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This application claims priority from U. S. Provisional
Patent Application Ser. No. 60/315,144 (Attorney Docket No.

10559~-579P01), filed August 27,2001.

10 BACKGROUND
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
15 number of predefined fields of command information, such as
address, length (number of data bytes) and operation type

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

SUMMARY OF INVENTION
200 In one aspect, the invention includes methods for providing
a flexible bandwidth allocation via multiple instantiations
of separate buses. The methods include transferring a
command including a target identification between one or

more bus masters and bus targets over a bus structure, the
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-more bus masters and bus targets over a bus structure, the 1 24 IER @606
command including information that is interpreted differently by one of
the bus targets based on the target identification. The bus structure

i ncludes a separate comrand bus, push bus and pull bus, and arbiters,
including 5 a conmand arbiter associated with the command bus, the bus
masters using the command arbiter to arbitrate for use of the command bus,
and a push arbiter associated with the, push bus, and a pull arbiter
associ at ed WPRPERE pof u%h%? 1R %r%%gl?grg%?g h%ih@g?ﬁgpﬁﬁgﬂ arbiter and
the pull arbiter 10 to use the respective push and pull buses. |n another
aspect, the #hbEpreohlyneyuees aftFeeelusorarpebdi BRrAgacr| BREOFRTBShdwi dt h

allocation via multiple instantiations of separate buses. The articles
include a sidenpefhediuemhavihg Busretrupeveoninasudeet @ orgPahatewhen 15
executed by a machine result in transferring a command over a bus
structure toctmasahdrigess, ptbe bosnmand bel hgbhfisy nandedrbiberdeninEyudnegof
the bus targets and include information that is interpreted differently

based on swhi ghcomnganll shBitbusatabgetseiswitrnthéi edmmdhe bus, sthacbuse
i ncludes a 20 separate command bus, push bus and pull bus, and arbiters

including a gonpand agbhkernasseshahgdawhibelneoCoPRRARatBUSorORgeOp £ITOT €
bus masters using the comand arbiter to
the command bus, and a push arbiter associated with the
push bus, and a pull arbiter associated with the pull bus,
the bus targets using the push arbiter and the pull arbiter
10 to use the respective push and pull buses.
In another aspect, the invention includes articles for
providing a flexible bandwidth allocation via multiple
instantiations of separate buses. The articles include a
storage medium having stored thereon instructions that when
15 executed by a machine result in transferring a command over
a bus structure 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. The bus structure includes a
20 separate command bus, push bus and pull bus, and arbiters
including a command arbiter associated with the command
bus, one or more bus masters using the command arbiter to

arbitrate for use of the command bus, and a push arbiter

associated with the push bus, and a pull arbiter associated

la



arbitrate for use of the command bus, and a push arbiter associzfefEBh
the push bus, and a pull arbiter associated |a 27 FEB 2006 with the pul
bus, the bus targets using the push arbiter and the pull arbiter to use
the respective push and pull buses. In a further aspect, the invention

i ncludes apparatus for 5 providing a flexible bandw dth allocation via
mul tiple instantiations of separate buses. The apparatus include a
plurality of its tructure to nab connunl tlon c es

bet ween t he ﬁh??st%%nﬂ% ed"?o %H% BUS ?F%%Eﬁr%Sln%n © oR&s By ﬁg%ggof t he
units being bus nasters and others 10 of the units belng bus tar if, t he
bus masters ¥perabeePtdl ERYLEr cbANAAE EBSHEESPRFEeYe BYel fhe 8H
structure, the command fornatted to identify one of the bus targets and
havi ng inforhﬁ@?@n that is interpreted differently based on which one of
the bus targets is identified. The bus 15 structure includes a separate
command bus, Ipushfbushandaspeatt, bube andeatboteisclidebudppgratvemiand
arbiter associated with the command bus, the bus masters using the

command & bi pesvieingbht Facgiboe bardwidtheatosvasdohusia andtappsesh
arbiter associated wth the push bus, and a pull 20 arbiter associated with

the pull bus;nthgnbugtisngets Hébﬁgatéh§u95§h arhbt gppapdttibeipeh Laarbiter
to use the respective push and pull buses.

plurality of units, a bus structure to enable communication
exchanges between the units connected to the bus structure,
with one or more of the units being bus masters and others

10 of the units being bus targets, the bus masters operable to
send a command to bus targets over the bus structure, the
command 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. The bus

15 structure includes a separate command bus, push bus and
pull bus, and arbiters, including a command arbiter
associated with the command bus, the bus masters using the
command arbiter to arbitrate for use of the command bus,
and a push arbiter associated with the push bus, and a pull

20 arbiter associated with the pull bus, the bus targets using
the push arbiter and the pull arbiter to use the respective
push and pull buses.
In another aspect, the invention includes apparatus for

providing a flexible bandwidth allocation via multiple

1b



I'n anot her aspect, the invention includes apparatus for prOV|d|n%

fl exi bl e bandwi dth allocation via multiple |b 2 7 FEB 2006 i nst adth &EBG6
of separate buses. The apparatus include a bus master operable to send a
command to bus targets over a bus structure, the comrand being fornatted
to identify one of the bus targets and including information that is 5
interpreted differently based on which one of the bus targets i's
identified. The bug.s%ructur? incl udes 2 separaf e connang Sh Euah bus
and pul | bus'"2ha & BFePE, © n%?%ﬁfﬁge R8RTand A7 bIPEF L ALUoc A mn?h the
command bus, the bus master and at | east one other bus naster usin

the command arHiFaFtes aPBFEPaEetPofelde® of PPHR CohftaRBSbheT I8k §Y Esﬁ
arbiter associated with the push bus, and a ?ull arbiter associated with
the pul| busPushstbustuapgetse GeFMgnehbepnghiarBrterdand LAENPUEY APBIter
to use the respective push and pull buses. 15 In another aspect, the

i nvention incfutes hppatatrgstfoandpiveldihggaihfexinbtéohahdatdih al | ocati on
via nultiple instantiations of separate buses. The apparatus include a

bus target opetabpectodrecérwecattonanddf vonwhibusomasbér theveusa bus
structure, the command being formatted to 20 identify the bus target that

recei ves thergpgapgdjsandent®giedlin the bus targetute iAEELAESt ai nformation
that is received by the bus target identified in the conmand,
separate command bus, push bus and pull bus, and arbiters,
including a command arbiter associated with the command
bus, the bus master and at least one other bus master using

10 the command arbiter to arbitrate for use of the command
bus, and a push arbiter associated with the push bus, and a
pull arbiter associated with the pull bus, the bus targets
using the push arbiter and the pull arbiter to use the
respective push and pull buses.

15 In another aspect, the invention includes apparatus for
providing a flexible bandwidth allocation via multiple
instantiations of separate buses. The apparatus include a
bus target operable to receive a command from a bus master
over a bus structure, the command being formatted to

20 identify the bus target that receives the command, and
logic in the bus target to interpret information that is
received by the bus target identified in the command,

wherein the logic in the bus target interprets the

information differently than corresponding logic in
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wherein the logic in the bus target interprets the information ?2féﬁ£2ﬁély
than corresponding logic in 1c 2 7 FEB 2006 different bus target® Co d
to. the bus structure. The bus structure includes a separate command bus,
push bus and pull bus, and arbiters including a conmand arbiter

associated with the command bus, the bus nmaster and at 5 | east one other
bus master connected to the bus structure using the conmand arbiter to

arbitrate for,use_of the onmand _bus n push arbiter associat W th
the pueh bodi *ARESRE NP ERAPEL: cRYlseraretobiin Phe porrBRiEs fhERepys
target and at | east one other bus target connected to 10 the bus structure
usi ng the puBWSafbrrerUaRdIEREUPEFI 2 SFBRERFSt 6OTRANENRUFesBEER FBSpARH and
pul I buses. DESCRI PTION OF DRAWNGS FIG 1 is a block diagramof a
processi ng spsilénbeapl apfngroitepbasincbidingi ancPogprbodt ar8ippsrt exchanges
bet ween bus nmasters and bus targets. FIG 2 is a detail ed bl ock di agram of
t he processi agssystead vofthFEEe ¢pmshodi hgsvarheusubusesteirnehddbehg commuand
and push/pull buses, and associated arbiters of the bus 20 I1d 2 7 FEB 2006
WO 2003/ (5193992 PECTHRIS200RE02480master connected to the bus structure

using the command arbiter to arbitrate for use of the

command bus, and a push arbiter associated with the push

bus, and a pull arbiter associated with the pull bus, the

bus target and at least one other bus target connected to

10 the bus structure using the push arbiter and the pull

arbiter to use the respective push and pull buses.

DESCRIPTION OF DRAWINGS
FIG. 1 is a block diagram of a processing system employing
15 bus arbitration logic to support exchanges between 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

20
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-arbitration logic. FIG 3 is an illustration of an exenplary format of a
command carried over the command bus. FIG 4 is a schematic di agrrareef2008n
exenplary conmand 5 bus data path of the processing system FIG 5 is a
schemati ¢ di agram of an exenpl ary push bus data path of the processing
system FIG 6 is a schematic diagram of an exenplary pull bus data path
of the processing system 10 DETAILED DESCRI PTION Referring to FIG 1, a
system 10 having multiple first wunits 12, shown as masters 12a, 12b, 12c,
.., 12j, and nultiple second units 14, shown as targets 1l4a, 14b, 14c,

., 14k thavousznéms arbitration logic 16 to contr derexpbarges 15 of
informati on over a bus system 17 is shown. Collectively, the bus system 17
and bus arbi treddaPidogb&icl6 forma bus structure 18. The conponents of
the bus arbitration logic 16 include a command bus arbiter 19, a push bus
arbiter 20 and a@rpuld ibus arlst=icid? of Threseeraribry &bsmak9ef 20, 22 are 20
associated with the operation of the various buses in the bus system 17,
as will be desErdndetrisied ovef dherreEmng MIGS. 2-6. The nasters 12 can

| nol ude devi ces Sygh A5, BT QGESSRLS al &85 oHE0, Bhe Rl ROSE, Y CF OPT 0CeSSOrS,

5 bus data path of the processing system.
FIG. 5 is a schematic diégram of an exemplary push bus
data path of the processing system.
FIG. 6 is a schemaﬁic diagram of an exemplary pull bus

data path of the processing system.

10 DETAILED DE SCRiPTION
Referring to FIG. 1, a system 10 having multiple first
units 12, shown as mastersllﬁa, i2b, 1l2c¢, .., 123, and
multiple second units 14, shown as targets 14a, 14b, ldc, ..,
14k that use bus arbitration”logic 16 to eontrol exchangeé
15  of information over é bus system 17 is shéwn.' Collectively,
the bus system 17 and bus arﬁitration 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 déscribed with reference to 'FIGS.
2-6.
The masters 12 can include devices such as processoxs

(e.g9., general purpose microprocessors, embedded



‘WO 2003/ 019399 PCT/ US2002/ 027430 m crocontrol |l ers) and external gu
controllers. The targets 14 can include nenory resources (e.qg. Eg%ﬂﬂﬁces
to DRAM SRAM, I/Oresources (e.g., interfaces to nedia, media switch
fabric), as well as other types of systen1resources. 5 A nmaster can al so
serve as a target. For exanple, a bus controller that allows the systemto
comuni cate with a host or other systemvia an external bus could perform
the functions of both naster and target. For sinplicity, only two of the
masters, masters 0 and 10. 1, and three of the targets, targets 0-2, are
shown in FI G3¥02083/@9390ne of the masters, master 0, i spclapeni/edisas a device
that can serve as both a master and a target. Referring to FIG 2, the
system 10. i ngldidesntrbl Be:s) Sapaeaieendil Sustdontidiness. arieorameds bus 30
(indicated in 15 dashed lines), a push bus 32 and a pull bus 34. The
respective atbicenatnicondamersry]l 9esopgessnde M'a#réea%#@eifeq eRAM,wi t h and control

the use of the coqund bus 30, the ush_bus %%p the pull bus 34
respectivel yS e 6hﬁﬁﬁﬁr5ﬁ§(§d’ eﬁﬁﬁ?s'ﬁhm? 'S 8r side, of the

arbitration Logig, dfa%rZQ), %}elﬁoﬂ%@ bUe3Cor §9§1ce91”rés}3€rée%r get side of the

arbiters, a secon connan bus 37. The mast er side command - bus 36 incl udes
a correSpcsndhn@se@fnmﬂohnussef:@e a6 hargst er For kRin2¥aPbes conmand buses

36a and 36b for master 12a and naster 12b, respectively. 3
controller that allows the system to communicate with a host
or other system via an external bus could perform the
functions of both master and target.

for simplicity, only two of the masters, masters 0 and
10. 1, and three of the targets, tarxrgets 0-2, are shown in FIGS.
2-6. One of the maéters, 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 drbitration logic, a
20 first cammand 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.



2 7 F E B 2006 WO 2003/ 019399 PCT/ US2002/ 027430 The push bus 32 znflug&g a
first push bus (target side) 38 and a second push bus (naster si 4 ) 7 he
pull bus includes a first pull bus (target side) 42 and a second pull bus
44 (master side). On the target side, the target push 5 bus 38 and target
pull bus 42 are used by the targets to transport commands and data between
the targets and the push bus arbiter 20 and pull bus arbiter 22,
respectively. The masters 12a and 12b use the command bus arbiter 19 to
arbitrate for use of the command bus 30 and, in 10 particular, the target
si de conmmand WOg0BM93The targets 14a, 14b, 1l4c each rm@estdogozpdsh bus
arbiter 20 and the pull bus arbiter 22 to arbitrate for use of the naster
si de push bus 4@hanghshheispsd linklisle34s fiespecit wed Vitafgmtt side)si gnal s
related to bus arbitration (not shown) wll be discussed 15 later with
reference to3f @Y assegonepal er‘P\g(f%aétqu €lded, 4@n @R%@pllarbysfor mat of a
command 50 car%led over the c i's. shown. The command 50 is

partitioned i"fif RdgEI T iTHFE PR gmﬁérg%%ideﬁﬁz and a genpnd; R carry encoded
i nformation. b:EQer'rﬁ%sqg %.Z.Ldg)an &'? L 1_2aQ g{fsf.l_gél Q? \Mag%@cs us e fiel d_S 52

i nclude a target 2a an an operation (or ¢ type field

52b. Each 5t abgeds d4dd hasger plLObes 4bad@nhsRdpy dastdakyeat kon nunber ("1D").
The target ID field 52a indicates, by ID, which of the targets should
accept the cdémpeepdrt ﬁwemmSt@dsdalt@ ben@en the targets and the push

bus arbiter 20 and pull bus arbiter 22, respectively.
The masters l2a 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, 1l4b, 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 1later 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, 52¢, .. 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



‘4 2 7 FEB 2006 WO 2003/ 019399 PCT/ US2002/ 027430 a command in thepfofpgtymgf
the command 50 to all of the targets 14, which decode the target IDIn
parallel to determine if the command 50 is neant for them A set of codes
corresponding to target IDs for an exenplary set of 5 targets is shown'in
TABLE 1; CodeTarget 000000None (no comrand on the conmmand bus) 000001Medi a
I nterface 000010SRAM I nterface 000011DRAM I nterface 001001Bus Control |l er
000100Hash 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 operatwomoyome field 52b to determ ne the opermtrivefnodoarsbe per f or ned.
The value in the operation type field 52b determ nes how val ues i n ot her
fields are ta O8mahdliQr PHLESGhabYoRARE dorthgRL 50 EBEa10PEF ahikon type can
include as many different encodings of information as operation 15 types

t hat nost (i tangpitsal4,) whismhgeédcodmiths SangpbriD, id phrallel to

determine if the command 50 is meant for them. A set of
codes corresponding to target IDs for an exemplary set of

5 targets is shown in TABLE 1;

Code Target
00 0000 . None (no command on the
command bus)
00 0001 {Media Interface
00 0010 SRAM Interface
00 0011 . DRAM Interface
100 1001 . Bus Controller
00 0100 Hash Unit
TABLE l

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 52k 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 differeat 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. An exemplary



.

-exanple, read and wite. One or nore of the fields 52c - 52p can be used as
operation type extensions, based on the value in operation type figrglgdaggfs
well. An exenplary 5. 2 7 F E B 2006 WO 2003/ 019399 PCTI US2002/ 027430
encodi ng for sonme commands types supported by the targets shown in TABLE 1
above are shown in TABLE 2: CodeDRAM X/ FSRAM |/ FHash Uni t Medi a |/ FBus
Control | er 000OReadReadHashReadRead 0001WiteWiteReservedWiteWite
0010Recei ve_Buf f er SwapReser vedReser vedReserved Read 0011Transm t _Buf f er Set
bi t sReservedReservedReserved Wite 0100Control StatusC ear

bi t sReser ved RES¥PYEWPIReser ved Regi sters (CSR) Read 01BAI@SR02/027430

Wit eAddReservedReser vedReserved TABLE 2 5 The remaining fields 52c through
52p (correspdi¥Phis &°r £Pes FS™mNEP dtypes Fugpektpd by the masgsfsN) hol d ot her

paranmeters used by targets 14, such, as dress and burst count. For
exanpl e, and Séts"”%hld‘\/\#hﬁ‘% ?ha °X%rﬁ§ﬁnﬂ‘°ﬁ8r’r‘?‘a?w§% %51 G 3,

Code DRAM I/F SRAM I/F Hash Unit | Media I/F Bus
Controller

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 C8R 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 ghe target to the
push bus arbiter or the pull bus arbiter wheh the commaﬁd is
serviced., The push bus arbitgr 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 ID 53, which 10 identifies a.source
or destination 54, anong other types of .information. The push/lIRER DEH3
is passed to the target 14 via the conmand bus 30, and provided by the
target to the push bus arbiter or the pull bus arbiter when the command 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 6 2 7 FEB 2006 WD 2003/ 019399 PCT/ US2002/ 027430 addr ess.
The definiti ovombsdiesed ds within the push/pull 1D fi ecdrosmyrdatisglependent on
the specified source or destination. In addition, one or nore of the
Fields 1 theodglasN may de€inisedn diff fonentdiynirased posh el att on type. 5 For
exanple, a field can indicate byte masks for a wite operation type and
priority |evéie¥opawbplrpenratatt GhetsppelfieAsogrer #§ to t he bus protocol of

system 10, each target that. receives a co in.t formof the conmmuand
50 interpret e?t}fé‘a?jl%éll'dsInSQ Y pape t?ér@égn%ggf’ir}lfﬂi?ss 110 enabl es the

targets to syppluyay En'ggmesegecp&igé@gﬁ(ﬁnéasea%h?pa%tmﬁqyg@.di fy-wite with
progr anmabl e nodity, ta transtorm(é.g., performa haSh on operands and
return resulsb) xBebifedsi Meid @an (EcARNBYtEI @slts. faf athi@reommand to
operation type and priority level for a read operation type.
According to the bus protocol of system 10, each target
that receives a command in the form of the command 50
interprets the fiéids 52 on a per—-target basis. This
10 enables the targets to supply a rich set of functions, suéh
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 épécify address, eiiminating 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



.specify data and others to specify address, elimnating the 15 | atency and
resource use of data bus). The masters 12 issue commands to the targets 14
based on instruction execution, or some other appropriate mechéri 58 2806r
exanple, if the master is a bus controller, it may issue conmands as a
result of a DVA 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
recei ves a command queue full signal 64 as input 7 27 FEB 2006 WD

2003/ 019399 P¥OBPHEY 027430 from each of the tar getPETAR0020M30c ormand
queue full signal 64 indicates when a threshold fullness of a command queue
66 in each taFgefafusTodenterastndd. THe AR 4t¢¥nh fuhl 61821 recei ves

comand requests. qver, ¢o nd .reque input lines 5 68 fromthe masters 12,
and provi des %%1 l&rgénﬁtegu'f%taIﬁhﬁ%%m%/Oéu?gnetsﬁeo%sf%mfngnifua?eatr?tlas to the

command bus regqueshStadi¥et e ¥RSt ALshd?. BACK-NYS RSt §fitles that wishes to
drive a command on the command bus 30 first sends a request to the

arbitration 16cdinks BEnD aequespe ey eonmmdofeduhet iinpud Lirdzes 68. This
request indicates the ID of the target wwth which the master w shes to
communi cat €. A8 THeRt{hEnBRFtEsS | j2erand pgpvides on grant output lines

70 to the masters 12 grants to the command bus requests by
the masters 12.
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 arbifration 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 arb;tration 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



‘arbitration unit 62 also receives signals fromeach target 14 indicatip
whet her that target's command queue 66 is full 15 or not. The arbﬂtFéﬁﬁ@g
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 permtting requesters to other targets to obtain grants. The
arbitration policy of the arbitration unit 62 may be, 20 for exanple, a
round robin policy, and nay enploy a progranmable priority for certain
masters. The arbitration schene of the arbitration unit 62

oppor t uni st i céY9§9°36’ Wt s access to another bus nast erPCRYBIOAE0f t wo

condi tions occg mast er isﬂ%gheplul ed to be,?rant ed access but does 8 2
7 FEB 2006 WO 260%™ 6153‘“9955‘“%P 892/,°62% £33 2ot wRIE8 ey hest pendi ng; or

a master is S%Q’e@cﬁdc&@ssbgut gﬁ@&%&&s@@&%tﬁgé}yt&x cgc;ﬂwgaxqoﬁgﬁl&g[ gd target's

command queue Is ful When the arbitration unit S granted a bus
request 5 of mlﬂmster, that nmaster transmts a conmand on a correspondi ng
one of the nmaster command buses 36, to the command bus arbiter 19. The
command bus ar bi t enrgthq §ébitirh’éiloudé§ta53nmi%iq@laet@ra(ﬂ\@@eqﬁ@stt hat receives

a conmand fgorg a mazter g i s_enabled by the arbitration unit 62 to 10
control the’trAngMessPon ¢ éteéom?é‘ﬁ’altﬁvércc’f“ﬁéndwmnd bus 37 to the

targets. corresponding one of the master command buses 36, to the
command bus arbiter 19. The command bus arbiter 19 also
includes a multiplexor (MUX) 72 that receive; 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 gueues 82a, 82b, 82c¢c, 82d are coupled
to corresponding targets l4a, 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 1l4a, buses 88b
and 90b for target 14, buses 88c and 90c for target 1l4c and
buses 88d and 90d for master 12a {as a target). The target

side bus 38 also includes a push command queue full signal



‘FIG 5 shows details of a push bus datapath 80. The push bus arbiter 20

i ncludes nultiple push command queues 82a, 82b, 82c, 82d, one fd 7erRE2006
supported target, coupled 15 to a nultiplexor (MJX) 84 and a push bus
arbitration unit 86. The push command queues 82a, 82b, 82c, 82d are
coupled to corresponding targets 1l4a, 14b, 14c 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 1l4a, buses 88b
and 90b for téWbéPmﬁﬁ? buses 88c and 90c for target 14ETEN2FEPes 88d and
90d for master 12a (as a target). The target side bus 38 also includes a
push command d@etheCre¢diFudligfal togindizaterBo ) GarI/D BFF3#%P19399

PCT/ US2002/ 027430 ¥§QFh Cd Full%%91 to indicq&g to g tiarget ;that its

/ et d
cor r espondi ng BEEH ST h S At e d oA S cUEF 8T T Red - f ul | ness

level . The masd,e{nskdfRYSh hYSad@ A EIQMENGul)io tdiehudes 8 push 1D bus 92
and a push data bus 94. 5 A target, having received and decoded a comand

that was intandediebod pubkh IDends 97 eguespesh data bhie & .correspondi ng one of
the queues 82 on the correspondi ng push data bus 88. Thus, the push
command quelies st dr sagpetoriiivhngd rorrighd padiecadtd 2atrimpis fhelormands. The

ush commands i nc| ude push | .
P was intendéé %or iE?’sends requested data to a corresponding

one of the queues 82 on the corresponding push data bus 88.
Thus, the push command queues store a combination of push
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 gueues 82. The arbitration unit 86
thus provides a select signal 96 to the MUX 84 to enable MUX
15 B84 to provide as output (for transmission onto the push data
bus 94) data from the selected push command gueue and
transmits the push ID from the selected push command gqueue
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"



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 a?li FEB2006n
unit 86 selects one of the push command queues 82. The arbitration unit 86
thus provides a select signal 96 to the MJUX 84 to enable MJUX 15 84 to
provi de as output (for transm ssion onto the push data bus 94) data from
the sel ected push conmand queue and transmts the push ID fromthe

sel ect ed push command queue onto the push ID bus 92. Referring to FIG 6,
a pull bus data path 100 is showmn. 20 On the target side of the pull bus
arbiter 22, tA¥PFEYs 14 are coupled to the pull bIRSTAPWIARML2 by t he
pull bus 42 (fromFIG 2). The masters 12 are coupled to the pull bus
arbiter 22 byfeheé piidt eperdiiR®-pul | bus 44 (fromFIG 2). The targets 14 are
end points and the masters 12 are urces, 10 2 7 FEB 20 2003/ 019399
PCT/ US2002/ 027430 ™% 6’1“5§ ol "‘}rb&s%eefr PR o &&?Tlpgﬁ’éc’ragg‘f’{’\gr 22 includes a
mul tiplexor (MJX) ,n109; 20180 Bhif abk OhqURt dGfaRdubidd 1660TRNd queues
106a, 106b, 106c, 1063, one for each supported target, coupled to 5 the
pul | bus arbitoed,i 006dinided]lOhe Tdieeptd supmrraddacyeeyesoupl®bap 106b, 106¢c,
106d are coupled to corresponding targets 14a, 14b, 14c and target "naster
12a" (for dpekht ipohd bun anphizatiomsmed 104f udbe irghs casmand grqyes)

respectively, b ul | ,
P y 10gg,p106b, 106¢c, 106d are coupled to corresponding targets

l4a, 14b, l4c and target “master 12a” (for operations in
which master 0 functions as a target), 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 trlansflerred to
that target.
The master side pull bus 44 includes a pull data bus
112a for master 1l2a 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
5us 114 and pull done signal (Pull Sig _Done) 116 that allow

the arbiter 22 to provide information to the masters dﬁring

11



data buses 108a, 108b, 108c and 108d, respectively, and pull 10 command
buses 110a, 110b, 110c and 110d, respectively. Collectively, the29u§§€2
108, 110 nmke up the target side pull bus 42. The arbiter 22 also pr ig@s
a pull command queue full signal (Pull_CrdQ Full) 111 to a target to
indicate to the target that the corresponding pull conmmand 15 queue 106 is
alnost full, and a signal Take-Data 112 to indicate to a target that pul
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. NP PMOIBM | data bus 113 is used by the PEEUENRRUIsend pul |
data to the arbit nore specifically, to the nultiplexor 102. The

2, Qr
pul | bus 44 al%ﬁuﬁacﬁ%’ﬁd‘gsltﬁ) FEEFEY%BR- bus 114 and pul | done signal

(Pull _Sig_Done) 11 h I h r i V| information to
the masters duri ngﬁi}f'li1 glt %aiL:Et%W%%%gi/% go%‘%%o&l‘é%‘g @%:%%%@HOE?OZMSO a pull
(or wite) opestdreosull Eaghwaiftel hathar g8é Tauses récdata thuf {Rfakdot shown) to
store pull (or wite) data. The target receives the command 50 over the
command bus 373( sMexuthe rrofh@@. b dd(shpwranid B Gdeteend fesadd om t he command' s

operation t}/pe field 52b (FIG 3) that the operation is a gull operati on.
When the tar get " REeP ol et AETRAT'E BRARETCY bYPa Attt Fo¥- dat a

specifi ed 3) that the operation is a pull operation. When the target

has room in the data buffer for the amount of data specified
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 pull 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 seﬁt the

15 comﬁand. 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 queues 106 in the pull bus arbiter 22 unless

the Pull CmdQ Full signal 111 is asserted for that pull

12



‘in the conmand, it arbitrates for the use of the pull data bus
information specifying the location of the data 10 (that is, whixch FERS b(Rs
and which storage | ocation being used by the master for the data) was
presented in the pull ID field 53 of the command 50. Because t hat

i nformation

the pull

108. Each tar
command 50) f

asserts thg _Plﬂ°f“m'?"|5 Fetet hePE ot T°EEISRAPh
i s enqueued i I opdi.ng. 0 f 106 in th
Ra7 GEEMLH PR Pkl it ol dpgues 108, L (e

pul | bus arbiter signal 111 is asserted for

t hat pull

comand queue th@ésHodd. t hat

full ness
currently

34. The

isin acomuand field, the unit identified as the source of

data does not need to be the master that sent the 15 conmand. The
source can be any addressable unit that has a path to the pul

dat a bus

et sends the full Pull 1D and Iength (derived fromthe

030p¥%PMation it would like to pull to ROTA/SI08%03WE0. The

target nust have buffer space avai] able 0 f t | data when it
BT R

ess

bU€"410. The Pul

12 2plcFEB 2096t WRs2003h8d 9398 dPEiIS20@21 124430 command queue.
The assertion of the Pull _Crd4 Full signal 111 indicates that the pul

specific target has reached a predeterm ned

threshold. 5 The arbitration unit 104 arbitrates anong the

10

15

20

The arbitration unit 104 arbiltrates among the currently
valid pull IDs engueued in the pull command queues 106 to
select a target, or more specifically, a pull ID enqueued by
that target. The arbitration policy can be one.of a number
of well known schemes, for example, round robin, or a
priority based scheme. The arbitration unit 104 sends the
selected pull ID to the corresponding source over the pull
Ib 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
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
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
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‘valid pull 1Ds enqueued in the pull command queues 106 to select a target,
or nore specifically, a pull 1D enqueued by that target. The arbitr &EBoxgs
policy can be one of a nunber of well known schenes, for exanple, roun?n
robin, or a 10 priority based schene. The arbitration unit 104 sends the
selected pull IDto the correspondi ng source over the pull 1D bus 114. The
112 to the sel ected
target. The source provides the pull data to the MJX 102, which is enabl ed
to send the pull 15 data onto the pull data bus 108 by the arbitration unit
104 via cont MY &YUHB 119, The arbitration unit 104 P4&3EI042427430he pul |

pull bus arbiter 22 asserts the Take-Data signal

done signal 11§rte Lhe Se uv!;r%.%é d-el;@usf’r n\{waI Esgu %g‘tc?thtegc
control of the&2 1% §8 I°ThEtarget 6f" & Wite opera

a‘iqisagotrhte is under the

Ion pulls the wite or

20 pull data QyffadineniRULiobUSs 3 00E byt 1AQeHS:1oh, id @bdier than having it

sent at the same tine as the wite operation type.

Therefore the target

can allocate idimedmaal buffers for the pull data based on when the target
needs the data and has available buffer space. Al so, as nentioned earlier,
the 13 2 7 FEB 200%e\{32Ho8/t019359sypeT U820y iees7 430 fleridét can get wite

data froma_source other than the (iglpmwi%nd inigjae&grgs, ogsthgli rected by

instanti

i nf or mat i on’ i PAPREAER GHRRR R Ve M

various buses and arbiters. Because there are separate

buses for commands, 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 B8 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



'The architecture of system 10 provides for flexible 5 bandw dth allocation
via multiple instantiations of the various buses and arbiters. oBe¢ggs®m6
there are separate buses for commands, push data, and pull data, the buses
can be added increnentally as needed. Referring back to FIG 4, if the
control bandwidth for 10 an application is insufficient, one or nore
additional copies of the conmand bus 37 and arbiter 19 could be added to
the system Each arbiter 19 could support a subset of the nasters (for
exanple, in a four-master inplenmentation in which two arbiters are used,
each arbiter R Wport a 15 different pair of the PREYEEH37430put t he
targets would. receive commands from all, of the ters. For .increased data
bus bandwi dt hPecBBFe<Lof e H‘és‘belfgh{deg]ffsnagﬁfsf)uﬁ “Eg% léllgnvélrv‘\andf h the
appropri ate arphtkaian:nd Leangohchdis.added. Eoth gxamaleg referring back
to FIG 20 5, a ditional naster-side buses 40 and arbiters 20 could be
added to the syst£ebcizach dudr gelosldpbs Rofitdcied s 8&uaset oeomeand bus 90
woul d be coupled to each of the arbiters so there would be no need for a
target to driweurmmse than one set of push data/command buses. Each arbiter
woul d have to 14 2 7 FEB 2006_ WD 2003/ 019399 PCT/ USZOQZ/ 0%7%30 be aware of
the masters’ (dest iR¥aET3RE)E B PeIfopies; &F PP gifiraet side pull bus

42 and assoclated arbitration logic could be added to the
system. Bach 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 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 coples 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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“and enqueue the data and I Ds accordingly. Each arbiter 20 and associ ated
bus 40 could be connected to a subset of the sources. 5 Referrin9 to FlI G
6, copies of the target side pull bus 42 and associated arbitradofE8 &b c
could be added to the system Each arbiter 22 and bus 42 woul d be
connected to each of the targets. Each arbiter 22 and associ ated bus 44
coul d support a subset of the sources. The pull bus 10 arrangenent woul d be
simlar to the push bus arrangenment in that each target only needs to
drive one coﬁ%AgMSthe pull 1D to all of the arbiters. However,. unique
copies of the pull data are needed, as it is possible that the pull buses
woul d have vali 8 dethodnfphepromithegsanéleywdbée banthkedthselabcabibaot h
push and pull buses, all of the arbiters would be connected to al

targets, allowangudataltoihetanvedthehseer sapyredst Busasg any matped

O her enbodi ments are wthin the scope of the followng clainms. 20 15 27

FEB 2006 CLA:MmprisiAghethadsterrphgvidicBamantl extblaibgndwidirgeal | ocation
via nultiple instantiations of separate buses, the method conprising:

transferr§ngiaeﬁeﬁ¥gegt&eﬁ'ngugea bAEIBL mokdephkf hGatked Baywaey one or
and bus

nore bus nasters

targets over a bus structure, the command including
information that is interpreted differently by one of the
bus targets based on the target identification, wherein the
bus structure includes:
10 a separate command bus, push bus and pull bus; and
arbiters including,

a command arbiter associated with the command
bus, the bus masters using the command arbiter to
arbitrate for use of the command bus, and

15 a push arbiter associated with the push bus and a
pull arbiter associated with the pull bus, the bus
targets using the push arbiter and the pull arbiter to

use the respective push and pull buses.

20 2. The method of claim 1 wherein the target identification

is a field in the command.

16



‘targets over a bus structure, the command including information that is
interpreted differently by one of the bus targets based on the 7t pegefos
identification, wherein the bus structure includes: 10 a separate comrmand
bus, push bus and pull bus; and arbiters including, a command arbiter
associated wth the coomand bus, the bus masters using the conmand arbiter
to arbitrate for use of the command bus, and 15 a push arbiter associ ated
with the push bus and a arbiter associated with the pul | bus, the bus
targets using- tﬁ@ep@§ﬁhﬁﬂbpﬁeFléh8 ﬂh@hSG?PHaFﬁﬁﬁéfefélnGsénﬁﬁédﬁéspect|ve
push and pull buses. 20 2. The nethod of claim1 wherein the target

i dentificatieandsng thel dompandeteoomddnadf tBe2bWsFEBrge06 8veThsheet hod of
claiml1 wherein transferring includes sending the command to all of the
bus targets owmmahHebueospandahusash bhat teaaghtbuant degetrméan deét ehwi ne if
the command is intended for such target. 5 4. The nmethod of claiml,

wherein the bdsmhangdet hdeshdbhedori Buthetgegrernd controls the transfer of
i nformation over the push bus to one of the bus nasters for a push

oper at i ong

4. The method of claim 1, wherein the bus target identified
in the command controls the transfer of information over
the push bus to one of the bus masters for a push

operation.

5. The method of claim 4 wherein the one of the bus masters
is identified in the command by an identifier in a

destination field in the command.

15 6. The method of claim 1 wherein the bus target identified
in the command i1s operable to control transfer of
information over the pull bus from one of the master buses

to the bus target for a pull operation.
20 7. The method of claim 6 wherein the one of the bus masters

is identified in the command by an identifier in a source

field in the command.

17



"10 5. The nmethod of claim4 wherein the one of the bus nmasters is
identified in the command by an identifier in a destination fie?ti tﬁ@
command. 15 6. The nethod of claim 1 wherein the bus target iden ifieg I'n
the command is operable to control transfer of information over the pul
bus fromone of the nmaster buses to the bus target for a pull operation.
20 7. The nethod of claim6 wherein the one of the bus masters is
identified in the command by an identifier in source field in the
command. 17 3:7 PEBmQG@@dBOfTﬁéa#@tHo&hﬁﬁeépaﬁﬁﬁchW@F@ﬁnl@hé@ﬁ&%@&ﬁ@ i's
formatted to specify one of a plurality of operation types, and the
command i ncl Geespacifyasneond ﬁl@ﬂ@rﬁﬂa¢Y|9fl@p@mptap@dtyae@or@mmgtm@ t he
whi ch one of the plurality of operation 5 types is specified in the
command. 9. Themaevhddcdfudelsaiam 2 ewlser eine dti elléashaane sofintlee puritiest act s
as one of the bus masters at tinmes and acts as one of the bus targets at

other tines. ak@o}dinfntar thel @hfieh phevicd Reeaphhexilbhe Q&n@#d@éilon
allocation via multiple instantiations of separate buses article

conprising: a,skarage spRdii¥mavihng hat QLgghalier eon instructions

9. 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.
10
10. An article for providing a flexible bandwidth
allocation via multiple instantiations of separate buses,
the 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 structure 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
20 identified, wherein the bus structure includes:
a separate command bus, push bus and pull bus;
and

arbiters, including,
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"15 that when executed by a machine result in the followng: transferring a
command over a bus structure to bus targets, the command bei ng 2dr FEB 12606
to identify one of the bus targets and include information that is
interpreted differently based on which one of the bus targets is 20
identified, wherein the bus structure includes: a separate command bus,
push bus and pull bus; and arbiters, including, 18 2 7 FEB 2006 a comrand
arbiter associated with the command, bus, one or nore bus nasters using the
command arbiter to arBi FPEMENFopTRECET 2pRECASHRENY 1bhs Lhengormansh
arbiter associated with the push bus and a 5 pull arbiter associated with
the pull bus, thebbgs ongrgst mousi bygst haspesh asbhgethandommaengulkalrbartieirt er
to use the respective push and pull buses. 11. An apparatus for providing
fl exi bl e bandw dt hol@rbliteaaki dnrvuaenuvift icpkeconstandt baski, oagadof separate
buses, the apparatus conprising: a plurality of units; a bus structure to

enabl e comuni cati on exchasgesrbetweenssbheauyt icanAaet gdshonliRe aRUS a
structure, with one or nore 15 of the units being bus masters and others

of the unjts being,hys t-8598tSaskBE i RYSMRILAEM $1ePBLAR! B0 $8RILAS

targets using the push arbiter and the pull arbiter to

use the respective push and pull buses.

11. An apparatus for providing flexible bandwidth
10 allocation via multiple instantiations of separate buses,
the apparatus comprising:
a plurality of units;
a bus structure to enable communication exchanges between
the units connected to the bus structure, with one or more
15 of the units being bus masters and others of the units
being bus targets, the bus masters operable to send a
command to bus targets over the bus structure, the command
formatted to identify one of the bus targets and having
information that is interpreted differently based on which
200 one of the bus targets is identified, wherein the bus
structure includes:
a separate command bus, push bus and pull bus; and

arbiters, including,
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‘conmmand to bus targets over the bus structure, the command forna%?eﬂgﬁz
identify one of the bus targets and having information that is ifnler @Ed
differently based on which 20 one of the bus targets is identified, wherein
the bus structure includes: a separate comand bus, push bus and pull bus;
and arbiters, including, 19 2 7 FEB 2006 a command arbiter associated with
the command bus, the bus nasters using the command arbiter to arbitrate
for use of the command bus, and a push arbiter associated with the push
bus, and 5 a pull arbit W%&iaégé&% B SO aped Wik, thife a9ME@NCyr get s
using the push arbiter and the pull arbiter to wuse the respective push and
pul | buses. 12. TR&sapp&cabtys 8fstlegismuBinonidceicommiaade arpdnén $osent 10
to all of the bus targets over the command bus to all of the bus targets
and each bus targetrbdétretms Hes ufset o€ thememthainsl bnisended f or such target.
13. The apparatus of claim 11, wherein the bus target 15 identified in the

conmmand is operabl e toac@nisholarbidrsf elsscefi attRbdokah @heoyRisht BRishushdous
to one of the bus masters for a push operation. 14. The apparatus of claim

13, wherein the opegfi 1t hephusr 2350R3LeEY b thdenll Hiad bist he gommnd by
an identifier in a
targets using the push arbiter and the pull arbiter to

use the respective push and pull buses.

12. The apparatus of claim 11, wherein the command is sent
10 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.

13. The apparatus of claim 11, wherein the bus target
15 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.

14. The apparatus of claim 13, wherein the one of the bus
20 masters is identified in the command by an identifier in a

destination field in the command.

15. The apparatus of claim 11, wherein the bus target

identified in the command is operable to control transfer

20



"destination field in the command. 15. The apparatus of claim 11, wherein
the bus target identified in the command is operable to control tf?ﬂﬁﬁfﬁma
20 2 7 FEB 2006 of information over the pull bus fromone of the bus
masters to the bus target for a pull operation. 16. The apparatus of claim
15, wherein the one of the bus 5 masters is identified in the command by
an identifier in a source field in the command. 17. The apparatus of claim
11 wherein the ¢conmand iis formatted to_specify one of a plurality of
operation typésini6THAG1ORe C¥EIMERE PH&ﬂu§€§ &TCOMeg8E Ghetheebdsthat is
interpreted according to the which one of the plurality of operation types
is specifiednpatele comvhadbus8tamgespparatupufldr opegaitdiong fl exi bl e

bandwi dth 15 all ocation via multiple instantiations of separate buses, the
apparatus conprising: a bus master operable to send a conmand to bus
targets over a bus structure, the command being formatted to identify one

of the bus taekgetrseangphiakudi B cnbkemnmasti ognkRatni $hd30ohBt 8EpEekedus
differently based on which one of the bus targets is identified, wherein

the bus sirughyeerknekudgsnti#i8aPahat8eCRBRRAAADYS: aRUSAAYS £3Rd RY L bus;
and arbiters, including, 21

source field in the command.

17. The apparatus of claim 11 wherein the command is

formatted to specify one of a plurality of operation types,
10  and the command includes at least one field that is

interpreted according to the which one of the plurality of

operation types is specified in the command.

18. An apparatus for providing flexible bandwidth

15 allocation via multiple instantiations of separate buses,
the 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 that is

20 interpreted differently based on which one of the bﬁs
targets is identified, wherein the bus structure includes:

a separate command bus, push bus and pull bus; and

arbiters, including,

21



"2 7 FEB 2006 a conmand arbiter associated with the command bus, the bus
master and at | east one other bus master using the conmand arbitQ B0
arbitrate for use of the command bus, and 5 a push arbiter aSSOCIate QQ1

the push bus, and a pull arbiter associated with the pull bus, the bus
targets wusing the push arbiter and the pull arbiter to use the respective
push and pull buses. 10 19. The apparatus of claim 18 wherein the command
is formatted to speC|fy one of a plurality of operation types, and the

conmand i ncl udes at | edstoBRE F 8F lFﬁétaF§°CFﬁF89pWéF€dtQ@cGP&Wﬁ&dto t he
whi ch one of the Iurallt of operation types is specified in the conmmand.
15 20. An apparatEES?thSrQV§dmﬁétﬁPeﬁP§IétbéﬁéﬁFdPﬁe athe&abienmaisger
mul tiple instantiati ons of separate buses, the apparatus conprising: a bus
target operabl e t siageithe gormATdnd rbi.drratbus ro20 ratst éorovee afbuse
structure, the command being formatted to identify the bus target that
recei ves the conmandmaandblegi endn the bus target to interpret information
that is received by the bus target identified in the command, wherein the
logic in ghe bus hapdeh bRbeERLELSsbBEaR8d2wlthEBh20B8sh bus, and a
pull arbiter associated with the pull bus, the bus targets
using the push arbiter and the pull arbiter to use the

respective push and pull buses.

10 19. The apparatus of claim 18 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 one of the plurality of
operation types is specified in the command.

15
20. An apparatus for providing flexible bandwidth
allocation via multiple instantiations of separate buses,
the apparatus comprising:

a bus target operable to receive a command from a bus

20 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
is received by the bus target identified in the command,

wherein the logic in the bus target interprets the
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“information differently than corresponding logic in different bus target
connected to the bus structure, wherein the bus structure incluqﬁ X
separate command bus, push bus and pull bus; and 5 arbiters incl Ziﬁ&ﬁzﬁm
command arbiter associated with the command bus, the bus nmaster and at

| east one ot her bus master connected to the bus structure using the
command arbiter to arbitrate for use of the command bus, and 10 a push
arbiter associ ted i,th thgg ush and a pull arbit assqociated with

the pul | busi® ﬂémﬁ don; i §EFTERE XttpéﬁsFOSHESBPH A8y OgéFgéP connect ed
to the bus structure u5|ng the push arbiter and the pull arbiter to use
the respecti défpaERNENBUSU ﬁraa§escomaeztedTﬁ@ sppabPasustepcebaem 20
wherein logic processes the comand that is formatted to specify one of a
plurality of whepeiatitba bypestrantiurheivodmdrd:i ncl udes at |east one field
interpreted according to the which one of the 20 plurality of operation
types is specified saptheteonpandnd?2Bus, push bus and pull bus; and
5 arbiters including,
a command arbiter associated with the command
bus, the bus master and at least one other bus master
connected to the bus structure using the command
arbiter to arbitrate for use of the command bus, and
10 a push arbiter associated with the push bus, and
a pull arbiter associated with the pull bus, the bus
target and at least one other bus target connected to
the bus structure using the push arbiter and the pull
arbiter to use the respective push and pull buses.
15
21. The apparatus of claim 20 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 interpreted according to the which one of the

20 plurality of operation types is specified in the command.
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