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The information and data associated with a particular request is often
referred to as a “transaction.” At times, memory controller 104 could be
processing multiple transactions simultaneously. This can result in a situation

25  where data from multiple sources (e.g., multiple DRAMs within main memory
storage 106) are simultaneously available to be returned from main memory
storage 106 to the memory controller 104 over the main memory storage bus
110. When this occurs, memory controller 104 performs an arbitration process

to determine which source (e.g., which DRAM) will be granted access to the

30  main memory storage bus 110.
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Summary
In one embodiment, an electronic system includes a processor, which

25  generates and sends one or more memory access requests, and multiple memory
modules. The memory modules are operatively coupled together through a
communications bus, and they return data requested in the one or more memory
access requests. Each of the multiple memory modules is a data source, and a
memory module of the multiple memory modules determines that first source

30  data and second source data are available. It also allocates one or more first

contiguous lanes within a first section of a data block to at least some of the first
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25  includes means for receiving local data from one or more memory storage units,

means for receiving downstream data over a communications bus from one or

more downstream data sources, and means for making a determination of how

the local data and the downstream data will be sent over the communications

bus. Making the determination includes allocating one or more first contiguous
30 lanes within a first section of a data block to at least some of the local data,

where the data block includes a set of multiple lanes, and each lane includes a set
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25  remainder portion of the first source data and the first portion of the second
source data.

In a further embodiment, a method includes determining that first source
data and second source data are available, and allocating one or more first
contiguous lanes within a first section of a data block to at least some of the first

30 source data, where the data block includes a set of multiple lanes, and each lane

includes a set of configurable bits. The method further includes allocating one
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In a further embodiment, a method includes arranging first source data
within a first section of a data block structure, where the data block structure
25  includes fixed number of contiguous, configurable bits. The method further
includes receiving a request to send second source data over the communications
bus, identifying a location of a breakpoint in the first source data, and arranging
at least a portion of the second source data within a second section of the data
block structure after the breakpoint, where the second section is contiguous with

30  an end of the first section. The method further includes sending the first source



Figure 1 illustrates a sinplified block diagram of a
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conmput er system in accordance with an enbodi nent of
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In the following description of the embodiments, reference is made to the
accompanying drawings, which form a part hereof and show, by way of
illustration, specific embodiments in which the invention may be practiced.
These embodiments are described in sufficient detail to enable those skilled in

5  the art to practice the invention, and it is to be understood that other
embodiments may be utilized, and that process or mechanical changes may be
made, without departing from the scope of the invention. It will be recognized
that the methods of the various embodiments can be combined in practice, either
concurrently or in succession. Various permutations and combinations will be

0 readily apparent to those skilled in the art.
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“memory access requests” include requests to store data within memory modules

25 208-211, as well as requests to retrieve data from memory modules 208-211.
Besides processor 202, one or more other requesters 204 could be present within
the system 200, in one embodiment. For example, the system 200 could include
one or more other processors, interfaces, ports, adapters, or other entities which
are capable of requesting data. Processor 202 and the one or more other

30  requesters 204 are referred to herein as “request originators.”
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Usi ng simlar termn ogy, nenory
consi derkore@ntbedtosut.sthe Hakbas 22this mpayallebbiud. Faargdample, but

menor nDduI s 210 and .2 are nsj ed .to_be
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remainder of this description. The bottom memory module 211 exists at the
25  furthest downstream end of the link bus 220, and the link controller 206 exists at
the furthest upstream end of the link bus 220. Accordingly, data and information
that a memory module receives from the direction of the last memory module
211 is considered to be received from a downstream direction. In contrast, data
and information that a memory module receives from the direction of the link
30  controller 206 is considered to be received from an upstream direction. Using

similar terminology, memory module 211 is considered to be downstream from



desired, additional nenory nodul es (not shown) could
be added downstream from nenory nodule , or additional

woreoosiogsenmdul es coul d be inserted at any ot her PEDURSL004/084475
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the tunnel (e.g., between or above one or nore
exi sting nmenory nodul es). In one enbodi nent, each
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e T
assagéditheadens i other motdcol information. The use of the term “data” is not
meant to be limited only to actual data that is stored or retrieved. This term is
also meant to include headers, other protocol information, commands, and other
types of information.
Figure 3 illustrates a simplified block diagram of a memory module 300,
in accordance with an embodiment of the invention. In one embodiment, each
memory module 300 includes a hub 302 and one or more memory storage units

304. A hub, in accordance with an embodiment of the invention, will be

described in more detail later in conjunction with Figure 4.



which it may access exclusively. Accordingly, each
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to link controller 206. In addition, if any downstream memory modules exist,

hub 302 communicates over the downstream link bus 312 to downstream
memory modules. Accordingly, hub 302 receives data from downstream

25  memory modules on a first part of the bus (i.e., the downstream link bus 312),
and sends data toward the link controller 206 on a second part of the bus (i.e., the
upstream link bus 310). |

In one embodiment, when hub 302 receives a memory access command

on the upstream link bus 310, hub 302 retransmits the command on the

30  downstream link bus 312, and stores information regarding the command in a

command queue (see element 412, Figure 4, described later). Hub 302 also
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the upstream|ink bus 310. As the previous paragraph
i ndi cates, hub 302 receives data fromat |east two
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Figure 4 for

ermbod et ol SRLHBRBDTI Gl ey BT ek bt e ol
as sdtd aaidetﬁe \dbﬁzhst&aﬁhdafm nad topelidelbetettthe Opdttéahﬂlnk bus 310.
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»-g(

merged and sent without causing significant data “gaps” on the bus, where a
“gap” includes one or more bits sent over the link bus without valid data, even
25  though valid downstream or local data is available to be returned. The way that
this is accomplished is described in detail, in conjunction with the embodiments
illustrated in Figures 4-8.
Figure 4 illustrates a simplified, functional block diagram of a hub 400,
in accordance with an embodiment of the invention. In one embodiment, hub
30 400 includes various functional elements, which are illustrated as distinct blocks

in Figure 4, for the purposes of illustration. In various embodiments, the actual
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Briefly, in one enbodi ment, hub 400 receives | ocal

data and downstream data, determ nes how the data from
w0 b@ssgsesour ces Wil | be nmerged together, and PeDUSZE$034475

the nerged data to the upstream|ink bus 452. The

functional conmponents of hub 400 are briefly described

in the next paragraph, in accordance with one

part i ' ' .
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enmbodi nent. For exanple, in one odi nrent, a data
b1 dBRFh e dor St EneSocal a7 dans B ngAg ovnstrean
”Drcg.ﬁﬂft H8We dtd ssGAMyIndEs BSESANEL MnbhbiiParBRle the local

bl o When data 1s to be sent on the upstream [ nk
busdatband thh downstseanf dathintel atatablarklstmtiueg inaesostance with the
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RGBS ALY SE R Dot W4 0ot DT 003
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| attogk strustuseis ssnbedihewpstreanhlinideuset Bl ip eleconBgutivg ingpager. In

I nt addf Ponl, Hﬁ‘t?g(% in@ﬂlﬁgse goncl)rfnand queue 412, into which the hub stores

information relating to received memory access commands.

25 The data block structure will now be described in more detail. The data
block structure (also referred to herein as a “data block™) includes a fixed
number of configurable bits, in one embodiment. For example, in one
embodiment, a data block includes 256 bits. In alternate embodiments, more or
fewer bits could be present within a data block. When data is to be sent on the

30  upstream link bus 452, the bits of the data block structure are appropriately
configured (e.g., by filling them with a “1” or “0”) with data, and the data is
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conti guous "l anes," where each |ane includes a set of
configurable bits. For exanple, in one enbodi nent, the
walados/0B8eeck i ncl udes a set of 8 | anes. The nunBE&r/USI004/034475
| anes within the data block structure is fixed, in one
enbodi nent, and each | ane includes the sanme nunber of
bits. In other enbodi nents, the nunber of |anes could
var f1.0 & Lf :
Fr oS PG 35 S TR ERg 2 s S insARORMCE (B O or
i n hb@Uirg bhskiochuftles, sledbtided It@). Each buffer 440, 442
represents a data block with 8 | anes, l.abel ed "0"
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S epc?)‘hﬁgl?o Wi dHE 8 wife dalf YanR Qi 16ad3e deh6f SmRBufdfe s For
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bits 32-63, lane 2 could be designated as bits 64- 95,

ancfdaneswouldiviety, landler thelpwimbgr oflifsgreadang cayldgliffer from lane to

224- 25 al t.ernat e enbodi nent nor,e 0rl~f l,an
cod@® oot R FrRRRaBT R Bewld Selimafif 2 e
jodatgy i agl, A0ubstetdned didiga BRck aMthasSlahvd) 14b3RES0” tHro0gher’, In

al ternate enbodi ments, |ane 0 could include the nost

si gnpsticeabitffass $40, 444 cpuld depepasete dufine oidbey pruld bg ghe same
si gnidi can 4, ' ' d
L PR 4 RS Ren i 16 et agpte
mandeeériptida. W | | be explained in nore detail later, the

| ane structure of the various_ enbodj msnti enabl es the

hub 400 Yengthe expurla §f acevdd1idata bisgk and R dangs 6T Rlgek, cach

| dat a_i.Si: ' .
s b RufTaalen e Aty hathebman ke bpsslon,
baslage prowd s dssighitedsds, bitsi3e-68) bargeX @i bedesignateddatbits 64-

f first d : . Q.. I d

donis EFESHPbOUATEES 7 BFgides Erur oS ik A 2ei DatioBats

av aldiRliRentS SR YR Gr f@vbr%te!sklr)ﬁhib%r&%ﬁp@ﬁﬁmia%apmaaenF&lr

to determne which data will be granted access to the
up séxaempie, kidate Hock autd mgludeys frav ad towgl lanesd dn athist alt&mnate

transm ssion .period. . Third, . a |ane fLl]li rocess i
2 PORALReR D RO e TR meSCTaiirons B AT TREE] chgia
whi igbruda i 1644 biBRifRak3R@! dri vaed versl8f teldit@@Kocated to each lane
transm ssion period. The lane filling process involves
al | wuidd bngllasated dr a mon-geduential amwer.guous |anes within a
first s eﬁg will be fexp aigg(} & Ilblgl%c(iétaﬂ later, the lane structure of the various
embodiments enables the hub 400 to efficiently send data over the upstream link
25  bus 452, when data is available from both a local and downstream source. The
hub 400 performs several basic processes. First, the hub determines when data
from first and second sources (e.g., the local and downstream sources, or vice
versa) are received and available. Second, an arbitration process is performed to
determine which data will be granted access to the upstream link bus during any
30  particular data block transmission period. Third, a lane filling process is

performed to identify which lanes will be utilized by which data during a
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exp r gL ur,
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47 Ounif )4 2qeled bt GM‘,lRﬂglﬁd 3. rmmﬁerma&yl&ham thamstat data is

| ocal. and downstream data_could be buffered regardl ess
of %iHeT Blageking a Inepk data butiey 410005 1s Fetechio 3 laediBdirougy path
(fullyy describing the | ane-packing techniques of the
various enbodi ments, the remai nder of the description
assunes Tln@diommdtxteaml fytisouglcpgh 472 ang thedodad flytheudhusath 470

and t hat_. | ocal ata and downstream data .a bei ng
t enBMEES 15,00 YRQFIMANY Faen B QPWH%EG&%%IP%%? datfdef&ﬂl&/%’ﬁem

t hejndouASHASAIABE AL 1190 of #feal dBSPERLIM B! dnd \ﬁrﬁéﬂlﬁta from
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data is being received fromthe downstreamlin
470, 472 could be excluded from the system, and the local and downstream data

could be buffered regardless of the state of buffers 410, 420.

In the interests of fully describing the lane-packing techniques of the
25  various embodiments, the remainder of the description assumes that multiple
sources are vying for the bus, and that local data and doWnstream data are being
temporarily stored in the local data buffer 410 and/or the downstream data buffer
420, respectively, rather than being routed through either flythrough path 470,
472. Accordingly, data from multiple sources are assumed to be available, in
30  much of the description that follows, and the multiple sources are vying for

access to the upstream link bus 452.
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454, a downstream data strobe signal 408 is sent to
the downstream arbitration |ogic neans 422. Assum ng

W0 bas/osdse0 downst ream data i s bei ng placed i nt oP€TES2004/034475
downstream data buffer 420, a downstream buffer status
signal 467 indicates that the downstream data buffer
is not enpty. When the buffer is not enpty, the

downstream fl yt hr ou ath 472 is .

ar b ¢ r a7 oS 2aB T BotE ko donk B bop RHEiEh LR B
genek af ddiehst et HabCHRBS siphUDStis sefb enthe e walstreans bwbitbtion
408 and buffer status signal 467 indicat g)@t, hat

dovwei¢ mears 422 Assymingihpiabe dowpstrramsdat SReEis Rlpged into the

upstream| i 452, E i .

S A B .5 S B T e
5t 0 thd@viiitresm St aefea idndt emptyo Wheatie biffer isitve empty, the

downst ream r equest asks the inter-source arbitration

nmedawngrent ByRreush neHet BowAet ¥€8m arbitration | ogic

means 4 ' k t

upet r cam B RafdrElo R sy ASTUER s b oy generating o

si ®as anessrehnesal Wiehahd datbstiaby 408 eei butfef stairs sgnalrdp7

storage uynit(s) 402, a ] oca ata strobe signal 404 j

et TP btiea ot RIS S HaRTG Dpiprodi fink Bus
10/ 2470 d5®g§t¥éaﬁﬁalb%ﬁbn G5 ArrefinsRBDNEN B AESHIREM refRest

| ocal” data buffer 410, a local buffer status signal

A7 Bignahaibeke intatsottve attoirationdacansigd pf dhe downgfreagnyegyest

When the.buffer is not enpty, e l.oc flythr S
paehksipe e-seiree S lotipb ERmEgtE BT he foidietidpivarion
414,40 6lcHAeHNRINSVilOits AERAIRENGtBoDS UPSEESS link bus 452,
request. \Wien the data strobe 404 and buffer status

si gnal &tmilanyicgahe lachbdata gda wheatlecal datgjabeing recctvgd fiom

sent over. the upstiream!link: bu ; | .

55 BT T AR B2 38k s e o
Si GRgtraonliogR thésidnt e Assimkifhg had il IbeAdatris beiap plabddinto
Simlar to the downstream side previ ousl7y, di scussed,
t hahe loeall dafaclopfées ¥ Berlocalbatienstatus signpldy 7dpdicateathebihe local
nea o_al t [ ' '
i1 R SRR R bRl | Wfich B HurRE R oh BB AL A7RAOReh path.
452:70Ace@ndedigl y, in one enbodi nent, inter-source i
arbitration means 416 . receives rﬁg ests 471, 461.to

20access tHEkAIRINAGH SR Wef“&fgﬁ TR 45BEE"S for gsgFiating ahus
414, and dougs W%&f?h@ﬁ?ﬂatsfr%é A0 AR FEBRARS sfb#dl 477 indicate

I nter-source arbitration neans 416 includes a neans
f orthatdédah data idstailablic tabé smt oferibewpstreaindiodkl buadd2, the local

arbitration logic means 414 sends a local request signal 471 to the inter-source

arbitration means 416. Similar to the downstream side previously discussed, the
25  local request asks the inter-source arbitration means 416 to allow the local
arbitration logic means 414 to provide its local data on the upstream link bus
452.
Accordingly, in one embodiment, inter-source arbitration means 416
receives requests 471, 461 to access the bus from both local arbitration logic
30 means 414 and downstream arbitration logic means 422. Inter-source arbitration

means 416 includes a means for making a determination of how the local and
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15downstream data will be sent over the bus.

Accordi ngly, when nultiple requests are pendi ng, neans
wd 1@5p8866@r ns an arbitration process, and granPGI/HSWOEB34475

to the local or downstream data. Neither the | ocal or

downstream arbitration | ogi c neans 414, 422 send their

data until they have been granted access to the bus.
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st dodal pr dowgzstrgamdatahi n t he | ane structure.

| nter-squr 1t
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Specifically, in one enbodi nme urce
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i nt%ersource arbrtration means he predi ct ed
| ogaé h& sedrct lieuld sak pioidata, wilfhm thm taea sammme Inter-source

arbitration neans 416 then. es th cte

" ocatiraon BeaBy U HR AINGr BOURA AP e B deifteam and tocal

St fa&‘@wﬁ&l %\%ﬁ%&@fé%zﬁr@l@t@@na‘%@%@@eﬂéﬁﬁmﬁﬁ&hn to insert
exa clarify this concept. The

ex anpl e Sptetléicsll}alus on¢ embodjment, B somm that is| grepaied agosss tgrihe

Rl LA ol BT Yl e e

' nts%ﬁféelarﬁiirafdﬁ Iﬁbﬁﬁaﬂw%@&leﬁ;ﬁ%ﬂé@ 1<Loaﬁen gaihe bﬁwpains The
508-515 w Il be discussed. The other signals shown in

Fi gotee-s@iros anblttaéma ineesns 4 beithen mags. thatipgertifted deation to determine
repr esent | nterna cl

SRR e bR, 1BF il o <o bl SesB o fpset i
Wlt(ﬁtd’l whi ch each data bl ock is assenbled. A
processi ng perlod refers to a period of tjine

whi ch a A p¥sneple st claride i congenfe e @aammetrﬁfezﬁgq%so {0 Figure
FI t i i
0T DR LB PR PRSI Aty B0,

| Or@lﬂfodﬂhelﬁfwltﬁeahvéﬂﬁ@n dmieiafly)toatyniak inttimakclogicsignal 1562 and the
the given exa t he_data bl ock i nc| udes |.anes.

20an dalg%‘ﬂart@ Sl@’éftlggﬁ)gﬁ &% %ith Be ﬂemﬂ%ﬁ‘ef oot %Fnsé@lai%*“'hown th Figure 5
[ nd\bﬁlaéeecﬁs&%seld"’} data signals 508-515. During a first
pr oCeéssi ng perio 540 data is inserted into the |anes
508-5 5 Sibndllse2 d@resebtsamkmternal clock signal. The internal clock signal

is used to define a “processing period” within which each data block is

assembled. A processing period refers to a period of time within which a single
25 data block is assembled. Although Figure 5 illustrates a processing period that is

one internal clock cycle long, a processing period may be longer or shorter than

one internal clock cycle.

In the given example, the data block includes 8 lanes, and valid data is

available in those lanes as indicated by lane data signals 508-515. During a first

30  processing period 540, data is inserted into the lanes 508-515 of the data block

structure. Once assembled, that data is made available to the bus. During a next
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structure. Once assenbled, that data is nmade avail abl e

to the bus. During a next 16processing period 542,
waledosmsssnt data is inserted into the | anes 508P&IL/BSN4/034475

the data bl ock structure, and subsequently nade

avai l able to the bus. Further, although the

relati onshi p between the various edges of the internal

d;gogokcg%%n%Pﬁéotrcp 5%25'%3* Sc%t %ata 1f %s%rlt&ﬁlelgndtgg ?Qne@@g&tsli]? of the

'S 11
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contert 2P8 B HERnERAL KAGALLAR5 AR Eateand otmer signals i
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t r ansactlhone embbdinteat, migattiate nofmdyytascdss raguestns m1dered a
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e wdth of a

tot | ane. For exanp e, if a transaction
i nakanipke, 2 Fendictien cand beag thartase sizglgbithirtastransagiontcqulsd be

t he ans ti ul d be, di.vid

{1 VLRS! oK facal o beiehf e Shfestel Rt nitppapsaciion
f oris fetfnad §§§ tdt %@“ddtﬁ‘ﬁﬁ Bfits t’ Qyitioeidh lﬁfagmtehﬂndl@tlﬁlg afumber
header coul d be of né eng th. In the enbodi nent

de s bitts ght bettresponds th rdﬂ@ ohs limes Faexasinde. t hafagsaetion
oGRS PRt Byt o B oS R e

whi Gi¥idad i@ e datal flaghthts! et Hedletnkipbe san hldﬂgawﬂﬁﬂieldam for a
In the exanple illustrated in Flgure 5,

pr Jreasaiting, lpaequiqsdo si&etlfyt the defiar <% @é?raC%‘éC? h@of ahy length. In the
L BRLREASH A5, SR TR ERECD e O

] ev(ﬁlibrfelfrﬁi@ﬂﬁﬂérﬁs (afhehchir abuldai)asumdfunoi‘a thae osdlane, drra protocol

| anes "1-7" 509-515. The synbol s Iuded in each data
0B e fﬁ’fe‘tslillé%éh?%qe? 00% gt e Tor.qach frapsegtion.

| ocal Fock& d3u8; th
Lo nndhe Bl OHERIES HARYR S AffThg Bloct QI FHOASUR; the
i ndirsedatsbdihg trdmfa’rédmg]mdeﬁt a meadbeF S0 lncatGI:len lane “0” 508, and a

iﬁg’uﬁ'ﬁt& artiv abloes et iriing Sk s Ragmeieoblzedl el piich ar
Pwill in G4HEl RO.7P506.63S1 THe E’ﬁﬁ‘ﬂ)&ﬁjlrﬁﬂﬂe& A 6RARAAIIVERpE are

Irst tragnent (DO of [ ocal data( for the
» jndicates downstream (or

251 ocapresented as follows: “L” indicates local data; ©
remote) data; “T*” indicates the transaction number; and “D*” indicates the data
fragment number for the transaction. Accordingly, the identifier “L_T0_D0”
shown in lane “1” 509 indicates that the data within lane “1” during processing
period 540 corresponds to the first fragment (D0) of local data (L), for the local

30  transaction identified by “0” (T0). Similarly, the identifier “R_T0_D7” shown in

lane “1” 509 during processing period 544 indicates that the data corresponds to
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transaction identified by "0" (TO. Simlarly, the

identifier "R TO _D7" shown in |ane "1" 509 during

w@r@smswbng peri od 544 indicates that the dataPCT/US2004/034475
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corresponds to 17the eighth fragnment (D7) of
downstream data (R), for the downstreamtransaction
identified by "0" (TO. Because data fromthe | ocal

source exists i e ne structur ' first
or ducSefthFisdant @ Sas PP s Rl Wl o idabd

| Nt@hsRAYR SRnAKRE by abt oiv)eans (416, Figure 4)
previously granted access to the bus to the | oca

. |
sour ce. Basansealaid fromtthelosd sewimskists in ke lape strucdyg dugng the

had. ei ght data f ¢ ) oo
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entshoivmembe patdinflawan{( ering thal scoondipwosssingperied 64 2e

can be ed to fill. t remaj.pl nes "1-7" for.the.,,.
cecond pigceddtiys ebhiaesms b, 18.b7 Rieal o pfabOfit in
| NYEE 108 QWoRR b, 1T1RS bRAKIHRRSirciibS wifhi tHebEgifling of lane “1”
granted access next to the downstream source (R).

SpedPfoif tlad degond precessing peried it olrans anehodimernd fromrfhe

data fragnments (DO throughD ). .t nd_duri [ £ Seq T

Cr Ao AR e St B ek uEBR CernthinR ks 1 Rk e
beg;:bggﬂdggoggssihg@%&ﬂgnsog of the second processing
period 542, the header can be placed there. The data

f r agmentls thee3apple, ke infraisewrce artbijatigianeang (41, &igure 4),

"R_TO e 2" f cepd.; essi

o8 ieLacsebhend B A falschit (5 SR RLAGEAR dBngtream

1; Osttdfme bHEos ﬁS@deﬂ%n_?_gﬁig%dl ﬁaég&xh enh&o(g)ﬂ%ﬂ%%ﬂmsmo lséndtd(ljneing its
ata fragnments DO t hrough . _ are aced..in

| arfizst tmaqslront(ﬁé)g%%%ﬁ%? the B@égecrlﬂﬁo%ﬁ %@%ﬁﬂﬁ*}%ﬁ lane

dur.d;n ' j '

por t 990 P URSRELIE BOORERE pBESE Bt edder AT PRICEA Rlerc

fi rite Iseditd fragméntt fdloskg aindicatdd bt the atdicators &RATA_DO,” in lane

g g (r:“:g:’{ 3?@ g% fl}%gﬁtqgg;drlg{an%eassiﬁg %grri]gd § l,J Ehcrguéhs“Ig_llaOC_‘f)dl 5',’ inqane “1”

509 of the fourth processing period 546. Specifically, 6 of the 16 data fragments
(R_T0_DO through R_T0_D5) are placed in lanes 2-7 of the second processing
period 542. Thus, during the second processing period 542, a remainder portion
of data from a first source is placed in a first section of the data block structure,
and a portion of data from a second source is placed in a second section of the

data block structure.

30 The third processing period 544 is consumed entirely by the R_TO

transaction, and no breakpoint occurs during that period. The breakpoint of the
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data bl ock structure. The third processing period 544

is consuned entirely by the R TO transaction, and no
whe@akpsssmt occurs during that period. The brer&KpoBs1904/034475

of the 18downstream transacti on does not occur until

t he begi nning of lane "2" 510 of the fourth processing

period 546. After the downstreamtransaction's

or g%ﬁ&q{rgan? g%nsz?% %rg g%egrﬁ%gécr]ﬁ%r %#fgf%% : gl,q ﬁQ 8k ?a%@l“Z’d @i@of the
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processi ng periods 546, 548. As Figure 5 indica
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tha, 1 AnsSe s Jg Sl &J@Hrfgo Cg:?ﬂ&ﬁalscﬁa%gcl@@%s?ﬁssﬁ& Beriod. This is

downstream data or data) can be placed in the
r erpirtidutgly ilinsitdtéd deihg mnwsmg\pcmdﬂ ié@lasyxd 546t I bine st

source (data d secon sour ce dat a ent  on

SRS QA ) SV (e G, R PG 036 wil
1ot I %ﬁmrﬁéleeythaﬁ allg@ithe'iaﬁéé MBRHAR Frof@Y sedont Sbuse W.£€

data Is placed in a first section of a data bl ock, and

secadowchseam detaghaeral datp) caodg plaved insthe geraing u@wﬂmed lanes.
t he, dat

noxheepiteetyu it Ao g 35T RO ey R B BEadh o e
Thi 8,s@Birh iihY bﬁ@dﬂhlﬁ%@&ﬂg& Aafa EBK BrtnkmtsRgRYi0E € Said another

within a sane dat | oc provi ded by the
enboall, feviseuise detass pho@maofrrst seelson of 4 ¢ty blagkemd second

15 lt ﬁés%ﬂfc%lg g{} gag%%{nea{ eﬁonaargegtlgﬂ]péf; a?%ﬁ‘% blféélgf l\?&l%{é ey s&fond
emhyelidrEthtgins! dt U Sk et viictHs gufitgubusinith the ﬁ/rsh) gection. This

described 1n nore detail in conjunction with a
ex APt 1o plage data from myltmlgspueces Wlﬂm 7 Aegne fatapy qeé,eq as provided
pr I

Pl GRS RS RAIAL A0 ARR 1 RIACANBAL, Wridhiaom
av adriddhdreassy utitigativhatf ¢heolink he Handwidtidat a si gnal 504.

I n addi tion, dovvnstream data aSﬁom ated with a EI rst

20downst r eHiR AeEHeR A taerpbqdimgntyllystrafed n Fagurg 44 L Romabe
av adés%ﬁc}eﬁ iR ¥ndrd ﬂftﬁﬂ ) gorié&nctuGﬁ vARVWAS E}Ezﬁ"ﬁﬂb qiﬂﬁs@ra&'d ghal gure 5.

506 erring a Igure 4, the local data signal

504Durdng ths m'mstdmodessmglpenod 540, local data associated with a first local
transaction (“L_T0”) is indicated as being available by the state of the local data
signal 504. In addition, downstream data associated with a first downstream

25  transaction (“R_T0”) is indicated as being available by the state of the
downstream data signal 506.
Referring also to Figure 4, the local data signal 504 corresponds to the

data stored in local data buffer 410, and the downstream data signal 506
corresponds to the data stored in downstream data buffer 420. When local data

30  strobe 404 indicates that data is available from a local source, the local

arbitration logic means 414 sends a bus access request 471 to the inter-source
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data stored in |local data buffer 410, and the

downstream data signal 506 corresponds to the data
wa@t@sesBesh downstream data buffer 420. Wien | oREl/USZDH034475

strobe 404 indicates that data is available froma

| ocal source, the local arbitration |ogic neans 414

sends a bus access request 471 to the inter-source
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arblﬁ hlgne 416 uses various criteria to

det® g™ ik " be granted the bus during any given
spr ocessi mrmeﬁﬂce drbilteoh edre 416 asgsoariandiritest iodetamans who
416 deci des toeg;ugnt the bus to a parti cul ar our ce

i t wihepsgrantgg gh Kurigg gh% BIVER PEqssssingReriod. VERgn inter-source
exa {tl%tlof’i‘fhegﬁsg#’lréede%ld g% %ﬁhﬁﬁe bhd® 4 éul?xagoﬂréoﬂ sends a

(L_ rst grante Acc
I ntias-gatsipaabolhitsaticon Foranampld Gs § EgdeSS mdmwesg tlmeribcal data
signal 474 to, | ocal @rbltratlon Iog{c nmeans

one> Yo dPhis dirst arpded the béllsaé[ccgrflﬂarg 1rg§r4squ§cesegmtratlon means
1duray etha Gﬁsogrgﬁt%hg}gu Bel {Pdcd rérﬁ&ﬁhﬁ‘dh fopR H&Hna 40| In one

act ual I'aced Tn the data block (e.g., processing
peremlmbcﬁmel)t thh bos gent sighaddi/densen) durtieg @pg@esmgp@mﬂ ia

e urich i ot S Eahalt B PTARATS R S8 P el PRrios
| ndi gt @f otheiesRbdddaent Ut BighaluQvuldideakntedaitlsasprieas

arbitfation Igézjlc means 414 to know i n whi ch [ane the
heapgtecessinggatiod.shoul d first be placed. In one

enbodi t it?9he{%505ﬁé&§ 5‘%‘}? tornartnéé)nrg 4'18%”1§ds ajﬁqsﬁfeo?lqﬁdllcator

Bihis in next l'ane in

475dets@m£éaqahh@frﬂéldw ahatcenalblegloealrwlaﬁau&mgld mMedrlRet14 to know
exanpl e of Figure 5 the "next_ lane in" for the first

pr ovesirnlpnp éhel heade 4y dpta shawe firet bea@@edA@t eReFAediment,
l an, I%ter %omlcg aﬂ)ri]tgat o%r}ﬁedng 4E6 \Qﬁld‘ﬁ ik ﬂfﬂléaﬁg n e%ltrﬁ %% h Oext

neans S ansac I on

dat ané thBenal 4r5ed. locLetl) @ﬁhtrﬁ[dml lbglatnn@ﬁs hopi In the mﬁﬂé@f
then arranges its data so that the rensini nes‘,‘

20 hellignyesy, thy Sesklaps” Jar the dirsf Mocrsineg paiad ﬁ‘ﬁ%éa afjet 99508-
dat ﬁg{o&&ggﬁﬁ ane f‘@‘ 18 tflec‘lafn Ermb v‘;hﬁcﬂﬂ"ﬁ@ﬁ;c'ap Sltlla'ﬁoﬁ ic means 414
enbo arrange

oca out put neans recelives a
si genakesA€héadentar its adansactivt datkitobe plagéd meaharbitation logic
whi r(rzlre]arisnéﬂlél%}?etneasrratnggs 1r’c]se c)l(afta soa Hlat the rerﬁarumngqanes of the first
processing period 540 vs)nll be filled with data fragments for its first transaction.
25 In one embodiment, arrange local output means 430 receives a signal 476
from local arbitration logic means 414, which indicates the next lane in. Arrange
local output means 430 then retrieves the header, if one is to be assembled that
processing period. In one embodiment, information to be included in the header
is retrieved from the command queue 412. In addition, means 430 retrieves the
30  data, from the local data buffer 410. Arrange local output means 430 arranges

the header and/or data into a local pre-transmit data block 440, which has the
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| ocal output nmeans 430 then retrieves the header, if
one is to be assenbl ed that processing period. In one
wepiwsasssent , i nformati on to be included in thePOIHES®04/034475
is retrieved fromthe conmmand queue 412. In addition,
means 430 retrieves the data, fromthe | ocal data
buffer 410. Arrange |ocal output neans 430 arranges
and/or data into.a

the, h t s
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pr edhgildted m@mdmrﬁmm{p@e@amm bashad dndamivledge, by the
arbitration | ogic neans_414, of the transa%tl on size

wh.lewl \nd@trﬁr%x/lpélﬁéwngéb‘i & the{ransaction iaen  NifletRs Dygously
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t r anesms wil o predidis tedbrérkpointrixiiic rrd bf theentiratrankadtivn. datsother
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I'n one enbodi ment, if ocal arbitration
I og:ccunmuarrfszvmaeﬂqufomdh@emi oftthe databr eakpoint will occur

vvithint e nex om esi er.i od
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S engi gk ikt Ol ocBira AR kY ndx D Bpomtiag pfdceealg pefidd! ek |Ite
inter-source arbitration neans. |In addition, neans 414

makeakeaaninditaionithat the brepkpoig seitliospurdty sending radoqﬁ bregkpoint

dat.a ta

o ok e 75 Bl oSSy I on, s
of Aaehkesiad ifidi€atlo e tised Iobeionrof the difl dﬂtbéi&lalﬁ)lvmhmnﬂhd data
occur. These signals correspond to signals 526

n
20524b10¢1ﬁStF10§H¢ elmsonereahodimenfethis 1s dang lwéseélséwnén%mator 473 of

p 1s ot
Sy ol B RSB ons
f r agrgmal 260mD324, 1ﬁllFYﬂg11ré1 GSreBﬂiecdeélyr m nes that it wll
only need to fill lane "0" 508 of the se 9
processi Iailg e example of Figure 5, the local data arbltratlon ogic means 414
knows that its transaction size includes 8 data fragments (D0-D7), and thus it
25  determines that it will only need to fill lane “0” 508 of the second processing
period 542, in order to complete‘ the transaction. Accordingly, local data
arbitration logic means 414 would determine that a breakpoint would be
occurring in the next processing period 542.
Using the local breakpoint signal 472 (Figure 4), 526 (Figure 5), local
30  data arbitration logic means 414 indicates to the inter-source arbitration means

416 that a breakpoint will be occurring. In the illustrated embodiment, this
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period 542, in order to conplete the transaction.

Accordingly, local data arbitration |ogic neans 414
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in the next processing period 542. Using the | ocal
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aval next processing period 542.
ex aﬂpd;tmtesl, thestexloesal, lanchagnab£73,1584 abulldanaerysal “dﬁ ’almdwmqg that

524 coyl.d carry a "1," |indi at|

o 1FS0e SRR i hevetenln b el et e oG sofpe p Branted
SOUifs Gicbess TPt oREhr RS odEERS She hdkt Bl AQE si@ARICHTBNEIY could
the next local |ane signal 473, 524 could indicate

whi iotichtarvéioioland woakd sariyithe lagkiragmen ob deta §or thacurrensr

o e S L

| oGk nkanecas l3Ralgndll 873, 524 woord dngar iy’ mdicdtifig that lane “0”
I ndi catlng that lane "0" 508 will carry the | ast
f r afivewidl Ca%db@bétﬁm%xt | ocal |ane signal 473, 524

| ndi cat 65 LN g 3Rk 1601 MneidnffVPrs, SHEiIAHIRR O facklify e a

that cou %ca e used for ghal™

s uflbhd itleniiurhicer Bikéts thacbouddibé ﬂﬁbdcfat thesignh A7) 524 is sufficient to
enbodi nent that uses 8 | anes,. 3 bits- of |nforrrat| on or

20, raakecih an pdicaion. finan eRBodimghiihalisgs 8 danes, 3 piis o
L L L
i nf or mat inonrivhatltenab kmbodintentsdmt@rsoirve avtkigtter maans 416
g;gcak O gctalfv%mg{ lebfyéggé{ﬁn r}nralltelox? tehx etable it 0 équmﬁne W%et’her a
breakpoint will occur in the next processing period, and where that breakpoint
25  will occur. Alternatively, inter-source arbitration means 416 could make either
or both of these determinations ixtself. In still other embodiments, an arbitration
means, 414, 416 or 422, could determine and indicate where a breakpoint will
occur, even if the breakpoint will occur during a processing period that occurs
after the next processing period. Numerous alternate embodiments could be

30  contemplated, and those embodiments are intended to fall within the scope of the

present invention.
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will occur. Alternatively, inter-source arbitration
means 416 coul d nake either or both of these
waoledosiosion@at i ons itself. In still other enbodi MeREEt/ES2084034475
arbitrati on neans, 414, 416 or 422, could determ ne
and indicate where a breakpoint will occur, even if
the breakpoint will occur during a processing period
t hat oc s after the next processi i od.. Numer
o S b o8 37 Bl eR via N o
e m%%?ée[ﬁ?@frﬁ wafl Be loBEeRAE th he nbal grod¥séibg Peridie54%; oRanOf16 may
e

the present invention. 22Wen inter-source arbjitration
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next, .perd o 42, 1. I QUL .
IR A e e o S DT
busa d@rdihdydiawrsbieaatdiaitionSe 1R sEJs, a busi grintaigal Hadito
a pending request fromthe first processing period .
5 4GloWAS R RIFRHO N ISEEE e BrOPPERRORBRC i Sigpgl 464 is
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sem64diguidig sehé eatiened. phoingskd figt pecessthgeiod ISA0).
anot her enmbhodi ment, the signal 464 c d be send. . ..
earlier I(lé‘.dél:tl,olndlé?ﬁrﬁﬁu’icﬁ @rb?tireﬁqn preoe gié is?fﬁiesﬁé)rolsglé’n indicator,
54Q) hich Bn AU dovRiredrd bt SRM6 Sic Ridahd 424 100oRERWhifH fane its
sends a position Indicator, which enables downstream
ar tiehdertor datalsbgild firstdheplared. Troonermbadiment, BHeSQHECS] t S
_header or data ul irst. be placed. | ne o
150 ORI epeR A1 B P BRI R SO g da signa
t hi &5i 10 doGabt@mh Abittdien GfionRind 402, Meetnekange iMsighLgaab

465 to downstream arbitration | ogic neans 422. The
nextouldaimeluile a §laga adenti§isr, twhich is preinirpst gumberrdentifying the lane.

identifier,". ich i i ] . ' i

e St B i e Wk B9 IR SO S
exi it |ape i ddnfifleRe ol Rl 18 the tkges himbergtom Ohe7) a&nether
identifiers could be the i nteger nunbers fromO0 to

7.
20l n combsimenthodiibawnber vathip {h Cilire (- # ABMBg: fom 0 to
structure : Qr i
S ASU ot RS ATt BB BBl
| ocptilgRimtotld®eesakpoi nt coul d be sent. In one

enbodi ment,. the next | ane iq si.gnal {ﬁ? corresponds to
t he nextln one embodiment, the next lane in signal 465 corresponds to the next

local lane signal 524 sent by the previously granted source (e.g., the local source,
25  in this case), during the previous processing period 540. As described
previously, the next local lane signal 524 sent by the local arbitration logic
means 414 during the previous processing period was a “1”, meaning that lane
“1” 509 is the first lane available after the breakpoint of the local data.
In other embodiments, the next lane in signal 465 could be a value that is
30 based on the value of the next local lane signal 524, although it may not be

exactly the same. For example, but not by way of limitation, the next local lane
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| ocal | ane signal 524 sent by the previously granted
source (e.g., the local source, in this case), during

W h@5/088560 ous processi ng period 540. As descriPEDUS2004/034475
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previously, the next |ocal |ane signal 524 sent by the
| ocal arbitration |logic neans 414 during the previous
processi ng perl od was a "1", meanl ng that lane "1" 509
is the eaall ert kpoi nt of
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was | ndi cat during processing period
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downstream arbitratio ses t
hed <Pl PIReE e R a 1 4F TG VB i agents o it first
tig@m arbitration | ogic nmeans 422 then arranges

ata so that the remaining |anes for the second
pr ocessi @ng:e;jhev pradt 54ssued td ddyensfrearh etbitniticn lggicaneans 422, it

a for .its fi.rst, transaction t he ant s

51 < QUBhoE Sheiakatee R ahS Ay TLOREo et s B8y SlB g badea
pr e 161018428, By @R kiBRinBicadl arbitfatidAliGeic hea@i22, of the tra.nsactlon
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th glmwhmhrvwmrwwﬁy stpre@nn nltﬁgqmm@meng 412.0fn ‘%ﬁ éllustrated
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complete the transaction.

Referring to processing period 542, the downstream arbitration logic
means 422 causes the remaining contiguous lanes to be filled with its header and
data fragments. However, because a breakpoint will not be occurring during the
next processing period 544, it does not indicate, during processing period 542,

via the downstream breakpoint signal 462, 530, that a breakpoint is upcoming.

30 Instead, as is discussed below, this indication is made during processing period

544,
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it wll fill lane "0" and "1" of the fourth processing
period 546, in order to conplete the transaction.
wRedos/08860@ t 0 processi ng period 542, the downsSPCBEN004/034475
arbitration | ogic neans 422 causes the renmaining
contiguous |lanes to be filled with its header and data
fragnments. However, because a breakpoint will not be

occurri during the nex essin ri 44, it

doss. not Dy piapes P ARl S JEE SR AR 4Bt logjg means
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br eagpd 598 of Siewrampierod Figune adiai¢ates) thedreakpbing smil occur in lane
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dowds trL8al¥ing e opg grocagsins peyd Hfie | ocation of the
100" €aKpOol {ien é}?eﬁﬁ%&e&&tﬁﬁ DHehRAMel ARG QTR SR 9§|9) that

t he exanple Igure 5 indicates, the breakpoi
oc culbrealpdimtrvell't2"ocburfing un ihegrekhproteaimgpepod 646,3neags 416 may

per| od 546. en inter-source arbityation neans 416.
ot e 70 12 b dhle B3 FOERAL S (BF CORPOTAR SToE> e
OC ClififehNEkadnth16)8 tH8XSthEHsOERE $.8)AhB B5daPsbudf in B 20 erit1 6
may decide to 'grant the bus to the same source (i.e.

t hesxdoweidusagthenextperiadr546h dn dher exampleoligiue)S, Biterspurce

t : iy the | I i t .
o ANy OBUPE A4S HiEosedn EFpL AR Ry 15 pila B8 (ROF L Bt
Fi ghder fondindtrequesPi6mehasdbhd plocingetiod 562 dFhé gR%edsthen
grant the bus to the I ocal data 506 (R _T1), which had

a promtinwes tp sepeetitself om t he second processing period
542. The PaRESRa {ﬂnﬁlg lggﬁtah{”rfgt?(?% lﬁg CShERk 4'1&%.1"?(11 ga\xhasg%egm

di scusseé above, Tocal arbi 0ogi C means

dowibitfadiafiapi binkaat420mrlange theirelatasodRa the fanegef theata block,
data so that the |anes, of the data. block, for

20gi VISR Y BYER BIATESSHERHad. AP coertheiitadyvith pithey _1%2 oF
AL, OSSN, 0y e TR el
of the second processing period 542 (Figure 5).
Arrange downstream output means 432 receives a signal 466 from local

arbitration logic means 414, which indicates the next lane in. Arrange

25  downstream output means 432 then retrieves the header, if one is to be
assembled that processing period. In one embodiment, information to be
included in the header is retrieved from the command queue 412. In addition,
means 432 retrieves the data, from the downstream data buffer 420. Arrange
downstream output means 432 arranges the header and/or data into a

30  downstream pre-transmit data block 442, which has the data block/lane structure.

For example, if the next lane in is lane “1,” then arrange downstream oﬁtput
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of the second processing period 542 (Figure 5).

Arrange downstream out put neans 432 receives a signha
waa@sfosssno | ocal arbitration |ogic nmeans 414, wWhCT/S2004/034475

i ndi cates the next lane in. Arrange downstream out put

means 432 then retrieves the header, if one is to be

assenbl ed that processing period, h one enbodi nent,

informatiqn to. be ipcluded.in the,header is retrieved .
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t he4d(rtankatcdssemblymhaant 45 Dot asdfentbirenieassd 50 includes a means

pre-transm.t data bl ock 440.. In order, to nulti X t
Gt B serbline H G e bR Eout o rn 1Bk ghs 432
| Nt @LSOLIALHRER IhARLA PRAE 416 sends a

"l ocal /downstream sel ect” signal 460 to data assenbly

means 450 orPenzbodisentpthy laveldvarbgamselegmgnad 4@ srssignal

for, assenbl i t.he data and sendi,ng the data over t.he

13RI TRt 45t RorRet R Ll DR et g G prock
per §tafturé. NIOME oBRRMANEIR! the IR/ GRadticdpVMRELT §aRAISIBD &Cin
signal 460 is a signal having a nunber of bits that

c or ¢iglgvidignal.ovhare exlriegoriespanga s a famet thiea bihisanis) Felstate
Ln.the,di |
So! G Dt mal il AoMER S ABleBry R A0 ORI ERD

bi t d#9FHASH BeiSesponding &me of tHe lacddipte-iransntit dath bk 440, and if
state (e.g [ indicate to the data assenb

2 oS DHSO eaeond SaiabiEd 1t PRGAGIGHA Bt D6 GrisBoud b
o PRI Rk NS Rb r i
1) ,44% oreigeivadbcat e that the data shoul d be
For example, assume the most significant bit of the local/downstream
select signal 460 corresponds to lane “0,” and the least significant bit of the
25  signal corresponds to lane “7.” Assume also that a value of “0” indicates the
local source, and a value of “1” indicates the downstream source. For the second
processing period 542 (Figure 5), the local/downstream select signal 460 would
have avalueof“01111111”. For the fourth processing period 546, the
signal 460 would have a value of “1 100000 0”.

30 In other embodiments, which bit corresponds to which particular lane

could be different. In addition, a value of “1” could indicate the local source and

26



retrieved fromthe correspondi ng | ane of the

downstream pre-transmt data bl ock 442, or vice versa.
wo-o0050380pl e, assunme the nost significant bit PET/URD04/034475
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15IOlr Syl cﬂ%ﬁ?y Bl qe |86 e%?}éérr%g(w ﬁgaég}dhh@‘fh@g@( BiR%lock

opeuoat(hspeatte at 4 freqprenty agthe Gigahichia (GHIZ)?raIngd?l kThemtarhaiatock
and the |ink bus clock frequen i s approxj mately an
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b | t t f inth
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frequencies, as well. n addition, the clocKs coul
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perlocrfy‘a Wiitte a data block transmission period could be one or multiple link
bus clock cycles long.

25 For example, and not by way of limitation, assume each data block
includes 64 bits of data. If the link bus is 32 bits wide, then two link bus clock
cycles could be used to send one data block. In this example, the frequency of
the link bus clock could be two times the frequency of the internal clock,
assuming that a processing period (e.g., period 540) is one internal clock cycle

30 long, which may not be the case. For example, if the internal clock is operating

at 400 MHz, the link bus clock could operate at about 800 MHz.
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Each link bus clock cycle, data provided by data
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clock cygcl.es I For .
i ac ) oo andlihoadels HAPROE sRRN ot VRS Bld e g
datgys it 6 bliewlidentheRus link b3 click %ydlfesd@)uld bensddwe sbmch(kne data
bus cl ock cycles coul d be used to send one data_b

| n blhgls Ascondingly; ¢ wagkrd@éa}éﬁ@ytr@?rmwn pesiedpyuld beéﬁ i
t)
CPobl AR TR 1 0 LGRAEISY seludhpf B iUhs o o
5540c)e 1$tnee§thle rfteqnm:ly of leciktetyad el ck 0 Bgr emlrripdds; iﬁﬁ1¢ imetnal

be the case. For exa nfernal cloc S

o oIt s gpaiing e ARz, ol ko ook FRUR CpEUIA GHer LS
at éEQUt 800 MHz. 27Usi ng anot her exanple, if the data
blockis 256 bits wide, and the link bus is 16 bits

wi de, t hEre dHowk ekarsples aﬂskmeylmat esumbet of Hits qwslespcmdirmndhe

one dat a_bl o Ac di
O et Se Rt ot Sadout Feideisr ek siEleZe 8. Phcyisingor

10 0 nﬁlhn!g%l&JU e?lg@)x q%lt@mak%ﬁoﬁﬁﬁéiﬁﬁ Qﬂulﬁf)letseﬁ of bt ch8 be sent
cl ock Could be 16 tines frequenc t he i nternal

cI owk cadtorlodxeehl @,2.,i dn hqﬁbthemmgm:d t)@/llmgchQO§ edeeﬂr)aﬁn thgse
6. At Shebdifsute s prEe STEHRP ISR GifneBgR Wous

bi tise GifferepsROMGhO Bxdntpledgivin sidveof the |ink bus i's
sent out each |link bus clock cgcle (e.g., on a rising

or falli¥mepbibr fesgens of the fgca ﬁﬁ‘é(ﬂétr@ﬁh @ad ider-spurce
| t ts. of oyl
Ln; Cerrhf%r(aglos ?ogsf’o r%eﬁ? Aﬂﬁ %e rﬂf?g ?ﬁléla ?E& ﬁgﬁeﬁﬁﬁrﬁ Luﬂf(e? that can

edggsdepidied éd@ﬂy‘s & AdWeaneiosm e Mhediore Figurest ehsnd:hu fu@triosn
of a data bl ock transm ssion perlod woul d be different

f r ofgseiRede vAFIEe PEVIdhiuatheY Wwidersianding ofithe varighsihegdiments.

o R AR ST R i

marner int deadrda@re vich ale@nbodtheriasfi thy invantidmvin loae Enfood'mnent all
Ther ef ore Fi ures 6.an ar e, now . descr.i in, or
20t 0 PrROUHE of Ui Mg ﬁ%l‘giig’wﬁﬁf”ﬁ’& Y Jopdl a@%ﬁfﬁ% logic Heans
ﬂdz d(@‘fgg{rﬂ ﬁid%rcﬁvﬁlsfrez{nﬁjﬁfbﬁt?a{tﬁﬁ 1ag1E lLQWEH S (9EwR 4). In

requesting access to
other embodiments, other functional elements could perform all or portions of

the method. For purposes of description, the terms “first source” and “second
source” are used to describe an entity requesting access to the upstream bus.

25  These terms are not meant to specifically identify the local or downstream
arbitration logic means 414, 422.

The method begins, in block 602, by determining whether data from a
first source is available for transmission over the upstream link bus. In one
embodiment, this determination can be made from the state of a data strobe

30  signal (e.g., strobe 404, 408, Figure 4). In another embodiment, the

determination could be made from a buffer empty/not empty signal (e.g., signal
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bus, in accordance with an enbodi mrent of the
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tﬂ ei%e a header and/or data, within the data bl ock
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first sop rd@%nhhﬁﬂo@fsrrﬁi&eﬁl BibSk Y, JnstHP R frSEsot Rl
“block, accordingly. In one enbodi fent, data Is
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transaction will not complete during that processing period, then all lanes of the
25  next data block will be consumed by the first source. The procedure then
iterates.
When it is determined that the first source’s transaction will be
completed during a next processing period, then in block 612, the first source
indicates, to the inter-source arbitration unit 416 (Figure 4), that a breakpoint

30  will occur. In addition, the first source sends an indication of where the

29



processi ng periods, only one source places data within

the data bl ock, while during other processing periods,
W@roos®3®60 t wo sources place data within the dapPer/bbmoko034475

A determination is made, in block 610, whether the

first source's transaction will be conpleted during

t he next processing period. If not, then the first
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local arbitration logic means 414 (Figure 4) or the downstream arbitration logic

means 422 (Figure 4). At different times, the inter-source arbitration logic
means 416 could have from zero to many bus access requests pending, meaning
25  that the requesters had not yet been granted access to the bus.

A determination is made, in block 704, whether the bus is idle. In one
embodiment, the bus is considered idle when no other source is currently
transmitting on the bus, and no other requests are pending. If the bus is idle,
then the inter-source arbitration means 416 may indicate, to the first source, that

30 it is granted access to the bus, in block 714. In addition, the inter-source

arbitration means 416 may indicate where a breakpoint will occur (e.g., an
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means 416 (Figure 4). In other enbodi nents, other
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bus access request is received froma first source.
For exanple, a bus access request could be nmade by the
| ocal arbitration |ogic neans 414 (Figure 4) or the

downstream arbitratior i.C _Ime i . At
ai rrgEnet pemest o e ab 87 58 sl AlSu R P Ship e
Meaps shiBion@l tHe Bay@nidaRatzescesiing pamyd. bus access
requests pend|721%, meani ng that the requesters had_ not

yet beenndiepktdd, tedeisrsquyce #bitriien meapet bt dHige it aydhen
made, . i . bl ock 4 ] t LStk )

B e R e R T
sSOWehe Th9ne embedimeant, tthiansadhidvied y eenditgea hucal/d@wmktieam select
ot her regéjests are pendi ng. lf t he é%g is idle, then

t hesign 460 dogre &)-dp b Pastions! slemeat sserably gpezns 450,
t o . f i . . i ig .

oo OB SAE Afipadnta har afgaseaan ool e

ar hipstrednm tink beanSheltéthodyhdanrebideat e where a br eakpoi nt

fvai | abistening Ykt B ek REF it puisint il g ffiher souree s
10} L%g%ggﬁﬁgg gl} A BuldColtBerdteiicl a&élgéndmg?gﬁgﬂs h @6teRBInhH6h is

the inter-source arbitration nmeans 416
( FimgadeswHstheranbredigoing ovill voturtdueng Swanelst progessing period, in block

el e ke Bt e tede. thiofe PrrbdfinieRl By 0% Lineth Hifakpoint
|0°§%r{a‘lj A S§i QA8 BE 1462 | Figin@ 3 lrAS@d(Hy 188 k6urds that 3 dsh the

functional elenent (e.g., data assenbly nmeans 450,
Fi dwse I#o brisalepoiiry is vpqewtisg.shempethod faitsi pl exi ng and

sendi ng t.he dat ver th l. | T . .
Shet hod UhanoBRage? Keatenfy SRR RS i B SEpkpging win

busodctr dtPthe ndkiepro€sssing panad, ilesh the deatityl f the Rioatidit &1 the

on the bus, or other requests are pending),

I then a
dettepakpeit iodetermingh & rel het 1 O@P@mbﬁé}f%‘i)m:vﬁlP locghen,pf the
duri . AN L . [y “Thi
et P kel i\ QOSSR HREL LR 1D OBl Al R SPhs 473,
a bresakpaied) mogded by ehegonresitigndd winp/the bd462, Fi gure 4)
provi ded b){ t he source that is using.the bua. I f. no .

20r eakpoi Inblock 19 gy I?F@{dlr’cgﬁéq‘f‘leéfsf?ﬁ?ja‘%ﬁf_ gied, 1q fletgrmaig whg will
~ th ranted 5&;%%( {oYus¥ ﬁié%s%ﬁt btz NELGA £Dcbdi@hn se various
br eakpoi nt w occur on the next processing period,
t hegritérveini dbemmirtigg efhotvnid gacatessiio tfe tuse

A determination is made, in block 712, whether the first source may send

data over the bus next. If so, then blocks 714 and 718 are performed, which
25  were described above in more detail. The method then ends.

If the first source is not granted access to the bus in block 712, then the
inter-source arbitration means 416 may indicate, to another source that has
requested access to the bus, that it is granted access to the bus, in block 716. In
addition, the inter-source arbitration means 416 may indicate where the

30 breakpoint will occur (e.g., an identity of the next lane available). Block 718 is

then performed, and the method ends.
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components, and may be any of several types of bus structures.

The North Bridge 812 acts as an interface between the system bus 820
25  and the processing unit 810 and system memory 814, in one embodiment.
Accordingly, the North Bridge 812 operates as an input/output (I/O) controller
and a memory controller. In one embodiment, the North Bridge 812 may
contain a link controller, in lieu of a memory controller. The North Bridge 812
communicates with the processing unit 810 over a processor bus 816, and

30 communicates with system memory 814 over a memory bus 818.
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system configurations, including hand-held devices,

mul ti-processor systens, m croprocessor-based or
w@e@gnassnmbl e consuner el ectronics, network pePEDN&1004/034475

conmput ers, mniconputers, mainframe conputers,

dat abase conputers, and the |ike. The system shown in

Figure 8 includes a general purpose conmputer 800,
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may be connected to the system bus 820 via an interface, such as a video adapter

848. In addition to the monitor, the system may also include other peripheral
output devices (not shown), such as speakers and printers.
The computer 800 may operate in a networked environment using logical
25  connections to one or more remote computers, such as a remote computer 849.
Computer 800 and remote computer 849 may be clients, servers, routers,
network personal computers, peer devices or other common network nodes. The
logical connections depicted in Figure 8 include a local area network (LAN) 851
and a wide area network (WAN) 852.
30 When used in a LAN networking environment, the computer 800 is

connected to the local network 851 through a network interface or adapter 853.
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i nput devi ces, such as a keyboard 840, pointing device

842 or other input devices (not shown). These and
wo@tdvsi3gonput devi ces may be connected to proceBGI/HE2004/034475

units 810 through a serial port interface 846 that is

coupled to the system bus, or may be connected by
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herein, it will be appreciated by those of ordinary skill in the art that any
arrangement that is calculated to achieve the same purpose may be substituted
25  for the specific embodiments shown. Many adaptations of the invention will be
apparent to those of ordinary skill in the art. Accordingly, this application is
intended to cover any adaptations or variations of the invention. It is manifestly
intended that this invention be limited only by the following claims and

equivalents thereof.
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functional bl ocks and steps could be used to achieve
the sane function, in substantially the sanme way, to

waehwsesssesubst antial |y the sane result. Furt hePCT/URE04/034475
type of systemw thin which the enbodi nents are
i ncorporated could be different (e.g., it could |
i nclude nore, fewer or different conponents than those
illustrated and descri bed, or the conponents could be
interconnected in different ways). Further, some or
al | woht fsk@ihedet i onal conponents coul d be i npl enent ed
in software. Although specific enbodi nents have been
illustrated and described herein, it will be

. appyecia . f ry skill in the art that
any{arra%ggﬁgﬁg&ggggmﬁco ﬁﬁﬂgated to achi eve the sane
pur pose apiclRos wWitdh gatertesfand sédds osipece iforememory access
enbodi rents. shown. Many adaptati ons of the invention
5 Hﬁqwﬁﬁaﬁﬁ%rent to those of ordinary skill in the
art. Accgl o
over angupSintmobiindafeg ol O byt Btk Buah
It ¢csnmmmcétems lbyts, |wh1elmnhetdntdla’atreqltﬁs‘s:dumk®rmlem nip@e memory
limted only b the fo |ns and e i va

t hed%Ea¥s I°8ia ?r§mcﬁiaﬁ 1“1’ /Séiﬁené‘?r?é&‘i‘? 15¢S §§§‘iae*ﬂ1me
C O”IHd' StnBBor ng%n@&ﬁ@ Bf B mul‘t’iﬁle%e&&@%@dlﬁ&_ and sends one
nore me access requests; and nultiple nmenory
1amd ul es, daquanadzsu that] mswumeeidtat angestérad sphrceulgta age available,

comuni ¢ ons bus .urn data _r.eque dint
one or n%toga% %?9“15‘8’%@@ RSl anwé;ngg ﬁ%ésjcsﬁdboln H% data
the multi phygJPRYBE MadtREMEOF tHeSirdt BatR dAUKGBreiRiN dta block
menory nodul e of the multiple nmemory nodul es
det ermi nes CpmarlS¢S| a st oSuliipde ldaesaanthepch dawriaclyden et of
data are avalthé @b :%Ilocates one or nore first
conti guous Py Phl '’n a first section of a data
191 ock t OalRfcates 88¢ 0SB setoridwntiplicils 1&@y dthitlakécond section of

wherein the data bl ock conprises a set of nultiple
" lanes, and thed#ia blogl tq pidpastaameokiae seond seuire datapyaerein the

i thi e SoRuSaRpeatif RESIAR, SRk DU Rp A BRn e

sonme of thdirgeeaivh, amdir ce data, wherein the

sends, over the communications bus and during a data block transmission
20 period, the at least a portion of the first source data within the first
section of the data block, and the at least a portion of the second

source data within the second section of the data block.

2. The electronic system of claim 1, further comprising:

25 a link controller, operatively coupled between the processor and to at
least one of the multiple memory modules, which receives the one or more
memory access requests, and generates and sends one or more memory access
commands, based on the one or more memory access requests, to the multiple
memory modules over the communications bus.

30

35



second section begins at a next |ane, which is

contiguous with the first section, and sends, over the
w@ormsssee@t i ons bus and during a data bl ock  PCT/US2004/034475
transm ssion period, the at |least a portion of the

first source data within the first section of the data

bl ock, and the at |east a portion of the second source

data within.the second .| 0 .a bl ock. 2.
The el ectieGFHEOBeSYEIFS Ciarlgll%ﬁffthe% E?lfnﬁlg%lﬁ%bn‘pri si ng:

a |ink gpatsRbeicati RS WNEEMN a0AsRbSInbdllveesivel data from
processor and to at | east one of the nultjple nmenor

noduwkees moxhpibhr mewerywedelhe fremer drwishean dileslion o e @%’% part
t d d .
e AT ComnaE IR LR GR PR B R g8, Bind I TERP A Yortion

58C T 9ise fikblstRsdeSdatd and the amehstiaplogtioreeithy sevodd kascousn toward
t he communi cations bus. 353. The el ectroni ¢ system of
cl dhedink coniyolleeen g serond Par QL ﬁt@f@“&%\‘ﬁ“’&?ﬁﬁ"&%\f’}% ns bus,
wherein a nmenory nodul e receives data fromone or nore
ot her nmenory nodul es froma downstream direction on a
firgst palte edctiohiz systemueti ozt Iéhebais a nzmabry meodwbsoomyprises:
nodul e sends the at, | east a ggéti n of the first

S

sour ce dREHS £fdeeHEng dopasETATLdalR fOPhsGPId Memosk Bredule
1059 LHV%??[%%BML&I%HQHé B, WhBleit QR b RhbiedanP Bt isStBe #é source

part of the comruni cations bus. 4. The electronic

systagan of claim 1, wherein a nmenory nodul e conpri ses:

means for receivi ng. divvni%jﬁr“ﬁI m data froma second "
menr y BT AoV PR AOGRD A AOEL DA e LA s

doWRSLEBAMARE Aeindry MR dhle! FherSRURE BocdPdA4 isTB@BEoh@Eource
receiving local data fromone or nore nenory storage

unidat; and¢essi bl e to the nenory nodul e, wherein the

| ocal data is the co ource dat a. {%#1
Bassenbl ir%anﬁﬁ’%r %B%S‘gmggg%a%‘g?sgregﬁl OA at?ahe gga C%gg%tg?ll{t?}tt%e
t hegagadigclbl ock. 5. The el ectronic systemof claim,
wherein a menory nodul e conprises: neans for receiving
downstream data from a second menory nodul e over the
gg?gﬁ 3' g@t@regéeh‘clfrogﬁss‘yseéﬁe&edlﬂrnt ﬂ%fé?é’iﬂ ﬁtrﬁe%’%}]y%cﬂllé cc‘orﬁﬁ%es:
means for receiving downstream data from a second memory module

20  over the communications bus, wherein the downstream data is the second source
data;
means for receiving local data from one or more memory storage units
accessible to the memory module, wherein the local data is the first source data;
and

25 means for assembling the downstream data and the local data into the

data block.

6. The electronic system of claim 1, wherein the electronic system is a

computer.
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data; nmeans for receiving |local data fromone or nore

menory storage units accessible to the nenory nodul e,
wob@sesssed he | ocal data is the first source dapEr/usavd4/034475

nmeans for assenbling the downstream data and the | ocal

data into the data bl ock. 6. The el ectronic system of

claiml, vvherei n the electronic systemis a conputer.

367, A ri.sing: one or nore nenory

sto7rage r’i‘?“i Orﬁ’é?ocﬁ’{feo‘f‘q S¥cal data; and a hub,

oper at i V§lorGRHE neghdrf stobieQRes ®r SOy 1681 siPr age
units and to a comruni cations bus over which the hub

c an r eced kb, dpewatively apnded to the one onaowMeBeE ierage units and

ubs, wherei.n .t he, hub det s, that fir e
a8 2 oS B st ST B b ecthE bwiftiafdata from
50N €orRfor W8 oftiel Blibs; GMktefiitiddhubanes within a first
section of a data block to at |east sone of the first
sour ce ddgtermingsehadifistisaurcy et apd serond sapice daks age awailable,
mul tiple I :
cont 1 our dIsRAEE ppEi nfRills) A RSB B section of a data
cont i guous bleRes atliehdisoma of tedhst verkidata, ohetehethdaa block
bl ock to at | east sone_ of the second source dat a
wher ei n théo@é’é@ﬁ‘f’d‘ %@ﬁmewpkfe@nma% eag ﬁ@?tln?lﬁﬁ§aset of
which is cgglt1 th the first section, and sends,
over the co |cat| oﬁs bus and during a data bl ock
t ransm salooatepend adnotelsecatd doatigtoua lpwms within @ tedohé section of

first sourc at i the fir section of .the

bl ook, * and A plore st Teishiees ehibe fecong SuBh tibouiited the
data wi thi gedohg sé&&%'h@?fn@ af & ﬁékt@zfnet heiciat orftl@6ks whh the
The nmenory nodul e of aim 7, wherein the on€ or nore

nmenory storﬁagsecumntsndand the hub are co-located on a

single substrate that is.renovabl onnect.abl the. .
Beomuni c%?fla% Qe cogmupicat ﬁﬁlp@}{tﬂ@%p%a %aa?%ﬁﬂ%f&?l?mlssmn
wher ei Nt h@eAHE RS at TBsEa PEBIH YT the first source data within the first

section of the data block, and the at least a portion of the second

10

source data within the second section of the data block.

20 8. The memory module of claim 7, wherein the one or more memory
storage units and the hub are co-located on a single substrate that is removably

connectable to the communications bus.

9. The memory module of claim 7, wherein the one or more memory

25  storage units includes one or more random access memory components.

10.  The memory module of claim 9, wherein the one or more random access
memory components includes one or more dynamic read only memory
components.

30
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storage units includes one or nore random access

menory conponents. . The nenory nodul e of claim?9,
WwWoL@seB8s6d he one or nore random access Menory PCT/US2004/034475

conponents includes one or nore dynam c read only

menory conponents. 37. The nenory nodule of claim?7,

wherein the one or nore nenory storage units includes

one _or re read onl ry._copponents. 12. The

morbry nbRRIRETaRY Bpdginior o 2 EheEe ot et ieodhe
or: ih€1RlEOheR%dE badionlERERbBc s iehtsS -
Théﬁﬁéﬁ%ﬁegkodule of clafn17, wﬁggeinQE%e ub

conprises : neans for receiving the downstream data
froma second hub over . C ni ' . '
{1 O0,3 SERORG DO SUEE o o NI ThL 85 e ML
st OrappBE&ion Ppecitibentb@erRY cdddigs. f rom t he one or nore
nmenory storage units, wherein the local data is the
second source data; and neans for assenbling the

do tream dat a h o .
ol ock, 13 ?ﬁ%oﬁg‘%gg@leg’%%ﬁ@b‘?ﬁ%@% 6 Bubd Bompata. |
hub comphkssTor reeaiRhglths dowesstiesinriyid fiem dosostd ladowdatie

froma second hub over, the connunicatLogf us, wherein
t hecoppmpRIpR toambEREhaan thedovasBrym atais eduptsourrsdate

for recejivi : t
homory SPovRget (e 2o KRbld B iSRG ooy storage
fi natitsswhered ttlalaal dnaisthasssohdsomsseéatigldandg t he
downstream data and the | ocal data,into,the data .
bl ock. | TBOAOESBRRIS e JpVHSERHDIA RGN 10Eh g gnto the
dat g.cOREI si ng: neans for receiving local data from

one or nore nenory storage units; neans for receiving
downstream data over a conmuni cati ons bus from one or

nor e downstream data sources, and neans for naking a
Bet Kk i \r/@ﬁ BRIGFY 1??8@}11{5 l‘?gdl%g’& & Wg%{f”é’ tﬁﬁgul? RE 8Ost r eam

data Wi lhehR f6RRLCIMRIthe BEwERREMNaCAl b8 MSsebolfd hutbh®iep it

maki ng the determ nation includes allocating one or

nor @nfrivsitatioss bug woresein dreedowristrpgm datafis thetseeqndtsopreesipta;
s a

means for receiving the local data from the one or more memory storage

units, wherein the local data is the first source data; and

20 means for assembling the downstream data and the local data into the
data block.
15.  An apparatus for assembling and sending data comprising:

means for receiving local data from one or more memory storage units;
25 means for receiving downstream data over a communications bus from
one or more downstream data sources; and
means for making a determination of how the local data and the
downstream data will be sent over the communications bus, wherein making the
determination includes
30 allocating one or more first contiguous lanes within a first section of a

data block to at least some of the local data, wherein the data block
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data block to at |east sone of the |ocal data, wherein
the data bl ock 38conprises a set of nultiple |anes,
w@r@sme385h0 | ane i ncl udesa setof configurabl e bi PET/USIV4/034475
al l ocating one or nore second contiguous | anes w thina
second section of the data block to at | east soneof
t he downstream data, wherein the first section and the
second section .are contiguous. 16, The ar s of
claim 15, FORPREE LOND O e ro B Br g s of
first acceggnfingtiethite amgnd the local data over the
conmuni cations bus; and neans for generating a second
" access rdlpseting eneserbotelsecaidgastiguamlangs wities seoead section
communi cat i gns S reimn ' .
det er m nat iogﬂlercgagaew\?\ég%t %éeaf# %&%@égé%se&q%@s Lng e the

4 he second faaGesiton @URS tecond tbckias afe doeiguous.
determi nationon the first access request and the
second access request. 17. The apparatus of claim 15,

further i.SJ X i: the | ocal data
an dh?'he g@%?tardé%?nofcgiﬁgpfsﬁIﬁgﬂ%eﬁg&g@?%alﬁ% ock, according
to the detarsnongdreeatinganitsimaess réqrestsoeidihetibel dabaver the
wthin the datgublock over the conmuni cati ons bus
I

dur $HRYBIGHORS BISAR: r ansni ssi on period. 18. An
j@Ppar at ug fres g&ﬁkd@&gda%@orﬁva%Ees? T SRITUBIsER] HRRIDwhAkFeam

t he apparatus conprisi-ng: neans for receiving first
soudateodatike fanmmmmaichiionstbuslat a sour ce; neans for

Sour co. SR SREY LOF GRS AR REIOTLSARLE tg st access
andreh &t SRF@R qeéo%rae@esﬁ géq?FQYﬁ{d Bab& the H%ﬁhﬁﬁg&?ﬁ%the first

bus, 'wherein sending t rst source data an

s ecaneessgoqresieanddhe s¢aondl achsss rwawetti-ng the first source
1data over the comunications bus, identifying a first
5Dreakpoi nt corresponding to an end of the first source

- dat g, 39vROeHpamtid e HAROIT figther 66mpadiag:over the
conmuni cati ons bus | )
means for arranging the local data and the downstream data into the data
block, according to the determination; and
means for sending the data within the data block over the

20 communications bus during a data block transmission period.

18.  An apparatus for sending data over a communications bus, the apparatus
comprising:
means for receiving first source data from a first data source;
25 means for receiving ,second source data from a second data source; and
means for sending the first source data and the second source data over
the communications bus, wherein sending the first source data and the second
source data includes
sending the first source data over the communications bus,
30 identifying a first breakpoint corresponding to an end of the first

source data,
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contiguously with the end of the first source data,
and identifying a second breakpoint corresponding to
w@roossBeed t he second source data. 19. The appPCHUSH00034475
claim, wherein the nmeans for receiving the first
source data includes nmeans for receiving downstream
data fromthe conmunications bus, and the neans for
recei ving the,second squrce data includes neans for
ecei vi ng FERIRE A SEoPASRIERAASR VAL CPRERMISHRRY (s
storage units. %Qntiﬂ%ﬁsl?%ﬁ{ Ak 4ad 8f the RétTourcelaglaC i
sending the first sourcé data over the communicafions
bus i ncl udédentifiin@agéaogd drdakpeint guraspending totameentiaf she
source data within dat a .bl ock structure during a
first processinéaﬁ@aﬁgﬂ?eﬁﬂ@rein the data bl ock
sstructure includes a fixed nunber of contiguous,

configurable bits; and arranging a remainder portion
of the fThesappewiiscd clidmal Savbiicin hemaans foy seqsiyng e finse

d bl . ' '
per Rbtre PR e ML R AR BRE IR e

of cRihingdbalehs Bud, 9nd Zhe mddie faRadi fingSheodecondidiireddata

wherein identifying the first breakpoint includes:

i delnelinfles mepnsHel Fepergingeceh dpfaifiom ere eimesisdocs mereory storage
10fi rsdit section of the data block structure during the

second’ processi ng period. 22. The apparatus of claim

21, wherein sending the second source data over the

conmuni cations bus Jincludes: arrangjng a.first rtion
of 4the sﬁafo%p@a@qu?@ﬁa@t& WeaiTSeaT g i TSt SR POt PV the
t he,dahdhi Atgggbﬁgﬁgﬁhggze during the second processing

peri od ereln the second section is contiguous with

t he fi r sdrramgintgiadiirst povtion h&ths dugtsduse dufaovithiineldathddock

second set of contiguous bits. 402 . Th hod. of
1501 G55 Qg SRR PRECSmEP PRI Grin s (B Dlatg itiure,

fi X@euAPELe O funhtRP 88 corBEbud, *PEHINMIVERS aBdsane
nunber of bits, the first section of the data bl ock

st r uct urarangiigiedemamder pastios ef theffirstrseurce de@ withih erfirsif
| anes, and,t he cond section of the data bl ock )
L TR et At HEER B2 BR 4Rl ssh e 13} ReBg B¥flod, wherein

the first section includes a first set of contiguous bits.

.20
21.  The apparatus of claim 20, wherein identifying the first breakpoint
includes:
identifying the first breakpoint as an end of the first section of the data
block structure during the second processing period.
25

22.  The apparatus of claim 21, wherein sending the second source data over
the communications bus includes:
arranging a first portion of the second source data within a second section
of the data block structure during the second processing period, wherein the
30  second section is contiguous with the first section, and the second section

includes a second set of contiguous bits.
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nunber of lanes. 24. A nethod for sending data on a
comruni cati ons bus, the nethod conprising: arranging a
wo 2oosio3gse0 ti on of first source data within a detEHUBL000834475
structure during a first processing period, wherein
the data bl ock structure includes a fixed nunber of

contiguous configurable bits; sending the first

Comhint ¢ 30 BiFGop el e PAr G e B rEhs iliges o e

t h enirhb&torIaHeE Cch Bin@ indlddek A sBmb nifiheS8BitsOtheArsttB8tion of
data bl ock structure duri ngieg second pr 0Cessi ng

per thedatatfieckestructieirfciudss a tsetcnf therGkedeumber fof lanes, sad the

bt SHERER opire ot MR S0 ilchioRh o B 3P dtihe fixgd,

Pl ogknBdrioftinese during the second processing period,
wherein the second section is contiguous with the

first section, and the second section includes a

secon d Sgtm&L &Rk 1?&’1{1’% ﬁatP bh3; coﬁ’ﬂrgurﬁcea@lghggust I&% IPF{[hOd

renfl'ndet Porti on Irstsource
firsdmpdsifig:on of the second source data over the
conmuni cations bys. 25. The net hod of ¢

- further EEARENS? HE PARERN 9§ sk Sowar date %Wmadmr%owgucm
id ! rtﬁm{ség &ﬁl%?ﬁlgg Hl\%rq Figd Wik Qh@{lﬁélﬁﬁﬁk @ﬁuétﬂr&: B8tudes a fixed

fir urce oceur duri n e secon
pr omesissrog cpgiguods, caffigirhtde es;hod of claim 24 further

conpri si ng:.. maki an_J ndi ng th I rst
processi ?F%dﬁ’&th%g,%t B?mﬁnloégﬁtﬁiréwoé}fce teRisT Gt "c"l‘FémumcaﬁonS
firgls section. 4127. The nethod of claim 24, wherein

the data bl ock structure includes a fixed number of

| anes, eacingirgerdmcided pertian o4 the firghdsarceatatdowitkin a firet

first, .sec of, .t he da | ock strutureincluds .
151y SEugEer the Gefibioconlint Duiteg: Spanthte ikt
secthi FRstQbctidiBnélalias PRkt of EofHigHbEs pifkel udes a second

set of the fixed nunber of |anes. 28. The net hod of

claim 27@Hmngmﬁrstmmﬂn of sryondraduireqydaia wiithdi & sacond section of
du "8 %a{alﬁoélé thsu tubd Q%% gsthQ %eBt p?o%bss? ng peno% wherein the second

section is contiguous with the first section, and the second section includes a
20  second set of contiguous bits; and
sending the remainder portion of the first source data and the first portion

of the second source data over the communications bus.

25.  The method of claim 24, further comprising: A
25 making an indication, during the first processing period, that a breakpoint

in the first source data will occur during the second processing period.
26.  The method of claim 24, further comprising:

making an indication, during the first processing period, of a location of

30  an end of the first section.
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identifier that corresponds with a | ast |ane of the
first section. 29. The nethod of claim 27, further

w@oooss®bmg: maki ng an indication, during the PCT/EB2004/034475

processing period, of a lane identifier that
corresponds with a first |ane of the second section.
30 A conputer-readable medi um havi ng

UoR T obrR BRtoR PR 5err e R R E R Res o fxed

det gifbéti ofYardel adach 1408 tindifibs @Rafe hanmdBo SREOIHE Heiketfon of
data are available; allocati ng one or nore first

; conthlegi@@tlé%kaﬁ@@ﬂw trsiuslega firgt set of dlag fixed wimber 94ianes, and the

1J

bl Ogecoﬁci) feﬁho% §f bq% a o&c stlt’ucﬁlrcfz inrcﬁlde ?lg%“f%%ﬁﬁ?& (?6}‘6 16éﬁxed

wherern conprisesa's

4 anggmbandie@sh | ane i ncl udes a set of configurable
bits; allocating one or nore second contiguous | anes
within a second section of the data block to at | east
SO of h&e .n the second
segtﬁ%'on gfgegﬁnggl%g{a?gﬁaggﬁ f@%&oﬂﬁ}gaﬁ's conti guous
vvi tht hemﬁkmgtansmmatmn dwrirgg the fiekt pgqceﬂ:mg" petiod, of a lane

1§§tlons bus urln? Q? a_bl ock

CB’é”?SfPSB WH ajgst faug 8 EBon-of t he
|rst source data within the first section of the data
bl ock, and the at |east a portion of the second source
dat2P.wi t Hiemethed € clamu 28 eftitthercoofprishe: dat a bl ock.

4232. The method of cla det t
tho 11 r SbalBaAs ot Bnainiedh St DcSuIE Rodaes e

. avaidbiie? 10 eBbpoads \Rzﬁﬁﬁ'f‘fét'lﬁle%ffthé sdoohdHcgigh or that

the first source data is available froma first data
source; and receiving a second indicator that the

d Ll abl e f
Soutthe. "3 b FuPi@enlls BT R fins SOfbRe PRI rypons

t hafor péreorhiingtheseups ecvitdatclame24.he second source data

are avail able conprises: receiving a first request to

send the first source data over the communications

bus;; and ' econd request to send the second
531, 3N FEGEL M RS

sour ce over
determining that first source data and second source data are available;

20 allocating one or more first contiguous lanes ‘within a first section of a

data block to at least some of the first source data, wherein the data block
comprises a set of multiple lanes, and each lane includes a set of configurable
bits;

allocating one or more second contiguous lanes within a second section

25  ofthe data block to at least some of the second source data, wherein the second

section begins at a next lane, which is contiguous with the first section; and
sending, over a communications bus and during a data block
transmission period, the at least a portion of the first source data within the first

section of the data block, and the at least a portion of the second source data

30  within the second section of the data block.
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comuni cations bus. 34. The nethod of claim, wherein
al l ocating the one or nore second contiguous | anes

W@ oIvs08%es: recei ving i nformation that enabl eSPEIUS2004/034475
identification of which Iane is the next, contiguous
| ane; and allocating a nunber of lanes to the at | east
sone of the second source data, wherein a first |ane

gf5_ &e Cg qﬁ%‘gh%{i glgg’%g}sl éilfﬁé/é‘?rgmncﬁ:gt 'CSE %hiagﬁl%%rstl s%rlll?de data
CONPHARE sQ6RE Yo BBE Bath ARS 4vdAB10BSmpRsesPper form ng the
steps recited in claim. A nmet hod conpri si ng:

. ng:
ar r angi mgeéivingta frstindisatpa that thedirsissofiroeslatasis @V@il@%@ﬁ frovinra first
a f%ﬁst section of a data bl ock structure, wherein the
dat P'HPYLR &PF uct ure i ncludes a fixed nunber of

£ont i gUOKBeivingnf deBstdEiRIR atdr tiat tREcdhatsButde tdatalis bisllable from
data bl ock structure is periodically sent out on a

contsAsPBddtaseurbes; - det ermini ng that second source
data froma second source is available to be sent over
t he comuni cati ons bus; 43requesting access to the

conssni Cahd mBthob s claiim Senethérbia deeemindng tat the fitaf wurce data
receiving an_indication of _where, within the data
bl o the pesend purcedatp areavailable FOMpHsest t he second

iource da élvﬁg%‘ﬁ&t Itégué%\t AC&fd ggetr ﬁﬁ‘{v‘ﬁuﬁ% daffo ik thfast a

portion of t second source a In the data
bl o@knmtmivations dugeandr di ng to the indication, resulting

in the at l.east a portion of t second source dat
occupyi anC%V@g&&ﬁeg@ereﬂﬁleéhtooﬂﬁn the Sacand sopEedata aier fhe

CONtdnHRYSatnk By@n end of the first section; and
sending the tirst source data and the at |east a

portion of the second source data over the

.. CO ni cation us duri dat a bl.ock, transm ssi on
o ThG e S8Rl BT et s L eriaRagaiing RTSTRERsfona
bl agdatistsudints Rompeksides a fixed number of |anes, each
| ane i ncludes a same nunber of bits, the first section

of the dgedvingdefersattancthalanables putflentificationsf vduch lefe is the
‘the f !t xed.. nurrbffr of d anes, and the
next, contiguous Iane; an :
allocating a number of lanes to the at least some of the second source

20  data, wherein a first lane of the number of lanes is the next, contiguous lane.

35. A computer-readable medium having computer-executable instructions

for performing the steps recited in claim 31.

25 36. A method comprising:
arranging first source data from a first source within a first section of a
data block structure, wherein the data block structure includes a fixed number of
contiguous, configurable bits, and data within the data block structure is
periodically sent out on a communications bus;
30 determining that second source data from a second source is available to

be sent over the communications bus;
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second section of the data bl ock structure includes a

second set of the fixed nunber of |anes. 38. The
woreaolkosBeed cl ai m 37, wherein receiving the i ndPCHUBZING/034475

conprises receiving a lane identifier that corresponds

with a last lane of the first section. 39. The nethod

of claim 37, wherein receiving the indication

conprise ane ident|.fi that corresponds

W th & (AR AS: R e Bk e S Bt pgoRd soroe

metdwgl of claim 37, further conprising: predlcting

where a breakpoint will occur in the second source

dat a. 4 recqvingrapundipationad afieee, e thin thetslata blgek structure, at least

I erformng the
gpéﬁﬁg%??gl F%Qg$8P%§?@%%&g@aieRﬁﬁgghod conpri si ng:

5ar r angl ngranigingtths aticase a @attionvi it secand édusde SLWitRih @E data
bl ock structure, wherejn the dat a bl ock

st r e‘f Cle P‘iﬁ?&@ng foctba elication, Tspulting i g tilsast a portion of

co

SoLPS SXEAT SR It pERRRIAE [othd SAHGEHLHE SHEHGTRATE o

I omntlgtmlmf\mﬁl dr @alofdhafirst sectib dnidr st sour ce dat a;

arrangi ng_at ion of the second source data
o i $taBbe i scely dte e s poricsratdes shoend
10af ts8lirck lBtaiveAHR RbMimuni¥aeib R l'ShstcHﬁ ?%C&@blﬁagﬁé&?mkﬁon
contiguous with an end of the first section
se8tifd the first source data and the at |east a
portion of the second source data over the
comruni cations bus during a data bl ock transm ssion
peri7od. The-mdihed SRINNAMBA)Fwiekath Mttt ¥IBEE &hﬂ:t&ﬂ@ o fixed
bl ock structure includes a fixed number of |anes, each
| aRE@mbREeligacs, eachdere inclidesa ssmepiunsher ofikits, |tlnesﬁrssmctmn) of

5 BT ARA AR ) LIS b o

t hecabatidedonal tisd da bMEE siritirededudes30eoudl Sebr @f fkhe
fixed nu er of |lanes. 44. The nethod of claim43,

wh8HEPR! 1daRssi fyi ng the | ocation conprises identifying
a lane that corresponds with a last |ane of the first
secti on.

38.  The method of claim 37, wherein receiving the indication comprises

20  receiving a lgne identifier that corresponds with a last lane of the first section.

39.  The method of claim 37, wherein receiving the indication comprises

receiving a lane identifier that corresponds with a first lane of the second section.

25 40.  The method of claim 37, further comprising:

predicting where a breakpoint will occur in the second source data.

41. A computer-readable medium having computer-executable instructions

for performing the steps recited in claim 36.
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4 . The nethod of claim43, wherein identifying the

| ocation conprises identifying a | ane that corresponds
wWowaok/038660 r st | ane of the second section. 46. PCT/US2004/034475

conput er - r eadabl e nmedi um havi ng conput er - execut abl e

instructions for performng the steps recited in claim

42. 45

42. A method comprising:

arranging first source data within a first section of a data block structure,
wherein the data block structure includes fixed number of contiguous,
configurable bits;

5 receiving ]a request to send second source data over the communications

bus;

i,dentifying a location of a breakpoint in the first source data;

arranging at least a portion of the second source data within a second
section of the data block structure after the breakpoint, wherein the second

10  section is contiguous with an end of the first section; and

sending the first source data and the at least a portion of the second

source data over the communications bus during a data block transmission

period.

15 43.  ‘The method of claim 42, wherein the data block structure includes a fixed
number of lanes, each lane includes a same number of bits, the first section of
the data block structure includes a first set of the fixed number of lanes, and the
second section of tﬁe data block structure includes a second set of the fixed
number of lanes.

20
: 44.  The method of claim 43, wherein identifying the location comprises

identifying a lane that corresponds with a last lane of the first section.

45.  The method of claim 43, wherein identifying the location comprises

25  identifying a lane that corresponds with a first lane of the second section.

46. A computer-readable medium having computer-executable instructions

for performing the steps recited in claim 42.
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