WO 2007/ 101170PCT/ US2007/ 062830 1 AUXI LI ARY WRI TES OVER ADDRESS
CHANNEL RELATED APPLI CATI ONS [ 0001] The present Application for Patent
clains priority to Provisional Application No. 60/776,517 entitled
"Auxi | i ar y W IWESYIBPer Address Channel " filed February PEI/USH08I6243Hd
assigned to the assignee hereof and hereby expressly incorporated by
reference herein. BACKGROUND Field [0002] The present disclosure

rel ates generally to processing systens, and nore specifically, to
systens and techni ques for perfornin? auxiliary wites over the
address channel of a bus. Background-[0003] At the heart of npbst nodem
processing systens is an_interconnect referred to as a bus. The bus
noves i nf or mat i O BELIARY YNRITES QP CERsADRRERS CHANNELhe system
Today, nost bus architectures are fairly standardi zed. These
standardi zed bus architectures typically have i ndependent and
separate read, wite and address channels. [0004] This type of bus
architecture is often found IRERATESSAPRHISHIUONS With one or nore
general purpose processors supported by nmenory. In these systens, the
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ei t her THYERE R he menory over the wite channel or reads fromthe
menory over the read channel. In these types of processing systens,
as well as many others, it is desirable to reduce the wite |atency
and increase the wite bandwi dB#CEKABAGYR 101170PCTMS2007/ 062830 2
SUMVARY [ 000510ne aspect of a processing systemis disclosed. The
processFigdd system i ncl udes a receiving device, a bus having first,
second and third channels, and a sendi ng device configured to address
the recHi®?Zhg dégipreseoh disklsiierstatashgmnelly tanstocasidg aypayk oad fiogm

the recgjeVisd [ C nel. the. sending deyice being
further @g onf %ﬁ?gcﬁﬁﬁ%&g %‘f ect ﬁﬁ@%\?\g%rn&%ﬁ)ém%asuﬁﬁgﬁ% RS eﬁﬁ’ﬁﬁ’ﬁgﬁeés to
wite adﬁayﬂ- @bud the recei ving devi ce.

Background

[0003] At the heart of most modern processing systems is an interconnect referred
to as a bus. The bus moves information between various processing entities in the
system. Today, most bus architectures are fairly standardized. These standardized bus
architectures typically have independent and separate read, write and address channels.

[0004] This type of bus architecture is often found in processing systems with one or
more general purpose processors supported by memory. In these systems, the memory
provides a storage medium that holds the programs and data needed by the processors to
perform their functions. A processor may read or write to the memory by placing an
address on the address channel and sending the appropriate read/write control sigmal.
Depending on the state of the read/write control, the processor either writes to the
memory over the write channel or reads from the memory over the read channel. In
these types of processing systems, as well as many others, it is desirable to reduce the

write latency and increase the write bandwidth.



[ 0006] Anot her aspect of a processing systemis disclosed. The
processi ng systemincludes a receiving device, a bus having first,
second and third channels, neans for addressing the receiving device
on the fir¥™OWAEWAEY, neans for reading a payl oad from PEHEUSZEEE6R3Mg
devi ce on the second channel, and neans for selecting between the
first and third channels to wite a payload to the receiving device.

[ 0007] An aspect of a nethod of conmunicating between a sendi ng device
and one or nore receiving devices over a bus is disclosed. The bus
includes first, second and third chafnel s The nethod i ncl udes
addressing a receiving device on_the first channel, reading a payl oad
fromthe receiving device on t heSY¥YdR¥hannel , and sel ecting

betmeen ‘ﬂﬁ flréﬁe and th%rd channel s to mglﬁg a paﬁload to the
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aspect utfcewitprevivast eri ng deV| ce is disclosed. The bus nastering
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to a bubd09&Yi nwqm%@p®éeﬁﬁ@rcmqsbmgwwst;bnchaimédssd tiihe pr@essnd Sfstem
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aspect of sl ave device is disclosed evi I'ncludes
rrermry,a%fjnfg‘ué opgrame] Sﬁ?W%EEaﬂ@@ﬁﬁodm@delmgldnmtface the menory to a
bus havtgz’g?{l rst, second and third channels, the bus interface being
confi gu PULEPEE 04 2FRFRPY OherITBNRCalg etwegp a sending device and one
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second h%n% %g %gﬁﬁé %{to t he bus, mastering device on the
third c annefmﬂefsogl%ﬂ P SH BT ER SPAviBe device enithe Gissellepadd.
The sl axeedidgvd qaeylonb l&mdwhafmemfmg ag\dcgreartge fS@éoﬂ#n&@hLl ac Iaﬁﬁ SeR€ting
nmenory Vi second an channel s, . the neans
for i ntﬂer g%l%)tlrilié qg'n?rglr%ircgim%eli ReViGE P g]ﬁfﬁq]'fos ﬁ@ecﬁﬁ’é?%dq"’&ﬁe recei vi ng
a nMenorpeggdr ess, Angd. ad fro a, bu ering device on
the fi resot g]ﬁan%\%ﬁ Bmg%ﬁs g%nar%%%g VNG 2 %C&?fﬁg ggﬁtb& BR% fRME°Dus
nast er i lﬁgl'ué@ﬂ/qt @@cgﬂﬁom ldad a bus interface conﬁgured to interface the processor to a bus
having first, second and third channels, the bus interface being further configured to
address a slave on the first channel, receive a payload from the slave on the second

channel, and select between the first and third channels to send a payload to the slave.

[0009] Another aspect of a bus mastering device is disclosed. The bus mastering
device includes a processor, and means for interfacing the processor to a bus baving
first, second and third channels, the means for interfacing the processor to the bus
comprising means for addressing a slave on the first channel, means for receiving a

payload from the slave on the second channel, and means for selecting between the first

and third channels to send a payload to the slave.

[G010] An aspect of a slave device is disclosed. The slave device includes memory,
and a bus interface configured to interface the memory to a bus having first, second and

third channels, the bus interface being configured to receive a memory address and a
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second channel, and nmeans for sending a payload to the bus mastering
device on the third channel. [0012]1t is understood that other

enbodi nents of the present invention will becone readily apparent to
t hose ski | PEMR2PHIWKE art fromthe foll owing detail ed deREHUNIHG2830
wherein various enbodi nents of the invention are shown and descri bed
by way of illustration. As will be realized, the invention is capable
of other and different enbodinents and its several details are
capabl e of nodification in various other respects, all wthout
departing fromthe spirit and scope ®f the present invention.

Accor di pal t.he draw ngs and detail ed description are to be regarded
as T |1 USPPe R eSS GV PnGe Saeondebraci fivleseodRl EFIDESCRAETLON

OF THE BRAMINGE(iBOIBIhAsERT e t he present invention are
illustrated by way of exanple, and not by way of limtation, in the

acconpafiiliay dréwithgsispudieife slavd 801 Fl dscldselS PreSiiR idJiediRl . Rek
dlagranhkbb %&gghggsgn.e %ggle of two devices in a_processing system
comuni cat | gn% over SIS RE {1 Bemsry] © Lpis having ficsh Serend wadithied

P Ocesaing AYSt S o LG Tyt Bt ha oo ey O Sl giidfs 1B (e
gener i c}e%glc‘f ﬁ‘én% Srrngra?’da dirdéesqg 5‘%‘{,\%;&8‘* Bé‘ﬁf’%‘g% m g B PeRSEring dgvipg og the fiishg
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illustr at_cf)}rlfd g&“‘“;s‘%lﬁ%’? %én . 3‘?’/%@5??{%6‘% “Elatf’itg‘?l D TSRS FEEes o dle
devi cesthiind caemrebcessi ng system [0018]FIG 5 is an illustration

showi ng information flowi ng on the address and wite el-inn-nmale ef n
1- 11w i W842]  Itis understood that other embodiments of the present invention will become

readily apparent to those skilled in the art from the following detailed description,
wherein various embodiments of the invention are shown and described by way of
illustration. As will be realized, the invention is capable of other and different
embodiments and its several details are capable of modification in various other
respects, all without departing from the spirit and scope of the present invention.
Accordingly, the drawings and detailed description are to be tegarded as illustrative in

nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Aspects of the present invention are illustrated by way of example, and not

by way of limitation, in the accompanying drawings, wherein:

[0014] FIG. 1 is a simplified block dizgram illustrating an example of two devices

in a processing system communicating over a bus;

[0015] FIG. 2 is an illustration showing information flowing on the address and
write channels of a bus in the processing system of FIG. 1 with the address channel
providing a generic medium for addresses and payloads;

[0016] FIG. 3 is a timing diagram showing three write operations over a bus in the
processing system of FIG. 1;

[0017] FIG. 4 is a simplified block diagram illustrating a sending device in

communication with two receiving devices in a processing system;

[0018] FIG. 5 is an illustration showing information flowing on the address and

wrtte channele AF a 7o i tho sen nannio e cevebome 0 TTe 4



WD 2007/ 101170PCMIs2007/ 062830 4 [00191FIG 6 is a sinplified bl ock
diagramillustrating an exanple of two devices in a processing system
communi cating over a 4-channel bus; [0020]FIG 7 is a timng diagram
show ng t hM&E20F/1XIE0oper at i ons over a bus in the procesBCHYSWYEIGesN Of
FIG 6; [0021]FIG 8 is a sinplified block diagramillustrating a
sendi ng device in conmunication with three receiving devices in a
processi ng system and [0022]FIG 9 is an illustration show ng
information flowi ng on the read and wite address channels and wite
channel s of a bus in the processing dystemof FIG 8. DETAILED
DESCRI P‘[{lﬁg [O%The detaj | ed description set forth belowin

connect il8H i t & '8 gpmpbiiediblach digeramsillvstraingen esnpldedion givies of
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represent the only enbodi nents in whic e present invention may be
pract | cg20The FIG liib adisiag dghich bilg ke SPBGL- L s UGLAL L f1Ghe t NE
pur pose R%eErOV|d|nq#3q§? rough understandi ng of” the presen

i nvent i 8h, g??l 1 be apparent to those skilled in the art
that the present invention may be practiced w thout these specific

det ai | s[0024] sofBGi rfs timrc eyplifiet] bﬂoalawria@hzhugt@&gﬁgaaqseggﬁ%ogggéé @are
of the byacantait B Mnt Ty tllihs 5% B CrapraraBtol ock di agt an

of the present 1nvention. ck di agram
i lustragorpp aki§xanphe; I: I n rpcessing system |
comuni ?at i %g over a bué@sﬁrh@&p%ygg%?nr%n%%gggﬁﬂwﬁoﬁgﬁf %@d gnd write
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processi ng functions. Typical applications of the processing system

100 include, but are not | pEtsed i pEdeSKiaRoReTPUt ers, | aptop
conputers, servers, cellular phones, personal digital assistants

(PDA), B¥&8 cormbol desilepaipeerintiohD@E MErth B4IEKOInCEHnBARAL with el Q@ended
rany

devi ces - Ve, (video equi t,. industrial equipnent, _
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i nf or madtdos nof G0SBikEdHe rprreces tiengls yabedtka inSvEboWE Weldd: drvesigh N9
device J, i Ni-Cati.o ,th.a.receiving device 104 over a bus
106. TheQ%_B!_; DEET o g eed desoriptionarudes shecifia deeds drdhnerrosna a
wite chamdelz 406irougindnderseading henhe prdRAE invlnfichaHslevet, Sit d@fli med
as a sefppRfenfloffibld Gl QNANGHILS: HS gldcsén ifsentidn Irnrgy%rerr&gtlztgzgd t&ﬁﬁz\gﬁf "
these specific details. In some instances, well-known structures and components are

shown in block diagram form in order to avoid obscuring the concepts of the present
invention,

[0024] FIG. 1 is a simplified block diagram illustrating an example of two devices
in a processing system communicating over a bus. The processing system 100 may be a
collection of hardware devices that cooperate to perform one or more processing
functions. Typical applications of the processing system 100 include, but are not
limited to, desktop computers, laptop computers, servers, cellular phones, personal
digital assistants (PDA), game consoles, pagers, modems, audio equipment, medical
devices, automotive, video eq}n'pment, industrial equipment, or any other machine or

device capable of processing, retrieving and storing information.

[0025] The processing system 100 is shown with a sending device 102 in
communication with a receiving device 104 over a bus 106. The bus 106 includes three
channels: an address channel 106a, a write channel 106b, and a read channel 106¢c. A.

“channel” is defined as a set of electrical conductors used to carry information between

twn devirae and which hao o nad ~f ;e o .



two rleaviree anrln.a.. WD 2007/161170PCTM52007/ 062830 5 address
channel is 32-bits wde, and the wite and read channels are each
64-bits wide. Typically, a bus interconnect (not shown) will be used
to establ i 3 WOPYNHP- t 0- poi Nt comuni cati ons pat h bet weBEI/UHE0EWRE ng
devi ce 102 and the receiving device 104 over the bus 106.

Al ternatively, the bus 106 nmay be a dedi cated bus, a shared bus, or
any other type of suitable bus architecture. [0026] The sendi ng device
102 may be any type of bus mastering device. In this exanple, the
sendi ng device 102 |ncludes a procesdor 108 and a bus interface 110.
The proqigsor 1081 g eneral purpose processor, such as a
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h

channel ™ TORREHPLh S thiS 57%5p  FaitR ORsHione | Whethe sendifthéeviendigusevi ce

rcad operation, it sends the address to the receiving device 104 on the address chanmcl

106a with the appropriate control signals. In response, the receiving device 104 sends



[ 0032] The sending device then uses the next two clock cycles 206 and
208 to send the second payload to the receiving device on the address
channel 106a, while concurrently conpleting the transm ssion of the
first payl 4U208HIMKE wite channel 106b. in particul ar, PERUSE/R6RR3P d
cl ock cycle 206, the sending device sends to the receiving device the
first 4-bytes of the second payload W2(1) on the address channel 106a
and the third 8-bytes of the first payload W, (3) on the wite channel
106b. On the fourth clock cycle 208, the sending device sends to the
recei ving device the final 4-bytes of the second payl oad W2(2) on the
address%ﬁeg nel, 106a and_the final 8-bytes of the first payl oad WL.(4)
on the Wirte cHahFEA™RlBEh hrepet arrsations avil qrooebs desciibid Wit esfetehes
third wed FES. @perias, Ra8 a@ MidsReidhl shb i 06 kB prf’q‘ﬁ%'m%% |10 &an

i Vi [ ﬁe a f %OGa

4- byte adgr SS 63 ﬁo.the receiving device on t ess channe

wi th t h& ShBISErFadl iy frargle.dhey sdias dayigenigitiotes askiiyte Motk opgretian
210, thileerdibpgwdsviyewitsaetfiogs the third payl oad WB to the
receiving device on the wite channel 106b. [0034] Two control signals

may bet BdgeH t dwasrgngm:m?, gﬂtam@ﬂh ht dIBacydde Qdé?,%@sieﬁdigg‘i‘l%{;i_'i%éﬁ tiatos
suppor Aransm ssion of both addresses and payloads., Thc firs
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4anr i ; r otha adtireksvehannsl 1065, veith 140 PPRALHARILAGBCTALMSL 006H08 2830t clock
i nf or mag. g . transmtted on th dress channe] 106a i s _an
addressaggpgégégggégaglﬁVF ﬁ§°§§%%ﬂ£8?gﬂﬁﬁﬁw?%gﬁﬁﬂé?%é@?@ﬁ@ﬁvgﬂbﬁhl
i s assetheaeteivang deiveassthe sritecingndlriassm tt ed on t he address channel
106a. Conversely, when the Address/Data signal is deasserted, the
payl oad®03thei r'{}életsfb%\?h%g‘rﬁfe\{t@dn@ntes lhlee ekt eits oihativhaturit§ e sefhiel degond
cont r ol oyl 0N 1y &hRLL £4.. s fer Attribute - is used when
cyR! y < of Qb&r% a%%re@%érg B3 fleith z%:g%éw%ﬁo eté%?gs s

transmtting an _address on the a ess channe
i s bei ng®tiEhSHite perationon: theagridress ohatmal biiibe "with e kppreptiste tohtrol

i ndi catggaet has sEﬂﬁn%@HriQ@goﬁtﬁﬁle§ AR traRG %{ﬁ%%ﬂ%&%@%‘%ﬂ fLed on

the address channel 106a or the wite channe X8l e

i 11 ust rePFneyHrohy srsing tsresand Shiyjan Vel (Fhte e resédngibticnomtizewrite
descri bgdnnditibes.ef erence to FIG 3. The bus protocol for the address
and wite channels 106a, 106b is shown below in Table 1. This bus

prot ocol0033 beiThg setsih devidel thersldeatins AdRetl NVBBL bYGes2ReGH 208 o end

pr ocessj sysie i th the understanding that such inventive aspects
may besthggsgc%m{ ﬁ’g%lf’ \lél\éertob § TSF%YISEOTE%V}C&I'HBSQ“?sﬂqr?sédchaﬁﬂfﬂhbﬁﬁé*r tWhilel |

r eadi : yeobeuraditly coopleain gfﬂaﬂ’liﬁdr@ig}is’siﬂﬁ &E@Wﬂiﬁpéﬂoﬁ?ﬁhﬁ)ﬁﬁﬁﬁ&%hnélﬂ okbe

act ua ]Inf%g tatLon,o u tectures aescri be ereln.

TABLE 1" X %%7?%8?1?6&&?%5@6%7?%25%66 ing device sends to the receiving
device the first 4-bytes of the second payload W2(1) on the address channel 106a and
the third 8-bytes of the first payload W1(3) on the write channel 106b. On the fourth
clock cycle 208, the sending device sends to the receiving device the final 4-bytes of the

second payload W2(2) on the address channel 106a and the final 8-bytes of the first
payload W1(4) on the write channel 106b.

[0033] The sending device initiates the third write operation on the fifth clock cycle
210 by sending a 4-byte address A3 to the receiving device on the address channel 106a
with the appropriate control signals. During the same clock cycle 210, the sending

device also sends the third payload W3 to the receiving device on the write channel
106b.

[0034] Two control signals may be added fo the address channel 106a to create a

medium to support the transmission of both addresses and payloads. The first control

signal, referrted to as an “Address/Data” sional iz need 4n indicake ciether fhe



Read/ Wite Indicates whether a read or wite operation is being

requested. Sending Device Payl oad Size Indicates the size of the
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information being transmitted on the address channel 106z is an address or a payload.
In this example, when the Address/Data signal is asserted, an address is being
transmitted on the address channel 106a. Conversely, when the Address/Data signal is
deasserted, the payload is being transmitted on the address channel 106a. The second
control signal, referred to as a “Transfer Atiribute,” is used when transmuitting an
address on the address channel 106a. When an address is being transmitted, the
“Transfer Attribute” signal is used to indicate whether the payload for that address will

be transmitted on the address channcl 106a or the write channel 1 06b.

[06035] An example illustrating how these control signals may be used will now be
described with reference to FIG. 3. The bus protocol for the address and write channcls
106a, 106b is shown below in Table 1. This bus protocol is being used to illustrate the
inventive aspects of a processing system, with the understanding that such inventive
aspects may be used with other bus protocols. Those skilled in the art will readily be
able to vary and/or add signals to this protocol in the actual implementation of the bus

architectures described herein.

TABLE 1

Address 32-bit medium to transmit | Sending Device
addresses and payloads.

Address/Data Indicates whether the Sending Device
information being
transmitted on the address
channel is an address or a
payload.

AValid Indicates whether valid Sending Device
information is being
transmitied on the address
channel,

Transfer Atiribute Indicates whether the Sending Device
payload for the current
address will be transmitted
on the address channel or
the write channel.




I ndi cates whether the receiving device has successfully received
i nformation transmtted on the address channel. Receiving Device

WO 2007/101170 PCT/US2007/062830

Read/Write Indicates whether a read or | Sending Device
write operation is being
requested.

Payload Size Indicates the size of the Sending Device
payload for the current
address.

Address Transfer Ack Indicates whether the Receiving Device
receiving device has
successfully received
information transmitted on
the address channel.

Write 64-bit medium to transmit Sending Device
payloads.
WValid Indicates whether valid Sending Device

mformation is being
transmitted on the write
channel.

Write Transfer Ack Indicates whether the Reeciving Device
receiving device has
successfully reecived
information transmitted on
the write channcl.

[0036] FIG. 3 is a timing diagram showing the control signaling for the same three
write operations described above in connection with FIG. 2. A System Clock 306 may
be used to synchronize communications between the sending and receiving devices.
The System Clock 306 is shown with five clock cycles, with each clock cycle numbered

sequentially.

[0037] A write operation may be initiated on the address channel 106a by the
sending device during the first clock cycle 301. This operation may be achieved by
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308. Concurrently, the sending device asserts the AValid, Address/Datz, and Transfer
Attribute signals 312, 313, 314. The asserted AValid signal 312 indicates that valid
information is being iransmiited on the address channel 106a, the asserted Address/Data
signal 313 indicates that the information is an address Al, and the asserted Transfer
Attribute signal 314 indicates that the payload for the address A1 will be transmitted on
the write channel 106b. The sending device also deasserts the Read/Write signal 316 to
request a write operation. The Payload Size 318 signal may be used to indicate the size

of the payload, which in this casc is 32-bytes.

[0038] During the same first clock cycle 301, the sending device uses the Write
medium 320 to transeit the first 8-bytcs of the first payload W1(1). The sending device
also asserts the WValid signal 324 to indicate that valid information 18 being transmitted
on the write channel 106b.

[0039) At the end of the first clock cycle 301, the sending device checks for an
asserted Address Transfer Ack signal 310 to confirm the successful delivery of the
address Al over the address channel 106a to the receiving device. The sending device
also checks for an asserted Write Transfer Ack signal 322 to confirm the successful
delivery of the first 8-bytes of the first payload W1(1) over the write charmel 106b to

the receiving device.

[0040] On the second clock cycle 302, the sendin g device transmits the address A2
for the second write operation on the 32-bit Address medium 308 before the first write
operation completes. The sending device asserts the AValid signal 312 to indicate that
valid information is being transmitted on the address channcl 106a. The sending device
also asserts the Address/Data signal 313 to indicate that the information is an address
A2. The Transfer Attribute 314 is deasserted to indicate that the payload for the address
A2 will be transmitted on the address channel 106a. The sending device also deasserts
the Read/Write signal 316 to request a write operation. The Payload Size 318 signal

may be used to indicate the size of the payload, which in this case is 8-bytes.

[0041] During the same second clock cycle 302, the sending device uses the Write
medium 320 to send the sccond 8-bytes of the first payload W1(2). The sending device
also asserts the WValid signal 324 to indicate that valid information is being transmitted

on the write channel 106b.
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[0042] At the end of the second clock cycle 302, the sending device checks for an
asserted Address Transfer Ack signal 310 to confirm the successful delivery of the
address A2 over the address chanmel 106a to the receiving device. The sending device
also checks for an asserted Write Transfer Ack signal 322 to confirm the successful
delivery of the second 8-bytes of the first payload W1(2) over the write channel 106b to

the receiving device.

[0043] On the third clock cycle 303, the sending device transmits the first 4-bytes of
the second payload W2(1) on the 32-bit Address medium 308. The sending device
asserts the AValid signal 312 to indicate the valid information is being fransmitted on
the address channcl 106a and deasserts the Address/Data signal 313 to indicatc that the
information is part of a payload. The state of the Transfer Attribute signal 314,
Read/Write signal 316, and Payload Size 318 signal can be ignored during this clock
cycle. In FIG. 3, the states for these signals remain unchanged, but could be set to any

state.

[0044] During the same third clock cycle 303, the sending device uses the Write
medium 320 to send the third 8-bytes of the first payload W1(3). The sending device
also asserts the WValid signal 324 to indicate that valid information is being transmitted

on the write channel 1065,

[0045] At the end of the third clock cycle 303, the sending device checks for an
asserted Address Transfer Ack signal 310 to confirm the successful delivery of the first
4-bytes of the second payload W2(1) over the address channel 106a to the receiving
device. The sending device also checks for an asserted Write Transfer Ack signal 322
to confirm the successful delivery of the third 8-bytes of the first payload W1(3) over

the write channel 106b to the receiving device.

[0046] On the fourth clock cycle 304, the sending device transmits the final 4-bytes
of the second payload W2(2) on the 32-bit Address medinm 308. The sending device
asserts the AValid signal 312 to indicate the valid information is being transmitted on
the address channel 106a and deasserts the Address/Data signal 313 to indicate that the
information is part of a payload. Thc statc of the Transfor Attributc signal 314,
Read/Write signal 316, and Payload Size 318 signal can be ignored during the payload

tenure.
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the sane three wite operations described above in connection wth
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[0047] During the same fourth clock cycle 304, the sending device uses the Write
medium 320 to send the final 8-bytes of the first payload W1(4). The sending device
continues to assert the WValid signal 324 to indicate that valid information is being
transmitted on the write channel 106b.

[0048] At the end of the fourth clock cycle 304, the sending device checks for an
asserted Address Transfer Ack signal 310 to confirm the successful delivery of the final
4-bytes of the second payload W2(2) over the address channel 106a to the receiving
device. The sending device also checks for an asserted Write Transfer Ack signal 322
to confirm the successful delivery of the final 8-bytes of the first payload W1(4) over

the write channcl 106b to the recciving deviee.

[0049] On the fifth clock cycle 305, the sending device transmits the address A3 for
the third write operation on the 32-bit Address medium 308. The sending device asserts
the AValid signal 312 to indicate that valid information is being transmitted on the
address channel 106a. The sending device also asserts the Address/Data signal 313 to
ndicate that the information being transmitted on the address channel 1062 is an address
A3J. The Transfer Attribute signal 314 is also asserted by the sending device to indicate
that the payload for the address A3 will be transmitted on the write channel 106b. The
Read/Write signal 316 remains deasserted to Tequest a2 write operation. The Payload
Size 318 signal may be used to indicate the size of the payload, which in this case is 8-
bytes.

[0050 During the same fifth clock cycle 3035, the sending device uses the Write
medium 320 to send the payload W3. The sending device also asserts the WValid
signal 324 to indicate that valid information is being transmitted on the write channel
106b.

[0051] At the end of the fifth clock cycle 305, the sending device checks for an
asserted Address Transfer Ack signal 310 to confirm the successful delivery of the
address A3 over the address channel 106a to the receiving device. The sending device
also checks for an asserted Write Transfer Ack signal 322 to confirm the successful
delivery of the third payload W3 over the writc chanmel 106b to the recciving device.

[0052] FIG. 4 is a simplified block diagram illustrating a sending device 402 in
communication with two receiving devices 404a, 404b through a bus interconnect 416

in a processing system 400, In this example, the sending device 402 can write to both



9 308. Concurrently, the sending device asserts the Avalid,

Address/ Data, and Transfer Attribute signals 312, 313, 314. The
asserted Avalid signal 312 indicates that valid information is being
transm tt eWOWOTYHB1Iddr ess channel 106a, the asserted AREFBS290THLRG0
signal 313 indicates that the information is an address A, and the
asserted Transfer Attribute signal 314 indicates that the payload for
the address Al will be transmtted on the wite channel 106b. The
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wite operation. The Payl oad Size 31 signal may be used to indicate
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information is an address ans
deasserttclpekadilgvicsratht hvdfering epEYGosd for the address A2 will be
transmtted on the address channel 106a. The sending device al so

deasser[ﬂ)BSd]he R@&ﬁ‘ﬁﬂ! itd €1S] gnak Sgécﬁn% QActiCAUE R tcPa Wh! bér?czgrpigcg %gtri]dn The
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t he se t,es f t he ayl oad W ) he sendi n vice
GRO gd@re W eanndl' 4068 antch t'iae ap ropnate conu((ﬂ SLgnals During thegsame clock

cycle 502, the sending device also sends the first 8-bytes of the first payload WI(1) to

the bus interconnect on the write channel 406b. The bus interconnect transmits the

address Al to the first receiving device 404a on the first receiving device’s address
channel 406a;, and transmits the first 8-bytes of the first payload Wi1(1) to the first
receiving device 404a on the first receiving device’s write channel 406b,.

|0055] On. the second clock cycle 504, the sending device initiates the next write
operation by sending an address A2 to the bus interconnect on the address channel 406a
with the appropriate conirol signals. During the same clock cycle 504, the sending
device also sends the second 8-bytes of the first payload W1(2) to the bus interconnect
on the write channel 406b. The bus interconnect 416 transmits the address A2 to the
second receiving device 404b on the second receiving device’s address channel 406a,,
and transmits the second 8-bytes of the first payload W1(2) to the first receiving device
404a on the first receiving device’s write channel 406b,.

[6056] On the third and fourth clock cycles 506, 508, the sending device sends the
remainder of the first payload W1(3), W1(4) through the bus interconnect to the first
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320 to semdcl4sbi fortit Bedndtreseiahe UBECE, a6 Slowray! 0ad WL(3). The sending
device al so asserts the Walid signal 324 to indicate that valid

i nf or natd087] i s HIGL ﬁgs arsmmﬂiﬁeﬂtteﬁbm'd@’ﬁﬁl Waétka@ing Qﬁ%ﬁ%p}%(lﬁ*%wo[cﬂgﬁgs] At
t he end;0f

&;Tg‘gp §1H @iﬁ) cycle 303, the sending device checks
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with the 3-charmel bus. That is, the sending device 602 transmits address on the write
address channel 606a and payloads on both the write address channel 606a and the write
channel 606b. The difference between the two bus architectures is the manner in which
the read operation is performed. A read operation over the 4-channel bus is performed
by sending to the receiving device 604 the address on a read address channel 606d. In

response, the receiving device 604 sends the payload to the sending device 602 on the
read channel 606¢.

[0058] An example will now be described with reference to FIG. 7. The bus
protocol for the address and write channels 606a, 606b, 6064d is listed below in Table 2.
This bus protocol is being used to illustrate the inventive aspects of a processing system,
with the understanding that such inventive agpeets may bec uscd with other bus
protocols. Those skilled in the art will readily be abie to vary and/or add signals to this

protocol in the actual implementation of the bus architectures described herein.

TABLE 2

Write Address 32-bit medium to transmit | Sending Device
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for thc sccg i

sinplified Jb@pk‘d“agramll

the write channel.
Payload for the current address will be transmitted on
the write address channel.

001




in a processing system 600 communi cati ng over a 4-channel bus. A
separate and i ndependent address channel is provided for each of the
read and wite channels. In this exanple, each channel is 32-bits

wi de, but MH320BEIAKY width in practice dependi ng upon tPHeI/BER0eTISeA3Gr
application and overall design constraints. A wite operation over
the 4-channel bus may be perfornmed in the same way described earlier
i n connection wth the 3-channel bus. That is, the sending device 602
transmts address on the wite address channel 606a and payl oads on
both the wite address channel 606a %¥nd the wite channel 606b. The
di fference betweenthe twe bus architectures is the manner in which
the read ope on i s perf or npHayipad fonthespearatdddresowl be¢ hanshiitdicom bl
bus is perfo i b_t he rPPPitmwng@irhﬁ@hMLt he address
on a read ad nnel-6060. 1 n response, Rdserveécei vi ng devi ce 604
sends the payload to the sending device 602 on the read channel 606c.
[ 0058] An exanple wll now be described with reference to FIG 7. The
bus priisGbl fRIG. T hes dathesisganthdvirdoehe Banhal, 0 i's
isted pel oyl A Tabl e, 2. T <“BUis pr otocol 15 Sggf‘%g‘@%g"ég‘q{%gbﬁgwe

i 11 ust r at & 1 he T RVERPY el ARPE drrle gperation ardthen if-Bytstvanite onetaton.hé
under st SyRkmElotia?06 wok env@dtib CPnadSReLd SorMYniBRdHS AWk NhO LRt PUS
pr ot ocog@ L BO8E éegicleé eq,hi t%e @[ﬂt kv,\}i LI, readily be able to vary

and/ or add Sign&l's to thi gr%fg ook "R tih shower wath forp Elere wreles. orithof

t he buseabhehick egtlanasbeedsequerithilier ein. TABLE 2 Wite Address 32-bit
mediumto transmt Sendi ng Device WO 2007/ 101170PCT/ US2007/ 0628311
14 .., 10061] Def mirit¢ opeiation may be initiated on the address channel 606a by the

sending device during the first clock cycle 701. This operation may be achieved by

transmitting the address Al for the first write operation on the 32-bit Write Address

medium 708. During the same clock cycle 701, the sending device asserts the Write
AValid signal 712 to indicate that valid information is being transmitted on the write
address channel 606a. The sending device also asserts the write Address/Data signal
713 to indicate that the information is an address A1. The sending device also sets the
Transfer Attribute signal 714 to “000” to indicate that the payload for the address Al
will be transmitted on the write channel 606b. The Payload Size 718 signal may be
used to indicate the size of the payload, which in this case is 16-bytes.

[0062] During the same first clock cycle 701, the sending device uses the Write
medium 720 to transmit the first 4-bytes of the first payload W1(1). The sending device
also asserts the WValid signal 724 to indicate that valid information is being transmitted

on the write channel 606b.

[0063] At the end of the first clock cycle 701, the sending device checks for an
asserted Write Address Transfer Ack signal 710 to confirm the sucoessful delivery of
the address Al over the address channcl 606a to the reeetving device. The sending
device also checks for an asserted Write Transfer Ack signal 722 to confirm the
successful delivery of the first 4-bytes of the first payload W1(1) over the write channel
606b to the receiving device,

[0864] On the second clock cycle 702, the sending device transmits the address A2
for the second write operation on the 32-bit Address medium 708 before the first write

operation completes. The sending device asserts the Write AValid signal 712 to

Tow AT o wk 2t LN |



payl oads. Wite Address/Data Indicates whether the information being
transmtted on the wite address channel is a wite address or a

payl oad. Sending Device Transfer Attribute Indicates mhephe( t he

payl oad foWQWe”¥dtent address will be transnitted on EGRUMAGHIE2830
address channel, read address channel or the wite channel. Sending
Device Wite Avalid Indicates whether valid information is being
transmtted on the wite address channel. Sending Device Wite

Payl oad Size wite address. Indicates the size of the payload for the
current Sending Device WiteAddress®/ansfer Ack Indicates whether the

i Vi i ccessfi dl recei ved information transmtted on
[ heCir | e SEEE DRRaHlr S dhd i Areisliage signal 715 o indicate that the

information is an address A2. The sending device sets the Transfer Atiribute signal 714
to “010” to indicate that the payload for the address A2 will be transmitted on the read
address channel 606d. The Payload Size 718 signal may be used to indicate the size of
the payload, which in this case is 12-bytes.

[0065] During the same second clock eycle 702, the sending device uses the Write
medium 720 to transmit the second 4-bytes of the first payload W1(2), and asserts the
WValid signal 724 to indicate that valid information is being transmitted on the write
channel 606b. The sending device uses the Read Address medium 730 to send the first
4-bytcs of the sceond payload W2(1), and assorts the Read AValid signal 728 to indicatc
that valid information is being transmitted on the read address channel 606d. The
sending device deasserts the Read Address/Data signal 729 to indicate that the

information being transmitted on the read address channel 606d is payload data,

[0066] At the end of the second clock cycle 702, the sending device checks for an
asserted Write Address Transfer Ack signal 710 to confirm the successful delivery of
the address A2 over the address channel 606a to the receiving device. The sending
device also checks for asserted Write Transfer Ack and Read Address Transfer Ack
signals 722, 726 to confirm the successful delivery of the payload data over the write
and read address channels 606b, 606d.

10067) On the third clock cycle 703, the sending device asserts the Write AValid
signal 712 to indicate that valid information is being fransmitted on the write address
channel 606a. The sending device also asserts the Address/Data signal 713 to indicate
that the information is an address A3. The sending device sets the Transfer Attribute
signal 714 to “001” to indicate that the payload for the address A3 will be transmitted
on the write address channel 606a. The Payload Size 718 signal may be used to indicate
the size of the payload, which in this case is 4-bytes.

[0068] During the same third clock cycle 703, the sending device uses the Write
medium 720 to transmit the third 4-bytes of the first payload W1(3), and asserts the
WValid signal 724 to indicatc that valid information is being transmitted on the writce
chamnel 606b. The sending device uses the Read Address medium 730 to send the
second 4-bytes of the second payload W2(2), and asserts the Read AValid signal 728 to

indicate that valid information is being transmitted on the read address channel 606d.



WO 2007/101170 PCT/ US2007/062830 15  32-bit nmediumto transmt
payl oads. Sendi ng Devi ce I ndi cates whether valid information is
being transmtted on the wite channel. I ndi cat es whet he( t he
recei ving W&AREIMHE successful Iy received information RECHEWSATSBI on
the wite channel. [0059] The protocol for the Transfer Ack signal
on the wite address channel is shown below in Table 3.

18

The sending device deasserts the Read Address/Data signal 729 to indicate that the

information being transmitted on the read address channel 606d is payload data.

[0069] At the end of the third clock cycle 703, the sending device checks for an
asserted Write Address Transfer Ack signal 710 to confirm the successful delivery of
the address A3 over the address channel 606a to the receiving device. The sending
device also checks for asserted Write Transfer Ack and Read Address Transfer Ack
signals 722, 726 to confirm the successful delivery of the payload data over the write
and read address chanmels 606b, 606d.

[0070] On the fourth clock cycle 704, the sending device uses the Write medium
720 to send the final 4-bytes of the first payload W1(4), and the Read Address medium
730 to send the final 4-bytes of the second payload W2(3). The sending device asserts
the WValid and Read AValid signals 724, 728 to indicate that valid information is being
transmitted on the write and read address channels 606b, 606d. The sending device
deasserts the Read Address/Data signal 729 to indicate that the information being
transmitted on the read address channel 606d is payload data.

[0071)] The sending device uses Write address medium 708 to send the third payload
W3, and asserts the Write AValid signal 712 to indicate that valid information is being
sent on the write address channel 606a. The sending device deasserts the Address/Data
signal 713 to indicate that the information transmitted on the write address channel 606a
1s payload data. The state of the Transfer Attribute signal 714 and Payload Size 718
signal may ignored.

[06072] FIG. 8 is a simplified block diagram illustrating a sending device 802 in
comrmunication with three receiving devices 804a-804¢ through a bus interconnect 816
In a processing system 800. In this example, the sending device 802 can write to all
three receiving devices 804a-804c comcurrently using the read and write address
channels 806d, 806a as media for transmitting addresses and payloads. The bus
interconnect 816 can then use the write address channels 8063;, 806a,, 806a; to address
the receiving devices 804a, 804b, 804c and the write channels 806k, 806b,, 806h; to
transmit the payloads. In the case where the bus intcrconnect 816 noeds io perform
multiple write operations to one or more receiving devices 804a, 804D, 804c, the read
and write address channels 806d;, 806d;, 806ds, 806a,, 806a,, 806as may also be used

as generic media to fransmit both addresses and payloads.
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current address will be transmtted on the read address channel .

OllReserved [0060]FIG 7 is a timng diagram show ng the control

si gnal i ng M812087181yte wite operation foll owed by a 1PCH$80706R838

operation and then a 4-byte wite operation. A System C ock 706 may

be used to synchroni ze communi cati ons between the sending and

recei ving devices. The System C ock 706 is shown with four clock

cycles, with each clock cycle nunbered sequentially. [0061]A wite

operation may be initiated on the adfress channel 606a by the sending
cle 701. This operation may be

devi ce LNg the first clock c g ]

achi eveﬂﬂ’f{épt r é‘ﬁ’s?ﬁ"{rtpf%fc ‘EfH]e‘l%é? dessripgd wih refheenés FIGWOI EBGODES af | ON
on the BRstbition\bhbkigAlE EEESARAIANRITO8 UL ¢l gck, cycle
701, the asenditg‘;g;bdevi ce asserts the %V_i te _A\Id/gelgf’ éﬁkg@ﬁéﬁmﬁ%&t@%s

i ndi cat AP NRPFYHFFeoMesL Bdh Vil Phiidrypeinkipsprint exhnectionk ehatrdllos;
addr es seacharunehis§iof dond Ae: §RAMHEvILHB LAk S e ite
Addressé(%%t gﬁ}‘ﬁ)' %Q%I . 7%?3 to indicate that t _hi&)i n o(r?{nagi%%“f%g &gvices
addr ess” Al *THe “séhth TG GBI eekAvsls- setmagtive, Irvegvst.ehe b fitdrudrmect

si gnal FiBmabe HOOLkddaleied namirt-Ral (gebﬁz@.a%! oad for the address Al
wll be transmtted on the wite channel 606b. The Payl oad Size 718

signal [#8J4lbe Bsdridmtol m& @gmetﬁehrfestsdlm Clel J12, Fﬁyslﬁgaﬂg fi%%&o%iﬁﬂﬁt hi's
case i L . y in e sane first clock cycle , the
sendi n;thég:? %eeﬁ@ggsg%(%él% {)jf ég‘ﬁjérbq iy oess o e dhk Ry infereommptsen the

4- byt espddtess Pleanfiblr896a peithl thadpdibprialy corkhte sBafdl POrdE iCAR SRIASIR! t S
t he Wajgrdgsi 4 tg indicate th val jd information i s berng
trans m'a%qz’e on t hgeg(\%fﬁ agsoc%gﬁﬂgﬁc%éﬁé%}’ﬁfso@ég‘f st prgogh W 16Y) te e Busr st
cl ock cyErenyet onihrewsitendhiange] BO6h.c Fhe hecksré@hean 25588 HehaWdsd & 1
Addr esso Thapst . ' o~confirmthe.syuccessful delivery of
the addres SE§\| %’3@%{%@%?& F%é g ttt(l: %ﬁ'ﬁ’éﬁcelga’@a&tvbcet%aéidFeé‘ﬁélilaﬂnﬁ]gg‘?févi ce.
The ser@finaeis g fissé-tytrscicshé Grst gaylasd & 1(@¥ ONHet Brstl; FRASIRr dohtde

si gnal 8632 oh e LR RE s eldyery of the first 4-bytes of
the first payleoad mfl)gos‘g‘?&tgﬁzﬁ%ﬁaf]g&coé el 606b to the receiving

devi ce.[0d3)64] OB thd1co8E QML RRkogmY Gilee e.sending device. .
transnits fhe. address A2 for the se}c/gﬂr?dse\g\l/r%ge&egﬁ;grlgjtilla{c?ﬁq%%n?’ﬁew%tﬁ- bi t

Addr esSPHE %FP{ SBSISA AT h, é2ftp tha bugrinteecoopet af itereddomspiemes] S0Bhe
sendi ngvittetheCppagsiate! Sontlde sMhbke ARl theSlgnalndd %yé!g 904, the sending

device also sends the second 4-bytes of the first payload W1(2) to the bus interconnect
on the write channel 806b and the first 4-bytes of the second payload W2(1) 1o the bus
interconnect on the read address channel 806d. The bus interconnect $16 transmits the
address A2 to the second receiving device 804b on the second receiving device’s
address channel 806a,, transmits the second 4-bytes of the first payload W1(2) to the
first receiving device 804a on the first receiving device’s write chanmel 806b,, and
transmits the first 4-bytes of the second payload W2(1) to the second receiving device

804b on the second rceciving device’s write chanmncl 806b,.

[6076] On the third clock cycle 906, the sending device initiates the next write
operation by sending an address A3 to the bus interconnect on the address channel 806a
with the appropriate control signals. At the same time, the sending device also sends
the third 4-bytes of the first payload W1(3) to the bus interconnect on the write channel
806D, and the second 4-bytes of the second payload W2(2) to the bus intercormect on
the read address channcl 806d. The bus intcrconncst 816 transmits the address A3 to

the third receiving device 804c on the third receiving device’s address channel 806as,
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Address/Data signal 713 to indicate that the information is an
address A2. The sending device sets the Transfer Attribute signal 714
to "010" tVWaHNd/wat’e t hat the payload for the address ARCWU$Z0G2830
transmtted on the read address channel 606d. The Payl oad Size 718
signal may be used to indicate the size of the payload, which in this
case is 12-bytes. [0065]During the sane second cl ock cycle 702, the
sendi ng device uses the Wite nedium 720 to transmt the second
4-bytes of the first payload WL(2), %nd asserts the Walid signal 724
to indicate that valld information is being transmtted on the wite
channel “BYEHrStiTEc g fetige deviite shtrnel 84Ghe. Rddthnsnills esenad 4+hytE86f t 0

send th&xefsbdicﬁlﬂ foyid &3228 td 1€ s8mane: erts.the
Read Aval i.d,si pﬁgl an Té’i 3(? |nd|Scate tﬁg"t%(%/g ¢ #%Jrnrrtg[ ?%%ﬁﬁée‘ﬁé‘?%

t ransni LY8 D farfél dress channel 606d. The sendi ng devi ce
deasser ddre /Dat nal 729 to indicate that the

i nfor matﬂ%gﬁq be:E\))re{g'(ﬂl3 ?lé & Cg‘ﬁ%gé hg geRdmg fivics sendsdhn 8nalobbytes of
pay| oadithd aftrat. palyRAGEY A4) i eheeidd ibfferdoRBect 88 ARk OGenENHRL 702 5 %Eg_
sendi ng}?qgv iptgechec&s for sert d Wite Address Transfer

si gnal Vo "E R %a}('lﬁgd E"stfhﬁ “ﬂ&t‘?rmddifn the geadoriideass ciaamel er
t Ihe adﬁ%sis anh ammrd Qﬁ@?aﬂm he _It_liieeB@ iﬂtﬂgorﬁt@éﬂ %ﬁ%e-ﬁgﬂtgéagﬁfgsp Qz_ar%\éi fce
also ¢ erte e Tr and Rea ress Iransfer
Aok st oot T8 e BSGL A e N i Fpl R M el Ly B o8E16 et tyvishd L 1o
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0067 e 70 evice asserts the
Wite %/%'{3 §i gn‘gff1 g‘?‘%ﬁ ot a‘r“’é’&? é’a%"ﬂ?ﬁ %ﬂ?gﬁ 9 P FeRORR EP e RG dgyasng
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Attri bmhén%ﬁléﬁ@s 714 to "001" to indi cate that the payload for the -
address A3 will be transmtted on the wite address channel 606a. The
Payl oad%%/8e 77he yrpen ilvsiyatiie logisdl blocks diciles, bihe cstws thfbclhlb‘lﬂ in
pay| oadsonukiitieh viith #BicsniRSRerl t hird
clock cycl e 703, the send ng t%géflgg&ﬁ@eer?htqﬁg%v%@g&e%mg O%d
t r ansmi Y% ReBTT4! PUARISE t TSRO e digitnls sigpalybroaehsand (BJR), andam:arcms
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known in the art. A storage medium may be coupled to the processor such that the

processor can read information from, and write information to, the storage medium. In



[0071 ] The sending device uses Wite address nmedium 708 to send the
third payl oad WB, and asserts the Wite AvValid signal 712 to indicate
that valid information is being sent on the wite address channel
606a. The ¥Eh¥WHY1H8vi ce deasserts the Address/ Data si ghal’UT2IE 6830
indicate that the information transmtted on the wite address
channel 606a is payload data. The state of the Transfer Attribute
signal 714 and Payl oad Size 718 signal may ignored. [0072]FIG 8 is a
sinplified bl ock diagran1i||ustrati38 a sendi ng device 802 in

comuni cation with three receiving vi ces 804a-804c through a bus
|ntercoHp @# 81@3& rocessi ng systen1800 In this exanple, the
sendi ng"d Xoesitle 1t 3 APIC. t HreebSKemey visity idehd seading@ddloB804c
concur r extivingUSini@ntite of @REWARE, Wﬁ%ﬁ@aﬁ@ﬂ&%ﬁﬁﬂ%ﬁﬁ%@%&&-g @m5§063 as
media for .transmttjn ddresses and payl oa us 1Nt ercon

816 can fHER ﬂ?érets’rﬁ% f\%r‘%a MO8 BRRAS NS A fifeiesdige and/or 8BEHME c@ﬁ@aﬁemp
addr essottdiewheei vi ng devi ces 804a, 804b, 804c and the wite channels
806b1, 806b2, 806b3 to transmt the payloads. In the case where the
bus i nt B08¥nnedhe @ﬂeﬁ*m’iﬂ&ﬂ&ﬁrﬂo@ of frerdmcmakd bﬁb@dﬂfeh{s% @B@fd@& d? E

one or Vi ces ,804a, 804b, 804c, th ad an
addr ess ﬁ{‘%’gﬁgﬂ%élg t@d’f‘[‘eé’ﬁ sipsthe gpsent ingngian VFS%&@Q&&F@OI@D be

used astodkese cinbodigatings Wl Ber lamdim éppb&hmo&fi&ﬁc%%ﬁ%a 1@&@ RAYHOAL %enen\éo

2007/ 1 A 7/0628 007 e of Wwll now be
descri be %T%Ae%%ggrﬁée EI o 1%1 %Pglmafﬁm’l Vith@t dgp4rére SAowi ng

t he i nft&e mpirit on S¢dp®vafrtge duventien. atitie 3is mgemmteansthhﬁtenééa e
exanpl e t 81 tovi de pol nt-to-polnt
connec?ﬁgﬁgﬁyﬁat a g&ﬁ%ﬁc Wghsﬁ?g%LWﬁmfF’g?fﬁ@”?@ﬁd@hd”@@%ﬁ@ﬁm802
t o reaciPnpeTiorith the priciwilasiang ndves! ifetise8didelossd0h:in.804C in the sane
clock cycle. In practice, however, the bus interconnect 816 may be a
cl ocked device with buffering (see FIG 8). [0074]Referring to FIG

9, on the first clock cycle 902, the sending device initiates the
16-byte wite operation by sending an address Al to the bus

i nterconnect on the address channel 806a with the appropriate control
signals. During the same clock cycle 902, the sending device al so
sends the first 4-bytes of the first payload Wi(1) to thc bus

i nterconnect on the wite channel 80613. The bus interconnect
transmts the address Al to the first receiving device 804a on the
first receiving device's address channel 806al, and transmits the
first 4-bytes of the first payload WL(1) to the first receiving
device 804a on the first receiving device's wite channel 806bl.

[ 0075] On the second cl ock cycle 904, the sending device initiates the
next wite operation by sending an address A2 to the bus interconnect
on the address channel 806a with the appropriate control signals.
During the sane clock cycle 904, the sending device al so sends the
second 4-bytes of the first payload WL(2) to the bus interconnect on
the wite channel 806b and the first 4-bytes of the second payl oad
W2(1l) to the bus interconnect on the read address channel 806d. The
bus interconnect 816 transmts the address A2 to the second receiving
devi ce 804b on the second receiving device's address channel 806a2,
transmts the second 4-bytes of the first payload WL(2) to the first
recei ving device 804a on the first receiving device's wite channel
806b1, and transmts the first 4-bytes of the second payload W(1) to
t he second receiving device 804b on the second receiving device's
write channel 806b2. [007610On the third clock cycle 906, the sending
device initiates the next wite operation by sending an address A3 to
the bus interconnect on the address channel 806a with the appropriate
control signals. At the sane tine, the sending device al so sends the



on the fast receiving device's wite channel 806bl, and transmts the
second 4-bytes of the second payl oad W(2) to the second receiving
devi ce 804b on the second receiving device's wite channel 806b2.
[0077] On the fourth clock cycle 908, the sending device sends the
final 4-bytes of the first payload WL,(4) to the bus interconnect on
the wite channel 806b, the final - 4- bytes of the second payl oad
W2(3) to the bus interconnect on the read address channel 806d, and
the third payload WB to the bus i nt é¢connect on the wite address
channel 806a. The bus interconnect 816 transmts the final 4-bytes of
the first payload WL(4) to the first receiving device 804a on the
first receiving device's wite channel 806bl, transmts the final
4-bytcs of the second payl oad Vw(gﬁﬂﬂﬁﬂﬁrmasecond recei vi ng device
804b on the second receiving device's wite channel 806b2, and
transm ts the thAndopayingagdstdB, temphigng:hi rd recei ving device 804c on
the third receiving device''s wite channel 806b3. [0078] The vari ous
illustrative |ogft “ﬁ?%g?g?%nndules, and circuits described in
connection wth 4 bes Raing fireHeSort skl 5aEHRAGIA: AngRY be inpl enent ed
or performed with a general purpose processor, a digital signal
processor (DSP),2 é?P‘g%FiFﬁlﬁ? F’Bﬁ*ﬁ%lﬁé‘é it9 pddiepy Bgrraceving deyiseton Asl Bpt a

fieldpoagiammmbbel gapsleed &bnl lﬁE’eGPacegﬁthda%epc;zP%ea%%ﬁhec aRBLIC the
conmponen di screte gate or transjistor logic, discrete hardware

conpo r?&ﬁ‘%@,g dgyicg hingoipiratqrdigursddp sslectbeiivgne thet frserd trinth ablaanels to
funct ivaig aqﬁWaingqh@%glivﬁlg Lgeneral - purpose processor nmay be a

m croprocessor, but in the alternative, the processor may be any
conventional processor, controller, mcrocontroller, or state

machi ne. A 2or oceShoprataysind SEidde off RiSNE MiRekiRShAs&aY AdLitOnR Qfther
conmputin onent s ination of a DSP and a

co e.g,, .a Cco P :
mcr opCPBg%’é@ 0 4 T&‘Faﬁﬁg’iﬂﬁdotf’ P A5iERse £4 3he residng denge on the first
M Cr OPhRGRS 304 Svrith CORbHDGEIIBRd W b RedndSRE i '
configgrgtion. [ 0079] The %ﬁ¥hods or aIgoritﬁﬁgﬂggigggﬁgﬁg?ﬁhm§&ﬁﬁw
connectFd &R t he enbodi nents di scl osed herein may be enbodi ed
directly in hardware, in a software nodul e executed by a processor
or in a conpinatyon of the two. A_software nodule may reside in RAM
menmory, flash mehtt JEOEISE SN, of eBrem ﬁ)é%? FOMPEBRENN SeeRF Jeceiving
regi stdevive, airetheteiktheaehdinp \iablce idfisther dodiRMo RFitiI RVRRH t6 @fdn
of storage dLun1knﬁm? in the ar%. A storage nedi um nay be coupl ed
to t her“&?%gg%‘é‘?e gf¢dhe frsichamnel grdrans 8 pagioad fe thy serpest eeiviie f9vden
and wdnttge itRfdoghaahéion to, the storage nedium In WO

2007/ 101170PCM S20071062830 21 the storage nedium may reside in an
ASIC. The ASIC may reside in the sending and/ or receiving conmponent,
or el sewherde. | rifltchprogbsstug aysiare oftdifinpl ogkgsar thardstfiahst e5af8ses a

medi u i de.as di.screte c 0 s in the sending and/or . .

recei \rﬁl) 1?1%¥€f65n%18?iet}% ,Segcrim I%é%‘?eﬁ%gg [}g%g?f] ‘?‘?Pﬁ%’?eéﬁfcbﬁgdfgé%gﬁ o sof

t he didseicoseadhe fibddihapmdiSor s/rips opdrashst thdenriblse B YecBRiFORAEKE bh &gk i N

t he ar Ourtc 0. naakgln@r usc(i?t he. re%%gt invention,. Various_npdifications

to t hdLBLAEHFOR FeAdPRaratighs, Bl Rgromy B8 sering deTiRp SefusiReT padiavrrd he

art, amsclehdctesarthe fipst] hadphdSose] tnedeRas eire MYpYRARB HhetctRing

ot her de_rri)odl ments without departing fromthe spirit or scope of the

i nvent TG Thus, the present invention is not intended to be linited

to the enb_odi nments shown her _ei n but is to be accorded the_ w dest

scope consisst entyyl LALLOG PLIAG BE SR A UM wAE! ol 8L S 8L 05 s
configured to write the payload to a first address of the receiving device on one of the

first, third and fourth channels and write a second payload to a second address of the

rceciving device on another one of the first, third and fourth channcls.



22 CLAI M5 A processing system conprising: a receiving device; a bus
having first, second and third channels; and a sendi ng
device configured to address the receiving device on the first
channel, and read a payload fromthe receiving device on the second
channel , the sending device being further configured to sel ect
between the first and third channels to wite a payload to the
recei vi ng devi ce. The processing systemof claim1l
wherein the sending device is furthé® configured to wite the payl oad
to a first addre of the receiving device on the first channel and
wite a second pfl@? BERFeEHRE Sudern v chader 4 sdheedin e sqnalired devige defiriher on
t he t hjohflgaRanselrte the payichd thhe ' e Laim 1.fuLther
conprkiing@a second reg%FVing de?ﬁ%ggﬂgﬁgqgﬁggz%ﬁg%ﬁéC%Eﬁ i ﬂﬁééﬁge
i s furtAereloBrt ftrcand payiard tea serongd aydrsasiof thetthesivingalevice@ndey idgal on
t he fighgfnegh rand ' I t ond r.ecei yi ng deyj ce
on the L1 e apae il bBe Ba A B F SEIPelivEE At th
wher eifgugtihehasgsl. f urt her conprises a fourth channel, the sending
device being further configured to address the receiving device on
the first channel for wite operations and address the receiving

devi ce on the f ot ProenwitEsystent of ehim dpariet ommprising aveessl rectiving

sendi RigvieVirtewhseinuht Rek 460 Akl QuE ﬂ];fh tween.the first
third and fourth channel s 1t% \M?tygt eQr gﬁf@tarec?% Y"ﬁlge trhgé’éliy(ﬂaﬂgo the
devi c@sceving devige oty ongr ofc testirsy Hymst dburth ahanrklsvhed eiritet haecond
sendi ©B8Y 116 8hd Seddilit NEEHS ' ite t load to a_.first
addreggyof t he regeivinggﬁeg%ggﬁgé%%ﬁ%%gggfﬁg ??ﬁggﬁ%Fh%Wg ﬁﬁ@ﬂ¥5ﬁ#th
channéhgmgld wite a second payl oad to a second address of the
recei ving device on another one of the first, third and fourth
channels. 23 6. The processing systemof claim4 wherein the
sendi ng deVt ce 9 PROCHEINE S¥ptmy B dpimod vintther edrapmisivg cecbrioaral fhiimist
addr esgeffing QEvices @il RUeRBY kel s it §eril LWt 8 a.segond
payl oad to_a second_addrgs$ of ?helégcgﬁé%ﬁ% geV|3§n§ﬁu$ﬂéDfﬁF§H&m
chann@fyloathde s reccivingi deyiqgagn dhrl firg chaphély avritedr es®ndf pdyiiend to the
recei ¥bdded devditR e Odbide of QHE b : - g E DI OLessi
systenlof_clafn1§ further co#%??g?%%ﬁ% ol B Fe%%ﬁ%?%@gﬁggiﬁﬁ[%gﬂd
wher ef§feivieg deie erythedoigl chanelir t her configured to wite the payl oad
to the receiving device on one of the first, third and fourth
channels and wite a second payload to the second receiving device on
anot her oné- of tIHE RPeessinggystemn ahelaig Jr whetehatheaiending device is SurtHdre
pr ocessifigray®tReviat addoat dchal” LIRLRY ; ' hi 1

AGrey/ i a ghal"th %regﬁ%ﬁg d%'vﬂ;g 13&8&%%\?&%3% Wt Gt

recei vi ng devices, and wherern the sendin evice IS

conf i GRFEE! BFuHeNtE beme piey to addrass threreceivbigvdagodenivties the fdyboati tost
channgle,reWidihg davisecond payl oad to the second receiving device on the
third channel, and wite a third payload to the third receiving
device on the fourth channelL 9. The processing system of

claim1 whebei nThhersenrdinpGyser 6Eclusn fihhen &0 %h&&lg%vfc% iP 'if&(ﬁe‘ile a
controlf5|92@{ to the receiving device indicating whether the first
chann&™ e KUY BIRYNE BePHlsienal do 48 e vins edgvacse mbila addesssing e

wri t erdcbigingaddviRd tieQcdni] ERaEI MUREHAWHeRer a payload for the address will be

written to the receiving device on the first or third channel.

11. A processing system, comprising:
a receiving device;
a bus having first, second and third channels;
means for addressing the receiving device on the first channel;

means for reading a payload from the receiving device on the second
channel; and



10. The processing systemof claim1l wherein the sending device is
further configured to provide a control signal to the receiving

devi ce whil e addressing the receiving device, the control signa

i ndi cati ng whether a payload for the address will be witten to the
receiving device on the first or third channel. 11. A
processi ng system conprising: a receiving device; a bus having
first, second and third channels, ns for addressing the receiving
device on the first channel, neans r reading a payload fromthe
recei ving device_on the second .24 means for selecting
between the firsPHHd PhiFactigahpiBicentige st @nd irgl ehabrels tchaviite a

r ecei wapipadey iteaeceiving devibd: A nmethod of communi cating between a
sendi ng devi ce and one or nore receiving devices over a bus, the bus
conprising first, second and third channels, the method conpri sing:

addr essi ng B.r echimithgl desimennizatifebétivesi a 6banngheviteag 5% & nayl oad
n.the second channel d

fromthe.receiving device an
selecf?%%wgégﬁgﬁﬁgpﬁﬁaﬁWFs © bHE CORPRHNE fiaTinwrend andhizxdechanpelgitbad t o
t he r enehyd agupi€shge. 13. The nethod of claim 12 further
conprising witi the payload to a first address of the receiving
devi ce on the fii°Stes¥RgRTeresing daviceionghafissebannepayl oad to a second

address of the regdhyagvRaN ks 81 LhgvihBided 4., The
met hod of claim 12 t%r?ﬁgr conpri sing u}?tiﬁgEF%gH%%§P8%3h?ng%gd

recei vi ng devi ceCERIRHdYe8: the fapnwid tind cranpels go avstecopaylpay kodd t 0
a SeCQ&Qhﬁﬁ%gbﬁhag device on the third channel. 15. The

met hod of claim 12 wherein the bus further conprises a fourth
channel, and wherein the receiving device is addressed on the first

channel forl3a witcemehedafictim thuriiel BQdpHisht REEEROIRLLSIong ¢ ¢
addresaing tpglreceiyin device on the fo%rthﬁ B §0 0 2 lirs
address of the receiving device on the first channel and writing a second payload to a

second address of the receiving device on the third channel.

14, The method of claim 12 further comprising writing the payload to the
receiving device on the first channel and writing a second payload to a second receiving

device on the third channel,

15. The method of claim 12 wherein the bus further comprises a fourth
channel, and wherein the receiving device is addressed on the first channel for a write
operation, the method further comprising addressing the receiving device on the fourth
channel for a read operation, wherein the selection of which channel to write the

payload to the receiving device further comprises selecting between the first, third and

fourth channels to write the payload to the receiving device.

16. The method of claim 15 further comprising writing the payload to a first
address of the receiving device on one of the first, third and fourth channels and writing

a second payload to a second address of the receiving device on another one of the first,
third and fourth channels.

17. The method of claim 15 further comprising writing the payload to a first

address of the receiving device on the first channels and writing a second payload to a



channel for a read operation, wherein the selection of which channel
to wite the payload to the receiving device further conprises
sel ecting between the first, third and fourth channels to wite the
payl oad to the receiving device. 16. The nmethod of claim 15
further conprising witing the payload to a first address of the
receiving device on one of the first, third and fourth channels and
writing a second payload to a second address of the receiving device
on another one of the first, third &hd fourth channels. 17.
The net hod, of claim 15 further conprising witing the payload to a
first Saﬁ%%e%idf%“ﬁ of i feseiving diiercon die Birdichandsl ead veitérme tisrdpalload
Wi ti ng aahis@e@RdssRAhORGetthPdedS SEHRIGLAT of the receiving
device on the third channelzg%d witing a tﬂ%&%éhayload toathird
address of the receiving device on the fourth channel. 18. The
met hod of clSai MM fstiiodest clamI 15SFRBeWehbiabAGnE: NeriRAY lipa
recei vi ng .devj ce on one ?Hgtgg first, thirg an% foﬁ%%h cﬁ%ﬂ%%§§§§ﬁa
t

wri ti AGEAER EGHIFC Sy PBRGE 1Re dvele dibiHY 2pd dovrth shannels erd avritinme mecomhe
of theafiockstic 4 Redddandeivaid UBvieh A ShSher ope o tgig'ﬁr-gpethﬁat fed féggﬁh

claim 15 further conprising witing the payload to thé receivin
devi c&'GHthe first channel and witing a second payload to a second
recei ving device on the third channel and witing a third payload to

athird receivi devj,ce on the fourth channel. 20. The

met hod of glﬁai m ‘F‘ﬁﬁ‘f’ﬁe‘?p“c%% rlissﬁ%ﬁﬁl% FORIPESIAY vEitéRs theopadpathén theo
the receivingdedeyog thd Mt CainnBahOHARE 2 s8N Ja$10a8N8ANREo Breceiving
curregt{¥ bei ng uaggeto address the receiving device or wite a

pay| 043" F3 PR PELSNGTIY 2RdWriing a third paylopd to Ffkirdreqosbtng fledtapmile?

f ur t hésuretpgimhell ng providing a control signal to the receiving device

whi | e addressing the receiving device, the control signal indicating
whet her a payl oad for the address will be witten to the receiving

devi ce on 2Re fiTstmethod bif Lthi EMfether a&npﬁsib%%d{aﬁ;%gﬁ gzglg%ggir%g%mr o
us | I gur et

conpr j;si pa.. & pr.ocessor.. and ) a S )

Lo | nt Ry Rz URAEE Salicaly avhsttiss b fishebaPpplts, comemi bang ¥serr @
channefidresd the rdevingi@ntasewbiel Mgayivid fahe &RBkipEaH.L 0 address a
sl ave on the first channel, recelve a payload fromthe slave on the

second channel, and sel ect between the first and third channels to
send a paykéad thetrhehed afelaim 12 furthe?Gomprisind YoviBa k&l ool Sih £18:00f

cl ai ”%h%%-e&i,]%g'd%vch%vrﬁiésadd?-ésengat%% rgc%\llx}iﬁg dé\?cice, the control signal indicating

whether a payload for the address will be written to the receiving device on the first or
third channel.

22. A bus mastering device, comprising:
a processor; and
a bus interface configured to interface the processor to a bus having first,
second and third channels, the bus interface being further configured to address a slave

on the first channel, receive a payload from the slave on the second channel, and select

between the first and third channels to send 2 payload 1o the slave.

23. The bus mastering device of claim 22 wherein the bus interface device is
further configured to send the payload to a first address of the slave on the first channel

and send a second payload to a second address of the slave on the third channel.



further configured to send the payload to a first address of the

sl ave on the first channel and send a second payload to a second
address of the slave on the third channel. 26 24. The bus
masteri ng device of claim22 wherein the bus interface is further
configured to send the payload to the slave on the first channel and
send a payload to a second slave on the third channel. 25. The
bus nmastering device of claim22 wherein the bus further conprises a
fourth channel, and wherein the bus?Pnterface is further configured
to address jhe stﬁvﬁ on the first channel for wite operations and
address t he™ sl ave"oR"S ResFone drvienghraim 23 mhesa thpbusintasfiss isfudther

wher ei qonfihered e dempth@eptyland 15 tha!§lbRebn GRisY Hﬁf’ﬁlgi g%cg F%la? }P%ﬁ{)%f; o)

the first, tlhird %nd fourth channels to wite
second s

sl ave. ave oggihe third stering device of claim25 wherein the
bus interface is further configured to send the payload to a first
addr ess of §5he s]aﬁav on one of the first, third and fourth channels
and send a ‘Secont pay BRHCHBE Je Yt Shelatndrakhersm thedus [farther sompristsher
one ofa foheth haste], anbiiwitbraindhé B foferfla Sk-§: i /. u

mast er | ntgag.]{?%icge of claim 25 wherein the bugr??ﬁ le%ufr%%é e}dsd}- gp?%%?ve

confi g aPL dove WHS PoRations andraddzass Shiuslees onthe fourthl chumnadifor he
first re AtionSeRd FheRe : f the slave
reftanedtio ol Rayin ﬁ.‘{lé\rffé:@ ngLﬁ‘ﬁ{é? anﬁ%ﬂ{egﬁf a&gcgdse%veen

on the tgi rd_channel, and send a | yl'oad to ress of
the sl'ByBshitihand Surthrchangels& write the payload to Hesslisgs nast eri ng devi ce
of claim25 wherein the bus interface is further configured to send

t he payl oa(r;i'to the sl ave on one . of the first, third and fourth

channel s afd" send P SdRBTieFHRIT ot dein L2 pdatria thakmsdnteaiaot lsdirtbere

of theofifigmtd td ftntidnapaibagid Ifiehannslse the slave on e of i MAUS third and
evice of claim?25 further conprising second an ff’n "

mast eri n .
sl aveg?urg'h ARG &R SPRE Apigsond pasrleadcle 4 soopnd eHdrest of fhieguevedont entherd -
t he payt ofthetfast, HerSdmVOueR dhligndid r st channel, send a second payl oad
to a second slave on the third channel, and send a third payload to a
third slave on the fourth channel. 30. The bus mastering ‘

devi ce of @Fai m2i2 tasenasteritchdsvidesof Jdigr S PeBededn fHérﬂlﬁﬁﬁﬁteﬁQEg ﬂs?ﬂ&ﬁéﬂr to
1 rst

pr ovi control .signal, to the slave indicating whether the

chann gﬁni?%ur% u%ror géaﬁfilibg B@[’lﬂ@g&%gr&t Godiger ishe ke soatve fisst cbemmeeltived 2
pay| oagbond pehieas tavwesecod address of @4 s1alRQ@nbYS RS CRIANY SRVGE 2Oy
claim Z%Q%%rﬂe’f Al t bus .interface is further configured to provi ge a
I gha

cont r 8f¥ wsg phthe e tha&redsihegnelne sl ave, the control

signal indicating whether a payload for the address wll be sent to

t he sl ave t hefi ot third.channel .. 32, A bus _ nmasterjng device,
comprisi ng?@.a p?‘ggéaglggrrla}sgearhn c[evmeo claim’ 25 wherein tuhe bus mterfaceg1s further

configured to send the payload to the slave on one of the first, third and fourth channels

and send a second payload to a second slave on another one of the first, third and fourth
channels.

29, The bus mastering device of claim 25 further comprising second and
third slaves, and wherein the bus interface is further configured to send the payload to
the slave on the first channel, send a second payload to a second slave on the third

channel, and send a third payload to a third slave on the fourth channel.

30.  The bus mastering device of claim 22 wherein the bus interface is further
configured to provide a control signal to the slave indicating whether the first channel is

currently being used to address the slave or send the payload to the slave.



means for interfacing the processor to a bus having first, second and
third channels, the neans for interfacing the processor to the bus
conprising neans for addressing a slave on the first channel, neans
for receiving a payload fromthe slave on the second channel, and
means for selecting between the first and third channels to send a
payl oad to the stave. 33. A slave device, conprising: nmenory; and

a bus interface configured to interface the nenory to a bus having
first, second and third channels, tRé bus interface bei ng configured

to receive nem?@¥baddrcss and a first gayloaq froma bus mastering
devi ce on thc fi ThiXAMeras fewes gtclaing é2 srhsreiayhobis intasfce iefiptisr

mast erdonggoedite @rofidd ) eoxesl ANthat BB 8lave %ﬁe%@@@s&% ad ﬁcfﬁ% i ctorrll T P us
34. e sl ave of

mast eri.ng.deyice on the third channel. ) evice
claim ERSRRethRT Patlesd B dhg addregstwidh beemft ity tireeslateoon drefinge
t he fidgrskir@pghnsgcond payl oads. 35. The sl ave device of claim
33 wherein the bus further conprises a fourth channel, wherein the
menory is further configured to be addressed through the bus
interface B2.t heAsmpeiagrinpaicdR¥ g&nﬂqbiﬁge first channel for wite
operations and on the fourth channel” for read operation, the bus
interface bei ng IRPFHEPHEBAT i gured to receive a third payl oad from

t he bus nast eri ngedRVHE Bt &@Bad; . . The,sl.ave
device, of c¢laim 35 wherein tHggg%gyéﬁgﬁgﬁgggﬁ%§a¥ﬁﬁgﬁgfé%@ﬁ%ﬁﬁ%?@ﬂyto
r ecei VBRI,  i1if dpeans g fateafainghibe dpipagsson s the 28s comprisirdy mekhe for

sl ave adems&fg afslfb dnhs ﬁr%ﬁ&%&,s%xgﬁs%f récgfvﬁég(ég%lio%%ﬁég &%E’sl%ré:\ﬂnc e

configured to receive a contro gnal from
i ndi cab§ $RGONhehatael. apg mqans forctslastag besveen thefitst yndeiinbcianedls o send
addr esSay hRIREMN Yavr send the first payl oad. 38. The sl ave

device of claim?22 wherein the bus interface is further configured to
receive a control signal fromthe bus mastering device while the

menory is B8l ng Aduredsede, gog%,rgg{gfrol signal indicating whether a
payl oad for the address will be received on the first or third
channel . mynoX; apdive devi ce, conprising: nenory; and

means for inter fhagishdtdite AR el g first.. second an
third channels, the means for %%Fer gg?ﬁ%*?ﬁ% neﬁ%?ﬁgf%P%§%§vgﬁéﬁﬁg

conpr FEIORY HRdafhirds ehannglseiths Ays ntexfaesr Yeing droadigurmddicarddeivat o pasthesd
from aqladss RSt efrd i L nel ns for receiving
a second payl oad %‘t ?%%Q%Eeﬁ%ﬂ%nbn%@g%t%%é 8%8?%8115 X %Esg °§%%‘b°r¥dr°8ﬁ%{ﬁ el ,
and meER8diRYlagdntipmgthe pay lneastering déwichon thmsdceond ghaesl cendRetdh@

thir dpQﬁ@ﬁWf%l the bus mastering device on the third channel.

34, The slave device of claim 33 wherein the bus interface is further

configured to receive the first and second payloads.

3s. The slave device of claim 33 wherein the bus further comprises a fourth
channel], wherein the memory is further configured to be addressed through the bus
interface by the sending the device on the first channel for write operations and on the
fourth chanmel for read operation, the bus interface being further configured to receive a

third payload from the bus mastering device on the fourth channel.

36. The slave device of claim 35 wherein the bus interface is further
configured to receive the first, second and third payloads.
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37. The slave device of claim 34 wherein the bus interface is further
configured to receive a control signal from the bus mastering device indicating whether

the first channel is currently being used to address the memory or send the first payload.

38. The slave device of claim 22 wherein the bus interface is further
configured to receive a control signal from the bus mastering device while the memory
is being addressed, the control signal indicating whether a payload for the address will

be received on the first or third channel.

39. A slave device, comprising:
memory; and

means for interfacing the memory to a bus having first, second and third

channels, the means for interfacing the memory to the bus comprising means for *

receiving a memory address and a first payload from a bus mastering device on the first
channel, means for receiving a second payload from the bus mastering device on the
second channel, and means for sending a payload to the bus mastering device on the

third channel.



