;e3e*$$% . @6v*T*k SYSTEM AND MET LOW CONTROL FOR A HI GH SPEED BUS
FI ELD OF THE | NVENTI ON The present %MU@MMMM elated to a syndhifoMARs2002
bus system and net hod ART BACKGROUND equently used to transmt
dat a bet\WeéH'#evi ces Generally two types*'6f«buses are usétfT'¥A4cAt8nous and
asynchronous In a synchronous system mmmmmmmm’mmcoupl ed to the bus
operate synchronous to one another Fur e timng budget for data
transm ssion, that is the tinme from out putgdyags the data fromthe
transmtting device to the time that the receiving device sanples the data,
is one clock cycle. As the conplexity! of conputer systens has increased) !t
has becone increasing d!fficult to physically connect the devices close
enough such t BatTaNanty nETebd bt ghtwathestot herconrneatderprits the set up

and hold t {: £ eGeI] device do not exceed the timng budget In an
asynchr onoh@e@s@eﬂiﬁ—r&#&ﬁ%cessary that the clocks of the receiving
and sendi ng devir&nesprasemtsymerlnm@mw&lhQdombea apatiemndds, leas-gystetrthe rccei vi ng
devi ce has_f g qfe logic to wait a nunber of clock cycles before reading
out the capture data and sanpling the captured data in order to ensure
that the data is stable " ; UMl . AR~ OF THE | NVENTI ON The system and mnet hod
of the pregent gAveaiionNmovi des for floe control anong devices using the
packets for con ance of flow control information. In one enbodi nent, a
count er of packétl e AQEAIURN Y perch LR NEB i G ARG EPRESHE V985 counter i s
therefore Gaaeeﬂgm\e@i t)ﬂﬁtrs @f&ﬂhae@a:@é(@ked &\b\@hk@ﬁdl&ﬁarb& ashrciiasbudevi ce and
decr enent eﬁ tlor g g E‘ t recei ved Céf/ n ast devi ce. A maxi mum
buf fer coutlt ® *WAF Wn&ﬁlﬁr“é ISENdS S5 1478 QEBAS 1318 PEREPEIRFer is used to
perform f | symabontipod tdpndetertimd mgF whiaer nhdie, mlaeutxmmlmgbbuhﬁget gouddtai s to be
exceeded b Kk (o i he count is to
be exceed, Mljégﬁ\énﬁcéyégw {<hL “R% K?h\ Rggghﬁdfé\a;%fgec@'ﬁ\{ 36e hd prevent ed
until the Wﬁ%bmﬁﬂ%@fﬁ‘eﬁe touhe h\mq rthcﬁotheUecexeéededlq@ysme&arfee of the

packet . |nd%exﬁgp@gl'oeﬁma!eth%@@%le§§%‘%@lcb%nrﬁxt&?@k‘ﬁ%?nsm%ket whi ch
consists of co nd anﬂ)data i nformati on ﬂ‘t is stored in the, buffer The

command i nFSFFAECFoH DATPEIRFE PRFGFIREY Gnf AN 19ePRYYFRIY FANPHE 8&me buf f er
or alternateliyes thee dabaghanchehst d’feedman@f fliche kedodsntha dntfrfeeriosepar at e

fromthe buyff f t, cket. BRI EF
DESCRI PTI ée:rrhﬁ—ié? %@@E O{);ff 'eCt s% ? e\ QS Joegg?g\g%%t%aﬁgs of the
present | nvenegdrvdger | be apparent to one ski I I ed inthe art in view of the

fol 'owi ng detai |edn Gl@@r%HrBF\bQ@sx'é”!er\f\(“'t%‘ngl QHEE sy ﬁmanh@%mlseofof a system
utilizing us syst em of present |nvention. Figures 2a, 2b, 2c, 2d

and 2e il |tﬁuﬁs&er<3t\éns Re sﬁegﬁim Hg\ 18D AFD Y ETOHRES R ABANCSF t he bus
syst em of Hhe- e}lfeesﬁmtretﬂ\l&l’g tB0ice has to include logic to wait a number

of clock cycles before reading out the captured data and sampling the

captured data in order to ensure that the data 1s stable

SUMMARY QF THE INVENTION
The system and method of the present invention provides for

flow control among devices using the packets for conveyance of flow
control information. In one embodiment, a counter of packets issued
by a first device 1s maintained. The counter 1s therefore incremented
for cach packet to be 1ssued by the first device and decremented for
each reply packet received by the first device. A maximum buffer
count, which corresponds to the capacity of the buffer 1s used to
perform flow control by determining when the maximum buffer
count 1s to be exceeded by the 1ssuance of a packet by the first device. If

the count 15 to be exceed, 1ssuance of packets by the first device is



Figure 3 1s atimng diagramillustrating the strobe startup tiniug ?ﬁRﬁ?Mﬂ
for a 2 clock cycle timng; budget Figure 4 illustrates the basic structure
For receivin packets transmtted over the bus. Figure 5 is a tinng
dlagramY@P%g?ratlng the data transm ssion detail Figure BT%S% P1%6w chart
illustrating one enbodi nent of the reset process utilized to synchronize
the receiving device and sending device circuitry. Figure 7 is a flow
diagramillustrating the packet transm ssion process in accordance with the
teachi ngs of the present invention. Figure 5 is a sinplified bloc: diagram
illustrating one enbodi nent of the flow control nechani smof the present
invention. Figures 9a and 96 arc flow charts illustrating one enbodi nent of

process fasret-eansimihi nge ﬁ\a]t\amlurﬂnaﬁmrrct@me Wil Aot be ekeattidngg of the
present invention l\a s 10a, ,10b and Jﬁ[ec |IIustrate request and

conpl et i on*FHYIEY the&ac ORABBRIEAC S (e ARSY SERTHIF 2 he present

i nventi on.reRlgutr packkt Mvi-nahsnomi}slsmc bédofinandiaagr dammahiomeaobodatnent of a
process us d vi l.e l.d, cco n wi th the teachings
of the pr e%gg%r%fin@er?t%?oon %ET%H%%%FBE% lﬁﬁr&\iﬂ € égg it ary system whi ch

i ncor por atia§ i 1@rearhbagso s trhéwqwaeserbnxfim\pemlttmnaitéx sthewatin Figure 1 It

is readil YCﬁQRaﬁ%%d Ehéttr'liclik%dgﬁeﬁgmfe} 9&’ G taleot'?oh'ﬁth%plput'r&agtloglntvo a variety
of systens and system configurations Fidure s illustrative®f the

bandwi dt h Ctoﬁérﬂ‘af‘ﬁe” RIS KR & tHE fteﬁéeptr%@?ﬁt i nvention can provide.
(Referring to Figure 1, the synchronous bus system 100 shown provi des
connecti ons, || | unctions as a bridge between a
mcroprocg’ssgﬁ- ¢ ﬁ:P N rl 3 s m croprocess devices are
connected, or aTlrrenbpeytsbwt(xnnt askbowiyarttegeshdChopecsant moventieror y devi ces
are connegt,gdy cl;) r . 20, ~1'S shown in one
enbodi nent ngqu 7t‘8 %n%ggchbgﬁ jjriL f\éLrné)tfqﬁ réljgg‘f\:’iﬁi’ecel ved across
t he bus 10?@@‘60 PrssseRt i utpurhicd a 64 b|t Peri pheral Conponent Interface
(PCl) bus 121 arighwo132aRiekaRHlcRH9es sldd, uiliZdnd ehovBug R Bleln eonpat i bl e

devi ces (nﬁt shownz9 are connected Furthernore, Tt is ilfustrated that the
bus 100 cah®gt'§efue! R Y'Yy a bride that interfaces to a graphics bus and
connect ed deV| cregu(cnozta abpm)vd Jrﬁ‘rﬂ"ﬁh@lﬁlﬁi’attlght en@ladgy toboldyy dus syst em of
tile present, %__mggg t'o?the ustra eng ien djq,u &8 .28,.,78, 2¢, ?d and 2c.
Referring gure sync Iuansé BPs % EEAReCt S 5 %Bont rol ler 213 to an
expander bri dgélgﬂmossucHlramgadF?@raex{im(dr@rtmlgruhdgserQMﬂ ghrtypi des to a PCl

bus (not sfigw) abdilBear esenl, enbadamBibgea control ler is shoun to be
connected to & hus expander %e via the’bus However) it is readily

apparent that tH8UBUS st 3265 “Z%I and sgeicar e fPalSP@é"H’é’sEW‘tﬁthg t he
di ff er ent ttr&isgnddes ths@dthienblidie present enbodi nment

Figure 5is a timing diagram illustrating the data transmission

detail

Figure 6 is a flow chart illustrating one embodiment of the reset
process utilized to synchronize the receiving device and sending
device circuitry.

Figure 7 is a flow diagram illustrating the packet transmission
process 1n accordance with the teachings of the present invention.

Figure 8 is a simplified block diagram illustrating one
embodiment of the flow control mechanism of the present invention.

Figures 9a and 9b arc fiow charts tllustrating one embodiment
of process tor transmitting data i accordance with the teachings of the

present invention.



I n one enbodi nent, the bus is a 16 bit w de data bus, which carri€§
commands, addresses, data and transaction ID information In addit nMAﬁwﬂmz
additional bits carry mask and other information for the data fields. In
one enbodiQ¥A972t he function of the two additional bits vAGTEESHERST ding to
the clock cycle. For exanple, the fields provide byte enabl es (nmask
information) identifying the bytes consisting of valid information arid may
alternately carry a cormmand type or parity. The bus is bi-directional

bet ween the sending and receiving devices In the present enbodi nent, tine
bus transactions are full split transactions and consist of a request

packet and a conpletion packet The request packet initiates a transaction
Conpl etion packet;s, are #sagbt: H?@&Jg;rtm@xat@m [eqqga%g%FﬁlEttﬁlttransac“ on has
conpl et ed on t he destination device reall ocate er sources between
the source ‘GR82He 9 PHA dTebPeunen of theanssmi YndecriestRt cl assified as a
read requestveht@dnMmite request Read requests contain conmand address bit

enabl es for non-f.etchable read ting infor tlon n for desired
data The read coFfr’rﬁFéct ?gﬁs patieét ?‘ft?gngtll%"n‘g‘agﬁ‘em U"scrb‘i’ gHBePgaC% tile

data retri guedeisngiegpodsact aohhgurasded fietd|iieatcoradadce outh tige and transacti on
informatio ity ding request. A wite request includes
the wite gﬁ% hg?:&tfégyé%lgg%gtr[tg%\%ﬁ%pe conpl eti on contains no data but
indicates if the wite is conpleted successfully. Each bus cycle (XCLK) is
equi val ent [bmt\lmeF@y[sre@Rh@sm;ql ock cycle. However, each bus cycle contains
a "P" half cycle and "N" half cycle. The "P" half cycle occurs for exanple
whi | e XCLK cl ock ’l‘§‘ﬁi’%“*ﬁh@'5tﬂf“ WANGD EOrBO BRIt (Rchingshef §C€LK clock is

| ow t hus theetehrtougla@utmn§ sHeupl edth)urtzrlan&rtttrtztdm aggkﬂm tant gach hal f
cycle. A pac t ,words. One word

aSSOC|ated}%y m“éﬂéﬁ”%%”é?épggﬁ$9808ﬁ‘i%%e%JEféégﬂ“%éER BY&B. Each word is
di stri but edobéguesinonheFgpsietT weilandanegatfiitiie bphdsedof thitethiousiscl i ck cycl e
wrath bits (§t1:n¢@n3 tﬁ@tpré’élntthﬁv@rﬁ)r?&)r‘i'c}{ﬁ &E@fcﬁ angs bl Bﬁ r(ﬂﬁ Q. get on the
negative phas Is‘readi |y apparent he bus § |n1ted to this
packet strdBe§y ectarmoazsvwﬁ é‘t%}ff@f1@@1&@%@@6|l‘3ﬁt>sCC?fH}FCE)'Q”é§3é6We°n One key
aspect of tatte)mrcgttrageeet FIYREORENOMS 2 DD rRf gel m\massemtctdweeés)sen is that

t he reset %J qa gé §Eﬁ% enabl es the synchronization of all C§V|ces
connect ed t°5°tHE" @”§y‘?fcﬂt°6ﬁ|”2'éégprﬂ’?e55t?%‘d§?ﬁ P RS &ei vi ng
devi ces operaeenaynoiy (muusiop i ntcaedotidaneeinble prierapec idel eds tairer ng
protocol s tg r | et B dev mul tiple
cl ock cycleqnﬁ§g89 %QPPEE Qﬂﬂéﬁb}dggggﬁiﬁ il H$f% rgéeg%ngﬁdP ( XRST#)
and cl ock $Ngrranbgkareqt, éﬂﬂ@@éléfaedchibeﬂneeteui@MWnﬁﬁmndeﬁnultaneously

i n order tQe&ﬁb&i@tﬁm§¥ﬂ@@h@ﬂ@g$o%ﬂ%ﬂﬁk!QHrthﬂo%h§19ﬁ3&§ﬁﬂwﬁﬂp0d'”Ent the
XCLK and X§§%§BSI8H% ?reélgﬁ one ¢ nponf 21S gpg %Lansnltted to
t he second néexigreh bPBthhpéttﬁe’f &5t ¢ Srpdh 1€t hr ough
lines 217, «218h DI edm nebap@émxeﬂERﬂhymeqwahenmnheagﬁh to lines ??1, 223
connect ed en the fir d.sec ents 215, Thi s ensures
that both Bg&wﬁhgﬁ¥e 5i§’ﬁ%§aﬂggégﬁsg“t%%ngﬁgﬁmPEr tmtﬁéagéﬁe time and
mai nt ai n s;bmrt%cdtn@tmteyfecw foom grapletebablapdidrencetegt deviods (Motes 217, 223
are matchednhgq pl osely as possible as the clock timng is critical The
mat ching of lines 219, 221 may be |ess accuratel¥ mat ched in I ength An
illustrative ti rﬁhﬁéiﬁn%lmchﬁﬁ’ﬁﬁpot’ﬁ’é the e sypecess thapreseptcl ock cycl e
timng budgxe\tedt&arstsqmstratéa guFErdeFagholerd og eNDecRetbrtipgtibe bus sees
the XRST# deasserted on ﬁ% @fneratlng XCLchlgfk Si naI Each
conponent stayi%s” ﬂf¥“§§HEHP8 FIMRES ST GRAITOHEhAT predeterntned
nunber of ekpmkd@wmmdgbzﬁjguthmeelhIDQKxnymtesMgahtbmhdbshnmhog an XRST#
deassert. '?JC{I%Q}égG\O? sttg(\%a GOk Cr%génet Ir%bgrﬁ%({ett contrc;[ln? Fr esent

enbodi nent predet ed vary ong as al

devi ces st &howihieile sqmtﬁtt@hdus Ostsrcatp?enéLghaldf’on 13 hee bame l‘lqur\erWt h
reference qﬂbﬁbgﬁ'tl@aéga?ﬁqﬁhhqpmgcﬁu&m ttsrt—r?ect & KRR By deasser tion on the

ri sing edge of clock onponent therefore, 1nitiates its strobe

si gnal genéﬁéF@?aagﬁépsrﬁenﬁl digrgres dde 2 2Rt RE AR PR %ﬁﬂéé&synchronous
si gnal capti @) Géfeatisleread us8&hRftRE @ resent-embedimé&ynchroni ze its sanpling
cl ocks, since it knows the timng rel ationship between the XRST#
deassertion and the fast data strobe The systemand timng relationship can
be defined in a variety of ways However, in the present enbodi nent the
rising clock edge that sanples XRST# deassertion is referred to the odd
cycle and the first data strobe is started fromart even clock edge. Tile
earliest even clock edge that starts the strobe signals is the second even
clock edge after t he XRST# deassertlon |s sanpled In the present enbodlnent

o . o o




Referring again to Figure 4, tine sanpling multiplexor 420 sanplgy g@g 2@§a
fromthe capture flops two clock cycles after transm ssion of the'd
initiated (r e. launched) The nultiplexor 420 is synchronized by the reset
signal XRSPH!3Hd the circuitry 430, which is driven by t hBCTES®t! "8-gnal
Thus, as the sanpling nultiplexor 420 is synchronized to sanple initially
on the even clock and the data first arrives on the even) clock as shown in
the strobe start up timng detail, the nultiplexor 420 properly sanples the
odd and even clocks data two cycles after |aunch Once the data to processed
t hrough the sanmpling nultiplexor, therdata is input to conbinatorial |ogic
and into a sanpling flip-flop 440 This is subsequently output into other

ci Ltc)ui t r]y ]9}‘ t m]gnl dxe@’ieﬁfb_oldﬁn&h@,ulhd Bag, 1thjb$t¥\@fd_etditﬁaderSCWf’ilF% ' 38 shows a
nunber o i p-flops iC ause el ay sufficient t rovi de, adequat e
e el § 2 bR PRl T BT Sl e TR B ok on ses t he
sanpl i ng mddiiphexeo akDtiboat haslcaumchedk datianthThentdetrayiovaterbeevari ed

accordi ng t o] ti i l A shgwn in Figure 2,
XaLRout | (1T aeR It s Bl ANL FHac IS PP e ARRIA her ated by
a conmon SYf KeICBAEIPTAMS ek dpek cpsict er esptypot|tae fiaids REOHHEsent

enmbodi mentp@akicchadlG (8L FHDERRABAYI AN QUL iG> RES Roh&isAHgbfan ext er nal
clock driverr, and maintain ?19 apf)rom tely the ‘'same routing signal line
length as SHEWT PATELGE @D M) 2ty Ared CRATERE WBFICth of the bus is
limted bypddre.followi ng factors: XCLK, XCLK to P_STB# + TCOF (tinme of
flight between -gevices) , + P _SIB# capture data valid _+ . up time-for P
data sanple is ﬂé%lgugﬁérl?’grlmecaﬁgﬂF?%Mttﬁé‘ tr’fﬁ%@rdm %afilrgcczgt%g%g cl ock periods
(in the présens ild tst peaseohembndsireck thertiiodsynsfisuens iane il spiiésent

embodi ”entr)rarqsr&%txgﬁL%Yldtwngwrbftahﬁlq%ggpﬁmtepglh@la_ é&ghfbtﬁ‘gﬁg ﬁ&@@t ween the

d ltng multip ded 1|

sanpling flop and sanp g. t exor' nust_be | ncl the set up tine.
Pref er abl y! h& F4ast Ragkgumétaiens FrowcheeeiGAMp A @sRIfdiaty2ffust i ncr ease
from one XdJd Rerdiaeh tdatd, wadmaen el rhAsRtighBhas piesediopather than or

equal to one clock cle. This s requjired to preven endi ng data from
col I'i di ng WXR'RE %‘df?'iw_; ﬁ“e“d%’tci“(ﬁebﬂ‘!é‘ffas%é%g?téb%ﬁf‘v ed%&“zige A timng
circuit show dgstidetidn dievigeofAlexemphaignspackst clhsanediassi oms i s shown in
Fi bure5 R iy G RS Seht£fhRLs e tine
prior to ?Igﬁﬁ Q&S% ?Bﬁ%g%ﬂge%égéCﬁli%‘f%g?d%ln?@gqﬁ%@éﬂ?uﬁ nggs and the
sanpl i ng cima@les fay nen<stabapleniczdd. rositgigalniopnaiReed NgthdoT eft and
|'abel ed " seancked dskacatie tQ @aslaRMh SidRakoklaiNGheadtatiiof@rdi ng end.
"Receive" indicates the sane C?b’served &grg&lg z?a the recejving end. The
e

di f f er encd CASELhENE APHerEHPYEd du&CIRPSRE 3G FEHESH AN ST nal s bet ween
t he senderardEwiateactnsh tdermeacienvierdéevityc ehdAtotresponkBrgtiequegnddr devi ce
asserts |-|RTSto indicate ifs reque to send, At (N8 T37) XRTS# (not
shown) vva\sﬁgl-e()fecblbes@grlr\qlcgﬁg?ﬂg Es@d Irgg,d%é‘})"f H%P_gg}ﬁ%fi ngﬁe{ile{;ﬁge knows that it has
won ar bi t reprplietioh tdreaipasioTHetasendend iese it theXamk ts ¢ampBtedo frane the
packet i nforpaikom, | rdicalied,as ( SL&?E){%gﬁBiva@&‘xﬁb thBeyEReehyiing end, the

recei ver device observes (capture assert gﬁ@ft,t “tinme 53&] This is the
time shitteeckrce digrareragaeh peg cxtleiopains?. PThelh & 98¢ Rhows to
S_XpteC_t bXtADg:#f @Iyt_r]ite.nqﬁeh'ﬁ’“ st %)f‘c![léﬁ@&v.(rg'iigb eﬂmilemvasemcrﬁmm@hamni Et ili ﬁesha
istribu r el S e sender, i exanmpl e .di d,not have hig
priority, %S?ﬁll%ull\ld];ﬁgtdé'clfe%%%éﬁ’?h’? GC1Q€ E@Sf‘?éﬁ%ﬁf@#s St ead of one
cl ock af t ehréigigHu Eacdpudded by tcaosmwitiing packesiaryeadByhadéuyelati on, the hi gh
priori ty devi ce, Wil esenthiblfafBhaca08:ch ORI ERE! 15 Wharus! honk OF - priority
devi ce (assum ng el ow priority device was not “al fead / requesting).
Ther ef or e, wettbassomases byta §gnatdes e sens ovomihetbufreasadi ¢ FBrfarclecl ock when it -

asserts it dheQeshs dbiAbdRd O GUArARLRSE i Gl RH - ©phlye BEVvi ce has
est. At clock thd receiver sanples HRTS# fromthe

observed the req 39,
capture Fl_t?)f’ bﬁ‘hétﬁjo%ﬁ\t'%? sdth pits Eblt@aoliséﬁ PR&RS BARPIN 8P TEPARP Y Sat time T39
from the rigspeeéd yetihd aRsat vENShP0desseadfiphpbaseittthagtidisusigsstem t o

operate in_a synchronous tter and transm ssion.o. data re illustrated
by the si rﬁﬂtilf‘%étﬂgftloo&)’ﬁpgg}?eér?é“ﬁtﬁﬁr%%d6’ HHFY ©fi qf)rrmoe gz"stéoqsor per f or mi ng
reset i s gemebaldsgddescribed with reference to Figure 6. At step 605, reset
signal is sent such that it is received by all devices at the sane tine
Furthernore) the reset signal (XRST#) is output through drivers and
fed back into the originating device such that tile line |lengths are
conpati ble and the reset signal is received by all devices at tile sane
time. The reset signal is clocked out by a PLL clock which typically is not
in phase with the core clock of the controller device



(e d., device 215, Figure 2). However, the: equal |length feedback trace
assures that the clock (and the reset signal that is synchronougﬁMAﬁ 2002
w ll be in phase with the core clocks by the tinme the signal arrives at, the
end of tM&® LYPES The devices (e.g., 215, 220, Figure 2), BET$HEP%6I0)
observe the deassertion he reset signal. At step 61G tile first rising

cl ock edge that sanples the reset signal is identified as the odd cl ock
cycle and th next edge is identified as the even clock cycle. The fast data
strobe therefore is designated as the second clock edge (even) after
deassertion of the reset signal .at step 620, a flip-flop selecting

mul trpl ekor in the receiver circuitry of each device identifies the odd

clock cycle V\he@nfemee\rﬁsﬁﬁkt%rgneh &ﬁsﬁﬁeéﬁr&%w& BL&BF thOpsypahroni ze
sanpling circuitr t?-x endi ng T ricu whi i ssue the dat a strobe

and dat a Atm'ﬁ“é‘ﬁ“GB"O adéf‘% r@?“atn%‘ﬁf‘ssf\oPhsT’s) ‘?‘rﬁbtl?safléﬁ’ds ﬁ‘éoer%’ér? edge of an
even cl ockotyhlae»m/darc@hneeleaimlod@& Mdrsl hO'hh@s} aauancadotthé he data strobes on
the even c|ock ¥Icnlwe ~Freferabl éy varts a predeterm ned nunber
of clock cycles," AN 45 CEY éT@gl?Vé%?fflo ratﬁe%‘drcgr?rh(?[t 4t'f'ng data

transm ssi mrosdrerhca hath pudspiecifext tltmrrg prstq:gorl/sem $orchirnivpuigllyi zati on of
circuitry. r S d with reference to
Figure 7. frm?mtlt %9%@6*’ §hRO<€%§§§1§c§ Hnﬂ p@gggs gﬁgousl y launches a
strobe and dat a®sdlltpiEafescis 5img0d’e1vroeg*1 thag r@@b?)“’?‘@hﬁmf\h@" )s3%bbe and dat a

are recei vadcRlsidrhi@ (K€L VAR LEVELS: coﬁne%re@rpc&(agonbﬁt the strobe was sent
on an even cl‘ackthe datars captured % ge even flops; f the strobe was
s I

sent on ar'THHEPEMEK 1R REYQALS msmé%rat r‘B@/O‘fhEPBB‘d‘OF“I ofs i step 703,
data i s sappisedt amnbobdemeac eiveeXCLKOard BRIST “au‘rgrezrlqlaammheﬂrtgrmmhe sendi ng
device Thu $,S b h eyen flao even cl ock
cycle and §%n§f'§ké‘n{9 l:f qrqBota?jn%rf(gch %hecﬁe Com %Hongg'&@l Cl’( cycle .
ment i oned eib‘dveltodhcelrsheor@plo@nnt RY5 rlrrOblthndévl]de@l%,r‘e hscjn@rhfr oni zed, the

receiver cr;sw\%merv qfuarrrwe trmloyrureeg@'1esw%rr#&me@rsenvééroe$e and odd
fl ops Thus process of operation_for Sﬁb hronous bus transm ssion across
1S

mul tiple cf Ef’élé‘”@y%ﬂcés iGPTARP Rt e S5 &HYi MBS UF e\t R Rlevi ces recei ve

cl ock si gn@drﬁ aherﬁthmlsaaeofré@aquerﬂlsysrasmwbe&tcmeb@dnc Ahtch@u@h not recurred For
operation of ron %stem

bed ve, the
ef fecti ven®s é“%f“ lsh'gn'srﬁg‘f’é%q ser? PR thrJIe@ﬁ Ry 8§ ﬁgPﬁ‘j Cfflhlenerr%f;(d)ded f1ow
control netlotreandtcigparsatioscldesgrasbibte betiwacloth tipangiiegtisical bus over head
i s decreaseg. tr g4 19 n £r{2685L£Qupl ed to the bus
and errbedd?ntg gb\} eo"’nﬂ";‘r dg{ a“r{vrﬁ(?\ 2 g&pac Cgpge 11 ﬁevr ce has at |east
one trackelrenﬂéfm ce or circuit that tracks the flow of data and bus requests
i nbound and out bound onto the bus. At initialization, each tracker is
provi ded i nformati on regarding the buffer capacities of the other coupled
devices. During the process of transm ssion of packets, the tracker
accesses predetannilnedabitsirmingedciyrpaciettht ocdetrepadsadot he slbakes of the
queues (I £ a ohks f f et .si,het ween
devi ces Th§VC1€% Pg‘x“e%{‘{r@m ¥go‘nﬁ 88‘9 LFenot r;}g‘é'@ﬁ del\?%él C%IEQ@{E% o thlgI n the
present enbedsersribe 1ol €erasevkdbut MEeWWM%@@FI@@s?@ I\oF‘é%er bed. However,
it is Contﬁggkﬁteﬂjrhﬁh R@n?g&vﬁiﬁsgr%ﬁﬂopgu§§965g§ﬂﬂhgl?Mﬁ&g t flow

control bet mul ti pairs of ev ces ti of . trackers. A
simplified BF eﬂr‘ﬁ@ﬂa‘h‘f%‘PCf ﬁécrqcbmeksﬁt(rsr tfrrsr?rl%ﬁ héf €ystemis

i |l ustrat egbsiep IEbgLH EI’STREH&FSEMBQ 41%& fi €hfbe caod“tEflw@’rszﬁpiﬁcﬁf@éd er 805, is
coupledto ry 0t2a ggtg 3FAIt rnate J}e

cont rol | er'™ SCRFEFRYC 808 'Brote §cﬂ“rB & PoPh %rhn e or ermre pr ocesses

803 arc coupb/es@ lofigez snaliroliey iaee starolther sB@&nosnotxurbtﬂcvec seguploedtheo a bus

brid 81 A7 . d S10
crz)lnnggt edostjtgb{a?%%? i RH?E%@%EJ [bb?@q‘brr dg%{ﬁg%lcﬁtcmgt%rk%\t/?%esggne bulsS
connect i onXReTYy déneseﬁucpn mrrtf@ohwe@tqm)owoﬁhéaf FachgiganBotetowever it is

cont enpl att@r@rétb?@ ih RS Qfﬂogg%rcsr%qﬂ%%%twmtbfhﬁ: Réis o CQIpREsT | ontsh(e 0
us connection arra e

2-32 bit e ns In a nul ti

tracker crﬁ%ﬁr% lhe%%chﬁé“%@%Nﬁsﬁd#oﬂﬂéPD&ﬂedes}‘bﬁe‘gg?ngﬁhnectron

Furt her nor e, devrce 805 is described herein as a nenory controller However,
it is readily apparent that device 803 can be a variety of types of

devi ces that coupled to the bus 813 Simlarly, device S10 can be enbodi ed
as a variety of devices and is not limted to a bus bride. The nenory
controller 803 includes request queue tracker |ogic 822, data queue tracker
| ogi ¢ 832, outbound request queue 82=l) outbound data buffer 826, inbound
request queue 828 and i nbound data queue 830 Al so shown is
|nterface/control Iogrc 834 mhrch provrdes supportrng Iogrc for |nterfacrng

~ NN e S NN N e .



In one enbodi ment, the tracker logic 822 is configured to permt only

read requests and six wite requests in an eight deep queue. Thi sﬂ?sMAR 2002
desirable so that the one type of request, e.g., wite request, does not
prevent tHe?%déldi ng of read requests when the nunber of reqTe§t)&Heft2:ee'd's'
the srze of a queue. Thus in the current exanple, if six wite requests are
currently queued and the device wi shes to queue a seventh wite request)
the tracker will not permt it even though the queue has the capacity to
receive two nore requests (those that arc preallocated per read requests).
If the queue currently has six wite pequests and the device w shes to

i ssue a read request, the tracker will permt the read request to be
queued. The rbasohridges%% i a'omé aihoe ﬁqntdtgurredtrmrhh a request queue
tracker 8505 dat uet Ker ,. out bound request queue 822 i nbound
request quéﬁé“%g}“P tHEGRE NG at & Eﬁé‘ﬁés%%o“laﬁﬁio?hd”éa 4t 8€68Bc858 and
interface/ cont rtrhelsqgteen &&21 tﬁhewqaeulents arrhgbé defihedns atenpss f or ned
simlar to hat d§§1 Bg rrac er g mai nt |ncunts of

i nf or mat i of s“taélse Wet‘ h% ‘H ﬁ@seé%h)erg ‘“éf?rbr ‘BEGIS1RR6] Octl\e (gect ively, and
prevent thégener@ts IR qi)ee(slserttmrwhemf@med ob tltdwedqtceub:sam@ thel | .

| nter face/ eontdah oa8kGs 356 MPkoAPSATIRA 1AL, delal hetaldl epnesents the

| ogic used to comrunicate w enerate t request and
confirmat i elcpaeigattsaastagesbrisbedctsedole F dgriesond exnd coBkatdsssi npl i fi ed

fl ow chart g espegRsTel a/carslstmctnr atdngofcle 1H ow sRUEROémBBEE@SHL fOr requests
and dat a. AI}:B&H h the two ses are descrlbed se ara er and fl ew -

control cah PLGRERY ¢ hé‘l“ %‘i REHE SRS D8 H- B fQris
preferred tdmptibatdf cprrmcﬂs\ses SQI‘LQtSJSQdC'QﬂDEdJEH’Cﬁanh)(’e goflqehltolpc)lthaﬁd ow control
as shown in_Figu esent enb ker intains a
count 1 epr s0atih Fud et Mo BuRe e B ad TR LRER ekl FoP BT For

exanpl e, traekbreesdackmi dtannéa atlmmmct@h weqtcestlsctsthoremmh wfeue 852.

Wien the couph8AGREIS BRI grets%m CThURGH IR TUBR B shé Beker control s
the device, a g. processor creation he packet, and
causi ng t helogevyien Msgorﬁﬁarﬁﬁ%”t oSr"éFrlﬁ/lq @%fmﬂﬁb”t‘hé“? étﬁﬁr‘e%‘tfo%ﬁ | space in

the queue bR@@FEEé‘crﬂ\tﬁ\lJ:rﬁléllénk'[bc?\h@hdmﬁﬁt@m& fRPAQMNIEIHpliAg packet ls not
created if t tracker i nd gs that t he receiving queue is full; 13

i s contenpli 88 Trar reﬁﬂcﬂ‘hsérnC F¥odEHent s the tracker may use ot her

mechani sns for prselmsatibeg carliaqties tistaom wnteehnte vaces ub lomgmuEnanTur ni ng
back to the.nr :rr%q iyent,, d tghar equest, for
exanpl e, i E\Pgtﬁzﬁ%h? & 6"?5 g\béé%sal?hgp?@”lﬁésf% c‘I((V}\{r%eb%rketl red until the

i nbound trat:lk"er’iegS(D $ATdi ms\tléaltt tack crelch nlﬁeulﬂﬂ@ qesu s Enedddtee 805 has room

for the WrEI{'%UBQBH@%EU{F’h@\«S&nFlRquldEﬁle\@B iAWRoHNdath@nsad e | an
ich there is no

i nbound re gueue re to a ran

roomin th&® &‘e@é‘ Vi T V&BSGn@“E‘% CIQC éaEIllcbchJ“EefﬁPBtr(:ur even though nn
packet is semhanignt bl tHherceies, m@cfh bﬁalblhetmreczabubrng\ gueuell aReferring to
Figure 9a, ,at ste 0 theﬁre t buffer.c unt. i he tracker
is initialfzZed> oP?g}(%Hp ‘85 btune’e% bﬁf‘oun lrb?ldiunizt ‘I”% ger?cewe%l& However,
t he act ual \MmmomyObepwneflqrp:tShéﬁo ot Uk EhchloprmtabMerﬁOtrheoltRﬂmt r eaches
the predetgyigd mes LTy ERIF SSRGS N s St'oztgé@lfe Bdigee@r r esponding

buffer, a register | ow occurs t er nat el court is |n|t|aI|zed
to a val uec F‘F‘egﬁéhdph@“ﬂwltohés Bfeﬁettérmer%‘tﬁa%(ijhﬁﬂrﬁ‘%ﬂt\e&’ghe tracker

decrenment s(ft | @qm@u%ugoﬁaﬁa@\htﬁﬁmhea%rbﬁ\ seph clorusy chpeudedfer nmaxi num
i s reached when the cou mum si eof tile buffer may

c
be har dcodBtf DTy ERiUFS gﬂ?éﬁ@ Eﬁt@ﬁgﬁt ‘Fc?ﬁDFLérQésctre?n BAALSIPSK Br ef erabl y, the
capaci ti esalo\faxecmpeusmdrtdr rtga @@m kspafre Bloff H5s, Tlee gres@i@4cimadt,ar e checked to
determne ll.er o tion the
maxi mum si zlgu%\t/\ﬁg% St%i‘ ?tr§’5%th§ aé P?Cjt}hcé“tr) ? rtepse Rg%/llt“gg the smal | er
capacity. Huettiergpoéthd tslf’lnslacoﬁnte’nmrat eacghate the prasdangtuined maxi mum

does not ngegssardliy LqHB trRJlGd@éf%mve%atE’xaq'ntdﬁaQteEh%b@‘éTérﬁﬂ and can be a
val ue smal | er t han the actual buffer capacity for a }garl etm reasons. For

exanpl e, i WY t+hBpr e‘é‘e‘htChe"trtStf&PrréhF)COt%é PreEaerEn M HedORaXP for wite
requests i 3slsé eveRetidgugh the buffer capacity is S requests. O her

enbodi ments are al so contenplated . At step 905, if a conpletion packet is
recei ved, the request tracker decrenments the request buffer count, step
910, as receipt of a conpletion packet is indicative that the request has
been processed and is no longer in the buffer At step 915, if a request
packet is to be



sent, at step 920, the request buffer count is increnented and it is
determ ned whether the count exceeds the predeterm ned naxi mum € 2pMARDMP
t he count does not exceed the predeterm ned nmaxi nrum then the recelving
buffer i WO¥e>Hévi ce has the capacity to receive the requst/Uaiid fie
request packet is prepared for transm ssion and subsequently sent out over
the bus, step 9-10 If the count exceeds the predeterm ned maxi nrum then the
avai |l abl e capacity of the buffer cannot accept the request packet and the
request packet tracker prevents the request packet from being created or
enqueued and causes the transm ssion process at the initiating bus to be
retried, step 935 It should be noted that Figure 9a is described with
respect to the ReantsmzsssOR t6fFiEeAUESthPAGKSE Sc fnf @fpAe{dir $10 device (e. g ,
devi ce 805 Flgur% %L Fbmeveb, he sajre process, is er&orned when t he sane
device is O EENETS TUMHIUT i8R CPREKEL RS 1 cIBEE KBTS AHE buffered in t he
sanme buf f etraferrgssion mfabadi ate guesinbatktigh e8E2unckedur €h6)muipledddt i on) it

t he process,j i} ~ROr Vi , bus bridge
descri bed gﬂ%égﬁﬁ?%QBQ?ggﬁ%dQv?%%gﬁ%aF%‘%§§f7ﬂ§§t g%ggggréqsgferably:

sendi ng t o“dl'€eihdreepyt rsyesghsignabol hubuds diessagnielag nﬂuﬁlPléé‘b%tci ty. A

very siml aso By 9aeStoh Bl AABE (h ABNGA Qhe bl OWERRILA tME AL €Spect to
data contained i'n the packet. request packet det ermi ned size which

A Kk is a
fits in a PredefeerifedeapiinClost %Sp%hfév%méb%ﬁrogﬁétfbfﬁr&%flnaﬁsdata is
variabl e. dbusl, fioe ntialtip O R20Sp ropetl@nGiip itk ehélotldl dritbepaskiickiss accessed
to det erm'%]qhttree anpunt .tof buf %er space needed. A simlar process is-then
per f or med 0 det 2F it ﬁ%a{/\ﬁre}fmd‘é a to be queued woul d cause the capacity of
t he data queue fmcbeheximeededrddeesdd dukerhwirklsangtlirg froutiphexacapaci tv of
the data b t e I i cenansthe bus 820
wants to \MHH g‘r‘tfa‘g.[‘)\%bg&??‘gﬁ“%&gé's) © gﬁbgtlﬁgfsggﬁ\é%qg |élt§?es only room
for 8, the*tbnlhsl is|ssgseqsselnpripwnnie adesstreeitghe! MAORBBICThd devi ce (not
shown) on theuBuse B8R MKk theklYuRrpM 3l 8hdws atNemben®i NI @oPYORDS until the
tracker indicates roomfo t er nat el contr.oL\F!aﬁ ’éﬁ 882 will be

. r t?en;. _ ,

confi gur ed"“SUTh P HsG 2 (5&Y BYTFCISRTIP RIGH 4R P e I'yEA °bf packets

unl ess al | valad aaganryeoptacedThadthe sataus nchronizdefrersampghtg Figure 9b,
the data b auntai. s Lpitialized. st N , tion packet is
received, E{Jég%egg}?qfﬂégdg?éﬁ u érgdég'uﬁ%icgégéé;%%éﬁgﬂoestep 960, by the
| engt h ( LENjcov@Ingetosthsr eenfigimabendorpeetcnit. pRetéerablByasushoigntine LEN val ue)
accur at el yrhufrter Ma @k ngne l&wantndi9 shhex et d e (Gapackt kenapan be _
performed. It should be noted that“tire LEN val ue |C§bth same length, as is

found in t P& SRIGBICAP Y ACOFHAPN GAUTSR BRIBFroEEN IR Y ddfest is to be sent)

tire LEN vadrueolle detrer piesed; embddiiendata abufkepr spmtinbnbssibycr enent ed by

an amount R t{ne'sgﬁngit}[\]x%utn grb%x eI%N'wl 'l'g‘tksat &8 97[03 ni‘lfi twrilginq’rmunt of data of

t he packet p US PREY SUFHER A RS IRE A bF OGRS e "BUR Fer ‘W |1 exceed the

capacity ofppivximafdlprthe shaedswitoe $ignpr bhe birtgsbl abrsowmor éatfiigygre he packet

and pl aci ng {hg C&@Qﬂ-?éd tihtihe 1&%9&-thm%sqgevm?easymﬁgw@m»kfynw I retry,
ap he buffer t the

990, until _the aC|,t% of t | can accep amount of® data of the
packet Prefesiofpl WClheXEbdusPinProeviCr (tams afibseaPYYe8at a portion of the
data that a¢¢1aes)3+ Fbg’fﬁﬁfﬁ?lcﬁlgbﬁge @ui{rﬁsllﬁnaﬁ& dptib foe Iseata E)e. g., tbly

i ssuing a commpnd to the tracker). e requesting deyi ce subsequently

i ssues reqUeRPE, SRt f‘rc?reesqLia? t%’lé@%%’&?@? Cf(%o‘ﬁlof%@gb%‘?c;ﬁ%rﬂasthe data |f

t he buffer(icabatpresdnt ilostragoexeeededs patiods)epTiOeh inhbe paekstt i s fornmed by

the requesthgqfyh e e Rl a8 N8 UhE Rlial 168 N5 ALIRARE e 1t 1
preferabl e that the flow control °process takes i nt® account avail abl e
request buffeesaraphing fpdead sk mebing dataplsubf erug pececiuded tmére buffer is
ful'l and canngd yERCEPVEe O @)thbNEf QOMESY tinfe AR PEQCESEEG This is
illustrated by the flow chart of FI%I’Q 9c. At step 996§§| LKdl s determ ned

i f a conpl ¥TORS FALKENCIeast &0 vBg “dndlirersreta bve sdenveglXatO st ep 997, the
request buf fSTE GOLDF it gréirer FRNG 6 Y t8bnaMMedK cyedy.r EapoRdi ng to one
request and the data buffer oun‘# Lsr decrirrgnt ed tbyt an aqmg,nt correspondi ng
to the LENSIHITGE. ©Opp redEBh SHHENS; 213 gl ding WERSNGG N i s det er mi ned
whet her t hergtive cdataighabt eebufd eéntaspace in the request buffer and the data
buffer. :1s the anount of data can vary, it is possible that one buffer is
full while the other butter still ha s capacity |If either buffer is not
available to receive a request, the request is not processed and the
sending device is issued a retry signal, step 1000, to indicate to retry
the request later. 16 O herwi se, at step 100l, the request is output
to the request buffer and the corresponding data to the data buffer Thus
the flow control is enbedded into the packet protocol. Illustrating packets

o A~



can no | onger be pushed into the transacti on queue Preferably, th

requesting device wall retry any additional actions of the this tﬂy'be"lAR 2002
t he present errbodl ment, data buffer managenment is handled a little_ ,

di fferentV9?Hdever, it is contenplated that data buffer P%H&@é’ﬁ%’ﬁf can be
handl ed the sanme way as requests The TP(1:0), RCOM'4.0) and LEN 7. 0]
fields in the request packet |eader are used to allocate data buffers by
the data buffer trackers. The TP(1:0], CCOM4.0) and LEN(7.0) fields in the
conpl eti on packet header are used to deallocate data buffers by the data
buf fer trackers. For exanple) when a Bead is pushed into the nenory

control |l er outbound transaction queue) e.g by the processor) TP (1.0] is 00
to indicate a requeﬁtnrmtltr&rﬂ@hd\atuao &Mtﬂ@@ﬂ@] ekamPldrg pardiecat e the request
is using a . read queue sl R bQUI’lg gtle buf f.e rTacker IS

decr ement ed" By ENCWRLT & E\’—_’IQ n%ﬁoé‘éfejs ‘é‘tca“gp 8BRt ﬁesﬁglrbesent

enbodi ment ,altehd yrhasheraseért@NORBSMeeimg prequesTed. Thahenotdse(CeEHBFet i on
packet for theriaad Lansenl ks e DA B8R, TR ) [ (1:x) aere

x is 1if data a'retur s“returned CCOM4 0] is O to
i ndi cate t FARCRIRA pRIGKEIBNASS hra@bﬁrﬂdezrtu e lshicked lakslcd “sengt HERA r ead

conpl eti on tig o@@&ﬂ%@i §iEAM LRANFBITARY sERRIAOLAET 'RRREeMR 1AERARACHCON queue,
t he out bound re dat “buffer T's increnented gﬁ% E{}IFV\hen a wite pocket is

pushed i nt 3PP PRETBFY SESILT B 116r TeShtBR& Fehh r RGBS "8G, by the
coupl ed pr ebés slare, toTtlH(leh@)mtn&mOa;ftlu: bipda ab e veednedieesinder tdevekat a and
RCOM 4. 0] '1%d1rh ecec{lecacree”the request is using a wite queue slot. The
out bound wi fe data-bdf fer tracker is decrenented by LEN where LEN

i ndi cates the nuntbemeof STDWORES deeicrey aar agseets. FIRAS valindidate tthe LEN fiel d of
the write reguestoRacketaanhd gy asers) AadiRAmD ehkon RALKAlAre al ways

equal even i he wite was not success he ot her bus V\hen t he
conpl etion? E%f’dl@é{ spothetsgBAvRY flevics kaemes HadK! Bys t1RN pstradppfo] is 10 to

i ndi cate ?tE@B’QLefHHkUberteha@QrQaXQmt@r]ne'\/’\ﬁBSltd ﬁahﬂdllﬁafbﬁtkteh?t the packet
is a conplet acket, For  a request en the wite conpletion is
recei ved byn{%@agiﬂ”bﬁ\ﬁihﬁ”w aﬁgfﬁd;%‘% T%F\Zr tracker, the count is
incremented by ENHsoreaiviyg endguesteseiver.device 8Bsees ¢oppplstsi ons | eave a
transacti onygeng.d dh?t ﬁﬁn@r%‘; d%rsau% t‘?‘x@tt?r[r\%dshrt-w& %{R‘{’?“i‘%ﬁ%ﬁary to
preserve proper ffansacti on of octurrence on one
bus is the 2§ftechat time Bﬂje?herﬁmteheerrle@@wwﬂg:xeagt Flé\%'efﬁmla WhEt €

conpl eti on [eRNtRIRTHY) d%@, .rgememmlered\em~ngzerbeﬂarsrteeemd Therefore, it
IS preferredthat the co EL‘T‘ cket |s}§§({m ectlytothetracker

When a dat &' BT ef Vet dER tsse’t‘H“E §“F PrOTENt data

buf fers foXaDpartdeldl ra:r\erlemeednt thmatioe kg st HRT®OIndeadpousbed | nto t he
transactio ueu da fer rucke e I her ef ore
retry any gd)gl t5' genrall—llﬂ% ansacFr oeﬁslceo eRat S[E/)rlg“%)s mt‘I{';IC{I{B}I%g\hly\)/%:1 k}%é used to
support wr ihtgh packay sidvseaued! bynd his dris doei dgek Aasllcrmlhlaﬁltéd lewanpl e of the
embedded f 'p‘?)@!rﬁ?rﬁer\‘? el Ws?&r%?ﬁr h?e chu ?ﬂdr?t’we&je\%é Qs htralpidRoses of

di scussi on, the exa eis sihp does riot take into account other
confi gurat |r%‘?rP€r§élr‘5|)retTé‘re§ef§Ef’cHhﬁéot‘H?J%‘é“ff)eldét K€ T9Shr@tet®hing. In addition,

the bel ow azﬂaﬂmreler&r\tmednsmesusqe teltpfest P beve @i seiranee thee 1 ow
control & nlsmrnrﬁt xt of

d troll
coupl ed th RTPRBY %Y HCs 1e';e Sﬁﬁvedoﬁ‘et ﬁ%;“%g&e td?%\@% :Ig%im'[g ;OBCIrObugr
bri dge expascterertdaatples &HSTH fonhehdat@ptutre F2CH2 thyittcaP@irddudsé3ater 1 6-1 bit
PCl bus Daf @mﬁ‘r&f Ja%\%grdas(il?ﬁ(n«( FERAIPHS AGKRE [P liAMRARLT ONs)

Request Wi te
Dat aReadAct i onDAhapranesses funBed egTharyatam daPeesk€rin &Sl ot sTrackern

S ot sCount ConH: 8% BeRsiter 40X BeHE %o Bk daeRemIasls iRk BBY Readxas> Oto
simplified flow diagrams Figures 6 and 7 The process for performing

reset is generally described with reference to Figure 6. At step 605,
reset signal 1s sent such that 1t is received by all devices at the same
time  Furthermore, the reset signal (XRST#) 1s output through



19 BB ReadRequest upMultipl exx8> 0to 8DWORDSMem ReadParti al m
1DWORDxx1> ODWORDMem ReadParti al xxt ORetryMem ReadParti al (2Read 1 ;QX%QLUZ
ODWORD. Ani/ WiteOx |xxRetryMenWiteWite 1Partial (1> 1> laxDWORDWORDNEM w
ritewitel9BAGRBPartial (22ndDWORDS11alDWORDust RetryBB WAGTEBIPSE-

unti | SSODWORDB MW Ret ryl i ne=8( nust DWORDS) have 8< SxxxDWORDSof
bufferMemWitePartial (1x0aDWORD Certain transactions demand a fi xed
nunber of DWORDS to transfer. For exanple, a line wite command (PCl MA)
must transfer a full line. If a line consists of F DAORDS and | ess than 8
DWORDS of buffering is available, the %ransaction nust be retried. rl

normal wite burst, however) could result in a portion of the nunber of
DWORDS bei ngraesepte ddabac i hﬂortenaimgiemxbgidtg iceesudrechatRbe lexanpl e) Menory

Read Line e fher
corres;)ondl(gg‘t’rto %r%;lﬁ)?fﬁ tﬁﬂewf&{ %\?\d%f) gph?plsq@tcﬁﬁd% M?dé%ﬁove t he bus
bridge is phefsarubhyceoid fseesisre! fotpekqrhokeby af BEL ik SRig ¢ oper ati ng

modes and siyngd €164 Rittin QRAGALLNE (ARASSe cl&kd&%e%%nbadnewléehe a' and
"b’ transactl on ueu er ate i ndependently on th %@Q%%Eectl ve buses The

only interadtd 0‘?1 dé% 3E %u’E‘he) i ¥fe dlie Sﬂg“l lﬁt‘%ﬂ‘ Ef@%Bne or the
ot her set o:rssqmumt&emdlo@r\ (nﬁ@&hyeemstl lhlhghlﬁgemrbu@ube:t ween the bus
bri de and th gE coQt [y g 8h i gl A her Q&tﬁound
transaction' a &° pdi ?é}be ﬁ?)mt%oékpsp ar"as' e 1(?1§'IC> oft'¥ound queue and
the i nboundthkr@a\miscafctthlcomquﬂe'ﬁbe darecepde ged@1ap220 Fagypreal), abstapgilAgl e i nbound
transactio PGl t.enf s twce the
queue dept EO%%?\ggé% %?FSE%M%& Hg re%e! s@é%l i %ttesr a%iedsq tﬁ%’ ff’af(l'he“glﬁié’ue t racki ng
i's configurdpflecdse ttwa@ranwlﬁaﬂre Bset pigoahd surbdaAdsdiiensd slockel | as a

single set @fclccwﬁ&l@ﬁe nmeecpgét @queelnhbam%aﬁbl&@nqwecsvcw eThegated in a
simlar manpe

r bound, transacti on gueunéf a gt bog g transaction
From the i Gi°SHOCE HHETS BRI IR 8F SN AGOTS Btk HUaRAEHITIL ot Om)
t he next ommumlotnrcansaotnmmgmdll £cniep a2ea'fbp- ftmth:ducnd\gueue (Qut Qo) and

so forth : %Ll'i&&?gn Bd 008, 0D GLIARS: of O %{Jfém%rﬂe ioke gRghi ne)

togjl es bet i hg ‘at I rst out bound
transacti onclogk ayttienmmt@nrebhbSlgusl @o@u@seclrtt:d) i eed Ut Bynahgen(ze. g., a PCl

bus) If thesatrﬁ@n&a@trwl@ cRieiBRtink tcxﬂc%xtP?RDﬁl‘éhfxEsQJPs%lE%t@@ﬂobbe
conpl etion %adc S pus)hed i nt o whPchever i nbound queue the queue pointer

currently i datapq poi ntingg Next, the transaction at the top of QutQb a
attenpted |f eVGA\ys@Ut@OUﬁﬁlhtWrﬁﬁ%ﬁsl&ﬂs&@ﬂ@it@ﬁ&ﬁw prlddkratigeadt ampt , t he

out bound qugue agléltntcieﬂ% vﬁpc% ?Olgﬁé’eéutgy‘dﬂ eacilgncogplth ?gt‘t %fggg%ctl on. If a

read transacti on uéle °S retfie a noved
into the covr dxpoveti Agck eadcr direésbbhuebe sRROT wags abyresietermhiaedut bound

queue poi ntr%mBQQSI ?l%ck?vél@? Qkhess AraDe cb§1e@ a@rrank%wﬁ%@emaon at the top

of the outbound queue Is'retrie it 1s preferred that gueue poi nter
does not totggfl‘?é“‘SA'Q“e%quheHWWﬁutf@hWét“@@ldéé?é\ﬂe'béfffo%“%éat&ﬂ Bbund queue
poi nter w Idlrd@ggtlbe to the opposite queue However, between atterrpts to

compl et Lhe e BoLIg 0P ol Lhe Srent, ueur, anyreada R ol ther AR
popped frontot Figugeigue tanep 06 ahpl tea honitpagkeeyics simgénhedusly

launches a strobe and data to the receiving device. At step 701, the

strobe and data are received at the receiving device. At step 702, if the

strobe was sent on an even clock the data 1s captured by the even flops;

if the strobe was sent on an odd clock, the data 1s captured by the odd

flops At step 703, data 1s sampled at the receiver two clocks after

launch from the sending device Thus, data 1s sampled by the even

flop if launched on cven clock cycle and sampled by the odd flop if

launched on an odd clock cycle As mentioned above, once the

circuttry in both devices are synchronized, the receiver circuitry



into the current inbound queue. The outbound queue pointer wl| t@gﬂg@g)[ﬁz
to the opposite queue even if an unconpleted read remains in the

sumary) the outbound queue pointer toggles to the opposite queue as soon
as a trand@dil®izi s popped fromthe current queue. A retr iR UFIStI& T s not
popped until :t succeeds. :'1 retried read is popped fromthe outbound
queue and pushed into the RRQ Aread in a RRQ can be attenpted at any tine
because its ordering requirenents were net at the tinme it was popped from
t he out bound queue. Note that outbound reads in one RRQ can pass out bound
reads in the other RRQin a 64 bit PClgrode.) In 3? bit node, an outbound
transacti on a routed fromthe high speed bus to either outbound queue 'a'
or b heperthhg, HRONed Be PAGKSICSdes ki aakiiofobdlenhld 0Bt pDestl natl on
ID). Multiplexors s’éI ect the nest oufbound request or a previously retired
read as di sCREEEH It %@'rp«?hsr@neué bisctrpym BeEiref @BFy MU ISEMACHSE nul ti pl exor
is used For cfdchih xP@chnﬂﬂ@%e-rRHﬂﬂ* hhe RS hid deeickNiddeatesioak Bigndls ansact i on
in 64 bit m)ﬁﬁ'}{?a nmul.t i pl exor ae:fe ts the command and address bits from
ei t her outbd TBGLTCRCTGY 1DHHE ‘queue 'b'. Inbound transactions can
address nore tham 82Ul sios oedpotréd ifobopadtipuesesheshigposgeedual address cycl e
(DAC) decod , h t queues
have separ a'tg%h{]ar?%ﬁlas WBIC E?%séﬂg%$4g§a Itm%?IC%_Q@%A{% %qqﬂeasggt;égrzs In 32
bi t node, tIﬁefLIréIAﬁm@Iean@ddmesg tIhQ Qrab@ctrtaw flowadertegsmcsireth and'  or addr ess

| atch ' b’ E’gltupggscra)eaogeloh respectively The inbound request queue
| at ches the 8 rder .address prlor to the next PCl clock :n preparatdion

for the arrival of Pt“h%“l‘t‘l“@l‘b‘b"r@‘é"‘rr sadriedeciepsed paistriputing f%ound

tr ansaﬁt (r)]ncdrvlrStral & ﬂgddgcadelt essp re)tICIcetIIertamaae;cI Lﬁfbedaatcoslowatmtbel I ogdeg
into the hi order, , addr noun ueues In 64 bit
node, the i %bbhl 38 tpgrﬁ’s?ag?tlsor#aélindedécq it 7 afay B téf’tq"ﬁ: degv ‘2%t PC
master or 64rbit tR@ traelst Be MAC ¢fsdatequidriagt taoubstsassenta@dndn C/ B[ 3: 0] in
packets by od®diida anch O BLL PRL (ARSLSE Rol Coddn,  JRIDNY poptiegl | er)

addr essi ng above 4 ecause it is un % r-at this tinme if
the target HOpRapon ©gpEhINg the tmfthFAC?@ﬁF”mStOfF’Cﬁ Of’théft e@uraeﬁot required to

drive the hulhlcegd@uﬁﬂgitn@ @defs§otfqra?rerrns§‘,eﬁoa ERSSCheRhowr=I GB. If
REQ64# :s asserted w .and, th %ﬁdecg%es DA 0] dur| ng
I

[
the first alth®éss Biﬁt,dlteéerm‘f‘ its R4 Sémtrtf’etq%?tlateacpgr ess.
¢/ B[ 3. 0] dogws gotuendiecat®dv DAL/ etrfpey Pk I'd‘UStrol%cxrhee’Idxh@praghemr der addr ess
to all zerog.he godi t eadd[ As Dol e ly~, :t a
preferred tﬁat {%Sﬁa’t%a bﬁﬂgé mm r%? % d Cg sﬁ&ué g‘?ucgs from the
t ransancti opT@Pcpbquest queues. The data For PCI transactions a stored :n a

separate queue Stk ygd lg)t@scntemtscnﬁntérenﬁg&ttcﬁnrawa@enwosa@kat@s Geue
structure i referreg to as the data huffers or the data eues. Separate

queues are ANEXIREY oF OMEVATHE R ERRTRIA terathe A EhS Sﬁgcaﬁ‘acw& letions in the
transact i onegpraihsi dOSme:‘ooralfme$oﬁa¢oI beh éeﬁdrﬂumnplhepamf dedegs bhat t hey

entered the transaction queues. For qurite transactions mey pass
read transacetplhocnglon X h%c eanes"ﬁflf‘e?:lt‘ %‘ﬂ%g ‘a&a“‘o"é‘ﬁﬁ%z@ﬁt Y ggt retired
in the ordepotthat OfItIIee Pﬁtemmstxenstrntetlunrﬁgorc 8 hdiefe itgatonhigae iBs anot

necessari | y -h $ 3 re
rccei ved. §$ agl%tg&(p&Ps(qj’ %ﬁ%gﬁégﬂ&iﬁﬁﬁﬁgd B ara/rﬁcl%teg&)ttrrasgggactl on
enters | nQa tteFIIeE”tﬁIb}t e FEmey ¢Q5W§01ﬂ€he15a@d?%tfah@f@%ﬁ%hbuiﬁpt he PCl bus

will enter MhetPYhBPadramdcé p@éé@E}esdQ@ﬁat%u lehEMet R@mory co@$ﬁzﬂ>l@lrat ed wite
packet is sgd;)td&oven t he F bus, the 1ﬁt header cog; the wite

comand and rESENERCPHPIE ot Ibe‘EIbF SNFRKED £ LA ﬁueue and t he
wite data sinbbdbecpylthedub boiigei 319 P\dbniedtad 1o£1I1RHLBI(IsEBitGi 'Ilhd bbound dat a.
gueue. lee un t he conmand and
address into ? bé%gﬁd"“ﬁ‘epa%“sig‘ét 8?8%“8598“?%” ‘?O?Igﬂgldgn%fhe PCl bus is
pushed i nt occPPvcDang tQ theBolildisdEila Iasweer, IInlsonmaIterBQIabLtI tpg theode, an

out bound 32 Gl o I ed-ft-op Qut Qa or RRQa when
the read su%%ie%rsa (l%nsu‘?%@rtc%f’&:l?"!ﬁg C%nlgzbétcfﬂ% & et::’r otélntl s pushed into the

I nQa i nbountPNCEHEREL | Ijhacfttétteptrﬂeiagermcapeoprrmra%ﬂtaf%tf@ﬁéetI | e PW Dat a
1/ DRPLY Data@rcuit-Rbouad datdauesred Wequdue, SRpletdtiecpagket is sent over
the F16 bus) the packet header contaning the read conpletion identifier
will be pulled fromthe top of the InQa transaction queue and the read data
will be pulled fromthe PWData 1 /DRPLY Datal inbound data queue. Each 32
bit PCl port can have two i nbound PCl reads outstanding. An inbound PCl
read on PCl port a is pushed into InQa if there is a slot available in the
PX6 i nbound queue for a read and there are inbound read data buffers
ava|IabIe |n the PXB and MOC At thls tlrre the |nbound del ayed read

- o o o r " Y M



or DRC Data 2 data queue if the associated i nbound read conpl etion has been
popped fromtire top of the QutQa transation queue and marked thd 7 ri&Riii02
read as conplete in the inbound del ayed read conpletion tracker. In 64 bit
PCl node) MOR/16%06 sets of data buffer queues are paired sibET/HBISt!G+The
transaction queue in 64 bit PCI node. An inbound wite will result in data
being alternately pushed into IPWDate 1 and PWData ? data queues. The
data queues are 32 bits wide (DWrd). If data is received 6z bits at a tine
froma 64 bit PCl nmaster and the data queue pointer is pointing at PWData
1 queue, the first DWrd is pushed intot PWData 1 data queue and the next
DWORD i s pushed into PWData 2 date queue. Additional DWORDS alternate

bet ween the RM%érmnéed@E%%ul%%&%cIB@d ERF’?m@la&aa GMaHES, apAtwlibt e data
gueues are ired and interl eaved in iml ashi on.” The i.nnovative

Backet For natouELer fbEdeanty S rPR it O b CBARaAE g HEW Fanprol

i nformati on,ofalesocaartvi eesplat tb&astbL@rBaaf lSerlndlaHG;f edered 810 daertei n as the
transaction | ecpéll flacawt{ on (Tl D%] £ t hat ca geiol%st)egs bq g variety of
ways The fi él'd 1 prafrer abtYy cf”@‘ifr‘a{m g, nocfebenﬁl ng ‘upon v appl i cati on.
The advant age i s THrametts yserdr eide ro@85i melude%requwtequem Ueclrcsrslggrfg a
request packob, o Al SafledsERInERlaha LB bl udestth, €. 0. a
transaction identifier or o entriier con roI ogi c of the

recei ving déVteeundtagr bﬁﬁééégéa ‘rﬁ‘g’oﬂiﬁé rﬁéqa%squeam&&r i8Ry he conpl eti on

packet, sinplaga q@@h@%.ﬂhe\l@@@h@ﬂtrﬁ1:,Qf1térhﬁcf/t&llt‘30" (08 Shﬁu@ﬁﬂ?' etion packet
for transm ssion, back ﬁ |n| ial se g g’ﬁ ice. Thus
88! ”bo it

confi gurati 6i° E%ﬂ?sbsélpﬁ?éﬁ”b ‘f‘fcéf’(ﬁ the pgcnh%rgnlﬁ%? uﬁi only to the
sendi ng) deviroecsasr A2, mmenmm@gtld&mmmasmbrymoop!xenshtmemooynﬁéhts and
sends Tt backs FULLAS:195el: 03,Le;MREKEL 4.8 00l L ALe o Spec 11 data,
recei ving déonbemstiaplgackelsi @@tﬂh@chtb&dtl&lpnt o the conpletion packet, the
contents remai n ypdigl, %9@90?91'&;319(1%%150! sxsgsstibpedcgengral v with
reference to Figure 11 At steF 105 the §end| ng degéce foBms a request
packet. The CPEYUHEEcated betyeansthg mAampasSEnererezatact? 8AAIMHCTi el d which is
used to storneerheqyueshtragede% GesHatwa. tofbe sla@pmiddd thtdiestr egpiest packet is

| ssued and a.o#h8P dAi5) e £8CChYLAg dovics recelies dhiespackel and form
a reply packet, 120°%He PVERY deVi €S REI'Y the’ TID fi

into the rebquxmetedf@xrre@tubbetmem thecqes e siand e @@nmrr)rgSQieand:e Thus
dovi ce as arerresror o0, TAL Eedlisr (AU FERLL IR, {10 B PHELE N (lep 1105,
the reply pac¥Ee: IQ&QBHHFW%HECBO@‘é‘dh@brftué'n*thé’- wEPERE eI YSSd; is seat
baclé ]Eo thegsfequassweng?a@w ,G&chltRat bR& @m&eﬂzruﬂpnmdg treekdr, pﬁeh@nﬂcslzi|g } s .
used for a de ut bound rea essor ,to on eferre
FFansact i on PAERS T TeiRs SROATAT SR AR 6 Wethe i 3 int® the initial
read requesthd or¢sanwedmatodarmecat erhet iraekeb\$22, SIEY arrrc@@nselplzycod'drter tequest ed

dats, s T ELUCIGA LN 2L E1 8GRI RS LG AR08 A0 igasact | on 1D
with the re§d4@a>@aatesxrséﬁmuntcn@nw[bhutbeébmkédbﬂo‘-mttlQelS%‘ﬂéqUéﬂst packet to

the conpl et oftepsGkEhe D] e A9rP 8t 836NeS: hhe rh@Ropf shhe i nbound
request queue)e defe rced reSI |s}1]a§Jt tb?’gOE 1 o%f

the req tin rocessor. The
deferred rep? PCEGHI/ESCYHY @4 I“é1 i BACFFF Bei‘%"c‘émﬂ‘h@‘%é‘? l"’g Y8 where it
is used to addesgssnding cprmessabohhﬁtrcqmustl akad SLBendringonad dead The
i nvention has_been.descri

1 Ts vl deREetRactReirinerbe S MR et s B FLRE 8 ar ot one,
and uses wi pbhchas équaamtxattm ﬁhd@e‘r@m”ht &ds ibmcdgees 18r tiniand i ght of the
foregoi ng desHodRieRR-the wif data and read data is scparately queued and

tracked. [n one embodiment, the request queue maintamns botn read

and write requests, but the tracker permits only a predetermined

maximum number of read requests and a predetermined number of

write requests regardless of the number of available slots in the queue.



What is clainmed is: 1. A method for managi ng data fl ow across a bus, g bmﬁ?@
a first device and a second device, the nethod conprising: nonito¥ifnghin L84
out bound requests issued by the first device to the second device and

i nbound cHAPY'ESPTONS received by the first device fromthe RECHIRE 186V ce;
incrementing a first request buffer count in connection with a first

request buffer for each outbound request issued by the first device and
decrenenting the first request buffer count for each i nbound conpl etion
received by the first device; determning if the first request buffer count
is to exceed a first request buffer maxinum and if an outbound request is
to cause the first request buffer count to exceed the first request buffer

maxi mum preventimngnd sewRicRcat, putibQuBd |daagestis cbyfibheed itpst device until
count will not exceed the first st buffer

the first re%ue%t E)uffer ) ﬁ{;ﬁﬁu

maxi mum 2. PSRET PB0MEYHC 462 L EFAYGIT ARG ALCIVA FraqUSiter'@ P A <5FPng and

i ncrement i nguearee Peshiodomdalily sbheaf tHesdnedgytecsf. reduedhie. gptviad as set forth
inclaiml, ei d.r ests issued the finst vice to the
second devi¢ g%‘téd%F%gégg’gg‘%’Hﬁgﬁg‘ﬁ‘ctuﬁ‘eg_f’??%‘}ﬂ% iy Wi g{r% the first
request buffembepohteqmstesprads thosae cdpagiieye. of hubenfthesurrasquest buffer.

4. The net sgt rtd [ , €] ey dd & Ik est buffer is
WQQn‘?ﬁle, gt f Qrdd r'eaugétét_f_xﬂ%egurrt@'ﬁgg‘ﬂa&&a 1r$c'1 tﬁ% dic€ e

| ocated in thc}e second device.” 5. ne s set forth in claim3 wherein
the first refiSstOBIHEIR F&NYAY B fequeste the Fckeew BdotePerThid thet hod as

set forth idveel @omgh, thehfleienh QUIROURA I @AHQBES v IBULF I rehRedtkr st devi ce
to the second de\A e first request buffer I|-ocated

e ige are ﬁ)lrocteased throggh tt} i ,

in the first ¥&EIRE HNATE SEXGHP T EASETBRHer!f H3E HEHCIHTIME Ysecond

devi ce, thehdsigistvmequgststbuhtiethcactunde wahesspondse hacadseglikgr capacity

bet ween a [ Hy of it ' [ buff e ngd,a capacity of the second
aEait: e (3L NS eyt copect

request buf . 1S set r in‘cfarm 1, further conprising:
noni t ori ng i nboutl PeypedEs 18saetntiyrly henbgetasdwddvi cequesttquele rst devi ce

and out bound, GRIBEE! d ARNS UcLe MM BYD, [NBLSECONE devni iR orgym the first
devi ce; mcrgrrentl ngva second, _request buffer couné%len connection with a

second requBSPUBHfFEYER Sie a4 A dr Sfactte s fedn By rAd¥dcond devi ce
and decr emefidurgBIshends anoifdcd Ruest |GEBER. qpenjudu traakkimgout bound

conpl etion received by t-he second_devi,ce;, and, determ ni ot second
Fequest  burrEr RS e Ve P in SRRl e A PO B TP hrziolm 6 The
met hod as $¥0 meimthin eowitaiahizforfurttdrestooahpr itlsé ageues 854, $itheumdd request
i s 1o causeshgs;Gesond feauesiy BPHJe%i;r?c?gg%ﬁ%ngoﬁX&ﬁ&e !Etl\felffw F0fKke T equest

buffer maxi num preventi ng i ssuance o0 reguests .the second
devi ce unt il PR&USEED A Y RglNest aga/cpaiTol lopy 88y mat dgpeniberbin 8gk8kd t he
second request rbrpiredent@xtdTyRic Ased h€ cHRINGH % seth fHr blsisnocial m 7,
wher ei n nonj tnor;tn l i nbound _r qttje ts and i n%remnéi%g. t Hebﬂgcpnd request
buf f er courft® 5?‘&3&?(%%% aB§ ORETEREGAPAES IS 9907 PR HB hod as set
forth in clai m Fighustherndbbpre simptined fliom thaits zestpiconyelyet ermi ning a
first buff I u t c I far th d device;
and stori ngni‘%ﬁ?ﬁ’gé ?li;(ﬁi\’ stlt% L\dg(\)/rigl[f(r:%l Bgosé?%%qﬂ Fgg%(étg%agegé?abu%@rgﬁ Hxi mum a
val ue corr é5ponei prgcesses hee fescsibegukperteipas flowetnieolsfanthre second

device. 11l.injtheed e @%eSeite bObbI bbcbAsMtls JrbfcrRRS HIEAMRYthSI NG:

processes arc used concurrently to control flow control as shown in
Figure 9c. In the present embodiment, the tracker maintains a count
representative of the data stored in the recciving buffer. For example,
tracker 824 maintains 2 count of requests stored in queuc 852. When

the count exceeds a predetermined maximum, the tracker controls the
device, e g. processor 803, to prohibit the creation of the packet, and
causing the device to continue to retry issuing the request until space

In the queue becomes available In the present embodiment, a packet

1s not created 1f the tracker indicates that the receiving queue is full; 1t



at initialization, determning a buffer size capacity in the fi Vi
and a buffer size capacity in the second device; and sel ecting b%}ﬁﬂﬁ)Zg@%
the first uest buffer maxinum) the value corresponding to a smaller of

t he buffe?0§gi§’capaC|ty bet ween the buffer size capacity A ¥HE P st
device and the buffer size capacity in the second device. 12. The nethod as
set forth in claiml, wherein for each outbound request issued by the first
device, the first request buffer count is increnented by 1 and for each

i nbound conpl etion received by the first device, the first request buffer
count is decremented by 1. 13. The netBod as set forth in claim1l) wherein
for each outbound request that is a wite request, the first request buffer

count is ings esreBigdatey &\a\(ahltﬂhﬁoéﬁ‘ﬁb‘é)ﬂ%@h&gt‘{conﬁm &ﬁﬁ}dntscocﬁthéat a to be
used for the WF“te re est and for each .i nbound n of awite
f

request, th&FFEETR egf SaFFer Coet fsoraeed\'“err‘r‘ém“edﬁtﬁuﬁu?/al ue
correspondi ng toTuhmr*egrmamt tcothedpteaenseshbbdimehe f nboubducaddiflleti on for the
wite request.,, e conpri si ng:
nonitoring g&stézelre dat %%‘S“gﬁtfi 5“%85\%% Fe[%rmgbgke?t)% tlhfgs%éggﬁ the first
device to th‘e“shéhoﬁdCGemfdef@ndbausﬁzteafd)?r@a@aﬂ‘ﬁoﬁtqbrfbéhﬁt? whc’cté*

conpl eti ons quecelyadvide §0%ehdd Fdm deY HEe Wil Mef st SarRNA nde YOS

i ncrementi n&ga dat uf fer count g){ H}D(&gﬁa size for each out bound wite
request iss do%\%ot“ﬁ FRRACHQRYi e ESBIEE AYSYhe s dada 266F%er count
by the dataastazesaofiotifer coficestondisngo whbireim equastiviog xﬂb.@lhlnd nbound wite
conpl etion [ e the first devi and determn ata -buffer
count is toqgggéeedggggdlgtg Bartesr” ﬁﬁ%nrc%?ﬁ‘a} 50 H‘h&ems %‘g %’fsmset gorth in
claim 14, f s tdeen 1odﬂnprnescwgn iquetthe data buffer count will exceed the data
buf fer maxirrurn RL 1, Rt~ Qut y Wite requests
until the data bu%&eﬁﬂcdggll‘g%?#@g S(Pé&g 3?‘94 (% s‘?‘d XIP[Q qu maxi mum and t he
first requeStd'B@tHeSt bydhRattragher mmméke&ed r@he\il““Ps{ t%aeesf Mt f er

maxi mum b<28ml|6 lzmeor@wom(a@esert tROREd 2l Raklcamey e soMeoehér out bound
requests issu ngw ce to the econgﬁ evi ce are pr ocessed

through a fi ?@te %‘ iSRG T TR (SR CRGRF BY N EDAREY TR R i r st
dat a buffercco:rmwporc:bngespbedszetcof thecapaspbydofy bhierd, aregisdat a buffer. 17.
The nmet hod 3s [ 1 I st buffer is

| ocated in ?h%ﬁgteeggé&%e 'Qlt(émqltgP> %1 %S ﬁ!c?dmysjﬂs%td l.T%ort%h?en claim 14,
wher ei n t heC@ireEROTHHNY t@utﬁ»feemrngtqrauae@dnmqlnnwe 1% &te Hagkee. 19. The

net hod as sgbckaidiis kit @o@fhmojfﬂoacmgi@és@ t8Hcheund Thaguestisukgsued by the
first device to the second device ar processed throﬁ gh a first data buffer

having a fi FEX@HR HIFFECACHIRD hECRUEd TEACHRS P r shTCdBIAEE Y Nd a second
dat a buf f er sihawi nige &usfee omal, datharwcfeelrorcmmrdtrrbmcat@dxgmraltuloo second devi ce,
the first d fer Rl GRI LESRONds to a S bet ween a
capacity of ?%&%Stggg %“ glg% érﬁ ﬁré*r‘eg ét'%samaccm?& 55 %agglgéc%%d data buffer.
20. The met hede@sesetﬂﬂo?:tﬂwarlf:rrhﬁlchqrcmqqictdrmmheme Balipr having: that

| ni tial i zat Eonliefel el Ai RO s HklioRUhE Gha GAARRI doe KRME Tor the second
device fromthe second-device; and storing in the f |rst device, as a first

data buf f er CHRESSRANG toatheatige of She BEPBHdNAGNEdNe BB aleF SRPI er capacity

val ue. 21. Fhgheehbed iass &@ht@‘rﬁptalﬂed ks menpﬂc/&jetémnhh@rmaﬁnmnsl ng:
|n|t|aI|zat|on ize first device and

er s cap Nn th
a buffer si98%% %a’&??@sﬁrﬂy%ﬁé’agg}? id CHeRRCEY Ogﬁh g&f%c?i‘ﬁéa e ue for. a
first data baltbemattedthemthhecual befeorcrpspondimygvinety sfmabens.of t he
buffer sizegca t the first device
and the buf grQﬁéyégﬁzﬂg?&egﬁﬁt%H%g{r%%dtzghg%p@dt%nl d net hod as set
forth in cl@ammgm fCUr‘t\Iﬁ'é‘f-’ f@@tﬂﬁﬁrtf‘o i gy erptioeegls thegbeffer quatcé\’rlé@uest s and

per form ng ?e%l%‘é‘s?t'sat@ﬂ\&@ﬁ@é&%t?%x@aﬁ%@x%e&%ﬁt[@' ler associated with the
first device, the nmenory. controller 1ndicating when out bound conpl eti ons

are to be gener afed€P2%> Tha CARPHYH R 1§ BFCH Cntha et furt her

conpri si ng: trhﬁ&dld@r@n&ﬂs&hcb@@u@eﬂ bsifize cvahusidy 910, as e@dkﬁptgolfratl on register
| ocated within

rocessor. cou e first
devi ce and %%“Pifé@&n%a%s&.‘%@‘ﬁa%ﬂ‘e% ﬁ}a NG r‘aqu‘PEe‘a%Be%n Plr%%edaénéd] buf fer by
t he processard fsomo {drezefriinshe dheviece Attlsatp 9 Ec el v exyueat padked iv Bgoest s i ssued
by the second device to the first device; and



storing on the first device by the processor, as the first requeit buf f er
maxi mum) a value corresponding to the first buffer size value l§ 2002
nmet hod as set forth in claim1l) further conprising: 29 if the first
request buff&¥'S8Gunt is not to exceed the first request buff&ftikitium

pl aci ng out bound requests in the first request buffer; increnenting the
first request buffer count; and transmtting out put requests | ocated in the
first request buffer to the second device. 25. A bus system conprising: a
bus; a first device coupled to the bus; a second device coupled to the bus
including a first inbound request buffér of a determined size; and a first
tracker located in the first device, the first tracker configured to:

noni t or out beahdt seguesd, Snéssqxﬁdtbyafhheotxhrsixmtesyrinceteahuindet:Si ved by the
st ) ooundE SAESt ALY (BN I0RUOLL £ AP LU NS SER P Y e F1 1!
device fromt nd d elm ues Yer count in
connecti on vﬁtftm9é3f|1r§t€ ¢Céqu sms:ftfcelcecfd)rtheeapzcélrd@etrbmmnreq@@@ to be

i ssued by thﬁefﬁmﬁ@tre&e\vxlngeo@f@éi ﬂemeeaﬂ@n& HAe thi &5?@%«15%?&;@@% teree:rfc?lﬁgt for

each i nbound cog%) et'&g ecei ved K |rst

first requestIBEX e CBusAUPSY RGKE bSeIéWPé”?ﬁirf%'t REETeEOBArfer maxi mum and
if an out bmexﬂsd‘cﬁ_q_ﬁﬂBisdxﬁ du@ oeapsiee bhe sftdz;ﬁ Stlor&ﬂuﬁasémhufd\ebcdmum to exceed
the first rearuggtc qe maxi mm?hse &\ [ i Ssua h %ldtf bound requests
by the firstP dev Er@”&‘ﬁ YR Y éq%‘e“é uffepc oﬁrfmt Wi Shot  exceed
the first regoestadmpf dre m@menﬁmcl@ﬁanﬂfhéebaquwsﬂemasasl@&r fort hin claim
25, V\/nerel n r f th t he second

ﬁrt?%r{)t tRE réng‘i?m ’?:qck&%’ ?(ﬂHE; c‘?ETM &Sagy?cﬁ‘m Vﬁ}c%ida

devi ce. us sys as set erein the first
i nbound r eqtfé§§e>btu‘lefté%nﬁf@lsa@@dw'oé@@datvhhtchnlth'é“fél Pyt tAd¢ireEIChSCThe bus
system as seafzsforth in claim25, wherein outbound requests issued by the

first device to the second device are processed through the f|r request
buf fer |ocated ih gP@qél%‘s‘EOtB@\}N‘e?‘@h‘dc ade Ghef sttt r5REFEP ?‘Gcat ed in
the second dearseassiandfwbenait bathetsfitdata flegu&&tncm(n‘gedecmurﬁo:;corresponds

toasmaller capaei ty of the first uest  buffer d request
buffer. £ ﬂepebu)s psq)%\tcé&r tgesséfm? BH%ﬁssi i Rfd 2@ ) Q?}é(‘?%acrgﬁe first
r equest buf fdgw iqgak itengond eraoespletids paskat caﬁa&pt\%ﬁm atméufmr%i in Hound

request buffsgpe b?lgfeer@e’ biu@gﬁxatrgghéﬁ b?ﬁgerf&ht bdév.n'coé yal (R 23ditilowr ther
conpri si ng; ﬁ second 1 rfbound request er
¢ process 1> performed w 1th a dual port device such as the bus bridge

described above, the first device would continue to send (preferably
sending to alternate bufrers) until both bufters are at full capacity.

A very similar process 1s performed to control flow control with
respect to data contained in the packet. A request packet is a
determined size which fits in a predetermined amount of spacc
However, the amount of data 1s variable. Thus for data buffers, a
length field in the packet 1s accessed to determine the amount of
buffer space needed. A similar process 1s then performed to determine
when data to be queued would cause the capacity of the data queue to
be exceeded The tracker will not allow the capacity of the data buffer
to be exceeded. For example, 1if a device on the bus §20 wants to write
16 DWORDS (16x4 bytes), but the tracker indicates only room for §, the
control logic 882 will only accept cight DWORDS  The device (not
shown) on the bus 820 must retry a write for the remaining DWORDS
untit the tracker indicates room for them. Alternately, control logic
882 will be configured such that the logic will not allow the generation

of packets unless all data can be placed n the queuc



30 a second tracker |ocated in the second device, the second tracbg? 2087
configured to: nonitor inbound requests issued by the second devi JM@
recei ved by the second i nbound request buffer and i nbound conpl etions ‘
recei ved W9 %h875econd device fromthe first device, incr@@heS9s' ! &6eond
request buffer count for each inbound request issued by the second device
and decrenent the second request buffer count for each inbound conpletion
recei ved by the second device, and determne if the second request buffer
count exceeds or will exceed a second request buffer maxi rum 31. The bus
systemas set forth in claim30, whereisn the second tracker is further
configured to: prevent the issuance of outbound requests to be issued by

the second devi caemhhlo tbhaoae@esdtkree@lm%ufbwé&rntqew&mum@eét@w the second
buf fer WHX|gqﬂ1 : bus system as set 5 g]é
conpri si ng ﬁbaaﬂa %ﬁff&?“FSB&Feé“%h Théh%§88h u SQF%%n‘and a
second trackededrosahesd, |smp b0, fbyr gte kdegtmeLElele adecomded iacker confi gured
or moni Lor cskefeiflh 0L, O, CHLROURT (LA EGUERL AL SSURE: BucLhe 1!

a bu of the de

devi ce and recel ve vi°ce and
si ze of dat aelgvamtrfbotuﬁdmﬁqrt@pe@ﬁnpbemwmspcrre@mw@dltbghquﬁé lm reteddevi ce from

the second deyine LHNGRIRN R Qﬁ&@l@’rﬁtﬁe{s %Oﬂémwdbﬁh fa€ B‘?ncs' ze for each
out bound vvrlte request |ssu§gad¥ the first device, decre he data

buf fer count™MByTPHENd}e5tep atWéuébtr%é@&b’-’n%ﬁrﬁg“WrW% Ygétﬁé%t for each
i nbound wri teteeanpé®taanticaeiavied by cdle: fsiingterdeviceiehy anchrdetermne if the

data buff t t 33...The b t
Sat Crortn ]SS SHan b e RRE TR TG B P TR oS SRS oY e
t he transm ssclon s shbsegaent moutb auth tawh ttbe badieest 3! ¢xaxecbé thost poned

til the d f X ' | qn#:n] th
lrquluest guf ??‘Cptguc%[ﬁrhf%qﬂﬂllr e (ﬁg\ ,QXVIJQFCthg t??ggiﬁgglcnurﬁl a&deciat: buf fer
count exceedBd®lpanra tb@upﬁé¥etﬁﬁ%hﬁmf¥€34 Thehdekigs sspseiaely et forth in

clai m 25, feRFNSDOCORNI il dbaciy BITRE puERRLhAldeépagsathatfdomtibfa t he
second devi c t he rrenﬁéeyfsgjg)ntr |l er configured t'o: process the outbound
t

requests anfl B@r??ﬁ}*ﬁ\t itAESQIBPEIE FBRSE CARANFIFAFTHYE Wwhen i nbound
conpl et i onsparteott of He: denehat Eck n‘rorhesmbzsaqueglbun&sugammwtxxo tcheergecond

device to tt]e ”35 ésuqr(?y acc%mmang]to:ﬁe tr c]?\eg)usTl'%%( cs?i?iascgctv1&prt h i n claim

25) further conpri processor Cou Y5°r'se device
pr ocessor c@mﬁsegueed) tliiueq% e%qj-uatSb@hﬁenettseszé rmlcﬁﬁ@rf riomthe (b@hfncgmfat i on

register |ogategal 1 iifleoaraandodevion): wleLalane A $i2999thd Becidbound

buffer in the second vice that recelves out uests ssued by the
first devict (oMeRe sECOIRALARINE BV KRD st BlRgeH nnithe bifiest devi ce, as the
buf fer maxi mum é\sv@t@@e@ﬂrerreﬁpgrpdeﬂégam@ thlmetrtzuméerc@tm prdGessThe bus
systemas sef forth in. L n]ea%? 1 gg conpri si ng lge%o&q i nbound
request buf FaF> 00%G Th YHE ¥ St éér SPRE” ARE SN TRBSIHA request
buffer conf bglieespace rIEeeiwrebmrmtxourfdxllolmbtemmcninrscewcaia\iedthbyreqhestfi rst
devi ce. 1s not processed This 1s illustrated by the flow chart of Figure 9c. At

step 996, 1t is determined if a completion packet is received and if one

1s received, at step 997, the request buffer count is decremented by an

amount corresponding to one request and the data buffer count is

decremented by an amount corresponding to the LEN value. At step

998. if a request 1s received, it 1s determined whether there is available

bufter space 1n the request buffer and the data bufrer. As the amount

ot data can vary, 1t 15 possible that one bufter 1s full while the other

bufrer still has capacity [t either buffer 1s not available to receive a

request, the request is not processed and the sending device is issued

a retry signal, step 1000, to indicate to retry the request later.



37. The bus systemas set forth in claim?25, further conprising: @'firfﬁ y

out bound buffer located in the first device configured such that af c“ 2682

out bound requests placed in the first outbound buffer for subsequent out put

on the b8 %68>%Re second device if the first request buffRETHSIMP‘Poes not

exceed a first request buffer maxi num 38. The bus systemas set forth in

claim?25, further conprising: a second outbound buffer |ocated in the

second device configured such that said i nbound conpl etions placed in the

second out bound buffer for subsequent transmi ssion to the first device. 39.

The bus systemas set forth in claim®5, wherein the second device is a bus

expander, the bus system further conprising a second bus coupled to the bus
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evice is us bri st urther conprising a secon us

coupl ed toﬁ}eh%orﬁcsf%%eagﬁ?h? %hl‘?né Ju Q‘?*stem as set forth in claim 25,

wher ei n the secdhdsdbwiflvev |csnaolbu1§embpdddérmtd hec puskesysbermof.ur t her
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a] ca] ca] cal.gabéts and read raquest

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c(a] ca]ca] ca] ca] ca] ca] ca] ca] c$a] ca]ca] ca] ca
]cal ¢ For example, w hcn a read request 1s pushed into the memory
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no data was return. CCOM[4.0] is O to indicate this 1s a completion for
a read request. The outbound read queue tracker therefore increments
the count by one It follows that when a read completion is popped
from the memory controller inbound transaction queue, the
outbound read queue tracker is incremented by one Similar
operations occur with respect to the bus bridge

When a write is to be performed, the request 1s pushed into the
device's outbound transaction queuc. TP[1:0] 1s 01 to indicate a request
with data and RCOM[4-0] is 1 to indicate the request is using a write
queue slot. The output write request queue tracker is incremented by
1 When the completion for a write request 1s sent back, TP[1:0] is 10 to
indicate a completion with no data. CCOM([4 0] 1s 1 to indicate a
completion for a write request When a wnte completion 15 popped
from the device's inbound transaction queuc, the outbound write
queue tracker 1s incremented by 1. As noted above, when a

transaction queue tracker decrements to zero, transactions of that type
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can no longer be pushed into the transaction queue Preterably, the
requesting device will retry any additional actions of the this type.

In the present embodiment, data buffer management is handled
a little differently; however, it is contemplated that data buffer
management can be handled the same way as requests The TP({1:0],
RCOM[4.0] and LEN([7.0] fields in the request packet header are used to
allocate data buffers by the data buffer trackers. The TP[1:0], CCOM[4:0}
and LEN([7.0] fields in the completion packet header are used to
deallocate data buffers by the data bufter trackers.

For example, when a read s pushed into the memory controller
outbound transaction queuc, e.g by the processor, TP{1.0] is 00 to
indicate a request with no data and RCOM([0] 1s 0 to indicate the
request 1s using a read queue slot. The outbound read data buffer
tracker 1s decremented by LEN where LEN indicates data size, in the
present embodiment, the number of DWORDS being requested.

When the completion packet for the read 1s sent back by the bus
bridge, TP[1:0] is {1:x]| where x is 1 if data :s returned and 0 if no data
was returned  CCOM([4 0] 15 0 to indicate that the packetis a
completion packet for a read When a read completion is popped
from the memory controller inbound transaction queue, the
outbound read data buffer 1s incremented by LEN

When a write packet 1s pushed into the memory controller
outbound transaction queue, e.g. by the coupled processor, TP(1:0] is 01
to indicate a request with data and RCOM([4:0] is 1 to indicate the
request is using a write queue slot. The outbound write data buffer
tracker is decremented by LEN where LEN indicates the number of
DWORDS being written. The value in the LEN field of the write
request packet and the associated completion packet are always equal
cven if the write was not successful at the other bus

When the completion pachet for the write 15 sent back by the
PXB, TP[10]1s 10 to indicate a completion with no data CCOM([0] 15 1
to indicate that the packet 15 a completion packet for a write request
When the write completion is received by the outbound write data

buffer tracker, the count 1s incremented by LEN Normally, requests
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and completions leave a transaction queue in the same order as
entered. This 15 necessary to preserve proper transaction ordering, 1.c.,
the order of occurrence on one bus 1s the same as the order on the
receiving bus Flowever, a write completion contains no data, hence,
no ordering requircment. Therefore, 1t is preferred that the
completion packet 1s sent directly to the tracker

When a data buffer tracker decrements to zero or has
insufficient data buffers for a particular request, that request cannot be
pushed into the transaction queue. The data buffer tracker’'s bus
nterface will therefore retry any additional transactions of that type.
Stmilar logic 1s used to support write packets 1ssued by the bus bridge

A simplified example of the embedded flow control process is
Hlustrated below. For purposes of discussion, the example is
simplified and does not take into account other configuration
parameters such as those related to prefetching. In addition, the
below example and the discussion that follows discusses the flow
control mechanism in the context of a device, such as a memory
controller, coupled through the high speed bus of the present
mvention to a PCI bus bridge expander that transfers the data to 2 3
bit PCl busses or 1 64 bit PCl bus

Data Buffer Tracker (Separate Tracker for Transactions)

Request  [Write Write Read Data|Read lAction
Data Transactio (Buffer Transactio
Tracker |n Slots Tracker |n Slots
Count Count
Anv Read X N 0 X Retry
Bus Bridge Request up
(BEB) Read X A 8 >0 to 8§
DWORDS
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Write Write 1
Partial (1 >1 >1 \ X DWORD
DWORD)
Mem Write
Write 1DWORD
Partial (2 Pnd
DWORDS) 1 1 A x DWORD
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Certain transactions demand a fixed number of DWORDS to
transfer. For example, a line write command (PCI MWI) must
transfer a full line. If a line consists of 8 DWORDS and less than 8
DWORDS of buffering is available, the transaction must be retried. A
normal write burst, however, could result in a portion of the number
of DWORDS being accepted and the remainder being retried. For
example, Memory Read Line (MRL) transaction would be retried
unless buffer space corresponding to a full hine of DWORDS is
available

As noted above, the bus bridge 1s preferably configured to route
packets for dual 32 bit operating modes and single 64 bit operating
modes. In dual 32 bit mode the 'a” and 'b’ transaction queues operate
independently on their respective buses The only interaction occurs
at the high speed bus interface where one or the other sct of queues
send or receive on the high speed bus between the bus bridge and the
memory controller.

[n single 64 bit mode the outbound transaction queugs are
paired up to appear as a single outbound queue and the inbound
transaction queues are paired up to appear as a single inbound
transaction queue Effectively, the 64 bit PCI bus interface has twice
the queue depth of each of the dual 32 bit PCI interfaces. Thus, queue
tracking 1s configurable to track a pair of inbound/outbound queues as
well as a single set of queues.

The outbound transaction queues are treated in a similar
manner to the inbound transaction queues If an outbound
transaction from the high speed bus interface enters the 'a’ outbound
queuc (OutQa), the next outbound transaction will enter the 'b’
outbound queuc (OutQb) and so forth At the bus bridge interface,
logic (e.g., a state machine) toggles between OutQa and OutQb.

Starting at OutQa, the first outbound transaction 5 attempted on the
bus coupled to the bus bridge (c.g.,a PCl bus) If the transaction
completes, 1t is popped from OutQa and the completion packet is
pushed into whichever inbound queue the queue pointer currently is
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10T\ $+010(yd-&rz(r)s_apq(orp_@gt@ tp of the outbound queue 15 retried, 1t 1s preferred
that the queue pointer does not toggle. A retried write must succeed

before the outbound queue pointer will toggle to the opposite queue
However, between attempts to complete the write at the top of the
current queue, any reads i either RRQ may also be attempted. Once
the current outbound write succeeds 1t is popped trom the queue and a
completion packet 15 inserted

into the current inbound queue. The outbound queuc pointer will
then toggle to the opposite queue even if an uncompleted read
remains in the RRQ

In summary, the outbound queue pointer toggles to the
opposite queue as soon as a transaction is popped from the current
queue. A retried write is not popped until it succeeds. A retried read
is popped from the outbound queue and pushed into the RRQ A read
in 2 RRQ can be attempted at any time because its ordering
requirements were met at the time it was popped from the outbound
queue. (Note that outbound reads in one RRQ can pass outbound
reads in the other RRQ in a 64 bit PCI mode.)

In 32 bit mode, an outbound transaction 1s routed from the high
speed bus to either outbound queue ‘a’ or ‘b’ depending upon the
packet's destination identification (Destination ID). Multiplexors
select the next outbound request or a previously retired read as
discussed in the previous section Preferably a separate multiplexor is
used for 64 bit PCI mode \When the bus bridge nitiates a PCI
transaction 1n 64 bit mode, a multiplexor selects the command and
address bits from either outbound queue ‘a’ or outbound queue 'b".

Inbound transactions can address more than 32 bits so both
inbound queues support dual address cycle (DAC) decode in 32 bit
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mode and 64 bit mode The inbound request queues have scparate
latch enables for upper and lower 32 bits of address. In 32 bit mode,
the low order address is latched in address latch "a’ or address latch 'b’
for PCI bus "a’ or 'b" respectively The inbound request queue latches
the low order address prior to the next PCI clock in preparation for the
arrival of the high order address of a DAC. If the inbound transaction
is a single address cycle transaction, zeros must be loaded into the high
order address field of the inbound request qucues

In 64 bit mode, the inbound transaction can be initiated by
cither a 32 bit PCI master or 64 bit PCI master DAC 1s required to be
asserted on C/B[3:0] in packets by 32 bit and 64 bit PCI masters (e.g.,
memory controller) addressing above 4 GB because 1t 1s unknown to
the master at this time if the target 1s 64 bit capable or not A 64 bt PCI
master 1s not required to drive the high order address bits to zero for
addresses below 4 GB. If REQ64# s asserted with FRAME# and the
PXB decodes DAC on C/B[3 0] during the first address cycle, it can
immediately decode the full address. If C/B(3-0] does not indicate
DAC, the PXB must force the high order address to all zeros before
decoding the address.

As noted previously, it 1s preferred that the data buffers exist as
scparate structures trom the transaction or request queues. The data
for PCI transactions 1s stored 1n a separate queue structure from the
transaction queues. This data queue structurc s referred to as the data
buffers or the data queues. Separate queues are needed for data
because the transactions and completions in the transaction queues do
not always get retired in the same order that they entered the
transaction queues. For example, write transactions may pass read
transactions in the same direction  Also, PCl delaved reads get retired
in the order that the PCI masters return for theiwr data which is not
necessarily the same order that the read requests or read data were
recerved.

In dual 32 bit PCl mode whnen an inbound PCI write transaction
enters [InQa, the data that foliows the address and command on the
PCl bus will enter the PW Data 1 inbound data queue. When the
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assoclated write packet 1s sent over the F16 bus, the pachet header
containing the write command and address will be pulled from the
InQa transaction queue and the write data will be pulled from the PW
Data 1/DRPLY Data 1 inbound data queue. Likewise, an inbound PCI
write on PCI Bus 'b’ pushes the command and address into InQb and
the associated data that follows on the PCI bus 1s pushed into PW Data
2 inbound data queue.

In dual 32 bit PCI mode, an outbound 32 bit PCI read to PCI bus
‘a" 15 pulled from OutQa or RRQa when the read succeeds on the PCI
bus and a Read Completion 1s pushed into the InQa inbound
transaction queue The associated rcad data enters the PW Data
1/DRPLY Data 1 inbound data queue When the Completion packet is
sent over the IF16 bus, the packet header containing the read
completion identifier will be pulled from the top of the InQa
transaction queue and the read data will be pulled from the PW Data
1/DRPLY Datal inbound data queue.

Each 32 bit PCI port can have two inbound PCl reads
outstanding. An inbound PCI read on PCl port a is pushed into InQa
if there 1s a slot available in the PXB inbound queue for a read and
there are inbound read data buffers available in the PXB and MIOC.

At this time the inbound delayed read complction tracker 1s loaded
with the command and address fields of the inbound read so that it
can identify the PCI master requesting the read. A transaction
identifier unique to this inbound transaction 1s also loaded into the
inbound delayed read completion tracker so that the read completion
can be identified when it arrives in the QutQa. When the inbound
read completes on the P6 bus, a delayed read completion (DRC) packet
containing the read data will arrive to the bus bridge over the high
speed bus The DRC translation header containing the inbound read
identifier will be pushed into OutQa. The read data that follows in the
packet will be pushed into DRC Data 1 data queue or DRC 2 data queue
depending upon which DRC data queue was assigned to this inbound
rcad When the PCI master returns for its data (1t will be continuously
retired until the data arrives) it wili receive the data from DRC Data 1
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or DRC Data 2 data queue 1f the associated inbound read completion
has been popped from the top of the OutQa transaction queue and
marked the inbound read as complete in the inbound delayed read
completion tracker.

In 64 bit PCI mode, the two sets of data buffer queues are paired
simular to the transaction queue in 64 bit PCI mode. An inbound write
will result in data being alternately pushed into PW Data 1 and PW
Data 2 data queues. The data queues are 32 bits wide (DWord). If data
1s received 64 bits at a time from a 64 bit PCI master and the data queue
pointer is pointing at PW Data 1 qucue, the first DWord is pushed into
PW Data 1 data queuc and the next DWord 1s pushed mto PW Data 2
date queue. Additional DWORDS alternate between the two inbound
data queues

The DRC data queues and write data queues are paired and
interleaved n a similar fashion.

The innovative packet format described above in addition to
embedding flow control information, also provides at least one field
referred to herein as the transaction identification (TID) field, that can
be used in a variety of ways The field 1s preferably configurable,
depending upon the application. The advantage is that the sending
device, 1.e., the device 1ssuing a request packet, can store
predetermined data in this ficld, e.g., a transaction identifier or other
identifier. The control logic of the receiving device, after processing
the request and preparing the completion packet, simply copies the
contents of the field into the completion packet for transmission back
to the initial sending device. Thus, the configuration can be such that
the field contents is meaningful only to the sending device as the
receiving device simply copies the contents and sends 1t back.
Furthermore, as the packet 1s not limited to specific data, the field can
be used for a variety of purposes Furthermore, as the receiving
device simply copies the contents into the completion packet, the
contents remain undisturbed

This process is described generally with reference to Figure 11.

At step 1105, the sending device forms a request packet. The request
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packet includes the transaction ID field which 1s usec to store
requesting device data. At step 1110, the request packet 1s issued and at
step 1115, the recewving device receives the packet and forms a reply
packet, step 1120 The receiving device simply copies the TID field

into the reply packet for subsequent access by the sending device.

Thus, the contents of the TID are not required to be interpreted by the
receiving device as a simple copy operation is all that 1s required. At
step 1125, the reply packet, including the copied contents of the TID
field, 1s sent back to the requesting device.

In the present embodiment, the field 1s used for a deferred
outbound read (processor to PCI) transaction A deferred transaction 1s
a spht transaction where the read 1s spht into the initial read request
followed at a later time by a deferred reply. The requested data s
returned by the deferred reply. Thus, the device and transaction ID of
the read requester is put into the TID field When the completion
packet with the read data is sent, the TID is copied from the request
packet to the completion packet. When the completion reaches the
top of the inbound request queue, a deterred reply is sent to the
requesting processor. The deferred reply copies the completion TID
into the deferred reply where it 1s used to address the processor that
mitiated the original read

The invention has been described in conjunction with the
preferred embodiment. It s evident that the numerous alternatives,
modifications, variations, and uses will be apparent to those skilled in
the art in hight of the foregoing description.
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What is claimed is;

1. A method for managing data flow across a bus between a first device and a second device, the method
comprising:

monitoring outbound requests issued by the first device to the second device and inbound completions
received by the first device from the second device;

incrementing a first request buffer count in connection with a first request buffer for each outbound
request issued by the first device and decrementing the first request buffer count for each inbound
completion received by the first device;

determining if the first request buffer count is to exceed a first request buffer maximum; and

if an outbound request is to cause the first request buffer count to exceed the first request buffer
maximum, preventing issuance of outbound requests by the first device until the first request buffer count
will not exceed the first request buffer maximum,

2. The method as set forth in claim 1, wherein monitoring and incrementing are performed by the first

device.

3. The method as set forth in claim 1, wherein outbound requests issued by the first device to the second
device are processed through the first request buffer, the first request buffer count corresponds to a
capacity of the first request buffer.

4. The method as set forth in claim 3, wherein the first request buffer is located in the second device.

5. The method as set forth in claim 3 wherein the first request buffer is located in the first device.

6. The method as set forth in claim 1, wherein outbound requests issued by the first device to the second
device are processed through the first request buffer located in the first device and a second request buffer
located in the second device, the first request buffer count corresponds to a smaller capacity between a
capacity of the first request buffer and a capacity of the second request buffer.

7. The method as set forth in claim 1, further comprising:

monitoring inbound requests issued by the second device to the first device and oytbound completions
received by the second device from the first device;

incrementing a second request buffer count in connection with a second request buffer for each inbound
request issued by the second device and decrementing the second request buffer count for each outbound
completion received by the second device; and

determining if the second request buffer count is to exceed a second request buffer maximum.

8. The method as set forth in claim 7, further comprising:

if an inbound request is to cause the second request buffer count to exceed the second request buffer
maximum, preventing issuance of inbound requests by the second device until the second request buffer
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count will not exceed the second request buffer maximum.

9. The method as set forth in claim 7, wherein monitoring inbound requests and incrementing the second
request buffer count are performed by the second device.

10. The method as set forth in claim 1, further comprising:

at initialization, determining a first buffer capacity value of the second device from the second device;
and

storing in the first device, as the first request buffer maximum, a value corresponding to the first buffer
capacity value of the second device.

11, The method as set forth in claim 1, further comprising:

at initialization, determining a buffer size capacity in the first device and a buffer size capacity in the
second device; and

selecting a value for the first request buffer maximum, the value corresponding to a smaller of the buffer
size capacity between the buffer size capacity in the first device and the buffer size capacity in the second
device.

12. The method as set forth in claim 1, wherein for each outbound request issued by the first device, the
first request buffer count is incremented by 1 and for each inbound completion received by the first
device, the first request buffer count is decremented by 1.

13. The method as set forth in claim 1, wherein for each outbound request that is a write request, the first
request buffer count is incremented by a value corresponding to the amount of data to be used for the
write request, and for each inbound completion of a write request, the first request buffer count is
decremented by a value corresponding to the amount of data used for the inbound completion for the
write request.

14. The method as set forth in claim 1, further comprising:

monitoring a size of data for outbound write requests issued by the first device to the second device and a
size of data for inbound write completions received by the first device from the second device;

incrementing a data buffer count by the data size for each outbound write request issued by the first
device and decrementing the data buffer count by the data size of the corresponding write request for each
inbound write completion received by the first device; and

determining if the data buffer count is to exceed a data buffer maximum.

15. The method as set forth in claim 14, further comprising:

if the data buffer count will exceed the data buffer maximum, preventing issuance of subsequent

outbound write requests until the data buffer count will not exceed the data buffer maximum and the first
request buffer count will not exceed the first request buffer maximum.
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16. The method as set forth in claim 14, wherein outbound requests issued by the first device to the
second device are processed through a first data buffer having a first data buffer count, the first data
buffer count corresponds to a capacity of the first data buffer.

17. The method as set forth in claim 16, wherein the first data buffer is located in the second device.

18. The method as set forth in claim 14, wherein the first data buffer is located in the first device.

19. The method as set forth in claim 14, wherein outbound requests issued by the first device to the
second device are processed through a first data buffer having a first data buffer count located in the first
device and a second data buffer having a second data buffer count located in the second device, the first
data buffer count corresponds to a smaller capacity between a capacity of the first-data buffer and a
capacity of the second data buffer.

20. The method as set forth in claim 14, further comprising:

at initialization, determining a first buffer capacity value for the second device from the second device;
and

storing in the first device, as a first data buffer maximum, a value corresponding to the first buffer
capacity value.

21. The method as set forth in claim 14, further comprising;

initialization, determining a buffer size capacity in the first device and a buffer size capacity in the second
device; and

selecting a value for a first data buffer maximum the value corresponding to a smaller of the buffer size
capacity between the buffer size capacity in the first device and the buffer size capacity in the second
device.

22. The method as set forth in claim 14, further comprising;

processing the write requests and performing associated operations by a memory controller associated
with the first device, the memory controller indicating when outbound completions are to be generated.

23. The method as set forth in claim 1, further comprising:

reading a first buffer size value from a configuration register located within the first device by a processor
coupled with the first device and the second device;

determining a size of an inbound buffer by the processor for the first device that re¢ceives outbound
requests issued by the second device to the first device; and

storing on the first device by the processor, as the first request buffer maximum, a value corresponding to
the first buffer size value.

24. The method as set forth in claim 1, further comprising:
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if the first request buffer count is not to exceed the first request buffer maximum,
placing outbound requests in the first request buffer;
incrementing the first request buffer count; and
transmitting output requests located in the first request buffer to the second device,
25. A bus system comprising:
a bus;
a first device coupled to the bus;
a second device coupled to the bus including a first inbound request buffer of a determined size; and
a first tracker located in the first device, the first tracker configured to:

monitor outbound requests issued by the first device and received by the first inbound request buffer and
inbound completions received by the first device from the second device,

increment a first request buffer count in connection with a first request buffer for each outbound request
to be issued by the first device and decrement the first request buffer count for each inbound completion
received by the first device,

determine if the first request buffer count is to exceed a first request buffer maximum, and
if an outbound request is to cause the first request buffer count to exceed the first request buffer
maximum, prevent the issuance of outbound requests by the first device until the first request buffer count

will not exceed the first request buffer maximum.

26. The bus system as set forth in claim 25, wherein the first inbound request buffer is associated with the
second device.

27. The bus system as set forth in claim 25, wherein the first inbound request buffer is associated with the
first device.

28. The bus system as set forth in claim 25, wherein outbound requests issued by the first device to the
second device are processed through the first request buffer located in the first device and a second
request buffer located in the second device, and wherein the first request buffer count corresponds to a
smaller capacity of the first request buffer and the second request buffer.

29. The bus system as set forth in claim 25, wherein the first request buffer maximum corresponds to a
capacity of the first inbound request buffer.

30. The bus system as set forth in claim 25, further comprising;

a second inbound request buffer; and
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a memory controller associated with the second device, the memory controller configured to:

process the outbound requests and perform the associated operations, and

indicate when inbound completions are to be generated for subsequent issuance by the second device to
the first device.
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31
35. The bus system as set forth in claim 25, further comprising;:
a processor coupled to the first device, the processor configured to:
read a buffer size value from a configuration register located in the second device,

determine a size of the inbound buffer in the second device that receives outbound requests issued by the
first device to the second device, and

store in the first device, as the buffer maximum, a value corresponding to the buffer size.
36. The bus system as set forth in claim 25, further comprising:

a second inbound request buffer located in the first device, the second inbound request buffer configured
to receive inbound completions received by the first device.

37. The bus system as set forth in claim 25, further comprising;:

a first outbound buffer located in the first device configured such that said outbound requests placed in
the first outbound buffer for subsequent output on the bus to the second device if the first request buffer
count does not exceed a first request buffer maximum.

38. The bus system as set forth in claim 25, further comprising:

a second outbound buffer located in the second device configured such that said inbound completions
placed in the second outbound buffer for subsequent transmission to the first device.

39. The bus system as set forth in claim 25, wherein the second device is a bus expander, the bus system
further comprising a second bus coupled to the bus expander.

40. The bus system as set forth in claim 25, wherein the first device is a bus bridge, the bus system further
comprising a second bus coupled to the bus bridge.

41. The bus system as set forth in claim 25, wherein the second device is a bus expander, the bus system
further comprising a third bus coupled to the bus expander.



