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BACKGROUND

Field
003} The present discloswre relates generally fo processing systems, and more

specifically, 1o systems and techniques for performing cooperative writes over the

address chaanel of g bus.

Background

{0004} 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
systern. Today, most bus architectures are fairly standardized. These standardized bus
architectures typically bave independent and separate read, write and address channels.

[0005F  This type of bus architectire is often found in provessing systems with one or
more general purpose processors supported by memory. In these svstems, 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 appropriale read/write control signal.



performtheir functions. A processor may read or wite

to the nmenory by placing an address on the address
webannel1i3and sendi ng the appropriate read/ w it BCUS100T062761

si gnal . Depending on the state of the read/wite

control, the processor either wites to the nenory

over the wite channel or reads fromthe nmenory over

the read channel. In these types of processing

systens, as well as many others., it is desirable to

reduce the wite | atency andwlncrease the wite

bandwi dt h. SUMMARY [ 0006] An aspect of a processing

systemis disclosed. The processing systen1inc|udes a

recei ving device, a bus haying fi 4 second ag
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{0008} An aspect of a method of communicating between a sending device and a

receiving device over a bus is disclosed. The bus includes first, second and third
channels. The method inclndes addressing a receiving device on the first channel,
reading & payload from the receiving device on the second channel, and writing a first
portion of a payload to the receiving device on the first channel and a second portion of

the pavload to the receiving device on the third channel.

j0009]  An aspect of a bus mastering device is disclosed. The bus mastering device
includes a processor, and a bus interface configured to interface the processor to a bus
having first, second and third channels, the bus interface being forther configured to
address a slave on the first channel, receive a payload from the slave on the second
channel, and write a first portion of a payload to the slave on the first channel and a

second portion of the payload to the slave on the third channel.



i ncludes a processor, and a bus interface configured

to interface the processor to a bus having first,
w@emonaiiand third channels, the bus interface PEI/N§007/062761

further configured to address a slave on the first

channel , receive a payload fromthe slave on the

second channel, and wite a first portion of a payl oad

to the slave on the first channel and a second portion

of the payload to the slave on the third

channel . [0010] Anot her aspect of a bus nmastering

device is disclosed. The bus mastering device includes

a processor and nmeans for interfacing the processor

a bus having fifrst, second and, tth ne
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channel, and means for receiving a second portion of the payload from the bus

mastering device on the third channel.

{0013 1t is 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 embodinients of the invention are shown and described by way of
illastration.  As will be realized, the invention is capable of other and different
embodiments and its several details are capable of modification in varlous other
respects, all without departing from the present invention. Accordingly, the drawings

and detailed description are to be reparded as illustrative in nature and not as restrictive.

BRIEF DESCRIPTION OF THE BRAWINGS

j0014] Aspects of the present invention are Hlustrated by way of example, and not

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



readily apparent to those skilled in the art fromthe
follow ng detail ed description, wherein various
wepdodorent s of the invention are shown and deBCY/Ukm®A7/062761
by way of illustration. As will be realized, the
invention is capable of other and different
enbodi nents and its several details are capable of
nodi fication in various other respects, all wthout
departing fromthe present invention. Accordingly the
drawi ngs and detail ed descrigtion are to be regarded
as illustrative i nnature and not as restrictive.
BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] Aspects of
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joo21} FIG. 7 is an illustration showing informalion flowing on the address and
write channels of a 4-chansel bus in the processing svstem of FIG. 6 with the read and

write address channels providing a generic media for addresses and data.

DETAILED DESCRIPTION

{6022} The detailed description set forth below in connection with the appended
drawings is intended as a description of varions embodiments of the present invention
and is not intended to represent the only embodiments in which the present invention
may be practiced. The detailed description includes specific details for the purpose of
providing a thorough understanding of the present invention. However, it will be
apparent to those skilled in the art that the present invention may be practiced without
these specific details. In some iastances, weall-known structures and components are
shown in block dagram form in order to aveid obscuring the concepts of the present

invention.



wite aaddres channels providing a generic nedia for
addresses and data. DETAI LED DESCRI PTI ON [ 0022] The
waledoaitbiass descri ption set forth bel ow i n conneRtT/082007/062761
with the appended drawings is intended as a
description of various enbodi nents of the present
invention and is not intended to represent the only
enbodi ments to which the present invention may be
practiced. The detail ed description includes specific
details for the purpose of pgoviding a throrough
under st andi ng of the present invention. However, it
will be apparent to those .skilled in the art that t he
resent_invention actlc Wi t hout th
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;aqz%gnmn’; ﬁg tsﬁlex?cp g I?ie\;ce kigt, \nggnhé %%y Stg,(?;g]edap gus g‘z\élst%gng d%\’lCE in this
example, the sending device 102 includes a processor 108 and a bus interface 110, The
processor 108 may be a general purpose processor, such as g microprocessor, a special
purpose processor, such as a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a direct memory access {DMA) coniroller, a bridge, a
programmable logic component, or any other entity that requires access to the bas 106,
The bus interface 110 is used to drive the address and write channels 106a, 106b, as
well as provide the appropriate comrol signals. The bus interface 110 also serves as a

receiver for the read channel 106¢.

{00261  The receiving device 104 may be any type of slave device. The receiving
device 104 may be temporary memory, such as SDRAM, DRAM, or RAM, or a longer
term storage device such as flash memory, ROM memory, EPROM memory, EEPROM
memory, CD-ROM, DVD, magnetic disk, rewsitable optic disk, etc.. Allematively, the

receiving device 104 may be a bridge or any other device capable of refrieving and



recei ving device 104 over the bus 106. Alternatively,
the bus 106 may be a dedi cated bus, a shared bus, or
wapgo7ootias type of suitable bus architecture. PODRS}007/062761
*The sendi ng device 102 may be any type of bus
mastering device in this exanple, the sending device
102 includes a processor 108 and a bus interface 110.
The processor 108 may be a general purpose processor,
such as a . mcroprocessor , a special purpose
processor, such as a digital gsignal processor (DSP)
an application specific integrated circuit (ASIC), a
di rect nennry access (DIVLA ) controller, a bridge a
programmabl e | ogi.c co nt, or. a ot tity é
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recei ving device 104 fncludes a bus interface 1
chmvbwﬁlim bothh dMisd'pailend’ reloe ta e éaﬁ,a gseeiated \mh %'éalt“ﬁel ar read
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ad rjéf'%»@@%rng? é&% ax%vthg %gé(tlx?)ﬁ? r an’g{g}@n} f}gn%fso Ogaﬁrz@ﬁ& I?Sﬁn, receiving
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\xmaybmﬂeimw hehberkaepliichehe cendineg dadeedsitiekanval 16-byte write

106a, the wite channel 106b, or both. The "payl oad"
OPPEPERY to the data associated with a particul ar read

joa2o} Referring to FIG. 2, on the first clock oyele 202, the sending device initiates
the first 16-byte write operation by sending a 4-byte address Al to the receiving device
on the address channel 108a with the appropriate control signals, During the same clock
cycle 202, the sending device also sends the first 4-bytes of the first payload W1(1} to
the receiving device on the write channel 106b.

{0030} On the second clock cycle 204, the sending device uses both the address
channel 106a and the write channel 106b to send data. The sending device sends the
second 4-bytes of the first pavicad W) on the write channel 106b and third 4-bytes of
the first payload W1(3) on the address channel 106a

D031} The sending device initiates the next 16-byte write operation during the third
clock cycle 206 by sending a 4-byte address A2 1o the receiving device on the address

channel 106a with the sppropriate comrol signals. The sending device completes the



or wite operation and in this case, a wite

operati on. Wen the sending device perforns a read
wop®racilan, it sends the address to the recei vPEIYUS2007/062761

device 104 on the address channel 106a with the

appropriate control signals. In response, the

recei ving device 104 sends the payload to the sending

devi ce 102 on the read channel 106c. [0028] An exanple

of two wite operations will now be described with

reference to FIG. 2. FIG 2¢is an illustration

showi ng the information flow ng on the address and

wite channels. In this exanple, the sending devi ce

initiates two 16-byte wite o era§ OO%QL T e
trapgEpighien §f thegust ppyioad GHmaae prpe e éé’k%% phOF Ve pperation
by SERFhE SR GhyEN Wi ?4}% fﬁthz%cézk In% dedfelHt Be Witk @hannel 106b.
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addr channe he sendi ng device
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ock l'e enlnga4-byteadress to
irankeissiete Df‘/ldﬂél@@%l eud ofpta. he Thel diivss scaoligh negnalosyeripd Ho as an

’“‘Adﬁ?&sé’?ﬂ&é}pg L Ahe ;£ Q0L 8k B ?@e%s RBGeF SR8k Qg Qi\éhl‘éewhether the

e, f ansm ssion O I rst pay oa urlng
mﬁaheanmemspmmmﬂeé of ant h@dra@xtowwimae dpethat ewamply. when ihe

A(%F ?ﬁ”éf’;‘%{s i atﬂﬁé%b\?\%%\?{%&d 5%5:1 %ﬂ %)ébe'ﬁgv &g‘%ﬂ’]ﬁ @u‘:‘rﬁ é}\‘x'sfg% ydr g8 channel

10devi ’@ﬁvé;bﬁn wﬁasﬂﬁzhﬁedmmmmmxmhm kieagsehecs dety is bpicketifresmitted
the receiving device. On the fourth
ondfi irefiatagg 0% | |

he sendlng deV|ce sends to the
RS HE ProBBBr ch,15  g
addrday kes vwafte Lhﬁxr&ﬁacﬁm@i, lfa&i madd%ﬂ(e&)m drait &fahaddnretﬂsn}*ioad being
transmitted. It should be noted that the “Beat ID” is a zero-based indicator such that a
value of “O0” indicates the first beat of the payload being transmitted. In this example,
each payload is transmitted in its entivety before the next payload is transmitted, and
therefore, there is no need for signaling o identify each pavicad. In alternative
embodiments of the processing system, where the payioads are transimifted out of order,
or the beats of different payloads are interleaved, the signaling may include payload

sequence numbers,

j0035} An example illustrating how the two control signals may be used will now
be described with reference fo FIG. 3. The bus protocol for the address and write
channels 106a, 106b is shown below in Table 1. This bus protocol is being used to
jllustrate the inventive aspects of a processing svstem, with the understanding that such

inventive aspects may be used with other bus protocols, Those skitled in the art will



channel 106a, On the next clock cycle 210, the sending
devi ce sends to the receiving device the third 4-bytes
w@boorher13econd payl oad W2{3) on the wite chanPel/UsD6D062761
and the final 4-bytes of the second payl oad W2(4) on
t he address channel 106a. [0033] Two types of contro
signals may be used to support a nmediumfor the
transm ssion of addresses and data. The first contro
signal, referred to as an "Address/Data" signal, is
used on the address channel §06a to indicate whether
the. information being transmtted is an address or
data. In this exanple when the Address/Data signal is

e e b S o P A b mpremertaon
of AddnR st R &l @Ratbddhetgasserted, data is being
transmtted on the address channel 106a. [0034] The
second control signal, reffeyggisdito as a "Beat ID " is

t rmst ted I'n this exanplifneBatho Mﬁ&tﬁﬁd Sending Device
tiransmtted in its ent bd@bMebRiDERat he next payload is

tiransm =Ya and he fnrcx t-her-e~i-s—npo-—-nepd-f-or

o ABBLiNGk0 | dent i Ty! Bakh@ayharethen al t SaAtiyDevice
gnbodi nents of the pr Jﬁgmga@nsgegicem wherg the
gayl oads are transmit ggm@iﬂigc@fm@qmtgmggr t he beats of

agi fferent payl oads arpcihdpherik@avadsest Be signal i ng may
iincl ude payl oad sequepgg,nunbers, [0035] An exanple

| ating-how.the. two.control-si-ghal-s-apy-be-used

LC @ Saaanie s g St e )

i Alval@w be descri bed; wididusalREBAGRNEO FI G 3. The
pjus protocol for the adgressicandp¥mist e chapnels 106a,
06b i s shown bel ow i 1;,;"@941;%340;{[@&1&@@ protocol is
biei ng used to illustratg,.dke inventive aspgects of a
pr acessing st em 'Mﬁ&mde&mdmg—wm
NXgMiyBeAIPECt S MaY ! BRIEMSEMMICH Be@ldTake USending Device
pr ot ocol s. Those ski | 9giggbm fsheuart willreadily ne
aple to vary and/or a gm@g,}g;&@h%ﬂttggﬁ{tar&spr bt ocol in

the actual inplenmentat L@Ref addig: P4saarchitectures
descri bed herein. tenure.

Read/Write {ndicates whether a read or | Sending Device
write operation is being
reguested dusing an address
fenure.

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

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




TABLE 1[0036] FIG 3 is a timng diagram show ng the
control signaling for the sane two 16-byle wite
wop@racildhs descri bed above in connection w t hPEL/G52007/062761
A System O ock 306 nmay be used to synchronize
conmuni cati ons between the sending and receiving
devi ces. The System C ock 306 is showmn with five clock
cycles, with each clock cycl e nunbered
sequentially.[0037] A wite operation nmay be initiated
on the address channel 106a by the sending device
during the first clock cycle 301. This wite operation
is achieved by transmtting the address A 1 for the
first wite operation on the 32-bit Address medi um 308
, The sending device asserts the Avalid 3 12 S|gnal to
i i L XAV

( per at i on.

'S‘W’\’a@dbyt es. The st al E;dﬁfatdshﬁmﬁ@iﬁr\ﬂlss Be deaa:@g Blcmaa

hannel 106a. [0038] | fAufsktiged besamgief i rst cl ock
ycl e 30.1, the sendijngsgemi ce uses the Wite nedi um

Ci
d
(o
[
[
be ignored during an jagihassiohentisg on t hel address
C
C

0. t-atransmetet-ha-figat A]{\\lfnt\ aft. bhootf i tetotraritara Al
" L LY

aarTroTrmt TTTC™ T I T OvT Iy T C o™ OT T T "ol payl \Vioyv ]
Wit BB ISt s t he W] Lndiddestwiibh 828 of the' O{O . The
siendi ng devi ce al so asggndsl ikheindiadisaitsddnal 324 to

ndi cate that valid ipnppitEati@thhsaddei ng transmtted

dp tha. wit.a. .channal ’l{'\Rh I'{'\!'\QO'I At thao..aind..of  t.hao
TG A AL L CTTAATITTOT T\

i watte Thoekr okl e 301] hidhaumenididng thevi ce CReaksing@levice
n asserted Address Tyaqsikgiy Askcedisgnal 310 to confirm
tihhe successful deliveyycbsshiy Rgdiass Al pver the

dress channel 106a i @fid&ibacRnvkiigddevi ce. The
siendi ng devi ce al so chgeksrifk@ha@piasserted Wite

ahsi-er---Ack--si gngl N2 t-0--confi-r-m-t+he-successful

delivery of the first 4- bﬁéfs of the first payload
B8 to the receivi ng

W (I) over the wite chan

sen
60 Indicales that the firsi beat of the payload is being
transmitted on the channel.
01 Indicates that the second beat of the payload is being
transmitted on the channel.
10 Indicates that the third beat of the payload is being
transmitted on the channel,
11 Indicates that the fourth beat of the payload is being
transmitted on the channel.

{0936]  FIG. 3 is 4 timing diagram showing the control signaling for the same two
16-byte write operations described above in conpection 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 sequentialiy.



320 to send the second 4-bytes of the first payl oad
WL. (2) and sets the Wite Beat ID 326 to "01". The
wa@enditog34devi ce al so asserts the Walid signal PGRUS1007/062761

indicate that valid information is being transnmtted
on the wite channel 106b. [0041] During the sane
second cl ock cycle 302, the sending device transmts
the third 4-bytes of the first payload WL (3) to the
recei ving device on the Address nedium 308 and sets
the Address Beat ID 314 to "1g5l0". The sendi ng device
al so asserts the Avalid 312 signal to indicate that
valid information is being transmtted on the address

channel 106a and Reasserts.the Address/ I
1ORHT] nafc BT CRERSORNRNES, AT EH Belior T ensHERga 1Gf by te
serddife ABACE B8 -6 RN Bl 106 becidaba. e @ir@t@eﬂfm&zhg achieved by
Rea IWite si gnal 316 and Payl oad Sj ze Sé@s% %
apgRGH e HEAGCHES & i 4he SRtireT PRI ORI hAgidress medium
JOQrOQ"Re Qézﬁin'f } @»z@b ash B MRATINA S & sban % imfténta it VIR information

Payl oad Size 18 remai n. unchang ed, but could be set

is bging ﬁgﬁﬁ@f‘m@é m[ Hoagdpiress chpmek 35kt Thorglato ieyies Bk aiso asserts
thm)&%bﬁa«@ gﬁqisﬁnﬁdkpﬂzd %Yégﬁﬁtt ?ﬂeﬁ@mg@foaa%tﬁg' $8hLB/ed on the

ans i gna confirmt .
addpec chwahel 10 isvaraddeisst Hdieseading devippt K3 drmsters the Repd/Write
siAgY L?@% %gi‘ PUEhe Egéﬁ%ﬁt Q‘lfél}aﬂﬁ%gd §6. 814 %vtxpx? may be used to
F'ecel vi ng devi ce. The sendi ng device al so chetks for
ln{hmta§£€e$1£fedf hd grplosd, Trhin fie thinciseds ghé\bfte@ Tipetstpte of the) Address

Begh ? 4 pay %2‘5{%(@%&/2‘9@? Isht{gl fﬂ;eg%&%haglﬁ%é% a%%h 5('5‘@1.
gg%g re@nghgge Cig% Gst LROE i 9}:3(5 {}VemE Qua&% s'&%ew& esm Write

I ng eV| ce use ‘rum
msimd Yeeofth mmmlthbyn sisd-bfrtek od the fise malwa@a’d 1 W(myi %aﬁdhe Write

Be%f 115 308% % ?ﬂ% %&}g{ﬂp dﬁj{,% g,e acf o %ﬁg’&t e ge&’i EHQ 'sﬂ%aﬂ SV Rfindicate

so-asse | cate i
thatalatid infofrostinadt ik dBinig mnbsemm <tmr mwmilatcéahxmh 166ke wite
channel 106b. [0044] During the sanme third clock cycle
{0608 as Azahpleat icighe Hesf tlosk cgeliet ¥iopke atiding dewiee checks for an

_.sending,d rapsmits th dr for thesseeond o~ ..
a5 R TERls AR il T8 AR i et L RRSORY of e
addane 'LAngo\tﬁeVikﬁ:sdcﬁ&sefhhsné! hecAVa mdjream;@ dpvade. t Bhe sending device
als&ngltﬁqgt Z%?%ég%%t%%%ﬁg Tans ETO*QCT\ swngil e Eé %Qz%nmg ttl?éj sucoessful
delivery of the first 4-hytes of the first payload WI(1) over the write channel 106b to

the receiving device.

{6040 On the second clock cycle 302, the sending device uses the Write medium
320 to send the second 4-bytes of the first payload W1{2} and sets the Write Beat ID
326 to *01”. The sending device alse asserts the WValid signal 324 to indicate that

vatid information is being transmifted on the write channel 106b.

{0041}  During the same second clock cycle 302, the sending device iransmiis the
third 4-bytes of the first payload W1(3) to the receiving device on the Address mediam
308 and sets the Address Beat ID 314 to Y107, The sending device also asserts the
AValid 312 sigoal fo indicate thal valid information is being transmitted on the address
chatnel 106a and deasserts the Address/Data signal 313 1o indicate thal the information
being transmitted on the address channel 106a is data. The state of the Read/Write

signal 316 and Payload Size 318 may be ignored during a data tenure on the address



106a. The sending device 102 al so asserts the
Address/Data .signal 313 to indicate that the
WO nfoonemEsd on being transmtted on the address POEIS®D7/062761
106a is a n address A2. The sendi ng device 102
deasserts the Read/Wite signal 316 to request a wite
operation. The Payload Size 3 IS signal nay be used to
indicate the size of the pay load, wh ich in this case
is 16-bytes. The state of the Address Beat |ID 314 can
be ignored during an addressjtenure o n the address
channel . 106a. [0045] At the end of the third clock
cycle 303, the sending device checks for an asserted
Address Transfer Ack si aI 310,to. confirmthe .. .
chigag b ol G ps Roro T i a6 A GUB P Bd S 3L revain
un@RARAL I 08as be sézh@ ah@@&ké" ng device. The sending
device al so checks for an asserted Wite Transfer Ack
socsgnal A38% & sPidbisedrdha@sauesas stol th@fsk:h&&ﬁ{g)&eofcctdﬁe&s for an
final 4-bytes of the first payload W(4) ve
assited W ateahABIECT Db Seael 172 PSOBIINAYS e b%’] ofifjg second

4»@%@&%%«@ %yﬂ ;%%zdéﬁew t’i‘)%ﬁﬁzﬂe B2 &ia@ﬁ& R t@&hé aecsﬁm&z device.
the second pyoa to erecelwggi devi ce.

The serdinzciayide #§e |0éc<é@4f°r PRSI NG ey |Té@*§‘§"n&§*‘ el 310 o
ce;gﬁzgﬁ IRV LR Herb i & Qﬁé)ﬁﬂicp@%kf&aqyk% fidst tp@yle@ W1(3) over the

el ving device using theWite nedium 320 and sets
dddiﬁés Senpd Bdato 1D rexaving dege.  The sendi ng devi ce
continues to assert the Walid signal 324 to indicat

f‘}‘fﬁﬁt vawithe itifbelagt foie FE3.0be hfg'*ﬁwéaﬁ%‘fw‘% e T V7Hg medium 320
Aé &t}aﬁn %eévsé@@zb he[fg%z'lv oYy \mzﬁ By sagend W%ﬁ& fzam 0 326 to

e sen & device transmts
‘it’ecéﬁm mﬁwgeétmc thie aggz;@n epBN digdasiped! 3240 thgcdiz, thal valid

oGS TR AR AN BEL51 D688 Beat |0 S 14

€ sen vice also asserts the Avalid 3

ii)(fzglgs' 9P mt’rotﬁen%ﬁiﬁgtt i nakhey Al | AFOL B ONed & REE nigxst write
nsmtted on ress channel” 106a and deassert
epbrlaemé\ddmessmﬁﬁ)@t dediegiramsndis3thcond dreiscAR €t it sgogad ié-bytc write
or. nat 9 Mgkt e o ehvalid 312
Pk BT [RraRRLRE T e Rkl RS mach i =
sxgaam@ax)dmael t&tml@l&fm;anbe iis Gredme eracsmitied o tiat address channet

i{)%'gntfﬁg %%%H%}Q %e&dg h&3 g ysclaé;s%g‘ thg' Qﬁﬁﬁesg Q%%e? ]:10 I @%{}QRQ;%{@ that
the€ heesatiodr bdn® transmitted on the address chamnel 2(369. w. an adtire%a A2, The
sending device 102 deagserts the Read/Write signal 316 to request a write operation,
The Payload Size 318 signal may be used 1o indicate the size of the payload, which in
this case is 16-bytes, The state of the Address Beat ID 314 can be ignored during un

address tenure on the address channel 106a.

{0045 At the end of the third clock cycle 303, the sending device checks for an
asserted Address Transfer Ack signal 310 o confirm the successful delivery of the
address A2 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 4-bytes of the first payload W1{4) over the write channel 106b to
the recetving device.

{6046} The sending device uses the next two clock cycles to send the second
payload to the receiving device. On the fourth clock cycle 304, the sending device

sends the first 4-bytes of the second payioad W2(1) to the receiving device using the



asserted Wite Transfer Ack signal 322 to confirmthe

successful delivery of the first 4- bytes of the
waewonaiipayl oad W2(1) over the wite channel 1PGhUS07/062761

the receiving device. The sending device al so checks

for a n asserted. Address Transfer Ack signal 310 to

confirmthe successful delivery of the second 4-bytes

of the second payl oad W2{2) over the address channe

106a to the receiving device, [0049] On the fifth

clock cycle 305, the sendingdevice sends the third

4-hytes of the second payl oad W2(3) to the receiving

device using the Wite nedium 320 and sets the Wite

Beat | D 326 to "10",. The sendin de ser t he
Wiwaprding) gndl b §615 Jhp Wi DM PRt xPlaF‘f YL%PF%’”‘" device

cezﬁtﬁau@? HH %s%énamt‘l?’eﬁih gahfies M i Bidsdaad Rl vl&ﬁﬁ Bafdr@QBO) is being
rlng the sane fifth ¢lock cycle 305, the sending
ragERitiee opthp ete §h‘"t“ﬁ‘é§ Fi&al 4-bytes of the second

ayl oad. W2(4) on the Address medi um 30S and %‘Sts
r esBuBBg e prise foprgh chapk cyplfe S8bniergnHERN EIes g%nsmlts the

sec%%ﬁ ef.bped BE AVAldbHY pRvibdd WHRRbntRe Mk&@tﬁecﬁxﬁkﬂb(}&&ldcﬁm% the

information is being transmtted on the add

Addlrrs Mt HO B 400 Ho o BB0H G e VISl 53 ERY ﬁivs?*}gﬁ%qi 353 gignal to
:nrhﬁu C@l‘h% h%rméﬁh:ﬁ iy @eﬂ{«ﬂﬁﬁﬁs‘ﬁﬂt@t@'(ﬁgﬂ*&reﬁﬁ%&t&@%& No6a and

ress channel 106a I's he state of

d&iﬂéﬁ‘éﬁ Pei Addressgidate sgargt 5}}5:@@?;{@%@ e 1gtogmghion B@mr transmitied

o LS4R8 THE 6487 o RS Ayl

Sizerd Ssemdbaipndesd dwinghedus idoure anthessldrase ghappiet Hoa.

~Transfer Ack si %nal 322 1o confirmthe successf ul .
1008 i very tof endhel g Farrth- clpgh exclof0fndiesending draigegdgeks for an
as‘%@k@g Yoy Q% m‘ht‘f%t \Mc%t\ oGN3 % %thﬁig g H%f;{?ﬁf:&éi?‘(’eﬂgm the first 4-

evi ce ecks .
hvaessaértlkeeshcé;ddi ms@atrﬁmﬂ ewerAbk vaitgwhén@! 106k sedeaerti vipgndevice,
£33 ef 4- b of e,

Ihg &€ 8%31 aPVI oaa“gxz‘l("ﬁ*‘ ym % %bgﬂ%lld ?%isd $o8 hgztﬁﬁ% i Bh&‘ hal 310 10
cofifien ti&c:emxzms@x! dieiamg of [tm&zbnaﬂbammtl tha s¢aong |pg_n¥ahqi h’@Z{Z} over

Iacmu Beat ID with an
thy ﬁ%*r?""él ’“‘%'beg\ggg%?‘% (ﬁzé\r}r%gg “&xanpl e of such an

lic 2SS | sche 5o § 1 LD, R
o, b LTSI AT PR R R s o
thd habnd bayed tW2(3) 1o the receiving device using the Write me:cimm 320 and sets
the Write Beat 1D 326 to *10”. The sending device assert the WValid signal 324 to

indicate that valid information {5 being transmitted on the write channel 106b.

§0050Y During the same fifth clock cycle 303, the sending device transmits the final
4-bytes of the second payload W2(4) on the Address medivm 308 and seis the Address
Beat 1Y 314 to“117. The sending device also asserts the AValid 312 signal io indicate
that valid information is being trangmitted on the address channel 106a and deasserts the
Address/Data signal 313 to indicate that the information being transmitted on the
address channel 106a is data. The state of the Read/Write signal 316 and Payload Size

318 may be ignored during a data tenure on the address channel 106a.

{0031} At the end of the fifth clock cyele 305, the sending device checks for an
asserted Write Transfer Ack signal 322 to confirm the successful delivery of the third 4-
bytes of the second pavioad W2(3) over the write channel 106b to the receiving device.

The sending device also checks for an asserted Address Transfer Ack signal 310 to



4- byt e sequence of the current payload be transmtted
ori the earliest clock cycle available, with
wee@feeasace given to the wite channel 106b ovRCT/UB®07/062761
address channel 106a. [0053] Referring to FIG 2, the
earliest clock cycle available to send the first
4-bytes of the first payload WL(1l) is the first clock
cycle 202 and the wite channel 106b is avail abl e
during that clock cycle 202. The earliest clock cycle
avai |l able to send the second4-bytes of the first
payl oad WL(2) is the second cl ock cycle 204, and again
the wite channel 106b is available. The second clock

cycle 204 is_al so ava ble to transmt the thi
confhby fressispessiil STy upr ol FEVER IO SPHRp P W2(4) over
rh%%%@lohé@x@bm@@%e ;@:\éﬁhllfa&&x@ee Thus, the third

4-bytes of the first payload WL(3) are transmitted on

jodae adadne&sctAaRNEhnabA8anayT: Q@a&ﬁé\l'ﬁldei%t réplQeke Oches H) with an
avai l able to send the final_ 4-bytes of the, fi

impiigit SAdrowive poRame he Mt HRAGRE @‘c kway &n gyt {ﬁﬂbsa% spheme is
sh&&?;ﬁ"ﬁé & Cﬂ?@l‘i‘@émligﬁg the ;r@fﬁ%i ﬁi&ir@sv@&@%&@%dtf& thdthe next

third clock cycle dress A2 for the second
4-iw¢¢ tsequRseE ol e p%rr@rrtawmdt é@i assppiEed epethpi prytiest "ciock cyele

avé:i?a\() ﬁce‘ i OWEYRhce WM 8 CHANRElnd0 6@6& SvBO%he address channel

l'e'to send“t e first 4-bytes of the second
mé%ayl oad W2(1) because it is needed dur| ng the third
clock cycle 206 to send the final 4-bytes of the fir

10058 | oaBefprrtay to HiKe %ol saekitst slosk %yféy id @ﬂ Baia sprdhy %ﬁt A-bytes
of 368 ﬁ]{stt Bﬁ%rﬁdah% 1@: Putes gl Lha: $ea0MBaRAE RRAMA( Qi)mzhéi 106b is

cl oc ycle 208 and the wite channel 106b
aviiibiy auﬂna@mtdﬁwhw g}'(tih a02c| Bukewliestelodecydnaveibinle bp send the
xeccn%cél(g& £ lo? %1?60§r9¥ %{ ﬁgﬁg é’gg(ﬁ{) sailﬂlt:%e&g %?5\?6@ cE)e QBQ zmd again the
umeldlmnméiamtﬁi il @Ghldbde. no’fheamoh&bﬁecix Thals, 2¢hés §l§@oﬂt§tilﬁ¥3¥e 1o

tmpﬁch @%f itd llgvﬁ ée%ﬁ ﬁp%&gg%ﬁ%@{é\%Q @),eg«gxem% M%F]t§rpliti+1§§g 188h is not
a»@i‘%/zaalid:.amiﬁs,t thesthidl $-heidsi ofathe Sidy prdont WHE) mMsuntted an the
BB Sl B S 5 o
subd @RSeadt Bag4pn hbahimi dekchahneds, 30@bsgain ehg wiihe chanpet 1061 is

referred channel, and the
av gﬂah e,

{0054}  During the third clock cycle 206, the address AZ for the second write
operation is ransmitted to the receiving device. However, the write chaanel 100a is not
available to send the first d-bvies of the second payload W2(1) because it is needed
during the third clock cycle 206 to send the final 4-bytes of the first payload W1(4).
The eatliest clock eycle available to send the first 4-bytes of the second payload W2(1)
is the fourth clock cycle 208 and the write channel 106b is available dwring that clock
cycle 208. The fourth clock eycle 208 is also available to transmit the second 4-bytes of
the second payload W2(2), but the write channel 106b is not available. Thus, the
second 4-bytes of the second payload W2(2) are wansmiited on the address channel
106a. The earliest clock cycle available to send the final &-bytes of the second payioad
W2(3), W2({4) is the fifth clock cycle 210. The third 4-bytes of the second payload
W2({3) are ransmisted on the wiite channel 106b, Le, the preferred channel, and the

final 4-bytes of the second payload W2(4} are transmitted on the address chanael 106a.



final 4-bytes of the second payl oad W(4) are

transmtted on. the address channel 106a.[0055] The
waig®7n6118he address channel as a medi um for PCT/US2007/062761

transmtting addresses and data can be enployed in

vari ous processing environnents. By way of exanple,

this technique may be used to reduce the anount of

time it takes for a processor to acquire a cache line

from anot her processor in a hardware enforced cache

coherent system This exanpleswi || be described

further with reference to FIG 4, A cache coherent

processi ng system 400 is shown in FIG. 4 with two

rocessin i ces_402a, b in cqommunication wth

104F8r ed ThedEe O %éht« SR et & wmIRedEesses and
dafh BUSHE RLSNGRANACHar AR prbfestih San@%@ﬁﬁbﬁs tipe vyl 8t example, this

pr ocessi ng%pew ce 402a reads fr omthe nenpry device

OISy igrTediersr 1B SMOR™S A TR BES [hARHRIESHREEY acauire o

ca&;u%w f:%ﬁﬁazﬁ%r%&é&t& &Q{‘ﬁeﬁgwlvaz%' GRGeSa J&% @ﬁt@f&s Sydt@n. This
forwarded to th mermr%‘g evice 404 by the

CXPRIEY G‘Gﬁn@%td%@%ﬁo Ao Hﬁﬁof‘%?e@médd‘? E&3. cf‘\ anﬁ%l caglefp goherent
prg%ésg}a%%§$@ﬁs~@)(} L& oRYSiy ﬁf(?ri @9@1 24\%813&39&511&\@@ @c,btli@%k402b in

omthe nmenory 410 and places it on
compmpRyaton with @tﬁaﬁﬁélemm mchﬂhﬁea m@th@*mﬁ%tﬁ*mh a bus

mic%o%@gsfidé"e Waka i év?:g}fé h§1 a oc@@éfﬁcg Qefba:id N8 Fom the

rst processing de ov & The First processor
rgfevivc deeior el bharaghg meﬁqreﬂsone ety eddieveghipynel oa; with the

ap{p%}ép%é%%%&xj%i?i%& dﬁ i?%?q £ R8-S A ang"‘%’?‘?’?‘gﬁe‘* by the

processor
bxisaéaterdmmbﬁe%ﬁe nsnriiae dwemnoe med&bys tﬂmmb!u 40%mt ehf sespodse, the bus

mf],élgg% e-mg;m g«‘%? gg? gb oﬁ%ﬁ“n fBet gml Qi?h%dsélqgis it on the
mandry3s r¢@08ehnEatiie, cotier ’am:w@e@h@cw&mh fnlveurds tlhewaddtodron the
e A AR b ST R BB R R R Lo dvices
ma@emneﬁm&g OnsH kaebadite iﬁe testeneyossihh el;z:s&g aads, ti‘ib data may be
r ocessi vi ce 4 recejve stale da
Pietsd o HE e by1a (oot o sh RO SR memory
ddvi® 404nst thPhas a|eIrRE: devine Whkahagichensy pPgbdbeskdiutthe same
not. yet witten bhack to the [ deV| ce 404. [0057]
mﬁl’"ﬁﬁféé é%@“?’é‘i é‘i"?‘@d“t“@“‘é%m%ﬁ‘d ‘ﬁ@é i@dchmonl y used
mai nt ai n coheren bet ween cache

iﬂgﬁ% pi ,{gfxcpg c?ipgéexﬁy EGSWWPI g}eé,ztgatqubggg@i e g seco&d processing device

4026 subsequently aitempts to read from the same address. Withoot & mechanism fo
ensure cache coherency, the second processing device 402b might receive stale data
from the mentory device 404 if the data in the cache 412 of the first processing device

402z has been modified bat not yet written back to the memory device 404,

{0057 A process referred to as “snooping” is commonly used to maintain
coberency between cache and memory. Snooping is the process where a processing
device, such as the second processing device 402b in this example, issues a read request
to a cacheable address in the memory device 404 not present in its own cache 418,
which causes the bus interconnect 406 to hroadeast the snoop address to the other
processing devices in the system prior to forwarding the read reguest 1o the memory
device 404 for the data. If another processing device, such as the first processing device

4023, has the requested data stored in its cache 412 in a modified state, it will write the



devi ce, such as the second processing device 402b in
this exanple. Issues a read request to a cacheable
w@dwreed34 a t he nenory device 404 not present PCI/USR07/062761
own cache 418, which causes the bus Interconnect 406
to broadcast the snoop address to the other processing
devices in the systemprior to forwarding the read
request to the nmenory device 404 for the data. If
anot her processing device, such as the first
processi ng devi ce 402a, has f$e requested data stored
inits cache 412 in a nodified state, it wll wite
t henodi fied data back to the menmory device 404,
|nultaneouslg the bus jnter onn ct 406 wil

magkfend 14 (B4R A0 108 PIrEER Asmirop G e SarGRiALE S Gpg Hteroonneet

400M4EN $he theagmhadaglz 086 #cbed ‘ﬁ’ﬁﬁﬁcmﬂ'@ﬂaﬁe§ adb over the read
processing device 402 wll place nodi fied dat

chame! daRnmdeBIEf &hew%mtfmoﬁ%ssmgo%w”ﬂéi plp %@]mod*ﬁcd data
in &ale%acﬁe heg ﬁﬂahé by elel @biQBosfton ng the information

lowmng o n the address and wite channels 406a 1,

10 e#@.@b Irhgtyaeh #erdidiSdholing eRSinREndakh ¢Rviidan @mjaddzess and
the bus interconnect 406. Referring to FIGS, 4 and

wiithechprnpals 496ae cPn dedvanc B Y MPFssiRsadeep s and the bus
intPA¥hRAY 4bEORKL 8L RS lf‘%é 12 59 5L AR ﬂﬁﬂ?ﬁ&e@ﬁ%ﬂ &ﬁez A04ndaNwrites a

response to a snoop address br oadcast by the bus-
32inte pedae & 06 mqme4 W fa tegpanan sevies 4%#9 ERoRBepeplp @ snoop

adzjr%gsd LAGERE p32nb Y€ 19@1&&@@& @oé hgqp q&%rﬁ;@(&%nz@cgmmd by

usi ng both the address and wite channels
setiBy the 320yig hay imci 30 e buk inprooangd ACOt ey hﬁﬂt the zaéchesg and

v»r?ﬁg B§z§é1{]g%}§eia$ V4§§> 9 4 Qgﬁ 6?2@ ﬁ%% JI&% 190 95“51 Q q{i @fsﬁrhﬁ%lcz;@ device

us 1 nterconnect onits ad ress annel
400k sndshibe sppopdr idaresscdio it bes intgieahnddy %ﬂﬁ ot tie addmgs channel

[ 4 2 -
4{7@&1' 5&%2% ép%ﬁ(?pt%(/t %%eir(? sl f?a%.ﬁ pr%ts:}é ﬁﬁsegfu &tg\l%ﬁ)ggac B%% the first 4
bytdieohus: patiesd Wifigctre 406t bn thhaelinar ph:&:asslm&m nekicd 0B1RE to the bus
i nder payload is sent fromthe
Im%ﬁﬂg’c}lcﬁr“«’gg@?gfaﬁﬂdee?ﬁa&lgg48%3 'to the bus interconnect
406 over the next tour clock cycles. On the second
;G@E‘nﬂic k dyelrem&i@der dihbe piylotd prwoe§emnle Sextipcece4 g device 4024 to

oSS TR D R 0 WL e ok
SOW 8 Wt bheeatidy @sscecielmneindd (ﬂ&asamnﬂ' hé)&‘ftmﬁ iﬁne@abymés\?‘s’{'?} on
ths%ug%t? %hg%%& 38& ;Vxn%) i’h:rdhf byrc)ﬁ(tdlg ﬂf’ﬁ QX ! S B»f' :;S % R Q)c/iﬁ{?f{,&b chamnet
406a;. The fourth 4-bytes of the pavioad Wi{4), the sixth 4-bytes of the payload W(6),
and the final 4-bytes of the pavload W(8) are sent by the first processing device 402a to
the bus interconnect 406 on the write channel 4(8by over the next three clock cycles
506, 508 510, The fifth 4-bytes of the payload W(S) and the seventh 4-bytes of the
payload W(7) are sent by the first processing device 4024 to the bus inferconnect 406 on
the address channel 406z, over the next two ¢lock cycles 306, 508,

(0060} The bus interconnect 406 mayv send the 32-byte payicad to the memaory
device 404 in a similar manner using both the address and write chammels 406a;, 406b;
to send the payload in S-clock eyeles. The bus interconnect 406 also sends the 32-byte
pavload to the second processing device 402b on the read channel 406¢y in 8-clock
oycles in response to the original read request of processing device 402b. The

transmission of the 32-byte payload to the memory device 404 and the second



and the final 4-bytes of the payload WS) are sent by
the first processing device 402a to the bus

w0 nioeneapnect 406 on the wite channel 406b | PUEUS100E062761
next three clock cycles 506, 505 510, The fifth
4-bytes of the payload WS) and the seventh 4-bytes of
the payload WT) are seat by the first processing
device 402a to the bus interconnect 406 on the address
channel 4Qa .t over the next two dock cycles 506,
508. [0060] The bus interconmect 406 may send the
32-byte payload to the nenory device 404 in a simlar
manner using both the address and wite channels

406a3, 406bs t o send the din 5-clook ¢
propRE sk 46V 1PnCIBP COR T g F T, B ARG 08 21 8% 5154 betwveen

thePB¥ SRdedsthd B iGeARAURDHRORBSHRGER¥EICMEA02b on the
read channel 406C2 in S-clock cycles in response to

1001 Or hgl @gimdaaaﬂ d‘f&ﬂbl Bhtrof qz@ﬁﬁﬁ%s sbingh desi @:ﬁcé@s&bm detail in
The transm ssi on 32~ b |oad to the

conmigrics HEuF k. OFl r:@ége 55 Hieadvinde b S ape Deat ID for

bo@xV@a'é's@i@ré&E aﬁaﬁ'*&ﬁﬁé’ cm@ngus ans4y %bl%nuﬁf nb&E1PBY leQpdhded to a 3-bit
bet ween t irst processing device 402a and the bus
00@%%“6?@6%‘%‘5&@6)“\’{) “8d61] An expl anation of the control

;mﬁiz?na' RS, 5 Wi ‘%ﬂu;&ﬂ@ﬁ:&ﬁé&! biRg ko m&%ah«k ahRxGRPREST tNdevices
not he re eated here other than to

in gayr cmmﬁg hﬁ'—ﬁ@éa@ﬁq SE t%@fau&r@é%mériaiw fy geparate and
H’t{%?@l Itsadét f.Q@%h m@@Q]m%tldl:d nee %35}9 1@5& %ﬁ@a,@!@t%dc}{&rz@ 3 In this

CO e [ e an - eat pay oad
examplemehett rzb@n@i m:li%magwdm b ey rlee g vaﬁthe%awﬁic’receoﬂependw

z;pgmzéjgyrjj%gﬁw 'zﬁ%lf'?‘ca%rég %%%\%\Qﬂu}sé‘ésirﬁnbg«%@a : mn{\eﬁ?é b8Gation over

separ at € and | ndependent
theadidhass! bhammel b mriroed dedepdingdadhe resaiciandewes 8 an address

S al §§% bE §06a. the wr
Qn\%lpg ,,J}l,‘%% ﬁfiidrlﬁ%%/&% 13@1%%)%%1}3 ’d %ﬁp{éifgg%nt?ggﬁ (fekb it ?Eg X 80 the write
chinlre! g@h| and/ar tap p&ﬂﬂcﬁdrm tflmdn@v@(}ﬁ I ‘\de&idgtperaﬁon over the 4-

con raints ite ration_over anne

Tb? st by ol R ae RS cies &) Boicrg oo a read
366&4% AR adt cesE O rdsbensay iMeer &ﬁdf;@s&e\nmm ker@@ &he andoad to the
ta.on the wite agd%ess ‘gannel 606a, the wite

Se%‘ﬁﬁ%ﬁa‘c%éé%mg?ﬁfﬁa ' sﬁ’é"ﬁré ¥ address channel 606d. A.

read operation over the 4- channe! bus is perfornmed by
{086di nFIGo 7t he anctietviting slewiiog GO84indmvedidn cBswiog an the write
a&gh%%g read address, and write channels between the sending device and receiving
device over a 4-channel bus. On the first clock cycle 702, the sending device initiates
the first 16-byte write operation by seading g 4-byte address Al to the receiving device
on the write address channel 606a with the appropriate control signals. During the same
clock cycle 702, the sending device also tranumits the first 4-bytesy of the first payioad
W1{1) on the write channgl 606b and the second 4-byles of the same payioad W1{2) on
the read address channel 6064.

0064} On the second clock cycle 704, the remainder of the first payicad is sent by
the sending device to the receiving device. More specifically, on the second clock cycle
704 as completing the first write operation, the sending device transmits the thicd 4-
betes of the first payioad W1¢3) on the write channel 606b and final 4-bytes of the first
payload W1(4) on the read address channel 606d. During the same clock cycle 704, the



address channel 606d. In response, the receiving

devi ce 604 sends the payload to the sendi ng device 602
we@eorher1is£ad channel 606c. [0063] FIG 7 is anPCT/US2007/062761

illustration showing the information flow ng on the

wite address, read address, and wite channels

bet ween the sendi ng device and receiving device over a

4-channel bus. On the first clock cycle 702, the

sending device initiates the first 16- yt e wite

operation by sending a 4-byti address A 1 to the

recei ving device on the wite address channel 606a

with the appropriate control signals. During the sanme

clock cycle 702, the send evi ce aI tra mts th
bef*‘i‘?%f“—%%%’&b Hte pdflress; fr\stmgag? asw% "E?’n" 2 ‘W’i“f‘éﬂ to the

recBRNAN e R0GDHRNG L hadaes Ontind-dkes of the sane
payl'oad WL(2) on the read address channel 606d. [0064]

jode’; t herge dgh&q&e el iBed O ndhewbenBiingatesob dehe the second
first pay Ioa is sent by the sendln %% TE‘etothtgi i
payleakio ﬁ@c‘fféa‘(ff‘% gevigsr Prdpedir] gark Wh Br{ Oprige sesipg device sends

to SO EdeeRYE) Bevod 88 HABIRIdsNGF Hﬁesécbh&paMdaBGW”(Q on the write
operation, the sending dévice transnits

chwsxbé%ﬁr tReserpnds ¢-yasH dathovieeand gyl WelPeor Fﬁ%‘nrﬁéﬁ address
ché&ﬁl@?é@élg afng 39@: iﬁ‘ircp)étiﬁ%s‘ﬁf rﬁ? %eédnﬁ%mﬁ%' ﬁﬁ@)v&ilﬁé) wiHt address

read address channel ng the sane cl ock
chanynel 680G 40ntthe sexidsiagk ebec\w 8%8 b aﬁmb pe dgvige sgadspbe figpl 4-bytes

of g@:ese&%&g[%g %Mﬁ)eon\”ﬁté L&ic0 Q@Jn%%i @('5131‘} Q} ﬂ'x@ ?ec%ﬁf’&% &é_lg‘?kgs:

ddr ess channel [ 0065]
j0®ddi nGhelowiices ilhetraive fogiend hi@(;&:; m@;iz%w@@p@d@y@pgg degpribed in

co:tsi‘z e@g?{;‘ NG CPS B0 81} eﬁé%é@o&ﬁ & hé/s} Bg n@?}@n%md% \;tmrlox med

e sen |ﬁg device sends
wifthe gmml vpmgosabew@eemhem fdm@':ﬂ detnlt procefsor KBSERcondppiication

s;:u%a%g, ngtggr\/\f Qﬁlﬁ%‘uﬂt &Egi&vy% ggﬁg@?é«)&%@wﬂc ?rrf?\,e EORSa) or other

pragonessic h‘&gﬁdﬂ elonfpeeht, damdett heid ko richndishyt @gzoofd} $chere hardware

second ite.add
coBGRACH BRI A FRRPT AL Bty iR TP e g Lipgpg gosertbed
he&emds gbheallhnabsdployises: by bbe m@mdcqs&)d b}&dn\me( ﬂ)ememve the

the write chaaod. 606b t ?therec [rg it
PRSP PPY LTSRS TSGR BIBRAS™ HTTeEh o o stae

méchireUl A Splessbi hegy |AILOC @e nagisaamel ers hhemﬁbih@tdabme:tﬁt Somputing

di scl osed herei n may ngl gt;nte Qerfor
components, €.2., a combznatzan of g a ml pmcessor a plurglity of

MICTOProcessors, one Of More microprocessors in conjunclion with g DSP core, or any

other such configuration.

{00671 The methods or algorithms deseribed in connection with the embodiments
disclosed herein may be embodied direcily in hardware, in a software module executed
by a processor, or in & combination of the two. A software module may reside in RAM
memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, @ CD-ROM, or any other form of storage mediam
known in the art. A storage medium may be coupled to the processor such that the
processor can read information fiom, and write information to, the storage medium. fa
the alternative, the storage medium may be integral to the processor. The processor and
the storage medium may reside in an ASIC. The ASIC may reside in the sending and/or

receiving component, or elsewhere. In the alternative, the processor and the storage



with a general purpose processor, a digital signal
processor (DSP), an application specific integrated
w@reocot13{ ASI C), a field programmabl e gate arregT/5RE)62761
or other programuabl e | ogic conponent, discrete gate
or transistor logic, discrete hardware conponents, or
any conbination thereof designed to performthe
functions descri bed herein. A general-purpose
processor may be a mcroprocessor, but in the
alternative, the processor nmgy be any conventiona
processor, controller, mcrocontroller, or state
machi ne, A processor may al so be |nplenented as a
conbi nati gn of co uting conponents
megBb AL OC Y SHCIHPC RPN BB r%%%g?d/%wm g gapgponent,
or Okedh&EOPr ocessors, one or nobre n croprocessors in
conjunction with a DSP core, or any other such
1001 | OHERSIc0Ris HORRIRk o e Pt BA8Sed U mldREhis RBrovided to enable
descri bed in connectigon wth the enbodlnents¥dlsclo 9
anpperephsllied Behe sHdainarkedr s (PR FREREPR Y #igps moaitications

to #2fd YRLSHARIN G i%‘éh‘&lﬁd aﬂ‘)&m@ﬁ% GRS SPilled 9§ tHeard Emd thr:-: generic
conbination of the two.” A software nodule may resjd

pringipRAMCHBAb hyreinf max eppnted 1o mofr ﬁ%ﬁﬁﬁhgﬂmwlﬁéi’?ﬁf‘?‘% from
the'%}:i ; r&f thi %gle?;hgﬁ 'Tiﬁarﬁlie:%rééien@n{\%ﬂmﬁﬁm Solinfdtded to be
or a'y formof storage medi um Known_ in
hntih!é Wy the mée@r@g@ nbwr@ rHeRRy Emi soliphepeeprdefdhe widest scope
ceﬁ’sz?&ﬁ%ﬁ?‘iﬁ{ the l{)? fﬁ?&ta JNRWB QEEFEU s S8R HeRAS.
ormati on wite Information to, the storage
mediumIn the alternative, the storage nedi um may be
whXNEH e Apakiperr ocessor. The processor and the
storage nediummay reside is an ASIC. The ASIC nmay
reside in the sending and/or receiving conponent; or
el sewhere. In the alternative, the processor and the
storagenedi um may reside as discrete conponents in the
sendi ng and/ or receiving conponent or el sewhere.
[ 0068] The previous description onthe discl osed
enbodi ments is provided to enable any person skilled
in the art to make or use the present invention.
Various nodifications to these enbodinents will ge
readily apparent to those skilled in the art, and the
generic principles defined herein may be applled to
ot her enbodi ments wi thout departing from




the spirit or scope of the invention. Thus, the

present invention is not intended to be limted to the
weedodorment s shown herein but is to be accor depCT/H82007/062761

wi dest scope consistent with the principles and novel

features disclosed herein. WHAT | S CLAI MED | S: CLAI M5

1. 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 firs{ochannel, and read a

payl oad fromthe receiving device on the second

channel , the sending device being further configured

to wite a first portion of a payload to the receiving

device on the first channel and a second portion of

t he payl oad to the receiving ﬂﬁwice on the third

channel . 2. The processin§ﬂ§§ &m of claim 1l wherein

the sending device is further configured to

conciur r ent pyocassitsigesstshen fdongirisamd second portions of

t he payloaqﬂ;q.ghg,regeivingdevice. 3. The processing

syst em of* CFAVWEI""WiTér ei n the sending device is

further confsitguingdisn seamdwndehitd yhaadedisess! t he

receiving device,and wite t second. portion of the ,

payl oad ?@osef‘ﬁs‘%%%é%?%*‘a’a‘é‘?fr@‘eﬁ&%‘?”%ﬁ B TR g*leh"ﬁe on the first
chaysd emd el aipdbathRoRi thet hedstndidagoden fe $@ond chamnel, the

further, c nfiggr$d wite the first apq,second ortLgns _
seRfing H@Wﬁg tegu TyrEhey qqnflw red jiy WEke ge ity é’UF"Izﬁf’ePE PRy oad to the
re€t@Mh g edevidieos aneime: daxiee hai pGebond hericmonf ifgernedidaa to the

send % aeconq address to the receiving device on t he
reqyiag devishettedbRE PP y with the witing of the

second portion of the payload to the receiving device.

S oo T SRR BB BB PP b5 sy e
cohfigude@ el dtnB@reeMl ceite e firgemdasdausd ipnkibsgonhaet payldel fo the

receiving device.

3 The processing system of ¢laim I wherein the sending device is further
configured to concwrently address the receiving device and write the second portion of

the pavload to the receiving device.

4. The processing system of claim 1 wherein the sending device is further
contigured write the first and second portions of the payload to a first address of the
receiving device, the sending device bafug fusther configured to send a second address
o the receiving device on the first channel concurrently with the writing of the second

portion of the payload to the receiving device.

5. The processing systern of claim 1 wherein the sending device comprises
a first processing device and the receiving device comprises a bus interconnect, the
processing system further comprising a second processing device, the bus interconnect
being configwred to connect the first and second processing devices to a shared
resource, and wherein the first processing device is further configured to write the first
and second portions of a payload to the bus interconnect in response 1¢ & snoop address

from the second processing device.



processing system further conprising a second

processi ng device, the bus interconnect being
weonfitguse£d to connect the first and second prPCEES1NTY062761

devices to a shared resource and wherein ihe first

processing device is further configured to wite the

first and second portions of a payload to the bus

i nterconnect in response to a snoop address fromthe

second processing device.6. The processing system of

claim1l wherein the bus further conprises a fourth

channel, the sending device being further configured

to address the receiving device on the first channe

for wite_operations and ess e receivin dﬁyice .

on fhe fJletHORNEHRESYSEY 5 é ‘bmob SR e b‘éﬁwg‘“\‘i BregFprIses 2
m&ﬁ%ﬁﬁﬂ@i NHe 48Mi6€ dbbick %ﬁhem&w%&nmﬁatz@ AMcirds® tae receiving

rtion of the pa yload to the receivin

0 dev
d@sﬁe o é‘e st Fhméﬁbfﬁféwtem%@ﬂﬁ P9E addiertytheye ngfdevice on the
i‘o&k@%@nﬁei%? ok g%@z?m?r@ DA oL A RS sdsRidfdi@Y is further configured

ured to concurrently wite the flrst second  and
to whke @ ot parine obhepre opaye Bederdvigalerse ondhs @iﬁ?@\ﬁ*@éﬂd
8. The processing systemof claimé6 wherein the
sending device is further confi

secdnd and'é HPFISHEY HERsOLE AR Bg?faﬁ‘hﬁ‘etqgn%“h#%ice is fusther
cofid 88 Fo 8ductient LG aMNR Firsie ViR bl eaPpeitiogs otk @ayload 1o the

being further configured to send a second address to
reqehdvg 88¥F%i ng device on the first channel concurrently

wth the witing of the second or th| rd portlon of the

payl oad tQ the receiv | .

system of -t HPRPT R F’%ﬁh"fﬁiémg é}n’af’ﬁré“md%v *’é“e‘ J‘»Qm, is further
cohfigte kvt Eiﬁé g eded@ proidep@tioanss ﬁde pfsuvwaaltotﬁdhtsheddm% of

recej vi ng, devi ce indjcatin er the fLrst .chan
the geceiiipg ey V‘bgl"nﬁc"gg‘é%l 50 S b itie SPELERY g o & second

add@RYd £LERreHihe dbliee bh r{ﬁé fipQIchkOik] @bndbenpaysigathetwriting of the
t he receiving devi ce. g{‘l processi ng system of
weﬂﬂé.%ﬁnrﬂmgwr?f#ﬁev%mﬁ REUEFFOEE S t her
configured to provide a control S|gnal on each of the
first and.third channe s t

s el Vi
bt he ol Bloce Ryt cleff T SRRt BB SRR AT further
coRAYkeatk BRI SeRtrodEighllsoehs fﬁﬁ:ﬁﬁﬂ@&dﬁ@ctﬁhmmg Whe’rher the first

channel is currently being used to address the recelving device or write the first portion

of the pavload to the receiving device,

10.  The processing system of claim 1 wherein the sending device is further
configured to provide a control signal on each of the first and third channels to the
receiving device, each of the control signals identifying the portion of the payload being

sent on its corresponding channel.

i, A processing gystem, comprising:
4 receiving device;
a bus having first, second and third channels;
means for addressing the receiving device on the first channel
means for reading 2 payload from the receiving device on the second

channel; and



11 . A processing system conprising: a receiving

devi ce; a bus having first, second and third channels;
wore@nsofiss addressing the receiving device on.PCTES2007/062761

firsi: channel; means for reading a payload fromthe

recei ving device on the second channel; andneans for

witing a first portion of a payload to the receiving

device cmthe first channel and a second portion of

the payload to the receiving device on the third

channel, 12. A nethod of compuni cating between a

sendi ng device and a receiving device over a bus, the

bus conprising first, second and third channels, the

met hod conpri si ng:. addr ssing,a rgcei%in devi ce.an .

the first™f "ffﬁrf]ﬁ’é Titng 4y ;ﬁ;@ Py "(5’5*}/‘?{0%833 ?%g{q recelving devics on
thd BEELNANRG! RV 66:cRB poRRnSHARA BaBbad RPihe r8dilviNg dbi108 08 the third

first portion of a payload lo |I'he receiving device on
chppelf i r st channel and a second portion of the payl oad

to the receiving device on the third channel. 13. The

met hod of ,clajm .12 wherein the first and second -

por 1Pone. A hed BRI ErE ifept RpR) R ereid preceiving
detite of-ecebyd, g Blemicterishd. firkh) geditihad thitd chainis1de method

wherein the receiving device is addressed concurrently
COWPER8he writing of the second portion of the payl oad

to the regRiryshg HRYcR dbicthe imehhadnainet! ai m 12
wherein the first and second portions of the aYgOFd a,.
wri ten (Sadng oy ioad s BegebiHae dris onie Hepl ghanncl and
the addr egfiiRg «Ofirst BErTACS ¥ ipAGIodeh B FabehBE device on the first
conpri sing sending a second address tqo the receiyving

charal gad 8rscqeng Bori &t olchia RREReE BhBE PRI CRYIEH OB His thitd channel.
witing of the second portion of the payload to the

recejvin evice,. . .. . .
13, g'}"ge methdd of claim 12 wherein the first and second poniions of the

payload are concurremly written to the receiving device.

14, The method of claim 12 wherein the receiving device is addressed
concurrently with the writiag of the second portion of the payload o the receiving

device.

15, The method of claim 12 wherein the first and second portions of the
paylond # written to a first address of the receiving device, the addressing of the
receiving device further comprising sending a second address {o the recerving device on
the first channel concigrently with the writing of the second portion of the payicad to

the receiving device,

16, The method of claim 12 whereln the sending device comprises a first
provessing device and the receiving device comprises & bus interconnect, the processing
system further comprising a second processing device, the bus interconnect being
configured to connect the first and second processing devices to a shared resource, and
wherein the fivst and second portions of a pavload are writien 1o the bus interconneot in

response to a snoop address from the second processing device.



16. The nmethod of claim 12 wherein the sendi ng device
conprises a first processing device and the receiving
wa@learael13onpri ses a bus interconnect, the procECGEUSI07/062761

system further conprising a second processing devi ce,
the bus interconnect being configured to connect the
first and second processing devices to a shared
resource, and wherein the first and second portions of
a payload are witten to the bus interconnect in
response to a snoop address shromthe second processing
device.omris inghod of claim 12 wherein the bus
further conprises a fourth channel, t he addressing of

the receiving device on the .fi t .chan being for .

wi 8 opéngrfsied ‘?fh(e‘d%t%dhf"ﬁf‘f ﬁl%‘l’ b&*a?ﬁaﬁﬁ%% ﬁﬁmp&’e" a tourth
chAA0T 888 laAGrebNB: 'L \HeﬂﬁwﬁﬁVde%beO@n t’dﬂ@ fir Quéiiahn&hwﬁﬂfm write

for read opera‘fl ons, and witing a third e

of
opareoTsaliecRere feitker coRRrInEGIdETPes “%‘h‘ﬁi“ﬁ‘é" ‘féoitﬁff‘f‘i? on the fourth
ch&ﬂ@ﬁ%@'waﬁ@}:ﬂ&h&m@ﬁ@ Qi 2k LHAIMAENRE R Pasl BRI to the receiving

sendi ce Is further conflgured to concurrently
devw#P%ﬁﬁﬁéuﬁhﬁéﬁﬂﬁ%econd and third portions of the

payl oad to the receiving device. 19. The nethod of

claim 18 mhere n.the fir second and third

of the payrdas ‘ﬁﬁi 8% Gleyrp ﬁiﬁ“{%ﬂig tg ?eé‘g‘i&d‘aer\’é%es]g8?11"%{&0“{*61“6&
to EERBILMNG wWIRY BGSsirst NR R AL idoliedn sCTRE pSPIBEd to the receiving

sendi ng a second address to the receiving device on
deyige first channel concurrently with the witing of the

second or third portion of the payload to the

recei.vi ng.devi thod .c| aj
b R R T S8 LSS PP s o
thedﬁ%i 681 hﬁd\hzfs‘iﬁbh g a%/\ﬂf&: hadrekhof ftlker sdceBh@ndetict, Sthe methori further

currently peing use addre s the receivin
R e R AL Rt S

coR &SR NGitH 84k GPsitigd .of The IBHII0E: Qhird [ pRitidel 21 filié thagkoad 1o the
conpr|3| ng a contr ol si gnal on each of the first and
reqehiingldeisthnel s to the receiving device each of the

control signals identifying the portion of the payl oad
bei U_,% Sen}heozgetllmg Q%OEgﬁ%s!n)o&d_éhgg c&g 8@«5}%{1 providing a comrol signal to

the receiving device indicating whether the first channel is currently being used to

g’ 75t channel

address the receiving device or write the first portion of the payload to the receiving

device.

21.  ‘The method of claim 12 further comprising & control signal on each of
the first and third channels to the receiving device, each of the control signals

jdentifying the portion of the payload being sent on its corresponding channel.

22, Abus mastering device, comprising:
a processor, and
a bus interface configured to interface the processor (0 a bus having first,
second and third channels, the bus interface being further configured 1o address a slave
on the first channel, receive 2 pavicad from the slave on the second channel, and write a
first portion of a pavioad to the slave on the first channel and a second portion of the

payload to the slave on the third channel.



22. A bus mastering device, conprising: a processor;

and a bus interface configured to interface the
w@e@eceedss to a bus having first, second and tPECT/US2007/062761

channel s, the bus interface being further configured

to address a slave on the first channel, receive a

payl oad fromthe slave on the second channel, and

wite a first portion of a payload to the slave on the

first channel and a second portion of the payload to

the slave on the third channgl.23. The bus nastering

device of claim22 wherein the bus interface is

further configured to concurrently wite the first and

second portions of the paylgad tqg the s]aye 24.§Ihe.

bus Zhmst AP RES HEGIEBERVIPAE RIED ZATERAPH 1fubfLertace is futhor
cortfh 8] 8F Sohrfehil NRF1C AR fiGHEAE sbQROAGELhE Il e payload to the

address the slave and wite the second portion of the
slapayl oad to the slave. 25. The bus nastering device of

claim 22 wherein the bus interface is further

configured wite the first and.second portions.of .the X

payFbad tlge Lup infas‘;{eméxé;d%.eé:% 3 fcgat“ﬁg&s‘l\' ggjém t%\ﬁ uR ngxface is further
confthfsd RcRnbgireghf Midrbgrthe aptd gl R d e 3eRGhdpBRELbLithe pavicad

address to the slave on the first channel concurrently
ta Jeelivehe writing of the second portion of the payl oad

to the slave. 26. The bus mastering device of claim22

wher.ei n e,sl ave, co I ses .a;hus,jntercoanect « . o :oa

confrgur térg‘ett’ f @Wﬁ%‘é@c{eﬁ ER1S i%:%ée"?’ PHG o g’ v i%g% ingterfacg is further
conRgead whilis tnmsirarandgsedend pertivas af sivaperoadspariomst addrdss of the

W ierehi. the buys. tering.device is,farther o b cfen
slaffo Gt PTG S NI STTTS0Te 1 SSBLB AP BB AR e glove o
thePBt @BsheD chif@rRugy ivitie HRONABEE of the aepadperian af dreqmyload fo

address fromthe second bus nastering device. 27. The
thesfigvemast er | ng device of claim22 wherein the bus

further conprises a fourth channel, the bus interface

being further configured.to address the . slave on.the.

. : s , 35 . > lav rises a bus
firgt chanlfel"SFBFtSiFta E‘é‘bee?fg'gwgﬁg gﬁﬁ?ea“g r egsx{ﬁe B
iniSicaueed Bokthgirédy édnrebahahs fesiefiegdevice and a second bus mastering
device to a shared resource, and wherein the bus mastering device {s fhrther configured
o write the first and second portions of a payload to the bus intercomnmect in response {0

a snoop address from the second bus mastering device,

27.  The bus mastering device of claim 22 wherein the bus further comprises
a fourth channel, the bus interface being further configured to address the slave on the
first channel for write operations and address the slave on the fowrth channel for read
operations, and wherein the bus interface is further configured to write a third partion of

the payload to the slave on the fourth channel.

28.  The bus masteriag device of claim 27 wherein the bus interface is further
configured to conaarently write the first, second and third portions of the payload 1o the

slave,

29, The bus mastering device of claim 27 wherein the bus interface 1s further
configured write the first, second and third portions of the payioad to a first address of

the slave, the bus interface being Rurther configured to send a second address to the



operations, and wherein the bus interface is further

configured to wite a third portion of the payload to
wo b@74b|se on the fourth channel. 28. The bus PEBUS200TIgN2761

device of claim27 wherein the bus interface is

further configured to concurrently wite the first,

second and third portions of the payload to the slave.

29. The bus mastering device of claim 27 wherein the

bus interlace is further configured wite the first,

second and third portions ofs,4he payload to a first

address of the slave, the bus i nterface being further

configured to send a second address to thesl ave on the

first channel concurrently ép t he 4 of, the .
Sloip 0B ibe B ChIINE! FORETSRIS PitHEC gt 1o SeaqBd g dbigd portion of
tbé%%_kﬁmqobM§§gﬁ§terlng device of claim22 wherein the

S interface is further configured to provide a
control signal to the slave indicating whether the
fir s, charmahusiastatlripedddios dfaitdieh 25 etetetn Addnsdsietther is further

cofbies i b i, BOAS 580 Bl SgPRES e Manact
cuMBRIEbaink h@ecbuns«mm&@ rthagRvk or it ey fi80phingurEdhe payload to the
provi de a control signal on each of the first and

sla¥gi rd channel s to the slave, each of the control
signal s identifying the portion of the payload. being

3§C|t Cig n i tkﬁbcqqrg{l nozg,d%c?vg% hfa g?lﬂ'l 8%?‘[%%1{%1 gls &b ﬁt%z@a@tgis further
cohfieel &ﬁpmzddtecmﬁm eigmay o1t each dfvis: ﬂhxaﬂmn@thindr@&;meis 10 the slave,
ans f

ot dho cagtt SegvE EORT Heolis: vTRG Srelh bl BShEDent on it

wggeg@gmmgnanﬁl ave on the first channel, nmeans for
receiving a payload fromthe slave on the second
channel, and nmeans for witing a first portion of a
paylxtad tA& bshenasicaing denickhenfpissig:channel and a second
portion of t he Ra |lgad io the slave on the third
channel . .2 BCES r-’%flgve devi ce, conpri sing:
means for interfacing the processor to a bus having first, second and third

channels, the means for interfacing the processor to the bus comprising means for
addressing a slave on the first chanmel, means for receiving a payload from the slave on
the second channel, and means for writing a first portion of a pavicad to the stave on the

first channe! and a second portion of the payicad to the slave on the third channel..

33. A slave device, comprising:
memory; and
a bus interface configured to interface the memory 1o a bus having firsy,
second and shird channels, the bus interface being configured 1o receive an address and
a first portion of a payload from a bus mastering device on the first channel, send a
pavload to the bus mastering device on the second channel, and receive a second portion

of the payload from the bus mastering device oa the third,

34. The stave devige of claim 33 wherein the bus inderface is Duther

configured to concurrently recefve the first and second portions of the pavicad.



menory; and a bus interface configured to interface

the menory to a bus having first, second and third
webannel1d4 the bus interface being configured POI/US2007/062761

recei ve an address and a first portion of a payl oad

froma bus mastering device on the fi rst channel send

a payload to the bus mastering device on the second

channel , and receive a second portion of the payl oad

fromthe bus mastering device on the third. 34. The

sl ave device of claim 33 whersein the bus interface is

further configured to concurrently receive the first

and second portions of the payl oad.35. The sl ave

device of claim33 wherein the _bus inte eis

further JdSf FgYE SBVES € ﬁ@ﬁmréﬁtﬁ%‘?@%éﬁ%gn?hgﬂﬁaﬁfe§sﬁ“ﬁ“r
co;%ﬂﬁ’zréchﬁp SRCAREROLELOD R addRQs RAY iRk codBporkBe of Havaayicad.

dévice of claim'33 wherein the bus interface is

further configured wite the first and second portions

of the pagHcoaidvé ledidel bStelABIBAS whicrvid e raBDIyerfideeis forther

bus interlace _bein er confl red to,recei

i
coYEH “GUETBL SR ORECTIY BEr AN BOHETT FERCTYL picges in the

mehlify S@CanA iRRIhiObeial fhRReANIiQatkd t&%eu]hcea&‘bwﬁ address on the
devi ce of claim 33 wherein.the, bus.furt r conprises a

firgt ghmne! gpnmvEnity r-Wé* W6 SeGoRd SOFEECIFEF REY Pt her

configured to receive the address on the first channel
for,.witg operations and receive.a n

four?h crarar S aambper R fREeElahpRs @ foure

chdniel,i the ek deeciase berrth"erthemMntws&ﬁtd mceiveahe @ddreshprdhe first
i,on of the oad fromth us maste evice. . .
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concurrently receive the first, \x)g nd t gl rd
of fsrRivinng 5t thed RS ‘C"fﬁb %EW‘& of claim

37 mhereln the bus interface is further confi gured

wri g g' r%t e%g%gggaéi%d hJ’f q\:h%?t{nt; %%nsltngg 11%&@8%6& is further

payl’ ad t s€¥%h t'he
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address fromthe bus mastering device on the first

channel concurrently with the receipt of the second or

t hi ri. porthoniat dhecpaf deige 37 wherein the bus intesface is further

configured write the first, second and third portions of the payload to g first address in
the memory, the bus interface being further configured to receive a second address from
the bus mastering device on the first channel conclurently with the receipt of the second

or third portion of the payload.

440, The stave device of claim 33 wherein the bus interface is further
configured to receive a comrol signal from the bus mastering device indicating whether
the first channe! is cwrently being used to send the address or the first portion of the

payload.

41,  The slave device of claim 33 wherein the bus imferface is further
configured to receive & conirol signal on each of the first and third channels from the
bus mastering device, each of the control signals tdentifying the portion of the payload

being sent on its corresponding channel.



40. The sl ave device of claim33 wherein the bus

interface is further configured to receive a contro
wG@r@nad11s4 om t he bus mastering device indi catiPQr/us2007/062761

whet her the first channel is currently being used to

send the address or the first portion of the payl oad.

41. The sl ave device of claim33 wherein the bus

interface is further configured to receive a contro

signal on each of the first and third channels from

the bus mastering device, eagh of the control signals

identifying the portion of the payl oad being sent on

its correspondi ng channel .42, A slave device,

conpri sin menory; and means for interfacing the

mentty tdgék%ﬁgﬁﬁéVﬁﬁE@ﬁﬂ%h second and third

channel s,méf8ryTRaMNs for interfacing the nenory to the

bus conpr|S|n% neans for receiving an address and a

first porPP®¥ BY INsETByeha f’l“?”é?ﬁb’a@%‘é“%tféﬁﬁ@ sgeRAccnd third
chegﬁmi DNGh | hSdnsCRAMMRacIBARE RGN A8 Bud @Mz'nBﬂQnB Omeans for

bus mast eri ng devi ce on the second channel and

re%aﬁg an gidiesraidd REt ROSWEGRT S R eaolioBfe Renvsngagevice on the

sl AN RYUR: RESLREIND% HRMLEE P BR HBLESn s hARBLLn the second

channel, and means for receiving & second portion of the payload from the bus

mastering device on the third channel,



