;e3eMM @f6T\~ ;0 5 FEB 2003 WD 00/13092 PCT/US99/ 18946 METHOD AND
APPARATUS FOR OPERATI NG AN ADAPTI VE, MULTI PLEXED ADDRESS AND DATA BuU$ 5 FEB 2003
WTH N A GONR SYSTEM FI ELD OF THE | NVENTI ON The present_inventi o

rel ates generoyl-l— y2to the field of data transfer in a corrputpgrw@%/féé’fﬁ]and,
nore specificall A | i X PEfy@nd data
bus within a con&%gg@?ggni??‘(ﬁ)%@gi n |ﬁp@%©§?ﬂdgtghﬁh$§u§%t. B%CKGRQJND
CF THE | NVENUONIGEXED ATDRES SKENTEDA TAVBUSWIHTH N & GRIMUTER SHSTEM
are typically performed using one or nore buses that interconnect such

devi ces. These buses may be dedi cated buses coupling two devices or

non-dedi cated buses that are nmultiplexed by a slunber of units and devices
(i.e. bus agents). Mdreover, buses within a conmputer system nay be

dedi cat ed toptbent s iR TRORPeci fic type of information. For exanple,
the x86 m Croprocessor architecture devel oped by Intel Corporation of Sang
A ara, Californilhe prestnidescatidhrasated gensnslyein theffichd afddittessnstéatiaaand
control buses for respectively transferring address, data and control

signal s. | foBdHieE Brstegandmneiespesiisall ndeanmethost finesating s and
processors, such as 1 Pentbum Pro” onr .Pentium 1" processors, bus
transacti or’rféulclfljl (licl.h’('%i ?fﬁgreﬁ?ﬁ%? idrzll Z]db : Wﬁ%\’r} a§88&ﬁ“ft.’~’%%}15|‘g}? 30?? 3 menory
access ”BYiﬁlb%‘PccﬁBhﬁft}ﬁtoQgﬁthUS transacti on request was issued and all
conponents or phases of a bus transaction are not required to conplete

bef ore another bus transaction may be initiated. Accordingly, requests from
numer ous bus agent ny be ing. at _any one tinme. The pipelining of bus
transact i oRAGEGRE Fratied By by 40N dat a and address buses. Wil e an
addr ess Of. ar e%%ﬁ&dﬁcﬂ%ﬂ%&%@&n gpvxacgs @.qg{'ﬁ%sco?tﬁltetd%;s?‘mgqres' gnal s)
correspondi ng to an address previously F&sued én e address bus may be
returned omypiasllylpeafobied uding oweoréhore®uedtiat BntdROan\VE RhH3OREs.

PCT/ US99/ 18946 In order to facilitate increased data throughput, conputer
syst ens mayhesebusasanay herdadierdedbusesesuglingamer éevicesroran-dedicatedi ssued on
an address,bus,..and data.i s returned ftromthe addressed.location, as well
2% & nunbePUars tiihaet B Rebl A e B a S04 SRTRRT fisaBt 8P Enpl o, by
the Intel hus&bver¥ises GHEBIR a doHp @¢AEMIEm MUY bRA cBidAWSio BRIARIrIsfer, a
frill line of data (e.g., 32 bytes) froma cacthe nenory nay be placed on a
dat a bus i n spesifiorigpe bb irfosinatibe. &ddressppd, drexomidcbpradstoess bus. 1 n many
conput er systens, such burst cache transfer y account_ for a substanti al
portion actlAVgiyR %ﬁi@vqﬂt ‘PY]?’H‘?]tq%%rR%ﬁBGPé’?g%?@t@ﬁ{“fICr‘i'l HEd% I%ql?vda%i ons,
it wll be reci hat: ?gggr i L J3g ring i.lJ zed
relative tgq?ﬁée%%fgﬂ%@f @Jém ﬁﬁ@#?ﬁ)ﬁﬁ?%ﬁf@t Eéﬁagﬁl appar at us
for oper at tragsfrrvptaded rexedabdshidsentasitigiadla bus within a conputer system
includes the step of arbitrating between an address request and a data
request cont endin§ordrutaresiems smpheyingladvanesdarchilsctures andhpKICessRs.on i s
performed acgording-ta.a psedetegrm.ned,criterion. Th l.tipl exed. bus is
Phen or ant a6 Ut R Frlt Godt B IR ob o Pl MR-l BT WS e
out conme of ptﬁwir@a%bm&tospecﬁ&w5_@\@&%@&&? dch®s piBsaRft digygntion will be
apparent fromthe acconpanyi ng diawi ngs and fromthe “detail ed description

t hat fol | opseviBRS ERNBESERI FTuEh! Wks BkedRAWNaNGS nimcptesephasenvbabuen i s

illustrated by way of exanple and not :
trantaction are not rrgguiregl to complete before another bus transaction may be

)

initiated. Accordingly, requests from numerous bus agents may be pending at
any one time. The pipelining of bus transactions is facilitated by separate data
and address buses. While an address of a request is being sent on an address
bus, data (or signals) corresponding to an address previously issued on the

address bus may be returned on the data bus.
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limtation in the figures of the acconpanying draw ngs, in which I|i k‘BSFEBZUM
references indicate simlar elenents and in which: Figures 1A and 1B a

bl ock di ag}?’@ﬁﬁ”-’@fh a conputer systemwithin Whl ch an exerrpl W%‘-ﬁ?ﬁ’d&ﬁﬁent of

t he present inventjon O 00/ 13092

T/ D500/ 18946 i g ar B ¥a Pl B ROTRASE HAT thFaus Ry Ry S DATTTar "I
coupling a prGRsRRbL ASHd& HHNSRE! WhEtEhRAlad e ﬁg%hed%ngwi §ddrdss Kt | M ng
diagramillustrating six phases that may be included within an external bus
transacti on. aridgdiite i4 resiraed oo ghedd ddyessadslooatiog aSivgeibhs hmmﬁbén gfns for a

back-to back read |ine transaction on exen‘PI ary external bus. gfure 5is a
bl ock di agr ariimediatelytsubgequeniipgations as 1ﬂ¢<ﬁy|f@xétﬂarm2§:1§whsd§te &eE¥r ding

to one errbodl f theginventi Ny, SQuURl r nal
bus._each | ncl AP hacseber Fal pue RodERER i Sl HS e B0 RS HRENC. o
the present i@ e@z'lgy sﬂrghﬁrﬁca@hb%@mgifﬁ{ﬁﬁ(‘sﬁlﬁ@éﬂ SRAWM NG beislif¥eddonse
according to one nplary enbodi ment of t esent invention, i ch may
be incor por atted sihgle adddess platet oalthdaddtesgbas s romanyrcolm gutee s§stehisgyaneh 7
is atimng diagramillustrating transitions, according to one exenplary
enbodi nent of"kfﬁ%C$M§é?ﬂ5 ¢rrm@hf%wnté@r %ﬁg@ﬁf\@hmw!ﬁnﬂﬁévgﬂ@ Bggespus

l'ogi ¢ and on at}qH\ h'eoéoeréegterﬁgt FI Q{ur é?ua%on 0‘@’\«?1 % '1soleol | 435 nl}aQth

net hod, accordi ng to oner exe t HEnt the i nv I'on;, of
operating a rddrbsd Byed Ras Qﬁ&exaﬁlﬂhi’@i aelm W tﬂ\hld’htaﬁbﬁé)”pu'[ er system

SUMMARY OF THE INVENTION

A method and apparatus for operating a multiplexed address and data
bus within a computer system includes the step of arbitrating between an
address request and a data request contending for access to the multiplexed
bus. This arbitration is performed according to a predetermined criterion. The
multiplexed bus is then granted to either the address or data request in
accordance with the outcome of the arbitration.

Other features of the present invention will be apparent from the

accompanying drawings and from the detailed description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not
limitation in the figures of the accompanying drawings, in which like

references indicate similar elements and in which:

Figures 1A and 1B are block diagrams of a computer system within
which an exemplary embodiment of the present invention may be

implemented.



Figures 9A-9C are flow charts illustrating three exenplary arbitrati (Ca)[ﬂ
schenes, accordingly to respective exenplary enbodi nents of the pres QFEB 2003
i nventi on, WOHRAt13¢fdy be utilized within the nmethod il ustratPed/i999/F8%ere 8.
-3 0 5 FEB 2003 WD 001 13092 DETAI LED DESCRI PTI ON PCT/ US99/ 18946 A net hod
and apparatus for BEsHagihg blegkdingram dBwtmineaasedaina s WyeliRgEhi n a
conput er SyStﬁ%c%rs?ordx%%iCJhQﬁ\dér e&perhm?onf 04 'eRW' ng description, for purposes
of expl anati ofl, numerous specific dé 219%% e set forth in order to provi de
a thorough understanding of the present invention. It will be evident,
however, to one skilled in the art that the present invention may be
practiced without Flege3spatinting degmim 8lusCanimgtsex pBystsem Orenywheaiwcidgdr es
| A and 1B arc hl ock di agr of a conputer system 10 within which one
exenpl ary enbBdiTHBAR eSCTRMPYS EaRWCPRvent i on may be i npl enented. The
conput er system 10 includes one or nore processors 12, each of which may be
a Conplex Instruction Search Conputing (CI SC) m croprocessor, a Reduced
Instruction Set CoRpdirk 80is@RiR{Ag BlagtARGRERSSEEIgrAl MaRYitoMBTot ABhEKIES- ON
word (VILW mcroprocessor or any other proceSsor device. In one enbodi nent
of the inventbatk rcaddinedtanshetipn ooessmpiary 2xherypabeus Pentium Pro" or
Pentium 1" m croprocessor manufactured by Intel Corporation of Santa
Clara, California. Each of the processors 12 is coupled to an external bus
14 (also ternmed a Sl ; I iR ot ] £5: | ; e
interface 15. A fun%ug?tsé%léﬁfo #%P%@?E}cul}nsé%gﬁg?xr{ g@ﬂ?f““bﬁ‘?‘%@“@?@é%@ IS
shown to be cbugplaetording feeomxébbdlméntsof the infvetoioiy odbhglingd @ procassvandupl ed
to the external bus 14 via an external bus interface 18 included within the
control | er 163antxereadtbasgarh ndudingaxternpkbusdoginalsopgsorqdingrtpanes 15 and
18 may oper at t afirst, freguenc [..e. 66 or 100 MHz), and thus
constitute a %i“gf)ldhrefmccfsfot%Pcrieg’r?aphr?/veg‘hgnbontroI ler 16 is further shown to
include a main nmenory interface 20, by which the controller 16 is coupled
to a main nenory 22. The main nenory 22 and the main nenory interface 20
may conprise a di sFigue 6d3 ablociatiagram showimg decuiiny eggcarahgiotdrien t he time
domai n of the exteynal %u .14 and the external, K bus, nterface 18. The
control l'er 16C¥AFPREY emBORITEat el heprekal HvensiafoRdie M ot EsAmaRteda )

interface 24, mﬁﬁfﬁﬁ(é bE?Fo HORA F §peci fication Revision 2.1,
_4 0 5 FEB 2003 V\oégg?’i‘%gz Pc@%}égg/ %9%ﬂgubl i shed June 1, 1995, by
which the controller 16 is coupled to a PCl bus 26. In one enbodi nent, the

PCl interface 24 and the PCl bus 26 operate at a frequency of 33 MHz and
accordi ngly const i Figuee 3 i yfipneg dagmhidlusHREER tHaTHINS, ACqudingtosene

graphics interface, Wi in_ th xenpl enb.aodi rise n
Accel erat ed Cé’éeﬂ)ﬁﬁgéy EJ(’)‘%? dtrﬂé;)gfi tﬁf: gggsggé%%?f?@gugfgéngﬁefw 1(:tléirﬁﬂ t?‘g?elxttaerm% to
a graphi cs busyus ngi@i”hd' anahﬁunfngmdaggg,enbodi ment conprises an AGP bus 30.
The AGP bus 30 is exclusively for the transfer of address and data

i nformati on between the controller 16 and a dedi cated graphi cs processor
32. The AGP interface 28.functiqgns in conplianc ith the AGP Interface
Speci fication, Rev ‘&“6ﬁ§i§;baoﬁ'u%?qrgﬂg’8"ﬂﬂ ﬁﬁmiﬁ‘o\%ﬁééﬁfor RS i 8hi cs
processor 32 j j oGS L Ehat al he
gr aphics pr océegge)sfnol? lgggéilngeggﬂg?ljeﬁtt? lg) Pl 5 %g&?{:‘%{g anﬁé%f;&;?%](;gl %ga?g‘éﬁﬁlgx%mr y
34, and to a gidpbayndidata B withirch compuearngysiese. a conputer nonitor or a

television set. In one exenplary enbodi nent, the AGP interface 28 and the
AGP bus 30 operate at a frequency of 66 M-1z, and accordingly constitute a

further distinct clLock in. The interfaces . 18,,20, 24 and 28..of..the
controller 16 may '§@ﬁcs(rj§)élg% e OaWGF?‘?%P@ﬁ rafing tafes%'ﬁ?@&@r%éa”%aﬂﬁ?n. To
facilitate t h@ch%hﬂe@,sic"ebrcﬁﬁggj &%Eﬁed@i%‘éﬁ@rﬂp‘lm &ﬁ@&kinﬂ’&ﬂ?b‘f‘?hé’\gﬁéabﬁ‘t whi ch
the various interfaces resfrde, the controller”l16 includes transfer |ogic
38. The transineention; thaBdafy et utdizadneithitethe anethwodtitlystratedsiypridignoms.zi ng

cl ock signals that clock the clock domains of the external and AGP
interfaces. The conputer system 10 further includes a bridge 40, which
facilitates



communi cati on between the PCl bus 26 and a | egacy bus 42. The | egacy gl:g.l@gﬁ%m
may be an Industry Standard Architecture (I SA) bus, as defined by the |
Bus Speci fwoavilm P996. It will be appreciated that the | egaryudosrsssd®@ nay

alternatively be an¥ | egacy bus such as an Extended Industry Standard

Ar chitecture M&@Eém Channel Architecture (MCA) bus. The
bridge 40 is furthegr 0 t o _be cqupled b Uni ver.sal._Serial Bus B) 44
Lo 2 USB devi ce a0 Dot Ly hAPERERHE Eoomirntne R TkeTasfestti HERL) on.
Revi sion 1.0, hpyihihshedo Eg%sltéml&%deswse&rlrd% BRokAngldeSer HIROM) (610
couple -s 0 5 F E B 2003 WO 00/ 13092 PCT/ US99/ 1894G an | ntegrated Device
El ectroni cs (pDPosdevf expldBation) minmicsots/specHld detailsramesses forth geortieritoe i n
the formof a disk drjve, to the conputer. system 10. Respective PCl, and | SA
devi ces 50 anrosyiaadherigh wRdesiashAg of daf PesseRementigha 11 Wil buSEsens and
42. 1t will eci . t. n of PCT. devi ces 50 d | SA
devi ces 52 mbﬁo‘ggp%roﬁ%ﬁéggk‘@g? Hﬁ?\éﬂé@ﬁﬁ? E}E)%%Iéeg%%mgﬁﬁlﬁﬁﬁ,m%}/ngpﬁlfffﬁg%crlrpri se
any one of a RuRBAt thgggééiﬁij'eaéiléjeVi ces, including storage, input, audio,

di splay or network devices. External Bus Protocols Figure 2 is a block
diagram providing a sinplified representation of the external bus 14 which

is shown to couple a processor 12 and a further external bus agent 21,

whi ch may be a further processor—@ﬂﬂaﬁﬁléﬂﬁ@ﬂiéégﬁﬁéﬁcoupIed to the
external bus 14. Th ¢ I S i folusl W i . S
specification for tﬁ%ﬁéinégﬁﬁ% r3r%ﬁug%ﬁ§?§ﬁ$¢§$ﬁ%p%@g§§g§§§é$ﬁ{@ f% llilcase
the external Whihldnd &drigksy @ndfodinteraddEiassrdaust ibdantianbdapbé data bus
14b, and control signals 14c. The processor 12 and the external bus agent

21 each i ncl udeplemested Thasompyiter syErem W0 nelahes pscforrmprer prgessseisoled i n
U S. patent no.,5,535, 345 isch et  al whi ch, i s, incorporat erein by
ref er ence. Th‘?é’cgﬁfé?ﬁ’&ﬁ rﬁﬁégﬁﬁg[?%m@dc’f H%Frﬂﬁgan%ﬁjfcﬁeeﬁ?ﬁﬁg%ﬁaé and the
agent 21 provm%éFPmsm}yﬁImluc@acinmgm@rl saztrtt@rh};@%gtmg@mi&B@d&%cx' ve
device and the external bus so as to enabl e extefnal “bus transattions to
occur over théemxit@ngitstbusiobdWdrdr(MIb® )phicpos@esessor olniagiysplei procedsoon, t he

term"transacéion" js defined. as a buys activity related to a si n,gle bus
access requesteVige-t FEPRGETPEHIREDt BEHIGINKLRECHRECA PhRG REGEEOrRhEMAyEDe 2

assertion of ' A e_pr [ ,on address. A
transacti on, gesrﬁl e ?Jr{gdggyeﬁﬁggf hAP@ﬁ?@%g%kgpm%&}'&s%{é@%E’ﬂtlglons, may
i ncl ude up toCeiporptiases SaracllaphaSelivshiag BachREehd peo@edorefl2 ¥ @ipled t®

communi cate a particular type of information. Figure 3 is a timng diagram
i |lustrating &1 sxterrldastliddalspHasmedfaorrantsida buss&OB) drvda pirespectivy@insact i on

1 and 2). Specificall each ansactjion in des the follow hases: 1.
An arbitrati o%t%rﬁ‘ﬁzéu%&?te%%c%\ﬁ'e%hgérﬁh(ﬁl‘f'zﬁﬂf%}”C-?%A‘ngdq%c’ﬁcﬁ‘agg'égﬁge&bm
00/ 13092 PCT/{4599hb3346% e cAlbled 18 thPRREenABusA4. A Snoop phase 78; 5. A
response phase 80; and 6. A data transfer please 82. As is apparent from

Figure 3, bus transdaohtier 46ds pispeoupdd forthe leaterhhlebwat4 viasnExeasnesbos
each of the transactiaons overl ap, Wen a requesting ageni does%qulf?'ihfgvm t he

bus, a transa®i§treddgnauided; withia the epntroller df- Jihgsxtermal Rusid
ti . t
bodomes. the mbrabuls ifdfabEOEEaRA TR Popbife ¥ REANRRRIRN e bl 100, e

74, where t heMbls, and efiugédnsesuteendastincadidclrdenmes. TheebArblien aw fuitkebus.
The above-described phases arc, of course, nerely exenplary. Any one of the

phases (e. g.,shomn & mstugrhaseaingnymeay interfont 2@,dyy which thetqoatrolier 1ois.
Specific refer enie qu now nade tozgi glﬁree 4. which i él usdt)é‘\at es a timng
di agram 90 sHOWPIRS &9 fF NREMOTY 24nd NedPail EMOTE g8 &5 ke iaip MEBRTY ead

i ne transact; it i i .y
| Tost 1ot o | nfedfate 20 MapRofitfily bt AbBeUoRin d mA Beth@RRlSd within
addr ess st r obe (SHbnwi0 A khOdxterfalUas! 14sdrahtlesex@@rnafiblis intedace ¥80di fi ed

cache line (H T#) signal 98, a target ready (TRDY#) signal 100, a data bus
busy (DBsY#) si gnalhelgmtrelleratbefurtiiesindugdes aPgriphena 4 ompaaents IrtgeyprBRDY#)

signal 108 an response, st S S| 2: si gnal .108... The request, phase
74011 ustr at dd e R 3 defigtdnofie Tt et PR shParicaficakembRig Pa o
by the transitions of the request signals 96 in Figure 4. In a first clock
(e.qg.,Tl) of the request phase 74, the ADS#-signal 94 is driven | ow, and
transaction address information (i.e. the request signal 96) is placed on

t he address bus 14a. This is indicated as request phase A (REQA). In a
second clock (e.g., T2) further information is placed on the address bus
14a. Such further information may include byte enable infornmation, deferred
ID information and information concerning the |l ength of the rel evant
transaction. This is indicated as request phase B (REQB). The error phase

— = e o S o oy T



WO 00/ 13092 PCT/ US99/ 18946 error phase 76 includes a snoop phase 78, V(HFEB 2003
occurs four or nore clocks after the request phase 74 begins. The results

gener at ed WD 08113992 he snoop phase 78 are reported back to threTamsp®rsasd bus
|l ogic 60 and indicate if the address driven for the transaction references

a valid or nopkblighed ne L)198adewhidetherroatkplisnd 6 ayeaipledthe PCHbas hoop
phase 78 al so, i ndi cates,.whe [ t.ransaction . s ljkel 0 be completed in
brder with resbant CRESEERL By b BERRE Ph RBd e ST 2b pRtaf dlRang
retried |at erfregﬁe#e geieMmEe a e&ce&%ﬁh@%%ﬁwéarfd%ep@nmh@téle& when
coupled to a processor that allows out-of-order conpletion of transaction
requests on tHentnis. ATdedikh{®4 gringhat i@rfase, dvhichrin tbeetonplady eatbedihant a

transaction references a nodified cache line in a bus agent's cache. In the
response phas€BPrisss an fricelsiated fenpRicsd et tAEGE) iHerfase & sarplssdhe ogi ¢ 60

i nformation indi i ethen..the tran tLon d faile
whet her the t?%#\tggaél{]%nt &S rg‘f?z;]r]ébktébégﬂpgﬁgno{rpp € ?‘?'ﬁ%g’ﬁg?‘?‘%ﬁ@ﬁ%’é’?l’ft’%&
transaction' sy € DP Bk B0, MALALS B RMY0E akélLyivdef RIrtRE travkRE BERd&RRs and
transaction will be retried and whether the transaction contains the data
transfer phasdag2inférimathen betavesacthicaontoder 1hahd deldchetethgenphieaysfoeessphase
82 (i.e., the_requesting agent hzs wite data to traqsfer ar hagﬁrequested
read data), tfe tPra {RSHacR AP EuRCHARS InSpmAlagAe Mafh BisatePdnterfaseerri ng
again to Figu : ' S Ul -1.0r r ' i on,
2 ahunkc (1 0. Shedrigfil] Thvono RERaPANELGT taede, PRl s geast
consecutive c3Dekayp@hpese flie Brtel (720 glabhicshkicemleratgteRip4 THe grapRRpar ent t hat
a two clock request phase 74 generates a four-clock data transfer phase 82
during full speegssaad isicaeptadatesadedicnted anki lopalgraphics awwher 34, whdhd a
conput er systﬁms Accgra'gi g&é t he address bus ig bei ng unde{-ut.i.l ized Iand
bandwi dt h wastEPOBCHRE 3BetiiehMAY fR8% RSB PUEY TRAT T els vidiep Sph In
Figure 4. NUI&h@E%ﬁﬁmg%%édimt%fc%@psm%@ﬁa%&Qsaadttﬁe RicIMb8s 89 ofefd I Of
external bus agents In the formof a processor 12 and an external bus agent
21 are shown aioa beqoenp} efloé/ M1z, argl accofdibgly ¢orBti20@3 MBHedH1SBRPclock

PCT/ US99118946 nul ti pl exed address and data bus 120, constructed accordi ng
to an exenpla??”@#bodinent of the present invention. The nultipl exed bus
120 is a 128-bit b : e | of  t I | V. i are
equal | y appl i cabl eﬁ%”ﬁg}é\@\ég{)}&gph& g@lfggeg,gﬁ}en{ ”dﬁ?'n"g lgﬁ%géégn%a?ggnﬁi t
buses. The pr@Ffasenrarldditihct BiocRXlopidial ToUscidgrath@kagsehof sighald@egdesr nal
bus logic (EG) 60, according to one enbodi nent of the present invention,
that facilit athesclednromadeg Wokiny hide theespiaus inkerpress sesids. the cemtaoierd 6bus

21 : | tipl exed 120. T : i nvent i
e e rg o RT3 ST RandBE € 3 Rl b RRL R SROARISE?
includes an aﬁm&séniaﬁg%cl%cré&@am%aae@cp@ms £18kk Soaitghsof theldktd@nal and

time-multipl exXed bus, ch as the nultiplexed bus 120 shown in Figure 5,
wher e the ent ACE & fhidss of the nultipl exed bus 120 are substantially

dedicated to a partjcular function _at any no t in ti ccordingly, in
cont radi stinction ﬁ\% ﬁomrpéltwsmn\kﬁéwﬂeaw@%s aolpnégqgrgﬂ,a@yc@jaqlgtates

dedi cated to ' r t a ' bt
of It he multip exé’%J rg%?stﬁ)lrgggtgg%/e%ctglre rqu@:i (P?% fzgragﬁglle@ gﬁnﬁ??%n%b%@w ?)G%% >
address, dat am@ky BeodH Irdustf Stardhid Arcltectidel (€3 &Nbud, iapesfin&PeQithe (4 Bys by

time multiplexing the nulti'plexed bus 120 to carry address or data

i nformation ivpemficedigot PIR6. dt wiltbelappgesiatedehakthe legecydruss@nmay nvent i on
seeks to address the under-utilization .of a dedi cated.address bus 14a, as
expl ai ned abo‘% €1 ‘Helyg?ee?ré‘h aflﬁ%ﬁﬁéﬂ?}éaﬁ?n g?‘&Jrng’dgnijf ﬂ}és'faa[{‘géga bl ock
di agram show Rgcifidcfitiet b icACRAARAGA LR RBRiIre PATTH A%, affeodi ment
of the pr esen)tslg? n\tlerec,}:lltwieo(ﬁ,YS)lgl’e1 ﬁagg?%glrcg(tpgd W t hin tlhe éxpgr na)?glﬁsugﬁ%ogi c 60
to tine-nultilpliége 40és furtiedrishoain tybotodpied byla Uplvexed Sbrisl R2(UIB)sMab aa
manner to reduce under utilization of the bandwi dth of the bus 120. The

ext ernal bus U8Bidevie 4fapobeof whagr ateccomplisiitrividhyhoSB Sgenificatdoml ed to an
external bus,_such far,. ex | e or, .hus bridge,, controller or
any ot her ext%?W&iongﬁQ' %‘aﬁé‘fﬁ.eggﬁa%%aleﬁ%ﬁe PB@E%‘IQOS zﬁ;go ShOwA ?SO‘i’ﬁce,l ude
a paired 2-to-1 multiplexers (MJXs) 140a and 140b. 'the MJX 140a is coupled
to receive address and data outputs 142a assd 144a, respectively. Each of
the address and tile data outputs 144a and 142a nmay utilize the entire
bandw dth of the multiplexed bus 120 and may thus, according to one

enbodi nent of the invention, occupy 128 bits. -9 05 F EB 2003 WO

001 1309= PCT/ US99118946 Accordingly, the request signal, including the
transacti on address, that necessitated a two-clock request phase 74 (i.e.,
REQA and REQB), as illustrated at 90 in Figure 4, may be propagated from

. - o " o oy o



a symmetric external bus agent arbitrates for the external bus. 05 FEB 2003
Specifically, in a symmetric agent conputer system i ncluding four external
bus agent YO @/SpRci fi c bus agent asserts a BREQ¥ signal 15PCOHS%/dedli cat ed

output line, and receives BR si gnal romthe ot her three agents as

i nputs. The Y arf*tedaﬁsmcs'i’ggfﬁwes (Eﬁég Qﬁ'blicf-’flﬁt‘i"g’rﬁfib‘éé'léﬂlcéﬂ)%m%ﬁ’nd-robi N
nmechanism A ing: LD - hes four i ts to track
The agent wi it Be o Sicedp' e #E6H P X dishani Pkl HERTRDLEUSAHEN, © W)
arbitration ﬂ\t@géctQQCBCS anl @p A i@k 50 RadBPHeshb W ndD B@RiHestedS9ahePCL S

BREQ# signal 152 on an idle bus, or a -10 0 5 FEB 2003 CVO 00/ 13092
PCT/ US99/ 18946ddGAr leures Résanaimizr [t gl e sgrpreciated tBREQH siwprtsr of P Iideviedsease

o TR i ST e Bt S P
e e T S M T

sel ection | ogliueiid,ZkBspl@ydﬁtregrtmom}edaw‘cegpnl y that an associ ated bus agent

requires control of the external nultiplexed bus 120, but al so that
following the arbitration phase 72 of a transaction, a request phase 74 (in

whi ch address information will be L@I acegﬁon]gt he i:t ernal multipl exed bus
120) is required. According to one= OfRE0¥ he present invention, the
assertion of the S{NBlock Madrinl PIRIPELE iff eLeatdth bpale 148
as an address bus é cess reqt?ecst.qgl'hg RIiYT%RD%"?l‘angIem?M |ﬁs an eaﬁy

dat a-ready sicgrerhal st 14renhitie isaeert @eoby l@a buscaagart2 ad biforthbr extethal

external bus logic 60 is incorporated, and indicates that the bus agent
wi shes to pl &6 agani &l qahishanay ke adwrtbenarocesaariosleyethpudedigg cogpled to

assertion of %ﬁf{b Y signal 1 i ndi cates, t hat. us_agent, wi shes to
enter the dattgp?)étans :agrtl p ea@é(g%%cro éé”% ?Lgﬁscgé??léaﬁ\. Wé@égﬁfﬁtég?% bo e

enbodi ment  ofspbAAcXiES B4H the MERRRIN Pro th P cdgiteh 1 PRoQfsséMieirFARIK ddBPYhei gnal
154 is interpreted by the selection logic 148 as a data bus access request.

Each of the Nxdsnalins bhihcludds 4 Bebitsddress bsisddn, 2 64-bihvdntabuENABLEd nput ,
via which the respective MJX nay either. the enabled or disabled. The

" out put " MUX CRABA! SENBIoi- (3 OBtIBN AT thexael P g8oBY 24 sichere

si gnal 152 or EARE Xa R o34 [ i it neli at the
devi ce that ilrrll(g?ﬁ%les tﬁe extle ﬁ%@%&géﬁ%ﬁ}q’yﬁhﬁiﬁgéb?g%g}%ﬁ&ﬁ%{'g

out put or a 5536246 (Bisthet al. Dwlibke isohberporated, hdrive By ryfertehcdURhd 4Qternal
enabl ed by the assertion of a BREQ# signal 153 or a EARLY_DRDY signal 155
associ at ed wibthIegietRdnrclyggrda thaprargsws désadi therpganhdl proyidgedhereiysiod,
the assert i on il NShiole slanal o3 BEdROatdl S84 g LA BueN Lher
devi ce wi shes to PsSue a request or dat Boout pu(f, fha may  conpri S€ an 1 nput
to the devi cenhiielextirng] bOs trkLdtidak tHBecUragics tiOexteddal bud 19. FokE tiRe 2003 WO
00/1309? PCT/ US99/ 18946 By nonitoring the signals 152 and 154, the

sel ection | o@iuecpases df shispecilsationahdéeront tromsagtian bissledigedt asaslsosactividy wi t h
t he external au | ogi c. G%éequi res access, to the nulti E’l exed,bi.as 120, and
whet her the P F%{Sjsté’ PPINEHf QU peasssreasesty A kapaction ay besin W% r a dat a
transfer phageithidn! SAIIRE QARG ofa sBERY ADIHAAAYEBAFafn dFh 8 acCeSs
request). In the event that elther an ress or data bus”access request is
detected by amseadtiomnaddresst Retrahdaetiig@ efingddy [hdeél ArchiteeturdlA) DRDY

signal 154, and no contention_arises between such an access request and an
access requespeaficatipnseprrysinclude e tq six phaseso pednphase wongaspedficsgtpbss

bi as request and data bus r.equest. t hen the,sel ecti | 0gi c -148 .sinply
of ant s the. riIERRl SABEBULIGHE ATt BRBALFIGRRLECD. HgyEet & 2 fimifg

Speci ficall Ydiztéliﬁrrﬁﬁﬂxﬁ%'tﬂ sJngz'aﬁs%%n?lﬁ\@§§fotrh@oWiﬁéaEli@ﬁ?ﬂ.ebH%n@ggiérp a
request output “142a and request 1 nput I42b, 1 n response to the assertion of
the BREQ# si grald 2)58pebificdHy asdrtrarmsgctidreindRid the folddwirgSplases. , by
driving the ADI R# _signal 146 high). Alternatively, the selection |ogic 148
grants the nultipﬂexedfﬁhéﬂEEG“PBPQaﬁéz% out put 144a, or to data input 144b
in response to thg assertiaon of,the, ,FAPLY DRDY signal 154, by asserting the
ADI R# signal 146 i.e.?{ﬁ%q“aeﬁ? P%sﬁe%e ADI R# signal 146 low). On the ot her
hand, should contention arise between address and data bus access requests,
the arbitration | ogic 150 operates to arbiérate between these contending
bus access requests. Contention between address and data bus access
requests may occur when, for exanple, the BREQ# signal 152 and the

EARLY_ DRDY signal 154 are sinmultaneously asserted or when there is an

out st andi ng bus access request of one type and a bus access request of the
opposite type is received prior to servicing of the pending request. If a
bus transaction (either data or address) is occurring at the tinme the

. o o - N . v



0 5 F E B 2003 CVO 00/ 13092 PCT/ US99/ 18946 track the nunber of transag§iFeps00)
out st andi ng{ on the nmultiplexed bus 120. The internal request count is

i ncrenent e RP/18M2 when a new transaction, originating at daifyl/Ber/18%ént ,
enters a request ptéase 74. The '?lnte 1al request count is further

decrenment ed by one “when ‘AN B3t EC'4Md1 g transaction conpl etes the response
phase 80, or is abayrted AQpd pgggeoyg;pl ease 76. In one enbodi nent, the
internal request count is also initialized to O during reset and bus
initialization, and.nmay deesponat phase@iiafidto 7, this being the maxi mum of
nunber of transacti ons outstandi r}g on th% mul ti pl exed bus 120. The snoop
count register 160 Gmai ntAidA EANSIEE BR#8152snoop count (e.g.) the "SCNT"

val ue mai nt ai ned by I orS)::L 0.t uher of: ngli
transactions on theA grr{%‘ﬁ%l’%?%izﬁdﬁu%é&’foi ’i% %gtt;as%&F%e%ﬁ%%&%%pﬁ\e&g?ﬁ%
snoop phase 7§aribi® pgHases fedachRPRe GaHSHCtIbRs bREFIBPEMVIRSh DycARStinkaizeat Nnew
transaction enters the request phase 74, and is decrenented by one when an
out st andi ng t dars act oen deripiset ésinsheicsriaginpivethste 78biturtionsplaseri2éd i n t he
error phase 76. | fne enbaodi ment, the internal nooP count is also
Cnitialized tovkichube R HesEBg agRat (ufs thePEQcassos dri Wihe sxeraahPysagsat 2h)
value fromO ' : .

{hreshol d val Fasomeadfiebd BERSLI TR ReL B RhEiachR Shelihe RO pS ST
count val ues sfiedredhe BukRevice PUREL réQudtt afd dddresin frttltionat teehiss. IB% and
160 by the arbitration logic 150 for the purpose of arbitrating between
cont endi ng ad@begg-d@ﬁdriﬂgahws ane ©éseurseoumerntly expmpdary . bodneehthof t he

(O ti h bitrati L 0gi 50 Im t he. . t t
Vel ue (i o« BRBowifer ClrorIAT AR AP DGk PR CPSRO T oG H CLRB- mul 1 pi exed

bus) to a data thr ﬁ%ﬁ@]ff& RITEELe 1TRLI AaBE o M ddYer, WGl BT, }”‘ﬁ‘ﬁ“ﬁ

regi ster 156. If t nunber of outstandi ng data transactions on
mul ti pl exed budsagrece8dshbowingigipaalt tharestiosfonarfhirspetdhbnclatatbbhek bemsd Boeess
request wins the arbitration event. In a further enbodi msgt of the present

i nvention, théraAEBFYEPRWIBHN PpExemPITryfajeraahiay & -t he signalsilnssasgyndbent
mai nt ai ned w thj . r eqi k. (jign€ ”

out st andi ng strtllg%%é(?% @gﬁ?ﬁéﬁ@ﬂ% atcﬁ%kiukﬁ‘tl\l)s)sﬁg%e]gzbﬁga%@&bgggggéé%iojg’g)
threshol d nunginalgitNicjuesitiphdifog d kietd Ahesdifbd cuéheiine GEITSY) e1gnkd 68, Shoul d
t he nunber of outstandlg&snoop transacti ons exceed the -13 5 FEB 2003

WO 00/ 13092 PEIgiesoerdysGLRIBY @rsopma 1P exsdathd usivsy( DBSYéh signaghl @2 udataccess

request agai n Wi ns e. arbitratjon eve wi.l | readily be appreciated
that ey ot nEP I Figrrb i Bk eE PRk e R forta REREREH 1A
conbi nati ons @ifzsfzfm#% %ﬁgpﬁj&request count and internal snoop count nmay be
used to arbitrate be en contendi ng address and data bus access requests.
Wi |l e the regi st er THea@quiiPhane 74 dlusara¢eds irokag ure 3riesivd el gyckseny from

the arbitration I qgic 150, any, or all of, the regi sters be .
i ncor por at ed WUEAf! “taﬁé]?‘ésrtb’it?ght/itb%trPB@‘F‘@“iggﬁ‘Pn@%Pﬁ?te%ﬁéﬂqg%ﬂ Gis4sdi st er

156 is furth Tegr:
(o0, the datd iPbeRorERumber BF SR AhE i ENBRY Shumb i o ghdene "

dynani cal |y plo@! andaRirRactfdl adk@bPingorrhatics(iel thevrlquest sighalt9a) neglavéd hi n
the threshold value register 156 may be set by either an operating system

or an appl i capindhemdsigeserhusflda. dbipistiedicatedtasreqiediiphagh AcREQRA) ekt 2r nal
bus logic 60 i s _operational r .exanple, ..a certain applicgatio rogram may
wieh to give BREOR ook I aTe) Bt dnsGatin eplted ke BR e dult
application : : ; hSti ' tore
Chorein a1 ow gop UL e iGRAaton By NERRIRfe VAME RphliSh dokeRROD
within tile régosiraitichShdimfomeatitynesriceatihy tiad teevpalh oé thar repevagt aramsbdtéon.

during execution of an application program_ For exanple, an application
progr am nay aﬂmlsdnél@ﬁecﬁ‘%ﬁr@qvﬁﬂdﬁﬁ’éﬁ%(\%@@s stored within the register
156 based on vario ot her par ters, nmonitared by the apphkication program
during execution. | ea‘?{r%ﬂl?%sﬁgg?’i} lC@ﬁ‘BBHYIEé‘FI?X ef%’és grr‘%{g?%h'ghelr%%ﬁl ?‘150
may enploy a 'iz%@b kGins 8¢RI that lhsq{bt%ﬁﬂé‘él@d b¥hSEELA Ard1aDsH PAiARES $S thequest
or one request type (1.e., either a pending data or address request) is

al ways granted access in performance over another request type. In this
case, the request count and snoop count valfles are ignored, and play no
part in the arbitration process. In a further enbodi nent of the present
invention, the external bus logic 60 facilitates full conpatibility with

| egacy buses (such as, for exanple, the Pentium Pro" bus) by allow ng

sel ective disablenment of the selection logic 148, -14 0 5 FEB 2003 w0
00/ 13092 PCT/ US99/ 18946 in which access to the bus 120 is not provided via
the MJUXs 140 and 140b, but rather via an interface enployed within the

— -~ 2 " e - - . o o - D



As indicated at 174, the assertion, as shown in Figure 3, of the ADS#(% FEB 2003
signal 94 defines the beginning of a request phase 74 of a transaction, in
response P WK the external bus logic 60 is able sinult&FEEEEPE%D i ssue

two "sets" of I I i -th i.pl 0, as
i ndi cat ed at‘?%§QH$§E7§68$?F§5éf“588§§§?g%§a@ﬂ6%§§F§§%%“%éﬁ§§§ﬂ$§§ﬂé%us|y
to issue twoafeethe ré)fue@@ﬁh@@tﬂsﬂnégzmbsﬁé reRAs @irerfagd tiehinuiHe shd8pbi t
bandw dt h of the nultiplexed bus 120 is avail able for request signals

during the reqowaestsphassported backnid thefextarnal bbelagit &bandandichte iIABeR# si gnal
146 is not asserted, (i.e,, [s high) during the reqyest phase, 74. Referring
back to Fi guraéd(’;?ssiqrg\’/ﬁq forishe APpRRCiOR ERferanses o alf ogmadditisct Gliityepsher s
accordi ngly t . ien. i pl exed bus
150, A the Bos R deths Ypthe R Sorl BRRAGR LB SANFLAE RERER SUTT
the ADI P# si gRalsaddéa isdskdlpdd Béltc@%pﬂétea7i8\,orﬁhﬁwﬂ&ﬁ@&gé@tﬂo(ﬁrelfmtﬁlysisgﬂ_&i

i ndi cati ng conmencenent of the data transfer phase 8 The ADS# signal 94
i s accor di ngltyargectiernebe eanctled hind retnied later, or bierlgfexred fortpomiljepet-6f- t he
assertion of E e ADIthsiqg I 1469&$ﬁiﬁs theSNUXhléglto‘seygg} éhe dat a
input 144 1o BOIABRITR iR he o B %f}f_st OB PRERI 06 he

i ssuance o e ITIe. :

mul ti pl exed 6%?“%%@?“§§h?ﬁé@%é%é§y§§%§§§9@§?§“?é@%ﬁﬁée oéyﬁﬁgé%2§¥kly
responsi ve t dowhe inéipuasthat adisrabhedoRtefbrdces A rhbegifiedraacké lidefih adtus128- bi t

chunk may be placed on the nmultiplexed bus 120, as shown at 180 during a
hal f cl ock. AgcnBocachesecond 128-bit chunk is sinilarly transnmitted on the

mul ti pl exed bus 120., The data res ses indicated at 180 and 182 be
'ssued rosponst ve NI GREFR0F DS SNERCrT P OOl BpoR 1 e apnEgus

coupl ed 10 t heeiotih R rldlicatihg wlelhedr the BradQ3ioN LU U308%d or failed,
PCT/ US99/ 18946~ 120. At 184 and 186, two further data responses in the form
of 128-bit chwinkbeathe tpampaganas gonrarteeditd comppéxedth duder1@betlespbasi ve to a
previ ous transaction ,issued by a second device, , for exapple a, processor,
coupl ed to t HEANRAFYPRHS @9@&?%@ Ut R S THPPERT edffeiod Be s 1hF fragramies
(not shown), | Sl ] : i,ndi ter 176,
iy be propadir ishiphahiyRaP: (ERRNGRILR e bERHTE el PR PlpBler. 13
responses i ndf gat eshattidR Goksndnde ties fonstryRsft OpRask! 8241 ¢!, Qlﬁ]élﬁécftfes(iﬂ%t
shown), simlar to the request 176, placed on the nmultipl exed bus 120 by a
single) or twged: Bag weite daeaoctsansfeuor ddsrequessedridad; dtak dhe bagsag®ns)

wi |l furthermore gﬁ gotqgagﬁat éhe . " internal request count value is
shown to be "“HCTEHT AN INE PR&THce of the request at 176, this

i ndi cating that t"[@bféxfrﬁf%sﬁgﬁiﬁ%lifi%h% &!ardrﬁfgiyu@b'ﬁ&ﬁaﬂfi@k%-g&l&ﬁ&@d line
mul tipl exed bus 120. As the full 128-bit bandw dth of tile multiplexed bus
120 i s avai | alArsachion, rghowtkn(i.ehé4rteglebtaphiasmrsleranddd uhiegdach of fansf er

phase 82, the present [nyentio |1 he request phase 74 to be shortened
to a single 6P88¥“ﬁ§?F&H¥I%?“Egﬁg§e3%?5{9mo clock periods in the externa
bus protocol enpl . i ! t fer
phase 82 is shortgﬁgg‘ @%uﬁ'\g l@%rr%l? Eég%ﬁtg‘agkgcc@’p%‘g%ﬁ%gg?“égﬁ%ﬁgﬁ é‘te{ag our
consecutive alfoakcRkidads trankfeirpHate SPring il speeetad hidk tRarsaptioincol .

Wiile time nultiplexins the request and data phases on a single bus reduces
t he paral | el iveiich @seupiegalardpwithinfcomputex systamis. Busorhpi by g asidressdbus

Pentium Pro" .nm croprocessqr, (it is belieyed that th resent inyeption
results in af® PrEEEISET Blweris Bt dBareste Qeare peresh crivet PPS wher e
full speed tragﬁgﬁggegqﬁ 1@0%@;%@@@_. The mul tiplexed bus 120 may achi eve
conpatibility with the external bus protocol of the Pentium Pro processor
by assigning lines [A3.. A 36) to lines [ADO .AD31] of the nultipl exed

bus. Further, request lines [R ?p..4] may be assigned to lines [AD32..
AD36], and data |ines [DO. ..saltipiexcadAgargsgand Haga Buges [ AD64. . AD127] .
The MUX 140 would g n this enar Lo accept [ nputs only. fromthe request
output 1420, whi | RVRENEPT B e DA hea bRty e Of ey T he
ADI R# si gnal 6&5‘5‘6’#1?arp&aﬁ'&?&hﬁ%u@ﬁ‘&xﬁdﬁrzﬁ*‘é%ﬁ%mjt@ be uplEERi£HO03 VO
00/ 13092 PCT/US99/ 18946 1ssued as 32-brt double words. Thus, a conventi onal
Pentium Pro" bus transaction could be issued over the nultiplexed bus 120.
Such conpatibility would furthermore have o be configured at

power -on/rcset, as chipset and peripheral notification regarding the
configuration of the nultiplexed bus 120 woul d have to occur. Figure 8 is a
flow chart illustrating a nethod 179, according to one enbodi nent of the

i nvention, of operating a multiplexed address and data bus 120 within a
conput er system The nethod 179 conmences at 181, and proceeds to step 183,
where a mul tipl exed bus access request (i.e. either an address or data bus

o o, _ oy Y b1




-17 0 5 F E B 2003 WO W0/ 1309? PCT/ US99/ 18946 outcone of the arbi t e FEe00)
schene. The nethod 179 then termnates at step 194. It should be noted that
t he met hodv@9®3pR not inpl emented during active data or ad8fFE¥SIYI8EKsT er,
and the AD R# signal not be,assert or deasserted.during a data or

addr ess tran@&@f}%%‘?d gﬁér?%ﬂﬁ%ad%‘? qssﬁge?qr}??rﬁﬁgef?%c&ﬁ%g\g"toﬁgte?(_gmp;ar{ye. g.,
the request QRBSEN{dnt MAL PFBYr@RhYetor MEhCHRAKpRXEH B uisN 2011 ALI0Bi bas.
determ ne the owner of the bus 120 during the next clock cycle. Figures
9A-9C are f|Huowehar,ttheitbdahéngsanf the presere iexartpirante apablyiapplieatde to htisasn
schenes that maP/ be empl oyed at_step 190 within tﬂ’?‘a met hod 179 il] ustrated
in Figure 8.0lGtheotizse Indbding 3204 3hirbit o586ty HMSBrasesserpt apddhe

Referring firg o _Figure 9 th r j Lor I t
Step 2000 andtmeho R a6RGR PR Bt bl bORIGAP B rERPTERIE Y
the nunber ofmBad ighadhMBe bl hANRSAIH, GRS fafiitdes exhainatation By feexed bus
120. In one enbodinent, the arbitration |logic 15U reads the inteéernal

request countespaitiviegp roedssair tiRiamdt the nesqgest 2t ovat theegiuimexetdgis 20ddther i ne
t he nunber of outstandi.ng data tranﬁgcti ons. At st{ep 2(84, g igata tﬂreshol d
number is deP¥PFRtIBHENIAN HPRRPRIASIEPHSHIS AR RECEM Y TSat 4 ins 1By PES 146hHAY r ead

s monti one aubyR 2y e TG A g bl DB SRR BB RIS, oo

for exanpl e hmcaRunRpsieréd BosSHhei® tak nApPpiplGaU Kk TI0MoAR RXEgUtd 5Ig Wi thin
the conputer system At decision box 206, a determnation is nade by the
arbi trati on wbgiecthesmtitad28 ditstfshaombbplaxed butssiizArnde Agbdentinllyrdedieated ons
exceeds the data threshold .nunber. 1f so .this indicates that a backup of
dat a t r ansact o ey aro@é‘ﬁ?'?%&,taﬁﬁdn?’ﬁ‘ﬁf‘f By BEr 4}19?8r‘§‘ﬁ‘8fﬂ'dn now be given to

data transacldongisthaord Qi @b fsMiaSw AR ACEARAING! M is dasicAkRIbr ation
schene 190, 1n this case, procee&s to step 208 wherein a contendi ng data
bus access requdsg ai Srediesirgriabédaas tytgee spme\oaialli afghb béts af dessultggaest . The
met hod then termi nates at step 210. -is., 05 F E 8, 2003 WO 00l 1309?

PCT/ US99/ 1892 13F may afiyedifieaent, InSoramatipn ty pes A pdd ¢reat daEcp GO Box 206

that the nunb of,. out st i ng.da QNS o )ndoes not
exceed the dlélft? am%woel%sf)haélasﬂ%ﬁe et'rrfléiahéegeggﬁc%ﬁ &a@ Elrr]r( egrg%el%%@%% tB(Ergloceeds to

step 212, \Ah@smi;aeﬁ&ﬂlb@@dmgoasixq?efeﬁi_rbggsora&mesrsfoﬁ—muaatiniaa adaptigeat ed as
the prevailing request. The arbifration schenme 190 then proceeds from step

212 to step PAligEtgmaanos the poesonaimeendionseeky raaddresattisi undgrivsiizaipe ne
190 that corresponds substant| al to the.scheme illustrated in.Figure 9A
but di 11 ers P CHRCS AR B b ceanamirarony vieiEbig e
determined and compared iFle@aé@%q}?oémaﬁg?&l{\@hﬁmgrﬁr‘tgit%ﬁWTdﬂrﬂﬁyV\'h! ch one
of a pair of contefdi ng address and data& bus acceSs requests is designated
as a prevai |l amgrdiaguesine dxegyrlery@&nboHiraentatfebie gporésont iveveneéiohpbé ment of an
arbitration schene 190 that essentially conmprises a cqrrbiﬁr%aéi on of the

arbi tration Bew@wEated widin heextermatibyslezic 64 tahgmulbpentet ep 240, the
arbitration gche 190 . re rm i f both
t he nunber o@ngﬁﬁ?lé&d? ﬂg\gﬁﬁﬁgﬁgﬁ%@%ﬁlﬁfﬁg‘#@g&?‘gﬁ‘gg{)f? l{gﬁg@n\lﬁ ?’& exed
bus is nmade. yfiRtRA éLthe Rindstielh 34 fhe B tRodaltae @ndrrinbapldgit 6Bhalydbenunber s
are determ ned. At decision box 246, a first determnation is nade as to
whet her t he imtagvetedowithin snybgisrgedhceupledte aoexsrsakixe sdd anmeordat a

t hreshol d nunmber.. If so, the method proceeds to st 24 re_a

cont endi ng dRPHHEs? RERESEO, Bh‘ﬁb&ddgesC%é&geﬁaﬂré‘d‘ya@g?hg’gﬁ?%gﬁ PEY equest .
On the ot herrhang i ] L A0 t the
nunber of ou:{stanaf%wgggg%crégﬁgg@%%ﬁqﬁgggkﬁgﬁﬁge?cgjg%h%}%l%g)g@txtg%hreshold

nunber, the @UKsY d4020and CHGNETAO M PXAdOe dscdupled ¢o séceivemidrésanddietae a
determ nation is made as to whether the nunber of outstandi ng snoop
3

transact i onsowpoteli2a and t4fsopespestivalyt iashiof tlee hdd teshand sire datp osidputshe
arbitration sche 0 again.,.proceeds to step, 248,, whenein t c endi ng
data bus acc@%@ an q{lj m XL'&%F%%F@@‘ ‘m%%ﬁﬁé‘i‘? F}-}&ﬁPfééﬁ‘ggw ?&awﬂe
other hand, gt t EIphall - ) )t exceed
t he snoop th@ggﬁ%‘gsd agg(r)‘rgﬂequ,g%ts ﬁé@gﬁgﬁlg{éﬁégggﬁ@%n%gf%?g %e%%bﬁ)om

deci sion box 252 to step 254 wherein a contendi ng address bus access

request is designated as the prevailing réquest. The arbitrati on scheme 190
then term nates at step 250. -19 05 F E B 2003



CVO 001 13092 PCT/ US99/ 18946 The arbitration schene 190 illustrated i rh5 FEB 2003
Figure 9C permts a higher degree of tuning and custom zation of the
arbitrati oV@eHBER by, for exanple, an application program BET/HSY 946

optimze tile exter.na | tiplexed bus 120 oui put for the, rel evant
appl 1 cation. _FRETUTRYNGMe BRERs Py TR b bensrcn 1o i5er fBited by
setting data ABelalia A0y RIRERALMASHRE! 54 RAIREOR ARI RETAA 0] Mushfifed

rel evant application program The’invention extendsS t er arbitration
schenes, wher at 80 ilhEigiae dpmaydie pdgiagadrfeomeadt ekternsidngnbgid(in @asingle
prevailing request as a default outcone of the arbitration schene. In these
schenes, ot heflockcyslesag dege requpst pignplsrare hodongeraeas gingdstotaraddAiess ons) |
are not considered.,The, arhi,tration,logic 150.ma t her nor capabl e of
i mpl enenti ng EHSS/ 2sish agﬁh?rﬂagre&f’ Pﬁg‘*é\»r%%“f%ﬂ %ﬁg%‘é%gﬁﬂet b&i@:gég@a Bbove,

and be progragmghie to select between a nunber of arbitration schenes that
may be i nplenented. The selection of the arbitration schene enpl oyed by the
arbitration | ogi c Sufilmdy, derinpdelidy transfepphasd 81y tby sxternadbusdpficail is oo

programresident within a conputer system While the present invention has
been descri betPrgerdianitef ihispesreHt e Akt ¢A-PEshaeks phda dsaiRg fUr bus, the

teachings of tile present,invention ,al so _he applied t ackssi de bus
bet ween a proE%%Sseggglé{ gnagl\cpg&%j_s %ﬁﬁgﬁglﬁ?ﬂg}dl%ﬁ@’ %Spg%ltsgrtag%abf‘ﬁ)ﬁ%ﬁerati ng
a nul ti pl exed pagleveas SpandicR) AU bl BoFOOPHLS! 2 &YFdBF BaKe iRe&Tion,

descri bed. Al though the present invention has been described with reference

to specific epeopigaty tenfowdichrenks of datavivelr tive covikamnivetcdhatk aaldsous a

nodi fi cati ons and changes ma e mde to these e di nents w t hout
departing frofMBHY 'B‘F‘B‘g?ferthes%[[??(tmghﬁ”%\‘l’éé’éc %tcf'PqE%L‘ﬁ\}‘é%fFi(’QﬁP TAEBE di ngl y,

nan 8 restr: Choves angea iggRs 3t SR 1a BRG] DR h L e B RIA R 0

of operating af rd fiuktieheeed Bdelness and data bus within a conputer system
the method including: arbitrating between an address request and a data
request cont endi ng TheMUB&kHSa is operblena selgst bgedecrddeasguesi @ udpuhl4iasand

di t det ] ,teria:. d ti. h L.tipl d add
ond st aobue. T BR ORI, EEG S ISP iR SR UG ol o So et St BT 1°
the out cone ofoiher aidhickligh (ADIRY) siFh 16! Mok difectioRisirhy (ABIIRIN 11618

arbitrating conprises determning et her a nunber of Outstandi hg data
transacti ons osscrtee md dée-pisexied mdsklegmndogdicdaiBawihich exbeldsirhitration logic

predeterm ned_threshold. . 3. The_ nethod of claim1l erein the arbifrating
conpri ses det érti ﬁhﬁ@elaﬁm@fs*%l%%epptsﬂ teaﬁgttlaﬁam‘ga QH%W%@S&@%&%S on

the multipl ex@%nﬂﬂ%fﬁ\ﬁd Qﬂgaxqwcﬂxt?yéamgﬂg_SYEDRDY) signal 154, the assertions of

which are interpreted by the selection logic 148 as address and data bus
requests respectively.

The BREQ# signal 152 is a symmetric-agent bus master signal, whereby
a symmetric external bus agent arbitrates for the external bus. Specifically, in a
symmetric agent computer system including four external bus agents, a specific
bus agent asserts a BREQ# signal 152 on a dedicated output line, and receives
BREQ# signals from the other three agents as inputs. The symmetric agents
support bus arbitration based on a round-robin mechanism. A rotating ID is
used by the four symmetric bus agents to track the agent with the lowest
priority at the next arbitration event. An arbitration event occurs when one of

the symmetric bus agents asserts its BREQ# signal 152 on an idle bus, or a
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predeterm ned threshold. 4. The nethod of claim 1 wherein the arbi tr@ﬂr@zm
conpri ses recogni zing the data request as a prevailing request in the

arbi trati oWOM0tIA@Et consi derati on of other factors. 5. The WBEVUIF18H6 cl ai m

1 wherein the arbitrating conprises, recogni zing the address request. as a
prevailing re6udsht bys pyaesAsrassarts 8p BR gneboivei taaglgpsepuspwaensip to

factors. 6. T f _chai gl udi 1Ly : t ined
critoria. 7. TRENerhouRer CPemRRORREHE! % Ra R kBt RN e MR
nodi fied by apnlwepeted imBigitetERtROe LUt IBRENK Bighat 162 clapw Sferswittem 8.
The met hod of claim®6 wherein the predetermned criteria is nodified by an

appl i cation pwbdgthatheuslevprdeatarnebbwd logiabQ isencopprated. dysomsimgly, thehe
nmet hod of claim6.inck3 di di,fyir]1 a thre?‘hold nunper ai nst which a
nunber -21  OSSBTHOIEORE EGH sighal gaailﬁysﬂ 8 HeIAEH BN I OH G RASIEARIPBI exed

address and d@&?‘olﬂggph%r‘%%}&fiﬁﬁ?;i’;g{siggg%tt%ggﬂregic&ﬁﬁéf (ggpg%gter@albus

interface to be co ed to a mu ress an us within a

conput er syst giiltipekelbusi 120eb{i 8880 CRTTHIISWING tHar rbitkAldrophd g6 f a0
arbitrate between an address request and a data request, contending for

access to thetransadtisnes edquertpdese Zh dindahihinds ressoobrrdiatipny wilhbe placed on
predeterm ned,criteria, d,sel ecti l ogic.t rant ..the multipl exed

addr ess and _d%heae ‘Efé‘a?B“gP‘Pﬁeé‘redteth‘éb gz@?jfselgguaﬁgt Caﬁlagrt%aag_gp%o(ﬁrment of
accordance W fip r#ﬂ&@emmeﬂﬁoﬁf theNBs@tiBhidFahé BR;E@#lsi%IIﬂ%Qli@in't eikddsy Of

claim10 wherein the arbitration logic is configurable to arbitrate between
the address r#guesdctiandop el 48aisoart addiess bacaaleds ngukst. any one of a
plurality of arbitration schenes. 12. The bus interface of claim 1l wherein

12.

the arbitration | oghe EARISAPRENY aigral It isanepelyaatergealyssishs dhal Bay bg
licat i f th ter t 13, The bus. i £ f ¢l ai

S0 whor el -t PSS B la bUS aEEIPH Bl PERYEMe ilero BuiiRis S E BB o g

data transactiQdendibatedehaithbidisandt AdsHR38 pMid Wddiiad 48nanel etefidfl @
t hreshol d nunber, and to determ ne whether the nunber of outstanding data

transacti ons owltiplexadbuisgl28x dtheaddertion oftbe Bt Ya3RBX ségrud 16hénddedtes
threshol d nunper. '14. The hus interface pf claim1l ein the arbitration
< to deter m PB:2 HiiaseRt otsiien Qe iiG e B3 NbEhRDaH St HRNTASEOR.

mul ti plexed agde gt @RSloAELMBANRAL o1 Bert T SNl (A8 FiorABINE O
determ ne whet her the nunber of outstanding snoop transactions on the

mul ti pl exed aBARESS DRIOYddgaaltisd iexaeqaetddisy shosmectibnésgiolld8 asirdata busb.

The bus interface of claim 10 wherein the arbitration is to recognize the
data request HEeE ¥AMEE|1ing request in the arbitration wthout

consi deration of oL ol AR e L T BH3501 860265, Bl SLOL B Bhutiepel

request in thgpathbiibhakicRnheirbdpuetive MIIXARRReither O cdbbRY dratitsied. TR
"output” MUX 140a is shown to be enabled by the assertion of the BREQ#
signal 152 or the EARLY_DRDY signal 154, which assertions indicate that the
device that includes the external bus logic 60 wishes to issue a data output or a
request output. On the other hand, the "input” MUX 140b is enabled by the
assertion of a BREQ# signal 153 or a EARLY_DRDY signal 155 associated with
another device having access to the multiplexed bus 120, the assertion of either
the signal 153 or 155 indicating that such other device wishes to issue a request

or data output, that may comprise an input to the device including the external

bus logic 60.
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05 F E B 2003 17. The bus interface of claim 10 including a regi Sterﬂﬁ;&ﬂ
store a threshold nunber accessible by the arbitration logic to arbit“r 2003
bet ween t H¥O&W#%%Ss request and the data request, the thred&AIEEINIMer

e8Iy Gally gl 1 e 808 M5sP0RRLE O, RS RRUBL 048, ke

arbitration | @dedtOvRER YRl AN BISRRISWIBANE 2kic?A BuRlbic ECRMRStes.
contendi ng for access to the | ti pl exed address and data DBus, according to

a predet er m nedessrtottéeiranltiriexesidhiectZ0pand egiethtothgranposéef thik hiqelse ke

address and data bus to either the addresgEt or, the data requezit in .

accor dance wi PHCRIfe? BRARESHBhATe QredafppransiariRfiise ha transagtien gie. seLyigngs

wherein the arbij tian ic Is to t ermi ne whet her a nunber of
[PLAGALL B 0Pl GeelSre Re Pt

out st andi ng da _ i'ons on I'tiplexed address and data bus
exceeds a predet erfy it viak thdtBitReNA HdAEBBE daBlbusTh@ s R@eNt dete@bdi M

18 wherein the arbitration logic is to determ ne whether a nunber of

out st andi ng skpagset tiamoéetthenthe BRE@Esiguht 133 @xtbed EAGE¥sPRIN siganb1btbs
exceeds a predeterm ned snoop threshold pun‘oer. 21. The bus agent of claim
18 i ncl udi ng @9 PP PN YT HSCE /Y FINS UL NN AR YAHGHR] 2R et ¥4y t he

I R S e S L R

agent of cl ai pusl@quest) dentha sslegaidlokedl 48 fnplP geirts eh@nfiQuplexel bus 120
out standi ng transactions on the nultipl exed address and data bus. 23. The

bus agent of o thtrelz2anhecebnraghests Spoeaifich By theeelertson bogic 348 grardotihe  of
out standi ng data.transacti on the nultiplexed address and data bus. 24.
The bus agent THURIEEFCES L BreA4RLORRINAZ a0 SR TR e W B & count
of out standi ng.s55,00Prdl (HANE8GLLARE HANBREOMBAAIRbe A addLanRgane A3ty bUS.
25. The bus agent of claim 18 conprising a processor. -23 5 E B 2003
26. The bus aggnil 1d6 (ebabmd]r&iﬁgmxmﬁmgs??rhmmds)higdhgeAl&z?nab@\v&iystHenterface

to be coupled to a nultipl exed address and data bus within a conputer
system the bigdectiondpgict&cgraplsithe myaltiplexed bus 120 to a data output 144a, or to

data input 144b in response to the assertion of the EARLY_DRDY signal 154, by
asserting the ADIR# signal 146 (i.e., by driving the ADIR# signal 146 low).

On the other hand, should contention arise between address and data
bus access requests, the arbitration logic 150 operates to arbitrate between these
contending bus access requests. Contention between address and data bus
access requests may occur when, for example, the BREQ# signal 152 and the
EARLY_DRDY signal 154 are simultaneously asserted or when there is an
outstanding bus access request of one type and a bus access request of the
opposite type is received prior to servicing of the pending request. If a bus
transaction (either data or address) is occurring at the time the contention
arises, the arbitration logic should allow the transaction to complete before
undertaking the arbitration operation.

The arbitration logic 150 is shown to be coupled to three registers,
namely a threshold value register 156, a request count register 158 and a snoop
count register 160. The request count register 158 maintains an internal request

count (e.g., the "RCNT" value maintained by IA architecture processors) to
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arbitration neans for arbitrating between a first type of request anﬁ B 2003
second type of request, contending for access to the nultipl exed add éJé

and data bw®,0088¢8rding to a predetermned criteria;, and set@uU$%A8I46gic to
grant the nultip] exed address and data bus to either the first or_second
type of requedfck theREBOERAEBFanFagtions QUBARGRE XY theqauliitexehbroh2l.2Bhe A

computer _syst NGk BdI0:0dhiYS:BrRHRaAIPOLe G LA I NS hYS, the bus

agent including: arbi ron logicto arb a ween a 1rirst request and

a second requgskinAHp ﬁﬂﬁk%sf@en@%@g% atr@q&élﬂ p@k\@e 78CTRE ﬁiri\t'wnil(}eé}uest
predeterm ned criteria, erein the first and second requests enmanate from

t he bus agent caumnt iafertbér dedrémentud begouesthenyypesytstmd isg trosadion ogi ¢ to

grant the bus to either the first request or the second reque i n
accordance w P e%ﬁ\‘*’&@?&%o‘bsﬁ Hﬁ’ﬁée ggfb‘?rt‘? abpispd 1nghe qpgrp ﬁﬁl?érfrbw em of

coor dance wi SHPHECOLISERRBE RiigC APkt ApPURE 1281 difer o f
cut st andi ng 1 ¢SS rane ot fof e LA tE MRS SRR ©

nunber. 30. Thes adtpliz&lors YAl eRaPbhe alvalud 28mhes Bithidhengitié hiadin@m bpgi ¢
is to determ ne whether a nunber” of outstanding transactions of a first

type on the busmbeseétnaagioadendstandiog dn thetmuhlipeked dunldber. 31. The

conmput er system of ¢l ai m 30 ereint arbitration logic is to term ne
Chorher o morbor oG ahavE R ct LD T UAL B8 o CREEO ORI (- It

exceeds a predgtm,pRd rﬁsmﬂqc?%ﬁ%hpﬂoqe% %-tm’%%-mz%mmtﬁtsé@ﬁgfn of

cl aim 18 wherein the bus agent udes a register to store at

nunber accesstirhhsadtionsloe the bndltigliéxed Busdi20 that stflbhéddatcecdmplseethd srwopddr ess
request and -24 0 5 F E B 2003 the data request, the threshold nunber

bei ng dynani cBNPse At Ereaisternplsnop pagnt daincein g sgrane of wienapeswt i ng

0TS Sl B SR PRSPy s DG RPR So AR
system of cl abfisBShdRERINGadtlsh &R pRIGTHhe GREDS pPaSe 78,1455 RbHHBE in Bk erfbie
conput er system of claim28 wherein the bus conprises an external bus. 36.
The conput er phasern. dh aleambedinwind ihienntehmalisnoopaopnt sedsainitiekizédio bus
coupling a during reset and bus initialization, and may range in value from 0 to 7.

The threshold value register 156 stores one or more threshold values that
are compared to the internal request count and snoop count values stored in
the request count and snoop count registers 158 and 160 by the arbitration logic
150 for the purpose of arbitrating between contending address and data bus
access requests. In one embodiment of the present invention, the arbitration
logic 150 may compare the request count value (i.e., the number of outstanding
data transactions on the multiplexed bus) to a data threshold number
maintained within the threshold value register 156. If the number of
outstanding data transactions on the multiplexed bus exceeds the data
threshold number, then a data bus access request wins the arbitration event. In
a further embodiment of the present invention, the arbitration logic 150 may
compare the internal snoop count maintained within the snoop count register
160 (i.e., the number of outstanding snoop transactions on the multiplexed bus

120) to a snoop threshold number maintained within the threshold value

register 156. Should the number of outstanding snoop transactions exceed the
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processor and a cache resource. -25 .A . AF. A3. Al r. A5l . Al . AYY. A3. AF. AhS% %
A3 A A .A3. A3 AAAAAUAAY AU (X7{-r &A 4 M EB 7003
Ovat oj e WP E¥J¥&] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] c*a] ca] ca] AV EHPEHHf cTa] ca

~a N R~3i Hi I* Vi nh A
L 8] 8] ona] CH) CR] CA I ST EM o] L AP Go e AT UARLES HRA O3 1 ca ca] oh]
% /
C1 cal bl cal Cal P e el o sy Ao ?Qﬁﬁﬁé%?%ﬁ?iﬁ?ﬁi?‘e% R Gy e
Ca] ca] ca] ca] cshefie8 using various permutations and combinations of the internal request

; >?@oaodd-FAHH JJLM2Nc PRRRRR7V{ VYXXc[ K[ | w mhc”Y] ] ].ca] ca] ca] ca] ca] ca .ca] cajc
a] ca] ca] ca] cajGHl éBFcRITARLH]Q0S] @f&]réapéh]?éa]séé]t@a]lcél]‘éfa‘})‘éf’“éqc@afpé Pgaj cal
k \Al" b dd Y WY d Z

o oo] ba] ca] cafieny L reth b TS UG ta ca) bl cal ca] oa] cal cal cal ca] cal ¢
a] ca] ca! xy}}| Zc[  while the re%lsters 156,158 and 160 are_shown to reside scgaratelg from

| E-i gL} xsnid_Z]]]]ca] ca] ca]®a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ta] ca] ca]
ca] ca] ca] ca] cthecabitedtma logjc X ahy @) adl] afehbsd fégiddis@ly be incorporated
}xsnid_Z]]]]ca] ca] ca] calca]ca]calc CLca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cW]t®H] @ma&y%&x%]%ré Ay "y gt

F} xsnid_Z ca] capcalcalie ca ca C a c ca] ca
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alca] ca] ca! r5D. }xsnid_Z]]]]ca] ca]ca] ca]ca]ca]cal cal] cal ca] ca] caj ca

I ca] ca] cal Ca] ﬁ‘a?é“f?ma}l@@@&ﬂ]lgaqimf}m@ﬂa]w@}swrw‘] béa] oz mgwmxa eXthp&ihpbdq & () -
S a0M e (3 1B B AN () RO 1oL Rl (5P PrdoRese Py chther

an operating system or an application program of a computer system within

which the external bus logic 60 is operational. For example, a certain
application program may wish to give priority to data bus access requests, in
which case the application program may access the threshold value register 156
and store therein a low data threshold number. Further, threshold numbers
stored within the register 156 may be dynamically alterable or programmable
during exccution of an application program. For example, an application
program may alter one or more threshold values stored within the register 156
based on various other parameters monitored by the application program
during execution.

In an alternative embodiment, the arbitration logic 150 may employ a
"static" arbitration scheme, wherein a pending access request or one request
type (i.e., either a pending data or address request) is always granted access in
performance over another request type. In this case, the request count and
snoop count values are ignored, and play no part in the arbitration process.

In a further embodiment of the present invention, the external bus logic
60 facilitates full compatibility with legacy buses (such as, for example, the

Pentium Pro” bus) by allowing selective disablement of the selection logic 148,
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Figure 7 is a timing diagram illustrating transitions, according to one
embodiment of the present invention, of signals within the external bus logic 60
and the multiplexed bus 120 shown in Figure 5 in a multiprocessor (MP)
system. Specifically, Figure 7 illustrates an external bus clock signal 92, the -
direction (ADIR#) signal 146, the address strobe (ADS#) signal 94, multiplexed
bus signals 170 and internal request and snoop count signals 172.

As indicated at 174, the assertion, as shown in Figure 3, of the ADS#
signal 94 defines the beginning of a request phase 74 of a transaction, in
response to which the external bus logic 60 is able simultaneously to issue two
"sets" of request signals (i.e. REQAB1) on the multiplexed bus 120, as indicated
at 176. The ability of the external bus logic 60 simultaneously to issue two
"sets" of request signals is possible as the full 128-bit bandwidth of the
multiplexed bus 120 is available for request signals during the request phase
74. 1t will further be noted that the ADIR# signal 146 is not asserted (i.e., is
high) during the request phase 74. Referring back to Figure 6, it will be
appreciated that the request output 142a is accordingly selected by the MUX
140a for propagation on the multiplexed bus 120. At the beginning of clock
cycle T4, the selection logic 148 asserts the ADIR# signal 146, as indicated at
178, the assertion of this signal indicating commencement of the data transfer
phase 82. The ADS# signal 94 is accordingly de-asserted at this time. Referring
again to Figure 6, the assertion of the ADIR# signal 146 causes the MUX 140 to
select the data input 144 for propagation of the multiplexed bus 120.

Following the issuance of the two "sets” of request signals (i.e., REQABI)
on the multiplexed bus 120, as indicated 176, a data response (not necessarily
responsive to the request indicated at 176) in the form of a first 128-bit chunk
may be placed on the multiplexed bus 120, as shown at 180 during a half clock.
At 182, a second 128-bit chunk is similarly transmitted on the multiplexed bus
120. The data responses indicated at 180 and 182 may be issued responsive to a

previous transaction issued by a first device coupled to the multiplexed bus
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1: 10&@L0% bus. In a similar manner, two 128-bit chunks (no% shown), comprising the data
response to the request indicated at 176, may be propagated on the multiplexed
bus 120 at some later time. The data responses indicated at 180-186 are
responsive to earlier requests (not shown), similar to the request 176, placed on
the multiplexed bus 120 by a single, or two distinct, devices coupled to the
multiplexed bus 120.

It will furthermore be noted that the "RCNT" internal request count
value is shown to be "2" following the issuance of the request at 176, this
indicating that two transactions are currently outstanding on the multiplexed
bus 120.

As the full 128-bit bandwidth of the multiplexed bus 120 is available
during both the request phase 74 and the data transfer phase 82, the present
invention allows the request phase 74 to be shortened to a single clock period,
as opposed to two clock periods in the external bus protocol employed by the
Pentium Pro microprocessor. The data transfer phase 82 is shortened to two
consecutive clock periods, as opposed to four consccutive clock periods within
the Pentium Pro” external bus protocol. While time multiplexing the request
and data phases on a single bus reduces the parallelism (and pipe depth) of the
external bus employed by the Pentium Pro” microprocessor, it is believed that
the present invention results in an increased bus throughput, particularly in
architectures where full speed transactions predominate.

The multiplexed bus 120 may achieve compatibility with the external
bus protocol of the Pentium Pro processor by assigning lines [A 3.. A 36] to
lines [AD0..AD31] of the multiplexed bus. Further, request lines [REQO..4] may
be assigned to lines [AD32.. AD36], and data lines [D0...D64] may be assigned
to lines [AD64..AD127]. The MUX 140 would in this scenario accept inputs
only from the request output 142a, while the data output 144a would be
disabled. Further, the ADIR# signal 146 would be disabled, and addresses
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Figure 8 is a flow chart illustrating a method 179, according to one
embodiment of the invention, of operating a multiplexed address and data bus
120 within a computer system. The method 179 commences at 181, and
proceeds to step 183, where a multiplexed bus access request (i.e. either an
address or data bus access request) is received. In one embodiment of the
invention, the reception of a bus access request is ascertained by detecting
asscrtion of either the BREQ# signal 152 or the EARLY_DRDY signal 154 by the
selection logic 148. At decision box 185, a determination is made as to whether
contention exists between the bus access request received at step 183 and any
further pending or simultaneously received bus access requests of the opposite
type. In one embodiment, the selection logic 148 may determine whether
contention exists between address and data bus access requests. If not, the
method 179 proceeds to step 187, where access to the multiplexed bus 120 is
granted to the bus access request received at step 183. Specifically, the selection
logic 148 may grant access to the multiplexed bus 120 to either the request
output 142a or the data output 144a by asserting or de-asserting the ADIR#
signal 146.
On the other hand, should it transpire at decision box 185 that
contention exists between pending address and data bus access requests, the
method 179 proceeds to step 190, where an arbitration scheme is implemented
to arbitrate between the contending bus access requests. Specifically, the
arbitration logic 150 arbitrates according to one of a number of schemes to
determine which of the contending address and data bus access requests
should be granted priority. At step 192, access to the multiplexed bus 120 is

granted to the prevailing bus access request. Specifically, the selection logic

148 may assert or de-assert the ADIR# signal 146 in accordance with the
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asserted during a data or address transaction. The mcthod 179 is performed
"request” activity (e.g., the request phase 74) that may only be one clock cycle in
duration to determine the owner of the bus 120 during the next clock cycle.

_Figures 9A-9C are flow charts illustrating three exemplary adaptive
arbitration schemes that may be employed at step 190 within the method 179
illustrated in Figure 8. Of course, static arbitration could also be employed.
Referring firstly to Figure 9A, the arbitration scheme 190 commences at step
200, and then procecds to step 202 where a determination is made of the
number of outstanding data transactions on the external multiplexed bus 120.
In one embodiment, the arbitration logic 150 reads the internal request count
maintained within the request count register 158 to determine the number of
outstanding data transactions.

At step 204, a data threshold number is determined. In one
embodiment, the arbitration logic 150 may read a data threshold number
maintained within the threshold value register 156. As mentioned above, this
data threshold number may be dynamically altered, for example by an
operating system or application program executing within the computer
system.,

At decision box 206, a determination is made by the arbitration logic 150
whether the number of outstanding data transactions exceeds the data
threshold number. If so, this indicates that a backup of data transactions has
occurred, and that preference should now be given to data transactions so as to
clear this backup. Accordingly, the arbitration scheme 190, in this case,
proceeds to step 208 wherein a contending data bus access request is
designated as the prevailing bus access request. The method then terminates at

step 210.
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contending address bus access request is designated as the prevailing request.

The arbitration scheme 190 then proceeds from step 212 to step 210.

Figure 9B illustrates an alternative arbitration scheme 190 that
corresponds substantially to the scheme illustrated in Figure 9A, but differs in
that a number of outstanding snoop transactions is determined and compared
to a snoop threshold number to determine which one of a pair of contending
address and data bus access requests is designated as a prevailing request.

Figure 9C illustrates a further embodiment of an arbitration scheme 190
that essentially comprises a combination of the arbitration schemes illustrated
in Figures 9A and 9B. From step 240, the arbitration scheme 190 proceeds to
step 242 where a determination of both the number of outstanding data and
snoop transactions on the multiplexed bus is made. Thercafter, at step 244,
both data and snoop threshold numbers are determined. At decision box 246, a
first determination is made as to whether the number of outstanding data
transactions exceeds the data threshold number. If so, the method proceeds to
step 248, where a contending data bus access request is designated as the
prevailing request.

On the other hand, should it be determined at decision box 246 that the
number of outstanding data transactions does not exceed the data threshold
number, the arbitration scheme 190 proceeds to decision box 252, where a
determination is made as to whether the number of outstanding snoop
transactions exceeds the snoop transaction threshold number. If so, the
arbitration scheme 190 again proceeds to step 248, wherein the contending data
bus access request is designated as the prevailing request. On the other hand,
should the number of outstanding snoop transactions not exceed the snoop
threshold number, the arbitration scheme 190 proceeds from decision box 252
to step 254 wherein a contending address bus access request is designated as

the prevailing request. The arbitration scheme 190 then terminates at step 250.
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output for the relevant application. The "tuning” of the arbitration scheme 190
is performed by setting data and/or snoop threshold numbers that are
optimized for the relevant application program.

The invention extends to further arbitration schemes, where either a
data or address request is recognized as a prevailing request as a default
outcome of the arbitration scheme. In these schemes, other factors (e.g., the
number of outstanding bus transactions) are not considered.

The arbitration logic 150 may furthermore be capable of implementing
any one or more of the arbitration schemes discussed above, and be
programmable to select between a number of arbitration schemes that may be
implemented. The selection of the arbitration scheme employed by the
arbitration logic 150 may be made by an operating system or application
program resident within a computer system.

While the present invention has been described as being implemented
with respect to an external bus, the teachings of the present invention may also
be applied to a back-side bus between a processor and a cache.

Thus, a method and apparatus for operating a multiplexed address and
data bus within a computer system have been described. Although the present
invention has been described with reference to specific exemplary
embodiments, it will be evident that various modifications and changes may be
made to these embodiments without departing from the broader spirit and
scope of the invention. Accordingly, the specification and drawings are to be

regarded in an illustrative rather than a restrictive sense.
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What 1s claimed is:

1. A method of operating a multiplexed address and data bus within a computer system, the
method including;

arbitrating between an address request and a data request contending for access to the
multiplexed address and data bus according to a predetermined criteria; and

granting the multiplexed address and data bus to either the address or the data request in

accordance with the outcome of the arbitration.

2. The method of claim 1 wherein the arbitrating comprises determining whether a number
of outstanding data transactions on the multiplexed address and data bus exceeds a predetermined
threshold.

3. The method of claim 1 wherein the arbitrating comprises determining whether a number
of outstanding snoop transactions on the multiplexed address and data bus exceeds a

predetermined threshold.

4. The method of claim 1 wherein the arbitrating comprises recognizing the data request as

a prevailing request in the arbitration without consideration of other factors.

5. The method of claim | wherein the arbitrating comprises recognizing the address request

as a prevailing request in the arbitration without consideration of other factors.
6. The method of claim 1 including modifying the predetermined criteria.

7. The method of claim 6 wherein the predetermined criteria is modified by an operating

system operating within the computer system.

8. The method of claim 6 wherein the predetermined criteria is modified by an application

program being executed within the computer system.
9. The method of claim 6 including modifying a threshold number against which a number
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of outstanding transactions on the multiplexed address and data bus is compared during the

arbitration.

10. A bus interface to be coupled to a multiplexed address and data bus within a computer
system, the bus interface comprising:
arbitration logic to arbitrate between an address request and a data request, contending for
access to the multiplexed address and data bus, according to a predetermined criteria; and
selection logic to grant the multiplexed address and data bus to either the address or the

data request in accordance with the outcome of the arbitration.

11, The bus interface of claim 10 wherein the arbitration logic is configurable to arbitrate
between the address request and the data request according to any one of a plurality of arbitration

schemes.

12. The bus interface of claim 11 wherein the arbitration logic is configurable by an

operating system and/or an application program of the computer system.

13. The bus interface of claim 10 wherein the arbitration logic is to determine a number of
outstanding data transactions on the multiplexed address and data bus and a data threshold
number, and to determine whether the number of outstanding data transactions on the multiplexed

address and data bus exceeds the data threshold number.

14. The bus interface of claim 10 wherein the arbitration is to determine a number of
outstanding snoop transactions on the multiplexed address and data bus and a snoop threshold
number, and to determine whether the number of outstanding snoop transactions on the

multiplexed address and data bus exceeds the snoop threshold number.

15. The bus interface of claim 10 wherein the arbitration is to recognize the data request as a

prevailing request in the arbitration without consideration of other factors.

16. The bus interface of claim 10 wherein the arbitration logic is to recognize the address

request as a prevailing request in the arbitration without consideration of other factors.
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17. The bus interface of claim 10 including a register to store a threshold number accessible
by the arbitration logic to arbitrate between the address request and the data request, the threshold

number being dynamically alterable.

18. A bus agent to be coupled to a multiplexed address and data bus within a computer
system, the bus agent including:

arbitration logic to arbitrate an address request and a data request, contending for access
to the multiplexed address and data bus, according to a predetermined criteria; and

selection logic to grant the multiplexed address and data bus to either the address or the

data request in accordance with the outcome of the arbitration.

19. The bus of claim 18 wherein the arbitration logic is to determine whether a number of
outstanding data transactions on the multiplexed address and data bus exceeds a predetermined

data threshold number.

20. The bus agent of claim 18 wherein the arbitration logic is to determine whether a number
of outstanding snoop transactions on the multiplexed address and data bus exceeds a

predetermined snoop threshold number.

21. The bus agent of claim 18 including a first register to store a threshold number accessible
by the arbitration logic to arbitrate between the address request and the data request, the threshold

number being dynamically alterable.

22, The bus agent of claim 18 including a second register to store a count of outstanding

transactions on the multiplexed address and data bus.

23. The bus agent of claim 22 wherein the second register is to store a count of outstanding

data transactions on the multiplexed address and data bus.

24, The bus agent of claim 22 wherein the second register is to store a count of outstanding

snoop transactions on the multiplexed address and data bus.

25. The bus agent of claim 18 comprising a processor.
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26. The bus agent of claim 18 comprising a bus bridge.

27. A bus interface to be coupled to a multiplexed address and data bus within a computer
system, the bus interface comprising;:

arbitration means for arbitrating between a first type of request and second type of
request, contending for access to the multiplexed address and data bus, according to a
predetermined criteria; and

selection logic to grant the multiplexed address and data bus to either the first or second

type of request in accordance with the outcome of the arbitration.

28. A computer system including:

a bus;

a bus agent coupled to the bus, the bus agent including;

arbitration logic to arbitrate between a first request and a second request, contending for
access to the bus, according to a predetermined criteria, wherein the first and second requests
emanate from the bus agent and are of different request types; and

selection logic to grant the bus to either the first request or the second request in

accordance with the outcome of the arbitration.

29. The computer system of claim 28 wherein the arbitration logic is to determine whether a

number of outstanding transactions on the bus exceeds a predetermined threshold number.

30. The computer system of claim 29 wherein the arbitration logic is to determine whether a
number of outstanding transactions of a first type on the bus exceeds a predetermined first

threshold number.

31. The computer system of claim 30 wherein the arbitration logic is to determine whether a
number of outstanding transactions of a second type on the bus exceeds a predetermined second

threshold number.

32. The computer system of claim 18 wherein the bus agent includes a register to store a
threshold number accessible by the arbitration logic to arbitrate between the address request and
224-
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an operating system resident within the Computer system.

33. The computer system of claim 28 wherein the bus agent comprises a processor.

34, The computer system of claim 28 wherein the bus agent comprises a bus bridge.

35. The computer system of claim 28 wherein the bus comprises an external bus.

36. The computer system of claim 28 wherein the bus comprises a backside bus coupling a

processor and a cache resource.
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