., a univ ' : 94 seri al
bus, | EEE 1394- 1995 Hi gh Performance Serial Bus |EEE, 1995, etc.) have
becone increasingly popular in conputer systems mainly because they offer a

| ow cost, high plerfodiieldefthslInventioni ve to ot her bus architectures. A
serial bus architecture typically includes transmt and receive

first-in/first-out deviTiRSresent invenﬁ&ﬁkeﬁ%élnerﬁi? 16 ﬁg?ﬁfdﬁﬁ%{n sostdfs ch

interfaces between the conputer system _and the , and a
serial interface ntWupecifieadly, toparethodand spparatusiforminimiging esymelronous transmit he

serial bus (and ONPIFY uidBf finRRd G PIFCHRL-ilSoRflibll® Serial bus) and the
rra n

Fl FGs. These se uses transmt a recelrve asynchronous data as
wel |~ as isochronous dat a dependi ng on the peripheral device coupled
to the serial bus. Asynchronous transm ssi on places enphasis on
guar ant eed delivery of data pvel gnt eed ti mng whereas

| sochronous transm ssi pl aES=eRphasts-ofrguar ant eed ti mi ng of

data over delivery of data. For data transm ssion, the host

processor creates a condgsuergporposemomputer system typically\inclides a gfogesso, pr ogr am
including data an dm%%*&?&:?ds o'ne-lc;? Sxozgeop@r}%ﬁegg] devices coupled together by one or more
buses. Recently, serial peripheral buses (e.g., a universal serial bus "USB", a 1394
serial bus, IEEE 1394-1995 High Performance Serial Bus IEEE, 1995, etc.) have
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 systemrbus
- 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
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direct how the data is to be assenbled for transm ssion, the destination of
t he data -2- packets,

etc. The interface nodule retrieves the commands and data packets from
menory and plwessigdaem into the transmt FIFO However, bepet/gsdnias can be
read from nmenory, the interface nodul e nust request access to gain control
of the system bus. The tine that it takes to gain control (referred to as
"system bus | atency") of the systembus is gon-determ' ni stic and depends on
several factors including the bus speed, th€¢ nunber of devices requesting
access to gﬁi n Copﬁdk_@is,%tf.FTTibﬁntBtfﬁcenﬁildllgfrf:tge\}eb&ﬁ-commapdsan_d&ﬁla?ﬁdk&sﬁ%nﬁata s
placed in the transmt . transm t .C r circuitry requests to
transnit the data™M§MmopHA %ﬁhﬂs&t?tbsﬁ'm“a?ﬁ?b- %&W?rn@f?rﬁé?‘aﬁ“%kes f or

a serial bus granteadFRhfhemery! fie ffteriat&mbddle Miist réqabst BEXSIto kfin control of the
non-determ ni stic and depends on a, nunmber of factors including the serial

bus speed, the nuftiiam bys. Jhe tige that jititakestogainsenirel frefegred taws "swsteppbushys, and
the amount of | SOGRHRPGUPHelsHidrh Bus iICHGEIRTERSiclalid SepRAdsH sevell AR | S
transmtted on the se??al btﬁggtélgust@g dat a pgccet si'ze to D6 transmtted is
greater than the tinciuding the bysmpeed; the numbsar of davireg tsauasting asa¢sa tregajn eontrolnd dat a
packet nust be rety.l menory as the data is drained fromthe
transmt FIFO ont %Hetqﬁg’%ggﬁegﬁebus. However, if the system bus | atency for

retrieving the balance of the data packet is greater than the time that it
takes to drain the traf8#eanasdatmis plaved inghe trangmit FOHQtapsmit {AQ cosrelur . The

chances of an undefzl: YNl mﬁﬁﬁ | , @ | ] onput er
system having a hgg‘\:/l{;Hfrregﬁ%%éBon t he és@%%@?nth segi'aﬂé&ﬁ. E{rﬁ[earﬂ?’ftgﬁu%gh%ﬁl on ig~
undesi rabl e becaudakes for waeriabbussgsarit fefetrad tosa fistvinlds lataneyl3 issoswdelsgministic syst em
down. Ac ' there | | . met hod
and apparatus to %%?érﬂg%sy%rae%h r%ﬁ%@%@%ﬁ%ﬁ%@%@?ﬁ%%&ﬁéﬁ E‘rﬂgr-run
condition due to segrial periphetabdeyiceson the serial bus, ddettle anfmaint ¢fdsachmwadusaaffic om a

peri pherl evi e it eyt iy ol 555 A o PGt R
menory fast enouglsize & bidransmitied isgreater thadithe tansmib FIFSTsizes prtions (or thtren
balance) of the data packet must be retrieved from memory as the data is drained
from the transmit FIFO onto the serial bus. However, if the system bus latency for
retrieving the balance of the data packet is greater than the time that it takes to
drain the transmit FIFOQ, an under-run condition will occur. The chances of an

under-run condition occurring rapidly increases in a computer system having a
heavy traffic on the system bus. An under-run condition is undesirable because it
wastes serial bus bandwidth, thus slowing the system down. N

Accordingly, there is a need in the technology for a method and apparatus
to minimize/prevent an asynchronous transmit FIFO under-run condition due to

system latencies.

Data that is received from a peripheral device on the serial 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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data issreceived by a full FIFOto cause data already in the FIFOto be
overwitten). The depth of the receive FIFOis one factor in determning
the systemb I y that the FIFO can handl e w thout an =

condi tion octﬁ??%@gfﬁe i ssue of PCTRUSSb a8

-3- systembus latency is exacerbated by the fact that the interface nodul e
may need to fetch commands fromnenory prior to being able to wite data
fromthe receive FIFO into nmenory. That is, -& typical asynchronous packet
may require a command fet data storage,.,apd status ite-pack, all to
di fferent Iocationiys?eﬂ"ﬁﬁﬁaf ?‘ﬁﬁmﬁgﬁa&mg&@ﬁ%}ﬁ‘ﬂﬁ TOfESNY ngpeto
received in the refschwonmnandy fréh enedosy Giioriie/beidgPdbi 6 Yvrite Gith frofl thereéeddeC N
commands from and |ete the i_hgt_us vvr_iaLe- b@%}( to rrgm)r may greatly
exceed the time regﬁﬁ)’é‘&’?‘ﬁmﬂ‘?ai 115, & tYPIGal a3y RESROONS Packetanay Jequine @,
Accordingly, ther ecfimand fétch/\ita ARG, hridl A& irBE DAY, AW différert 161G and
apparatus to elimnate over-run conditions in a receive FlIFQO

SUMVARY OF THE | NvEIogl 1f many smal) asyreiyeonensnagiatise received iptheseerive Fl@nt i on
is acircuit adaptﬁﬁss,gexﬁb_ﬁgra&hcyfeweu&&feﬂ%ﬁgmmxﬁ%@a@ﬁam@gtfﬁvCU't

i ncludes a counter and a_first end of packet tector I's coupled to
the counter. The f wridg-baskdo mempryanan grertly steed the tiegequined ta dreindla datadrom f  an
end of packet is d%‘ﬁe&f‘gﬁ an input of the FIFO The circuit also

i ncludes a second end o pac(lzet detector coupled to the counter. The second

end of packet detector decrenents the counter if an end of packet is
detected at an out put oficeondingly there i afurthernend in thedeshnolpgy fooaplethedand an

out put of the COU%@W&M&%M%&@PE?WW esponse to the

eut put of the count ON OF THE DRAW NGS
The features and advantages of the present invention will becone apparent

SUMMARY OF THE INVENTION

In one embodiment, the present invention is a circuit adapted to a first-
in/first-out device ("FIFO"). The circuit includes a counter and a first end of
packet detector that is coupled to the counter. The first end of packet detector
increments the counter if an end of packet is detected at an input of the FIFO. The
circuit also includes a second end of packet detector coupled to the counter. The
second end of packet detector decrements the counter if an end of packet is
detected at an output of the FIFO. A detector circuit is coupled to an output of the
counter and requests a bus transaction in response to the output of the counter.

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:

Figure 1 illustrates an exemplary computer system suitable for use with the
present invention.

Figure 2 illustrates an embodiment of the south bridge in accordance to the
teachings of the present invention.
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fromthe follow ng detail ed description of the present invention in which:

Figure 1 illustrates an exenplary conputer systemsuitable for use with the’
present invention. Figure 2 illustrates an enbodi ment of the south
bridge in acGpahsis®d t 0 the teachings of the present invenpogses2i4s

-4- Figure 3 illustrates one enbodi nrent of an asynchronous transmt
nodul e of the present invention. Figure 4 illustrates one

enbodi ment of a receive nodul e of the present invention.

DESCRI PTI ON OF THE PREFERRED ENMBODI MENT - In the follow ng

description, for purpoEigare filigkakootRieinbodiment T b tynélRérbub Faidfrit iciuldgfr th in
order to provide g@thorou h understandlng of the present invention.

However, it wll ffU%% one skilled in the art that these specific
details are not required in order to practice the present invention. As

di scussed herein, a coFipsttdilhsisteese eibodimafitadtd edceive lodale BOthe ipfesstitt Iy
capabl e of proces&glgldat a. The conmputer system may include, but is not
limted or restri™&H% o, a conventional conputer (e.g., |aptop, desktop,
pal ntop, server, mainframe, etc.), hard copy equipnment (e.g., printer,
plotter, scanner, fax machine, etc.), bank| ng eqw prrent (e g., an autonated
teller machine), wreles :
Figure 1 illustrates an €#e+ It for use with
the present invention. The corrput er system 100 i ncl udes a pr ocessor 105
coupl ed to a host bri dgehelfbBowing descriptiongfor prpeses eftbxplanAion muimessus dethils dge”)
by way of host bus

are set forth in order to provide a thorough understanding of the present invention. .

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

not required in order to practice the present invention. As discussed herein, a
"computer system" is a product including circuitry capable of processing data. The
computer system may include, but is not limited or restricted to, a conventional
computer (e.g., laptop, desktop, palmtop, server, mainframe, etc.), hard copy
equipment (e.g., printer, plotter, scanner, fax machine, etc.), banking equipment
(e.g., an automated teller machine), wireless communication equipment, and the
like.

Figure 1 illustrates an exemplary computer system 100 suitable for use with
the present invention. The computer system 100 includes a processor 105 coupled
to a host bridge 115 (hereinafter referred to as a "north bridge") by way of host bus
110. Processor 105 may be any type of processor such as a microcontroller or a
general purpose microprocessor. In the embodiment shown, the north bridge 115
is a host-to-peripheral component interconnect ("PCI") bridge, although other
bridges may be used in lieu thereof. The north bridge 115 is coupled to a system
memory 120 (e.g., dynamic random access memory "DRAM", static RAM
"SRAM", etc.), PCI bus 130, and a graphics interface 125. The north bridge 115 is
responsible for bridging processor transactions to either system memory 120, PCI
bus 130, or graphics interface 125. The north bridge 115 also bridges graphics
interface 125 or PCI mastered transactions to system memory 120 while initiating

processor 105 cache snoop cycles.
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110. Processor 105 may be any type of processor such as a mcrocontroller
or a general purpose mcroprocessor. In-the enbodi nent shown, the north

bridge 115 is a host-to-peripheral component interconnect (" . i.dge,
al t hough ot herW®P¥48ds may be used in lieu thereof. The nortPE(;@rsg%%EerllS is
coupled to a systemnmenory 120 (e.g., dynam c random access nenory "DRAM',
static RAM "SRAM', etc.), PCl bus 130, and a graphics interface 125. The
north bridge 115 is responsible for bridgi ngsprocessor transactions to

ei ther system nenory 120, PCl buys 130, oreora%tl]i ¢S interface 125. Igi north

bridge 115 al so bri dges T8¢ ReHpusd 30 proxides;2 e 2 BHRERCTOR i ons

to system nenory 1%gst¥mideﬁxobniida?aHioﬁé]otﬁfl&@Q&MEraﬂ&Hii&ﬁm-lstﬂg.ca’C| es.
- 5- The PCI Dbus 130 provides a conmuni cation path between processor

105 or system nenpmgtwizkinterficocred,arSGHS centyollen qard eta)), wheps AMSis apositiyeswhple

(e.g., a network interfa e "M
IS a positive whol @“ﬁﬁﬁ%gﬁ{eﬁguﬁgoﬁe@%@ d%%rl %ﬁé?&géag\% g%tg bgtweé!m{:

communi cat i on pat h predessoe b03 draysiern ceamar 12065d o second bridge Hdd theyeinafier referred
second bridge 140 ((:}her ej, na%lﬁb?.&rg referred to as a "south bridge"). In
one enbodi nent, the®&dHHtHY 8%/140, anong other things, serves two najor
purposes. First, the south bridge 140 bridges transactions between the PCl
bus 130 and an expansi ofin bnesenibbdiment, theseuthinidgé Monamesigniier things, sexyea % on

bus 145 is an industry standar r,.chi tect.ur "LSA" -

ot her type of bus aﬂ‘@ﬁﬁ‘&?sﬁﬁ’ gnﬁ%;sggtﬁﬁ:géaﬁﬁ&bp?éﬁ#ﬂﬁ%?%ogg iﬁ%gig)%%%si on
b:JS 1|45 pr0¥i des a lﬁﬁmaﬁd?mhéxpﬁl?sh?tbhs b4 \Ir dre eibediBEnt shown, iBOexpansicn bus
plurality of expansjgn peyri.pher Vi ces, 1504 150N (6. ' ri
controller, a soundiéﬁg‘}mgg%cfgﬂ?ﬂga‘ﬁgﬁﬁwe Q#ﬁgg‘ﬁ%&ﬁ‘é’ﬁ%%‘%ﬁ%%EP?SFF‘%},
etc.), where "N' i Saghifee@uitdsimes belgdddin lieuriheteof. The expansiorSusddd pravidesaout h
bridge 140 bridges transactjo

ns. fromthe 130 .an seri.al bus 160.
In the preferred enffSRmpRcHton P%EEWF%WE" BE&"?SBQQ’"@@Q‘“?@M °3|°"%°&§‘°? n
accordance wth "I EiphadrdeReP130; A50Pe.4. 0 disk dirive Sextioller, Busind cardpa imdbern, i n
1995, although any other serial bus architecture may be used. The south
bridge 140 is coupé estial andpatablelpostrpsireller, eto) whera (" isaposityr-whels spmbsr-

interface 155 is
Second, the south bridge 140 bridges transactions from the PCI bus 130 and

a serial bus 160. In the preferred embodiment, the serial bus is a 1394 serial bus in
accordance with "IEEE 1394-1995 High Performance Serial Bus", published in
1995, although any other serial bus architecture may be used. The south bridge
140 is coupled to a 1394 physical interface 155. The physical interface 155 is
coupled to a plurality of nodes 1601-160p (where "P" is a positive whole number).
It is to be appreciated by one skilled in the art that the specific architecture of the
computer system 100 is not critical in practicing the present invention, as
variations may be made to the computer system 100 without departing from the

spirit and scope of the present invention.

Figure 2 illustrates an embodiment of the south bridge 140 in accordance to
the teachings of the present invention. Referring to Figures 1 and 2, the south
bridge 140 includes a PCI interface module 205 which interfaces with a PCI-to-
ISA bridge 210 and an arbitration module 215. The PCI-to-ISA bridge 210 allows

transactions between one or more expansion peripheral devices 150;-150y and

SUBSTITUTE SHEET (RULE 26) .



coupled to a plurality of nodes 1601-160p (where "P" is a positive whole
nunber). It is to be appreciated by one skilled in the art that the ° ’
specific architecture of the conputer system 100 is not critical in
practicing th§epfagaent invention, as variations may be ngde L

conput er system 100 wi thout departing fromthe spirit and scope of the
present invention. ' Figure 2 illustrates an enbodi nent of the
south bridge 140 in accordance to the teachings of the present invention.
Referring to Figures 1 and 2, the south b®tdge 140 includes a PCl

i nterface nodul e ' | ] - 1 Q- ri and an
arbitration mdul%ﬁgi%@hﬁeﬁ%bgt&ﬁ?w%%wlgﬁ#gé %ﬁ%t)&nals?'%%/nvs?ée@? éﬁ%gbﬁ%ns

bet ween one or no¥itrationamasule? 15 ésqoppled to 2 jopeus thEgnit h5dme 220(referred

-6- devices couply .QDE OXRrohads n menory
120. The arbitrat?gsn no &%gﬁgfgpl S cg%p e%ﬂl?g‘%%‘gé%c &gﬁ%ﬁtﬁonﬁt nodul e
220 (referred t o meduledrandmeckivethyduls 230c The abitmtion modute 215peefoines tRR 5
(referred to as " r [ dul e 23Q., T, it i on
nodul e 215 perf orng%a%%@éggﬁggﬁgﬁ ’%"81”&5‘?%‘“&%5@’ %ianéﬁfq recei ve
modul es 220, 225,to ageess2BOPClbuadd®ss t he PCl bus 130. The ATX, |TX,
and recei ve nodul es 220, 225, and 230 are coupled to a 1394 link interface

235 which provides th ; ' Jot 13 eri al s and. In |
one enbodi ment, the 1%ﬁgﬁﬁﬂ{’#%%%g{éée%%‘g&?gpﬁ%ﬁ aé‘??@ﬂ’m‘&’-h 8P al i zes |
data streans. Thd3948buk interflace 235 aviichqrodds themecassypy intbrface fohlse 139¢ sérfabl | i nk '
I nterface 155 whi ' - to.t 4. sefial..bus.. I n rticular, the
ATX modul e 220 trbgggdr%? tIfsigggﬁ%%ﬁg&ehﬁg%ﬁ%?%ﬁ%féyé%ﬁg?wgaﬁ devi ces en
the 1394 serial Iserialiabi data stioams. ThhertOglink id2fader236 fydoipled BB PHYSioaldinlat a -
packets to peri pheral ices.on th 394 i al,,bus, The receive nodul e

230, on the ot heﬁ'ﬁ%ﬁﬂgggggﬁ\%?"ﬁﬁ%ﬂ%%gvﬂiﬁ%ﬁﬂd’é’s'mgéhﬂ@ dat a
paclket s from per imwﬂzommammmmﬂgaﬁmﬁk@e@u&al deﬂic@d&itﬁéé[?i%

i mpl enent ati on, sepatate .asyn onoys | sochronous recei ve nodul es may

be used. Asynchr ﬁ%@ “ﬁ?ﬁs%@#%?%@%@%wmd del i very

of data over guarperipleed dévicesog thet1894€ segial s C Thoreesive hédulSIH0S S BB ofhbAiCES

. LVIC t dat
enphasi's on guar %gtgde, ?éjcellvgs orl]:l?asgnchr&o%s é)n\éeigochronous data packets from peripheral

devices on the 1394 serial bus. In another implementation, separate asynchronous

|
and isochronous receive modules may be used. | Asynchronous transmission places |
emphasis on guaranteed delivery of data over guaranteed timing whereas '
isochronous transmission places emphasis on guaranteed timing of data over I
delivery of data. An example of an isochronous serial peripheral device is a digital

© o TEITmT e m

camera used for video conferencing. If an isochronous data packet is lost (for any

reasqn), it cannot be re-transmitted whereas if an asynchronous data packet is lost, | A
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 ;gg
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
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delivery of data. An exanple of an isochronous serial peripheral device is
a digital canera used for video conferencing. If an isochronous data packet
is lost (for any reason), it cannot be re-transmtted whereas if an

asynchr onous WOP¥1BMcket is lost, Vit can be re-transnit tReG/USIUBIE; or ¢,

it is nmore inportant to assure that isochronous data packets are not | ost

or m ssed. Figure 3 illustrates one enbodi ment of an asynchronous
transmt nodul e of the present invention. Rgferring to Figures 1-3, the ATX
nodul e 220 includes_a direct nenory access (" DVA" i ne 305 coupled to a
transnit FIFO 310 x&hwtbwsofaﬁsrﬁfamwwam@pemherelfdeﬁcae?ﬂmzew bysatheot

address, data, angyrdeibf NS&'EWIEkﬂ%o%ﬁéxtﬂﬁ%r&ﬂ%ﬁ@ﬁQ@'m%mﬁnﬂg ot 2)

transmt FIFO 310 1s four bytes w (referred o as_a "quadlet’

agd 1 k: | o b%/th es @i@planéd@mmgzamlmpa&k@t&nymmmssorrhftbenwg@atom .
-7- in lieu er €Qfternalie. Qﬁmﬂ? PV n e
serial bus, the p?ocesquailg%g éf’B I gure ?B%?vglgtﬁggﬁgﬂgont exﬁéoﬁrgé@mn
menory 120 consi strétrigv wmmﬁmmsgﬁmmmmmw %)
processor 105 the 58! 5
whi ch causes the é%g?ne dc%gtre ?Ang\?gg’t E%ﬁaéﬁn%%%%ﬁfescr gﬁmgﬁd
dat a packets fromztémmregue:sﬁﬁhcesimm@mmmgﬁﬂeomahamqmsts gmnte@lcbwemPcll ne
(one of the signa | i 55 e.ar uni t e uest ccess
to the PO bus 13¢ 63’?8“?&@)“? H&EP‘% qéi g’f‘ﬁég%%f“

(e.g., the north lﬁesdﬁmridtﬁl)datdﬂaekdﬂ\ﬁommmn&ﬁ&yﬂ%nﬂidaﬁadebﬂleﬁﬁml’&nd
descriptors and data ag‘ﬁa?d} and places themin the
transmt FlFO 310. ] ﬁ?‘?ﬂﬁ’sh\e mé[é?%ﬁggg?,}? feq%%gﬁst%ccess
to transmt the daghs@it tiddtasoth@deriiliss ai thistinfe, 4si will be 8fplithéd inlgfeatix aétail ned
In greater detail be?l OoW. The DMA engine 305 is also coupled to a
first end of pack QW-EOP") detector 315 which is in turn coupled to a

counter 320. The first EOP detector 315 nonitors the data placed in the
transnt FlI FO 310. Owcenﬂrnmmingi‘nemkeltsoafmplealtoaﬁrsdatdmftpmt(f'aeP'f)i rst EOP

FIFO 510 i 5 coupl CAPRHPH3 1S BEGRG Basn QRIS o R St do0 SRR fetgrorane

second EOP det ect omositd?s theidag pmhm thafsrhi FIROO30! ©ncesi¥end dfPacket marker
is 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 325 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.
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second EOP detector 330 nonitors the data drained fromthe transmt F|lFO
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 awﬁggﬁﬁad ECP detectors 415 and 330 detect an ectusdyoprsket by
readi ng a packet header to obtain the packet size and counting the nunber
of units of data that pass through the transmt FIFO 310. The out put of the
transmt FIFOis also coupled to a translation nodul e 325 which provides
data bus width translations. For exanple, te translation nodul e 325

translates data buses fi@\oufpit éfithd @stes 33098 oupied tdGzet@ddectorqirarti 335. 4a byt e
bus width transl ations). The transl ation. nodul e 325 itf_‘ﬁcou led to t.he 1394

link interface 23%mgasthypaputedthecqunter32q is gzeates thapizere, thezelp fefectorsimul

transmi ssi on. 335 assertsasig,nal on signal line 340 which indicates that at least one compléte
The out put of the counter 320 i e

I's coupled to,a zero detector circuit 335. As
|l ong as the out pupacket (etas leastanead pation thereef) @@WWW&'&‘BW#E&O
detector circuit $gp Pagthiibing 350 §18pléT o 3h of bORZAR 38D The duislit et €S
that at |east one” conp Ete plgcket (or at |east an_end portion thereof) is

fully contained i thetORegate 3305 linkrepaspling ("HREQ"S whichisignals to the b3%4dinkoupl ed to
one input of an OR Fighds2 ﬁg‘.ﬁl p%l'h\?s' Srith itk

request line ("L Eﬁ%ﬁ%h gnaﬁgéﬁ}égttaﬁeesﬁtggﬁf%ﬁ m?%r acé.235 of

Figure 2 to requepfesentinvertionon teluestts Srdnsdt datd onshisseriglrhys is gated yntilan eptizes ent

I nvention, a request _to f.ransmt,. . L. als | d until an
entire data packegast?gacg(stﬁf%@fdi"gﬁ%%g%lgﬁ@%ﬁbwﬁ%% el1Tmnate

syst em bus | at enclatmcies,as dessribedlintheibackgivand sectigrabomel secti on above. ;o
Moreover, the transmt FIFO 310 includes a FIFO FULL signal on signal |ine\/

345 which is coupled t C ' f - : FULL
signal indicates that ﬁ?geoﬁéaﬁgﬁa@&ﬁﬁggéglgﬁﬁgﬁ%agﬁfﬁ i ?‘es.lg:mﬁxﬁléag beyond
a predet ernmined t line34fovhiclsischupled t3 83gcodd iputarf the)OR gate 3H). STheFHHQ FULLt i on,
the LREQ signal is, asselted. when.the. P AT Py odi nment,
data in and data 8 ﬁ’b‘i‘?ﬁ%%@ﬁi@?@?gﬁn@yﬁgg E‘gieél’%’sﬂﬂr%g?’ erngqt)o track
whet her t he trans piedeteinffedthdshoid sukhibs 75%, PV etg).vinghis henfipnmation dhedREQS5 t he

beror e a data undSERRgeReied MR RATTEG Rt WibheRABuftt: Bl naUAREN Y
on the 1394 seri alpointes régisteys may beiysed aemddkéis to track whether the transmit FIFO 310 is
' o " nfyll", 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 serial 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 loéded PCI conditions without
dropping large asynchronous data packets. Moreover, the wasting of 1394

SUBSTITUTE SHEET (RULE 26) .



engi ne 305 continues to attenpt to keep the transmt FIFO 310 "full" or up
to the point where the data packet is conpletely contained therein.

Thus, the LR ' line is gated until either the transnj F Ois
“full™ or thgggzdeg&ggcket to be transmtted is conpletely g%ﬁ’@’ﬂ’g’d% i thin
the transmt FIFO 310. Gating LREQ in this manner mnim zes the

possibility that when an asynchronous packet is transmtted on the serial

bus, an under-run condition will exist. In-&ddition, the present invention
al I ows asynchronou ransm.t. El FOfill s to be independent of the system
bus | atency until ?%“3%"%‘3%?%?‘5%““&‘8}% °f?fg°f§§g“£@?°§ e?a}g’.“ﬁsths . the
sogth bri dﬁe 14? asdniabivs sTbcpiesénﬂianﬁbB%oS:?biealovbpﬁodﬁﬁll' F the Rrabipsie "
mediumto heavily RPCl condi tions w thout I I ng. |l arge

asynchr onous dat a t@@fﬁa&&w% PM@SM&S%@“@P«%@% zes PCl bus

-9- bandwi dth is nbaidwidtikd when a PCl or any other bus cannot keep up with
the 1394 serial bus. The present invention also enables |lowpriority

filling of the transmt_.FlFQO.310 withou 1394 bus, request__being sent

whi ch nmaxim zes PCl busFlgléfﬁg\Aﬁ‘Hg'ﬁth one em ‘&“FF‘ Pé“&“ﬁelmmgégth&ﬁ@sem
enbodi ment of a retwéntnThvhisaspRPofafe fr®ninemEnd, therécsiNed meduld 230t hi s aspect
of the present invenfion, the r I,ve nodul e 230 mai ntains a receive FIFO
in a state to maxi Wg‘?ﬁfé’eﬁ“@ﬁg&‘???a?ﬁh{m’&%ﬂ&é’rpw&imﬂ’@tm packet

(e.g., an isochronpismigidatapacketie)s., h idochGhous IRE phdker) Wi nsRnELR afs! FO. Thi's
objective is net by creating.a progranmabl e upper bound value in a register
for the nunber of FS@NE (912“%3 %% i§ met by Gresing 8 progammalde ypoerbound and

rej ecting asynchr Oﬂﬂwin&%éiﬁt&rsfo%e%uﬁb&%fﬁ}ﬂ&ﬁo:%g?ﬁﬂkééaﬁﬁ&‘a‘?ﬁlﬁﬂm& eOne

enbodi ment, the receive nodule 230 is used for h asynchronous an
i sochronous data sFH&h#ad rejecting asynqhegnens paskets encethispperihound és exeesdedsdnnodul e

230 includes a dat an@ﬁﬁ&%%ﬁné;ﬁ%@x%eiv odmgai'e‘%e%gog%é%}&'wog@s%si cal

link interface 235 of Figure 2. e data pack s data
packets received f isochrenpus d@ggireamsi al bus and deternines whether the data
packets are addressed to the receive nodul e 230.

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
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If the data packets are addressed to the receive nodul e 230, the data,
packet decoder 405 forwards the data packets to a receive FIFO 410,

ot herwi se the data packets are ignored. In one enbodi nent, the receive FIFO
410 is a quagheseds data wide and two kil o-bytes deep, al pooughoiber
arrangenents are possible. The receive FIFO 410 receives
asynchronous and isochronous data packets fromthe 1394 serial bus. Once
data is received in the receive FIFO 410, a receive DVA engine 430 requests
to access the PCl bus 130 and drain the r&@ive FIFO 410 in menory 120. The

data packet decoqQ! dafifuckets dhined o Megeceive FIFG 410for B{TAdMTpaskeOEadl 5 Whi ch
is coupled to a counter '420. \Wen the first I%%get ecgﬁ,ré 415 %ﬁ" eg{s an end
of packet recei véiine anasynehioaprsdata packet is draned e 199 ob Fe TEstVF Q410 t hat
an entire packet tﬂ@&c&]@ﬁﬁﬂd&%&f&ﬂ?ﬁd&cﬁ%gﬁﬂftﬁemm%%ﬁé Ronk he receive

0

FI FO 410. The output of the receive FIFO 410 is coupled to a second ECP
det ect or 425 whi cmbpdiment; the fisst pndsecensd EQR detestnss 15 and 425 detect apensitf Eop

detector 425 m)nipg&{e?b et header 10 obtain the packet sjze and counting the - 10-

t he data packets “dral nyeffa?url%%?%cﬁe receive FIFO 410 for an end of packet.

Each time an asymumberfusitsiefidataghes pass throughiths neecivefFIB@Hbe t op of the
receive FIFO 410, the second EOP detector 425 decrenents the counter 420 by
one. In_one embodi menir, ylfen hiviber 8feky iGNt feksif uRGeQive FIEG s20@ 425
detect an _end of packtgto y réeglgﬁnefa.gacket headegr to obtain the packet

si ze and count i ngegister 440 brs meshory kgcation) is used tg pravide apremammable yPPer he recei ve

FI FO 410. MaRe teOEN6 W j
receive FI FO 410,bo§9drlé%§gét@%%§?8f%?rg %emreﬁ{l{ggg???)tn 1S &g‘gﬂdﬂptg{%rovi de™
a programmabl e udpdto axempdratea¥d® . If Heaumbennf asynehronpus daty packets

output Of the CoUtk6u 30l ol o NGRS i e byttt

asynchr onous dat recei v Is equal to (or greater
t han) the upper bmtputloftht cempanator#35 isaysested to cas theidata packst deceder #Pi:to

o ) o b ECR bR ol o Bibfigsoagieg (00 (0 assor
acknow edge/ busy mkgovdbdgedugesignabis pait ef the gigedlsbebutendwriatarackit decoferdRet
R L F L b
recei ved the asynt3sadink itserface 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
receive 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 R
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 registets 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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dat a packet, but that the data packet could not be accepted at this tine.
The 1394 link interface 235 will then informthe initiator of the
asynchronous data packet to re-transmt the data packet. Wen %@ ) nber of
asynchr onous WQ@%(‘@%kets in the receive FIFO 410 falls belm"( P31 equal
to) the upper bound val ue, the output of conparator 435 is deasserted which
causes the data packet decoder 405 to deassert the acknow edge/ busy signal.
As such, the receive FIFO 410 can nom1again4§ccept asynchronous data

packets. Thi S esent i.nyention allows, 6 a hasic

i nput / out put systeﬂ’P’efy"aP lye?f{?né ctiyg gn \r{’FQ?Fll’l‘ﬁ’ﬁE@”o $em by
system basis. In aggbdtiof ot betlmu&da&ﬂﬁ@{,ecﬁfc &M@ﬁaﬁﬂmﬁg&ﬂémmoﬁﬂaﬁﬂ es
future deS|gns to |l everage the prog rannln% registers to sinulate various

1394 utilization n%em@dpﬂn%mwr@ermvﬂﬁﬁ@mmﬁpwwmgmmlms to
be visualized pri of, th@ak Pl enentati on. Wi le certain exenplary
enbodi nents have been descri bed and shown in the acconpanying draw ngs, it
is to be understood that such enbodi nents are

-11- nerely illustrative of and not restrictive on the broad invention, and
that this invention not be limted to the specific constructions and
arrangenents shown and descri bed, since various other nodifications nmay
occur to those ordinarily skilled in the art
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-12- CLAI M5 What is clained is:

1. Adapted to a first-in/first-out device (FIFO, a circuit conprising:
a counter; a first end of packet detector coupled to said counter,
said first emgbefsgacket detector to increment said count eporiisesgzignd of

packet is detected at an input of the FIFG a second end of packet

detector coupled to said counter, said second end of packet detector to

decrenent said counter if an end of packet is detected at an 0 M“Ee

FI FG and a detector circuit coupledi¥o said out m“@m‘ ““ r,
e y '

said detector circuit to request a bus tr@pspdggi on in r wsasd *
out put of said counter. 2. The circuit of clafm@ further
conpri si ng: an ate.haying a first input coupled to the detector
circuit, a second input’ #HHFUMCHHt put; and a FIFO full signal line

coupled to the second imput Adhptédwe a@rstdniest-ottaleticé-(FWDY, b bircuit camptisihg:ne
being asserted to indicate that the FIFO contains data beyond a
predet er ni ned t hr eshol & SP4NEfe. 3 The circuit of claim1l

wherein the output of tafmstQRdeﬁﬁa@kétaetaa&afohgéqfoqmaem&;samm:senabﬁnsactiOn
In response to said output of said counter being greater, than zero, and

al ternativel y sai dpacketdeteetpr todncgemant said counter if an epdof packgt is detected at an input
The circuit of cl a&me’apj@w;t her conprising a DVA engi ne coupled to the input

of the FIFQ, said DVA engine to retrieve one or nore data packets and to
pl ace said one or nor e afgeandsad alnagket deteqigropniedto said counter, saidgecond enchef

circuit of claim 4 whgneln.08¢, pagkets has

a length that is eat gr tﬂgtﬁ ?ﬁ?@%ﬁ%ﬁgﬁgégﬁggﬁgﬁa&&ﬁ&&@d
output of the FIFO; and

a detector circuit coupled to said 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 FIFO full signal line coupled to the second input of the OR gate, said
FIFO full signal line being asserted to indicate that the FIFO contains data beyond
a predetermined threshold value.

3. The circuit of claim 1 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 line 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 one or more data packets and to

place said one or more data packets in said FIFO.

5. The circuit of claim 4 wherein one or more of _the one or more data
packets has a length that is greater than the length of the FIF 0.
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- 13- - 6. A method of reducing underg ‘!{rs in a

first-in/first-out ("FIFQO"), corrprls \“ recei ving

at least a po\% f a data packet * &I’I ng an
plists

detect an end of *the data packet and alqrer naél vely to

i nput of the

detect that the FIFOis full; and asserting a request line to
transmt the data in the Fl FOif t he end of the data packet is detected and
alternatively if the FIFOis full. -13-7. The nethod of claim®6

further corrprisingthe tep torin 0 FIFO to
detect the end of the ?ég% %33%5’5%&5 ?{gorﬁﬂlg(ﬁgtm}ﬁ?stouf

The net hod of cl ai mmd'umbﬂnﬂismtamdfg the step of e) de-asserti ng t he
request line if the end,of the dat glegﬁ%ket | s.drai negetm{)n FI FO and an

entire data packet is mdt cOYEHF {PARioR pfelata pac Y The net hod
of claim8 further conw)l si Iilﬁmit&&tgsdnﬁﬂ)tﬁf:fﬂnéFMﬁrdEie&@nfeh@oftﬁélﬂﬁEpadkwe i f

the FIFOis full be o edeter ned 10. The
nmet hod of claim®6 tg{?ﬁ?ﬁ}“}slg @fieps of : b. 1)
detecting a header of td)e daﬁsartﬁg% estmawanmmeeumem&twof
b.2) determning the size of the data packet .in response to step b.1); and

b.3) counting the ﬂﬂ#ﬁéﬂ’a@ﬁlﬁﬁﬂ?@ewﬂd&ﬂ&m@b’éﬁh@gl istWk FI FO

11. Adapted to a first-in/first-out device (FIFO, a circuit conprising:
a counter; a first end of packet detector coupled to a first input
of said counter, said i rstThemﬂ@ﬁOﬁdmﬁﬁu@mnsmthemgp@ﬁé}mom@m

counter if an end o lg@%g{mm@gg%@ e eftd of ik ddl Eke%r ﬁsal J_E%F]Fo

second end of packet tector couple to a secon nput 0 counter,
sai d second end of packet detector to decrenent said counter if an end of

packet is detected at gn Oul‘hQ%eﬂ%%otfgﬁinﬁlﬁghercompﬁsingﬂmstepofe)de-asserting

the request line if the end of the data packet is drained from the FIFO and an entire
data packet is not contained in the FIFO.

9. The method of claim 8 further comprising the step of f) asserting
the request line if the FIFO is full beyond a predetermined threshold.

10.  The method of claim 6 wherein step b) comprises the steps of:

b.1) detecting a header of the data packet that is received by the FIFO;
b.2) determining the size of the data packet in response to step b.1); and
b.3) 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;
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-14- a register to be |loaded with a predeterm ned val ue; and

a conparator to conpare a count v ' said counter and the
predet er mi ned val ue provi ded by SE'm”ﬂﬂml@ﬁﬂe’ﬁ”Lto assert an acknow edge
busy signal iwoéomgssense thereto. « ¢ .s | Whe circui pcrmisserasn 11
wherein said conparator asserts said acknow edge busy signal if said count
value is equal to said predeterm ned value and alternatively if said count
value is greater than said predeterm ned val ue. 13. The circuit
of claim 12 further conprising a DVA engi néMCOUpI ed to the output of the

FIFO said DVA engine hfegibtertdbelb@ic iwithapredé@infindPvakiRt éndf r om t he FI FO.
14. The circuit of claim 13 wherein each of theﬂ&gﬁ’aon nor e packets
Jaid gaynder

i ncl udes asynchronous B&?%P%EF‘&F?‘EP%%FW‘_{PI‘_?% r and the

15.  The circuit peddeetrithéd vifuelprovidta'by GG Péistdr AR © aSkdftan BaGbRedgebRgt OF
coupled to the input of said FIFO said data packet detector to transmt
said one or nore &ignglipmpspesetherstosaid FIFO if said one or nore data packets
are addressed to the FIFO, otherwi se said one or nore data packets are

i gnor ed. 16. A method of preventing data over-run errors in a
receive first- in/firsi2.outThecirptyfclaimdipywheringgidcempanatop asserts said a)
nonitoring an inp ' Pﬁgﬁ rmne a
nunber of data pa% %ﬁ?’%l%dgggﬁg%?mqfﬁﬁ%@@ug%%DG%ifé)%arl| g e}ér{ﬂ%r%fl g@?gof t he
recei ve FI FO for and alteanativelp ifshidicouns velue isrgnéater than saidrbrsdeterminkdivalupacket s

dr ai ned; and

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 v
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 FIFQO, otherwise said one or more data packets are ignored.

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

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

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

c) 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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c)- asserting a busy acknow edge signal if the di fference between the
nunber of data packets received Hlﬂmmmﬂn data packets drained is

greater than rnatively e rm ned val ue.
-15- 1;.5 9%#]2 nmet hod of claim 16 fﬂurtShef conpri si ng PETUE®2M8er i ng

sai d busy acknow edge signal if the difference between the nunber of data
packets received and the nunber of data packets drained is less than said
pr edet er mi ned val ue. The net hpsl of cl al m 17 wherein said

predeterm ned val ue is er 0 The rret hod of
claim 16 wherein step c;ﬁ nﬁ?’g@%@éﬁ fﬂﬁh"ég%?’{s}“ﬁdl)ﬁ 8idow edge
signal to indicate mmea fﬁkla@fdr&c@v&weameﬁmwsma kdtd her

recei pt of data packets he ff rence_bet ween_ the nunb ata
packets received aftPetysd apd;thsapmbsr %Pﬁéﬁéf@eéiﬁPﬁé@mS@dWmman and
alternatively equalvalye, @ predeterm ned val ue. 20. The net hod of
claim 16 wherein step a) and alternatively step c) conprises the steps of:
detecting a header of each data packet; determ ning the size of each

data packet; and 180U e of WG HerdiYaldprblendlhd Vb ROk e

the end of packet of each dat a packe
programmable.

19.  The method of claim 16 wherein step c) comprises the step of
asserting a busy acknowledge signal to indicate that the receive FIFO 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 a predetermined value.

20.  The method of claim 16 wherein step a) and alternatively step c)
comprises the steps of:

detecting a header of each data packet;

determining the size of each data packet; and

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

SUBSTITUTE SHEET (RULE 26) .



