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PCT/ 1B98/ 01577 Met hod and apparatus for distributing a cycle clock to
a plurality v obussgnodes in a bus bridge. - BACKGROUNET 12898101577
| NVENTI ON The present ilnvention rel ates generally to

di st 1 but Mg e Sy T BaRett b {biing & Prolsclopic B FRAHARGAbUEARL i i bridge.

portal s) of an | EEE 1394 seri al bus brldge whi ch interconnects a pIurallty
of | EEE serial local 5 buses. . The | EEE 1394 standard
(hereinafter sonmetines referred to sinply as "I EEE 1394") defines a
serial bus technology for interconnecting consuner electronics and conputer
products, such as digital TV, PCs, digital VCRs, digital cantorders,
printers, fax machines, etc. | EEE 1394 (sonetines referred to as
"firewre") is currently the nos mﬁdely-accepted 10 hi gh- speed digital
interconn@%% ‘HPEb 'EﬁEéEHﬂ%g?‘ consuner electronics and conputer

roducts, as it is | £10-, | 4
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i sochrgnoggsdata, thus 15 maki ng i t i deal ly suitable for rrul timedia
applications. It is stated in the April 1997 issue of | EEE Spectrum
that "[w hen the i nfﬁteﬂEE)m%sImdar@ﬂ}mmgﬂmomdthmdfweddﬂphnplg ap'EEER t

that 1394 || th f t d the.last 3 neters.".
| ERE 1304 190¢DeRREs barial bl JeohmRlony fou inf GepiAScng EensIRIeF &5 thnigs and gomputer
O TS, produclioh WP P g R CR 86 e BAS pEAREE ThY BB

to interclhnect” conpone are close together. Such’a system of
interco n netd. eIdEEE)IﬁQMsnmstlmes c¢fe1aeda tacdofirewirgt)l is enrrestly the mostovidelyt-accepted

refer ter” cluster in a resi ti.a

B e T S ophi RGP Lt ind ottt LR epmpputer
cl ust er Pro@ives, a9 s ldmog, fietiBle, afid easy-to-xﬂed T8e Basic IEERI 1398 standard defines
As deplcted in BIG 1, it is possible t0 interconnect clusters via a wred

or 25  wiscralgiata msmfcmodwbp@ﬂﬁeéfibps/ and 60 Mbpse A newIEEE bﬁ&ﬁrsabcgre@p ﬂmown
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sub- gr oup rate§ of fp &X8 Qf@bﬁshG,EEEB%?&ﬂ s ﬁ%dxﬁboﬂhlb%yﬂ&irﬂﬂous and isochronous data, thus
pl astic-optical -fi ber i el ded tw sted pair (UTP Cat egor

5) tr &ﬁs mimaling itjideadly quyablﬁg’pm m@dlg\,ppy@patxons It is stated in the April 1997 issue o
IEEE Spectrum that “[wlhen the information superhighway goes multimedia, experts predict

that 1394 will pave the highway’s first and the last 3 meters.”

IEEE 1394 currently defines a maximum wired distance or length of 4.5 meters.
Thus, intrinsically, IEEE 1394 serial buses can only be used to interconnect components which
20 ai'e close together. Such a system of interconnecteci components which are close together is
~commonly referred to as a “cluster”. An exemplary cluster in a residential environment is a
“multimedia islénd” such as a home entertainment cluster, 2 home computing cluster, a
bedroom cluster, etc. |
As depicted in FIG. 1, it is possible to interconnect clusters via a wired or
25  wireless connection. Presently, there are two main approaches to extending the IEEE 1394
serial bus within a wired infrastructure. One approach, currently under consi_deration by the
IEEE p1394.b sub-group, is to extend the IEEE 1394 serial bus using plastic-optical-fiber
(POF) or unshieldgd twisted pair (UTP Category 5) transmission lines to implement a wired

long distance IEEE 1394 serial bus extension. This type of extension can reach a distance of



| ong di stance | EEE 1394 serial bus extension. This type of extension can
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i nherent conpl.exity of inplenenting high-speed.w reless connections.
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w reless frequency spectrumis a shared commopdity subject to FCC 20

r egul at i oncomplgmentany fashionpxithinfthe residentialenvironment. t he 2.4 GHz band i s

restrigted to spreads spect Lum co l.cati.ons, .hen restric{,ng.the
avail abl e data rate }tﬂg@ﬁeﬁ%ﬁhaﬁrgﬁgggnﬁges%y megq&ﬁ&@cg%fgapg%
(about - 25- e oPBridgddsantabSmADE IoWe? dafStParRhissitstl fagesharPwies bridges, due to the
asynchronous transfer node (WATM technol og% However, such higher data
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I s not yetpriMbilyebecause the wireless frequency dgwtﬁnhli@a sieyd corminodity stisject to FCC
appreci ated that wirel ess, | EEE 1394 bri

] ges can use_a . multiplicity of
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transmissions using WATM technology must use the NII band between 5.15-5.35 and 5.725-

- 25 5.825 GHz, which is significantly more expensive to implement since the RF technology for
these freciuencies is not yet mature.

_ From the above, it can be api:reciated that wireless IEEE 1394 bridges can use a
multiplicity of data rates, thereby imposing a requirement that wireless IEEE 1394 bridges be
capable of supporting multiple data rates. ' |

30 | With reference now to FIG. 2, the general architecture of an IEEE 1394 bridge
will now be described. More particularly, the IEEE 1394 bridge 20 includes two or more
bridge portals 22, an implementation-specific switching fabric 24, and a cycle clock 26. Each
bridge portal 22 is a separate serial bus node which responds to serial bus read, write and lock

requests from a respective local IEEE 1394 serial bus 30 connected thereto, as described in the
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25 This cycle clock must now be transmitted via the IEEE 1394 bridge which, as

=len

previously discussed, can be implemented using wired or wireless means transmitting at a
. multiplicity of possible data rates. Currently, the IEEE p1394.1 sub-group does not consider

the transmission of the cycle clock as part of its work, and hence, no documentation is
currently available on how to propagate this cycle clock. |

30 As described previously, in an IEEE 1394 bridge, all bridge portals are nodes
on a respective local IEEE 1394 serial bus. Within one of all IEEE 1394 serial buses
connected to the serial bus bridge is the “cycle monster”, which is a node from which the cycle
clock is propagated over all of the IEEE 1394 serial buses. It should be noted that it is not
necessary that the cycle monster be a bridge portal. In general, the bridge portal which is



connected to the serial bus bridge is the "cycle nonster”, which is a node
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The pr esentoperatively assoctated WitissRspective dridgb portalf andl the fespective switdibigd @bsyaem

distrihuting a cycle clock in a b“i‘lsﬁ bri dge . which includes a pl urali{fxl of
enwhigh geperates

br | dge 2or 1RmBledagrato Each cycleghacksubsystdn iackires @ oycheclpgle gerpeat

buses; a plgigyRid &¥ciOfand Wyl catnf WHYSH feBBiveS ey fe clock at a reset input thereof, and

which produces a cycle counter output which constitutes a common timing reference for the

respective switching subsystem and the respective bridge portal. The bus bridge is preferably
an IEEE 1394 serial bus bridge. The switching system can be a wired or wireless switching

25  system which utilizes a frame synchronization protocol. Various specific implementations of
the switching subsystems and bridge portals are disclosed.

The present invention encompasses, in another of its aspects, a method for
distributing a cycle clock in a bus bridgé which includes a plurality of bridge portals, each of
which is coupled to a respective one of the buses; a plurality of switching subsystems, each of

30 which is coupled to a respective one of the bridge portals, wherein the plurality of switching
subsystems collectively comprise a switching system which interconnects the plurality of
bridge portals. The method includes the steps of, at each bridge portal, generating a cycle

clock; at each bridge portal, using a cycle counter to produce a cycle counter output; and,



30 which is coupled'to a respective one of the bridge portals, wherein
the plurali t ywey 9omssg7Chi ng subsystens col |l ectively conpri 390271398,01 7
swi t ching system whi ch interconnects the pl usality of bri dge portaﬁ S.
The et hod includes the steps of, at each bridge portal, generating a cycle

clock; at egghy fHelcyoR dofieR butpwtmoduamcmmu nibeing teferenoel furahabothche bridge
count er output; and,

5 usi pytal rad thegespestive switching suhsystemyaypleddheretoonmon ti ning ref erence
for the both the bridge portal and the respective switching subsystem
coupl ed thereto. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS

These and ot her features, objects; and advantages of the present invention
will: becorre m)re clearly understood from the foll owi ng detail ed

descri pts o NOF THE\DRAtWB\IQ ached drawi ngs, in which:
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bri dge; I agr am of cycle
subsyst em f withgheattached drawings, in whidhe start packet at a root node of an'
| EEE 1394 serial |oca i,s .a,bl gck di agram

us, 1.5 . . . FIG
of a subsystem for pr%&@ ip%blgc]{:m?vg}qh%&%wlrggandwxrelﬁs,l%tegqoy.g Hopa of
of an I fFE i@@él??&bﬁkte}&‘:m bus;- FIG 5 is a block

di agram of a cycle nonstér portal wi rel ess switching subyst em and
cycle clock subsystenﬁi@cbnﬂahlgckdxagrdrﬂm&ﬁclxﬂ&p’icﬂsthe(geaﬂﬂabah'rchﬁmmm‘oﬁdmelEEE

pr esent venti o FIG 6-is a block diagramof a
cycle rmnsté?’g‘*)ﬁr{"‘gi’ aﬁigﬁ’ess swi t ching subystem and cycle clock
subsystem according t @16, §?§£’Bﬁcﬁﬁﬁfg€a{rﬁ 6P|a€g$19@1d62@ﬁb®fstehhﬁ:rgeneranﬁgﬁsent
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cycle cl ockaQWhgaé BE SPIRER 339 seral BlchPhudat i ve enbodi nent of the present
nvention;  and FIG. 5 is a block diagram of a cycle monster portal, wireless switching
subystem, and cycle clock subsystem according to a first preferred embodiment of the present
invention; |
20 | FIG. 6 is a block dlagram of a cycle monster portal wireless switching
subystem, and cycle clock subsystem according to a second preferred embodiment of the
present invention; . '
FIG. 7 is a block diagram of an other bridge portal, wireless switching
subystem, and cyclé clock subsystem according to the present invention; |
25 FIG. 8 is a block diagram of a -cy,cle monster portal, wireless switching
subystem, and cycle clock subsystem according to an altem_ative e_mquiment of the present
invention; and, | |
FIG. 9 is a block dxagram of an other bridge portal, wireless switching
subystem, and cycle clock subsystem according to an alternative embodiment of the present

30 invention.



FIG 9 is a block diagramof an other bridge portal, wreless swtchi ng

subystem and cycle clock subsystem according to an al ternative enbodi nent
of the preseWP #5>§Tnvent i on. PCT’IB”MS"
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Such a bustine reset technique is dep| cted in FIG 4. As can be seén in

FIG 4, thd4psthe moperiingtant tegensrate the buscimee Somsuielaciadaroesssingcar e easibyt ar t

packet transm t.
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by the root node, and then sends it to the link layer. ‘The receiver node then de_codes the packet

25  header of the cycle_start packet (at block 62) in order to ensure that the received packet is
indeed the cycle_start packet. Simultaneously, the bus_time value is loaded into the register
64 of the receiver node. Depending on the processing delay (either for the decoding operation |
or for the loading of the bus_time value into the register 64), an appropriate processing delay
is determined (at block 66). The determined processing delay is added by an adder 68 to the

30  output of the register 64 and the output of the decode cycle_start header block 62 is delayed by
a delay element 70 by the determined processing delay. The-output of the delay element 70
constitutes a load signal which is applied to the cycle-counter 72 of the receiver node. The
load signal enables the loading of the sum output by the adder 68 into fhe cycle counter 72.
The cycle counter 72 is reset every 125 us by the clock output of the 24.576 MHz crystal 75 of



a delay elenment 70 by the determ ned processing delay. The output of the

del ay el’enentygQomsssgz constitutes a | oad signal which.is appli qq?t
cycl e counter 72 of the receiver node. The -5 | oad signal enab @9?@15577_

| oadi ng of the sum output by the adder 68 into the cycle counter 72.

The cycl e guumbeivermbdes ThRIeictdyLoHthe 25clk edburter BY evéry 1A5qakensutesthatahe tloeks
24.576 MHz crystal 75 of : '

7 t hebtamed fram diferent qrystaleds iffereny nodes de neydrif sigificantly it espgot o gne
Lerr]s_ensiypamel Nkic LiCnEhiOR fnits p;.mhg;j@@gmo{, MPEAVidE 819 b HBLRLClE or

di fferent AHes srgnitican respect to one
anot her. TRbsutm@0hshi smlimts the timng jitter on MPEG video to 3 bus
cl ock cycles, or about 120 ns.

previoudly, all of tHsWps disenssed previ ?lﬁl% aﬂofﬁﬁﬁ@@%'@?i&méansléﬁg (gii“ssee%al
bri dge nusgp %ﬁﬁﬁ?éﬁéﬂ%&p@ﬁ@h}&i %6 W&P%ﬁl&&l%ﬁé ;rg gﬁd%% 5 thl PEEE h%ﬁh gﬁﬁﬁge

1394 bridge I'sochronous routing o | I me data.
what is reqoistspbri iSochronéusadutiig of real-tiingtdatab (Thusgwhiteis apmpiireddk @akethod e et

this synchrgonization requirepent while also mnimzin the timng. .
jitter r esmmh'gm&%cv%s clpsk tgfmegt thiss qmzaélanaﬁqm?%%g@l&m%&bmlw%mﬂg
fabrics (why s | hQ0 = bl Gt | : :
Vhen s ng B i iR teullRng FRA Bl uBboF efersrh Srrdll ifees SACIER fabrigs (which
portal 40 t faee heplementationsspecific,andithesywared). encount er ed: (1)

It may not be possible to send the cycle, st .packet ever si,nce
t he over head f oYY PFRESIEGEEIreese ﬁ%@gﬂ;m l%gcgmhéégﬂg%Bngﬁw
data rate oﬁ%&?ﬁ%%ewien%ﬁieraﬁﬁ roblems are eddRinfrE®! €ss communi cation

channel ma aval | abl'e at the exact nonent that the cycle start
packet need3)to be sdhmayTiotbe possitilaéd senkahe oycterstartpacket evarpri@l jiss since the

050055 13 e Sl 424 Bt b BRSO A R SRR

node; 3sd, @) (4) The wirgless cothiufiiatiGH'¢hatthE B8y fiof BERGHIabR 4fhé &atd flddfent
do not operate on a frane basis, 20 al though a Tajority of standards have

a concept dhatithenycle jstartipackist needs to besenhr The o that the communieationechannélds ent
wi rel ess nades. . L As wWill heco l.ear [y _appar ent

her oi naf t erPAEREIYG EPUdbesery e MitaTPaT hackae Switchig fahts” 0 dent

i nvention g@j ves eachy of pdsblcthalte @PeieRndtistst poftabiseite therobbhodd; lands
assuned - that all the wrel ess standards which are deened conpati bl e

" with | EEE X894 supporAll gurrentijuireless trangmissionstandarddametrneranon arframe basis,

ynenr 391 > AHERESESTY o SendieR Baye's SHRSHE oL FRGC RENBE miich o FutyBlfec
proposed betwedndhe diff@bmtswirdiédd Hoddd. M, which is called "H PERLAN 2" in

Europe. Wreless cellular, st andards. such as. GSM DECT, | S-95, |S-54,
and 1S 136 al so use fAuWil beeome ¢learlyapparent hereinafies e ciele sipekiptsibution method

wirel ess Stﬁﬂﬂ?ﬁx@s% EntiB S0Vl edthorthABuvRaAThtheratdd Bﬂ)ﬂléms. First, it is assumed

that all the wireless standards whic.:h are deemed compatible with IEEE 1394 suppbrt a frame

25  synchronization mechanism. In this regard, IEEE 802.11 uses periodically spaced beacons as
a frame synchronization mechanism. A similar method using timestamps has been pfoposed
for wireless ATM (WATM), which is called “HIPERLAN 2" in Europé. Wireless cellular
standards such as GSM, DECT, IS-QS, IS-54, and IS-136 also use frame-based timing.
Perhaps the one major wireless standard which does not use frame-based timing is

30 HIPERLAN 1. However, given the small population of devices ba_sed on this standard, it is
quite possible that HIPERLAN 1 may never gain widespread acceptance. Thus, the premise
(assumption) that only those wireless standards which support a frame synchronization
mechanism are deemed compatible with IEEE 1394 for purposes of the present invention is

not overly restrictive.



30 H PERLAN | . However, given the small popul ati on of devices based on

this standar, quite possible that H PERLAN 1 may never gain
wi despr ead ‘ggé’%g‘#?,e Thus, the prem se (assunption) t h&CTERPYOAbs e
wirel ess standards which support a frame synchronization mechani sm

are deemed conpati bl g feferbidemolPRIFIR's, RUARIESE dbtriblfing BESGRle dIBUCARhON

S not OV€I’|yI’eStI’ICtIV

8 cycle monster portalin tm IEEE 1894 seriab bus brigeGvhich mpt@imdumfess switching
di stributing.the cyceclo th cle ster partal, FE
1304 ser | ARBHGE 4P Pl Gpbedmes Guine presel mvemwnf e be;

accor danc ede\%%&s P 1 }Ler ﬁﬁréﬂﬁfsfﬁrﬁ&? SR8 fepd 1 Nn@{gﬁ @v@% Eﬁﬁs& :t@m‘é’dlﬁit:h

now be W rel ess portion ers
wirel egs ambn;b‘leahg) thelrygketraonstéri pointal oftheivereless JEER 1t3@4tslanaldy.rslbmd|gan§hef‘1394

portal of the W ss | EEE 1394 serial hus bridge,. . The '
Port fon+ TR L LTelErs 0 & BRI SO SR RO REMECaple ROt Ropia) of the
nonst er p%fr@lbsé’leEE“ F394 serial Bhd BridsS ThidEsysad déﬁ&te&'m Bes, é)ﬁt R98surh &t thifthe
systemdepicted in FIG 5, it is assurred t"hat cyc nonst er .
portal is cycle monstet portalds rot.a dyclesmastenl Ibshoudd bdnotcdtthat; m mcndadmﬂhmhet h

he ch, of the.b | he, | EEE, 1
Sori ol bus B greR R Ag EEtteg potlh R e el DS hsPial Pud finde Graritng e
bridgq Op 0 réy%lesﬂ'xoﬂét&l pdifal %ﬁ& Bile‘@tﬂe?’ Brid2Spalsd) Vﬁll‘Herc‘éhﬁﬁa t6 Q'respective Mrél%?s) (or

swi tching Subsystem™ as will becone clearly apparent hereinafter. Further;
it will bewired) sth@mgpuszemha&thhbeqomerdd:arlyyapq)ﬁrem\hmmaﬁgr sknrthes; ie mall be

coupled to the.r ec ort | s collective
conot 1 ¢ ut deEPERE B hr SRSt aiteBibe soheystsfis MG P 4 FeopkupSnes of the
| EEE 1394 i, e%iorﬁlﬁcdﬂebﬁlﬁeﬂy cdfstitute the switching system {i5e.'the kwh@hlhgci?&fﬁ)%fﬁue
the wrel ess portlon 80 is virtually |dent|cal to the cycle
subsyst em FEEER4tesigl bys idge. 3 and descri bed previously, except that the

B here "w is i S HoBTFealbiAed, HERRAES ok S B eeBhl Ty ol
gener al | y, clodlesubspstemt40ndepidted HEFI@. B@Iﬂ&ﬁsmmeﬁaﬁsmrbx%éﬁﬂﬁﬂr tHe modulo 125
enployed by the wreless é)ortl on 80. The 139lwbé)ort| on 82 is virtually

2

| denti cal Hoblopleds icrepiased with aweéuzlopWGtSel&% swhergs N%‘debpmladlmwﬁb@t
In acc hey t
Sort1 o 80 Eaepattibl sbr6r Bofe Serl 18 il RGP the wirelel onlinicEigh standard
g ycl e emp:lbsmkbys tHE&YB‘ékSB fiittiohi80h The dBdesrthmn(&(b:h @melmytldentﬂ:{al aﬂﬂe aecexver
4. 57 Thus ot W rel ess QOI"[IOI’I
80 _angot he“°ﬂr§é’zi°‘i?éflf’86“b%’§t°§? depigted in FI14) 13y aggerdance wi @re PIREETS inentgny both
clock. In tqi 5
por L1 on Bo e AATeIES Paftiorn el i o 108 Borddd A e bpbraiioll oliba 198 cBnriyle
wi rel ess sslbckohibsystem 83 whishinadydesta wyicld covater 9 and ar24ai 76 Mélzpaystaider "W .

cycle olock T o ai S bat O Srilemngtion A 88 1857 Btica AP fesstipeaves
| EEE 1394 sfhé %n@gﬁclléﬁldéﬁeln thi®manaét, any addlﬁcﬁﬁ'ﬁtlﬁ?@%‘ﬁ&% withintHe wiRldsdoe in

which a wired switching fabric is:enployed, whereb
25  portion 80 can be reduced to simply the drift between the clocks of the wireless switching

fabric, which is a function of the parameter “W™.
It will be appreciated by those skilled in the pertinent art that this cycle clock
distribution technique can also be employed in a wired IEEE 1394 serial bus bridge, i.e., an
IEEE 1394 serial bus bridge in which a wired switching fabric is employed, whereby the
. 30 wireless subsystems becomes wired subsystems. . :
With reference now to FIG. 6, a method of dlstnbutmg the cycle clock at the
cycle monster portal in an IEEE 1394 serial bus bndge which employs a wireless switchihg
fabric in accordance with a second preferred embodiment of the present invention will now be

described. The “wireless portion™ 100 in FIG. 5 again refers to a wireless switching



30 wireless subsystens beconmes w red subsystens.

Wth referen FIG 6, a method of distributing the cycl )
the ~ cyc GB%%nsTg?er portal in an I EEE 13094 serial bus bri dg%c&%‘ﬁ%@ﬁo%’

enpl oys a wirel ess swtching fabric in accordance with a second

preferr ed S eiPwhichfis E&ﬁ)l&i ﬁﬁlﬁg Egd:l@ Y:%Hsté?'i‘:oﬂai bf theWikgess [EEE Itﬁﬂcsrehgﬂﬂls

The "wireless”portion” 100 in again refers to a wireless switching

9 s bridgs.t The (ih3Wpaortion’ 1@54 mders ¢o 2 kempyutications mterrfamqrabn of thereycle

I | EEE 1394 s T 39 102 f
U o commumpemte graal oh BieiiSers JREE o4 4l Ok tride® InhE syl abEatingiGy o,
the wrel e%tsxg lEimeliif4t tﬁ@E}'ﬁE nkoHSted pbAas a'o?cIehﬁas‘ié‘rStW?BéPé ized Fth@ 6

it.i's assunmed that the e nonster portal "is a gcle mast er . will
r ecogni Sed,witdless p@mom\lo iseémtm}tputbﬂvm@tﬁss portivar( depicted in Elﬁuﬁ,raadéhts 1394

P ene T ar 1 R Pl eBoetfie RepRPdl of B S Hork pubs ¥ A0 diEs I FIG 3. The

The \%x{-ﬁéﬁﬁb‘érﬁbﬁ 10andlBe 1@941 pbhﬁmmﬂare Both speraiBRlpesupiad tb a 8 common cycle

operatively coupled to a comron cl ock subsystem 103 wh

i ncl udes a clorkspbsystem 403 ythich mmdaml 24936 MBagrrstal 1192nd cycle counter 112.

the 10" of her br i dge iprsiebench ¥ BFIGE7. £ rtfoatt dlBpltis Mefcapitathe ,
an | EEF013Yhda didge pbitals (i.e., othbr thé@ the @c?&ﬁ@ﬁﬁéf?&té!lb inharPIBES $89Y ketial bus

preferred enmbodi nent of the present invention now be descri bed.
The 1394 pdiidgein agrordance wWithapreprntlyredsmed smbodimentiof thepresentiinyentiopfwillmow

respective be%e@&fbedb r'I‘h@Q%QH %E;I}?c 70 refists t{':ﬁllé c%g'gndiluﬁ%ﬁo@s 1&%?@?#%%8@?@

the wrel ess por ers W'Telress subsyste

oper at i vel yespeotivestbthér® beidge pbﬂalgiﬂmlﬁmEE 1594 derial banbiidge, ahd tite Whgless pertioh
FIG 7 is the same as that depicted in FI.G 5, .except t at the 1394

and wi r el ed@2zeters tgfhe witgless ztzbsystégwhlch\;%mraﬁv@y rzemlpé ghergiot dn sgmrab theat e
1394/ | | 2
indat 5 hofigyration AEHEt-G3h FIGPisihe bhink B4 et 838l FIL 5 EREpiRMt 81294

respective cycle c
123 whenevandiwireless @nmm 20¢¥22; yespeetively,targ peveeded with appropriste: SGQ&MCEIess

ly, ble that_ th | t ket d th
B rel ose physiguialesh. Iothiegass the PResicsPORIAT A2 iAaIRdbe BYClE REUMIDIZ Lot B on
120. Since r@égecmé Qe DBtk ?ﬁb%gkt@mtﬂ% whenever ?E&eﬂ?&%‘ﬁ rﬁw e Rigt ﬁ idkdgeagr e

cycle masters (mth the possible. exception of the cyc ster
portal), t hhsonssedq:ra_\éeuslmt tsmmmhlb(thatftheayﬁe " siarh packebis rdgeived by she wirelegs

Gener 206, ien 12 1P BB it iR TR nsThe 145 ARRRSNED Sk AR LSl hghe
the practi qeawlsbh%eﬁﬂ%mndgewwcw&nmfs @aﬁﬁmebosmefekb%nm}fthahw@e 25

cycle masters of their respective’l ocal serial
i's al so poguonster pottal), theavinéd B1%qottion £2¢ ofieasht o dmr’ébadgap@maldﬂiwm gmmmthe

t he on_of t.h le c er based, o 24. 576
Lock. For ca S pafEE P SpBroghiafe 4G Sfeie! e v B Snalldrbercleatf igataod
Us, i.e., ithatiitismot eqsentidlid ﬁldp?aaﬁi&(bfdhé)p&seﬁthﬂ%n%hﬁhat each of the bridge portals be

25  cycle masters of their respective local serial bus.

It is also possible that the wireless/interconnection standards do not support the
complete precision of the cycle counter based on a 24.576 MHz clock. For example, IEEE
802.11 supports a clock accuracy of only 1 ps, i.e., it is not possible to send a bus_ time which
has a sufficient number of bits to represent the 24.576 MHz clock with complete precision.

30  However, in accordance with another aspect of the present invention, it is possible to ensure
the complete precision of the cycle counter of each respective cycle clock subsystem even
when the wireless/interconnection standards do not support the complete precision of the cycle
counter based on a 24.576 MHz clock. More particularly, in accordance with this aspect of the

present invention, the cycle counter continues to update itself based on the 24.576 MHz clock,



has a sufficient nunber of bits to represent the 24.576 MHz clock with

conpl ete precision. 30 However, in accordance wth another aspect of the
present i nveMA¥YPS58% s possible to ensure t he conpl et e FSTABPSNISAT of
the cycle counter of each respective cyclel@l ock subsystem even when

the wi rel ess/interconnectiop st ar ds.do .not _su (Lt th .

preci si on Qﬁ‘{‘h’ﬁimﬁ Fem lcanpb’i%@}g’érc?%‘g@gﬁﬁa%ogﬁggﬁén%&g)lggéﬁg%ﬂﬁ &S
par ti cul ar yemnbiNr8 66RpARASTS a\Prdstt VA& fasHRalpI&) fallizefoes. The bi§ @ifés sent over the
i nvention, the cycle counter continues to update itself based on the 24.576

MHz cl ock, wireless channel only when the lowest significant bits of the cycle counter output equal

and the | owest significant bits. of this,cl.0 LG L L.t
ver- the wpieRttaRLE. Al G firster 7 bt BuRR e ¥ MR AR et bR OB il ine
al | zerpesgiylAgud Yirhd, Mud énsthf the\tompléte precision'dof the egsle cbantael only when
the | owest “significant bits of thek;i/icl e counter output equ

al the .
preset value. At theFIGc®deniets atleckytiagram af sub-systephiod an IREE3R4 seralbps| e

counter al gn iih the b i Vel ' i

breci of on DRORHIdOT G PirfEs fe-blaackel dF el e Hbhactporl BB fhs o\
di agram of ke precibiom dfdhe eytld Eduntek 39dotarmismittdiisy the wiredess poetjors inr
generati ngcgmgm]'ér e}?gss cycl e??'?:art packet at. the cyg¢l e&nwtl)nr;stecrlhg oortlal when

t he aenordanse priththe abeveodescribed-3speet q,fmr@sern% anvepton; ad F1G: P dgpists 4 he

C 5

br esent0 | hoisilcAibdrin of o spBSGERATER &y LR 1S9 s TS GRSE) KRB wAlIcts )T

(of an | EEgydléMarbpacket atwthertbridge prthls {of the EEEE 1§94 sovial buebrdge) whenmoniplete
ey

start packet at other bridge portals (of, t | EEE, 1394 serial bus, bridge)
when conpl gresision of thg cxele epupieris nphga%s?&‘ﬁégl gﬁ@?ﬂw $ PRITOR fL3rcATdange Wi the

the wirel e?ﬁox%—&éskﬁﬂed &p@&%tﬂ'@ﬁ%@eﬁf’iiﬁ%n{igﬁ above-descri bed aspect of

the present T nvention " The wirel ess portion 140 of the
sub- syst em depi ct ed TheRvifeles8 postiondbi ofithe sutesystem d6pictediin EI@sS isgdenticahtolthe

depicted in FIG 6, with th jon that the wirel tion 140
el udbs avisses epiion T drplee] G Bowih e pseriin Bah R R ARTE R uer
signifi canﬁ?&ﬁ&e% afifadditional pro€esshg biockODLfBF ?%teﬁmnga@ﬁerpmu%weﬁighﬁcﬁﬁmbf

val ue, and for generating a trigger signal initiate the sending of
the cycl e_shegyclgpentintar output re equal to thepreseievalitee andiforagneraiing a trigges signakbig.

Simlarly, .t.he wrel ess tion 150, of .the - syst i i - El '
Cdont | cal | ititaReh fudiiy (3he eotle SRt Sicich Oy R 3y Rpiih B o Lol ifterdrtd
exception t&iatilaklyetheivwiedlespop@er 1500 tRE sub-systerh depictédin FIGAY & idestival to the
processi ng bl ock 152 for |oading the preset value into the cycle counter

al ong &Pt h wirsless portioncl 22depictedin Fio i with theexaeptien that the Wireless nosiae122 The

1394 portiqQn .. Of - , | |

dent | cal  SBFINE appadicofe rperSiig il FIEAE Mo Brést Fal S ycle counter
whet her t heldgigoVith thertiisetimp ektradted from thy edceivedelyele_start padket. Tlke 13B¥pgtiohildh
25 151 of the sub-system depicted in _FlI, 9 can be id nticﬁq{# ]%Et_ge gne
depi ct ed i Pffesubsystem depicted in FIG. 8 can be idgntical t9,th¢ aue irted o FIGs, §5Png

it can be I&ﬁx‘}?@ﬁﬁ Weth t g 8g+<lb In{dig%ei' ?ﬂftﬁﬁs a cg%lte PRI PRGL Aid liﬁ%oﬁi&,?

cycl e clock tion ne ogy o e .pres I nvention Is not
25 . 151 of the sub-system depicted in FIG. 9 can be identical to the one depicted in FIG. 7.

Based on the above and foregoing, it can be appreciated by those skilled in the
pertinent art that the cycle clock distribution methodology of the present invention is not
limited to only wireless IEEE 1394 serial bus bridges, but is more generally applicable to all
possiblé implementations of switching fabrics, the only restriction being that the switching

30  fabric support frame-based synchronization. Further, it will be appreciated that the above-
described cycle clock distribution methodology of the present invention provides the below-
enumerated advantages over the presently available technology:

1) It can support multiple physical layer standards;

) It can support wired or wireless switching fabrics;



Iinited[to only wireless | EEE 1394 serial bus bridges, but is nore
generally a i to all possi bl e i npl enentations of s

fabrics, th§923?§§#23triction bei ng that thgq switching 30 fab*?t supp%?t
frame- based synchroni zation. Further, it will be appreciated that the
above- (3) descri bepdas vgipercdidfelentdatairatesy i on et hodol ogy of the present
invention provides the below  enunerated advantages over the

present |y (dyai | abl e feimplementation is simple ynd generic; and,| t can support nmultiple

\I?vih)r/Z: ggls ls(gxte::hiStngnf rds; izestimirﬁgfittersigniﬁcanﬂ}’-t can support wired or

11 (3) Althosginthe pp&sent indehtic Raslbednidesdritieddn detail Hefdin above, it
Its inplementation is sinple and generic; _and, 5 It

m ni i Ses shonidrhg gleariyundsrgaed thatymany variations and/or mgdl)ﬁcatiorm qfitbe,gasi¢ yentive
_ T e _ : Ay ! o
Do ol oar | yroaess paRneREWARRSHE fbehl oEbH il £ e BBMEn, il wiy sifl 28

basi ¢ i nvegithinahe spirit GAd s&ipleof ks Hridberi iventiontas dsfined incthp epperidediclaiss.

skilled in the pertinent art will still fall within the spirit and
scope of the present invention as defined in the appended cl ai ns.
12 CLAI V5. 1 A bus bridge (20) for

interconnecting a plurality of buses (30), conprising:

a plurality of bridge portals (22), each of the bridge portals (22) being
coupl ed to a respective one of the buses (30); a
plurality of sw tching subsystens (80, 100, . 122, 140, or 150), each of the
5 swi t chi ng subsystens being coupled to a respective one of the bridge
portals (22), wherein the :



plurality of sw tching subsystens collectively conprise a switching system
(24) which I nterconnects the plurality of bridge portals &

a plurality ¥P9%5%382 cl ock subsystems (83,103, or 123), each @{”@9Wl§€k
subsyst em bei ng operatively associ at ed mnth?a.respective bri dge portal (22)
and the rgaﬂgﬁ%éve 10 swi t chi ng subsysten1coup|ed t heretg, wherein each
cycle clo ystem i ncl udes: a cycle clock generator
(92 or 110) which generates a cycle clock; and, a cycle
counter (90, 112, or 121) which receives t he cycle clock at a reset input

t hereof, and mhich produces a cycle counter output which constitutes a

common tim ng reference for the respective switching subsystem and -
the respective bridge portal. 15 2. The bus bridge as set
forth in Claim1l, wherein each of the sw tching subsystens (80, 100,

122, 140, lor 150) |sAhus\bnégee(§.o)§mmtcmmge@um1shmhtxndbum (300, pcmnpngng

e (2 Sl A e Bl o8 e, o i e 2 g Sl
subsystenqogqgsgegﬁ)&bogg&-tgégusegr@d)m) is a wired subsystem and the

Swi tching syst Is a | ed switching system
The bus bridge as saplﬂxaht}']ofswmlmilgw@syms@ﬂ; 1095122 140, or 150), each of thee

piscs B30ylEDlneoRaR St Rt Kiuled i fopcctiveone o the bricge porifihaf ien e
brl dge porﬂl&laﬁgr,(é’f?s»ntcmﬁg MBSt bdlRectiPSlp6ipYiSe & 8ivitthingQyalend(29) whibh

bus bridge as_set forth in Caiml, erein: .
13 interconnects the plunality eflhridgeipotfels(28), i s an | EEE 1394 serial bus

ngg?egus and. a plurality oFWcle&%cléW#E@ﬁé?ﬁl@dée X f%ﬁcﬁ%ﬁ&%l al

| EEE 1394 si:agyseém beiag loperatitelpeiiciated with a re§pective bnd%e pdittal (R2parid the @ﬁsp&étxve
set forth in Claim1l, wherein a selected one of the dge
10  switching subsystem coupled thereto, wherein each cycle clock subsystem includes:

a cycle clock generator (92 or 110) which generates a cycle clock; and,

a cycle counter (90, 112, or 121) which receives the cycle clock at a reset input
thereof, and which produces a cycle counter output which constitutes a common timing
reference for the respective switching subsystem and the respective bridge portal.

15
2, The bus bridge as set forth in Claim 1, wherein each of the switching
subsystems (80, 100, 122, 140, or 150) is a wireless switching subsystem and the switching

system (24) is a wireless switching system.

20 3. The bus bridge as set forth in Claim 1, wherein each of the switching
subsystems (80, 100, 122, 140, or 150) is a wired subsystem and the switching system (24)isa

wired switching system.

4, The bus bridge as set forth in Claim 1, wherein:
25 the bus bridge (20) is a serial bus bridge;
each of the buses (30) is a serial local bus; and,

each of the bridge portals (22) is a node on its respective serial local bus (30).

5. The bus bridge as set forth in Claim 1, wherein: e

* c L N S *



portals (22) is a cycle nonster portal (82, .102, 141).

The bus-brid forth in daim®6, Wnerelnthe cycle nonst
(82, - . g!fbﬁf; I's a cycle master. 10 8. ﬁb@gémﬁsw

bri.dge as jset forth in Caim6, wherein the"Ctycle nonster portal (82,

102, 141) is not a cyd rgér(20)1sanIEEE91394senalbusbndE€e bus bridge as
set forth in Clalml ereinm the switching system {(24) 15 utilizes a
frame synchroni zati onaq:iroﬁthebhses (30) is an IEBE 1394 serial localthmspand, br i dge as set

cycl 6 monst er por t al ceabgt R Brgeporals t23) 8 W TEER 135 berig g QPR © "

counter (46) which receives the cycle counter output of the 20 respectlve
cycl-e cl ock subsystem (83) and which produces a timng signal every W

[err]s §n 6. r espdiedus beidge as setifertle in/Claimal, whenein @i selectedomierof e brydgene
frame synchroni toco a state machi ne (48)
whi ch prodﬂé@sgﬁ)éﬁﬁﬁsﬁl%@ﬂﬁﬁrﬂoﬁm}@gp&%elz‘tla the timng si gnal ;
and, a register (52) which has a first input which
receives the cycle counter output of 25 the respective cycle clock

subsystem 783) and aThwdwsdridgeas seiiforth in Giaim/p svheneindheeycle mogstar portal (82,
whereby th ter 2 puts a bustinme data block in response to the
enabl e si gggé’ﬁ%tlﬁésac;& %éfl me data bl ock being indicati.ve of a current
bus ti pg. The bus bridge as set forth in O aim 10,
wherein the cycle nDnster portal (82) 30 _includes:

physi cal | 8yer (60) viiiedtusbaidge assetifogh iy Claims§, avhergintheeycle menstegportal (82,

respective t.ch stem (80); a decodi ng
section (6%?2V\}1ﬁlgﬁm46‘étcao‘é§ge?%§g%acket header of the cycle_start

packet and which outputs a decode signal indicative of receipt of the cycle
start packet;

14 S. Thebusbsides 95 s forh iy Claiey 1, gvhereis thepvischiag sxstam (4 a
proces $5 N9 ukiligss 4 SAHE rsﬁqckﬁ'gnization protocol.

10. The bus bridge as set forth in Claim 9, wherein the switching subsystem (80)
~ coupled to the cycle monster portal (82) includes: '
amodulo W ps counter (46") which receives the cycle counter output of the
20  respective cycle clock subsystem (83) and which produces a timing signal every W ps in
response thereto, where W is a frame time specified by the frame synchronization protocol;
a state machine (48) which produces an enable signal in response to the timing
signal; and, | _ .
a register (52) which has a first input which receives the cycle counter output of
25  the respective cycle clock subsystem (83) and a second input which receives the enable signal,
whereby the register (52) outputs a bus_time data block in response to the enable s1gnal the

bus_time data block being indicative of a current bus time.

11. ~ The bus bridge as set forth in Claim 10, wherein the éycle monster portal (82)
30 includes: |
a physical layer (60) whlch receives the cycle_start packet from its respective
sthchmg subsystem (80); ‘
a decoding section (62) which decodes the packet header of the cycle_start
packet and which outputs a decode signal 1nd1cat1ve of recelpt of the cycle start packet;
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decode the cycle-start packet, and which outputs a processi-ng delay tine.

out put indicative_ of the determ ned processing tine, . '
a del ay el em¥?9Y385F7 whi ch del ays the decode signal by the proc®EIVIRESASIRY
5 time and which outputs a | oad signal; 1 a register

o e, e b oy YL Sy Ao EHS85 e e o
adder (68) Juhbdethé epdle!diat Fﬁdk%ﬁ%ﬁii Mi&eb%utsimomwd@d}dﬁma@um idi@dtive of

out put, an i ch outplts the sum and, wherein the
cycl e counttbe d¢texyined prosessingsf@es i ve cycl e cl ock subsystem (83)

receives the load signal, and th i i t

of the respective gﬁ"‘%@f’@‘*&f@@i%ﬁ‘%@%&ﬁﬁ% Q%O%Fns E&eag%g geeﬁ rtggggsﬁ{g 462&1
signal .5 time andlwWhich outputs a loafildggralis bridge as set forth in Caim 10,
wherein the cycle nonster portal (102) 1 5 include

nmodul o N [err]s countategistes G which seceives dhe bus_tims iﬁt%bm%@pdadﬁﬁupr@cqswea
ti V. i ch d dtim
oS v il S RSN BB AR 1 oduces @ second 11 ng

speci fied by a prescrinideb(68) whidipamhs the processing delay time outpat antthedegistef €
machi ne (48') which produces a second_enable signal in response 20 to the
second ti niowpusi apgavhich eytputs the sum; and, a second register (52')

whi ch s afirst in i | = Ebgag
t he reggective cycl ewg %%tggﬁg?/gt%%nﬁ%l@??og%rgsrgegggélgﬁﬁlﬁﬁhot‘:ks | h{&n E§3)
recei ves t heceives the kxdaighat amdthe saingis ddadediintoahy cydle comuten(®0) efitrtrespectivé )
outputs a second?&u%&ri me da&g{ bl ock L n response to the second enabl e
, flpa
13

signal, theysled SYStera ip regpgrse 19dh ive.of a 25 current
bus tine. : The bus bridge as set forth in Caiml0,
wherein each of the bridge portals (120 or 151) other than the cycle
nmonst er por¥2al (82 orTHeR)s bridgead sat forth in Claim 10, wherein the aycte thonstekipprtalr(1 62)
counter, (46") g/ni ch receives the cycle counter output of the 30 respective
- cycl e dPockn€¥BE; st em (123) and which produces a timing signal every N

[err]s in r €S PaNgRAhIAN fs LoutBL(48) Which réceiPesifie SPAE icbher 8t of the

prescri bed bus protocol; ' a state nachine (48") which

produces a respestiv¢ cycleclosk sehsystem (103) awbwhich produces a seednsl timirigsigmal gmery;N us
in response thereto, where N is a value specified by a prescribed bus protocol;

a second étate machine (48" which produces a second enable signal in response

20  to the second timing signal; and, .

a second register (52') which has a first input which receives the cycle counter
output of the respective cycle clock subsystem (103) and a second input which receives the
second enable signal, whereby the second register (52") outputs a second bus_time data block
in response to the second enable signal, the second bus__time data block being indicative of a

25  current bus time.

13. The bus bridge as set forth in Claim 10, wherein each of the bridge portals (120
- or 151) other than the cycle monster portal (82 or 102) includes:
a modulo N us counter (46") which receives the cycle counter output of the
30 respective cycle clock subsystem (123) and which produces a timing signal eveiy N psin
response thereto, where N is a value specified by a prescribed bus protocol;
a state machine (48") which produces a channel request signal in response to

the timing signal;
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15 a physical layer (50") which receives the channel
request -si-gn ?&)?s i ch produces, in response thereto, el

avai | abl e si g%% ué% determning that a w g I ess comuni 8&&?‘8??’“577
channel used by the wireless switching system (24) is available, wherein
the s.tate machy s{cﬁﬁia»efeeﬁj WEﬁhtr&%nFéaaﬂé‘@ﬁaxﬁ!ﬁehﬁQt elg%hu&d wﬂ-ﬂ&ﬂ
produces a packet header and an enabl e signal in.response to th

channel avardduioks; ins respanse thereto, a channel available s1gnal rupgh she@rm(xﬁﬂg }hatvh mi'cltms a

first input which receives the unt er. ou re ect ,ve
cycle <l ocl? Tyayeation, Cl(h’i“é%ﬁ)l “ﬁ"rﬂj % E??”W?ﬁy&?“} 5! 1%,%‘?116@.9 ﬁgﬁ“e
si gnal , fa?@%a&lﬁlﬁe (48 ?é&!vc@%?e éhaﬁﬂé%ﬁalﬂe ?ig?o SR si3ldceRa ?Ekét%eﬁ&&%ﬁ%ﬁ

to the enab i ghal, the bus_ tinme data bl ock being indicative of
currents busnablersxgnamresmsetothechannel availablesignalj n t he packet header and

the bustine data bl ock to cle st cket

is transmtted by théTF88 &éégﬁ)e’%\f?é &E‘“&WPPEWP}. ISEHYYS ﬁ&?lffg)mteroutput
14. ofthé'i'&@p&bﬁe eytld %cﬁ%usgst&xpgm) fd Qseddﬂdllﬂ?utmeﬁ réteRRS khé)énabtée
W reless swtching subsyst ens or 150) coupled to the bridge
portal s (12ignsk vdme)byOthn@glstnafSZt'h@xtw@ ladbug Stime det@lecrk lfncrﬁsmnse {sthe epable or
141) i ncl udes; physi ﬁal ayer (60") which

recei ves a Wg} ghe ?\ésrpn'b -data blogk bring g(!ﬁlcatlve ostfa HEEE PUR

portal (120
or 151j¢ - * wherein the packéeEslich Sndetbus Nithé data mbél@zla geBerERfpifan
packet- header -of the cycle start .packet and- whi ch out puts a decode

si gnal i ndicyele; start packet sdiigh isdransmistagyhyi the sespeetivsawireless witching subsystem (122).
a processing delay section (66") which determ nes a processing tine

required to decode the cycle start packet, and which outputs a
processing 1del ay ti nmeTkebudbrid @b@ﬁtfoivtﬁ n@t‘laun 10 ﬁﬂweldehﬁ{mmedv&lé&%ﬁﬁﬂcﬁﬁ
tinme, el enent whi ch del ays the decode

si gnal by EHbsysteams{d 22 95 16@) %gupledyto tthm@gwaMI@H O@débhwbeethlanaw e¥cihal ;
herﬁon s?Sﬁeﬁisz?'i41()§ﬁcﬂxd¥\§“ ch receives the bus_tine data
ro e

5
bl ock and e r output indicative of the current

busti ne; a wireless physiba&lm (60BBWhichirecdivesianaycld) stapt seeketsfroid its
delay tine outg and the registe out put, and whi ch outputs the sum
and, respective bridge port Trﬂstpre cycle counter of the respective cycle

cl ock subsystem (123), "

into the cycle count eré%fggrﬁ 'ﬁd’rﬁgzrj;?lbdggﬁesgdél'lﬁ‘épmq] erﬂP'es gsys?gm
(123) in r espietand whitheutpotsc decgdmsignal indicativeldt receipt of the cyclasstartipadket;dge
as set 6or thin Cain foc\emssmg de[l]a);[ She%tlcsn\lM (éﬁq'yw?@chsdleté'ngnexerg a I;Lr%gzessmg time required to

decode the cycle_start packet, and which outputs a processing delay time output mdlcatlve of

. the determined processing time,
a delay element (70") which delays the decode signal By the processing delay
time and which outputs a load signal;
25 a register (64") which receives the bus_time data block and which produces a
| register output indicative of the current bus_time;
an adder (68") which sums the processing delay time output and the register
output, and which outputs the sum; and,
wherein the cycle counter of the respective cycle clock subsystem (123)
30  receives the load signal and the sum is loaded into the cycle counter (121) of the respective

cycle clock subsystem (123) in response to the load signal.

15. The bus bridge as set forth in Claim 9, wherein the switching subystem (100)

coupled to the cycle monster portal (102) includes: e

A




16 a nodulo Wlerr]s counter (46') which receives the
cycle counter output of the respective cycle clock subsystem (.103) -

and which pr¥@9885581 first timng signal every Wms, wher BCTIB8/04577
frame tinme specified by the frane synchronllzﬁatlon protocol;

RO LE T oo - ppia il
t I
receives %g?échg&%&?%m&s 5’%@%@@2% leﬂaﬁPeMahgéhaﬁm gwaﬁgm n&lseve W ms,

response t irst c gnal upon I'ng t
communi cat wheredNds adtamestimiespedified byvthecframe sgx;(ﬂm'mz(tﬁm)pmmcahal 1 abl e,

wherein the state receiyves t nneI ayvai | abl e SI
and-produces a packe?$ W&@é&%ﬁ&&ﬁﬁz@ﬁ}éﬁf@“ﬁ&‘ag rqueﬁté!ﬁS’G g)erempnts
channel @kr a‘i‘ gnal ; a regl ster (52) which has a
first isnpu wl%b% recei ves the cycl e counter output of the respective

cyc le cl ock subs ys]t eaaﬁyﬁeal la{ﬂg (ﬁomhmfldecsmnénstthmﬁ:'st hhm:miudé@a: :almcl;w(ljlici[h
enabl e na er e.r st er s a first .bustine data
bl ock in rE"QBB??gemthqu{’ée ?‘?"1}4 & first ¢h Iaé QD ggﬁtqun]dl 3pg ?-haﬁé dat a

bl ock bei ngyrhidhieatibr ShitnePusedyyaiE s%%hﬁlg'%?steﬁ‘l 4) fsavailable, wherein the state
wherei n the packet header and the bustine data bl ock together conprise a

cycle st armadank&S)me;Wstbe chamehavailablesignal end pradiicesg packist headenayd @0nable
16. l he hus hﬂ as Eet of thla? Claim9, wherein the wireless -
swi t chithg signal Ingespotseto %e’zﬁﬂ“ she cycle nonster portal (141)

i ncl udes: 20 are%'lster (52) avmaﬂmmﬁ{pi& WhiHREEived the' c»cmoﬁﬁter output of

recei ves the cycle counter output of the respective cyCle clock

subsyst em thezgspaetaveiciacloeh auhserstem §103) amd  sepond inpuswhich teceimes the first enablwy

2 stat o meBRPAICRAESY i et oltBUR ARt Bk BBl RLfSPorse e st 1

t he ériable sl 8 IfirstBus_time data block being irtli6R DT acuirenit bed Mithe 2kd2)
whi ch corrpar es prescribed | ower_ significant bits of t he cycl e counter

out putlSof the respecWhpeeir the packetdierder ang the bns_(tmg datg bépczsrtes@tbermmmseand

\Qh:/\ncref)ggsé% %Fca‘?&?g{/‘g@c?ggwgﬁg%&%%%\gg gl%@nne rezjuest si gnal

and whi ch produces, in response thereto, a channel available signal
upon deter ning thag, a 30 wrele co I cation channel used by the
wirel ess s t chi ng s@l‘?@ﬁ? P‘Z 3?%5333%}F %m9 wheremlame wireless switchigeg ei n

the state §@ nal and
produces a pac &@fer an xﬁegﬁ%ﬁwﬂ& gha@%ﬁh%!?g%‘ﬁ%% to recei pt of
bot h t20e chan neI a magindo M&pb eowntgn@i6 ) awitch hexetves Guecycde cpumiter output of the

respective cycle clock subsystem (83) and which produces a t1m1ng signal every W s, where

W is a frame time specified by the frame synchronization protocol;
a state machine (48) which produces a channel request signal in response to the
timing signal; |
25 a comparison circuit (142) which compares prescribed lower significant bits of
the cycle counter output of the respective cycle clock subsystem (83) to a preset value, and
which outputs a tﬁgger signal upon detecting an equality;
a wireless physical layer (50) which receives the channel request signal and
which produces, in response thereto, a channel available signal upon determining that a
30  wireless communication channel used by the wireless switching system (24) is available,
wherein the state machine (48) receives the channel available signal and
produces a packet header and an enable signal in response to receipt of both the channel

available signal and the trigger signal;
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17 a register (52) which has a first input which
recei ves theggyajsgsgyount er out put of the respective cycle gbpgkosn1s77
subsystem (83) and a second input which receyves the enable si gna?, 8/015
whereby the register (52) outputs a bustinme data block in response to the

enabl e signal, the buskgisRr (sH)aviitlohs dairs1gnpunciidel teceives the ayeley untepostput of
time; and, 5 ] wher ei n the packet, header, and the bustine
data bl ocktheagspective cyatp closk subsystem (839 and gisgeand inpriwhichireseives the spabls sigeal,

by the respective wreless sw tchi . -
Ayrret hod fgr distri bﬁmﬂwﬁgw@%&&i %Rﬁ%?%ae%%j%’% %ag';caéb{‘)%)m'\%sp (%sel tﬁc Udes
a Pl UgRdY1E sﬁ?ﬁal e vl@etiredagl Blo€iBsing Gdibative offd clirens bastimlepahd, 0 a
respective one o t he busés (30); 10 a plurality of sw tching subsystens
(80, 10D, 122, 140, ovhereipyth mtmadﬁhakﬁﬂﬁémﬁéataﬂﬂ%mge eT FIBPRSSE v e

one of the bpi . (12 ar Qi : al i i t.chi _
Subsyst e (el Balfyhictighraniffled 5 s B iourfesh PR bilhystem (140
switching system (24) which interconnects the plurality of bridge

portals (22), the nethod conprising the steps of . ; . at
each bri dgé)7portal (Ameﬁg@%éﬁhﬂgl g eycde glogk i a bys bridge (20) which includgg a

e o O BB e iR pottils 1921 A AWHRH M ESupifho drkpectdlonb O BlATES(3D);

cycl e coun n e cycle counte
out put10 0 Rphehdlity of switohixp subsysiems (80; 100,122, 440} drel 50), each lobwhichhis coupldd eo a

ortal (20) and the respective swi.tching subsystem gouple ereto.
.p ( )respective one of the bridge portals (22), \%heregl e{me p?uraﬁty (Ptl sv%tc&x?ng su&:sy,stems (80,

100, 122, 140, or 150) collectively comprise a switching system (24) which interconnects the

e,

plurality of bridge portals (22), the method comprising the steps of:
at each bridge portal (22), generating a cycle clock;
15 at each bridge portal (22), using a cycle counter (90, 112, 121) to produce a
| cycle counter output; and,
using the cycle counter output to produce a common timing reference for the

both the bridge portal (20) and the respective switching subsystem coupled thereto.

[y



