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BACKGROUND
10 Conventional bus schemes define a bus as an indivisible
unit. Although commands and data may be transmitted over
separate physical channels to improve concurrency, the bus
protocols link the channels. The commands include a fixed
number of predefined fields of command information, such as
15 address, length (number of data bytes) and operation type

(e.g., read, write, cacheline flush, and so forth).

DESCRIPTION OF DRAWINGS
FIG. 1 is a block diagram of a processing system
employing bus arbitration logic to support exchanges between
20 bus masters and bus targets.
FIG. 2 is a detailed block diagram of the processing
system (of FIG. 1) showing various buses, including command

and push/pull buses, and associated arbiters of the bus
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illustration of an exenplary format of a comrand carried over the command
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of the processing system FIG 5 is a schematic diagram of an exenplary
push bus q$ta at h Qf t he processing system FIG 6 is a schematic di agram
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14, shomn(gs t %%&%iléa 14h,, 14c A4k that use bus arbitration logic 16

to controf anges T BY Information over a bus system 17 i s shown.
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FIG. 6 is a schematic diagram of an exemplary pull bus
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data path of the processing system.

10 DETAILED DESCRIPTION
Referring to FIG. 1, a system 10 having multiple first
units 12, shown as masters 12a, 12b, 1l2c, .., 12j, and
multiple second units 14, shown as targets 14a, 14b, l4c, ..,
14k that use bus arbitration logic 16 to éontrol exchanges
15 of information over a bus system 17 i1s shown. Collectively,
the bus system 17 and bus arbitration logic 16 form a bus
structure 18. The components of the bus arbitration logic
16 include a command bus arbiter 19, a push bus arbiter 20
and a pull bus arbiter 22. These arbiters 19, 20, 22 are
20 associated with the operation of the various buses in the
bus system 17, as will be described with reference to FIGS.
2-6.
The masters 12 can include devices such as processors

(e.g., general purpose microprocessors, embedded



2 WD 2003/ 019399 PCT/ US2002/ 027430 m crocontrollers) and external bus
controllers. The targets 14 can include nenory resources (e.g., interfaces
to DRAM WeRAM/0198990 resources (e.g., interfaces to medirCT/vs2de2027404 t ch
fabric), as well as other types of systemresources. 5 A master can al so

serve as,3LALORLeoFOL S UM @ 8 s pusonLoLLer Lt 1l ousethe system to

conmuni ca er systemvia an external bus coul d perform

t he funtlonso t F
U Ilafan 3 &%go ) AU AP FOr s SLOPH LI Yoo 0Bk, Luo OF Lhe

mast er s, rras?ers ee o e targets targets 0-2, are

shown in E{é@ ;o r?%erc%fs tlge rradfrpcresrfargggt %%e‘?edié depj;cted as a device

t hat can a master a target errlng to FIG 2, the

system 10 i, nclu t hree e uct 30
(i ndi cat €¥1H % Bﬁﬁ% ed*d 3??@3; oo %Eeglhscé; nggeg pu @33%2 The

respet e trat ts 19, 2 i
the use df "6k 'eé%er%ﬁ%l%ﬂ'ss%ae ?aeé’p?;%% s R R S bl 3a
reSpeCtlve|¥F8g ggng %ge sngéng§ Rm& §C§B§Rﬁﬁj§ldﬁ 9% t he

arbi trat iGN st conmehd bus 3 and on the target side of the

arbiters, ﬁégggﬁﬁg%m‘gf%bn exZer hf nastc%qllﬁoggrfgm bus 36 i ncl udes

a corresp 5n8 each exanpl e, command buses

36a and %%%c%ggns g% ogg ag%er and target.

For simplicity, only two of the masters, masters 0 and
10 1, and three of the targets, targets 0-2, are shown in FIGS.
2-6. One of the masters, master 0, is depicted as a device
that can serve as both a master and a target.
Referring to FIG. 2, the system 10 includes three
separate bus structures, a command bus 30 (indicated in
15 dashed lines), a push bus 32 and a pull bus 34. The
respective arbitration units 19, 20 and 24 are associated
with and control the use of the command bus 30, the push bus
32 and the pull bus 34 respectively. The command bus 30
includes, on the master side of the arbitration logic, a
20 first cdmmand bus 36, and on the target side of the
arbiters, a second command bus 37. The master side command
bus 36 includes a correéponding command bus for each master,
for example, command buses 36a and 36b for master 12a and

master 12b, respectively.



master 12b, respectively. 3 WO 2003/019399 PCT/ US2002/ 027430 The push bus
32 includes a first push bus (target side) 38 and a second push bus (master
si de) 40. wohmopoatoBosbus includes a first pull bus (targacmuste)2/ot243and a
second pull bus 44 (master side). On the target side, the target push 5

bus 38 and tagg%t pRUL! LRUSs A2 L3 gadsed Pyrdg k@l 88 S (£ 0 gdd ansRort

commands and ta between the targets and thé push bus arbiter 20 and pul

bus arbi tey 22 f %é@@ﬁ&iﬁ;éog-buthmgg%@@i&e%a z@nd $Rb Oﬁ*glﬁldtﬂ“@ command bus

arbiter 19 to arbitrate use of the conmmand bus 3 in 10

particul ar, f%%%stgrgggs§i lp%ggaqgap&??ggidéBhQ2tQﬁgeésseéégﬁ p%é@’ 14c each

use the pus s arbiter 20 and the pl bus arbiter 22 to arbitrate for

use of the,Jas! epastde Dush  bus dfoand.idie uld, Bis Bodeshestively.

Control signals related to bus arbitration (not showmn) w !l be discussed

15 1 atser B’Hg |’58r %fngr %Qgge%g;lgﬂl us4'4§' a}%fl?géa iets tt?leFl:g}ge_?hs an, exenpl ary

format of a command ried over t command bus 301 s shown. The

conmand ioraﬂsigggagb}ﬁ#ngggg Ar{}{' (&a%leg%?ééf%ryﬁ{ed%a§%3t55%&i20 push: 52p

that carry en I'nformation. 52 can’be o 1 ffering

wdths. Bhe i@d3,.520! agaudaackargeby L0 1Ll dospeacapg an operation (or
comrand) ?ype el d Sb. C target 1 as a unique, hardwred
identificatio%%%u%gg%ers 12a and 12b use the command bus arbiter 19
to arbitrate for use of the command bus 30 and, in
10 particular, the target side command bus 37. The targets
l4a, 14b, l4c each use the push bus arbiter 20 and the pull
bus arbiter 22 to arbitrate for use of the master side push
bus 40 and the pull bus 34, respectively. Control signals
related to bus arbitration (not shown) will be discussed
15 later with reference to FIGS. 4-6.
Referring to FIG. 3, an exemplary format of a command
50 carried over the command bus 30 is shown. The command 50
is partitioned into multiple fields 52a, 52b, 52c, .. 52p
that carry encoded information. The fields 52 can be of
20 differing widths. The fields 52 include a target ID field
52a and an operation (or command) type field 52b. Each
target 14 has a unique, hardwired identification number
(“ID”). The target ID field 52a indicates, by ID, which of

the targets should accept the command. The masters 12 send



("ID"). The target ID field 52a indicates, by ID, which of the targets
shoul d accept the command. The nmasters 12 send 4 WD 2003/019399

PCT/ US2009/002d3180399a command in the format of the commamtTais20@/@r4300f t he
targets 14, which decode the target IDin parallel to determne if the

comand 50 |%mn%%nEng% t{gggat o$et,9f - ﬁ%ﬁﬁﬁi%@r Eg%déggghp target |Ds

for an exenﬁ1ary se ets 1's shown I n e Target 00

0000 No d t .00 terf 00 0010
SRAVI | nt P TR 88&%‘3'%.:%%09%& AP, J%Ool%% YEEef ST o' 00 0100
Hash Unlth?BL§n% Igetgg f‘a@ﬁ.%¥p§sfh§$9t§%9:%83ﬁ'f'gs an eratlon

Eac ar erp

type. get eration type speC|f|ed 1 y the code

in the oper tion type f| Id e th o) Qe perforned.
The val ue” ﬁﬁfiﬁﬁréééPg? B ) ear FgI%B%Z dé?%%ﬁgﬁgigﬁ%mgﬁgfﬁgs in other
fleld§ arg to be. |n%er et ach target. The operation type can

. e ow n . . . ?

i ncl ude frere enco |ngs of information as operation

Code Target
00 0000 Nene {(no command on the
command bus)

00 0001 Media Interface

00 0010 SRAM Interface

00 0011 DRAM Interface

00 1001 Bus Controller

00 0100 Hash Unit

TABLE 1

The operation type field 52b specifies an operation

type. Each target interprets the operation type specified

10 by the code in the operation type field 52b to determine the
operation to be performed. The value in the operation type
field 52b determines how values in other fields are to be
interpreted by each target. The operation type can include
as many different encodings of information as operation

15 types that most (if not all) target units support, for
example, read and write. One or more of the fields 52c -
52p can be used as operation type extensions, based on the

value in operation type field, as well. 2An exemplary



15 types that nost (if not all) target units support, for exanple, read
and wite. One or nore of the fields 52c - 52p can be used as operation

type extews mox919bmsed on the value in operation type frGE/gs20az020sbl . An
exenplary 5 WD 2003/ 019399 PCT/ US2002/ 027430 encoding for sonme commuands

types suppgkrted, ¥th%oh@rg@&ﬁan§$mwybééqs PFBE%@dQQP%%ea%@régﬁMﬂ in TABLE
2: Code DRAMI/F SRAM |/ F Hash Unit Medi a F Bus Controller 0000 Read

Read Hash Regd ReaghpiR0Ql Wi te M idiReser vegiavite Wite 0010

Recei ve-Buffer Swap Reserved Reserved Reserved Read 0011 Transmt-Buffer
Set bits Reserved Reserved Reserved Wite 0100 Control Status Clear bits
Reserved Reserved Reserved Registers (CSR) Read 0101 CSR Wite Add

Reserved ResSggaeell RESRAWEHF TABLERaZ D/F[Cri<aIoHiRl Gedi=L LS5 |52C Adar ough 52p
(corresponﬁl ng t ? fields Field-1, Field-2, ..., Field N) hotehtgtter
paraneters| used|by the target$ 14, such as addregss and burist count. | For
exanpl e, and_as shown in the comrand format of FlG 3
0000 Read Read Hash Read’ Read
0001 Write Write Reserved Write Write
0010 Receive Buffer Swap Reserved Reserved Reserved
Read
0011 Transmit Buffer Set bits Reserved Reserved Reserved
Write
0100 Control Status Clear bits | Reserved Reserved Reserved
Registers (CSR)
Read
0101 CSR Write Add Reserved Reserved Reserved
TABLE 2
5 The remaining fields 52c through 52p (corresponding to

fields Field 1, Field 2, .., Field N) hold other parameters
used by the targets 14, such as address and burst count.
For example, and as shown in the command format of FIG. 3,
Field 3 is used to specify a push/pull ID 53, which

10 identifies a.source or destination 54, among other types of
information. The push/pull ID 53 is passed to the target 14
via the command bus 30, and provided by the target to the
push bus arbiter or the pull bus arbiter when the commahd is
serviced. The push bus arbiter or the pull bus arbiter

15 arbiter, as appropriate in turn, provides the push/pull ID
to the appropriate source (in the case of a pull operation)

or destination (in the case of a push operation) as an



Field 3 is used to specify a push/pull I'D 53, which 10 identifies a source
or destination 54, anpbng other types of information. The push/pull ID 53

i s passedwionobherosar get 14 via the command bus 30, and pomwsdexb2isot he
target to the push bus arbiter or the pull bus arbiter when the command is

servi ced. o N ST RUSIBEDLLBlor0l ol B L S AERL ! i Borbiber, - as
appropriate 1n turn, provides the push/pull ID to the appropriate source

(in the case Of.3 pul beoRSIAN Of) cnal < GEStinal Lon LbNothe case of a push
oper at i oo 83T sPNG B00E Cios00 BeT ISo005, 05 7456° Sddr ess. The

definitiop of. fields Wfhigd ﬂ¥%npugﬂépgflmdﬂg Je ehd FRy1de dependent on the

speci fi ed source or destlnatlon dition, one or nore of the Fields 1

through N e Ca§ﬂ§9b flerent ffyfeh?@ﬁﬁgy%s%%ﬁt bRBrLYPEn tyHor exanpl e,

a field cani e masks for a wite operation type and priority

| evel for & reea%pggergt FOD & VRS mégegw N d Gathe Bys protoacol of system

10, each recelrves a commnd I1'n the formof the command 50

ot nggletys%etJ?aﬁccfo'nekgg g?%@o%rtyt 3E0et basiys oIl spdfoenablgnd.he targets

% d f I ONs,” suc as rea nD dify-witewth
pr ogr ammabl e | da h rands and
return resul t)° 1?3 %g % E %rggég%gf?%l n?ﬁe %%ﬁ%g%HQF% specify

data and otheg%é%gvgge0|fg add e%§th%'k§hﬁ%&éﬂ§1 @%mmand 50

interprets the fields 52 on a per-target basis. This
10 enables the targets to supply a rich set of functions, such
as read-modify-write with programmable modify, data
transform (e.g., perform a hash on operands and return
result) and fast write (use some fields of the command to
specify data and others to specify address, eliminating the
15 latency and resource use of data bus).

The masters 12 issue commands to the targets 14 based
on instruction execution, or some other appropriate
mechanism. For example, if the master is a bus controller,
it may issue commands as a result of a DMA operation or when

20 it is being accessed by another device on the bus that it
controls.

Referring to FIG. 4, a command bus data path 60 is
shown. The command arbiter 19 includes an arbitration unit

62 that receives a command queue full signal 64 as input



15 latency and resource use of data bus). The nmasters 12 issue commands to
the targets 14 based on instruction execution, or sone other appropriate
mechani smwd-mn3/ewaespl e, if the master is a bus control | eGT/US200MRY430SSUE

comands as a result of a DVA operation or when 20 it is being accessed by

anot her deyife-Qm bLRehuscs té t1 4 .CORLE Ok SmmA7RS %gl@begfapl FiGnA a command
bus data path 60 is shown. The command arbiter i ncludes an arbitration

uni t = 62 phaf,diecelyesnan COMMNd aueui thisSianal Bhnasql fRslle 5eV0
2003/ 019399 PCT/ US2002/ 027430 from each of the targets 14 The command

queue ful |, signal84ckndicates, whgnnagt hreshol.dsfllknessupft as.command queue
66 in each target has been reached. The arbitration unit 62 receives

command r eQUESES Q¥RMhaha J80URst EBRYANd INRRIe2t68pfhnem ihe masters 12,
and provides on grant output lines 70 to the masters 12 grants to the

commang bys fﬁﬂyQﬁkstXtekgelfHQQQf%régldggQﬂlQH%ﬂﬁa%h%buﬂzliﬁgg wi shes to

drive a conmand on the conmand bus 30 first sends a reqguest to the

arbi trati g tolochlén&nfasﬁgrgnm %mkbvehgn@omaﬁdﬂwsn9@@&5@%@8 Thi's
request indicates the ID of the target wwth which the master W shes to

comuni catg. AsJw|itigned earlier, the arbitration unit 62 also receives
signal s fronleach tar get

Each bus master 12 that wishes to drive a command on
the command bus 30 first sends a request to the arbitration

10 unit 60 on a respective one of the input lines 68. This
request indicates the ID of the target with which the master
wishes to communicate. As mentioned earlier, the
arbitration unit 62 also receives signals from each target
14 indicating whether that target’s command queue 66 is full

15 or not. The arbitration unit 62 uses the command queue full
information to inhibit grants to the command requesters if
the command queue of the target they need is full, while
permitting requesters to other targets to obtain grants.

The arbitration policy of the arbitration unit 62 may be,

20 for example, a round robin policy, and may employ a
programmable priority for certain masters. The arbitration
scheme of the arbitration unit 62 opportunistically grants
access to another bus master when one of two conditions

occur: a master is scheduled to be granted access but does



14 indicating whether that target's comrand queue 66 is full 15 or not. The
arbitration unit 62 uses the command queue full information to inhibit
grants towdmozoneend requesters if the command queue MECTVIS20022020630 t hey
need is full, while permtting requesters to other targets to obtain

grants. Thetanbiératioqua iehdohg) her &f Riastati 08 sendabizamey be, 20 for
exanpl e, a round robin policy, and may enploy a programmable priority for

certain mgshatsd JBEes bidd aticORegsEhEd® Wfrgbhesarbihdral iRRudNEE 62
opportuni stically grants access to another bus master when one of two

condi tiongyloccur: a master is scheduled to be granted access but does 8 WO
2003/ 019399 PCT/ US2002/ 027430 not have a request pending; or a naster is

schedul ed to bgnegremd efriceesSohUinihes T eisestedréargaiuss requaead queue is
full. Wen the arbitration unit 62 has granted a bus request 5 of a

mast er 5 t Bat anBSEesr | raNsdTintaS t8r CORAMEIG 1N a8 cokRBh&SHONI Nng one of the
mast er command buses 36, to the command bus arbiter 19. The command bus

arbiter 18o02k88pohdChyldase &iMihti Phexdr (MuXhd7Bubtbats¢eaq) vas a command
from a master and is enabled by the arbitration unit 62 to 10 control the

transm ssicenmehdt Bes compmnd aver the commadobysarBitdo theikargets. FIG 5
shows details of a push bus datapath 80. The
includes a multiplexor (MUX) 72 that receives a command from
a master and is enabled by the arbitration unit 62 to
10 control the transmission of the command over the command bus
37 to the targets.

FIG. 5 shows details of a push bus datapath 80. The
push bus arbiter 20 includes multiple push command queues
82a, 82b, 82c, 82d, one for each supported target, coupled

15 to a multiplexor (MUX) 84 and a push bus arbitration unit
86. The push command queues 82a, 82b, 82c, 82d are coupled
to corresponding targets 1l4a, 14b, l4c and target “master
12a” (for operations in which master 0 functions as a
target), respectively, by sets of push data buses 88 and

20 push command buses 90, one set for each target in the
system, that is, buses 88a and 90a for target 14a, buses 88b
and 90b for target 14, buses 88c and 90c for target l4c and

buses 88d and 90d for master 1l2a (as a target). The target

side bus 38 also includes a push command queue full signal



push bus arbiter 20 includes nultiple push command queues 82a, 82b, 82c,
82d, one for each supported target, coupled 15 to a nmultiplexor (MJX) 84
and a puswdness/embist rati on unit 86. The push command queETes28@2788b, 82c,
82d are coupled to corresponding targets 14a, 14b, 14c and target "naster

12a” (foréﬁg&!{ %Aw%dﬁgv\’@hcﬂo nBelieh @ fynstions@smar tasget),

respec%i¥ ,-byrfets of push data buses 88 and 20 push command buses 90,
one set for easggg rget, Y SheMe hBatrésendwsepr88acandifln for

t ar get 14a,r§u escgégp%gﬁﬁ g%ﬁm%or%&arget 14? Bﬁses 835 an% 90c for target
l4c and PHffr?eﬁBsS ANd 906y fop, mast e 4128, 6RSpEs 14S 98thbnThect arget  side

bus 38 al so 1ncludes a push comand queue full signal 9 WO 2003/019399
PCT/ US2002), 027480 o (RHsh 1G7HE, R4 1o 1 bAshndheatifnd @4a target that its

correspondi ng pus mrand queue has reached a predeterm ned fullness

| evel . s The rmsﬁe%aégiegcz. @)%%%n?u§ecfg).l.v(efdr QRuFhSGeodda d NeEdRE enRush I D bus 92

and a push data bu arget, having received and decoded a comrand

t hat Waswggtzfm%é&rfcjxi 5 £Se0dsyd equpstedqdal 8. tQ, & CRLL-EspeRdimg one of

t he queues on e correéspondi ng push data bus 88. Thus, the push

push comandsSF neTuah Hien PoE 10 whran ara o e e ReTarbi trat on
units 86. ;Pata sfor&diln GatRLeS.aled NERUSE COFRNMA (PHeUespEen
data and push commands. The push commands include push IDs,
10 which are provided to the arbitration units 86.
Data stored in entries of the push command queues 82
are provided to the MUX 84. The arbitration unit 86 selects
one of the push command queues 82. The arbitration unit 86
thus provides a select signal 96 to the MUX 84 to enable MUX
15 84 to provide as output (for transmission onto the push data
bus 94) data from the selected push command queue and
transmits the push ID from the selected push command queue
onto the push ID bus 92.
Referring to FIG. 6, a pull bus data path 100 is shown.
20 On the target side of the pull bus arbiter 22, the targets
14 are coupled to the pull bus arbiter 22 by the pull bus 42
(from FIG. 2). The masters 12 are coupled to the pull bus

arbiter 22 by the master side pull bus 44 (from FIG. 2).

The targets 14 are end points and the masters 12 are sources

10



are provided to the MJUX 84. The arbitration unit 86 selects one of the
push command queues 82. The arbitration unit 86 thus provides a select
si gnal 96won200deroadX 84 to enable MJUX 15 84 to provi de aCTous2pe02(430r
transm ssion onto the push data bus 94) data fromthe sel ected push

comrand q%ﬁy%thQl Lrapsiids the push ID fromthe selected push command
queue onto t push” I D bus 92. Referring to FIG 6, a pull bus data path

100 is shown. Th%oggﬂﬂt}g'@s tangetShdei of1tde RUkh1busi &Edi tewxd2, the
targets 14 are coupled to the pull bus arbiter 22 by the pull bus 42

(from Fi Citozz,i) gnngFgeggﬂaq 12,3 € 0goLph 6gl 110 dheaRYl buduss 1avdsi,ter 22 by

t he mast er e us 44 (fromFI G . The targets 14 are end points

and t he er a 0 1 &553 SENY 30 f
pul | opera ﬁBnao$%é %§F$'3ﬁ§§§F§i§g¥£2§ |néﬁ%%gggggfixt%plefﬁ?z%QUX) 262?

an arhj trgtd %ﬂnhohslg%b%mnl LSORMRPE . qUeLe$u10680mmd:ABhuel6e, 106d,
one for each 'supported target, coupled to 5 the pull bus arbitration unit

104. The QJE|n e a
correspoﬁ@?%% ﬁargétg0g§h§$ﬁ¥h%8%128égg§df%?gg?x%ggg?ggﬁ%gg#@%$g}tO

operati ons, i n ; whi Gh masyer, Q JURGLiens 8s.a (@0epiratespectively, by pull
dat a buses %@éﬁ,’lggg, %%SGNg%&y108§, resﬁ%ct%vely? gﬁd %ﬁflllo cgnna%dp

buses 1loﬁhiéﬁiﬁﬁst£%o% @Qgcgééﬁg a%e%p@9£§¥€ﬂy-respectively, by pull

data buses 108a, 108b, 108c and 108d, respectively, and pull

10 command buses 110a, 110b, 110c and 110d, respectively.
Collectively, the buses 108, 110 make up the target side
pull bus 42. The arbiter 22 also provides a pull command
queue full signal (Pull_CmdQ_Full) 111 to a target to
indicate to the target that the corresponding pull command

15 queue 106 is almost full, and a signal Take Data 112 to
indicate to a target that pull data has been transferred to
that target.

The master side pull bus 44 includes a pull data bus

112a for master 12a and a pull data bus 113b for master 12b.

20 The pull data bus 113 is used by the masters to send pull
data to the arbiter 22, or more specifically, to the
multiplexor 102. The pull bus 44 also includes a pull ID
bus 114 and pull done signal (Pull Sig Done) 116 that allow

the arbiter 22 to provide information to the masters during

11



Col l ectively, the buses 108, 110 make up the target side pull bus 42. The
arbiter 22 also provides a pull command queue full signal (Pull_CrdQ Full)
111 to a warmes/otsw9 i ndicate to the target that the cor rrgposen74sal |
command 15 queue 106 is alnost full, and a signal Take-Data 112 to

i ndicate tpanihangetwthad) pyel-adaba. has been transferred to that target.
The master side pull bus 44 includes a pull data bus 112a for master 12a

and a pul | dat @abHsod 13t frarrgerst gsed 2b.dat20 blieepukhodadidowrys £313 is used
by the masters to send pull data to the arbiter 22, or nore specifically,

to the mdddrel exor 182.wrkhe)pdbkabustidd @l:seti Rekbydess acldomkBndbus 114
and pull done signal (Pull_Sig Done) 116 that allow the arbiter 22 to

provi de i rforovatl 8Re t @oriniedT@skeBs dukdng ikl ABs2003404989%ng
PCT/ US2002/ 027430 a pull (or wite) operation. Each of the targets uses a

dat a byf f efe et nsBOIM Y tthe TLAMEBNAUS | ofedfatiloint eypdatse1dE2Y arget. recei ves
the command 50 over the command bus 37 (shown in FIGS. 2 and 4) and 5

det er m nes3)f @@kt ARe COFEMNG o5 @pERabL DN dpdrathibal.d BRbn (G tardktt hat the
operation is a pull operation. Wien the target has roomin the data buffer

for the ampntooh datensSpesld bedreknréherconm@adr bt ddd tylasiktar the use
of the pull data bus 34. The information specifying the |ocation of the
dat a in the command, it arbitrates for the use of the pull data
bus 34. The information specifying the location of the data
10 (that is, which master and which storage location being used
by the master for the data) was presented in the puil ID
field 53 of the command 50. Because that information is in
a command field, the unit identified as the source of the
pull data does not need to be the master that seﬂt the
15 command. The source can be any addressable unit that has a
path to the pull data bus 108.
Each target sends the full Pull ID and length (derived
from the command 50) for information it would like to pull
to the target. The target must have buffer space available
20 for the pull data when it asserts the Pull ID via the
corresponding pull command bus 110.
The Pull ID is enqueued in a corresponding one of the

pull command gueues 106 in the pull bus arbiter 22 unless

the Pull CmdQ Full signal 111 is asserted for that pull

12



10 (that is, which master and which storage |ocation being used by the
master for the data) was presented in the pull ID field 53 of the conmand
50. Becauw® 10hz01989% ormation is in a commuand field, theawsodentsnfi ed as
the source of the pull data does not need to be the nmaster that sent the

15 command,fhe; SpiLee C@Rebgsadmy: addressabl Bulnidndth@ulhasignapath to the
pul | data bus 108. Each target sends the full Pull 1D and | ength (derived

fromthe ¢ommang H5Qk<f @haknERE MBEi O drinanaUldeid ken@ Eopulkthatt o the target .
The target nust have buffer space available 20 for the pull data when it

asserts the Pyt lddr¢er hhe cescRsSPeNGrageputhiveimandness 110. The Pull 1D
is enqueued in a correspondi ng one of the pull command queues 106 in the

pul I bus apbLtgs122 unless the Pull CndQ Full signal 111 is asserted for
that pull 12 WO 2003/019399 PCT/ US2002/ 027430 command queue. The assertion

of thesPul | CnpQ Fuld;si-gnah dilci 1ol catesrhbas dmenguide compantlgueue 106
for that specific target has reached a predeterm ned fullness threshold.

5 The arbitkati om unids Lo4uanbit fat@se gmngcbheasarqwntdsy 106akbd pul | | Ds
enqueued in the pull conmand queues 106 to select a target, or nore

zgﬁCLLigﬁéﬁﬁgcg %ﬂ%%ngquﬁuﬁM§é BYe c tf1afa 1t 1 get puTher mrebicueationy pol i cy

that target. The arbitration policy can be one of a number
of well known schemes, for example, round robin, or a

10 priority based scheme. The arbitration unit 104 sends the
selected pull ID to the corresponding source over the pull
ID bus 114. The pull bus arbiter 22 asserts the Take_ Data
signal 112 to the selected target. The source provides the
pull data to the MUX 102, which is enabled to send the pull

15 data onto the pull data bus 108 by the arbitration unit 104
via control signal 119. The arbitration unit 104 asserts
the pull done signal 116 to the source.

Thus, write data transport is under the control of the

target. The target of a write operation pulls the write or

20 pull data over the pull bus 34 when it needs it, rather than
having it sent at the same time as the write operation type.
Therefore the target can allocate internal buffers for the

pull data based on when the target needs the data and has

available buffer space. Also, as mentioned earlier, the

13



of well known schemes, for exanple, round robin, or a 10 priority based
scheme. The arbitration unit 104 sends the selected pull IDto the
corr espondiomozons®e over the pull |ID bus 114. The pul Ipdiuss2a0dniztesn 22
asserts the Take-Data signal 112 to the selected target. The source

provi des theseppWdn datawkortheadtdErb82a whitde ictremabhed tie send the pul |
15 data onto the pull data bus 108 by the arbitration unit 104 via control

signal 119omddig arfittikabi-pnasiniirddd4dasgeth ormdiel pulih dbae signal 116 to
the source. Thus, wite data transport is under the control of the target.

The targetoha@Wite operation pulls the wite or 20 pull data over the
pull bus 34 when it needs it, rather than having it sent at the sane tine

as the wite opesalionteypare Jheswfremelbhproatged fwan fakkockt e i nter nal
buffers for the pull data based on when the target needs the data and has

avai | abl epbusif 4 1SRACR AL SA, vas MERtiposednsashi ertidnze oE3tMO 2003/ 019399
PCT/ US2002/ 027430 target can get wite data froma source other than the

command i Bhtiatorouss dinseatsdibysi nflecaatiothéte the sepamand. The
architecture of system 10 provides for flexible 5 bandwi dth allocation via

mul tiple pLpstantdatiansRfs,t Beshvaizguankausasl ats a1 hincebsseBecause there
are separate buses for conmmands, push data, and pull data, the buses can
be added incrementally as needed.
Referring back to FIG. 4, if the control bandwidth for
10 an application is insufficient, one or more additional
copies of the command bus 37 and arbiter 19 could be added
to the system. Each arbiter 19 could support a subset of
the masters (for example, in a four-master implementation in
which two arbiters are used, each arbiter could support a
15 different pair of the masters), but the targets would
receive commands from all of the masters.
For increased data bus bandwidth, copies of the push
bus and pull bus, along with the appropriate arbitration
logic, could be added. For example, referring back to FIG.
20 5, additional master-side buses 40 and arbiters 20 could be
added to the system. Each target’s push data bus 88 and
command bus 90 would be coupled to each of the arbiters so

there would be no need for a target to drive more than one

set of push data/command buses. Each arbiter would have to

14



be added increnentally as needed. Referring back to FIG 4, if the control
bandwi dth for 10 an application is insufficient, one or nore additional

copi es of womozeors®nd bus 37 and arbiter 19 could be added/us200Ztres3syst em
Each arbiter 19 could support a subset of the masters (for exanple, in a

four-mastgs 4 mlem@ntati gAstdrs Whiegh 1hwoi @) ter sihakch Liseds velacthd,ar bit er
coul d support a 15 different pair of the nmasters), but the targets would

recei ve conarands,dicomnal haof ide mestetsrdfeFly ncrrasedrdatar MG bandwi dt h,
copies of the push bus and pull bus, along with the appropriate

arbitrati gny 406G ateubdsbeo agidad pEoEosxatpi®, td ef enbsay dackhd o FIG 20
5, additional master-side buses 40 and arbiters 20 could be added to the

system Eagh. dayget's push data bus 88 and command bus 90 woul d be coupl ed
to each of the arbiters so there would be no need for a target to drive

nore than one ps@lrAhgpushrdal ad copraed besese Eaokrashidtepulbubub have to
14 WD 2003/ 019399 PCT/ US2002/ 027430 be aware of the masters (destinations)

to which i} isqWMJILDiat’Rdaepateis dnheodatacanty s aaciedr donghy. Each
arbiter 20 and associ ated bus 40 could be connected to a subset of the

sources. gy?@ér@f r iEﬂaQ:H QrbiGer622 GOl essofi2t heulangetcosindetpdl tobus 42 and
associated arbitration |logic could be added to the
each of the targets. Each arbiter 22 and associated bus 44
could support a subset of the sources. The pull bus
10 arrangement would be similar to the push bus arrangement in
that each target only needs to drive one copy of the pull ID
to all of the arbiters. However, unique copies of the pull
data are needed, as it is possible that the pull buses would
have valid data on them on the same cycle. In the case of
15 both push and pull buses, all of the arbiters would be
connected to all targets, allowing data to be moved between
any master and any target.
Other embodiments are within the scope of the following

claims.

20
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system Each arbiter 22 and bus 42 would be connected to each of the
targets. Each arbiter 22 and associated bus 44 could support a subset of
t he sour cex20dheiope | bus 10 arrangenent woul d be sim | aCcTes20éoa2piseh bus
arrangenment in that each target only needs to drive one copy of the pul
ID to all of the arbiters. However, unique copies of the pull data are
needed, as it is possible that the pull buses would have valid data on

them on the sane Gy6lgq 1§ the case of 15 both push and pull buses, all of
the arbiters would be connected to all targets, allow ng data to be noved

between any master and any target. Qther enbodinments are within the scope
of the following «clains. 20 15 WD 2003/ 019399 PCT/ US2002/ 027430 What is

clainmed ig: 1. A pethed-G@miisyng: 5 transferring a command and a target
identification between one or nore bus nasters and bus targets over a bus

structyire, the. commng;ihgch udimgdnkesmat tengéhatddnsifiinbeipnet ed
differently by one of the bus targets based on the target identification.
10 2. Theypethod ofc ¢hakmd whereidstdheaharges taentds beati anbus
structure, the command including information that is
interpreted differently by one of the bus targets based on

the target identification.

10

2. The method of claim 1 wherein the target identification

is a field in the command.

3. The method of claim 1 wherein the bus structure

15 includes a separate command bus, push bus and pull bus.

4. The method of claim 1 wherein transferring includes
sending the command to all of the bus targets over the
command bus so that each bus target can determine if the

20 command is intended for such target.
5. The method of claim 3, wherein the bus target

identified in the command controls the transfer of

information over the push bus to one of the bus masters for

16



is afieldin the command. 3. The nethod of claim1 wherein the bus
structure 15 includes a separate conmand bus, push bus and pull bus. 4.
The met howoofoosb@som 1 wherein transferring includes serdimgs2oéeen2esnmand to
all of the bus targets over the comand bus so that each bus target can
det er m neyif, 4he 2Q.¢98HBNd is intended for such target. 5. The method of
claim3, wherein'the bus target identified in the command controls the
transfer of information over the push bus to one of the bus nasters for 16
WO 2003/ 019399 PCT/ US2002/ 027430 a push operation. 6. The nethod of claim

5 wher ei ngt he e y@finbhecbusi 2 i8S eherksni tientddfd @d khet bescommand by an
identifier in a 5 destination field in the conmmand. 7. The nethod of claim

3 wherei nyt be-bus & angat ;s Edeatid i@ cohmbhe wprarmndensioperath eato control
transfer of information over the pull bus fromone of the master buses 10

to thes bugtargat: orialpuih operadrdnend.8. The nethod of claim 7 wherein
the one of the bus nasters is identified in the command by an identifier

ina source field in the conmand. 15 9. The nethod of claim 1 wherein the
command is formatted

7. The method of claim 3 wherein the bus target identified

in the command is operable to control transfer of

information over the pull bus from one of the master buses

10 to the bus target for a pull operation.

8. The method of claim 7 wherein the one of the bus
masters is identified in the command by an identifier in a
source field in the command.

15

9. The method of claim 1 wherein the command is formatted
to specify one of a plurality of operation types, and the
command includes at least one field that is interpreted
according to the which of the plurality of operation types

20 is specified in the command.

10. The method of claim 2 wherein at least one of the units
acts as one of the bus masters at times and acts as one of

the bus targets at other times.

17



to specify one of a plurality of operation types, and the conmand i ncl udes
at least one field that is interpreted according to the which of the

pl ural it ywarf200pemasi on types 20 is specified in the cormmamas20@02748he

met hod of claim 2 wherein at | east one of the units acts as one of the bus
masters at tines and acts as one of the bus targets at other tines. 17 WO
2003/ 019399 PCT/ US2002/ 027430 11. The nmethod of claim 3 wherein the bus

structurerf urthey nektRehudescadii tehserthe Bdider stirnetudé nfaeczammand
arbiter associated with the command bus, a push arbiter associated 5 with

t he push busiend arpukbraf biteradasseckat edlvdindy sheompishd btisitkx The
met hod of claim 11 wherein the bus masters arbitrate for use of the

command ugk &gt dcammBnenhar fdneind blQ, andoddie drs tkear gesscaathid rate for
use of the push and pull buses using the respective push and pull arbiters.

13. Ars ar ;i €h ec1cOMRIhSbg: add & GnAage arpdtam hasddigtstionednt tex eon
instructions 15 that when executed by a machine result in the follow ng:
transferrjngr asonmand over a bus to bus targets, the conmand being
formatted to identify one of the bus targets and include information that
is interpreted differently based on which one of the bus targets is

i dentified.

12. The method of claim 11 wherein the bus masters
arbitrate for use of the command using the command arbiter,
10 and the bus targets arbitrate for use of the push and pull

buses using the respective push and pull arbiters.

13. An article comprising:
a storage medium having stored thereon instructions
15 that when executed by a machine result in the following:
transferring a command over a bus to bus targets, the
command being formatted to identify one of the bus targets
and include information that is interpreted differently
based on which one of the bus targets is identified.
20
14. The article of claim 13 wherein the bus structure

includes a separate command bus, push bus and pull bus.

15. An apparatus comprising:

18



20 14. The article of claim 13 wherein the bus structure includes a
separate conmmand bus, push bus and pull bus. 15. An apparatus conpri sing:
18 WO 2009/009880@34CT/ US2002/ 027430 a plurality of uni teGT/8820028023430UCt UT €
to enabl e conmuni cati on exchanges between the units connected to the bus
structure, W thRea19kynereuftd;ne units being bus masters and others of
the 5 units being bus targets, the bus masters operable to send a command

to bus targets oy@r sthacbuse Std uctamie, cbhheueramng <konaBtéed to identify
one of the bus targets and having information that is interpreted

di f f er ent byt hasednenuwhishcoone-tfd thethyusbhargetstugel, denthféred. 10 16.
The apparatus of claim 15 wherein the bus structure includes a separate

command bys, sy Duscand: pyl bebus bub7madberappas attis ref o€l ahén 16, wherein
the command is sent 15 to all of the bus targets over the command bus to

al | ofsthgn buspdiaioeus apdgeach s vlar gestéhes esgimesel tot hbendcammand i s
i ntended for such target. 18. The apparatus of claim 16, wherein the bus

target 20chAgMd fﬂoe@uisntbhgegg%w the BRET abhetiarGOoRheokokhansf er of
i nformation over the push bus to one of the bus nmasters for
formatted to identify one of the bus targets and having
information that is interpreted differently based on which
one of the bus targets is identified.
10

16. The apparatus of claim 15 wherein the bus structure

includes a separate command bus, push bus and pull bus.

17. The apparatus of claim 16, wherein the command is sent
15. to all of the bus targets over the command bus to all of the
bus targets and each bus target determines if the command is

intended for such target.

18. The apparatus of claim 16, wherein the bus target
20 identified in the command is operable to control transfer of
information over the push bus to one of the bus masters for

a push operation.
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a push operation. 19 WO 2003/019399 PCT/ US2002/ 027430 19. The apparatus of
claim 18, wherein the one of the bus nasters is identified in the command
by an i dewa fobge1989» a destination field in the comuand.PCa/@2002lie430

apparatus of claim 16, wherein the bus target identified in the conmand is

operabl e {® comd alpphr-anskesr of1ainflor Mhhé o&iovale the pol thdusad rom one of
the bus nasters to the bus target for a pull operation. 10 21. The

appar at usp o+ &l Rii 2@envher 8l Nid e corem@bing hey bits idemstieisrimnidentified in
the command by an identifier in a source field in the command. 22. The

appar at usgof+ lAlimnlFiwher eh nctdheosaarand is 15 formatted to specify one of
a plurality of operation types, and the conmand includes at |east one
field that is interpreted according to the which of the plurality of
operation types is specified in the command. 20 23. A apparatus conpri sing:

a bus qraster opgs ayRrheusest aLaMBNdwherdus trad gelsS tapyet a bus
structure, the command being formatted to identify one of the bus targets

and i ncl ughng: i nfor et ikpa 20mMRA20Q36029389: PET/ 4432002/ 02443Per tdmt i S
interpreted differently based on which one of the
information over the pull bus from one of the bus masters to

the bus target for a pull operation.

10 21. The apparatus of claim 20, wherein the one of the bus
masters is identified in the command by an identifier in a

source field in the command.

22. The apparatus of claim 15 wherein the command is

15 formatted to specify one of a plurality of operation types,
and the command includes at least one field that is
interpreted according to the which of the plurality of

operation types is specified in the command.

20 23. A apparatus comprising:
a bus master operable to send a command to bus targets
over a bus structure, the command being formatted to

identify one of the bus targets and including information

20



bus targets is identified. 24. The apparatus of claim 23 wherein the
command is 5 formatted to specify one of a plurality of operation types,
and t he comnmnstoioee udes at | east one field that is i ntropUSEIE@D284300r di Ng
to the which of the plurality of operation types is specified in the

command. 40,255 A +aRRaEabyl St I HenglR0badedUsh haligat copesabiie to receive a
command froma bus naster over a bus structure, the command being

formatted,to +ddpid iy thenbusidarget that receives the conmand; and |ogic
in the bus target to interpret information that 15 is received by the bus
target identified. 26. The apparatus of claim 25 wherein |ogic processes

the comand that is formatted to specify one of a plurality of operation

types, anglythencongmadaias! sees A leaghe 08en fired do2Rahat &5 preted according
to the which of the plurality of operation types is specified in the
commangl. 2drmatted to specify one of a plurality of operation types,

and the command includes at least one field that is

interpreted according to the which of the plurality of

operation types is specified in the command.

10 25. An apparatus comprising:

a bus target operable to receive a command from a bus
master over a bus structure, the command being formatted to
identify the bus target that receives the command; and

logic in the bus target to interpret information that

15 is received by the bus target identified.

26. The apparatus of claim 25 wherein logic processes the

command that is formatted to specify one of a plurality of

operation types, and the command includes at least one field
20 interpreted according to the which of the plurality of

operation types is specified in the command.
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