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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



WO 03/ 019399 PCT/ US02/ 27430 arbitration logic. FIG 3 is an illustration
of an exenplary format of a command carried over the command bus. FIG 4
is a schewatispigbagram of an exenplary command 5 bus dat &Cpatsh2/af43¢ he
processing system FIG 5 is a schematic diagram of an exenplary push bus
data path of the processing system FIG 6 is a schematic di agram of an

exenpl ary pybl.bys;dat&Rath of the processing system 10 DETAILED
DESCRI PTION Referring to FIG 1, a system 10 having nmultiple first units

12, shown as magiglr sz 12a,an1201ubBeation 0fl2in caBsl i i
r , , 1, platy tfqireatsedond units
14, shown as targets 14a, 14b, 14c, 14k that use bus arbitration logic 16

Lo CONLI ol exGNAN0Es: 1A lodl QhEREDARMGYBus bUS system 17 is shown.
Col l ectively, the bus system 17 and bus arbitration logic 16 form a bus

structure 18. Thescoppppentstrehathe BuUSqaDIds ahi eRchold '
C g Rehppiy comamdl ude a
command bus arbiter 19, a push bus arbiter 20 and a pull bus arbiter 22.

These arbi ters } j i
se akbi ters 419, 20cn 22 &R 20.a859¢ch@tHehuwind.h the operation of the
various buses in the bus system17, as will be described with reference to

FIGS. 2-6. The ster i i
RSt 8r 8512 Lanniheludeagemh cas ssuehenpl oSt Lg.
general purpose nlcropr%cessorsé enbed%%d z SRS1PLPARESOLmS (€. g
data path of the processing system.

FIG. 6 is a schematic diagram of an exemplary pull bus

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, ., 123, and
multiple second units 14, shown as targets l4a, 14b, lé4c, ..,
14k that use bus arbitration logic 16 to control exchanges
15 of information over a bus system 17 is 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
70 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



2 WD 03/019399 PCT/ US02/ 27430 m crocontrollers) and external bus
controllers. The targets 14 can include nenory resources (e.g., interfaces
to DRAM wOERAM939¢/ O resources (e.g., interfaces to medi aPCRABOZ2743W t ch
fabric), as well as other types of systemresources. 5 A master can al so
serve as a target. For exanple, a bus controller that allows the systemto

comuni cat g; Wb Bordk AStlersQr 208 hekr Syal1emuei aoatr eXteersnal Thasteogts per f or m
the functions of both naster and target. For sinplicity, only two of the

masters, magters O,andie Mnbryanssdlres qb.yhe itargetsest apgeRaMO-2, are
shown in FIGS. 2-6. One of tﬁe masters, master O, is depicted as a’devi ce

that can segyf) as; Aot Ruresteneaqd, @Jﬁﬁﬁ@@besF@&Gﬁdd
ing tedEbG 2, the
system 10 1 ncl udes three separate bus structures, a command bus 30

(i ndi cat edgi,n. A5cdashad ldsnes)i as pighebugpd?
P aﬂdsisﬂnﬂlrehusraés The
respective arbitration units 19, 20 and 24 are associated wth and control

the usesof ;t e command m,% 3Qrvthgs pustuies . 3Roanekdde
; epulal bbas 34
respecti ve[Ay The command bus 30 includes, on the master side of the

arbltratlO%ohggb§le9-é%%g'éfﬂbwgoﬁﬂgngyiﬂéil%@ cofiflufncd e wiahget hssde of
t he
arbiters, a second command bus 37. The master side conmmand bus 36 includes

a correspondl f t ,
36a and 36%Qf§?h%g2$g€g?§§§§h%5 gachripstifls coliol pxafpie,theomand buses

functions of both master 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
70 first command 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 03/019399 PCT/US02/27430 The push bus 32
includes a first push bus (target side) 38 and a second push bus (master
side) 40.wOlg/opibd bus includes a first pull bus (target Peirdsp2/4a3and 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 dafiis Relswegnst be iadigetes andithe push busudtarpet esid®0 and pul
bus arbiter 22, respectively. The masters 12a and 12b use the conmand bus

arbiter 1955t arbiddahe Haknuses Ofnashercopmmndidous 788 andl bws 10
particular, the target side command bus 37. The targets 14a, 14b, 14c each

use the push.hus arPidiet2@uandoidetpugbt bugenrds teerd 22stoond hpuilate for
use of the nmaster side pus bus 40 and the pull bus 34, respectively.

Control sigpal 8, [£lalsdstaebus & biHe akirgst (HDde ' i
L S howncawgkk iyeshdi scussed
15 later mntﬁ reference to FIGS. 4-6. Referring to FIG 3, an exenplary

format of g copgand; SQeqr phed wyeradt heecapwansy bire 3G
1t getshown. The
command 50 s partitioned ?nto multiple fields 52a, 52b, 52c, ... 52p

that carry engcoded i @Rk 9Rd Jhe: dethdsn5enearahetof a2@ dhéfpn
. ! eushn
wi dt hs. The ?leﬁds 52 include a target IDfield 52a and an operatign (or

icggmiinfi) C;%élﬁgné%ﬁi enfzéb Hachu1l apgeta A thas2a, upk gt ikangwi r ed
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 side command bus 37. The targets
14a, 14b, 1l4c 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, .. 52Zp
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

shoul d accept the conmand. The masters 12 se%d 4 WO 83/ 8292}38 rargets
PCT/ US02/\®430193% conmand in the format of the command 50 PCo/GsN2/271880 t he
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 |Ds

}‘\Br an exenpl Aty setinothe taF@et of $hshewvsindmd TABls :11CofetHarget 00 0000
ne (no command on the command bus) 00 0001 Media Interface 00 0010 SRAM

Interface .00 % 4DRAM Lt
£ %%%1 4 At eeéaee £1R0+1004+ Bus Gontaraelllel t60 0100 Hash
Unit TABLE % opération type field 52b specifies an operation type.

Each targej inferprets ttﬂlgecgﬂ;&gg@alm itsypeaspecsdf i@tkm.10 Abget hef cod
einth
operation %‘yperﬁ el SL 52b to deternine the operation to beyperformad The ©

val ue in tQ?dQ%eécﬁlfe%@Jotnﬁgﬁg £} el - R2b 1det eb i aesehaw valyuesti of ot her

fields are interpretéd by each target. The o
peration type can
i ncl ude5 as, POy di f ferent sgnepgimas. of information as operation

Code Target
00 0000 None (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. An exemplary



15 types that nost (if not all) target units support, for exanpl

and wite. One or nore of the fields 52c - 52p (F:)gn be used as gBe(raétirgﬁd
type ext eweiognsy39based on the value in operation type fi @Cajusay2med| . An
exenplary 5 WD 03/ 019399 PCT/ US02/ 27430 encodi ng for sone comrands types
supported by the tar gets ~shown in TABLE 1 above are shown in TABLE 2: Code
DRAM | / F SRAM \}%’ Hash skt cMediasd /dypBYs sufpottadl |bgr the008rRelesl Read Hash
Read Read 0001 ite Wite Reserved Wite Wite 0010 Receive Buffer Swap
Reserved Resghyed ReservedapReach QkholmansniaBuffer Set bits Reserved
Reserved Reserved Wite 0100 Control Status Clear bits Reserved Reserved
Reserved Registers (CSR) Read 0101 CSR Wite Add Reserved Reserved
Reserved TABLE 2 5 The renmmining fields 52c through 52p (corresponding to

Ilarel dts Fllzell c%d?]l- i Opeam 1/2 , FI esxhvN)/Fhgl shsbt fret paedinef&ts usyd by | he
gets , | such-ps address and|burst count. For exanpl e, exn6°“é‘f§°:'slﬁ6wn in
t he command| formaf of FIG 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 commaﬁd 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 passedwD®3nB9e arget 14 via the conmand bus 30, and proTiusez213go t he
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

appropri at ggiiRe §41r N,THRY Quicdgstihe Pustepdk| within aHeh@uapppopkiE e source
(in the case of a pull operation) or destination (in the case of a push

operation) £g8s1 @Mk, \Wa ORLRA399 RCHHISERL27436d ssldresor The definition of
fields wwthin the push/pull ID field may be dependent on the specified

source or gdesijinatdpn. 1hna8ddiiéoN, oreN@rofmoner &f ofhet e ekdel s 1t hrough N
may be used differently based on operation type. 5 For exanple, a field can

i ndi cate byfe.grsks £/ R Wskhedi PReFatHIQNhYPE @Ntbtaatioh
_ ytiewel for a
read operation type. "According to the bus protocol of system 10, each

target th%%rrgggfwfes, & carmandah N ddre-dwer myet haeksorarmad wolitent erprets
the fields 52 on a per-target basis. This 10 enables the targets to supply

a rich set of funclians Skchrigs:fgadsvmdisoy- wri ' i
: oper ri8®i o- W +é&d Widdtaprriogr appabl e
nodi fy, dat,g transform (e.g., performa hash on operands ang return

LEEr ) ST AL L ey e cpomame aacspes it and
that receives a command in the form of the command 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 1latency 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 gqueue full signal 64 as input



15 latency and resource use of data bus). The masters 12

the targets 14 based on instruction exécution, or sone otﬁzreaggpggp?Ztgo
mechani sriwvoan1sanpl e, if the nmaster is a bus control | er PCTIGSO2reA;#36 ssue
comands as a result of a DVA operation or when 20 it is being accessed by
anot her device on the bus that it controls. Referring to FIG 4, a comuand

bus dat a patdl 60 dnS o £ShaWNta dder carmandhar birtremdl guiene| Gdés skoralbi trati on
unit 62 that receives a conmand queue full signal 64 as input 7 WO

]93/ 019399 PLT{ AME02/22430enf & Oraeativlaf fubenéss get & tonnThd eerwrmrfd queue
ull signal 64 indicates when a threshold full ness of a conmand queue 66

in each target,has-heer neachesh fErwehabi t Ta¢iarbiiniat:i6d und
: neeef2es conmmand
requests over comrand request input lines 5 68 fromthe masters 12, and

provi des on gL aits QURishdl i-BgSestd dvert hemmast ersykZ tghapts ton
¢Hhe commuand
bus requests by the masters 12. Each bus master 12 that wi shes to drive a

comrands onggt heqg ammnhess302 f idisd mendslea oequestt ot ; i
: : ! thé dtbeiration 10
unit 60 on a respective one of the input lines 68. This request indicates

e 10 o hehaeeabidiatrchrkies ke sl o somnbagee.
tar get N unit 62 al so receives S|gnals from each
Fach 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 gueue full
information to inhibit grants to the command requesters if
the command queue of the target they need is full, while
permitting requesteré 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 command queue 66

arbitration unit 62 uses the conmand queue fﬂll inforiaI?LL Sg ?Lh?g?i The
grants towohe/otsamand requesters if the command queue of PCRAISVZRTYRE t hey
need is full, while permtting requesters to other targets to obtain
grants. The arbitration policy of the arbitration unit 62 nmay be, 20 for

exanpl e, a,found,d @birdqpekt Cyendiity ;Mey enphoyem i edriadl &o grg or i
certain masters. The arbitration schene of the ;fs??ration un?t gglty ror

ggﬁg{tgghg&}fﬁ?éd/éya%@gsbuaC§R§Sréqheameahear@@S’smunmmamWhanewﬂei%f t wo
cur: a master is scheduled to be granted access but does 8
03/ 019399 PGI{ US02/ 27430 not have a request pending; or a naster is "0

schedul ed to be granted access but the requested target's comrand queue i s

full. Wen the gdi thial heBiuphti®2 Jrds grahted
_ gearbiesl reduestedsedf a
master, that nmaster transmts a command on a correspondi ng one of the

L e o e cemt e 8 o
rom & maSher. s s ekl e bye haarbiirabhonume B2t 0econtrol ¢
control the
transm ssion of the command over the command bus 37 to the targets. FIG 5
shows det ail,52%d B pUHrAus rdabapathe §bmmbhe bus arbiter 19 also
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 l4a, 14b, 1l4c 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 12a (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

82d, one for each supported target, coupled 15 to aqnultiplgig} ?ﬁgk)8321
and a puswolmasigpbitration unit 86. The push comand queRE€I/BRA2743Rb, 82cC
82d"are coupled to corresponding targets 1l4a, 14b, 14c and target "nﬁster’
12a" (for operations in which master 0 functions as a target),

respectivel ﬁfuslpyc:nﬁﬁi $uah ) PYshe dat @ isses +88a atah 2 ¢orma
. st nd b
one set f0tg each target in the system that is, buses 88a and 90281?;90’

target 14a, bus B d,90 .
o1e) ol—ﬁﬁ g»ﬁh n90Bh &g tfeget hd4, rbusesi 88praddto0uifet
14c and buses %?3 and 90d for master 12a (as a target). The target tgirggt

bus 38 al sg i 843%% & 1PUS B, e OREBASK i
) qiene phighl bss gial (BromDFO34 029399
PCT/USOZ/Z%%!%S % CrdQ Full) 91 to indicate to a target that its

corr espondi ng, pysh §3{I]@!'@N%@He9@a&1d eaghed aa '
ps eslet ¥4mvi ned  ful |l ne
| evel . The mas?er st de push bus 40 (fromFIG 2) includes a push IDS?)us 92

and a pysh data,bus 94. 3 Aihar ; - ;
. o ih3r getei PaYiang Keeetveds amsngecodbdta coma
that was intended for it, sends requested data to a correspondi ng onengf

the queues 82 on.the ¢ofsespondindsp Satea A )
) HSd H8a880 a Tdwrs; d
command qugﬁg’s s%or e a conbinati onsof push dat aaand ?)ush cec?lrgr)ggngls]ighThe

ne io@ JCHQE 19&?& |8[2$’on1@h¥\'“&§f‘r@;ﬁgﬁ>nlallﬁ iﬂeﬂhtd)a éuar B i
i Ba d Y teh Btrati on
units 86. ta'Stored”in entries of the pUSh conmand queues 82r cratl

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 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.
720 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 MJX 84. The arbitration unit 86 sel

push command queues 82. The arbitration unit 86 thus p?gbfdegn: SLILEE
si gnal 96WDM3NIBIMIX 84 to enable MIX 15 84 to provide asPONIySO274b0Or
transm ssion onto the push data bus 94) data fromthe sel ected push
command queue and transmts the push ID fromthe sel ected push command

queue ontgoghg?@wghdﬂgrgggogz. Referring to FIG 6, a pull bus data
. - . ) t
100 i s shown. 0 On the target side of the pull bus arEiter 22, the Path

targets 14 arepgoupled @ thsipst l2buscanbeses @2 tiplishorpiMPXb
us 42
(fromFIG 2). The nmasters 12 are coupled to the pull bus parbiter 22 by

the master ;giLde - i
15bde, pul 1y, Hus A4n( haom i Gand) pulhectanget spbhear é0ead points
and the masters 12 are sources 10 WO 03/019399 PCT/ US02/ 27430 foP a pul

operation. ;The Puhbc busody bicher £82 éawd ugepoataul tapjaxorcotilig ta
. . F r 4 02
arbitration unit 104 and pull comrand queues 106a,:p106b,0$06c? 106d’ gze

for each sypported L@ a8l Gaupbedui i Jddhe - ; h
pukl pblus cmuancatiened
The puI? conmma g gueues 106a, 106b, 106c, 106d are coupled to nit 104.

corresponding.targeLs 1d4a, 1348, atédccansd dangetot rasperdikatath
H 4 3 7 7’ ! @ts
operations in Ich master O functions as a target), respect?vely, by pul

buses 1108, L10BPLI0E ang. 1100, reSpectively.  h e 18 commne

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
gueue 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 nmake up the target side ul

arbiter 22 also provides a pull command queue fgll signalp(PuIPughgéLFIPF)
111 to a warg®193d® indicate to the target that the corregpdrgong4pul |
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 publ Pus.AH4d
a 1Py A4 Joaekudes. a pul | data bus 112a for master 12
and a pull data bus 113b for master 12b. 20 The pull data bus 113 is usgd

by the masters gg.gend g lt0akast Oséhen atdiiat @ut2a of |

_ r onotnoatewspedcefi cal |
todthe mul ti pl exor 102. The pull bus 44 also includes a purﬁplD bus 1%&
and pul | dane,signah (PuldriSiq_Base) 1 thatgeal koweivée wrdidamand to
provide information to the nmasters during 11 WO 03/019399 PCT/ US02/ 27430 a

pul | (or wdd e),cQPenrat iohnaratusob7t hendwat gat FIGSes2aaudt4) ik
_ er (not
shown) to store pull (or wite) data. The target receives the con%and 50

over the couug:hus 37ok ShawkdohahbtGS. oReviidi of) tapd 5iedbd e¥2h NS
. _ ; . : t
command's operation type field 52b (FIG 3) that the operation is QOEL|PG

coer 1 on, b e abgeteclas doarpury ettt e ot
bus 34. The, inf,.oyBLi00n8PELES Wit etrhgok otk | o oft tohieddaaaspecifi%lé ata
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 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 engueued 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



10 (that is, which master and which storage |ocation [

master for the data) was presented in thegpull | D figfhng3u§$dth2ycgnﬁand
50. Becauwo oslos39¢ nformation is in a commuand field, the wairtuso2znsd fied as
the source of the pull data does not need to be the nmaster that sent the
15 command. The source can be any addressable unit that has a path to the

pul | data %Bﬁm%g§ Eagh. t afget ssendson her fulel PRUL] ChdiD ahd Ul sdgnhl(deri ved

fromthe comman ) for information it would |

ike to puII to the target.
The target qgsﬁpggg§{£4ﬁ633£ sPacguayatdmidrel q2@ubol06 heopuliiatdat a mhenglt
asserts the ID via the corresponding pull command bus 110. The Pull 1D

I s enqueued N ;&;COLLLSHONHNG QBB a tifieedepiddrini copmantl es
106 in t
pul | bus arbiter 22 uﬁ?ess the Pull CndQ Full signal 1£?u?2 asserteg fgf

t hat pul | V0,034019399 PCT/ US02/ 27430 command [
gueue. The assertio
t he Pul | C#é@ Ful'l signal 111 indicates that the pull comand queue 208f

for thaty specific Lapgetahasm weaehedsaa
pis edetersmanedg f thé nessrenthy
5 The arbitration unit 104 arbitrates anong the currently valid puffh?Lg

et 0 B Ry e e e
can be one of o policy
A1 & g”?%&get 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
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 schenes, for exanple, round robin, or iori

scheme. The arbitration unit 104 sends the sel éct edapﬁPI plr:Z)O': :)t%/hgaSEd
corresporMiDrg/oswsey ce over the pull |ID bus 114. The pul | IBOS/GSODRM80r 22
asserts the Take-Data signal 112 to the selected target. The source
provides the pull data to the MJX 102, which is enabled to send the pull

15 data ontp.dhe il lgedatia; ba i reathi ; i
: | lyedat;ai baisadid8 frynt hesanbid rethegntbant 194 via co
signal 119. 15%1e arbitration unit 104 asserts the pull done signal 116n: (r)ol

Erﬂe sour ce Thusy Wiithigrdal aad ranspakd by tnfermdtiencént bk of the target.
e target of a wite operation pulls the wite or 20 pull data over the
pull bus 34 mhensit needs it, rather than having it sent at the sanme tinme
as the wite operation type. Therefore the target can allocate internal

buf fers for ther,puldcrdatatbasess asysieen 10h ' :
_ prvaidpt fveeddexhllelat a
avai | abl e buffer space. Also, as nentioned earlier, the 13 WO 03/ Olgggghas

PCT/ US02/ 27430,,1 & @4 g€t cak 188t v i duel datia finetmat sour
/ ( e otthghet
command initiator, as directed by information in the comand. 'rll'ﬁg the

b e e e ot pmaman g oo
are Separa&ﬁse9u§§§ ééﬁméﬂﬂ@ﬁﬁ@dgh Qasd, dﬁkapuamdd@UQJ1@Eaé¥wpﬁecggses C:n
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 palr 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. Fach 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 ofwDlg/otwsmmand bus 37 and arbiter 19 coul d be addedCTius0t/pE3GYst em
Each arbiter 19 could support a subset of the masters (for exanple, in a
four-master inplenentation in which two arbiters are used, each arbiter

coul d support, »%1%5 of fcfmérﬁélétemal r(cebtihet hasdlerts) whboh theis arigeds woul d
recei ve connaen fromall of the rrasters For increased data bus bandw dt h,

copies of 1he éﬂ&ﬁ%uebgﬁeaagtinﬁﬂdlﬁﬂ%,aabﬁﬂ@imﬁlyi t Bechppriobréatd
arbitration logic, could be added. For exanple, referring back to FIG 20

5, additiop ﬁé 1Bl BLrshdgubusesc 40 and avhheersl 20 eoahidsbe oadded to the
system Each target's push data bus 88 and comand bus 90 woul d be coupl ed
to each of fhe arbiters so there would be no need for a target to drive
nore than one set of push data/command buses. Each arbiter would have to

14 WO 0?/019399Rdgl111§g,21tg7@§@_ be @mare of the wmstedr sifdestlhatins) to
which it is wire and enqueue the data and I Ds accordingly. Each arbiter

20 and asg QCH?%?QSQ}&a‘&dcg%ﬂtf)@twllmhedcbma subsetedotot Hee sources. 5
Referring to , copies of the target side pull bus 42 and associ ated
arbltratlogylggﬁp could hejaddeds tond hens 42 would be connected to
ecach 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

15



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 cwe.030B9pul | bus 10 arrangenent woul d be sim | ar PCo/UShB2PEGh bus
arrangenment 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 arbiteps, wopl d.ie nconpected to all targets, allow ng data to be noved
between any naster and any target. Qther enbodinments are within the scope
of the followng clains. 20 15 WO 03/019399 PCT/ US02/ 27430 What is
claimed is: 1. A nethod conprising: 5 transferring a cormand and a target

identifi catli_on Ab%;e\@%ga_ eBRp LI s 1Yy € bus nmasters an_d bu;: targets over a bus
structure, 'the command including information that is interpreted

differeﬁtly by 89§h§%e§f¥h§néscbﬁﬁ@ﬁﬂ&nﬂﬁ%ﬁda@@ettheemtﬁikﬂaﬁhwgntifiCation_
10 2. The method of claiml wherein the target identification
between one or more bus masters and bus targets over a bus
structure, the command including information that is
interpreted differently by one of the bus targets based on
the target identification.
10

5 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

70 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 conmand. 3. The nethod of claim 1 wherein the bus
structure 15 includes a separate conmand bus, push bus and pull bus. 4.
The net howlooB/ocd3ad m 1 wherein transferring includes sendiPeg/ushz2m@eimmand to
all of the bus targets over the comuand bus so that each bus target can
determine if the 20 command is intended for such target. 5. The nethod of

claim 3, w?%ﬁghpd%ggagggntarget identified in the command controls the
transfer o I nformation over the push bus to one of the bus masters for 16
WO 03/ 019399 PCT/ US02/ 27430 a push operation. 6. The nethod of claim5
wherein the one of the bus masters is identified in the command by an

identifiergin am,b desbunati enaifn & dhetret heticonmandf ZheThes et hod of cl ai m
3 wherein the bus target identified in the conmand is operable to control

t ransfer o&asgggénggagggﬂtgy@édtimaﬁnﬂIcohmanﬁrbynanuid@btﬂﬁéeﬁa%@e? buses 10
to the bus target for a pull operation. 8. The nmethod of claim7 wherein

the one; of 4 he; bus; o MBSkeES i hSthéleddrinfaned in the command by an identifier
ina source field in the command. 15 9. The nethod of claim1l 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 uralitywofosopseati on types 20 is specified in the comead/UsaD274Ihe

met hod of claim2 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
03/ 019399 PCT/ US02/27430 11. The nethod of claim 3 wherein the bus
structure further includes arbiters, the arbiters including a command
arbiter aspociBiLchanniold becTomrendihensinatipedhuardsintetuassbefdiadd 5 with
the push bus and a pull arbiter associated with the pull bus 12. The

met hod of ¢} aikadd wraneirs,t Bee b itrstet acladbig rat@rfrendugebbten he
command using the command arbiter, 10 and the bus targets arbitrate for

use of the;pysh: and; puldh Busesotisdmy ke meppettans fpushsandipteéd arbiters.
13. An article conprising: a storage nedi um having stored thereon

i nstrucki opstn1lénd hatsivrer execated by rdirachiasocesidd wight heef ol | owi ng:
transferring a conmand over a bus to bus targets, the conmmand bei ng

formatted toiidensify 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
pased 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 03/W0930W3PCT/ US02/ 27430 a plurality of units; a bRETAISOAZMEC e t O
enabl e communi cati on exchanges between the units connected to the bus
structure, with one or nore of the units being bus masters and ot hers of
the 5 units bei agpbusalargeifs untite; bus nmasters operable to send a conmand
to bus targets over the bus structure, the command formatted to identify
one of the bus tabget stanckhayitng enbhior ety celiabni ex¢arges et ed
differently based on which one of the bus targets is identified. 10 16.
The appar atws wefenc lkak i bt shemsienteHet bushsthusc tstiractivpel udidsh ®#eepar at e
command bus, push bus and pull bus. 17. The apparatus of claim 16, wherein
t he command# sncsenbf the tmited Ibedhat hes bussteargens! ovbers hef dcdvmand bus to
all of the bus targets and each bus target determnes if the command is
i nt ended f ornistichetiaggbts dBcgefre appabat usadfens apprable viersEngd £he bus
target 20 identified in the conmand is operable to control transfer of
i nf or mat i onc@Mend ke pushtdtgeitso core bhetles s urdsirer stihercommand

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 1s 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
720 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.

19



a push operation. 19 WO 03/019399 PCT/US02/27430 19. The apparatus of
claim 18, wherein the one of the bus masters is identified in the conmand
by an i dewDioBioer39¢n a destination field in the comand. BCIQISOXHE30
apparatus of claim 16, wherein the bus target identified in the conmand is
operable to control transfer of information over the pull bus from one of
the bus nastersri® agdieabus bargeiin drs,awpelckioperatimn of1Ghg1buThe
apparatus of claim20, wherein the one of the bus masters is identified in
t he commangabyea® idenriddti€ictinia tisouraeahidebd #m identddrigand? 22. The
apparatus of claim15 wherein the command is 15 formatted to specify one of
a pluralitycatipperat ifriidypeastheancntdml.conmand i ncl udes 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 master operable to send a conmand to bus targets over a bus

struct uke, ophe epaTEmshheaiug oformathels t ovhdrgént thy we Birdste bus targets
and including informati on 20 WO 03/019399 PCT/ US02/ 27430 that is
i nt erpret ed @irifersatiy thasedmoandhishopneidfe tthecontrol transfer of

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 a i i
_ . . pparatus of claim23 wherein th

;ﬁgn?ﬂd é; 5 formatted to specify one of a plurality of operation tspes
an thethigﬁagfngﬂgluﬁes ?Ftlea?t one field that is intewnﬂﬂﬁmuzammording

plurality o operation types is specified i h
command. 10 25. An apparatus conpri sing: b to 1 og

g: a bus target operabl i
?grgg??egq?gkaiEU§?t?E§iﬁﬁa£VHﬁfarbntlstbaﬂﬁdnqg,ngéhc@%héﬁat§€}g9r606|Ve :
_ o identify the bus target that receives the command, i
Lgrggf ?32%%???2 eEg6ﬁB%$F¢HEﬂfﬂemﬁornatiOn that 15 is received’bsn?hgoghg
. 26. e apparatus of claim 25 wherein | ogi
the commuand that is formatted to s i Ty of * operati
. pecify one of a plurality of o

types, and the conmmand includes at |east one field 20 inter%reted ggggﬁhfﬂg

to the whi ; . . _ _
command. %%h ofrrchepphukahi tyr aflaiopeBavhereiy fés icemspedi ¥ ed in the

5 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.

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.

21



